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1 At a glance 

At a glance: Drugs of different systems 

Cholinomimetic / cholinergic drugs: 

I Cholinomimetic drugs] 

I 
I l 

Directly acting 
!Act directly by binding with receptor 

I 

Indirectly acting /anticholinesterases 
Act by inhibiting acetylcholinesterase, thereby 

increasin~ local concentration of Ach. 

I I 
Cholinester Alkaloids 
• Acetylcholine • Pilocarpine 
• Methacholine • Muscarine 
• Carbachol • Nicotine 
• Bethanechol • Lobeline 

1 
I 

Reversible 
Drugs bind with the enzyme by weak 
bonds, eg, H-bond, Van dar walls 
bond. The bond may break down. 

Carbamates and related agents 
• Physostigmine 
• Neostigmi ne 
• Pyridostigmine 
• Distigmine 
• ambenomium 
• Demecarium 
• Donepezil 
• Rivastigmine 
• Galantamine 

Alcohols 
• Edrophonium 

I 
Irreversible 

Drugs bind with the 
enzyme by strong 
covalent bond, which does 
not break down. 

Organophosphorus 
compounds, eg, 
• Malathion 
• Parathion 
• Echothiophate 

(Ref Katzung-1 ]th; Lippincott 's-6th: Goodman & Gilman 's-l 2th) 

Anti-cholinergic drugs: Two types-

!. Anti-muscarinic drugs: Block muscarinic receptors 
a. Natural: Atropine, scopolamine, homatropine. 
b. Synthetic: Atropine substitutes-

Quaternary amines 

• Anisotropine 

• Clidinium 

• Glycopyrrolate 

• lsopropamide 

• Mepenzolate 

• Methantheline 

• Methscopolamine 

• Oxyphenonium 

• Propantheline 

• Tridihexethyl 

• Trospium 
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Tertiary amines 

• D'1ritenaci11 
• Dicyclominc 
• Oxybutynin 
• Oxyphcncycliminc 
• Propi ve rinc 
• Solifcnacin 
• Toltcrodine 

' Anti-nicotinic drugs: Block nicotinic receptors 
a. Ganglion blocker 
b. NMJ blocker. 

Ganglion blockers: 
A. Competitive I non-depolarizing blocker: They compete with Ach for nicotinic receptor. So, interfere wi th the 

postsynaptic action of acetylcholine. Example-
! . Tetraethylammonium (TEA) 
2. Hexamethonium 
3. Mecamylamine 
4. Pempidine 

B. Non-competitive I depolarizing blockers: They prolong depolarization. 
l. Nicotine 
2. Lobeline 

Neuromuscular blocking (NMJ blocker) drugs: 
I. 

Steroid derivatives 
• Atracurium • Pancuronium 
• Cisatracurium • Pipecuronium 
• Doxacurium • Rocuronium 
• Metocurine • Vecuronium 
• M ivacurium 
• Tubocurarine 

2. Depolarizing/ non-competitive/ irreversible group: 
• Succinylcho line (also kn own as suxamethonium ) 
• Decamethonium 

Ac c1· t cl f f f cor mg o ura 10n o ac 10n: 
I. Short acting (5-15 minutes) • Mivacurium 

• Succinylchol inc 
2. Intermediate acting (20-35 minutes) • Atracurium 

• Vecuronium 
• Rocuronium 

3. Long acting (>35 minutes) • Doxacurium 
• Pancuron ium 
• Pipecuroni um 
• Tubocurarine 

(Ref Katzung-J 3th 

(R~l Katzung-13th; Rang Dale-8th) 



3 At a glance 

Sympathomimetic I adrenergic drugs: A drug that mimics stimulation of the sympathetic nervous 

system is called sympathomimetic / adrenergic drugs. 

A. Direct-acting aclrenergic / sympathomimetic drugs: These drugs act directly on one or more ad renergic 
receptors. According to receptor selectivity they are two types-

Non-selective Drugs which act on more I. Adrenaline (acts on all receptors) 
than one receptor 2. Nor-adrenaline (acts on a 1, a2, ~ ,) 

3. Isoprenaline (isoproterenol) (acts on ~,, ~ 2, ~ :;) 

4. Dopamine (acts on a 1, a2, ~, & D, , D 2) 

Selective Drugs which act on a a ,-selective • Phenylephrine 
single receptor only • Methoxamine 

• Oxymetazoline 
• Midodrine 

a2 selective • a-Methyl dopa 
• Oxymetazol ine 
• Clonidine 

U, selective • Dobutamine 
~ 2 selective • Salbutarnol (INN) or Albutero l (USAN) 

• Salmeterol 
• Formoterol 
• Terbutaline 
• Pirbutero l 
• Fenoterol 
• Reprotero l 
• Rirniterol 
• lsoxsuprine 
• Orciprenal ine 
• Ritodrine. 

B. Indirect-acting adrenergic / sympathomimetic drugs : 
I. Increase release of NA from nerve ending (release promoter): 

a. Amphetamine 
b. Tyramine 

2. Reuptake inltibitor: An indirect-acting drug that increases the ac tiv ity of tra nsmitters in the synapse by 
inhibiting thei r reuptake into the presynapt ic nerve end ing. 

a. Tricycl ic anti-dep ressan t (TCA) 
b. Cocaine 
c. Ouabin 

3. Inltihitor of enzymes COMT & MA O: 
a. MAO inhi bitor: Pargyli ne 
b. COMT inhib itor: Entaca pone 

C. Mixed-action agonist (both di rect & indirect acti ng) : Sti mu late ad renoceptors di rect ly and also increase 
release of NA from the nerve end ing. 
I. Ephedrine (a, ~-agonist & release promoter) 
2. Pseudoephedrine 
3. Metaraminol. 

(Ref Goodman & Gilman 's-l 2th , Katzung-13th; Lippincott 's-6th, Bennett & Brvivn- 11 th) 
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Anti-adrenergic or sympatholytic drugs: 
A. Receptor blockers 

I. u-blockcr· a block - ers may e revers1 e or 1rrevers1 e. 

Reversible a-blocker Irreversible a-blocker 

(binds with receptor with weak bond, eg, H bond, van 
(binds with receptor with strong covalent 

b 'bl 'bl 

clar wallsforce) bond) 

u1blocker u2 blocker u1 and a2 blocker ct, and a2 blocker 

Prazosin Tolazoline Phentolamine Phenoxybenzamine 

Terazosin Yohimbine Dibenamine 

Doxazosin 

Tamsulosin 

2. P blocker- All p bl k - oc ers are compe 1 1ve 

Selective P-blocker 
Non-selective p-blocker 

(b locks either (J, or /JJJ 
blocks both (J , and (J2 (cardio-nonselective) 

ft' blockers 

/11 blocker (cardioselective) /J2 blocker p, and /J2 blocker 

Atenolol Butoxamine Propranolol 

Bisoprolol Timolol 

Metoprolol Pindolol 

Acebutolol Nadolol 

Esmolol Sota lo I 
(Ref Bennet & Broivn-11 th) 

3. Mixed antagonists: a and p blocker: 
• Labetalol 
• Carvedilol 

B. Neuron blockers 
• Centrally acting: a-methyl Dopa, Clonidine 
• Peripherally acting: Reserpine, Guaneth idine 

C. Ganglion blockers 
• Hexamethon ium 
• Trimethaphan 

Anti-glaucoma drugs according to thei r mechanism of action: 

1. Anti-glaucoma drugs that act by increasing aqueous • Cholinomimct ic drugs 
humor outflow • Non-se lective a-agon ists 

• Prostaglandins 
2. Anti-glaucoma drugs that act by decreasing aqueous • ~-Blockers 

secretion • Diuretics 
• Se lecti ve ar agonists 

(Ref Katzung-1 Jth) 



s Al a gh1ncc 

Sedatives & h, pnotics/ Drugs for insomnia (hypnotics) & anxiet y (sc<l ativcs): 

A. Ilrnzoclinzrpinc (llDZ): (May act m· both sedative & hypnotic) 
:lccordine; to d11rurio11 olactio11-

: I I I I • I I I 

• tvl idazolam 
• Triazolam 
• O:-;.az~pam 

• J\lprazo lam 
• Estazo larn 
• Lorazepam 

• Diazepam 
• Clorazcpatc 
• Flu razepam 

• Temazepam • Quazepam 
• Nitrazepam 
• Parazepam 
• Chlordiazepoxidc 

B. B1 b"turat (M ~ r I es: ay ac as ot se at,ve 1yp11otics) b h d . &h 
Ultra-short acting (t 112 <15 min) • Thiopental sodium 

• Methohexital 
Short acting (t 112 1-3 hours) • Pentobarbital 

• Secobarbital 
Intermediate acting (t 112 4-6 hours) • Amobarbital 

• Aprobarbital 
• Butobarbital 
• Butalbital 

Long acting (t 112 >6 hours) • Phenobarbi tal / Phenobarbitone 
• Meohobarbital 

C. Non-barbiturate sedatives: 
• Anti psychotics 
• Antidepressants 
• Anti histamines including hydroxyzine and promethazine. 
• Chl oral hydrate 
• Ethanol 

D. Newer drugs: 
• Hypnotics: Zopiclone, eszopiclone, zolp idcm, zaleplon, ramelteon (a melatonin receptor ago ni st). 
• Sedatives: Buspi rone, meprobamate. 

(Ref Lippincoff 's-6th + Katzung-J 31h) 

Analgesic drugs: 
A. Opioid/ narcotic analgesics: They act in the CNS and cause drows iness . 

l . Codeine. l . Morphine 
2. Dihydrocodeine. 2. Peth idine (Mepiridine) 
3. Dcxtropropoxyphene. 3. Tramadol 
4. Pentazoci ne. 4. Tapentadol 
5. Nalbuphine 5. Fentanyl 

6. Meptazi nol 
7. Diamorphine (heroin ) 
2. Methadone 
3. Buprenorphin 
4. Dexromoramide 
5. Dipipanone 
6. Phenazoc ine 

(R4 Bermel! & Brown- I 1th) 
B. Non-opioid/ non-narcotic analgesics : They act chi efly peripherally, eg, NSAIDs. 

Pharmacology-4 
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0.. . 

ptoid I morphmc antagonists: 
I. Naloxone 

6 

2. Na ltrexone 
3. Nalmefene 

Ant' d 1- eprcssant dru~s: 
1. Selective serotonin reuptake inhibitors (SSRJ) • Citalopram 

• Escitalopram 
• Fluoxetine 
• Fluvoxamine 
• Paroxetine 
• Sertral ine 

2. Selective Serotonin-Norepinephrine reuptake • Venlafaxine 
inhibitors (SNRis) • Desvenlafaxine 

• Duloxetine 
• Milnacipran 

3. Tricyclic antidepressants • Amitriptyline 
• Nortriptyline 
• Protriptyline 
• Imipramine 
• Desipramine 
• Clomipramine 
• Trimipramine I 

• Doxep in 
4. 5-HT2 antagonists • Nefazodone 

• Trazodone 
5. Tetracyclics and unicyclic • Amoxapine 

• Bupropion 
• Maproti li ne 
• Mirtazapine 

6. Monoamine oxidase (MAO) inhibitors • Phenelzine 
• Selegi line 
• lsocarboxazid 

(Ref Katzung- 13th) 

Anti-psychotic drugs I drugs for schizophrenia: 

A. Traditional or typical neuroleptic drugs (also called conventional or fi rst-generation antipsychotics) are 
competiti ve inhibitors at a variety of receptors, but their anti psychotic effects refl ect competit ive blocking of 
dopamine receptors. 

A I' econ, Inf? to c 1em1ca nature: l . I 

1. Phenothiazine derivatives • Chlorprornazine 
• Proch lorperazine 
• Thioridazine 
• Perphenazine 
• Trifluoperazine 
• Fluphenazi ne 

2. Thioxanthene derivatives • Th ioth ixene 
3. Butyronhenone derivatives • Halooeridol 
4. Miscellaneous structure • Pirnozide 

• Molindone 
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B. Atypical (or second-generation antipsychotics): 
Atypical (or second-generation antipsychotics): The newer 
anti psychotic drugs are referred to as atypical ( or second-generation 
antipsychotics), because they have fewer extrapyramidal adverse effects 
than the older, traditional agents. These drugs appear to owe their unique 
activity to blockade of both serotonin and dopamine (and, perhaps, other) 
receptors. 
The "atypical" antipsychotic drugs are now the most widely used type of 
antipsychotic drug. 

I. Loxapine 
2. Clozapine 
3. Asenapine 
4. Olanzapine 
5. Quetiapine 
6. Paliperidone 
7. Risperidone 
8. Sertindole 
9. Ziprasidone 
10.Zotepine 
11 .Aripiprazole 

At a glance 

(Ref Katzung-131 h; Lippzncoll 's-6th) 

Anti epileptic drugs/ Anti-convulsant drugs/ Antiseizure Drugs: 

Mechanism of action Drugs 

1. Enhancement of GABA-ergic (inhibitory) • Barbiturate: Phenobarbitone 

transmission/ facilitation of GABA-mediated • Benzodiazepine: 

er channel opening :) Diazepam. 
:) Lorazepam 
:) Clonazepam 
:) Nitrazepam 
:) Clobazam 

• Vigabatrin 

• Tiagabine 

• Gabapentin 

• Valproate 

2. Blockage of voltage sensitive Na +-channel/ • Carbamazepine 

prolongation of Na +-channel inactivation • Phenytoin 

• Valproic ac id 

• Na-va lproate 

• Lamotrigine 

• Topiramate 

• Zonisamide 

3. Blockage of T-typc Ca2+-channel • Ethosuximide 

• Phensuximide 

• Methsuximide 

• Trimethadione 

• Valproate 

4. Newer drugs • Lamotrigine 

• Levetiracetam 

• Gabapentin 

• Oxcarbazepi ne 

• Pregabalin 

• Topiramate 
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• Vi gabatrin 

• Lacosamidc 

• Zonisamidc 
(R4 fripa1hi-6°'/./0./ (fw,-30.2) + Kat:ung- l 3th) 

Drugs used for Parkinsonism: 
A. Dru 0 \· that i ' ii ' ncreaJe ce11 ra opammer::rc actrvrt11: t Id 

1. Dopamine precursor • Levodopa 

2. Dopamine agonists • Bromocrip tine 
• Pergo licle 
• Pramipexo le 
• Ropini ro le 

3. Increased synthesis, release & reuptake of dopamine • Amantadinc 
4. Decreased dopamine metabolism MAO inhibitors: 

• Seleg iline 
• Rasag iline 
COMT inhibitors : 
• Tolcapone 
• Entacapone 

B. Drugs that decrease clwlinergic activity (Anti-mw,carinic drug!Jj: 
I . Procyc lidine 
2. Orphenadrine 
3. Benztropine mesylate 
4. Biperiden 
5. Trihexyphenidyl 

Drugs for general anesthesia : 

, .1,:i. . .-Jk .. , IV or arenteral anesthetics ·, I . · ,. ·. · · ,, , Inhaled anesthetics I,;_: •• ~:,·::·:,.·,,:,::·. , 

I. Barbiturates: I. Halothane 
• Thiopenta l sod ium 2 . Isofl urane 
• Methohexita l 

,, 
Enflurane ) . 

2. Benzodiazcpines: 4. Desfl urane 
I Diazepam 5. Sevoflmane 
• Lorazepam 6. Methoxyflu rane 
• Midazo lam 7 . Nitrous oxide (NO) 

3. Opioid analgesics: 8. Xenon 
• Morphine 
• Pethidine 
• Fentanyl 
• Sufentanil 
• Alfe ntanil 
• Remi fentanil 

4. Miscellaneous: 
• Propofol 
• Fospropofol 
• Ketam ine 
• Etomidate 
• Dexmedetomidine 

~ . ' ti, ) (Ref Goodman & Gi/mann s- 12 & Katzung-13rh) 



Lorn I ancsthl' ti cs: 

.\ . _ lt'cordi11-.:, to che111irnl 11ut111· •: 

r 

Esh.'rs l1rocai11~--
·rl'tr:lcai111.: 
Bc11 1.ocaine 
C ocainc 

Amides Lidocainc (.\y locainc) 
Mepivaca ine 
Bupivacaine 
Levobupivacaine 
Ropivacaine 
Artica ine 

B. -Jccordirw to duration ofoctio1r .., 

Short ac ting Procaine 
Cocaine 
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Intermediate acting Lidocaine/Xylocaine/Lignoca ine: Most common . Wide ly used. 
Mepivacaine 
Pr il ocaine 

Long acting Tetracaine 
Bupivacaine 
Rop ivacaine 

Muscle relaxants 

A. C t 11 en ra 1y actmg muscle relaxants: 
1. Mephenesin congeners • Mephenesin 

• Ch lormezanone 
• Cari soprodo l 
• Methocarbamol 
• Chlorzoxazone 

2. Benzodiazepine • Diazepam 
3. GABA derivatives • Baclofen 

• Gabapentin 
4. Central <Iz-agonist • Tizanidine 

B. Peripherally acting muscle relaxants: (Described in the ANS chapter) 
I. Non-depolarizing / competitive/ reversible group 
2. Depolarizing/ non-competi tive/ irreversible group 

Anti-hypertensive drugs 
According to their mechanism of action: 

l . Diuretics: Loop & thiazide diuretics 

2. Sym patholytic drugs: 
a. Centrally actin g: a-methyl dopa, Clonidine. 
b. Periphera ll y acting: 

• Adrenergic receptor blocker 
:, f:l-ad renoceptor blockers : J\lenolol, mclopro lol, bi sopro lol 
:> a-b lockers: Prazosi n 
:, Mixed: Labeta lol, carvedilo l. 

• Adrenergic neuron blockers (a-methyl dopa, guanethicline, reserpine) 

At a glance 

((<1!} Kut:11ng-l JthJ 

(Ref Tripathi-6'hl3-/8) 
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b. 

3 · Renin-angiotcnsin-aldostcronc system inhibitor: 
a. ACE inhibitors: Captopril, lisinopril, enalapril, ramipril 
b. Angiotem·ill-Il receptor blockers: Losartan, valsertan 
c. Direct renin inhibitors: Aliskiren 

4. Calcium channel blockers: Amiodipine, nifedipine, diltiazem, verapamil 

5. Direct vasodilators: l-lydralazine, Na-nitroprusside. 
(Ref Kutzung- 13th) 

Vasodilators: 
A. Accordina to route of adminMratiow ' l'i 

Parenteral vasodilators • Na-n itroprusside 
• Diazoxide 
• Fenoldopam 

Oral vasodilators • Hydralazine 
• Minoxidil 

B. Accord in to site of action: 
Arterial • Hydralazine 

• Minoxidil 
• Diazoxide 
• Fenoldopam 

Both arterial & venous • Na-nitroprusside 
(Ref Katzung-13th) 

C. AccordinJ? to nature of action: 
Direct vasodilators • Na-nitroprusside, Diazoxide, l-lydralazine 
Indirect vasodilators • Ca channel blockers 

• ACE inhibitors 
• Angiotensin-ll receptor blockers 
• Renin release inhibitors: ~-blockers 

Ca 2
+ channel blockers: 

A. A f t l f I t' 't ccorr. ll1f[ o r, eJ;:ree o se ec 1v1 ry: 

1. Cardio-selective Cal+ channel blockers: Acts • Verapamil 
on both cardiac & vascu lar smooth muscle • Diltiazem 

2. Vessel selective Cai+ channel blockers: Acts • Amlodipine ( 1 si choice) 
mainly on vascular smooth muscle • Nifedipine 

• Nicardipine 
• Nimodipine 

(Rel Katzung- 1 ]ti,) 
B Accordin" to chemical structure· ,,_ 

I. Diphenylalkylamines • Verapamil 
2. Bcnzothiazepines • Diltiazem 

First generation 
3. Dihyd ropyridincs • Nifedipine 

Second generation 
• Amlodipine 
• Felodipine 
• N icard ipine 
• Nimodipine 
• lsradipine 
• Nisoldipine 
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Renin angiotcnsin aldostcrone system (RAAS) inhibitors: 
A. Angiotensin converting enzyme • Captopril 

inhibitors (ACEi) • Enalapril 
• Lisinopril 
• Ramipril . Benazepril 
• fosinopril 
• Moexipril 
• Perindopril 
• Quinapril . Trandolapril 
• Fosinopril 

13 . Angiotensin-II receptor blockers (ARB) . Losai1an 
• Valsartan 
• Candesartan 
• Eprosartan 
• Irbesartan 
• Telmisartan 
• Olmesartan 

C. Direct rcnin inhibitor • Aliskiren 
D. Drugs that block renin secretion • Propranolol 

• Atenolol 
• Metoprolol 
• Clonidine 

Anti-anginal drugs: 
A. Organic nitrates/ nitroglycerin : 

Short acting • Sublingual: Glyccryl-tri-nitrate (GTN), isosorbicle clinitrate 
• Inhalant: Amyl nitrite 

Long acting • GTN: Slow release tablets, 2% ointment, oral sustained action prepara tion 
• Isosorbicle mononitrate: Oral sustained action preparat ion . 
• Isosorbicle clinitrate: Chewable ora l, oral. 

B. Cai+ channel blockers: 
• Verapamil 
• Diltiazem 
• Nifedipine 
• Nicardipine 
• Amlodipine 

C. P-blockers 
• Propranolol 
• Atenolol 
• Metoprolol 

D. Newer Antianginal Drugs: 

Drugs or Drug Groups under Investigation for Use in Angina 
• Metabolic modulators, eg, trimetazidine, ranolazine 
• Direct bradycardic agents, eg, ivabradine 
• Potassium channel activators, eg, nicorandil 
• Capsaicin 
• Amiloride 
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E. \.ntiplatclct: 

• L ow dos~ aspirin (75-150 mg) 
• Clopido grel ( 75 mg) 

F. Anticoagulant: 
• Heparin 
• L \ -molecular-wei ght heparin 

Drugs for heart failure/ Congestive cardiac failure (CCF): 
A. Accordinr: to tire effect of tire dru!?: 

1. Reduction of preload . Diuretics . Nitrates 
2. Reduction of afterload . Direct acting vasodilators (hydralazine, minoxidil , N a-

nitroprusside, diazoxide) 
3. Reduction of both preload . ACE inhibitors (ramipril , captopril , enalapril , li s ino pril) 

and afterload . Angiotensin-If receptor blockers (losartan , val sarta n, candesa rian, 
telmisartan) . Beta blockers (M etoprolol , bisoprolol , ca rvedil o l) . Spirono lactone 

4. Stimulation of . Digoxin 
myocardium . Dig itoxin . Phosphodiesterase inhibito rs (enoximone and mil r in o ne) 

(R ef- Benne/! & Brmvn-1 I th) 

B. According to meclranism of action: 

Cardiac glycosides • Di goxin 
• Dig itox in 
• Ouabain 

• P-agonist • Dobutamine 
• Dopamine 

• PDE inhibitors: Bipyridine • Inamrinone 
• Milrinone 

2. Dru2s without positive inotr,,pic effects ,1l':t,.~fii::.~. '•.r';~ ,: :. ~:19\~~.:::.~;_~l~~~~j~~il&'.ll:}~fijC_ ~·'"~~~if~~ . Diuretics . Fru semide . ACE inhibitors . Captopril , Ena la pril , L is inop ril , Ramipri l . Angiotensin-11 receptor . Losartan, Ya lsa rtan, Te lrni sartan 
blockers . Aldoste rone antagonists . Spiron o lacton e . fl-blockers . Biso pro lo l, Carvedil o l, Metopro lo l . Vasodilators . Hydral azine and isosorbid e d ini tra te 

(Ref Kat::ung- l 3th) 

Anti-arrhythmic drugs : 
I . Cl ass- I d rugs : Th ey are vo ltage sens itive Na -channel blockers . 

C lass IA • Pro long th e ac ti on p tential du ra ti on (A PO) by s lowing phase O • Q uini d in e 
depo lar iza tion . 

• Procai namide 
• Increase ventri c ul ar e ffective re frac tory period . 

• D isopyramide 
• Di ssoc iate fro rn th e cha nn e l w ith int erm edi a te kin e ti cs. 

C lass 18 • Sho rten th e /\PD in so me tissues o f th e heart by sho rtenin g phase 3 • Lidoca in e 
repo lar iza ti on . 

• M ex iletinc 
• Di ssociate fro m th e channel with ra p id kin eti cs . 
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Class IC • Markedly slow phase O depolarization . • Flecainide 
• Cause marked conduction slowing. • Encainide 
• Have minimal effects on the APO and ventricular effective refractory • Moricizine 

period. • Propafenone 
• Dissociate from the channel with slow kineti cs. 

2. Class-II drugs: They are p-adrcnoccptor blocker. They suppress phase 4 depolari zation , thus depressing 
automaticity, pro longing AV conduction, and decreasing hea11 rate and contractility. 
1. Esmolol 
2. Metoprolol 
3. Propranolol 
4. Pindolol 
5. Sotalol 
6. Atenolol 

3. Class-Ill drugs: They are voltage sensitive K+ channel blocker and thus diminish efflux of K' during 
repolarization of cardiac cells. They prolong phase-3 repolarization in ventricular muscle fib er. 
I . Amiodarone 
2. Dronedarone 
3. Sota lo I 
4. Dofetilid e 
5. Ibutilide 

4. Class-IV drugs: They are voltage sensitive Cai+ channel blocker. They decrease Ca2
+ influx, resul ting in 

decreased rate of phase 4 spontaneous depolarization . They slow conduction in tissues that are dependent on 
calcium currents, eg, SA node, AV node. 
• Verapamil 
• Diltiazern 

5. Miscellaneous Antiarrhythmic Agents : 
• Digox in 
• Adenosine 
• Magnesium 
• Potass ium 

(Ref Lippincott 's -6th, Katzung-l 3th edition) 

Diuretics 
A. According to their site of action an d mechanism of action: 

l. Thiazide & thiazide-like diuretics : Inhib it NaCl reabsorption from the ea rly part of dista l convoluted 
tubule by blocking the Na+/Cr transporter-
• Ch loroth iazide 
• 1-lydrochlorothi azide 
• Chlor1halidone 
• Indapamide 
• Metolazone 
• Bendroflumeth iazide 
• Hydro fl urneth iazide 
• Polythiazide 
• Trichl ormethiazide 

2. Loop diuretics: Inhibits Na+-K+-2cr transporter at the thick ascending limb ofloop of Henle-
• Furosemide / Frusernide 
• Torsemide 

Pharmacology-5 
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Bume.tanide 
Ethacrynic acid 
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sparin~ diuretics: Diuretics act111u. over co 
, ... 

Spironolactone 
llcctincr tubule-

a. Aldosterone receptor antagonist • 
• Eplerenone 

b. Na.,. channel blockers • Amiloride 

• Triamtercne 

I d I ted in the proxim al 
4. Carbonic anhydrase inhibitors (rare~y used): Inhibit carbon ic an 

1
Y rase oca -

tubular epithelium-
• Acetazolam ide 
• 
• 
• 
• 

Dorzolamide 
Methazolamide 
Brinzolamide 
Dich lorphenam ide 

5. Osmotic diuretics: Diuretics acting over proximal convoluted tubule-

• Mannitol 
• lnulin 
• Urea 
• Glucose. (Ref Katzung- ! 3th: Lippincott 's-6th) 

B. According to efficaC)I I potency: 
I. High efficacy diuretics/ high ceiling diuretic: Can cause up to 25% of filtered sod ium to be excreted . 

• Loop diuretics 

2. Moderate efficacy diuretics : Can cause 5-10% of fi ltered sodium load to be excreted 
• Thiazide diuretics 
• Non-rhiazide 

3. Low efficacy diuretics: Can cause 5% of the filtered sodium to be excreted. 
• Carbon ic anhydrase inhibitors 
• K' sparing diuretics 
• Osmotic diuretics 

C. According to K i- sparing capacity: 
1. K+ losing diuretic: 

a. Loop diuretics 
b. Thiazide diuretics 
c. Carbonic anhydrase inhibitors 
cl . Osmotic diuretics 

sparing diuretic: 
a. Aldosterone receptor antagonist 

b. Na+ channel blockers 

(Ref Benne/ & Brown & Brown-I I I h) 

• Spironolactone 
• Eplerenone 
• Amiloride 
• Triamterene 
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Penicillins 
- - --- ----
Natural penicillins 

-
Sl'misynthelic penicillin 

Narrow SIH'drum 
- .. 

Broad spcl'trum 

- -
lk111ylpc11icilli11 I pc11icilli11 ( i , 

Pl1<.;11nxyme1~1~lpcni cillin / pc11i cilli~,,V _ _ 

!\1npicilli11 , <111rn xicilli11 , cloxt1lillin 

Pcni ·illi11 c;, Pe11i cillin V 

/\mpicillin , a1n oxici lli11 , pi va,np icilli11 , 

tal arnpicillin, bacarnpicillin 

_ __ __ Extended spectrum __ Ticarcillin , pipera~il ~ ~ rn ezloci lli n, azlo~il lin _ 

lknzylpeni cillin 3. /\ccordi11 g lo P- ll-laclamasc sensitive 
b cta111 asc sensi ti vit y 

4. According lo duration 
of action 

5. According to gastric 
ac id sensitivity 

1
st Ora l: 

generation Cephradine 
Cefad rox il 
Cep halexin 

Parenteral: 
Cepha loth in 
Cephradi ne 
Cefazo li n 
Ce Jha Jirin 

111 ' Oral: 
genera ti on Cefac lor 

r3-lacla masc resistant 

Long-acting 

Short-acting 

Acid la bil e (Can't be 
given ora lly, always in 
pa renteral route) 

Acid sta ble (Can be 
given ora lly) 

/\n1ox icillin 

Ampicillin 

Ticarcillin 

Nafc illin 

Cloxacillin 

Mcthicillin 

Dicloxacillin 

Oxacillin 

Flucloxacillin 

Benzathine penicillin (7-30 days) 

Procaine penicillin ( 12-24 hours) 

Ampicillin , amoxici llin , penicilli n V 

Penicillin G 

Proca ine pen ici ll in 

Benzathine penicillin 

Pen ic i II in V 

Ampicill in , amoxicill in, cloxacilli n 

(Rel Katzung-13 11
' 1 Renne/! & Bruwn- 11 th) 

• Res istant to P-lactamase enzyme. 
• Very active against Gra m +ve cocci : Pneumococci, streptococc i, 

sta phylococci (except enterococci & MRSA) 
• Moderately active aga inst Gram -ve rods, eg, PEc K: Proteus 

rn irabi/is, E. coil, Klebsiel/a pneumoniae . 
• Anaerob ic cocci (eg, peptococcus, peptostreptococcus) are usuall y 

sensitive. 
• Acti vity against P aeruginosa, enterobacter, citrobacter, and 

ac inetobacler is poor. 

• More res istant to ~-lactamase enzyme. 

Cefurox ime axetil 
Cefproz il 
Loracarbef 

• More active against Gram -ve rods and less acti ve aga inst Gram +ve 

bacteria. 

• They have extended gram-negative coverage. 

Parentera l: 
Ccfuroximc 

• Spectrum of Gram - ve bac teria: PEcK + HEN (H inj luenzae, 

Enterobacler aerogenes, and some Ne isseria. 
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Cefamandole • As with first-generation agents, none is ac tive against enlcrococci or P 
Cefotetan 

aeruginosa. Cefoxitin 
Cef metazole 

3 rd 
Cefonicid 
Oral: • Less active against Gram +vc bacteria generation Cefixime 

• They have expanded gram-negative coverage. Cefdinir 
Ceftibuten • Spectrum of Gram -ve bacteria: HENPEcK + PSC - Providencia, 

Cefpodoxime proxetil Serratia marcescens, citrobacter. 

• Ceftazidime and cefoperazone are the only two drugs active against P 
Parenteral: aeruginosa. 
Ceftriaxone · 

• Ceftizoxime and moxalactam are active against B fragilis. Ceftazidi1rre 
• Cefixime and ceftibuten are much less active against pneumococci and Cefoperazone 

Cefotaxime S aureus. 
Moxalactam 
Ceftizoxime 411, 
Only parenteral: • More resistant to ~-lactamases. generation Cefepime 

• Cefepime has good activity against P aeruginosa, Enterobacteriaceae, S Cefpirome 
aureus, and S pneumoniae. 

• Unlike ceftazidime, cefepime has good activity against most penicillin-
resistant strains of streptococci. 

• It is highly active against haemophilus and neisseria. 
• It penetrates well into CSF. 

(Ref Katzung-l 3th: Lippincol/ 's-6th) 
Nice to knm',I 
511, • , I . generatwn cep,w ospor111 

• Ceftohiprole 
• Ceftaroline 

(Ref WehsiteJ) 

Drugs of the carbapenem group: 
I . Meropenem 
2. lmipenem 
3. Doripenem 
4. Ertapenem 

Glycopeptide Antibiotics 
Vancomycin 

Non P-Iactam bacterial cell wall synthesis inhibitors: 

Teicoplanin 
Dalbavancin 

Other cell wall or membrane active agents Telavancin 
Daptomycin 
Bac itrac in 
Cycloserine 
Fosfomvc in 

(Ref Katzung-l 3th) 

------ --------
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Aminoglycosidcs 
A. According to source: 

Natural I. Derived from Strcptomyccs: (having ·myc.: in ' suf'li x) 
• Streptomycin 
• Neomyc in 
• Kanamycin 
• Tobra rnyc in 

2. Derived from Micromonospora: (having ' micin ' suffix) 
• Gentamicin 
• Sisornicin 
• Netilmicin 

Scmisynthetic Amikacin 
Netilmicin 

(Ref Lippincott 's-6th) 

8. According to route of administration: 
Route of administration I '. ···-~N -"' ,, ·,~, . ' ,,~· "'""' ,,, ~,·l ,,.,._:,',!l.l'~t~ij Drugs<: ·\:~;,,;::ti:n,1~,:,~~-r:,:"'\.~.. ·i,~t~N~rJtJ~~t;..~;1, . . .. , . ,,: 
Systemic Gentamicin 

Amikacin 
Streptomycin 
Tobrarnycin 
Sisornicin 
Net ilmicin 
Kanamyc in 

Topical Neomyc in 
Framycetin 

Oral Neomycin 
Paromomycin 

(Ref Katzung-1 Jth) 

Tetracyclines 
A. According to source: 

Natural tetracyclines • Chlortetracyc line 
• Oxytetracyc line 
• Tetracyc line 
• Demeclocyc line 

Sem isyn thctic tetracyclines • Doxycycl ine 
• Minocycline 
• Demcclocyc li ne 

B. A d" ccor rng to p asma a I c: h If rf 
Short acting (t 112 6-8 hours) Chlortetracyc line , Oxvtetracycline & Tetracyc line. 

Intermediate acting (t 112 12 hours) Dernec locycline, Methacyc line. 

Long acting (t112 16-1 8 hours) Doxycyc line, Minocycline & TiQecyc linc (36 hrs) 

C. Accordim! to bioavailability: 
Low bioavailability (30%) Chlortetracvc l i ne 

Intermediate bioavailability (60-70%) Oxytetracycline, Tetracycline. Demec locyc linc & 
Methacyc line 

High bioavailability (95-100%) Doxycyc line, Minocvc linc. 
(Ref Kat::: 1111g-/Jth) 
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l\.lacrolidcs: 
I. l:r:--·1hro111:-- ·in 

Cl:1ritlm llll>' C i 11 

3 .1\ zithromycin 
-1. Ru:--..ithrOlll;,'Cill 
5. Kl'lolides (Tdithr()111y~in) 

(Ref Kar::: ung-/3rh; 

Nucleic acid synthesis inhibitors: 
I 

r\ . Direct DNA synthesis inhibitor • Quinolones 
f------------ ...J__:·~M~e~t'..'..r:'.o~n~ic:'.:la~z~o~le'::_ _ ________ _________ - -- -

RNA synthesis inhibitor • Rifampicin 
• Rifam cin 

8. Indirect Anti-folate drugs • Sulfonamide 
• Tri methopri m 
• Pyrimethamine 

Sulfonamides· 
Type Drugs 

1. Oral, absorbable: Short acting • Sulfisoxazole (t 112 = 6 hours) 
(C/ass!fied on the basis • Sulfamethizo le (t112 == 9 hours) 
o_fthe ir half-livest , J • Sulfacytine 

Intermediate acting • Sulfadiazine (t112 = I 0-17 hours) 
• Sulfamethoxazole (t 112 == I 0-1 2 hours) 
• Sulfapyridine (t112 = 17 hours) 

Long acting • Sulfadoxine (t 112 = 7-9 days) 
2. Oral, nonabsorbable • Sulrasalazine 
3. Topical (no t absorbed • Si lver su lfadiazine (less toxic) 

in systemic c irculation) • Sod ium sulfacetamide 
• Mafenide acetate 

(Ref: Katz ung- 13th) 

Fluoroguinolones 
A. Classification based on generation: Generations of drugs are based on the ir ant imi crobia l targets. 

-~k Generations ~1: :'\H$_.:.-J1- Drugs,~~~//1 j.:;{~,'.\\(~1.~4~zvi1'\':4~.,n)~i:,t':! Antibacterial ·spectrum :;*~~~t: ···•;'i;,JiJ;;-:,, 
1. l ' t generation • Nalidixic acid • Least active against Gram -ve and Gram +ve bacteria 

• Narrow spectrum usuallv confi ned to the urinary tract. 
2. 21111 generation • Ciprofloxacin • Excellent Gram -ve activity and 111oc!era te to good activ ity 

• Lome floxaci n against Gram +ve bacteria. 

• Ofl oxacin • Acti ve aga inst aerob ic Gram - ve bacteria and intracellu lar 

• Norfloxacin organisms eg, chlamydia, mycoplasma, legione lla. 

• Pefl oxacin 

• Enoxacin 

3. 3'0 generation • Levofl oxacin • Im proved activity against Gram-posit ive bacteria. 
• Gatifl oxacin 
• Gem i floxacin 
• Sparfloxac in 

4. 4 th generation • Moxifloxacin • Active aga inst 111any anaerobic a we ll a Gram -·ve 
• Trovafloxacin organisms . 

(aef Lippincott ·_,·-6tlt) 
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8 . Accordin:.: to /,a/lf ife : 

I. Shorter half life (3-5 hours) Ciprotloxacin , Norfloxacin 
2. Intermediate halflifc (5-7 hrs) Levofloxacin , Otloxacin 
3. Longer half life (>7 hours) Gatifloxacin , Gemitloxacin, Lometloxacin , Moxifloxac in 

C. Accordinr~ to bioavai/ability 'F. 

I . Shorter bioavailability (70-90%) Ciprotloxacin, gem i floxac in, moxi floxacin, norfloxac in 
2. Longer bioavailability (> 90%) Levofloxacin , ga tilloxac in, lomefl oxacin, ol loxac in 

( Ref. Kat~ung-6th) 

Anti-tubercular druos· •,;;., 

First line drugs: (in approximate order ofpreference)- These drugs have high antitubercular efficacy as we ll 
as low toxicity & are used routinely. 

1. Iso ni az id (H) 
2. Rifampicin (R) 
3. Pyrazinamide (Z) 
4. Ethambutol (E) 
5. Streptomycin (S) 

Second line drugs: These drugs have either low antitubercular efficacy or high toxicity or both & are used in 
special circumstances. 

I . Amikacin 
2. Ami nosa licy li c acid 
3. Capreomyci n 
4. Ciprofloxac in 
5. Clofazimine 
6. Cyc loserine 
7. Ethi ona111ide 
8. Levotloxaci n 
9. Rifabut in 
10. Rifapen tine 

Modified WI-1O-recommencl ecl multidrng therapy regimens in leprosy: 

Paucibacillary 

Multi bacillary 

Paucibacillary 
single-lesion 

Ri fa mpicin 600 mg 

Ri fa mpicin 600 111g 
Clofazimine 300 mu 
Ofl oxacin 400 mg 
Ri fa111 picin 600 mg 
Minoc cline I 00 m0 

Dapsone I 00 mg 

Clofaz imine 50 mg 
Da sone I 00 mg 

Antimalarial dru gs: 

(Rel Katz1111g-l 3th) 

6 months 

12 month s 

Single dose 

I. Tissue • Drugs th at e li111 inate deve loping or 
schizonticidcs dormant liver fo rm s. 

Primary tissu e schizonticid es: Dru 0 s tor 
causal prophyl axis / chem ,prophy laxi s. 

• They cause a rad ica l cure by actin g 0 11 

th e pa ras ites in th e li ver. 
• These dru gs also destroy gametocytes 

and thus reduce th e spread of infecti on. 

• Proguan il 
• Mcfloqu ine 
• Pyrimethamine 
• Doxycyc line 
• Dapsone 
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Latent tissue schizonlicidcs : Drugs lor radica l 

cure 
• Pri niaq u inc 
• Tal'cnoq uine 

Highly cflicacious: l'a sl acting & can be used 
') Blood • Dru(!_s that act on crythrocytic parasites. 

schizonticides • The)' arc used to treat the acute attack. singly . 

• They are also known as drugs for • Chloroquine 

• MeOoquine 
suppress ive or clinical cure. 

• Quinine 
• Quinidine 

• Atovaquone 
• Arternisinins 

• Lu111efantrine 
• Halofantrine 

Less efficacious: slow acting & always used 

in combination. 
• Pyrimethamine 

• Sulfadoxine 
• Proguanil 

3. Gametocides • Drugs that kill sexual stages and prevent • Prirnaquine: For P. falciparum 

transmission to mosquitoes. • Chloroquine: For P. vivax, P 
malariae, P. ovale. 

4. Causal • Drugs that are capable of preventing • Chloroquine 
prophylactic erythrocytic infection . • Mefloquine 
drugs • They block the link between the • Proguanil 

exoerythrocytic stage and the • Pyrimetham ine 
erythrocytic stage and thus prevent the • Dapsone 
development of malarial attacks. • Doxycyc line 

(Ref Katzung-l 3th: Rang & Dale s-8th) 

Visceral leishmaniasis Sodium stibogluconate • Miltefosine 
• Amphotericin B 
• Paromomycin 
• Meglum ine antimonite 
• Pen tam id ine 

Cutaneous Ieishmaniasis Sodium stibogluconate • Meglumine ant imonite 
• Amphotericin 
• Pentarnidine 
• Topical or intra lesional therap ies 
• Ketoconazole 
• ltraconazole 

(Ref Katzung-1 3'' + Davidson 's Medicine-22nd) 

Anti-amoebic drugs: 
1. Luminal amoebicides in large gut: Act on the ameba (cyst) in the lumen of • Diloxanide furoate 

the bowel • Iodoqu inol 

• Paromomyc in 
2. Systemic I Tissue amoebicides: Effective against ameba (trophozo ite) in the • Chloroquine 

intestinal wall and tissues eg, liver. These drugs are use ful fo r treating li ver • Dehydroemetine 
abscesses or intestinal wall infections caused by amebas. 
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,\i\l·d t~ pl' of a111ocbkidcs:- Ul~ ·1i,L· aga i~sthllth illl11i11al (c) ~l ) ;111J 

~~:-11 .. ·m ic rl nw (trophoL i1c) of the cl iscaSL'. 

1 ll,;(l(Jll ida11,k 

• ·1 in1da1ulc 

• i l .il(J\tl !l idt.: 

• Sl'cnida11J lc 

• 0111 idr11olc _______________________ _[_ 

( /?ej: f , IJJ/111/Wl/ \-0/ h; 

Anthelmintic drugs 
A11tfte/mintic dru 0 s accordi110 to 11/ HI ( ( . .., .,., ( eo ac 1011 : -

I. Inhibits ATP synthesis by inhibiting glucose uptake • /\l bcncial.Ok 
• kbcndaLoiL: 
• Th iabcndaLu lc --- - -

2. Paralysis of worm an<l expel in feces 
• 1eurornuscular blocker • Pyrnntc l parnoatc 

-1 

• Increased in flux or Cl" by activating GA BA receptor • lvcrmcctin 
• Increased permeabilirv of cell membrane of worm to CaL·• • Prnziquantcl 

3. Destroy scolex • Niclosam idc I 

' //1 '/ (Ref: l1pp1nco!f s-6 + Katzung- 13 '" Rang < Dale .,- ,1
11
) 

Antifungal drugs 
A. 011 tire basis of site o{administration : 

B. 

Site of adm ioistratioo I Dru s t,\,;:; ,i;.:;;-,n. ~·:: ~1'w:<.". ·., · !l'-i ;... · 
I. Systemic antifungal drugs for 

systemic infections (oral or 
paremeral} 

? Systemic antifungal drug for 
mucocutaneou infections (oral) 

3. Topical antif'ungal drugs fo r 
m ucocutaneou infections 

I . Drug that disrupt the fun gal ce ll 
membrane 

• Amphotericin-8 
• Flucytosine 
• Echinocandins: 

:> Caspofun gin 
:> M icafungin 
:> Anidulafungin 

• Azoles: 
:> lrnidazole groups: Ketoconazole 
:> Triazole grou ps: ltraconazole, Fl uconazole, 

Voriconazole & Posaconazole. 
• Griseofulv in 
• Terbinafine 
• Nystati n 
• /\mphotericin-8 
• Topical azolcs: Miconazole, Clotrimazo lc Kt:toconazol . 
• To ical allylamines: Terbi nafi 11e, afti finc. 

• Poly nc ·: e.g. a111 photcrici11 
• A:,.olc ': imidnLO les, e.g. kcto ·01rnLole, ll uconazo l ' 
• Allvlaminc ·: tcrbi11alinc 

2. Dru , th at inhibits mitosis • (jriscol'ulvin 
J. Dru_g that in hi~its D A synthesis • 1: IUC) losi nl.! -

( !?cf &1111 <:t & 1Jruw11-I I th) 

Pharmacology-6 
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I 

Early cvrnt inhibitors 
I . Vir:d cntr~, inhibitors / fu . ion inhibit or 
1 ind uncoating inhibit rs 

B. Vim! nucki · ncid s, nthcsis inhibitors 
I. Inhibitors of her ics viruses HSY 

• N11cll!osicle viral DNA polymerase inhibitors 

• En fu virtide 
• Aman tad ine 
• Rimantadi ne 

• /\ cyclovir 
• Ga nci clov ir 
• Famciclovir 
• Valacyc lovir 
• Cidofov ir 
• V idarab ine 
• Iododeoxyuriclinc 
• Trifluoroth midine 

• Non-nuc/eoside viral DNA polymerase inhibitors 
2. Inhibitors of retroviruses 

• Foscarnet 

• Nuc!eoside reverse trcmscriptase inhibitor.1· • Azidothym idine 
• Dideoxyinosine 
• Dicleoxycytidine 
• Lamivudine 
• Stavudine 
• Abacavir 

• Non-nuc!eoside reverse transcriptase inhibitors 
• Tenofovir 
• Nevirapine 
• Delavirdine 

3. Inhibitors of other viruses 
• Efavirenz 
• Ribavirin 

C. Protease inhibitors 
• Adefovir 
• Saquinavir 
• Nelfinavir 
• lndinavir 
• Amprenavir 
• Ritonavir 

D. Viral protein synthesis inhibitors 
• Atazanavir 
• In terferon 
• Fomivirsen 

E. Viral release inhibitors/ neuraminidase inhibitor 
• Methisazone 
• Zanamivir 
• Oseltamivir 

(Ref LANGE Microbiology-I 2th: Katzung- 1 Jth) 

n I- 1s amme 1s amme an agomst: 
A. Physiolo!!ical anta!!onist • Adrenaline 

A f h" t I H' t t 

B. Histamine release inhibitors • Cromolyn, Nedocromil-sodium 
• 0ragonist: Salbutamol, Terbuta line 

C. Histamine receptor • H 1 -receptor antagonists 
antagonists • Hi-receptor antagonists 

• HJ & H4 -receptor antagonist 

(Ref Katzung- 1 Jth) 



23 At a ~lance 

A. According to their generation: 
!:!t receptor antagonists: 

1. SI • 1 generation H1-reccptor Ethanolamines 
antagonists • Carbinoxamine 

• Dimenhyclrinate 

• Diphenhyclramine 

Piperazine derivatives 

• Hydroxyzine 

• Cyclizine 

• Meclizine 

Alkylamines 

• Brompheniramine 

• Chlorpheniramine 
Phenothiazine derivative 

• Promethazine 
Miscellaneous 

• Cyproheptadine 
2. 2nd . H generation 1-receptor Pipericline 

antagonists • Fexofenadine 
Miscellaneous 

• Loratadine 

• Cetirizine 
(Ref Katzung-J 3th) 

B. A cl. ccor mg to d egree o f d . se ahve e ect: 
1. Highly sedative • Diphenhydramine 

• Dimenhydrinate 
• Promethazine 
• Hydroxyzine 

2. Moderately sedative • Pheniramine 
• Cyproheptad ine 
• Meclizine 
• Buclizine 

3. Mildly sedative • Ch lorpheniram ine 
• Dex ch lorphen iram i ne 
• Cyclizine 
• Dimethindene 
• Triprolidine 

4. Least or non-sedative • Cetirizine 
• Levocetirizine 
• Fexofenadine 
• Loratadine 
• Desloratad ine 
• Azelastine 
• M izolastine 
• Ebastine 
• Ru patadine 

'' . / /1 (Ref lnpath,-6 / /56) 

Oxytocic / ccbolics in obstetrics: 
I. Oxytocin 
2. Ergot derivatives 
3. Prostagland ins (E & F) 
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NSADs: 
A. According to their chemical nature & structure: 

B 

I . Salicylates: Aspirin . 
2. Propionic acid derivatives: Ibuprofen, Naproxen, fenoprofen, ketoprofen, flurbip roten and oxaproz1n. 
3. Acetic acid derivatives: lndomethacin, sulindac, and etodolac. 
4. Fenamic acid derivatives: Mefenamic acid and meclofenamate. 
5. Heteroaryl acetic acids: Diclofenac, aceclofenac and tolmetin . 
6. Oxicam derivatives: Piroxicam, tenoxicam and meloxicam. 
7. Nabumetone 
8. Pyrrolo-pyrrolo derivative: Ketorolac. 
9. Pyrazolone derivatives: Phenylbutazone, Oxyphenbutazone. 
I 0. Benzoxazocine derivatives: Nefopam. 
11 . COX-2 inhibitors: Celecoxib, Rofecoxib . 
12. Para-aminophenol derivative: Paracetamol (acetaminophen) 

(Ref Lippincoa 's-6th; Tripathi-6'"118./) 

. Accordinf! to efficacvl def!ree of anti-inflammatorv ef(ect: 
1. Weak anti-inflammatory/ • Para-aminophenol derivative: Paracetamol 

Low efficacious 
2. Moderate anti-inflammatory/ • Propionic acid derivatives: Ibuprofen, Naproxen, ketoprofen , 

Moderate efficacious tlurbiprofen. 
• Fenamic acid derivatives: Mefenamic acid . 

3. Strong anti-inflammatory/ • Salicylates: Asp irin 
High efficacious • Heteroaryl acetic acids: Diclofenac, Acec lofenac. 

• Oxicam derivatives: Piroxicarn , Tenoxicarn . 
• Pyrrolo-pyrrolo derivative: Ketorolac. 
• Acetic acid derivatives: lndornethaci n. 
• Pyrazolone derivatives: Phenylbutazone, Oxyphenbutazone. 

C. According to COX isoenzvme selectivitv: 

D. 

I. COX-2 selective NSAIDs, whose selectivity for in hi bit ing COX-2 is at least 5 times that for COX- I. Th e 
group incl udes 

• Rofecoxib 
• Celecoxib 
• Meloxicarn 
• Etodolac and 
• Nabumetone 

2. Non-COX-2 selective NSAJDs, which compr ise all other NSA IDs. These drugs inhi bit COX- I as much 
as, or even more than, COX-2. 

(Rel Bennett & Brown- I J'" edition) 
Accordin~ to plasma hall-life: 

I. Short acting NSA!Ds (t112 <6 hrs) • Aspiri n 
• Diclofenac 
• Ibupro fen 
• Fenoprofen 
• lndomethacin 
• Ketoprofen 

2. Intermedia te acting NS AIDs (t112 6-26 hours) • Ce lecoxib 
• Rofecoxib 
• Naproxen 
• Ketoro lac 
• Etodolac 
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3. Long acting NS/\ IDs (t 1,~ >26 hours) • Nabu1netont: j 
• Piroxicam 

L----------_________ L_• ___.:'.O:_::x~aJ:'..1J'...'.:ro'...'.:z:.'...'.in:__ _______ _ 

A nti-p ate et d rugs: 
Cyclooxvgenase inhibitors: Inhibition of prostaglandi n synthesis • Aspirin 

ADP receptor inhibitors : Inhibition of ADP induced platelet aggregation . • Clopidogrel 
• Prasugrel 
• Ticlopid ine 

Inhibitor of glycoprotein lib/Illa receptors inhibitors on platelets • Abciximab 
(intravenous use on ly) • Ept ifibatide 

• Tiro fi ban 

Additional antiplatclet-directed drugs 

• Phosphodiesterase inhibitor • Ci lostazol 

At a 14l ancc 

• • Oipyridamole 

I 
I 

I 

Inhibitor of adenosine uptake and cGMP phosphodiesterase 
/ (Ref' Kar::.ung-l 3thJ 

Anticoagulant drugs: 
A. Anticoagulants acting in vitro: 

I. Heparin 
2. Ca chelating agents: 3.8% Na citrate, Na+-oxalate 

B. A f n 1coagu an s ac mg m vivo : f 
1. Parenteral anticoagulant dru J'S 

• Indirect throm bin 1. Unfractionated heparin (UFH) I standard heparin I regular 
inhibitors heparin 

2. Low-molecular weight (LMW) heparin / fractionated heparin / 
irregular heparin: 
• Enoxaparin 

• Dalteparin 
• Tinzaparin 

3. Synthetic pentasaccharide 

• Fondaparinux 

• Paren teral direct • Hirudin 
thrombin in hibitors • Lepirudin 

• Bi va lirudin 

• Argatroban 
2. Oral anticoagulant drugs 

• Coumarin • Warfarin 
anticoagulants • Dicumarol 

• Oral direct th rombin • Ximelagatran (wi1h clrmvn ji-om the 111arke1 hecuust! 
inhibitors tox icity) 

• Dabigatran 

C. Anticoagulants acting in vivo & vitro: Heparin. 

Fibrinolytic / thrombolytic drugs: /\ ge nts that hydrolyze fibrin and , thus, disso lves clots. 
l . Streptokinase 
2. Al teplase 
3. Urok inase 
4. Tissue pl asminogen acti va tor (t-PA) 
5. Reteplase 
6. Tenectep lase 

u/ /1 t>pu1ic 
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Druos used to stop bleeding/ Fibrinolytic inhibitors/ Anti-fibrinolytic drugs: 
I~ Aminocaproic acid / epsilon aminocaproic acid (EACA) 
2. Tranexamic acid (an analog ofaminocaproic acid). 
3. Pro tam ine sulfate (antidote of heparin) 
4. Vitamin K1 / phytonadione (antidote ofwwf'arin) 
5. Aprotinin (serine protease inhibitor) 

(Ref Lippincol/ 's-6th) 

Lipid lowering agents: 
A . Predominantly cholesterol lowering agents: 

I. HMG-CoA reductase inhibitors (Statins): • Lovastatin 
(tcholesterol synthesis & j LDL catabolism) • Atorvastatin 

• Fluvastatin 
• Pravastatin 
• Simvastatin 
• Rosuvastatin 

2. Cholesterol absorption inhibitors • Ezetimibe 
3. Bile acid- binding resins . Colestipol 

• Cholestyramine 
• Colesevelam 

4. Niacin (Vit-B3) 

B. P d re ommant1y l TG l owenng agents: 
1. Fibrates / fibric acid derivatives • Gem fi brozi I 

• Fenofibrate 
• Bezafibrate 

2. Highly poly-unsaturated long- • Eicosapentanoic acid 
chain n-3 fatty acids • Docosahexanoic acid 

(Ref Davidson ·s medicine-20'"!450; Lippincott 's-6th) 

Iron preparations 

A. Oral iron Tablet fo rm • Ferrous sulfate 
preparations • Ferrous fu marate 

• Ferrous gluconate 
• Ferrous succinate 

• Ferrous glycine-SO4 

Liquid form • FeSO4 pediatric mixture 

• Polysaccharide iron complex 
Sustained release fo rm • Slow-Fe 

• Sytro n 

• Na-Fe edetate 
B. Parenteral iron rv iron • Iron dextran 

preparations • Iron sucrose 
IM iron • Iron dextran 

• Iron sorbitol ci tri c ac id 

(Ref Kut:n111g-l 3th) 
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---- Drugs for peptic ulcer diseases (PUD): 

Tyl)es of anti-ulcerant drugs 
,, . "' :i,· I , . . . • . , . , -~ ,·,j.: tt"~'~iri1· 

,, ,"! Name of drugs.-. •f' 1·,,, .. : • "', -,, r."/l .:r! r,. ',., -:71~; , ., 

A. Acid neu ra 1zers 
~ 1. Antacids • Sodium bicarbonate, Nal-lCO:i 

t I 

• Calcium carbonate, CaCO., 

• Magnesium hydroxide, Mg(Ol-1 )2 

• Aluminium hydroxide, Al(OH)_, - Antisecretory: Agents that reduce HCI secretion B. - 1. H2-receptor blockers Ranitidine • 
• Famotidine 

• Nizatidine 

• Cimetidine 
2. Proton pump inhibitors (PPI) • Omeprazole 

• Esomeprazole 

• Pantoprazole 

• Lansoprazole 

• Rabeprazole 
3. Anti-muscarinic drugs • Dicyclomine 

• Pirenzepine 

• Telenzepine 
C. Agents that kill the causative bacteria (Helicobacter pylori) 

1. Antibiotics • Metronidazole 

• Amoxicillin 

• Tetracycline 

• Clarithromycin 
D. Agents that enhance mucosal • Sucralfate 

resistance (ulcer healing drugs) • Prostaglandin analog (M isoprostol) 

• Colloidal bismuth compounds . 
(Ref Katzung-1 Jth & Goodman & Gilman ·.\·-12th) 

Prokinetic agents: 
1. Di-receptor antagonists: 

• Metoclopramide 
• Domperidone 

2. Cholinomimetic agents: 
• Bethanechol 
• Neostigmine 

3. Macrolides: Erythromycin, azithromycin 
4. Chloride channel activator: Lubiprostone. 

(Ref Kotz1111g- l Jth) 

A f f d n 1-eme 1c rugs: 
1. Serotonin SHTrreceptor antagonists • Ondansetron 

• Granisetron 

• Dolasetron 

• Palonosetron 
2. Prokinctic agents (Di-receptor antagonists) • Dom peridone 
3. Corticosteroids • Dexamethasonc 

• Meth yl predn isolone 
4. Ncurokinin receptor antagonists • Aprepitant 

• Fosaprepitant 
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5. Phcnothiazincs • Prochlorperazine 

• Promethazine 

• Thiethylperazine 

6. Butyrophcnone • Droperidol 

• Haloperidol 
7. Substituted bcnzamides • Metoclopramide 

• Trimethobenzam ide 
8. H1-rcceptor antagonists • Diphenhydramine 

• Dimenhydrinate 

• Meclizine 

• Cyclizine 
9. Anticholinergic drugs • Hyoscine 
10. Bcnzodiazcpines • Lorazepam 

• Alprazolam 

• Diazepam 
11. Cannabinoids • Dronabinol 

• Nabilone 
' / - 1 ·o -(Ref Katzung 13th. l1ppu c II -'> 6th) 

Anti-asthmatic Drugs: 
A. B10 ch d'I t R . n o I a or: everses ronc oconstnct1on an prov1 es s 1 r -

1. Selective ~i-agonists a. Short acting (2-6 hours) 

b h d 'd Io t term relief (short-term reliever) 

•Salbutamol 
•Albuterol 
•Terbutaline 
• Metaproterenol 
• Pirbuterol 

b. Long acting (>12 hours) 
•Salmetero l 
• Form oterol 

2. Anti-muscarinic agent • Ipratropium bromide 
•Tiotropium 

3. Methylxanthines 
•Atropine 
• Arninophyll ine 
•Theophylline 
• Enprophylline 
•Pentoxifylline (used in intermittent claudication) 
•Theobromine 
•Caffe ine 

B. Anti-inflammatory drugs: Suppress chronic inflamm ation of bronchial asthma (long-term contro ll er). 
1. Corticosteroids I Glucocorticoids • Hydrocortisone (Inj) 

• Predn isolone (tab let) 
• Beclomethasone (inhaler) 
• Bctamethasone (i nha ler) 
• Triamcinolone (inhaler) 
• Budesonide 
• Ciclesonide 
• Fluniso lide 
• Fluticasone 
• Mometasone 
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2
. Ccukotricnc rcccpt~,·-antagonists: These drugs also competitively • Zalirlukast 

prevent bronchoconstnct1on caused by leukotricnes (C4, D4 and E4) • Montclukast 

3
_ Lcukotricnc synthesis inhibitor • Zilcuton 

-:fMast cell stabilizers: Prevents mast cel l degranulation. • Cromolyn sodium 

• Nedocromil sodium 
s,Anti-IgE monoclonal antibody: Inhibits the binding of IgE to mast • Omalizumab 

cells & prevents mast cell degranulation . - (Re}: Katzung-! 3th) 

Oral antidiabetic / hypoglycemic agents (OBA): 

A. 
I Insulin sccretagogues: ncrease insulin release. 

Sulfonylurcas 
Sl • 

1. 1 generation • Tolbutamide 
sulfonylureas • Chlorpropamide 

• Tolazamide 
t l(\ . generation • Glibenclamide (in USA) or Glyburide (outside USA) 
sulfonylureas • Glipizide 

• Gliclazide 
• Glimepiride 

2. Meglitinides • Repaglinide 

3. D-phenylalanine • Nateglinide 
derivatives 

B. Biguanides: (insulin sensitizer, euglycaemic agents) 

• Metformin 

• Phenfonnin (not used now a days) 
C. Thiazolidinediones: (insulin sensitizer) Two thiazolidinediones are currently available: 

• Pioglitazone 

• Rosi glitazone 

D. a-glucosidase Inhibitors: 

• Acarbose 

• Miglitol 

E. Synthetic Amylin Analog: 

• Pramlintide 

F. Increti n-based th era pies 
1. Incretin mimetics / Synthetic analog of glucagon-like-polypeptide I (GLP-1 ): 

• Exenatide 
2. Dipeptidyl Peptidase-IV (DPP-IV) Inhibitors: 

• Sitagliptin 
(Ref Katzung- l 3th,· Lippincott 's-6th) 

Pharmacology-7 
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Introducing Pharmacology 
The word harmacology is derived from the Greek words pharmakon (which means drug) and logos (which 

me/?"< tudy). 

ef;lfine pharmacology. (RU-14J,09J, CU-05S) 
'\. Ans. 

Pharmacology 
Definition: Pharmacology can be defined as the study of substances that interact with living systems through 
chemical proc s, especially by binding to regulatory molecules and activating or inhibitingn ormal body 
processes. 

(Ref Katzung-13'"!1) 
1 finition: Pharmacology can be defined as a branch of science that includes history, source, phys io-chemical 
ro erties, dosage forms, methods of adin~I+istration, absorption, distn , ution , mechanismof action , 

pharmacological effects, biotransformation, excretion, clinical uses, and adverse effects of d1~ - -
· · (Ref Misbahuddin-5'"101) 

Definition: Pharmacology can be defined as the study of the effects of drugs on the function of living systems. 
" (Ref Rang & Dale 's-61"!3) 

. harmacolo / therapeutics: Medical pharmacology is often defi ned as the science of substances used 
, diagnose, and trea disease. ~ 

·DI)'\ 

hat do you mean by clinical pharmacology? (RU-08Ju) 
. Define clinical pharmacology. (SU-1 I J, RU-1 lJ, CU-05S) 

Ans. 

(Ref Katzung-1 3'"!01) 

Clinical pharmacology: It is a branch of pharmacology which deals with the scientific study of drugs in the 
patients and also in healthy persons for the safe and effective use of drugs (therapy). It has two pari:5:-
-y. Pharmacology · -

a. Phannacodynamics 
/ b. Pharmacokinetics 

/ 2. Therapeutic evaluation 

Q. What are the branches of pharmacology? (RU-I OJ ,08Ju,OSJ/S) 
Q. Define harmacodynamics. (DU-10Ju,06S, RU-I 5Ju,07Ju) 
Q. efi e pharmacokinetics. (DU-\ OJu, SU-06M, RU-07Ju) 
Q ine pharmacognosy. (RU-09J) 

efine therapeutics. (SU- l l J) 
Q. Define pharmaco-therapeutics. (SU- 11 J) 
Q. Define pharmacogenetics. (RU-1 SJu) 
Ans. 
Branches of pharmacology: 
1. Pharmacy / Pharmaceutics: It is the branch of pharmacology which deals with the preparation, quality 

control and disp~1sion of drugs . Pharmacy includes -

~ harmacognosy: Pharrnacognosy deals with the source, identification, iso lation, purification and 
standardization of drug. \ ~- , ~ L, \ .- _ , ( ', .,-.- c,:-i( , \l') L f) • 

b. Pharmaceutical chemistry: It deals with the synthes is of new drug. 

c. Biopharmaceutics: It deals with the formulation of drug. 
(Ref Misbahuddin-l'/3) 
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·Pharmacokinetics: The study of absorption distribution, biotransformation (metabolism) & excretion of 
2. ' . --.- --c--::r~ ,, --

drug is ca ll ed pharmacokinetics. Simply pharmacokinet1cs means ''what the body oes to t 1e rug. . _,1, 

(Ref' Misbahuddm-) 103) 

3. Pharmacodynamics: This is the branch of pharmacology which deals with the biochemical and physio logical 
effect of drugs and their mechanism of action. . , ,1i

127 (Rel Goodman & Gt/man s-1 I -) 
Pharmacodynamics: Pha1macodynamics is the study of bio logical effect~ produced by the drug''. Simply 
pharmacodynam ics means "what the drug does to the body. . _ ,1, 

1 (Ref Misbahuddm-) , 03; 

4. Therapeutics: Therapeutics is a branch of pharmacology which deals with the use of drugs in human body to 
detect, protect, contrn l and cure of the di seases. 

5. Pharmaco-therapeutics: It deals with practical application of drugs fo r treatment or prevention of diseases. 

6. Toxicology: Toxicology is that branch of pharmacology which deals with the undesirable effects of chemicals 
on living systems, from individual cell s to humans to complex ecosystems. 

(Ref Katzung-l 311i/OJ) 

7. Pharmacogenomics: Pharmacogenomics (or pharmacogenetics) is the study of the relation of the 
individual 's genetic makeup to hi s or her response to specific drugs. 
~~ o 3er-0~ 'n--J-t~'Y'-Q.e_ O"Y'- n_~~z -6 n...'-';j_~(.Ref Katzung-1 3

1
1,/2) 

8. lmmunopharmacology: It deals with the invnuno logical aspects of drug action, including the effects of drug 
in immune response and deve lopment of an I o 1es 111 response o rug. 

9. Behavioral pharmacology: Refers to the study of how drug affects the behav ior of a patient. 

10. Pharmacoeconomics: This branch of health economics aims to quantify in economic terms the cost and 
benefit of drugs used therapeutically. It arose from the concern of many governments to provide fo r 
nea t 1care from tax reve11ues, rais.ing questions of what therapeutic procedures represent the best va lue fo r 
money. 
~ -~ . ~ ~~ · C' c-~~ C"..,, ~,c.~, (Ref Rang & Dale 's-6'" edition) 

11. Pharmacoepidemiology: It is the study of both the beneficial and the adverse effects of a drug on a large 
number of people. 

(Ref Misbahuddin-511,/4) 

12. Chemotherap)1
: It is the branch of pharmacology which deals with the effects of dru gs upon micro­

organisms, parasites & cancer cells. 

Nice to know 
Materia medica: Materia medica is the science of drug preparation and medical use of drugs. It is a Latin medical term /or 
the body of collected knowledge about !he thernpeutic properties rf drugs. In Latin, the /erm literally means "medical 
materiallsubsrance ". The lerm was used.from the period of the Roman Empire until the twentieth centwy, hut has now heen 
generally replaced in medical eclucal ion conrexts hy the lerm plrnrmacology. 

(Ref Katzung-l 3'"!2+other.\) 

Q. How does clinical pharm acology di ffer from therapeutics? (RU- I 0J,06J) 
Ans. 

Clinical pharmacology Thera peutics 
It is a branch of pharmacology which deals with the scientific study Therapeutics is a branch of pharmaco logy 
of drugs in the pat ients and also in healthy persons fo r the safe and which deals with the use of drugs Ill 

effective use of drugs (therapy). It has two pa1is: human body to detect, protect, control and 
I. Pharmacology cure of the diseases. 

a. Pharmacodynam ics 
b. Pharmacokinetics 

2. Therapeutic evaluat ion 
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Drug 
D · · 1· )/ I 17 J "I II I · ·f · a1·1 · 111ed1'c·1·1w/p/ants (dry herb.\) . rug ong,;J.ules. rom C c · rl!nc 1 , rogue w 11c I me ,\ · 

·:/ IOJ08J 061·SU-15.l,IOJ ,06J) _q. l)efinc drug with example. (DU-13Ju, RU-16.1 , I SJ, 11 J, , u, ·' 
fVl)efine drug according to WHO. (DU-17 J) 
Ans. 

Drug: According to WHO, 1992: . d"f . lo ·e physiological systems or 
Any substance or product that is used or intended to be used to mo I Y 01 ~xp 1 __ - ___ _ 

pat 10 og1ca states or t 1e enefit of the recipient ts ca e a rug. (Ref Benne/I & Brown-I rl'l5) 

Example: Paracetamol, ciprofloxacin, omeprazole etc. 

Q. Write down the properties of ideal drug. 
Ans. 
Propertiesofanidealdrug 

I. A drug must have- . . . 
a. Appropriate size, shape, electrical charge & atomic compos1t1on_- . . . , . 
b. Appropriate properties to be transported from the site of adm1111strat1on to the site of action to 

exert physiological response. . . . 
2. A drug should be inactivated or excreted from the body at a reasonable rate so that its action will be 

stopped after an appropriate duration of action. 
3. It must have good efficacy and potency. 
4. It must have least adverse effects. 

Nice to know 
I11Jormatio11 011 DRUG 

I. A drug can be defined as a chemical substance of known structure, other than a nutrient or an essential dietary 
ingredienr, which, when administered to a living organism, produces a biological effect. 

2. Drugs may be synthetic chemicals, chemicals obtained.from plants or animals, or products of genetic engineering. 
3. To count as a drug, the substance 11111st be administered as such, rather than released by physiological mechanisms. 

Many substances, such as insulin or thyroxine, are endogenous hormones b111 are also drugs when they are 
administered intentionally. 

4. Many drugs are no/ used in medicines bw are nevertheless use/id research tools. 
5. In everyday parlance, the word drug is ofien associated with addictive, narcotic or mind-altering substances-an 

unfortunate negative connotation that tends to bias opinion against any form of chemical therapy. To use the word 
'drug' intending 0 11~)1 a harmf ul, dangerous or addictive substance is to abuse a respectable and use/it! word 

6. Poisons fa /I strictly within the definition of drugs. 

Q. What are the uses of drugs- give one example of each (RU- I 6J) 
Q. What are the benefits of the recipient of drug'! (SU- I OJ) 
Q. What are the rational uses of drugs/ aim of drug use/ purpose of drug? 
Ans. 

I tional uses of clru s/ aim of dru use/ ur ose of drua/ benefit of the reci ient 

I . Diagnosis of disease: eg, 

• Barium s,a_lt for dia~nosis ?f ~ IT les ions by barium meal x-ray. 
• Edrophon1um fo r d1agnos1s of myesthenia gravi s. -
• Histam_i1~e for di agnosis of pernicious anemia. - --------

2. Prevention of disease: eg, 

(Ref Rang & Dale ·s-81h) 

• Vaccines prevent communicable diseases e g tetanus t·oxo·d 1~ . · f . - - -..:....:..:-=- , · · 1 01 prevention o tetanus 
• Contraceptives prevent unwanted prelrnanc "!'"\ · 

b "',1 -r~ 
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3. Control or suppression of diseases: eg, 
• Insulin is used for the control of diabetes. 
• Antillypertensive drugs control hype1te~sion. 

- ~ -

4. Treatment of diseases: eg, 
• Antibiotics are used for treatment of infections. 
• A ntipyretic for pyrexia (fever). 
• Arfalgesics for pain . · 
• lJiureticsfor edema. 

I. Over the counter drug (OTC): The drugs which are available without prescription are cal led OTC 

drugs. They are highly safe producing least toxic effects, eg. paracetamol, laxatives, iron tab, vitam in tab, 
antiemetic . 

2. Prescription drugs: The drugs which are available only on prescription are called prescription drugs. 

They include majority of drugs which are prescribed by registered physician & are sold by registered 

pharmacist. 

3. Control drug: The drugs which can never be dispensed with prescription are ca lled control drugs. eg. 

narcotics, hallucinogens (LSD, pethidine, heroine) etc. They produce addict ion. 

4. Experimental drug: The drugs which are on trial are called experimental drugs. eg. Newer, better, sa fer 

drugs. 

5. Official drug: The drugs which are included in pharmacopoeia. 

~:,PY~: Over the counter drug (OTC). 

~ r the counter (OTC) drugs 
Definition: The drugs which are available without prescription are called OTC drugs. They are highly safe 
producing least toxic effects. 

Synonym: Non-prescription drug. 

Exa mp es: 
Systemic OTC drugs Topical OTC drugs 

1. Paracetamol 1. Ketoconazole 
2. Ranitidine 2. Miconazole 
3. Omeprazole 3. Clotrimazole 
4. Antacid 4. Xylometazoline 
5. Loratadine 
6. Chlorpheniramine 
7. Naproxen sodium 
8. Ketoprofen 
9. ORS 
I 0. Vitamin tablet 

Advantages of OTC drugs: 
I. They are easily available & comparatively cheap. 
2. Decrease the load to the hospitalization. 
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3. Somct im ·s greatly affect the improvement of the community health; e.g. ORS decreases the childhood 
m rtality rate. The more the availability of ORS is, the less the death in diarrhoea l di sorder. 

4. Treatment of minor illness can be done easily. 

Disadvantages of OTC drugs: 
I. Increased chance of maltreatment / wrong treatment. 
2. Mor~ chance of complication of diseases. 
3. May misguide or delay the right diagnosis or the disease. 
4. Chance of drug induced disease; e.g. chronic renal failure in paracetamol abusers who chronically uses 

t)1e drug for mild to moderate pain . 
5. hance of acute overdose or suicidal attempt; e.g. Paracetamol poisoning. 

Nie hJ know 
qlii acteristics of the drug: 

1. Molecular weight (MW) and size: 
a. MW usually: l 00 - l 000 dalton . 
b. Low MW (100-150 D): Can easily passes through epithelial lining, eg, ethanol (46 D), N20 (44 

D). 

c. High MW (7000 D): Cannot pass through epithelial lining, eg, insulin (5800 D), dextran 
(40,000D). 

d. MW< 300: Eliminate through kidney. 
e. MW >300: Eliminate through bile. 
f. MW <600: Can cross blood placental barrier. 
g. Microsized particle: Well absorbed (eg, griseofulvin). 
h. Ultra microsized: Absorbed 2 fold than microsized. 

2. Physical nature: 
a. Solid: Paracetamol, azithromycin. 
b. Liquid: Nicotine, ethanol, ceftriaxone. 
c. Gas: Nitrous oxide. 

3. Chemical nature of drug: 
1. Acidic: 

• Acetazolamide 
• Levodopa 
• Aspirin 

• Phenytoin 
• Cloxaci llin 
• Phenobarbitone 

2. Basic: 
• Amphetamine 
• Atropine 
• Isoprena line 
• Morphine 
• Pi locarpine 

3. Neutral: 
• Ethanol 

4. Stcreoisomcrism: 
• (+) Sotalol: Antiarrhythmic 
• (-) Sotalol: Beta blocker 
• (+) Dobutamine: ex I antagonist 
• (-) Dobutaminc: a I agoni st. 
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5. Ionization constant: It depends on pKa of drug and pH of media. 
In acidic pH: _ , 

• Acidic drug in acidic urine ~ Less ionization ---+ More lipid soluble---+ More rcabsorbcd. r \ ~ . .:., 
d 

f / r, . ~ 

• Alkaline drug in acidic urine ---+ More ionization---+ Less lipid soluble ---+ More excrete.: · 
In alkaline pH: 1 

- - -

• Alkaline drug in alkaline urine r Less ionization ---+ More lipid soluble - More rcabsorbec ·; 
• Acidic drug in alkaline urine 1 More ionization---+ Less lipid so luble---+ More excreted. 

------
6. Partition co-efficient: 

• Lipid: water partition co-efficient: Relative solubility of drug in lipid as compared to water. 
• Higher lipid : water partition co-efficient---+ More lipid soluble---+ More reabsorbed, ( eg, 

phenobarbitone, thiopental Na). 
• Low lipid: water partition co-efficient---+ Less lipid soluble---+ More excreted. 

7. Salt preparation: 
• Theophylline ( I 00%)---+ Insoluble. 
• Aminophylline (Theophylline 80% + Ethylene diamine 20%)---+ More solubility (can be given in 

IV route). 

8. Affinity to bind with others: 
• Bind with food particle. 
• Bind with plasma protein (mainly albumin). 
• Bind with receptor. 
• Bind with tissues (liver, retina, bone) 
• Binds with drugs, eg, 

• Fe+ Tetracycline 
• Antacid + Iron 
• Fe+ Desfenioxamine 

9. SAR {Structure activity relationship): Study of variation of drug effects in relation to their chemical 
structure is known as SAR. Affinit and efficac both are related to SAR. E , 

Acetylcholine 
Ra id! h drol zed b lasma cholinesterase. lasma cholinesterase. 
Short duration of action. 
Non-selective in action. 

Importance: 
I. Synthesis of newer compound: 

• To increase duration of action: Procaine---+ Procainamide. 
• To decrease duration of action: Atropine (7 days)---+ Homatropine ( I day) 
• To synthesize more potent drug: Polyth iazide ---+ chlorothiazide 
• To restrict the drug action on a particular system 

Chlorpromazine (Antihistam ine/antipsychotic/Anticholinergic) ---+ Trinuperazine (CNS 
only) 

• To decrease adverse effects & Toxicity: Nicotinic Ac id ---+ Nicotinamide 
• To increase drug absorption: 

Chlorotetracycline (30% absorb)---+ tetracycline (60-80% abso rb) 

2. Synthesis of competitive antagonism: Morphine by Nalorphine 

3. Understanding basic chemical group responsible for drug action: 
• Adrenaline ---+ stimulates a & ~-
• Isoprenaline ---+ stimulates only~ receptor. 

Pharmacology-8 
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~;fine medicine. 

Ans. . . ( which contains one or more drugs and usually other substances 
;(M'edicine: A medicine is a chemical pre~ara tol n, . d g to inake them more convenient to use. . . . · . I t etc ) besides t 1e active ru 

(exc1p1ents, stab1ltsets, so ven s, . · .. , . , hT·•rs w,lvents, etc.) 
Medicine= Drug+ Additional substances (exc1p1ent.\, .sta , ,se '. (Ref Rang & Dale 's-8th) 

Example: Paracetamol is the drug and Napa (brand name of paracetamol) is the medicine. 

Q. What are the differences between drug & medicine? (RU-1 IJ) 
Ans. 
Differences between drug & medicine 

Drug I Medicine , .. , 1.)1 ••• ·:,:· •. i, ;r.i· 1'.'t·,'··"· "· "~'''f,lr, 

I. Medicine= Drug + additional substances (::_cipient~ --I. Drug is the ~ctive ingredie~t of medicine. 
stabilisers, solvents, etc.) .. 

2. Drugs may not b~ stable. 2. Medicine is made more stable by adding stabilisers . 
3. It mav not have a s11it:lble form & dose. 3. It has a suitable form & dose. Eg, Tab. Pantoprazole 20 mg. 
4. It has_chemical and P-eneric name. 4. It has brand or trade name. 
5. All dru2:s are not medicine. 5. All medicines are drugs. 
6. It does not have a suitable form and dose. 6. It has suitable form and dose. Eg, Cap. Omeprazole 20 mg. 

He~:e capsule 1s form anct-20 mg is dose. 
' -(Ref Bennelt & Brown-11th+ Rang & Dale .s 8th) 

Nice to know 
C b omvare etween D ruJ;? an d Fi I 00(, 

DruJ;? Food 
Foreign substance for body. Ingredient (essential for body) 
Generally does not provide energy (vitamin, Iron Provide energy 
provide enerf!Y). 

Drug modifies or explores physiological system or 
patholof.!ical state. Food maintains physiological .system of the body. 

Must be excreted out from the body. 
Retain in the body as ingredient or essential 
component of the body. 

It may produce addiction or habituation. It may produce habituation. 
It may produce tolerance. 

It does not produce tolerance. 

Excipient: Additional chemical substances that are used in drug production having no drug property are cal led exci i.0nt. __ 

omponents of excipient: 

I. Diluents: Form bulk of dru (shape'- size); e.g. Dextrose, lactose, starch, sucrose etc . 

2. Binder: They bind several drug molecules to preve'iitautobreakdow~ .g. Methyl cellulose. 

3. Disintegrating agent: To bre~k the drug molecule before absorption is ci'neoaism e rat ion. e.g. Starch, 
vee __gu1~ 

.,--
4. Lubricant: To lubricate drug m~lecule, e.&._sJearic acid , Ca-stearate, Mg-stearate, talc. 

5. Colouring substances: To color drug for id.ffi!.ification, attraction-etc. e.g. QJilliant blue, caramel etc. 
6. Sweetening agent: To make a drug sweet taste, e.g. saccharin~ lactose, mannitoletc. 

7. Flavoring agent: Orange flavor..:...pep~ int oil etc. ~re the flavo~ing substances. - -



Q. What is placebo? 
Ans. 
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Placebo/ dummy medicine: Latin: placebo, I shall be pleasing or acceptable. . . 
Definition: A placebo is any component of therapy that is without specific biological activity for the condition 
being treated. 

/ . . ., . . . (Ref: Bennetl ~ Brow~-/!,'" editi~n) 
))efimt10n: "Placebo are rnact1ve substances (having no pharmacolog1cal effect) given to satisfy pat~ nt s demand 

/ for medicine menta sa 1s ac 1011 . --- -- -

Substances used as placebo: Starch, glucose, sucrose, lactose, dextrose, etc. 

Purpose of using placebo: 
I. As a control in scientific evaluation of drugs. The placebo medicine is given to a group of patients and 

the drug being tested is given to a similar group; then the results obtained in the two groups are compared 
(double blind trial). 

2. To benefit or please a patient, not by any pharmacological actions, but by psychological means. 
3. To prevent habituation and addiction. 

(Ref Bennett & Brown- I I'" edition) 

Nice to know 
Explanation of placebo: A II treatments have a psychological component, whether to please (placebo effect) or, occasionally, 
to vex (negative placebo). A placebo medicine is a vehicle for 'cure' by suggestion, and is surprisingly often successful, if only 
temporarily. All treatments carry placebo effect: physiotherapy, psychotherapy, surgery, entering a palient into a 1herapeu1ic 
/rial, even the personality and style of the doc/or. 

A placebo-reactor is an individual who reports changes of physical or mental state after LOking a pharmacologically inert 
subs1ance. 
Negative reactors, who develop adverse effects when given a placebo, exist but, for/Unat ely, are fewer. 

Comments 
I. Some 35% of the physically ill and 40% or more of the mentally ill respond to placebos. 
2. Placebo reaction is an inconstant attribute; a person may respond at one time in one situation and not al another 

time under different conditions. 
3. It is of great impor/ance that all who administer drugs should be aware that !heir al'li1udes to the lreatment may 

greatly influence the result. Undue scepticism may prevent a drug from achieving ils effec/ and enlhusiasm or 
confidence may polentiate the actions of drugs. 

(Ref Bennet/ & Brown-! !°' edition) 

Q. Describe briefly the sources of drugs with example . (DU-I 0Ju, RU-11J ,07J u,06S, SU-16Ju,06J ) 
Q. What are the common present sources of drugs? Give examples . (RU-09J) 
Q. Name the different sources of drugs. (RU- I SJ) 
An . 

• Pituitar 1 land- Gonadotro in. 
• Microorganisms polymyx in-B, chl oramphen icol, ..___ 

• Mineral 
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2. S)1nthctic sources • Aspirin , paracetamol , antima larial drugs, sulfonamides, 
1-iormones. 

3. Sl'mi-synthetic sources • Ampicillin , tetr.acycline,_pethidine 
4. Biotechnology & genetic engineering 

(B,· reco111hi11m1r DNA) 
• I-t~man insu~in, gro~th71ormone 

Q. N'ame the plant sources of drug. (SU- I OJ) 
A'hs, 
Types of plant sources 

": Alkaloids- Atropine, cocaine, morphine ,; ct,""­
. 2: Glycosidcs- Digoxin 

,,3-:" Oil- Olive oil, castor oil th\; £d;blR.._ (\ ~L~ ~] (;',i.; 
.A. Gum & mucilage- Agar & psylum 

· Tannins- Tanic acid 
Carbohydrate- Dextrose 

_y. Antibiotics 

Nice to know 
Demerits of plant source 

J. Expensive 
2. Less & slow action 
3. Less amount of drug are found at a time. 

Q. Define alkaloids. (RU-09]) 
Q. Mention the characteristics of alkaloids. 
Ans.~ 
Al loids: 

o ·,\ 

efinition: The word alkaloid literally means alkali like substa ce. Alkaloid is defi ned as basic nitrogenous 
compound of plant origin that produces salt when com ines with acid and is physiologically active in plant and 
animal. 

Properties of alkaloids: 

E 

k · They are basic nitrogenous compounds. 
' ,Y. They are non-volatile, white crystalline substances . 
?3. Taste is bitter 
_3- Reaction is alkaline. They form salt with acid. Acid + Alkaloid = Salt. 

5,: Insoluble in water, less soluble in alcohol but their salts are soluble in water. 
,., ~ heir names always end with "ine", eg, atropine, morphine. 

xamp e / 

;::, V / Alkaloids I Sources 
rPlant source 

/ Atropine, scopolamine Atropa belladona 
/ Quinine, quinidine Cinchona ( \~~,.J\-\ 
~ Morphine, codeine Seed capsule of poE:JQY _plant:"" 
• Reserpine Rauw~ a serpentina 
~ 'heophy lline, caffeine Tea, coffee plant 

_.,. Ergot alka loid Calviceps purpurea 
~ Cocaine Erythroxylon Cocae 

Synthetic 1-lomatropine 
Vincristine 
Vinb lastine 

(Ref - Misbahuddin-5thl l l ) 

(Ref- Misbahuddin-5thl l 1) 
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Q. Define glycosides? (DU-04J, RU-08.1) 
Q. Mention the characteristics of glycosides . (DU-04J, RU-08.1) 
Ans. 
Glycosides: 

General Pharmacolo~ry 

I \ . 

Definition: Glycosides are compounds formed from condensation between monosaccharide or monosaccharide 
residue ai'!-OH group of a second compound that may or may not be anothe1~ 1onosaccFiaride. 

~ 011osacclrnride + Substance containing -OH group (phenol, alcohol, sterol, glycerol) = Glycoside. 
::: _ ..,._, - \ .>-~- \----....1 '"" - 5____., ~ 

Properties of glycosides: _/ 
/ 1. Plant origin. 
' Non-nitrogenous substance. -

Colourless and crystalline. ~ _ J ?-.L . 
They co~sist of s_~gar ijlycQne and non-sugar aglycon~ or gen in) parts . 

) -: Solub!e 111 ~rga111_c solvent but insoluble in water. 
(r. Reaction with acids: Brn~ks after reaction. 

,,?-. Their names end with 'in", e.g. Digoxin, Streptomycin etc. 

Examples: 
(Ref- Misbahuddin-5thl l 3) 

/ Cardiac Glycosides (eg, Digoxin, Digitoxin etc.). 
-~ Aminoglycosides (eg, Streptomycin). 

3. Sennoside, salicin. 

Classification/ types: According to type of sugar present: 

[

' I. Glucoside 
2. Galactoside 
3. Fructoside 

Chemical structure & their function 
1. Sugar part 

a. Easy absorption and neutralization . 
b. ncreases otency and duration of action of glycosides. 

(Ref- Misbahuddin-5th/ l 3) 

c. It facilitates the attachment of g_!ycoside to myocard ium that is why 70% of administered digitalis 
is taken up by the myocardium. 

d. It protects the aglycon part from enzymatic destruction. 

2. Non-sugar/ genin / aglycon: 
a. Steroid nucleus 

• Causes immediate but brief action on force of the heart. 
• Responsible for -mi-neralocortic~i~ cti~ity, eg~ hypokalemia. 

b. Lactone rmg 
Responsible fo r (tc!rdi otonic..action, if removed - no cardiotonic action. 

• 5 membered-;-nd attach at 17 position of steroid nucleus. 
• It is always unsaturated. 

c. -OH group: 
Responsible for absorpti~. 
Prolongs cardioton1c action. 

Cl nical importance 
/ I. Cardiac Glycosides (eg digoxin1 digitoxin etc.) are used in_hcart fai lure., 

2. Aminoglycosides (cg, streptomycin) acts as an antibiotic. 
3. Glycosides are found in many drug species and in the constituents of anima l tissues. 

~ "T0"l\.\ ,: ½- C'--t_ 

h-u, __ 4-- <; C 'r 
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Q. Giyc the,,,,diffcrcncc bctivccn alkaloids & glycosidcs. (DU-16Ju) 

An~/ / . . 
Diffefcnccs bcovccn alkaloids & glycos1dcs: 

I. 
2. 
3 . 
4. 
5. 
6. 

7. 

8. 

Nitrogenous organic substances . 
Basic in nature. 
It forms salt with acid . 
It is bitter in taste. 
Devoid of I cosidic linka •e. 
Insoluble in water, less soluble in alcohol but their 
salts are soluble in water. 
Their names always end with "ine", eg, atropine, 
mar hine . 
Exce tion: Adrenaline 

I 

Non- nitrogenous sugar containing substances . 

2. Neutral or acidic in nature. 
3. No such kind of reaction. 
4 . It is not bitter. 
5. Contains lycosidic linka e . 
6. Soluble in organic solvent but insoluble in water. 

7. Their names end with "in", e .g . Digoxin , 
Stre tom cin etc. 

8. Exception: Gentamicin . 

u / ribeanimal sources of drugs . (SU-07 J) 

~ ~mal sources of drug: ~ ,.. ~ -\ rf"-~ 
1. Vitamin-A - obtained from cod liver oil. 

2. Insulin - extracted from bo~ or p~rcine pancreas. 

3. Immunoglobulin G - prepared by injecti-ng antige; into the animal body. 

4. Hepj!titis B immunoglobulin, rabies 1mmunoglo6u m, tetanus immunoglobulin are prepared by pooling 

the_ plasma of~ected donors w1fl1 1'fi- h eve o specific antibody. 

5. Human menopausal gonadotropin {hMG) - isolated from the urine of postmenopausal women . 

6. Human chorionic gonadotropin (hCG) - 7prepared from placenta & mayoeiso latea from the urine of 
:egnant women. 

J know 
ral sources of antibiotics: 

1. Microorganisms: 
a. Actinomycetes (58%): eg, 

• Erythromycin 
• Kanamycin 
• Chloramphenicol 

b. Fungus ( 1.8%): eg, 
• Penicillin from Penic;//ium note/um 
• Cephalosporin 

c. Bacteria (9%) 
• Polymixin B 
• Bacitracin 

2 . Higher plant ( 12%) 
3 . Algae, Lichens & Animals (3%) 

Advantages of synthetic sources 
I . Huge amount of drug can be found quickly at a time. 

2 . Low price in pure form. 

Minerals & their uses: 
I . Mg, Al- Antacid (in peptic ulcer) 

2. FeS04 - In iron deficiency anemia 

-
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3. Ir ln goiter 
4. Au- ln arthritis 
5. Hg- As diuretics . 
6. K- After using diuretics 
7. Milk of magnesia (MgS04)- as purgatives 
8. NaHC03- to alkalinize the· urine. 

Q. What is biological drug? Name some biological drugs. 
Ans. 

General Pharmacology 

Biological drugs: The drugs that are obtained from living sources, mostly animal, are called biologic drugs . 

Examples of biological drugs: 

Dru2:s Sources 
1. Insulin Human, pig 
2. Heparin Beef lung, porcine intestine 
3. Different vaccines Microorganisms 
4. Immuno2lobulins Horse serum 
5. Histamine Mast cell 
6. Vitamin A Liver of Cod fish 
7. Toxin, toxoids Microorganism 

Characteristics of biologic drugs: 
1. Obtained from living sources. 
2. Chemistry: Protein & polypeptide in nature. 
3. Route: Not suitable for oral route as they are metabolized in the stomach & GIT by proteolytic enzymes. 

So, must be given in parenteral route. 
4. Antigenicity: As they are protein in nature & biological products, they may cause hypersensitivity 

reaction . 
5. Storage: They must be kept below 4°C. Otherwise the protein will be denatured. 
6. Comparatively costly. 
7. They have a manufacturer date, expiration date before which they should be used. 

Q. What are the active constituents of plants? 
Ans. 
Active constituents of plants 

l. Alkaloid 
2. Glycoside 
3. Oil (Volatile+ Fixed) 
4. Gum & Mucillage. 
5. Antibiotic 
6. Tannin. 
7. Carbohydrate 

Q. Explain recombinant DNA technology. (SU-07J) 
Ans . 
R ombinant DNA technolo 

efinition: The genetic manipulations in the laboratory involving the isolation and cloning of a spec ific DNA are 
collectively referred to as recombinant DNA technology. 

(Ref Satyanarayana-2'"11577) 

Procedure 
1. Isolation of a target DNA by restriction endonuclease enzymes. 



BlueprintTM Pharmacology 44 

2. Selection of vectors: plasmid, phases, cosmids etc. 

3. Preparation of recombinant DNA: Now, the target DNA (eg, ge1:e for hL~ma~ insulin) an/ the vector 
DNA (eg, plasmid) are ligated by DNA ligase enzyme. The hybrid comb111at1on of two ragments of 
DNA is called recombinant DNA (hybrid plasmid). 

4. Cloning of recombinant DNA: The recombinant DNA is then introduced_ into _the host (e~, E. codliD). As 
the host cell multiplies, it forms a clone in which every cell carries copies of the_ same 111serte NA 
fragment. Bacteria are lysed and the hybrid plasmids are isolated. The clon_ed_ DNA 1s eventually rele~sect 
from its vector by cleavage using appropriate restriction endonuclease and 1s isolated and used for various 
purposes . 

Medically important human proteins produced by RDT: 
1. Human insulin 
2. Erythropoietin 
3. Interferons 
4. Factor Ylll 
5. Hepatitis B vaccine 
6. Tissue plasminogen activator 
7. Calcitonin. 

Q. What are the steps of drug development? (NTK) 
Ans. 
Steps of drug development: 

(Ref Lippincott 's-6th; Satyanarayano-r 'l577-8J) 

I. Drug discovery: Most new drugs or drug products are di scovered or devel oped through one or more of six 
approaches: 
a. identification or elucidation of a new drug target; 
b. rational drug design of a new drug based on an understanding of biologic mechanisms, drug receptor 

structure, and drug structure; 
c. chemical modification of a known molecule; 
d. screening for biologic activity of large numbers of natura l products, banks of prev iously di scovered 

chemical entities, or large libraries of peptides, nucleic ac ids, and other .organic mo lecules; 
e. biotechnology and using genes to produce peptides, prote ins and informat ion usefu l as targets, drugs or 

diagnostics ; and 

f. combinations of known drugs to obtain additive or synergistic effects or a reposition ing of a known drug 
for a new therapeutic use. 

2. Preclinical development: during which a wide range of non-human studies (e.g. toxicity testing, 
pharmacokinetic analysis and formulation) are performed 

3. Clinical development/ clinical trial: during which the selected compound is tested fo r efficacy, side effects 
and potential dangers in volunteers and patients . 

/ 
(Ref Rang & Dale 's-8th+ Katzung-13'"!1 l) 

Q. &hort note: Clinical trial. 
Q_._$ hort note: Post marketing surveillance. (DU-I OJ) 
Ans . 

Clinical trial: A careful~y _des ig~1ed and executed investigation of the effect of a drug when it is administered to 
human subject is called clm1cal trial. 
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Phases of clinical trial: It has four phases: 

Phase l • Subject: Healthy human volunteers (20 to I 00 persons). 
• Observedlinclinr -

1. Safety 
2. Tolerability 
3. Pharmacokinetic measurement (absorption, distribution, metabolism, excretion). 

• Performed in: Research centre. 
• Performed by: Spec1al tyframea clinical pharmacologist. 
• Type of study: These trials may be nonblind or "open"; that is, both the investigators and the 

subjects know what is being given. Alternatively, they may be "blinded" and placebo-controlled. 
Phase II • Subject: A modest number of patients (I Q_Q tq_ 200) with target ~isease. 

• Observed finding:· -

I. Efficacy ("proof of concept") in the clinical situation 
2. Dose 
3. Toxicities 

• Phase 2 trials have the highest rate of drug failures, and only 25% of innovative drugs move on to 
phase 3. 

• Performed in: Special clinical centers (eg, university hospitals). 
• Performed by: Clinician. 
• Type of study: A single-blind design may be used, with an inert placebo medication and an 

established active drug (positive control) in addition to the investigational agent. 
Phase III • Subject: Large number of patients ( l 000-6000). 

• Observed findmg: 
1. To further establish and confirm safety and efficacy. 
2. To compare the new drug with commonly used alternatives. 
3. Certain toxic effects, especially those caused by immunologic processes. 

• Performed in: 3 to 4 clinical cente_rs._ 
• Performed by: Specialists in the disease being treated. 
• Type of study: Double-blind randomized trials. 
• At the end of phase Ill , the drug will be submitted to the relevant regulatory authority for 

licensing. - ~ - ---

Phase IV • Once approval to market a drug has been obtained, phase IV begins. 
• Phase IV studies consists of post-marketing suryeillance. It is a recently introduced phase of 

clinical trial wh ich refers to long tern, observat ion by cl inic ians regard ing adverse reaction, 
safety and efficacy of new drug under actual condition in large number of patients. Example: 
Nimesulide, celecoxib and many other drugs are withdrawn fro m market after post- marketing 
surveillance. 

• Phase 4 has no fixed duration. 
(Ref Rang & Dale s-8111 + Katzung-13 11'!11-12) 

Q. Short note: Bio-assay. 
Ans. 
Bio-assay / biological assay: 
Definition: Bioassay is defined as the estimation of the concentration or potency of a substance by measurement 
of the biological response that it produces. 

(Ref Rang & Dale 's-8th) 
Definition: Biological assay (bioassay) is the process by which the act1v1ty of a substance (identified or 
unidentified) is measured on living material: e.g. contraction of bronchial , uterine or vascular muscle. 

(Ref Bennell & Brown- I I th) 
Uses of bioassay: The uses of bioassay are: 

l. To measure the pharmacological activity of new or chemically undefined substances. Bioassay plays 
a key role in the development of new drugs . In the past, bioassay was often used to measure the 

Pharmacology-9 
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co11ce11tratio11 of drugs and other active substances in the blood or other body fluids, an application now 
superseded by analytical chemistry techniques . 

2. To investigate the function of endogenous mediators. Bioassay is useful in the study of new hormonal 
or other chemically mediated control systems . For example, the ability of extracts of the posterior 
pituitary to produce a rise in blood pressure and a contraction of the uterus was observed at the beginning 
of the 20th century. By the bioassay, it was shown that two di st inct peptides-vasopressin and oxytocin _ 
were responsible. 

3. To measure drug toxicity and unwanted effects. 

(Ref Rang & Dale 's-8th) 

Q. Short note: Biological standardization. 
Ans . 

Biological standardization: Biological standardization is a specialized form of bioassay. It invol ves matching of 
material of unknown potency with an International or National Standard w ith the obj ect ive of providing a 
preparation for use in therapeutics and research. The results are expressed as units of a substance rather than its 
weight, e.g. insulin, vaccines. 

Q. Define osology. 
Q. )Yeti e dose. (SU-06S) 

fiS/ 

(Ref Bennell & Brown-/ Ith) 

Posolo y: The srudy of dose 

sology: It is the science of dosages or a system of dosage. (Ref Dorland 's dictionary) 

O
Dose: This is the amount of drug to be administered at one time. (Ref Tab er 's dictionary) 

r, 

~os~ i_s 
th

e_ amount 0
~ drug_ or medicinal preparation that are to be admin istered in a particu lar time, in a single 

a mm1strat1on to get b1olog1cal response . 

Do~age_: (D.9se in multiple times) Determination of the amount, req uenc r---: 
patient 1s calleaaosage. - _ _________ ~-- an5,~u~1~er fa) f doses of drug for a 

Q. Define different doses with example. (SU-06S) 
Ans. 
Types of doses: 

1 . T herapeutic dose or effective dose (ED) 
2 . Booster dose 
3 . Toxic dose 
4 . Lethal dose 
5. Loading dose 
6. Maintenance dose 
7. Adult dose 
8. Test dose 
9. Ceiling dose 
I 0 . Maximum dose 
11. Minimum dose 

Y,Therapeutic dose or effective dose (ED): The am t f d . 
t!Jera?eutic eff~ct is called therapeutic dose. oun ° ru. g that produces the optimum / expected 

/Median effective dose (EDso) : A dose that produces the d · d f"' · 
esire e ,ect m ha lf of a populat ion is ca lled ED

50
. 
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Booster dose: The amount of drug given some times (months / years) after the initial dose to enhance the 
I effect is called booster dose. , 

Booster dose is commonly used in vaccines of some communicable disease; e.g. the booster dose of vaccmes 
for HBY is given IO months after the 3rd dose (schedule of HBV vaccines is 0, I, 2 & 12 months) 

/ 
Toxic dose: It is the excess dose which will produce serious toxic effect. 

; Median toxic dose (TDso): It is the dose which will produce toxic effect in 50% of test animal. 

~thal dose: The amount of drug that causes death of certain percent (it may or may not be I OO%) of 
e;Perimental animals is called lethal dose. . · 

/Median lethal dose (LD50): It is the dose which will cause death in 50% of test an11nals. 

/Fatal dose: The amount of drug which causes death of 100% of the test animals is called fatal dose. 

• /toading dose: The loading dose is one or a series of doses that may be given at the onset of therapy with the 
L aim of achieving the target concentration rapidly. Because this requires filling the volume of distribution (V d), 

the calculation uses the volume of distribution (V ct) equation as: 
Loading dose= Yd x Target plasma concentration 

~Maintenance dose: It is the dosing rate at fixed dosing interval which is required to maintain target 
· concentration for optimum therapeutic effect. . 

Maintenance dose = Dosing rate x Dosing interval 
Dosing rate = Rate of elimination 

/ = Clearance of drug x Target concentration 

• Adult dose: According to British pharmacopoeia, the dose in between 0-60 years of age is known as adult 
dose. If age is below 20 years, or above 60 yrs, the dose should be reduced. 

r rest dose: Amount of drug given initially (before giving full therapeutic dose) {o see sensitivity/ response of 
, tissue to the drug is called a test dose. 

Importance of test dose: 
I. To see the sensitivity of tissue to the drug, eg, penicillin is given as test dose to detect presence of any 

penicillin hypersensitivity. 
2. To see the potency of the drug. 
3. To see the nature of response . 

. .,,,-Ma~irimm dose: The maximum amount drug within which drug canno~ -'=_r_odt~ce an~ toxic effects is called 
/ / x1mum dose. -

f'1'1:i~imum dose: The minimum amount of drug that is requi ~ed for any desired therapeutic effect is called 
mm1mum dose. - - --- - -

rCeiling effect & ceiling dose: When the dose of a drug is increased progressively, the effect of drug also 
. increases progressively and ultimately reaches a steady level. If the dose of the drug is again increased, there 

will be no more increase of drug effect. So, this is the maximum effeg_ thatcan_bqJioduced by that particular 
drug. This maximum effect of a drug is called ceilinge feet and the dose which produces the ceiling effect is 
called the ceiling dose. 

~ r<.:.,, Loading dose. (DU- !3J u, l 2J u) 

Loading dose: The loading dose is one or a series of doses that may be given at the onset of therapy with the aim 
of achieving the target concentration rapidly. , 

For example, the use of a loading dose of lidocaine in the coronary care unit to prevent arrhythmia in myocardial 
infarction is standard. = - -- -

(Ref Goodman & Gilman-I 2'h edition) 

Calculation: Because this requires filling the volume of distribution (Yd), the calculation uses the volume of 
distribution (V d) equation as: 

Loading dose = Vd X Target plasma concentration 
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Indication of loading dose: . . . 
\ . When t1,_ of the drug is short. Eg, t\/2 of ??pami~e is~ mms. 
2. To provide rapid therapeutic effect in cnt1cally ill patient by IV route. 

3. For long term safety, eg, 
a. Dopamine 
b. Lidocaine. 

Nice to know 
Indications of monitoring plasma concentration of drugs: 

l . When the Tl of drug is low. Eg, digoxin, phenytoin. 
2. lf individual variation of drug response is large, eg, TCA, lithium. . . 
3. Potentially toxic drug when given in presence of renal failure, eg, ammoglycoside. 
4. In case of poisoning. . . . 
5. ln case of failure of response without any apparent reason\ eg, ant1m1crobtals. 

Pediatric dose (PD): Rough calculation of pediatric dose­
Young's fon · ra: (mostly used) 

Age (in years) 
• PD= Adult dose x -----

Age+ 12 

Clerk's formula (most accurate): 
Weight (Kg) 

• PD = Adult dose x -----
70 

Weight (lb) 
• PD= Adult dose x ----

150 

Body surface area (BSA) estimates are more accurate for calculation of pediatric doses than body weight 
since many physiologic phenomena correlate better to body surface area. The average body surface area of a 
70 Kg human is about 1.8 m2

• Thus, to calculate the dose for a child, the following formula may be used : 

. Surface area of the patient (m 2 ) x Adult dose 
• Approximate PD= ----------------

1.8 

Dos e forms: Dosage form is the preparation of a drug for delivering or applying into the body through a 
p icular route. -..c....· -------------

Selection of the proper dosage form: Before a medicinal agent is formulated into one or more dosage forms, 
follojng factors may be considered -( > Nature of illness 

/ The manner in which it is treated generally (e.g. locally or systemically) 
/1': The age & anticipated condition of the patient. 

Importance of dosage forms: 
J. To provide the mechanism for th~fe ~ convenien! de~y of accurate dosages. 
2. For the Rrotectio.!:!_ of a dru g subst~ce from the destructive in uences of atmospheric oxygen or humidity 

( e.g. coated tablets, sealed ampoules). - --
3. For the protection of a drug substances from the destructive influences of gastric acid after oral 

administration (enteric coated tablet) . - - -

4. To conceal the bit1er, sally or offensive taste o~ odour (capsules, coated tablets, flavoured syrups) 
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. To provide liquid preparations that are either insoluble or unstab~e in the desired vehicle (e .g. 
suspensions). 

9f To provide clear liquid preparation (e.g. syrup, solutions). . 
'7,< To provide "time-controlled" drugAction (e.g. various controlled release tabl_ets , capsules & suspensions). 
,& , To provide optimum drug action from topical administration sites (e.g. omtments, cream, transdcrmal 
· patche , op t a m 1c ear nasa prepara ions . 
9 .... To provide for the insertion of a drug into one of the body 's orifices (e.g. rectal or vaginal suppositories). 
ft To provide for the p acement of drugs directly into the blood-stream or into body tissues ( e.g. 1/V 

injection). - - ---
.,,....n ·. To provide optimal drug action through inhalation therapy (e.g. inhalants & inhalation aerosols). 

Q. Mention the different dosage forms of dr~ys give examples. (RU-08Ju,06S,04S) , 1 

Q. Write down the different drug dosage f_ofr ulations with few examples. (RU-04S) / o <- o ...?J- - -- - -

Q. What are the solid preparations? (S{JJO) ) ~ - 1 ~ · 
Q. What are the liquid preparaticIIrs2.,("Sif-04S) ~~ £ 1------rQ,---c.,_;:: ·· \.;-v-- C 

0
- __j 

Ans. . . \ 

Different dosage forms: -~ ..; ·:J.;;> 9~ _,.. - - " -r--

A. Solid preparations: ::,r_, ,,__!)/ 
I . Tablets: Uncoated, coated, soluble, dispersible, gastro-resistant, modified release, sublingual , 

effervescent tablets etc. 
2. Capsules: Hard capsules, soft capsules, implant capsules, modified release capsules. 
3. Powders: For external and internal uses. 
4. Granules: Coated granules, gastro-resistant, modified-release, effervescent granules etc. 
5. Suppositories 
6. Others: 

• 
• 
• 

Ocular insert 
Intrauterine device 
Transdermal patch 

B. Semi-solid preparations: 
I. Ointment 
2. Paste 
3. Creams 
4. Gels 

C. Liquid preparations: 
I. Oral liquid preparations: 

• Solutions 
• Suspensions 
• Emulsion 
• Drops 

2. Injections 
3. 1/V infusions 
4. Drops or liquid sprays (Nasal/ Ear/ Eye) 
5. Shampoos 
6. Lotions. 

D. Gaseous preparations: 
I. Aerosol 
2. Gas 
3. Nebuliser 
4- Metece_d;C!OJ{ inhaler 

(Ref Misbahuddin-5°'147-62 + Bennett, Brown-I I th) 
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t 
Definition: Tablet is a solid dosa ie form in which wder, crystalline, or granular form of drug is compressed in 
a disk or mol ed with pharmacologically inert su stan-ces -exc1pients). -- --

a. Diluents: Form bulk of drug (shape, size); e.g. Dextrose, lactose, starch, sucrose etc. 

b. Binder: They bind several drug molecules to prevei1t autobreakdown. It is known as shelf life. e.g. 

Methyl cellulose. 
c. 1smtegrating ~ent: To break the drug molecule before absorption, e.g. Starch, vee gum. 

d. Lubricant: To lubricate drug molecule, e.g. stearic acid, Ca-stearate, Mg-stearate,talC:- -

e. Colouring substances: To color drug for identification, attraction e c. e. . rilliant blue, caramel etc. 

f. Flavoring agent: O~ ge flavor, peppermint oil etc. are the flavoring substances. 

g. Sweetening agent: To make a drug sweet taste, e.g. saccharin, lactose, mannitol etc. 

Uncoated tablet: 
• Chewable tablet: Antacid, vitamin C. 

• Effervescent tablet: Vitamin C . 

• Lozenge tablet 

• Sublingual tablet: Nitroglycerine 

ated tablet: C' -1. • 
. 0 -~ ' <.i 

• Enteric-coated tablet: Aspirin --J: . ...,,.5e:, T '---h\( ~''"' 
• Film-coated tablet: Metron idazole _ 

• Sugar-coated tablet 

• Modified released tablet: Analgesics 

• Pills .- ·\h-s ~ rr,r--. ;~ '"'-L' _._, ..,_ .s ' ( I ,-

Ch~teristics of tablet: J ~- Solid structure~ sufficiently_hard. 
2. May_b__e_circular, ovoid, triangular, flat or any other suitable shape. 
3. May have lines or breaking marks on the surface. 
4. sua ly onset 1sslow. - ---.. 
S. Neeascl isinte ration after reachin in the GIT 
6. Comparatively cheaper than parenteral routes 

(Ref Misbahuddin-5th/49-50) 

7. ot suitable-for l:_9sp1 a ized / unconscious / non-coopera i-ve patients includ ing children. 

C 

Definition: Capsule is a _solid dosa e form in which one or more active ingredi ents _with or without inert 
substanc~s:are enclosed w1t~ 1 a small shell or container generally preparedfrom~ at i-11. T ,eyar~tended for 
oral admm,stra ,on. - - - - --- _ . _ _ 

Composition of capsule: 
1. A Capsule shell: Composed of gelatin or other materials. 

~2~ Active ingredient 
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Diluent - L ctose 
Lubricant - Magnesium stearate 
Preservative . 0 ge atin shell may contain a preservative to prevent the growth of fungi . Commonly 
used preservatives are methyl- and propylparabens, and sorbic acid. 

Types of capsule: 
/ ( Hard capsule: ~he_active ingredient is usually in solid form (powder, granul e,) . Eg, _antibiotic capsules. 

Sof~ capsule: _Liqui may be enclosed directly. · g, 11g potency vitamin A capsule (VAC-HP), adalat 
( ant1hypertens1ve ). 

. . Modified-release capsule _ ~_sv-¼:_ 
Coated capsule, eg, gastro-resistant capsules. 
Implant capsule, eg, norplant. 

Purpose of using capsule 
l. Bypasses disintegration 
2. --P rov1 es s a oilltyofclrugs 
3. vo1 s unwanted taste. 

Definition: It is a mixture of finely divided drugs and/o~ chemicals in dry form . 

Types of powder: 
l. Powder for external uses: Is also known as dusting powder. They are applied to various parts of the 

body as lubricants, protective absorbents, ·antiseptics, and antipruritics. 
2. Powder for internal uses: Is designed for oral or parenteral adm inistration. - --

Advan ages of powder: 
lexibility in compounding. 

) . Relatively good chemical stability. 
(Ref Misbahuddin-5'"156) 

Supposito 

It is a solid medicated preparation designed for insertion into the rectum (or v~gina, when it may be ca lled a 
pessary),· 1t may e es1gne to d1sso ve or- it11 ay melt ar oodytemperature; the ve 1icle 111 wfiich thedrug is 
carried may be fat, glycerol with gelatin, or macrogols (polycondensation products of ethylene oxide) with 
gelatin. 

(Ref Benne It & Brown-// th) 

Oinbnent 
Ointment is a semisolid greasy preparation which is no~ma'f+ anhydrous and insoluble 111 water. It 1s more 
occ usive rlfan cream7ris t se over tfieskin ana-mucus embrane. 

Types: 
Greasy ointment: Petroleum jelly. 

/[ Absorbent ointment 
Paste 

Example: 
I. Antibiotic ointment chloram henicol , neomycin) 
2. Antifun al ointment clotrimazole) 
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Other dosage forms 
ranulc: Granule is small irregular particle r~nging fr9m 0.5 tu 2 mm, in diameter. 

· ---:- - · - .- b · . d ·d -:. ·t ·nal a1Jplicatiun to the skin. It differs fro P-3-Stc: Paste 1s a semisolid preparation to c 1nten c ,or ex ci _ . , . . ·, , _ _ n, 
· - - .-- · · · II · , 1, . · pei·cent·111e of solid mate1 t,11 and as a consequence · omtment pnmanly 111 that 1t genera y con tams c1 ,1rge1 co~ _ • , . • 1s 

-h. ·r~ 1 · 1 . 1- P· -te 1·s geiicnlly more absorptive and less greasy than ointment p. repared t 1c ·er an st1 er t ian 0111 men . as c - ~ 

with the same component. ( "--'' 0~ 
4 \., ~\,,~ ~ ·:,n \-'(" ""4

) . ' ' ' . . ' ~ '·1-~ ·, . 

• C C 
· . · ·oli·d pi·eparat,·on consisting of opaque emulsion system and ts essentially m1scib1 ... ream: ream 1s a semis '-

,vith the skin secretion. - - - -

a ~ lution: Solut~ s a homogenous liquid preparation containing one or more dissolved ingredients. 

~ S~ pensi?n: A sus~ensi~ hetero1 eneous s stem of Ii ui_d dosage. for~ ot: drug !n which the tine~ vided 
/ o1 id particles ranging from 0.5 to 5.0 mare suspended or dispersed in a liquid vehicle . 

.,Iii Em.ulsion: An emulsion is a ~o phase system prepared by intimate mixture of two immiscible liquids, one of 
J..__ which is uniformly disperse- as globules throu hout the other. The system 1s stabilized by the presence of an 
~ 

emu s1 m 1 a ent. -----. 

Ill' Eli~ir: It is an aqueous preparation containing active ingredients, flavoring agents and 5-10% alcohol. 
/ Example: Elixir Pyperazine, Phenargan syrup. 

• Parenteral preparatiort: Parenteral preparations are sterile preparations intended for administration by 
injection, infusion or implantation into the human or animal body. 

• Topical semi-solid preparation: Topical semi solid preparations are intended to be applied to the skin or to 
certain mucous surfaces for local action or percutaneous penetration of active ingredients, or for their emollient 
or protective action . They are of homogeneous appearance. 

• Inhaler: Preparation for inhalation are liquid or solid preparations intended for administration as vapour, 
aerosols or powders to the lower respiratory tract in order to obtain a local or systemic effect. They contain one 
or more active ingredients dissolved or dispersed in a suitable vehicle. 

• Nasal preparation: Nasal preparations are liquid, semi-solid or solid preparations intended for administration 
to the nasal cavities to obtain a systemic or local effect. They contain one or more active ingredients. 
Nasal preparations are as far as possible non-irritating & do not adversely affect the functions of the nasal 
mucosa & its cilia. Aqueous nasal preparations are usually isotonic. 

• Ear preparation: Ear preparations are liquid, semi-solid or solid preparations intended for instillation, for 
spraying, for insuffiation, for application to the auditory meatus or as an ear wash. 

• Eye preparation: Eye preparations are sterile, liquid, semi-solid or solid preparations intended for 
administration upon the eyeball &/or to the conjunctiva or to be inse,ted in the conjunctiva! sac. 

• Rectal preparation: Rectal preparations are intended for rectal use in order to obtain a systemic or local 
effect, or they may be intended for diagnostic purposes. 

• Vaginal preparation: Vaginal preparations are liquid, semi-solid or sol id preparations intended for 
administration to the vagina usually in order to obtain a local effect. They contain one or more active 
ingredients in a suitable basis. 

~ Syrup: The drug is provided in a concentrated sugar (fructose or other) solution . 

/9 Linctus: A viscous liquid formulation, traditional for cough. 
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ow does ointment differ from cream? (RU-08Ju) 
A s. n ,· ..... L<.. -v,.~ ·=->- r >- c ;:x:... 

( X 'r? _s -7 c....> P> C:1 iffcrence between ointment and cream: 

Traits I Cream Ointment . '-:,. I 
1. Nature Water-based and has capabi lity to Oil-based and not able to sprea~ , ... ~ 

spread uniformly. (__vJ~~" f.o\ ,.__.V>\>- J -:._, ,.J ~ ..,z_C\. "v-r <;;. 

2. Composition Oil- 50% and water- 50% Oi l- 80% and water- 20% 
3. Appearance Less greasy and has lighter 

-
More greasy and has thicker 

consistency. consistency. 
4. Absorption Quickly absorbed by the skin. Slowly absorbed and stays longer 

over the skin. 
5. Function Suitable to use both in small and large Suitable to use Ill small skin 

areas of skin. lesions. 
6. Application on dry skin Cream promotes skin dryness and Best used in dry skin. 

therefore not suitable for use_\.,.,~__.,, \.'t- · 

- .·_ . Pharmacopoeia & Formulary :~,/fti:~jl/ .· ·· .. t'·--·.'_:-·· ., __ 

Q. Enumerate the potential sources of information on drugs. (CU-07 J) 
Q. List the drug information sources that can be consulted for rational prescribing. (SU-07 J) 

Ans. 
So 

Pharmacopoeia: 
a. United states Pharmacopoeia 
b. British Pharmacopoeia 
c. British Pharmaceutical Codex 
d. Indian Pharmacopoeia 
e. The International Pharmacopoeia (Ph. Int. ) by WHO etc. 

2 . Formulary: 
a. British National Formu lary (BNF) 
b. Bangladesh National Drug Formulary (BDNF) etc. 

3. Textbooks: ' 
a. Goodman & Gilman's The Pharmaco logical Basis of Therapeutics, 
b. Basic & Clinical Pharmaco logy (By Bertram G. Katzung) etc. 

4. Meclica JOUrna s: 
a. New England Journal of Medicine 
b. British Medica l Journal 
c. iochemical Pharmacology 
d. Molecular harmacology 
e. European journal of pharmacology 
f. Japanese journal of pharmacology 

5. Pharmaceutical companies: But their information sometimes may be biased. 
6. Computer based information : Single comprehensive source of drug information. Data base software for 

pharmacokinetic designing, drug-dose includes PCONLIN E, PHARM AK IN & MIN SQ. Online authentic 
in formation about drug can be obta ined from the " food & drug administration" or FDA; using 
http:/www.fda.gov/ 

7. Unbiased information about drug is proved by -
a. Martindale's Extra Pharmacopoeia 
b. American Drug Index 
c. WHO drug information 

(R~l Misbahuddin-5
111
16-8) 

Pharmacology-] 0 
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Q. Define pharmacopoeia. (DU-l 5Ju) 
Q. Name some- important drug compendia. (RU-08Ju) 
Q. Short note: Pharmacopoeia. (DU-17 J) 
Ans . 
Pharmacopoeia / drug com pendia 
Definition : A book containing a list of products used in medicine with description, chemica l tests for 
determining identity & purity & formulas for certain mixtures of these substances. It also generally contains a 
statement of average dosage. 

(Ref Dorland's medical dictionary-31st/ 1446) 
Definition: Pharmacopoeia is an official book published by legally authorized body which deals with details 
about drug such as name, sources, chemical nature, and test for identification, physic-chemical properties, 
pharmacology, dosage, indication, contraindication and drug specification. 

Example: 
1. United states Pharmacopoeia (USP) 
2. British Pharmacopoeia (BP) 
3. British Pharmacentical Codex (BPC) 
4. Indian Pharmacopoeia (IP) 
5. The International Phannacopoeia (Ph. Int.) by WHO 

(Note: There is no Bangladesh pharmacopoeia or formulary. Pharmacopoeia means drug compendium. A compendium is a 
concise, y et comprehensive compilation of a body of knowledge. The word compendium comes from the Latin word 
"compenso", meaning "to weigh together or balance".) 

Q. Define is formulary? 
Ans. 
Formulary: Formulary is a book that contains a list of drugs with descriptions, tests and formulas for preparing 
the same. 

o does pharmacopoeia differ from formulary? (RU-081) 

erence between pharmacopoeia & formulary: 

Pharmacopoeia I Formulary 

1. Published by authorized body. \. Published by drug administration authority . 

2 . Contains descriptions of ~dually 2. May contain all nationally licensed drugs prescribed by 

in_cluding structure chemistry etc. the health professionals or lists only preferred drugs . 

3. Trade names are not included. 3. Trade names are included 

4 . Can be followed by doctors of all over the 4. Can't be followed by all doctors of the world as there is 

world as there is generic name. trade name here. Used only by doctors of the same 
country. 

5. Published less frequently ( 5 vearl~ ore) 5. More frequently (Year!~ L I wo yearly) . ~ 

6. Example: United states Pharmacopoeia, British 6. Example: British National Formulary (BNF), 

Pharmacopoeia Bangladesh National Drug Formulary (BDNF) . 
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. D la .. , , , ., . " ., ru nomenc ture :.',. ":,., . ...-: ::-·il ,.-_.:.· · · 
J,'~~' 1-:', \tj_~ - •,, I ,,~ • 

Q. Nome elate the drugs with example. (SU-04S, CU-01 S) 
Q. w at are the usual names of drugs? (RU-04J) 

ow the nomenclature of drug is done? (RU- l 4J) 
Q. Write down the drug nomenclature, its advantages & disadvantages. (SU-l 6Ju) 
Ans. 
Drug nomenclature: Any drug may have all the following 4 names: 

I. Code name: Is the first name that is given to a drug by the pharmaceutical manufacturer. After the synthesis 

of a lot of chemical compounds, some code names are given before screening its role in physiological 

processes done in the laboratory. It may be an abbreviation a numerical or combination of both. 
' ' 

2. Chemical name: Chemical name is the name used by the organic chemist to indicate the chemical structure 
of the drug. It is obviously unsuitable for prescribing. 

3. Generic (non-proprietary/official/approved) name: This non-proprietary or generic name is given by an 

official (pharmacopoeia) agency, e.g. WHO. Three principles remain supreme and unchallenged in 

importance: 

a. the need for distinction in sound and spelling, especially when the name is handwritten. 
b. the need for freedom from confusion with existing names. 
c. the desirability of indicating relationships between similar substances. 

The generic names diazepam, nitrazepam, flurazepam are all of benzodiazepines. The WHO chooses 

recommended International Nonproprietary Names (rINN). Most countries have used rINNs for many years. 

The USA is an exception, but even here most USA National Names are the same as their rINN counterparts. 

In the UK, the British Approved Name (BAN) system is being progressively modified such that the rlNN 

name is adopted. Eg, adrenaline is the BAN, epinephrine is the rINN name. 

4. Trade (proprietary/commercial/brand) name: The proprietary name is a trade mark applied to particular 

formulation(s) of a particular substance by a particular manufacturer. E.g. Napa or Ace is the brand name of 

Paracetamol. Losectil is the commercial name of omeprazole. Manufacture is confined to the owner of the 

trademark. It is designed to maximize the difference between the names of similar drugs marketed by rivals 

for obvious commercial reasons. To add confusion, some companies give their proprietary products the same 

names as their generic products in an attempt to capture the prescription market. 
(Ref Misbahuddin-5tl1/21-23; Bennett & Brown-11th) 

Nice to know 
Example of drug with 3 types of name: 

Chemical name Generic name Trade name 
3, 4-dihydroxy-phenyl- ethyl amine. Noradrenalin Lephophed 

/ Acetylsalycilic acid _,,...Aspirin vDispirin 
.!0,cetam inophen 

., 
,,. Paracetamo I ~ apa 

I -cyclopropyl-6-fluro-1,4-dihydro-4-oxo-7-piperazine-1-ylquinoline-3:'° Ciprofloxacin Ciprocin 
__£_arboxylic acid 



, 
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Q. Write down the alh1antagcs and disadvantages of non-prOJ)riebuy and proprietary name of drug . (DU ­
I Ju 

Q. LU advantages of proprietary and non-proprietary name. (SU-OJS) 
\\ rite down the differences between non-proprietary and proprietary name of drug. (DU- 16Ju ) 

ns. 
Da·ug muue I Advanta~es Disadvantages 

1. Chemical name • Describes the chemical structure of • Quite long and difficult to remember 
UP C system: international drug. • Not suitable for routine usages. 

union of pure & applied 
chemistry. 

2. Generic (non-proprietary) • Short, easy to pronounce, recall • Quality control is impossible -
name: Is chosen by official and recognize; so doctors need not • Variation of formulation is done by 

agencies. Before entering in memorize all the manufacturing different companies. 

Pharmacopoeia, the name is products. 
• Patient can receive preparation of 

inferior quality or of uncertain 
approved . • Useful primarily to health bioavailability. 

INNC- International non- practitioners and it is worldwide • Biological half-lives vary. 

proprietary name council (WHO recognized. • More difficult to remember than the 
recommended) • Reflects chemical, trade name. 

USAN- United states approved pharmacological or other • It is not suitable for prescribing 

names (council) characteristics. 
drugs with low TI. 

BAN- British approved names 
• Free of conflicts with other drug (council) 

names. 

• Pharmacist can supply any brand 
of drug and can run his business at 
a low cost investment. 

• The same name is pronounced 
everywhere in the world, eg, 
aspirin, penicillin . 

~ rade (proprietary) name: • Shorter, simpler, easier to • Different pharmaceutical companies 

/ 
It refers to a name given by a remember & write. market the same drug with different 
particular company. • Medical practitioners can prescribe trade names which produce a lot of 

the best one from the different 
confusion. 

formulation of the same drug. 
• It differs from country to country. 
• It does not provide the information 

• The use of proprietary name about class of drug. 
reduces the problem of quality . • Drugs sold under trade name are 

• It reduces the problem of quality, usually costly. 

ie, bioavailability is ensured. • Sometimes drugs of different classes 

• Drugs with low TI (digoxin) are 
have closely similar names & cause 
confusion. 

generally suitable for prescribing • Pharmacist is obliged to supply the 
in trade name. prescribed drug under trade name. 

• Multiple companies can run their 
business easily. 

• For different formulation of the 
same drug, the investment of 
pharmacist is much more. 
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Routes of drug administration 
Q. What are the routrs of administration of drugs'? Give {\Xamplcs. (DU- I OJ. CU- II.lu,09.lu, RU-I 2.J, SU-

l 6J ,06M) / 
Q. Enumerate common routes of administration of drugs with example. (OU- I 7M, 14.J, I f, R - .I) 
Q. Name the commonly used injectable routes of drug administration? (DU-00 ....fri- .---
Ans. ~~ 
Different routes of drug administration 

A. Local route: The drugs are applied to a localized area & the action is confined to that area. 
a. Topical: External application of drugs to the surface of skin & mucus membrane for localized action. The 

Tormulations for these drugs are ointment, paste, creams, drops, powder, patch, lotion etc. 
I. Skin: Cream / ointment. 
2. Eye: Drop / ointment 
3. ~ Drop / cream 

---\ 4. Nose: Drops/ spray 

I 
\ 5. Oropha ngeal mucosa 

6. Vagina: Suppositories, jelly, cream. 
/ 7. Anus: Cream. 

b. Dee er tissues: Certain deep areas can be approached by using ~ yringe & needle. 
, 1. lntra-~ic.ula.r-i.aj_egions (hydrocortisone acetate) (J._o...,....,._.'>r-) 

~

'. 2. _Infiltrat,on (aro[Ul!i,• nerve) . ( _ . ·J. s~ 
3. lntrathecal tnJ_e~t10~ (med1cat1on ~ loc,al anaesthesia) ~a...~~ 
4. Retro-bulbar 111Ject1011 (hydrocort1sone acetate) 

'/ ( 5. 1 ra-cardiac injection: Adrenaline (in cardiac arrest) 

I 
6. ntra-peritoneal;J:lype11onic solution for dialysis in patients with chronic renal failure. 

~ r / th~~~~~i~ail~halation 

) ~ Bronchodilator inhalation 
_,A. Inhalation anaesthesia 

d. Selective arterial: 
7 c1osed intra-arterial injection is used as contrast media in ... angiography 
y Anticanc~ _drugs can be infused on femora_!_!_ brach ial artery to 

ma 1gnanc1es. - -

B. Systemic routes: Drugs go to the site of action throu~ irculation. 
r .P.,\·-r<"..>.,-.r-\,? . .,.._, t---1..) 1...,.,.\-..q__ -\-ccu 1-J\ ~"-->) 

. Enteral route: I......'. r , 

V Oral: Most of the drugs. 
V Sublingual: Drugs to be absorbed by the lingual vein, eg, GTN. 
/. Buccal: Tetracycline,~ ..---
)V Rectal : Suppositories, eg, d~ enac suppository.) P,-....-Q,_Q:....\-~ \ 
Y. Colonic route: Enema 

localize the effects for limb 

y Nasogastric route: Desmopressin (in treatment or diabetes insipidus), Sa lmon calc itonin (in 
treatment of osteoporos~ 

b. Parenteral route: The parenteral route introduces drugs directly across the body's barrier defenses 
into the systemic circulation or other vascular tissue. 
/ ntramuscular (IM): B~nzylpenicillin, diazepam, iron-dextran complex. 

/2. Intravenous (IV): Thropen(al 'Na,ne arin, 111 usron of fluid , transfusion of blood. 
/. Subcutaneous (SC): Insulin, adrenaline. 

~ 

Y, Transdermal: Norplant, Nitrogiycerme, Scopolamine. 
(Re/' 1i-ipathi-C"l6-10: Bennetf & Brown-I Ith) 
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Nice to know . 
Sublingual: Placement under the tongue allows a drug to d(ffi,1se into the capillaty network and, therefore, to enter the 
systemic circulation direct~)!. 

(R 1, l ' ' ' 61"1 e : .,1ppmcot1 s- 2) 
Intramuscular (IM) : Drugs administered IM c.:an be aqueous solutions or specialized depot pre[Ja'.'alions._ Absorption 
of drugs in an aqueous solution is .fast, whereas that,f,-om depot preparations is slow. An exampl~ ts s~1sta111ed-release 
haloperido / decanoate which slo1Vly diffuses from the muscle and produces an extended neurolepllc effect. 

, · · (Rel lippincoll 's-61"13) 
Many drugs are well absorbed when administered intramuscularly. The rate of absorption is go verned by muscle hloocJ 
f low, and rhis varies from site to site (deltoid > vastus lateralis > gluteus maximus) . . . , . . 
The drug musr be si-!fficiently water soluble to remain in solution al the i,y·ection ·:ite _until absorption occurs .. This 1s a 
problem for some drugs, including phenytoin, diazepam and digoxin, as crystaLL1zatwn and/or poor absorption occur 
when these are given by intramuscular injection,. which should therefore be avoided. . . . th 

(Ref A Textbook of Clinical Pharmacology and Therapeutics by Riller& lewis-5 I & 2 I ) 

Subcutaneous (SC): This route of administration is somewhat slower than the IV route. Examples of drugs utilizing SC 
administration include epinephrine along with local anesthetic, norplant, LMW heparin 
and programmable mechanical pumps that can be implanted to deliver insulin in diabetic patients. 

(Ref Lippincott 's-61h/JJ 
Oral Inhalation : Inhalation provides the rapid delivery of a drug across the large surface area of the mucous 
membranes of the respiratory tract and pulmonary epithelium, producing an effect almost as rapidly as with IV 
injection. This route of administration is used for drugs that are gases (for example, some anesthetic~) or those that can 
be dispersed in an aerosol. This route is particularly effective and convenient for patients with respiratory complaints 
(such as asthma, or chronic obstructive pulmonary disease) because the drug is delivered directly to the site of action 
and systemic side effects are minimized. Examples of drugs administered via this route include sulbutamo/, and 
corticosteroids, such as fluticasone . 

(Ref Lippincott 's-6%) 
Nasal inhalation: This route involves administration of drugs directly into the nose. Agents include nasal 
decongestants such as the anti-irifl.ammatory corticosteroid mometasone furoate. Desmopressin is administered 
intranasally in the treatment of diabetes insipidus; salmon calcitonin, a peptide hormone used in the treatment of 
osteoporosis, is also available as a nasal spray. The abused drug, cocaine, is generally taken by intranasal sniffing. 

(Ref lippincotl 's-61h/4) 
Intrathecallintraventricular: This route provides access to the CNS for drugs that are normally excluded by the blood-
brain barrier. This inevitably involves very high risks of neurotoxicity, and this route should never be used without 
adequate training. The possibility of causing death or permanent neurological disability is such that extra care must be 
taken in checking that both the drug and the dose are correct. Examples of drugs used in this way include-

]. M ethotrexate 
2. Local anesthetics (e .g. levobupivacaine) 
3. Opiates, such as morphine and fentanyl. 
4. Amphotericin B used in treating cryptococcal meningitis. 

5. Aminoglycosides are sometimes administered by neuro-surgeons via a cisternal reservoir to patients with 
Gram negative infections of the brain. 

6. The antispasmodic baclofen is sometimes administered by this route. 

(Ref A Textbook of Clinical Pharmacology and Therapeutics by Ritter & Lewis-51h/ & 22) 
Topical: The topical route includes application to the skin or to the mucous membrane of the eye, ear, nose, throat, 
airway, or vagina for local effect. The rate of absorption varies with the area of application and the drug's formulati on. 

(R~[' Katzung & Trevor-9th edition) 
Transdermal: The transdermal route involves application to the skin via a transdermal patch for systemic effect 
Absorption usually occurs very slowly (because of the thickness of the skin), but the first-pass effect is avoided This 
route is most often used for the sustained delivery of drugs, such as the_ antianginal drug nitroglycerin, the antiemetic 
scopolamine, and the once-a-week contraceptive,patch that has an efficacy similar to oral birth control pills. 

(Ref' Lippincott's-l1!4+Katzung & Trevor-J 1°1 edition) 

Q. Write down the advantages & disadvantages of oral route. (DU-l 2J , CU-11 Ju, RU-04S,SU-06M) 
Q. Write down the advantages & disadvantages of sublingual route. (SU-03J , DU-l 7J) 
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Q. Write clown the advantages & disadvantages of intravenous route. (DU- I 6J, I 2J. RU-04J , SU- I JJ) 

Q. Write down the advantages & disadvantages of intramuscular route. (RU-04J) j/1 
Q. What are the advantages rectal route over oral route? (SU-OSM) 
Q. Mention the advantages of oral route & disadvantages of intravenous route. (DU- I 4J) 

Q. What arc the advantages ofsublingual & rectal route? (CU-06.l , SU- 16J) ~ .-f~~ 
Q. Short note: Rectal route of administration. (RU- I 3J) ~r 

Q. Describe the importance of rectal administration of Diclofcnac Sodium. (CU- I 7M) 

Ans. 

a e, c ear,' most convenient, 
,..,......painless. 

yunc~~sciou_s, non-cooperative- pati~'.1ts, pa~en~s with 
/ \1om1t111g, diarrhea, mala6sorpt10n c,_u~not 6c given . 
. Cannot e iven in emergency cond1t1on due to 

de!~yed onsetof action. 
/ 3. No disturbance of daily activity ~ T7 ngested drugs are subject to the first-p~ ffect. 

Sublingual 

Intravenous 
(IV) 

, .i. Ambulatory patients can utilize this 
route 

tnct sterilization is not necessary. 
Toxicities or over ose y the oral 
route may be overcome with 
an 1ao es sucl1a-s<1otivated charcoal. 

, -:- Least chance of l,ypersei1sitivity 
reaction 

. 8. Self satisfaction & patient 
compliance is mostly ensured. 

. Rapid onset of action 
7"Bypass I si pass hepatic metabolism 

Drugs can be split out after 
optimum action . Thus less toxic 
effect. 

. Not destroyed by gastric HCI. 
Also useful , if the patient is 
vomiting. 
Low incidence of infection . 

Y.Variable bioavailabi!i_ty (5 to < 100%) 
· y. May cause severe nausea & vomiting. 
f{ Certain drugs cannot be given orally- . 

,,-/Foul smelling, irritating, bitter, hyperto111c drugs. 
/ Drugs destroyed by gastric HCI, proteolytic & 

carbohydrate splitting enzymes (insulin, 
oxytocin, heparin, testosterone). 

/ Polyionic drugs (more water soluble) due to less 
absorption 

/ Drugs that undergo extensive first pass hepatic 
metabolism. 

I. Foul smelling & irritating drugs cannot be given . 
1 

Y Water soluble drugs cannot be given. -~\~ -V­
Frequent administration is not possible, because the -drug will cause excessive salivation and the drug 

. Rapid onset of action, so suitable . Increased risk of hypersensitivi ty reaction . 
<:__ . ----

or emergency condition. "_;{ Chance o com lica i.ons like thromboembolism, air 
2. 100% bioavailability, so more ~- embolism, thrombophlebitis, infection at the site of 

action of drug. injection. 
,:V.-Can be given to unconscious & ~ Drugs that are injected cannot be returned . So 

uncooperative patient. mistakes are unreturnable. 
,4. Drugs t atare not absorbed orally, ,~ ulat~ry ~Jatients ~annot utili~e this route. 

such as the neuroinuscLiTar 5Tocker ,~ Self med1cat1on may not be possible. 
atracurium, can be given IV. . Strict asept' measures are necessary. 

).;-:'No fir t- ass metabolism of drug }--: Special technique & skilled hand is required. 
by the li ver. . 8. Expensive 

6. Large volume of drug can be given. ,4. IV mjection may also induce hemol sis or cause 
7-:Drligso f lar:ge.Jfi.olec11l.ac weight can other adverse reactions by the too-rapid delivery of 

be given. high concentrations of drug to the plasma and 
8. -Water soluble drugs can be given. tissues. 
9. Intravenous delivery permits a 

maximal degree of control over the 
circulatin levels of the dru . 
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Routes I Advanta~es I Disadvantages · -
I . Painful Intramuscular .I . Rapid onset of action 

(IM) Uniform absorption, so prolonged 
duration o action 

ignificant bioavailability (75 to '.S 
100%) 

,,,. '4~ Administration of moderate volume of 
drugs. 

.--

Subcutaneous 1. Prolonged duration of action. 
(S/C) . Foul smelling & irritating drugs can be 

Inhalation 

Rectal 
(Suppository)' 

given. 
. Significant bioavailability (75 to :S 

100%) 
. Self medication ma be ossible. 
. Rapid onset of action 

ypass hepatic first hepatic metabolis1 
, . Less or no systemic toxicity 

. Can be used on demand. 

. Dose can be adjusted 

. Drug is directly delivered to the site of 
action. 
Suitable for-

atients who cannot swallow, eg, 
unconscious patient. 
Extreme of ages, eg, infant & old. 

atients with vomiting, motion 
sickness & migraine. 

2. Large volume of drug can1~2.!__be given. (Injected 
volumes should usually be no greater than 5ml) 

Hematoma formation. 
4: Ex ensive 
5. elf medication not possible. 

' ~ ten ea s cesses at the injection site (e.g. 
para e y e) . 

y. There is no way of stopping absorption of the 
drug. So mistakes are unreturnable. 
Sciatic nerve pa sy fotluwing injection into the 
outttrck -thfsts avoided by injecting into the 
u · outer luteal uadrant; 

,r:Painful 
~ ypersensitivity reaction may occur. 

arge volume of drug cannot be given. 
. Discoloration of skin may occur. 

¥.1rritation, infection, tissue necrosis to the site of 
I' . . . 

111 ect1on ma occur. 
Special apparatus is required. 
May produce systemic toxicity (in heart & lungs). 
Drugs can cause irritation in the airway. 
Variable bioavailability (5 to <I 00%) 

,,) --:'Embarrassing process. It hampers the privacy of 
· the patient. 

Cannot be given in diarrhea. 
" -ec11 1J lterial m~y i11terff re f' i~ a~sorption of 

dnlg. 

Significant avoidance of l st pass hepatic 
metabolism. 

4-:"Rectal inflammation or irritation can occur with 
repeated use. 

Irritant drugs (bad smell & taste) drugs 
can be given. 

aid gastric irritation. 
Not destroyed by gastric acid or 
intestinal enzymes. 

rolonged duration of action 
A void 1st pass hepatic metabolism. 
Significant bioavailability (80 to '.S 
100%) 

eed minor surgical procedure. 

o,.,,J.__1 °'--.e~ K)_1,.__h,.__ ~ 
~0~ ~ 'o-L~ 
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Q. List four emergency routes of drug administration. (DU- I 6J) 
Ans. 
Emergency routes of drug administration 

I. Intravenous 
2. Intramuscular 
3. Rectal (Suppository) 
4. Inhalation 

Nice to know 
Some characteristics ol common routes ol dru!! administration 

Traits Oral SC 
Absorption Variable; depends upon Same as IM route 
Pattern many factors 

Process of Passive processes Simple diffusion 
absorption (eg. simple dif/itsion) 
Special Most convenient and Suitable-for some 
utility economical; usually insoluble 

more safe sw,pensions and 
for implantation 
of solid vellets 

Limitations Requires patient co- Not suitable for 
operation,· availability; large volumes,· 
potentially erratic, and possible pain and 
incomplete for drugs necrosis from 
that are poorly soluble, irritating 
slowly absorbed, substances 
unstable or extensively 
metabolized by the liver. 

• Oral - generally safe and convenient 
• Buccallsublingual - circumvents presystemic metabolism 
• Rectal - us~fiil in patients who are vomiting 

-IM . ' 

Pr.omptfrom 
aqueow,; solution, 
slow and 
sustained from 
repository 
preparation 
Simple diffusion 

Suitable for 
moderate volurnes, 
oily vehicles and 
some irritating 
substances 
Precluded during 
anticoagulant 
medication 

• Transdermal - limited utility, avoids presystemic metabolism 
• Lungs - volatile anesthetics .... · - · 
• Na~·tlf - useful absorption of some peptides (e.g. DDA VP) 
• Intramuscular - useji.il in some urgent situations (e.g. beha_vior,al e1~_e,rgencies) 

General Pharmacology 

IV 
Abso,ption-
circumvented potentially 
immediate effect 

Not applicable 

Valuable for emergency 
use. Permits titration of -
dosages suitable for large_ 
volumes andfor irritating 
substances, when diluted 
Increased risk of adverse 
effects. Not suitable for 
oily solutions or insoluble 
substances. 

• Subc:utaneous - usefitl for insulin and heparin in pwticular:_ , 
• Intravenous - useful in .en1ergencie~'for most rapid and predictable action; blft (oo rapfd ad111i~1istration is 

polentially v y dangerous,. as a_ high concentration reaches the heart as a bolus 
• Intratlte · I - s ecialized·use b anes·thetists. ' . . ·. . 

' 

(Ref A Textbook of Clinical Pharmacology and Therapeutics by Riller & lewis-5' '! 22) 

. Why there are so many routes? 

Due to pltysicocltemical property: Antacids will do well in gastric environment whereas benzylpenici/lin 
will get inactivated in gastric environment. 
Due to site of action: 

• Vapor (anesthetic) is suitable in inhalational administration only. 

Pharmacology-I I 
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• Anthelmintics are only active in oral administration. 
. Due to onset of action: Intravenous or inhalation/or emergency cas~. . 
(' }Jue to prolong effect: Transdermal or SIC route is chosen for sustarned actwn. 

,5~ To avoid adverse effect: 
• Oral salbutamol- Cardiac arrhythmia 
• Inhalation salbutamol- no cardiac arrhythmia 

Q. Why certain drugs cannot be given orally? Explain with examples . (DU-03M) 
Ans. 
Certain drugs cannot be given orally-

1. Foul smelling, irritating, bitter, hypertonic drugs . 
2. Drugs destroyed by gastric HCI, proteolytic & carbohydrate splitting enzymes (insulin , oxytocin, heparin, 

testosterone). 

3. Polyionic drugs (more water soluble) due to less absorption 
4. Drugs that undergo extensive first pass hepatic metabolism. 

Q. Name three drugs that cannot be given orally ·with reasons. (DU-17M,09J) 
Q. Drugs like nitroglycerine, oxytocin, dobutamine, heparin & methicillin are not administered orally. 

Explain with reason in each case. (DU-04M) 
Q. Why certain drugs cannot be given orally? Explain with examples. (DU-03M) 
Ans. 
Drugs that cannot be given orally 

1. Nitroglycerine: If it is given orally, it undergoes an extensive first-pass metabolism. In liver, there is a 
high capacity hepatic organic nitrate reductase that removes nitrate groups in a step-wise fashion from the 
parent molecule and ultimately inactivates the drug. Therefore, the bioavailability of nitroglycerine is 
very low (<10-20%). 

2. Oxytocin: It becomes inactive if swallowed, because it is destroyed in the stomach and intestine. 
3. Dobutamine: If administered orally, it is metabolized in the liver. 
4. Heparin: Must be given parenterally because the drug does not readily cross membranes. 
5. Methicillin: It is acid labile, and will be destroyed by gastric acid if given orally. So not suitable for oral 

administration . 

Q. Name some drugs which are given through sublingual route. (DU-171) 
Ans. 

Some drugs which are given through sublingual route 
1. Nitroglycerine 
2. Ondansetron 

Q. How will you administer drugs directly into the human systemic circulation? (RU-09Ju) 
Ans. By intravenous, intra-arterial and intra-cardiac routes. 

Q. What factors modify selection of drug routes? (CU-09Ju) 
Q. What factors should you consider before selecting the route of administration of drug? 
Q. Explain with examples why we administer the drugs in different routes . (DU-07Ju,CU-07J ,RU-04S) 
Ans. 
Factors considered before selection of route of administration 

1. Physiochemical properties of the drug: 

a. Consistency: 
• Solid drugs: Oral, rectal, sublingual routes 
• Liquid drugs: Enteral & parenteral routes 
• Gaseous drugs: Inhalation 
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b. Solubility: 
• ~a~er-soluble drugs are given intravenously. 
• L1p1d-soluble drugs are given in any route. 

c. pH of drugs: 
• Acidic drugs: Any route 
• Basic drugs: intravenous route 

d. Chemical nature of drugs: 
• Protein & polypeptide drugs (eg, insulin): Cannot be given orally 
• Non-prote111 drugs: Can be given orally. 

e. Gastric acid stability: 
• Acid stable: Can be given orally 
• Acid labile: Cannot be given orally 

f. Hepatic first pass metabolism: Some drugs are destroyed by hepatic first pass metabol ism . So, 0ther 
routes are used, eg, nitroglycerine by sublingual route. 

g. Irritating drugs: 
• Not suitable for oral route or inhalation. 
• Suitable for parenteral route. 

h. Molecular size of drug: 
• Large molecular size: Intravenous route. 
• Small molecular size: Any route. 
• Aerosol: Inhalation 

2. Site of action: 
• 
• 
• 

Eye, ear, nose, skin: Local route . 
Intestine (eg, antihelminthic drugs): Oral route 
Airways and lungs: Inhalation route . 

3. Onset of action: When rapid onset of action is required, most of the drugs are administered parenterally. 

4. Desired duration of action of drug: 
• Prolonged action: Transdermal (eg, norplant), Subcutaneous (eg, insulin). 
• Slow and sustained: Subcutaneous and intramuscular (eg, streptomycin). 

5. Severity of disease: 
• Severe condition: Intravenous route 
• Stable condition: Any route 

6. Condition of the patient: 
• Unconscious patient: IV / Rectal route. 
• Conscious patient: Any route. 
• Infant or old patient: IV / Rectal route. 
• Vomiting, diarrhea: Parenteral route. 

7. Adverse effects: The route selection sometimes prevents or reduces the adverse effects. For ' example, 
salbutamol is well tolerated inhalationally than oral route. 

8. Bioavailability: 
• High expectation of bioavailability: Intravenous route 
• Low bioavailability: Ora l. 

Q. What is enema? What are the types of enema? 
Ans. 
Enema: Administration of liquid drugs per rectum is ca lled enema. 

Types: 
I. Evacuant enema. 
2. Retention enema. 
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3. Diagnostic enema. 

I. Evacuant enema: Worm soap water to remove the fecal matter & flatus. H2O stimulates the rectum and soap 
lubricates. 

• Use: Before surgical operation, delivery, radiological investigation of GIT. 
• Amount: 600 ml at a time. 

2. Retention enema: 
• Prednisolone enema- in ulcerative colitis. 
• Glycerine vegetable oil enema- in constipation 
• Normal saline glucose- Nutrient enema 
• Amount: 100-200 ml at a time 

3. Diagnostic enema: BaSO4 suspension or emulsion is administered into rectum for x-ray examination of 
colon. 
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Pharmacokinetics 
Dose of drug 
admini~tered 

Absorption 

General Pharmacology 

Ori.Jg concentration : I Distribution b;ug'in tisst:ies Pharmacokinetics 
in systemic circulation l*"------•I ,··:of distribution· 

brug c~ncentration ~ 
at site of action ; 

Pharmacologic ettect 

t 
Clinical response 

JI ~ 
Toxicity Effectiveness 

Drug metabolized 6r:ex~reied . 

•• 

Pharmacodynamics 

Fig. The relationship between dose and ~/f eel can be separated into pharmacokinetic (dose-concentralion) and 
pharmacodynamic (concentration-effect) components. Concentration provides the link between pharmacokinetics 
and phanfocodynamics and is the focus of the target concentration approach to rational dosing. 

/; (Ref Katz1111g- l Jt11/42) 

,of ,nefine pharmacokinetics. (DU- 1 OJu, SU-06M, RU -07Ju) 
1S. 

Pharmacokinetics: The study of absorption, distribution, biotransformation (metabolism) & excretion of drug is 
called pharmacokinetics. Simply pharmacokinetics means "what the body does to the drug." 

Q. Define pharmacodynamics. 
Ans. 

(Ref Misbahuddin-5'"!03) 

Pharmacodynamics: This is the branch of pharmacology which deals with the biochemical and physiological 
effec of drugs and their mechanism of action. 

(Ref Goodman & Gilman 's- l 2'"122) 
~ rmacodyna':"ics: Pha'.·:nacodynamics is the . study of biological effects produced by the drug". Simply 

pharmacody -am1cs means what the drug does to the body. 
(Ref Misbahuddin-5"'/03) 

e the pharmacokinetic processes. 
s. 

Pharmacokinetic process: 
I. Absorption of drug 
2. Distribution of drug 
3. Biotransformation / Metabolism of drug 

( Remember: ADME ] 

4. Excretion / Elimination of drug 
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Drug absorption 
j"'" Q. Define drug absorption . (DU-I 1Ja,04J, CU-07J, RU-02M, SU-16Ju) 
,, Ans. 

mition: It is a process by which a drug enters into the circulation (systemic or portal or pulmonary) from its 
site of a nistration ( except intravenous & intra-arterial) across the biological ~:rle~r-Ier,ane. 6~ 

nition: Absorption is the transfer of a drug from its site of administration to the bloodstream. 
(Ref Lippincoll 's-6'"16) 

Information 
• In case of intravenous & intra-arterial administration, the drug needs not to be absorbed; rather all the drug 

enter into the circulation directly. 
• There are instances, such as inhalation of a bronchodilator aerosol to treat asthma, where absorption as jus1 

defined is not required for the drug to act, but in most cases the drug must enter plasma I circulation before 
reaching i · site of action. 

(Ref Rang & Dale's-8th) 

umerate the processes of drug absorption with example. (CU-OSS, RU-I I/IOJ ,06S, SU-
4Ju, l 3J, I 1J,08J/Ju,07J,06M/J) 

How does a drug cross cell membrane? (SU-I OJ) 
Briefly outline different processes by which drugs can cross the biological membrane. (SU-09Ju) 

Ans. 
Processes of drug absorption 

2. Specialized transpory 
~~ ...,..cz_ ::Yr oc ~s j 

c..o ~ "-·---L 
r-,ffi~ ' 

I. Simple diffusion/ Lipid diffusion t~s~ 
2. · ration/ A ueous diffusion 
1. Active transport. 
2. Facilitated diffusion 
3. Bulk flow 
4 . . Endoc osis 

• Phagocytosis 
• Pinocytosis 

5 .J:x.ucy..to.sis_ 
6. Ion- air trans ort. 

(Ref M~dern Pharmacology With Clinical Applications by Charles & Robert-6'"122) 

e sites of absorption . (SU-08J) 

a. 
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d. Rectum: 

General Pharmacolobry 

• A bsorptio ~1 occ urs by~ i~n __ p lc diti us io1~ 
•/ Slow and incomple te abso rptio n. 

In lower 2;3 nl of rectum: Drug by passes li ve r & ente rs systemi c c ircul a l io n - , N o fir st 
pass metabo lism (FP M) . 

Drug --- Absorb th rough middl e & in fe ri o r recta l vein - , hypogastri c ve in - , in l'c ri o r 
/ ve na cava not porta l ve in --- No hepat ic r PM . 

1~1 upp_er I/3
rd 

of rectum : Drug --- Abso rb th rough supe ri o r rec ta l ve in - , po rta l 
c 1rcula t1 o n --- Liver --- First pass metabo li sm. 
Eg, a mino phy lline, indo meth ac ine , paracetamo l, di c lo fenac , magnes ium s ulpha te , a nt i­
hemorrho ida l dru g, aspirin . 

2. Subcutaneous tissue: 

• By 1m ple d iffusion hrough cap ill a ry wall. 

• Less absorptio n than IM route due to less blood supply to subcutaneous fa t. 
• Eg, insulin , adrenaline, steroid , progesterone, levonorgeste rol. 

3. Muscle : 

• By1s1mp le diffu s ion hrough capill ary wall. 

• Mo re absorption than S/C route due to more vascula rity . 
• Eg, depot preparati o n, vaccine, inj ecti on. 

4 . Skin : 

• \ ~ \ "(V-£\e__ &---~~-~ 1 ~~'7 A'r;__s ~ 
• - -- ----- --- c__~\.\ :...---r:~ ..s '-"'-' ~ ' ~ ~\ b--.,-1 \ 9,._ e -- 1-5 R . --~ ~ <' -'<.__CJ'-) 

. esp1ratolJ'. tract . . sl ~,, ~ ,---.... 
Rapid absorpti on due to mo re vascul an ~y and more surface a rea. Eg, ~\\, c::. "---...L 

../ S~lbutam o l- aerosol (bronchodtl ator) S 

General anesthetic- (Volatile gas) N O (_~cy--- ~ , \-!\---\~ 
N a . C hromoglycate- inha led vapo~ N---o__~""" ~ 

../ Li gnoca ine (Loca l anesthet ic) - spray during intubations. ~ 4-..\\ ~2:--' ~ ) 

• Absorptio n occ urs by
1

,s imple diffusi n . 

Q. Briefly discuss simple diffusion of drug absorption with examples . (CU-OOS, RU-0 I J) 
Q. What are the criteria of simple diffusion of a drug? (DU-OSJ, CU-OSS; RU-04S) 
Q. What are the criteria of passive diffusion? (RU -06S) 
Ans. 
Simple diffusion of drug: 
Definition: S imple diffus ion m ay be defin ed as movement of dru g molecules across the biological membrane 
a long the ncentration gradi ent (fro m highe r cone . to lower cone .) w ithout the he lp of energy & carri er. 

·t ia of sim le diffusion: 
1. Commonest process of dru g abso rpt io n . About 70% dru gs are absorbed by thi s process. Lipid-so lubl e 

drugs readily mo ve across most bio logic me mb ranes due to the ir so lubili ty in th e membrane bil aye rs . 
ate r-so u e ru gs e ne~!Sr hr01rgh aqueo us channe ls or pores. 

-1:'- -Energy is not needed . 
/. Carri e r is not needed . 
;t Occurs a long th e concentrat io n gradient. 
5. Slow process 
Y, Bi-directional process 

/1. Obeys Fick ' s law of di ffus ion and law of m ass ac ti o n . 
-8".' N o se lect ivity & saturabili ty 
~ Shows a low structura l specifi c ity 
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. Temperature can modify the process 
,\-'( Diffusion shows first order kineti cs 
,,,~ -:7n1e rate of diffusion depends o~ 
· / "' Cone . Gradient 

< Lipid:watcr partition co-e ffici ent 
pKa of a drug 
pl I of surrounding lluid . 

Drugs absorbed by simple diffusion : 
/ r Most drugs follow this. 

68 

2~ Lipid soluble dru gs follow this . 
.., . Low MW drugs follow this . 

/ 4. Eg, Aspirin, morphine, pethidine, paracetamol , barbiturates, glucose in liver. 

Permeability or diffusion co-efficient: Tl~ extent to which a clru 0 is soJL~ble _in lipid membrane/biological 
membrane is called its permeability co-efficient. It is determined by solubility of drug to the lipid phase than 
water phase. 

Passive diffusion of a 
water-soluble drug 
through an aquas 
channel or pore 

Drug-& Carrier-mediated 
active transport 
of drug 

Passive diffusion 
of a lipid-soluble 
drug 

Fig Modes of absorption ofdrugsfiwn the gut. 

Q. What is filtration? 
n ~ Q. Short note: Aqueous diffusion. 
~ Ans. 

Lumen 

Ephhelial 
ce ll 
membrane 

Filtration / Aqueous diffusion: Diffusion of drug molecule through aq ueous pores formed by special proteins 
(aquaporins) present the lipid bi layer by the filtration pressure, is cal led aqueous cl i ffusion or Ii ltrat ion. 

Criteria of aqueous diffusion/ filtration: 
. In biological systems, the passage of many small water-soluble solutes through aqueous channels in the 
~ membrane is accomplished by filtration. 

_..,-2. o energy is needed . 
. No carrier is needed. 

~ Majority of the cells (including intestinal mucosa) have aqueous pores. Tile hypotheti ca l diameter of these 
pores is about 7 A, a size that genera lly lhrrits-pas-s-age a-compounds or molec ular we ight less than I 00 
(e.g., urea, ethyl ene glycol) . 
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5/ The rate of filtrati on depends both on the-
! -~ Existence of a pressure gradient as a driving fo rce and 

f. Size of the compound relative to the size of the pore through which it is to he filtered. 
,, This can be accelerated if hydrodynamic flow of the solvent occurs under hydrostatic or osmotic pressurc 

grad ient , e.g. across mort capillaries including glomeruli . 

Sites of filtration 

;(/ GIT 
7 , Glo1~1erular memb1:ane: urea, glu~ose, ethyl glycol. 
. . Capillary endothelium, eg, urea, 111sulin. 

(Ref Tripathi-6'"!13: Modern Pharmacology With Clinical Applications by Charles & Rohert-6'1'/24) 

Nice to know 
Carrier Mediated Transports: When carrier protein is mandatory for drug 1ransport, it is called carrier mediuted 
transport. 

Without expenditure of energy: Facilitmed diffusion 
With expenditure of energy: Active transport 
With making a pseudopod: Endocytosis. 

Q. Mention the criteria of active transport. 
Q. Narrate with examples the active process . 

~ ns. 
Active transport 
Definition: The movement of drugs across the biological membrane against chemical or electrical gradient with 
the active expenditure of energy by the help of carrier protein is called active transport. 

(Ref Ganong-24th, modified) 
Criteria: 

1. Transport occurs against chemical or electrical gradient. (Uphill transport proces!.) 
/ 2": Membrane must be present. 
• ,r-- Energy is necessary 
/4 Carrier protein is necessary 
JJ( Very rapid process 
y Metabolic inhibitor can block this process (eg., c anide, uoride, anaerobic condition - !ATP synthesi!.). 

7. Competitive in nature 
8. Exhibits saturability: Saturation of carrier protein or exhaustion of energy occurs. 
9. Exhibits selectivity~Show specificity for ions, sugars and ammo acids. 

I 0. There is maximum rate of transport of substances. 
11 . Less common. 

(Ref Samson Wrighl's-13thl l 5; Guyton- 12th; Harper '.\·-29th) 

Examples: A few drugs that closely resemble the structure of naturally occurring metabolites are actively 
tran~orted across cell membranes using these specific carrier proteins. Eg, 

/ 1 . Levodopa '2; Streptomycin 
,,3 . a-Methyl dopa 
4. 5-F I uorouracil 
5. Iron (Fe2T) 
6. 5-Bromourac il. 

Sites of active transport: 
0,- Neuronal membrane 
/2 . Choroid plexus 
;( Hepatocytes 
Y Renal tubular cell 

Pharmacology-12 
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. Bihar tract 
( /' 

. _,, B\ood-brain barri('r 
I 

)' . Gastrointestinal tract. 

Q. Mention the criteria of facilitated diffusion . (DU-04S) 
Q. Short note: Facilitated diffusion . 

(Ref Rong & !Joie ·s-8th; 7i-ipathi-6thl / 5) 

, ns. 
Facilitated diffusion: Diffusion of drug molecules through a biological membrane along the concentration or 
ekctro-chemical gradient with the help of a carrier protein is called factl1tated dd-fus1on. 

Criteria of facilitated diffusion: 
1. Occurs along the concentration or electro-chemical gradient 1.e. from higher to lower concentration 

(. downhill trans ort process) . 
2. Transpo11 protein or carrier protein is required. 
3. It needs no energy. Tl~ ivingforce for facilitated transport is the concentration gradient. 
-L It has got selectivi~ & specificity. · 
5. It may be inhibited. 
6. It shows samrabitity, because the binding sites on the carrier are progressively become occupied by the 

drug. ---
7. Speed of action is medium. 
8. It is independent of lipid : water partition co-efficient. 

Examples: Absorption of the following occurs by facilitated diffusion­
Y ~ Vitami n-B 12 absorption 
~ Glucose (entry of glucose into muscle & adipose tissue by GLUT-4) 
-, . T etracyc I ine 
~ Pyrimidine 
X Fat soluble vitami ns, etc. 

(Ref Bennet! & Brown-11th: Tripathi-61"114,15) 

Q. Short note: Endocytosis . 
(2.._ Ans. 

Endocvtosis: When the membrane engulfs the drug molecule by making a pseudopod, the process 1s called 
endocytosis. 

Examples: Protein (PCT of kidney), aminoglycosides, insulin. 

Tvpes of endocvtosis : 
. Pinocytosis: Engul fs water i.e. cel l drinking. 

_,,,2-:'Phagocytosis: Engulfs substances other than water i.e. cell eating. 

Features of endocytosis: 

~ 
1. It requires Ca2 

.. 

2. It requires contractile elements (microfilament). 
3. It requires energy. 

Pinocytosis: Th is is the process of transport across the cell in particul ate form by formation of vesicles. 

Q. Name the processes of glucose transport. 
Ans. 
Glucose transport: 

• In GIT & Kidney: Na-dependent active transport 
• In RBC, muscle & adipose tissue: Facilitated diffu sion 
• In liver: Simple diffusion . 
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Q. Co e si_mple di_f~~si_on w!th active transport. (RU-17.1, 16.lu, SU-09.lu) 
Q. H v. Boes simple d1flus1on differ from active transport'! (DU-05S) 
An. 

parison / Differences between simple diffusion & active transport: 

3. Carrier i·otein 
4. Me111brane 
S. Saturability 
6. Rate of trans ort 

Passage 'of substances towards 
electrical or chemical crradient 
Not needed 
Not needed 
Not n'eeded 
The Jrocess does not become saturated 
Slow 

Aga inst cone. or electri cal gradient. 

Must be Jresent. 
Carrier mediated rocess, becomes saturated 
Fast 

_ fa· How does simple diffusion differ from facilitated diffusion? (RU-04.1) 
~ Ans: 

Differences between simple diffusion & facilitated diffusion: 

Traits ·~-, · ' . ' I '' '.. ,,, . . . . . . . "' I ,, . , "· ,· . . . . Ii . '' \ ,'A_,, . , , ... ; ·, · ""~,f.,-,;:1mi~Yr-:c81mpl~ d1ffusaon·'1,>:,.t.i~~t·~P§.!:-' 1r11{1:_~f~?~~.ef'.lr~·-, Facalatated daf: usaon· .. ;~"'"-':fu"':,· -•• -- · 

1. Definition Passage of substances towards Passaoe of substances towards electrica l or 
b 

electrical or chemical gradient chemical gradients with the help of carrier 
without carrier and energy. protein. 

,2. Carrier Not needed Needed 
3. Saturation of carrier Absent Saturation of carrier protein occurs 
4. Diffusion ca uacity Unlimited Limited (due to saturation of carrier) 
5. Substances that are Lipid soluble Lipid insoluble 

transported 
6. Selectivity Absent Present 
7. Lipid:water Depends Not depend 

partition co-efficient 
8. Example- 0 2, N2, CO2, alcohol, 1-hO. Glucose, am ino acid, galactose. 

//1 (R~f: Guy!on-ll /,/6,49, Sam.s on Wught.'l -l 3th Ill) 

A. 9-L nces between facili tated diffusion & active transport. (RU-08Ju) 
~ Ans. 

Differences between active transport & fac ilitated diffusion: 
I , ,. ., 0 

' •, r' ,::"J,('·'" ·~-h >,J,.,."",~~"''F '' T( - d'd'fji " ' ,ff.' " , · .. Traits -:,:·,,~,:-:,.,,.,_{+ !!i1®1~f:'.-f:·::Act1ve transporb #..1i~"'-f·' i!/,l~ ~-w~~;e;.,ef~ aca I ate I u&aon:-t~.-~·. ,.·,,:.~ 
1. Movement occurs Against cone. or electrical grad ient Towards cone. or electrical gradient 

. , (uphi ll process) (down hi ll process) 
2. Ener£!V Req uired Not required 
3. Presence of membrane Must be present May or may not be present 
4. Direction of movement Usually unidirectional Can operate bidirectionallv 
5. Role of electrochemical Does not depend on them. Depends on them. 

e:radient 
6. Speed Fast Medium 
7. Examples Levoclopa, Streptomyc in , a-Methyl Vitamin-B12 Fat so luble vitamins, 

dopa, 5-FI uorouraci l, Iron (Fe2+), 5- Glucose (entry of glucose in to musc le 
Bromouracil. & adipose tissue by GLUT-4), 

. Tetracycline, Pyri midine . 
(Ref· Harper 's-29th) 
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Factors influencing drug absorption 
Q. Which factors modify/influence the transport of drug across biomembrane? (DU-05S, SU-07 J , CU-l 2Ju) 

Q. How drug factors modify absorption'? (SU- I 6Ju) 
Q. Enumerate the factors influencing drug absorption from GI tract . (DU- I I Ja, CU - I 4J ,07J ,04M) 
Q. Explain the relationship between nature of drug, pKa of drug & pH of the environment in absorption 

drug from GIT. (DU-1 4.Ju, \OJ, RU- 12.Ju) 
Q. Discuss in brief the role of disintegration & dissolution time in absorption of drug following orat 

ingestion . (DU-09.J , RU- I OJ) 
Q. Describe tors that influence response magnitude after oral administration of drug. (CU-091 , SU-! OJ) 
Q. E~ ai ow pH ofa media & pK influence drug absorption. (DU-08Ju,07J, ~U-06J , S U-14Ju , 12Ju, I IJ) 
Q. ~ xp m the,.role of gastric emptying and bowel transit time on drug absorpt10n. (RU-l 5Ju) 
Q. A irin is ~. weak acid (pK 3.5) and morphine is a weak base (pK 8). How would these affect their 
, bsorption from stomach (pH 1.3) and intestine (pH 7.8) following oral administration? (S U-1 J Ju , I OJu) 

Ans. 
Factors influencing drug absorption: 

A. Factors related to the drua itsel : 
Route of administration : Absorption rate : IM> SC > Oral. 

Dosage formulation: Absorption rate: Suspension > Capsule > Tablet . 
Explanation:; 

~ 
I Suspens ion I 

-.. ................ .............................. } ............................ ......................... .. 

I As the drug is in powder form , · 
! no disintegration needed . i , ............. ........... ....... ....... .... .... .. r ....... .. .. .. .. ..................... ..... .. ... , 

~------~ ~:7,--______________________ __J 

/ Lipid solubility or lipid:wate r partitio n co-effi cient: 
• Increased lipid solubility (high lipid:water partition 

(A bsorption oo Lipid solubility) 
co-efficient) __. Increased a bsorption 

• More w ater solu bility - Less absorpti on (A bsorption oo 
1 

) 
/ Water solubility 

01'. ~olecular wei~ht & size. of the .d:ug: Lipid so luble drugs of any s ize can be easi ly absorbed . So the size 
~ not a matter fo r a_bsorpt1 on ?f l1 p1d-so luble drugs. Rather it is app lied only for water so lu b le d rugs. 

/ _ JM o lecular we ight- J S1ze of the drug - j Rate of abso rption (& vice versa) 
I' MW > I 00 Da lton - Can ' t absorb through the aqueous pores 
y MW I 0-100 Da lton - more a bsorption 

5. Degree of ionization/ pKa of drug: 
• Less pKa of drug - More io nizat· M · · • 

1 
, wn - ore water so lubil1ty --. Dru g mo lec u les d raw water 

mo le,c u es around them rom t e so u 1011 a- t th · I · h . ' h 
1 

. ue O e ,r e ectrostat1 c charges --. Form hydros tat ic shell :e:~bra;es a Llar~er bs1ze t.ha n the actual drug size- Less penetration th ro ugh the po res of ce ll 
- ess a so rpt1 on 

/ Mo_re ~Ka of rug - Less ionization--. Less water so lubili ty - More a bso r t ion 
Umomzed drug ~ ~ oj-; lipid so luble - Maximum a bsorption. p 
For example: Iron m l·e fo rm is less a bsorbed blit Fe2+ b b d , more a sor e . 
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Fe'· Vira 111 i11 C -r> r ~ v )' ,,.II 

- ------'> Fe~' (more absorbed) 1 \ r \ · u, , ,. ~., r (' t 

6 / Conccntrntion gradient: r . ~ J;... 
( ) ' · r J ,. r l'" r 

• 1:-ligh dose -+ f\~orc concentration grad ient a~ ross the 1ncn1 brani: __. More absorp ti on 
• Lo,v dose -. L .. ess conc~ntration gradient across the rnc1nbranc -> I ,css absorption 

'\ 
Physical states of the druus· ~ \: c - av c.-

. b . I Q ' 

• L1qu1d d_ru gs are more absorbed than solid drugs . \ / ' 
I 

• G~ise~us drugs are more absorbed than liquid dru gs . \ -_,,r 1 >·_) 

• Absorption rate: Gaseous > Liquid > Solid druos. f v <J.j, 

• Among liquid drugs, homogeneous so lutiont(crystalloids) are more absorbed than heterogeneous 
(co lloidal) drugs. 
>" Crystalloids - more absorption 
>" Co ll oids - less absorption 

8 Use of binder: 

• 
More binder - !disintegration rate - delay absorption - therapeutic fa ilu re (Digoxin ). 
Less binder - jdisintegration rate - rapid absorption - toxicity (Phenytoin) . 

B. Factors related to the absorptive organ /environment/ GIT: 

/. 

Blood supply / Perfusion/ Vascularity: Absorption oo Vascularity 
• IM route - Muscle - More Vascularity - More absorption 
• Subcutaneous route - Less Vascularity - Less absorption 
• Cold, shock - Less Vaseularity - Less absorpt ion 
• Heat, fever - More Vascularity - More absorption 
• Injection of drug - Local massage - Heat production - Vasodi lation- More Vascularity - More 

absorption 
• Intestine - More Vascularity - More absorption 
• Stomach - Less Vascu larity - Less absorption than intestine 
• When a wrong drug is given by IM route, an ice is pressed over the site of injection immediate ly -

Less Vascularity - Less absorption - Antidote is admin istered . 

Surface area of absorption: More surface area - More absorption 
• Stomach: Less surface area - Less absorption. 
• Intestine: More surface area - More absorption. 

Surface area of small intestine is increased by 3 x IO x 20 = 600 ti mes by the fo ll owing structu res­
!. Valvulae conivent ies (increase by 3 times) 
2. Vi lli (increase by IO times) 
3. Microvilli (increase by 20 times) 

In GIT, the decreasing order of absorption is as fo ll ows: Jejunum > duodenum > stomach . In case of 
cancer of intestine, a large segment is resected by su rgery - less surface area - less absorpti n. o, 
parental route is chosen. 

Presence of food in the intestine: 
• Li pid solub le drugs (eg, spironolactone, griseoful vi n, hydra lazine) - More absorption in pr ·sencc of 

oocl -. Gi ven after mea l. 
• Water ~e dru gs (eg, ampicill in , tetracycli ne, levodopa, INH) Less absorption in presence of 

food - Given in empty stomach-. -

jf Presence of another dru g/ chemical substances in the in tes tine: 

. . . . . F 1 , Vitamin ~ J, 
• V1tam111 C mcreases iron absorption. e· -------, l·e- (more abso rbed). 
• Divalent cations (Ca2

', Mg2
' , Fe

21
) + Tetracyc li nes-• Less absorption of tetracyc lines. 
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. ) l bsorption ol tetracyclines. • Antacids & Dairy products (monovalent cations .- ~ess a I" OCP & g lucuron1c acids --. 
·1. . If t· ·t· I flora .- Detachment o • Broad spectrum anti Jtot 1cs ---> -1- n es 111a , 

J.Reabsorption of OCP. . . . b . t'on of fidocaine. 
• Adrenaline+ Lidocaine---> Vasoconstnction---> Less a soi P 1 . n & . f· < ~ -- '"' 

\ ..-:-\ C. "A \~ ~\---. \ o .. -\ '--' ·· \"\ ~ .,.,_~ --a-\ u --,,_,,c ,..,,..._-\, .....,- , c./,.) r-; ___, 

~ of the absor·pt1vc media : . lk 1. d . alkaline media.- Less ionization of drugs-. Less • Acidic drugs in acidic media and a a me rugs 111 . 
I bl M ·. 1·pid solub le.- More absorption . . . 

water sou e ~ o1~ I d ' d , II 1· drugs in acidic media .- More 10111zat1on of drugs --. • Acidic drugs 111 alkaline me 1a an a <a 111e . . 
More water soluble.- Less lipid soluble---> Less absorption _ _ . 

• If pH ofthe drug and that ofthe environment are equal.- Maximum abso1pt1on. 

For example- . . I ( H - I J) ·t · 
A · · (acetyl salicyl ic acid pK = 3.5) is an ac1d1c drug . In stomac 1 p - .. , 1. remains 0 

-~ d b . t· · 0~-e In duodenum (pH=8-9) it is ionized and so absorpti o n 1s less . u111onize ' so a sOJp ion ism . . ' - I 3) . . 
Atropine / morphine (pK 8) is an alkaline drug/ weak base. _In sto1_na~h (pH - - , it rei:na1~s 

cp~~.,.Q./ '" -iized, so absorption is Jess . Jn duodenum (pH= 8-9), it remains u111on1zed and so absorpti o n 1s 
more. 

Peristalsis: 

• jPeristalsis .- ;Disintegration & dissolution of tablet & increased blood fl o w to th e intestine --. 
More absorption 

• In constipation .- lPeristalsis .- Less absorption. 
• But in diarrhea.- if Peristalsis.- l Transit time of drug.- Less absorptio n . 

7 Gastric emptying: Rapid gastric emptying of dru g .- Drug passes rapidly to th e s m a ll intestine where 
surface area is more---> More absorption. 

Y Gastrointestinal diseases: 

• Coeliac disease, Chron ' s disease.- Change in pattern of abso rpti on -. M o re absorption . 
• Congestive cardiac failure (CCF), chronic liver disease (CLD) .- vasc ul a r congesti o n - gut ede ma 

.- Less absorption . So, diuretics in treatment of CCF, C LD are better g iven bx IV route. 
C <1 """'~ ~ ..... ~ ~ ~ &.. ¾ f' o_s..;. \ . r--...-o'-'::) \... ~ ~ ho._,._,._~ 

,J>: Bowel transit time: l Bowel transit time of drug (eg, in di arrhea, a fte r bowe l resecti o n) .._ Less 
absorption and vice versa. 

~ activation: lnsuhn, oxytocin ace inactivated in gut if g iven ocally - Less a bsocpt ion 

I 
I

C , ~ , &_ Su\ v \::)\<. ]~..:=5 ~ '1- /\"r:,.5 l-r-- {?'' )2.5 -v--<! <. c :\cu<.(, _r".,-;,' \-. 

• 

• 
• 

\..,...)c.J-....6.- ' y ~ . . • I 
t' I /I - ~ J... I I 1 1 ,- ,- > ,,. > 

is a tablet absorbed after being swallowed? , 1 - • P . "-.:, ---<-

> > ,- L ' ti~n- of a ta~let after bein swallowed: It involves fo l lo wing steps-

~I~mtegr~hon: First, the tablet is dis integrated / broken into sm a ll e r part ic les. Th is 1s ca ll ed d1s1ntegrat1 on. 

Dissolut~on: Then the drug molecules dissolve with the intestina l fluid . 

Absorption : Then, 
th

e drug molecules are absorbed by simple diffusio n fa c ilita ted diffus io n o r ac tive t an 011, etc. ' 

are the methods of delaying drug absorption'! (SU--161) 
can you delay drug absorption? 

Methods for delaying drug absorption: 
1 · By altering the route: 

• SIC insulin ._ pro longed action. 
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2. By altering the formulation 

• Gaseous formulation - rapid absorption & action. 
• Sustained release (SR) formation - del ayed absorption 
• Depot release preparation (subcutaneous pellets) - prolong absorption 

3. By adding 2nd substrate with drug: 

• Vasoconstrictor + LA: Adrenaline (vasoconstrictor) + local anesthetic -> vasoconstriction -
lb loo flow - labsorption of LA - prolong action. 

• Insulin + protamine: Insulin alone has the half life of 15-30 min . but Insulin + protamine -
pro ongac ion. 

• Penicillin+ Benzathine: Penicillin alone - short duration of action . But penicillin+ Benzathine 
- pro ong action (one month) 

Q. What •re · / ~ s of accelerating drug absorption? (SU- l 6J) 
Q. How.c_a~:::~;e drug absorption? 
Ans. 
Factors accelerating drug absorption 

I. Application of heat: Heart - vasodilatation - jblood flow - jabsorption 
2. Message: jLocal blood flow - j absorption 
3. By addition of some adjuvant: e.g. phylline - jabsorption of mercurial diuretics . 
4. High dose 

Q. Name the factors affecting drug absorption in inhalation route? 
Ans. 
Factors affecting drug absorption in inhalation route: The lungs serve as a major site of ad ministration for a 
number of agents given for both local and systemic effects. Such drugs can be inhaled as gases (e.g. , vo latile 
anesthetics) or as aerosols (suspended liquid droplets or solid part ic les). 

I. Size of drug particles in solid and liq uid aerosols: Drug particles larger than IO micron are trapped in 
the respiratory tract whereas the size of less than 2 micron can enter the alveoli. 

2. Surface area of alveoli and pulmonary circulation. 

3. Lipid solubility of the drug: Lipid solubility rJ:J Absorption. Pulmonary absorption of vo lati le anesthetics 
across the alveo lar-capillary barr ier is very rapid because of the relatively high lipid- water partition 
coefficients and sma ll molecular radii of such agents. 

4. Concentration of drug molecule in the inhaled air (so, shou ld be shaken we ll before use) 

5. Concentration gradient between two sides of respirato ry membrane. 

Q. What are the factors affecting drug absorption in IM route? 
Ans. 
Factors affecting drug absorption in 1M route: 

I. Blood flow to absorptive area: More blood flow -> More absorption 
2. Concentration grad ient between two sides of biological membrane. 
3. Lipid solubility of the drug (Lipid solubility oo Absorption). 
4. Time of contact 
5. Tourniquet - lblood supply - less absorption 
6. Application of heat massage - vasodilation - jblood supply - more absorption 
7. Size of the pores in the membrane proteins (small size - less absorption) 
8. Size of the drug molecule (MW > I 00 Dalton can't absorb through the aqueous pores) . 
9. Use of local vasoconstrictor (adrenaline) - Local vasoconstriction - Slow absorpt ion - Prolong 

action. 



BlueprintTM Pharmacology 76 
.!!!!!!E!!!!_!.,!!!!.!!!.:~~-----:--.~--:-:-----------2'­
Q. Name the factors affecting drug absorption through skin. 
Ans. 
Factors affecting drug absorption through skin: 

I. Skin condition- injury and disease. 

2. Age- infant skin is more permeable than adult skin. 

3. Region- plantar< forearm< scalp< scrotum< posterior auricular skin. 

4. Hydration of the stratum corneum- this is very important. Increased hydration inc'.·eases permeability. 
Plastic-film occlusion (sometimes employed by dermatologists) increases hydration. Penetration of 
glucocorticoids is increased up to I 00-fold, and systemic side effects are more common. 

5. Vehicle- little is known about the importance of the various substances which over ~he years have been 
empirically included in skin creams and ointments. The physical chemistry of these mixtures may be very 
complex and change during an application . 

6. Physical properties of the drug- penetration increases with increasing lipid solubility. Reduction of 
particle size enhances absorption, and solutions penetrate best of all. 

7. Surface area to which the drug is applied- this is especially important when treating infants who have a 
relatively large surface area to volume ratio. 

(Ref A Textbook of Clinical Pharmacology and Therapeutics by Riller & Lewis-l'! 20) 

at ·s lipid-water partition coefficient? 
Q. h t note : Lipid : water partition co-efficient. 

ns 
· id : water rnrtition co-efficient. 

Definition: It means the relati ve so lubility of drug in lipid as compared to water and that can be measured as the 
ratio of concentration of the drug in lipid-water phase. 

Lipid phase 

Water phase 

Explanation: Here, lipid represents cell membrane and water represents plasma. 
• When the numerical va lue of a drug is higher in lipid portion than that of water, then it possesses higher 

lipid solubility, ie, high lipid : water pa1iition co-efficient. 

• When the numerical value of a drug is higher in water portion than that of lipid portion, then it possesses 
less lipid solubility, ie, low lipid : water partition co-efficient. 

Example: 
I. For urea: 

• Numerical value in lipid phase- I 
• Numerical value in water phase- 6250 
• Lipid: water partition co-efficient= 1/6250=0.0016 
• Its co-efficient is very low and it is less lipid soluble. 

2. Phenobarbitone has a co-efficient of 5.9, so it has a very high lipid: water partition co-efficient. Therefore 
it is more lipid soluble. 

Importance: 

I. High lipid : water partition co-efficient drug has high lipid solubility, so-
a. They are easily absorbed. 

b. Can penetrate cell membrane, so they have high volume of distribution . 
c. Redistribution occurs during elimination in renal tubule. 

2. Low lipid : water partition co-efficient drug has low high lipid solubility. So they have the effect 
opposite to the high lipid : water partition co-efficient drug. 
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Q. Short note: pH partition. (NTK) -- -ns . 
JlH partition: It is a phenomenon in which a drn g ca nnot cross biologica l 11 w111bra11c ;1 · a result ul' ionizatit2n due 
to pH v:i riation of th at pa rticular drug w"i01 its°slirrotmain!2. environment. Tl1i.: ri.:sult is tl1 at :111 ;1cidic; drug is 
concentrated in the compartment with high pH ('ion trapping'), and vi ce versa. 

Example: 
· • A weakly acidic drug aspirin is more ionized in alkaline urine - less reabsorption from tubular fl uid in to 

plasma--+ more excretion of aspirin . Conversely, aspirin in acidic pH of stomac h is less ionized _, more 
absorption of aspirin into blood. 

• A weak base (e.g. pethidine) is more ionized in acidic pH of stomach--+ less absorbed from stomach . 

Significance: There are several important consequences of pH partition. 
I. Urinary acidification accelerates excretion of weak bases and retards that of weak acids. 

rinary aHra m1zatiorr has the opposite effects: it reduces excreti on of weak bases and increases 
excretion ot wea ac1

1 

, eg, aspirin. 
3. Increasing plasma pH (e.g. by sodium bicarbonate) causes weakly acid ic drugs to be extracted from the 

CNS into the plasma. ' 
Reducing plasma pH (e.g. by carbon ic an hydrase inhibitor such as acetazolamide causes weak ly acidic 

ctTt1gs to become c-01,-centrated in the CNS, increasing their neuroto">Licity. 

This has practica l consequences in choosing a means to alkalinize urine in treat ing aspirin overdose: bicarbonate 
and acetazolamide each increase urine pH and hence increase aspirin elimination, but bicarbonate reduces 
whereas acetazolamide increases distribution of aspirin to the CNS. 

Q. Short note: Ion tra pping. (NTK) 
Ans. 

(Ref Rang & Dale 's-8'h/103) 

Ion trapping: It is a process by which an ionized drug becomes concentrated in any particu lar compart ment (eg, 
plasma, urine, gastric juice) due to pH partit ion. An ac idic drug is concentrated in the compartment with high pH 
('ion trapping'), and vice versa. 

Example: AsP,· ·in is ionized in the alkaline urine and is concentrated there and is less reabsorbed. 

Q. Ent' t iological barriers. (CU-14J, SU- 16J) 
Q. N two important physiological barriers. (CU-08J) 
Q. i grammatically discuss the importance of the named phys iological barriers . (CU-08J) 

ns. 
Type of barrier for drug: 

1. Single layered: Lipid bilayer of ce ll mem brane 
2. Multiple layered: 

• Blood brain barrier (BBB) 
• Blood placental barrier (BPB) 

~ - Write down about "blood-placenta l barrier". (CU-OSJ) 
Ans. 
Blood-placental barrier: The placenta l membrane which separates maternal and Fe ta l blood i called the bl d-
placental barrier. It is initia lly composed of 4 layers - - .__ 

I. The endothelial lini ng of feta l vessels. ( { /\ C. ~ 
2. The connecti ve ti ssue in the vi llous core. \ '--
3. The Cytotrophoblasti c layer & 
4. The Syncytium 

e of drugs through BPB: 
Lipid soluble drugs can cross the bl ood placental barrier by simp le di ffu 10 11 . 

Pharmacology-13 
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?water soluble drugs (MW> 500) cannot cross the BPB. 
;3.~ Drugs that are rapidly metabolized by placental enzymes and are bound to placenta cannot cross . 

1- Drugs with MW <600 can cross the BPB . 

Importance of BPB: 
I. Withdrawal syndrome: If mother is addicted with morphine, it crosses BPS and the fetus may also be 

a 1cte which is elicited by withdrawal syndrome. 
2. Teratogenicity: Drugs passing through the BPS can cause teratogenicity. 

Q. Write down about "blood-brain barrier" (BBB). (CU-081) 
Q. Define blood-brain barrier with its location. (CU-I 5Ju) 
Q. Explain with examples the importance of BBB in drug disposition. What constitutes its functional 

()_- components? (CU-I 7M) 
'"- :A,ns. -

Blood-brain barrier (BBB): This barrier exists between the plasma and the extracellular space of'.:_!!1e brain . Only 
lipid soluble drugs readily penetrate the BBB. Ionized or polar drugs fail to enter the CNS. 

Structures/ functional components: 
I. Tight junction between endothelial cells of brain capillary (mainly responsible for the BBB). 
2. A continuous basement membrane 

T'\?:,~(='£ 3. Piamater 
4. Foot processes of the astrocytes that adhere to the outer surface of the capillary wall. 
5. Efflux pump present in BBB returns ion in circulation from CSF. 

Criteria for passage through BBB: 
V Highly lipid soluble drugs easily cross the BBB & enter into the brain & exert their CNS effects . Eg, 

diazepam, morph111e, thiopental Na. 
r-2-. The rate and speed at which drug can enter the BBB. 
/.J.' Minimum plasma protein binding. The barrier is almost impermeable to plasma proteins. 
,.4. Low ionization at plasma pH. 
Y. Some water-soluble drugs can cross BBB via selective transport system, eg, Levodopa . 
·9".' Gases and water pass readily through the barrier. " 
'J. Glucose and electrolytes pass more slowly. 

Drugs that cannot cross BBB 
/ L High molecular weight >60,000. 
f. Highly water soluble (e.g. Streptomycin, Neostigmine etc.) 
~ Highly ionized drug. 
ir.--- High plasma protein binding. 

Conditions where drug can cross BBB without having the ideal criteria: When meninges is inflamed, ie, in 
meningitis, antibiotics e b I enicillin can easily cross BBB. 

Importance of BBB 
Yft maintains internal environment of CNS. 

Y It the _fetus, BBB_ is not well -developed. It is absent in children up to 5 yrs . So chance of CNS toxicity is 
more 111 these patients. ~ 

X BBB. b . C · . 
· ,_s _a ~ent 111 rz (Chemoreceptor trrgger zone) in the medulla oblongata & ant. hypothalamus. So, 

even l1p1d-111solub e rugs are emetic . 
/. To get des ired therapeutic effect: 

a. Diazepam for sedation. 
b. Pethidine for analgesia 

/2. To avoid some adverse effects: 

a. Propranolol can cross BBB, thus produces CNS adverse effects. 
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b. Atenolol (water soluble) cannot cross BBB, so devoid of CNS side effects. 
(Ref' Bennett & Brown- / Ith; Tripathi-6'"119,20) 

Q. Enumerate the difference between brain capillary and capillary in other locations of the body. (CU-
I SJu) 

Ans. 
Difference between brain capillary and capillary in other locations of the body: Brain capillary is 
distinguished from other body capillary, as they have-

!. Tight junction between endothelial cells of brain capillary. 
2. A continuous basement membrane. 
3. Foot processes of the astrocytes that adhere to the outer surface of the capillary wall. 

Bioavailability 
Q. Define bioavailability . (DU-16J,15J,14Ju,13/12/10J,09Ju, CU-07J , RU-15Ju, 13/12J ,10Ju; SU-l6Ju,07Ju) 
Q. Discuss the factors influencing bioavailability of drugs. (DU-16J,15J,13J,12J,09Ju; CU-07J , RU-06M ; SU-

16Ju) 
Q. How routes of administration affect bioavailability? (DU-03S, RU-04M, SU-02S) 
Q. zh rt note: Bioavailability. (RU-l 6Ju, SU-04S) 
Ans. 

· vailabili 
finition : Bioavailability is defined as the fraction of nchanged dru g reaching the systemic circu lation 

following administration by any route. 
(Ref Katzung-l 3'"147) 

Definition: Bioavailability is the rate and extent to which an admini stered drug reaches the systemic circulation. 
(Ref Lippincott 's-6'"18) 

~ pie: If I 00 mg of a drug is administered orally and 70 mg of this drug reaches the systemic circulation in a 
chemicall nchanged form, then the bioavailability of that drug is 70%. 

Pharmaceutical factor : 
Solubility of the drug: 
• Increased lipid solubility - Increased absorption- iBioavailability . 
• More water solubility - Less absorption - tBioavailability. 

V Physical state: Liquid> Solid 

7- Size of drug: Crystalloid > Colloid. 

/. Disintegration time: iDisintegration time - tAbsorption - tBioavailability. 

/. Dissolution rate: iDissolution rate - iBioavailability. 

(Ref Lippincott 's-6'"18) 

Jr Chemical instability: Some drugs, _eg, penicillin G, are unstable i~ gast:ic p~- ?thers, eg, insulin are 
destroyed in the GI tract by degradat1ve enzymes. So they have low b1oavadab1hty 111 those routes. 

[ Nature of the drug formulation : For example, particle si ze, salt form , crystal polymorphism, enteric 
· coatings and the presence of excipients (such as binders and dispersing agents) can influence the ease of 

, / dissolution and, therefore, alter the rate_o
1 

fb~b
1
_sorption. 

l'g_ Ionization - tAbsorption - tBioava1 a 1 1ty. 

f First-pass hepatic metabolism (FPM) : iFPM - !Bioavailability. Many dru gs, such as propranolol or 
lidocaine, undergo significant biotrans fonnation during a single passage through the li ver. 

c<'--'- ~ ~C '/ . N~'--0 \ , ,., . (Ref Lippincott ·s-6'"18,9) 
~~~--- IS c:,~--&_ ~ ~t"\ 

' ' r \· 
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Iliologii..'al factor : 
1. Gastric 1ra11si1 timl' . . · ·1 bT 

.,, , .. l'rl'scncc or othl'r agents ; cg. vit-C - jAbsorption of ,ro11 - ~ j131oava1 a , ity. 

Time of administration: 
• L111pty stomach - > jBioavailability or antibiotics 
• Full stoma ch--), fBioavailability of Fe. 

pH of GIT: . . . . 
• Ac idic druo better absorbed in acidic stomach~ jabsorption - > jbioavailabili ty. 

• Circulatio,; & Surface area. jCirculation ~ jbioavailability . 
. -/ R oute of administration : 

Route ' · I Bioavailability (%) Characteristics (Nice to know) 
Intravenous (IV) I 00 (by definition) Most rapid onset 

Intramuscular (IM) 75 to < 100 Laroe volumes often feasible; may be painful ,., 
75to < I00 Smaller volumes than IM; may be painful 

,. 

Subcutaneous (SC) 
Oral (PO) 5 to< 100 Most convenient; first-pass effect may be significant 

Rectal (PR) 30 to < 100 Less first-pass effect than oral 
Inhalation 5 to < 100 Often very rapid onset 
Transdermal 80 to :S I 00 Usually very slow absorption; used for lack of first-

pass effect; prolonged duration of act ion 
(Ref Katzung- l 31h/47) 

Q. Mention the clinical significance of bioavailability of drugs. (RU-1 SJu, 131,1 21, I 0Ju) 
Ans. 
Importance of bioavailability: 

I . To calculate drug dosages for non intravenous routes of administration. 
2. To assess loading dose. 
3. To compare different formulations produced by different companies. 
4. To compa re different fo rmulations of same drug. 
5. To assess dru g serum concentration and individualization of doses. 

• Where intensity or effect is difficult to judge clinica ll y (Phenytoin fo r epilepsy) 
• Law safety margin (lithium ). 

Q. How bioavailabili ty studies are done? (CU-04M) 
Q. How could you calculate bioavailability of a drug? (RU-06M) 
Ans. 
Determination of bioavailability: Bioavailabili ty is determ ined by compar ing plasma levels of a drug afte r a 
particular ro ute of administrat ion (for example, ora l administration) with plasma drug leve ls achieved by IV 
injection, in which all of the agent rapidly enters the ci rculati on. 
When the drug is given ora lly, only pa1t of the administered 
dose appea rs in the plasma. By plott ing pl as ma concentrations 
of the drug versus ti me, one can measure the area under the 
curve (Al JC). This curve reflects the extent of a~f the 
drug. f ote: By defin it ion, this is 100% for drugs delivered IV.] 
Bioavailabi lity or a drug admini stered orally is the rat io of the 
area ca lcu lated fo r ora l adm ini stra ti on compared with the area 
ca lc ulated fo r IV injection. 

(Re_/ Uppincott 's- 6r11/8) 

Figure: Determination ofhioavailah ility ofc.1 clrng. 
A UC -= Area under curve 
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. , 6'"1v) (Re/ Lipptncotl s- J 1 0 

Q. Compare the bioavailability differences of 3 drugs A, B and C from the foll owing cu rve and explain 
how they affect therapeutic action. 

Ans. 

C 
.Q 

~ 
C: 

g 
0 
() 

,.: ... 

' ' 
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'""' - - - - - - - - - - - - TC 

Time 

-
-. ~ C 
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~- ·' 8 

,., • I r I , 1 
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[I] A: Drug rapidly and completely available 

~ B: Only half of availability of A but rate equal to A 

Q C: Drug completely available but rate only half of A 

Fig. Blood concentration-time curves, illustrating how changes in the rate of absorption and extent of 
bioavailability can influence both the duration of action and the effec tiveness of the same total dose of a drug 
administered in three different formulations. The dashed line indicates the target concentration (TC) of the drug 
in the blood. 

(Ref Katzung-JJ'h/ 47) 

Bioavailability is the rate and extent where drug is avai I able at systemic circulation., We can find from the 
bioavai lability curve the fo llowing 2 ~1 ings-

l. Rate o<?r f""'o.50-r~,...,,.... '-'-~ -Qi . 
2. Extent c~ ~ · 

Rate of bioavailability: It is the ti me to reac h peak plasma concentration. 
1 

Rate a --
Time 

In this curve: Rate of A > C > 8 

Extent of bioavailabili tv: The extent of system ic ava il abi lity is ordinarily calculated by relating the area under 
curve (AUC) after a single ora l dose to that obtai ned after IV admin istration of the same amount. 

In this curve: Extent of A > C > 8 

B cannot reach the target concentrat ion (TC). So it has no therapeutic effect. 
A & C reach the ta rget concentrat ion (TC) ra pidly. So they have therapeuti c effect. 

Nice know 

Area under the curve (A UC) : The graphic area under a p lor of drug concentration versus ti
111

e after u 
<, /j single dose or during a single dosing interval 

'ff Minimum effective concentration (MEC): The p lasma drug concentration below which a patient's 
re:,,ponse is too small for clinical benefi t. 

(R(!f Kat::ung & Trevor's- / !th edition) 
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Pl,ases of bioavai/ahilit\': Two phases-

; !'. Rising phase: due to bioavailability. 
7 Falling phase: due to distribution I metabolism I excretion. 

Rate of bioavailability: Ir is the time lO reach peak plasma concentration. . 
Extent of bioavailabi/ity: Means the concenrration of drug in the systemic circulatwn. 

QI), efine bioequivalence. (CU-I 6Ju) 
' . Short note: Bioequivalence. (CU-I 4Ju) 6J 
. Enumerate the parameters for studying bioequivalence of two drugs. (CU- I u) 

Ans. 
Bioeguivalence . . · · - . 0 . -

Definition: Under suitable test conditions, when the rates & extents of bioavatlabdity ot two ~
1 
uos of two 

J:)harmac€Htieally eqtii,a-lent drug products are not significantly different, then they are considered to be 

bioequivalent to each other & this prope1ty is called bioequivalence. 

~ on: Two drug fonnulations are bioequivalent if th ey show comparable bioavai!ability and similar times to 

achieve peak blood concentrations. (Ref Lippincott 's-611i/9) 

Parameters for studying bioequivalence of two drugs 
I. ates of bioavailability 
2. xtents of bioava il ability 

/4efine therapeutic equivalence. 

fir:: Therapeutic equivalence: Two drug formulations are therapeutically equivalent if they are pharmaceutically 
equivalent (that is, they have the same dosage form, contain the same active ingredient, and use the same route of <: -administration) with simi lar ·clini ca l and safety profiles. 

(Ref Lippincoll 's-611i/9J 

(!;/pre: Clinical effectiveness often depends on maximum serum drug concentrations and on the time qfter 
administration required to reach peak concentration. Therefore, two drugs that are bioequivalent may not be 

therapeutically equivalent.) 

First pass Metabolism 

Q. Define first-pass metabolism. (SU-l 6Ju) 
Q. What do you mean by hepatic first pass metabolism? (DU-09J) 
Q. Expl in first-pass metabolism. (DU-17 J) 
Q. Ex ain with example presystemic elimination of drug. (DU-I lJu) 

. o· cuss the clinical significance of hepatic first pass metabolism? (RU-I I Ju) 

. hort note: First-pass metabolism. (DU- I I Ja) 
Short note: First-pass effect. (RU-l 6Ja) 

ns. 

(Ref Lippincott 's-611119) 

First pass meta~o~ism/_ First-pass effect/ Presvstemic elimination: The elimination / metabolism of druo that 
occurs after admm1strat1on but before it e t · th t · · I · · 

0 

. . . n e1 s e sys em1c c1rcu at1on ( eg, dunner passage through the out wall , 
portal c1rculat1on, or liver for an ora lly ad . · · t d d. ) · II - .b 

0 

fi 
. mm1s ere rug 1s ca ed ftrst-pass effect / presystemic elimination / 

rst-pass metabolism. 
(Ref Katzzmg & Trevor ·s- 1 J rh eclitiun) 
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Sites of 1st pass metabolism: 

\

1 1. Liver (main sites; hence called first pass hepatic metabolism) 
2. Intestinal wall. 
3. Stomach. 

\_ 4. Lungs 

General Pharmacology 

(Ref Misbahuddin-5'1'! 135) 

Cli9-Kal significance of hepatic first pass metabolism 
/ 1. A significant amount of drug may be lost before entering into systemic circulation due to I s i pass 

/ metabolism. 
/2 . _ Due to 1 si pass metabolism, higher dose is required. 
/ An alternative route should be chosen to avoid 1st pass metabolism. 

Q. What are the factors for modifying 1st pass hepatic metabolism? 
Ans. 
Factors that modify 1st pass hepatic metabolism: 

\ 

I . Routes of drug administration 
2. Hepatic circulation 
3. Hepatic biotransforming enzyme activity 
4. Hepatic di seases 

Q. Name four (4) drugs that undergo first pass effect. (DU- l 7J) 
r rite from below. 

/ ~e drugs that undergo 1st pass hepatic metabolism : 

Low 1st pass metabolism Intermediate 1st pass High 1st pass metabolism 

/ . Tolbutamide 
_):. Phenobarbitone 
Y.Theophylline 
4. lsosorbide mononitrate 
{." Pindolol 
6. Phenylbutazone 

tis extraction ratio? 
1 . 

Extraction ratio: 

metabolism 
I/ Aspirin 
2. Quinidine 
3. Desipramine 
4., Nortrypty line 
5. Chlorpromaz ine 
6. Pentazocine 
7. Metoprolol 

Ora l dru os Non-ora l 
·1. Propranolol I . lsoprenaline 
2. Verapamil 2. Lidoca ine 
3. Salbutarnol 3. Hydroco rti sone 
4. GTN 4. Testosterone 
5. Morph ine 
6. Pethidine 

(Ref- Tripathi-611/28) 

Definition: Extraction ratio is the percentage of the drug removed by an organ from the perfusing blood during its 
passage through that organ . 

(Ref Katzung & Trevor 's-11th edition) 
Importance: Drugs that have a high hepatic extraction ratio have a large first-pass effect; the bioavailabi li ty of 
these drugs after oral administration is low. 

(Ref Katzung & Trevor 's- 1 J th edition) 

st the routes that bypass 1st pass metabolism. (SU-06M) 

outes that bypass 1st pass metabolism: 
1. Intramuscular 
2. Intravenous 
3. Sublingual 
4. Transdermal 
5. Subcutaneous 
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6. lntradermal 
7. Rectal : Drugs absorbed from lower rectum enter inferior vena cava, thus bypassing the live,. Druo 

absorbed from upper rectum enter portal circulation and undergo first-pass hepatic metabolism . Thl~s 
only about 50% of a rectal dose can be assumed to bypass the li ve r. ' 

8. Inhalation: Although inhalation bypasses the hepatic first-pass effect, the lung may also serve as a site f 
first-pass loss by excretion and possibly metaboli sm. 0 

(Ref Katzung-13'";48) 
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. . Dfug Distribution · -
The major compartments ·where drugs distribute are: 

• plasma (5% of body weight) 
f • interstitial fluid (I 6%) 

1 • intracellular fluid (35%) 

l
•. transcellular fluid (2%) 

far (20%). 

Q. Defined· distribution. (SU-06M, RU-06S) 
Q: Wh/ ¥ e the factors modifying drug distribution? (RU-06S, SU- I I J,06M) 
Q~ down causes/factors of unequal distribution of drugs . (DU-07J , SU-08Ju) 
Aris. 

(Ref Rang & Dale's-8th) 

Drug distribution: . . 
Definition: Drug distribution is the process by which a drug reversibly leaves the blood stream & enters 111 to the 
interstitium (ECF) &/or the cells of the tissues. 

Factors modifying drug distribution/ causes of unequal distribution of drugs: 

1. Physio-chemical properties of the drugs: 

/ Solubility: 

• Lipid soluble drugs - distribute mainly intracellularly. 

• Water soluble drugs - distribute mainly extracellularly. 

7
b Ionization of drugs: 

_ • Polar or ionized drugs - tlipid so luble - extracellular distribution. 

(Ref Lippincott 's-6'hl9) 

f\)'"' 0-~ ~ \~-+-y / 

").,.-U---­

(l) V ~ ~~-.r i'~ 

~ G~~ qa (_ t -o - ,9-
• Non-polar or unionized drugs - jlipid so luble - intracellular distribution. 

• Monovalent ionized drugs - intracellular distribution. 

f Size of drugs: 

• Colloids - extracellular distribution. 

• Crystalloids - intrace llular di stribution. 

/ 
Regional blood flow : j Circulation to organ - jDrug availab ility to that organ . Due to variation in blood 
flow, distribution of drugs occurs in 3 phases-

Rapid distribution Drugs distribute rapidly in hi gh ly perfused organs (eg, brain, liver, kidney) 
within few minutes . 

Intermediate distribution Drugs distri bute with in few mi nutes to few hours in moderately perfused 
organs ( eg, .m.us.tle ). 

Slow distribution Drugs distribute slowly in less perfused organs (eg, fa t) in hours or more. 
' \ -
Plasma protein binding (PPB) of drugs: 

• 

Hi gh PPB drugs ma111 ly rema111 in the plasma compartment and have slow d1stnbut1on. 
Reversible binding to plasma proteins sequesters drugs in a nondiffus ible form and slows their transfer 
out of the vascular compartment. 
Binding is relatively nonselective as to chemical structure and takes place at sites on the protein to which 
endogenous compounds, such as bilirubin, normally attach. 
Plasma albumin is the maj or drug-binding prote in and may ac t as a drug rese rvoir: that is, as the 
concentration of the free drug decreases due to eliminat ion by metaboli sm or excretion , the bound drug·· 

Pharmacology-14 
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disso~iates fro m the protein . This maintains the free-drug concentration as a constant frac tion of the~ 
drug 111 the plasma. 

Tissue binding of the drugs: Certain drugs have special affinity fo r certain tissues_ an_d th ~y exist _in higher 
concentrat ion in that tissue compared to plasma. Eg, digoxin in heart muscle, iodme Ill thyroid gland 
tetracyc line in bone and teeth . This phenomenon is called selective distribution of drug and the tissues ar; 
ca lled cellular reservoir of drug. 

Q. What cl you mean by selective distribution of drug? (DU-0 l S, CU-0 l S, SU-06S) 
Q. l pl 'n- Distribution of drug in body is unequal. (DU-07Ju) 
A . 

el tive distribution of dru : It means special distribution of drug in the certai~1 t!ssue of ~he bo~y due to 
cial affinity between particular drug & particular body constituents. The dr~1gs exist in these ti_ssues in highest 

concentration compared to plasma. This phenomenon is called cellular reservoir of drug and the tissues are called 
selective reservoir. It is due to presence of nucleoprotein in the tissue. 

Ex amp es: 
Tissue /on!an Drugs 

Thyroid Iodine 
Heart Digoxin (bound to muscle protein), Quinidine 
Liver Chloroquine, Doxycycline, Digoxin, Fe 
Brain Chlorpromazine, INH 
Retina (melanin containing tissue) Chloroquine 
Bone & Teeth (Ca2+ containing tissue) Tetracycline, Bisphosphonates, ca2+, iron, lead 
Iris Atropine, Ephedrine 
Fat Morphine, Thiopental Na, OPC, Barbiturate 
Hair & Nail As, Heavy metal 
Lungs TCA, Amiodarone 
Gastric parietal cell Omeprazole 

V"Q. What are the causes of unequal distribution of drug? 
Ans. 
Causes of unequal distribution of drug 

I. Plasma protein binding: high PPB ~ !distribution 
2. Tissue binding: Cardiac glycoside binds with cardiac muscle due to presence of sugar part. 
3. Blood brain barrier: jPenetration ~ jdistribution. 
4. Sequestration in adipose tissue: jbody fat~ jdistribution ofthiopental Na+ 
5. Disease state: hypoproteinemia due to liver cirrhosis, nephrotic syndrome ~ !albumin~ !PPB -, 

jdistribution. 

Nice to now 
Clinical significance of tissue binding of a drug: 

I. Large volume of distribution 

2. Long duration actio~ ~Digoxin &_ Doxycycline ?as half-life of 40 hours & 20 hours respectively) 
3. May exert local toxicity due to high concentration e.g. Digoxin toxicity on heart· Tetracycline toxicity on 

bones & teeth etc. ' 

Criteria of free drug: 

l. This is the ac~i~e ~orm ~f drug & responsible for its pharmacological action. 
2. Produces equilibrium with the protein bound drug. 
3. Short duration of action. 
4. Is metabolized & excreted readily. 
5. Is filtered through the glomerulus along with plasma. 
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Advantages of free of drug: 
I. Can produce pharmacological effect. 
2. Rapid action so can be used in emergency condition 
3. Undergo metabolism & excretion so cannot accumulate in the body resulting less side effects. 

Disadvantages of free form of drug: 
, frequency of administration is more 
, Biological half life is less i.e. action is of short duration, i.e. no sustained action. 

Criteria of the bound drug: 
- 1. This the inactive form of drug but ready for action after dissociation into free form. 

2. Is not responsible for the pharmacological actions of that drug. 
3. Produces equilibrium with the free drug. 
4. Acts as a temporary reservoir of the drug. 
5. Sustained & long duration of action. 
6. Is not metabolized & excreted 
7. As plasma protein is not filtered through the glomerular filtrate, protein bound drug is not filtered . 

Advantages of binding form of drug: 
I. Suitable for chronic case (Prophylactic use) 
2. Frequency of administration is less. 
3. Prolonged sustained action 
4. Acts as temporary depot of drug. 

Disadvantages: 
I. No pharmacological action 
2. Mild I slow active 
3. Toxic drug produces prolonged toxicity. 
4. Drug interaction may occur at distribution level. 
5. Delayed action so cannot be used in emergency condition 

o pare: 
Free drug PPB drug 

I. Active I. Inactive 
2. Produces pharmacological effect 2. No effect. 
3. Rapid action, so can be used in emergency 3. Delayed action so cannot be used in emergency 

condition cond ition 
4. Short duration of action, due to metabolism 4. Sustained action 

& excretion 
5. No drug interaction 5. Drug interaction may occur at distribution level 

6. Short duration of action 6. Produces prolong toxic action 
7. {Jndergoes biotransformation 7. No biotransformation 
8/ Excrete through kidney 8. No excretion 

hat do you mean by redistribution of drug? Give example. (RU-15J,09Ju,08J) 
s. 

' Redistribution of drug: After administration, drugs are quickly distributed to the organs that are highly perfused, 

eg, brain. After sometime, the highly lipid-soluble drugs are distributed into other tissues from the first organ of 

distribution. This distribution of drug from one organ to another is called redistribution of drugs. 
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Mechanism of redistribution: This occurs due to higher affi nity to the second organ . Drugs are stored in that 
organ (cellular reserve) and are then released from there slowly. The greater the lipid solu bi lity of the drug, the 

faster is its redistribution. 

Examples of Drugs which are redistributed: 

D,rugs which are redistributed Tissues where redistribution occurs 
,Iodine • Thyroid 

' ()hloroquine • Retina 
- Ephedrine, Atropine • Iris 
Tetracycline, Iron. • Bone & teeth 

(Ref Goodman & Gilman 's-l 2th) 

// ' 
~ of redistribution: riopental 'Na is a highly lipid-soluble JV anesthetic. As the blood flow to the brain is ve,y 

high, thiopental-Na reaches to its maximum concentration in the brain within minute in case of IV injection. But there is little 
binding of drugs with the brain constituents and as a result, the drug is redistributed from the brain to the adipose tissues. 
The concentration of the drug falls in the brain tissue within minutes and the action of the drug in the brain is terminated. 
Thiopental-Na produces unconsciousness within I 0-30 seconds with a peak effect in I min & duration of anaesthesia is 5-8 
minutes. But its half life is 12 hours due to its redistribution. 

(Ref Goodman & Gilman ·s-l2th) 

Plasma Protein Binding (PPB) 

Plasma protein binding (PPB): Reversible binding of some plasma proteins with the drugs in the circulation is 
called plasma protein binding or PPB. 

Plasma proteins that binds with different drugs: 
Albumin: 

a. Principal drug binder. 
b. Usually binds with acidic drugs with high affinity; e.g. NSAIDs, Warfarin, Benzodiazepines etc. 

~ I-acid glycoprotein: Usually binds with basic drugs; e.g. P-bl~kers, Prazosin, Verapamil etc. 
J Globulin: 

o Thyroid binding globulin (TBG) 
o Corticosteroid binding globulin (CBG) 

Factors responsible for plasma protein binding: 
I. Affinity of the drug for the plasma protein 
2. Concentration of free drugs 
3. Concentration of plasma proteins 
4. Diseases causing hypoproteinaemia / hypoalbuminaemia (eg, chronic liver disease, CLO) 

Important characteristics / criteria of PPB: 
I. One drug can bind to many sites on the albumin molecule. Conversely more than one drug can bind with 

the same plasma protein. 
2. If two drugs has same binding site on a protein & are administered at the same time, affinity to bind with 

the protein determines the binding. Drug with better affinity binds with the protein & the other remains as 
free drug. 

3. As the binding sites may not overlap, two highly protein bound drugs (of same plasma protei n) do not 
necessari ly displace each other. Example: Both Probenec id & Indomethac in are highly bound to albumin; 
but d.on 't displace each other. 

4. Acidic drugs don't displace basic drugs & the vice versa. 
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5. There is equilibrium between free drugs & bound drugs. When free drug concentration decreases, protein 
bound drugs dissociate from binding site & the equilibrium maintains . . 

6 . As plasma proteins are not filtered through healthy glomerulus & free drug is eliminated along with 
plasma, the net concentration difference between bound & free drug remain as it is . 

7. Highly protein bound drugs are not removed by haemodialysis & need special techniques for the Rx of 
poisoning. 

Wha are the .consequences of plasma protein binding of a drug? (DU-I IJu, SU-1 IJ, RU-I 6Ju,08J,06S) 
tis the importance of plasma protein binding of a drug? (DU-l4Ju, CU-17M, RU-14Ju, SU­

M, 1 IJu) 
ns . 

Significance of PPB: 
I. High PPB restricts a drug into the vascu lar compartments. So, its volume of distribution is less. 
2. High PPB""=fuakes a drug long acting, because PPB makes the drug unavailable for metabolism or 

excretion. 
3. The drug bound with plasma protein does not exert its action but acts after dissociation into free drug. So, 

PPB acts as a~ mporary storage of drugs. 
4. If the affinity to plasma protein is more & the binding site is same, higher affinity drug can displace the 

other. So, concentration of free drug of 2nd one is more & excretion 1s increased. As a 1esult 211J drug 
needs frequent dosing. Moreover chance of adverse drug reaction or toxicity is increased. 

5. In chronic liver disease (CLO) or hypoproteinemia due to any cause, there is less PPB. So, frequent 
dosing needed & chance of toxicity is increased. 

What interaction may occur at the level of protein bound drugs? (SU-07 J) 
Give examples of drug interactions at the level of distribution. (SU-07 J) 
Gi examples of 5 extensive protein binding drugs along with its significance. (RU- l 6Ju, 14Ju) 

1ves 3 examples of the effects of drug displacement by competition for plasma proteins binding sites. 
(CU-0lM) 

ns. 
Clinically important drug interactions at the level of plasma protein binding: A drug having more affinity to 
plasma protein can dis face another drug having less atf1111ty for the same binding site. So the dtsplaced drug 
becomes free which is pharmacologically active an pro uces action. 

Displacing· drug: This · drug 'has Displaced drug: This drug has less affinity for . · Result/effect . 
,, 

J ' "' 
I , . r..:. l • 

'.\"!=_ .... ,. ..... ., ·, 
mo"i·<~ffinity for plasma protein. plasma protein. So it remains free in the plasma - . .. 

' S.9 ifremains protein-bound. and its concentration in plasma increases. 

v- Sulfonamide Bilirubin Kernicterus (newborn) 

j: .Salicylates 
.. ~ . 

!/ YitaminK 
~ r ::J~"'.,. -- -' 

• Sulfonamide Methotrexate Agranulocytosis 

• Salicylates 

;" Sulfonamide Tolbutamide Hypoglyce mic shock 
i"/ salicylates (()!'al h}:'.12.og!'t!._cemic agent) 

,_ 

n henylbutazone 

_..,Y" Salicylates Sulfonamide Sulfonamide toxicity 

~ Quinidine Diiwxin Di}.!;oxin toxicity 
• Yalproate Phenytoin Phenyto in toxi c ity 

/a ln_gomethacin & Phenvtoin Warfarin Bleedi1 w. 

(Ref Bennett & Brown-I I th: Tripat/11-61/1/ 22) 
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Q. Explain "plasma protein binding influences both pharmacodynamics & pharmacokinetics". (DU-08J) 
Ans. 
Effects of plasma protein binding on pharmacodynamics: 

I. If a drug is displaced from plasma protein, it would increase the unbound drug concentration and increase 
the effect. 

2. Highly plasma protein-bound drug is displaced slowly, and thus acts slowly. 
3. If a drug is displaced more from plasma protein, it would cause more toxic effect. 

Effects of plasma protein binding on pharmacokinetics: 
I. When the amount of unbound drug in plasma increases, the rate of elimination will increase. 
2. More plasma protein bound drug has increased duration of action . 
3. It helps to interpret the drug concentration measurement. 
4. When the plasma protein is lower than normal, then total drug concentration will be lower but unbound 

concentration will not be affected. 
5. Competitive binding of a drug with plasma protein can increase the serum concentration of another drug. 

(Ref Katzung-l 31h) 

s. 

Volume of Distribution (Vd) 
e volume of distribution. (CU-0 IM) 

at are the factors affecting volume of distribution? 
ort note: Volume of distribution. (DU-1 lJu) 

Volume of distribution {Yd): 

Definition: Volume of distribution (Vd) is defined as the virtual volume of plasma that would contain the total 
body content of the drug at a concentration equal to that in the plasma. 

(Ref Rang & Dale 's-8th) 
u I ifd' tr 'b 1. n 7 _1 Total amount of drug 
YO ume O IS l U zon ! r di = --------=---=--

P/as,rza concentration of drug 

Factors influencing volume of distribution: 
1. Lipid-water partition coefficient of the drugs. --
2. pKa value of the drug. 
3. Degree of plasma protein binding (PPB) 
4. Affinity for different tissues. 
5. Fat & le~n body ~~ss ratio (it can also vary with age, sex, obesity etc.) 
6. Patholog1cal cond1t1on such as CCF, CLO, uremia etc. 

(Ref Tripathi-6111119) 
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Nice to know 
Concept of volume of distribution: The calculated parameter for the Vc1 has no direct physical equivalent; 
therefore, it is usually denoted the apparent Vc1. A drug that is completely retained in the plasma compartment will 
have a Vc1 equal to the plasma volume (about 4% of body weight). The V" of drugs that are normally bound to 
plasma proteins such as albumin can be altered by liver disease (through reduced protein synthesis) and kidney 
disease (through urinary protein loss). On the other hand, if a drug is avidly bound in peripheral tissues, the 
drug's concentration in plasma may drop to very low values even though the total amount in the body is large. As 
a result, the Vc1 may greatly exceed the total physical volume of the body. For example, 50,000 liters is the 
average Vc1for the drug quinacrine in persons whose average physical body volume is 70 liters. 

(Ref Katzung & Trevor 's-1 I th edition) 

2 units 

V = Amount of drug in the body 
d Con.centration in the blood 

198 units 

Fig. Effect of drug binding on volume of distribution. Drug A diffuses freely between the 2 compartments and 
does not bind to macromolecules (heavy wavy lines) in the vascular or the extravascular compartments of the 
hypothetical organism in the diagram. With 20 units of the drug in the body, the steady-state distribution leaves a 
blood concentration of 2 units. Drug B, on the other hand, binds avidly to proteins in the blood. At equilibrium, 
only 2 units of the total are present in the extravascular volume, leaving I 8 units still in the blood. In each case, 
the total amount of drug in the body is the same (20 units), but the apparent volumes of distribution are very 
different. Drug C is avidly bound to molecules in peripheral tissues, so that a larger total dose (200 units) is 
required to achieve measurable plasma concentrations. At equilibrium, 198 units are found in the peripheral 
tissues and only 2 units in the plasma, so that the calculated volume of distribution is greater than the physical 
volume of th:_e system. 

(Ref Katzung & Trevor 's- 1 J th edition) 
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Q. Explain the effect of a large Yd on the half-life of a drug. 
ns. 

Effect of a large Yd on the half-life of a drug: A large Yt1 has an important innuence on the half-li fe of a drug, 
because drug elimination depends on the amount of drug delivered to the liver or kidney (or other organs where 
metabolism occurs) per unit of time. Delivery of drug to the organs of elimination depends not only on blood 
flow, but also on the fraction of the drug in the plasma. If the VO for a drug is large, most of the drug is in the 
extraplasmic space and is unavailable to the excretory organs. Therefore, any factor that increases the volume of 
distribution can lead to an increase in the half-life and extend the duration of action of the drug. 

(Re[' Lippincott 's-61h
; J 2J 

Q. Name 2 drugs with large volume of distribution. 
Q. Name 2 drugs with low volume of distribution. 
Ans. 

1. Fluoxetine (2500 litres) 
2. Imipramine (1600 L) 
3. Nortriptyline (1300 L) 

Digoxin 
Chloroquine 

DruCJs.witli low Yd 
1. Frusemide (7.7 L) 
2. Aspirin (11 L) 
3. Indomethacin 
~ Salicylic acid 
%. Valproic acid 

6. Amoxicillin 
6. A1npicillin 
7. Gentamicin 

Q. What info mation will you get if it is said that Yd of a drug is either low or high? (DU-98M) 
Q. W t d you mean by Vd of nortriptyline 1300 litres? 
Q. rit the significance of high volume of distribution. 

·te the significances of low volume of distribution. 
11 

Significance of high volume of distribution/ significances of low volume of distribution 

~ • ! 
/ ', _ Significance of high Vd (eg, 1300L) 

,, 
· °f:l,t~\ ' I ·- ,., .. : ~.' - Significance oflow Vd (eg, SL) -· ' ··r:, u"-

I. The drug is almost confined to the tissue, ie, it 1. The drug is almost confined to the blood, ie, it has 
has high tissue binding. less tissue binding. 

2. It has least plasma protein binding 2. It has high plasma protein binding 
3. Its distribution is high 3. Its distribution is low 
4. Prolonged half life 4. Short half life 
5. Its action is wide 5. Its action is restricted 
6. It is more lipid soluble 6. It is more water soluble 
7. It can be given orally 7. It should be given by in jection 
8. It can cross BBB 8. It cannot cross BBB 
9. It has CNS effect 9. It has no CNS effect 
I 0. Action is rapid I 0. Action is delayed 
11. Adverse effects are more 11. Adverse effects are less. 
12. In case of poisoning, the drug cannot be easily 12. In case of poisoning, the drug can be easily 

removed bv hemodialysis. removed by hemodialysis. 
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g Metabolism (Biotransformation) 
a clo you mean by drug metabolism? (DU-11 Ja) 

e biotransformation. (DU-l 7M; CU- l 6J,) SJ, RU-09/07/0SJ; SU-08Ju,07J,06S) 
s. 

iotransformation: Molecular alteration Qf a drug in the body to make it inactive and--5.L · le for excretion from 
the body is called biotransformation (drug metabolism). !'he process of metabolism transforms lipophilic drugs 
into more polar readily excretable products. 

Nice to know 
Why drug metabolism is necessary: Renal excretion plays a pivotal role in terminating the biologic activity of 
some drugs, particularly those that are polar and water-soluble. However, most drugs are relatively lipid soluble 
and are not excreted easily. Consequently, most drugs would have a prolonged duration of action if termination 
of their action depended solely on renal excretion. 

An alternative process that can lead to the termination or alteration of biologic activity is metabolism. In 
general, lipid soluble xenobiotics are transformed to more polar and hence more readily excreted products. The 
role that metabolism plays in the inactivation of lipid-soluble drugs can be quite dramatic. ~ mple, 
lipophilic barbiturates such as thiopental and p entobarbital would have extremely long half-lives if it were not for 
their metabolic nversion to more water-soluble compounds. 

(Ref Katzung-I J'hl / 56) 

he organs /organelles /sites of biotransformation. (SU-07J,06M/J) 

biotrans ormation occurs in the liver) 
Intermediate degree • Lungs 

• Kidneys 
• Intestinal mucosa 
• Skin 

Lower degree • Blood 
• Brain 
• Gonad 
• Eye 
• Adrenal glands 
• Placenta 
• Spleen 
• Leukocytes 
• Spleen 
• Cardiac muscles 

Organelles where biotransformation occurs: 
/ Smooth endoplasmic reticulum (mainly) 
r / Mitochondria 
T Cytoplasm. 

(Ref Misbahuddin-5'"112 '.) 

Q. What are the aims & objectives of biotransformation? (DU-06S, CU-l 5J,07Ju; SU- I 6J , l 4J , I I Ju ,08J ,07J) 
Q. Discuss the changes in biological activity of drugs caused by biotransformation. (DU- I 6J u, I I Ja) 

Pharmacology-IS 
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. . · ') (DU 17M 13 lu 06S CU-07 J 06S, RU -I 4J) Q Write down the consequences of b1otransformatton. - , · , · · ' 

Q~ Enumerate the mctions / im portance of biotransformation of drugs. (S U-07 J/Ju ) 
Q. E:xplai)Yth • urposes of biotransformation?_( RU-09J) 
Q. List hd uportancc of drug biotransformation ? (SU-I 2Ju) 

Ans. 7 d b' t f rmation / metabolism· s /, ob· ectives / ur oscs / consc uenccs / chan cs of ru 1 
IO rans O · 

· b I' ' ften converts lipophilic drugs into Pharmacokinetic propcrtv/ consequence: Drug meta o ism 0 

readi(y excreted polar products. 

B. Pharmacodynamic property / consequences: Alters biological activity of the drugs. 

1. Active drug is converted into il ctive metabolite: 
• Morphine --t Morphine-3-glucoronide 

2. Activg .drug is converted into another active metabolite: (Prolongs the drug action) 

/ Codeine --t Morphine 
Morphine --t Morphine-6-glucoronide 

• Paracetamol --t N-Acetyl-p-benzoquinone imine 
• Amitriptyline --t Nortriptyline 

Chloroquine --t Hydroxy-chloroquine 
Diazepam --t Oxazepam 

• Allopurinol --t Alloxanthine 
Digitoxin --t Digoxin 

• Imipramine --t Desipramine 

3. Inactiv7 drug (prodrug) is converted into active drug: 
•/ Levodopa --t Dopamine 
~ Talampicillin --t Ampicillin 

4. Toxic drug is converted into less toxic or non-toxic drug: 
Morphine --t Morphine-3-glucoronide 

5. Non-toxic drug is converted into toxic drug: 
1/ Parathione --t Paraxone 

more 

y Malathione --t Malaxone 
(Ref Bennett & Brown-11th) 

Q. Define prodrug? (DU-13Ju,12Ju, l 1Ju, CU-13Ju,05J, RU-13Ju, SU-17J,16Ju,15J,14J,09J) 
Q. What are the purposes/objectives of using prodrug? (DU-17J , RU-13Ju, SU-14J ,09J) 
Q. Explain thej linical importance ofprodrug. (DU-12Ju,04S, CU-0SJ , SU-17M,11Ju,04M) 
Q. Write dow6 the advantage and disadvantage of prod rug administration. (CU-13Ju, 12Ju) 
Q. Wh tis e utility/significance/importance of prodrug? (DU-13Ju, CU-06J , SU-15J) 
Q. G' e f r/two examples of prodrug. (DU-17J ,13Ju, SU-16Ju) 
Q. or note: Prodrug. (CU-06J , RU-l7J , SU-16J) 

P, o ru : 
Definition: An inactive precursor chemical that is readily absorbed & distributed & then converted to the active 
drug by biological process inside the body is called a prodrug. 

j (Ref Katzung-1 3'"!7) 
D! fi _ition: "There ~re. some chemical substa~ces which do not produce pharmacological effects until they are 
eht m1cally altered w1thm the body. Such chemical substances are called prodrug" . 

'"!") (Ref Misbahuddin-5 ) 
Si ortance: Prodrugs are used for the fo llowing purposes-
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Prodrug Active Advantage 

vTalampicillin Ampicillin j absorption 

-- Levodopa Dopamine Levodopa but not dopamine can cross the B13B. 
Dipiverine HCI Adrenaline High lipid so lubili ty of dipiveri ne gives the drug 14 7 times more 

penetrance than adrenaline, when applied over the eye fo r the 

treatment of glaucoma. 
/ 

2. To reduce unexpected tissue damage, eg, the cytotoxic drug cyclophosphamicle becomes active after It 

' has b een metabolized in the liver & can be taken orally without~ ausing i njury t o the GIT. 

~ To modify rout; of ~d ~ nistration: Fosphenytoin is a more solubleprodrug of phenytoi n and is rap idly 

converted to phenytoin in the blood. Phenytoin should never be given IM beca~se i t can cause tissue "'------- ---damage and necrosis . Fosphenytoin is the drug of choice and standard of care for IV and IM 
administration . 

To increase bioavailability of drug at receptor sites: Carbidopa (prodrug) is used with levodopa to 

prevent its breakdown by inhibiting peripheral dopa decarboxylase. 

Dopa - decarboxylase L-dopa __ ..:.,_ ____ __::_ __ ~ Dopamine 

To prevent peripheral biotransformation, or to avoid first-pass metabolism eg, 
Dopa - decarboxylase 

L-dopa --~----_:.._-~ Dopamine (In liver) 

Y,To reduce offensive odor of the drugs, eg, Chloramphenicol palmitate prodrug is used because of the 
bitter taste of chloramphenicol. 

~ To increase the specificity of drug action at desired site: Zidovudine is used in the form of zidovudine 
triphosphate. 

r o modify duration of action. 

Disa4vantage of prod rug administration: 
A. Requires activation before pharmaceutical action . 

Q. w i e own the prodrugs with their active metabolites . (SU-09J,05M, CU-0lM 
Q. W i down three/four/five prodrugs with their active metabolites & uses. (SU 
An . 
E oles of prod rug: 

A Prodru2: Active dru2: 
V Levodopa • Dopamine 

' 1/ ;ralampicillin • Ampicillin 

~V. a-Methyldopa • a-Methyl Noradrenaline 

f Prednisone • Prednisolone 

• Sulfasalazine • 5-Amino salicy lic acid 

• Cyclophosphamide • Aldophosphamide, Phosphoramide mustard 

,.-" Acyclovir • Acyclov ir triphosphate 

• Zidovudin • Zidovud in triphosphate 

• Proguanil • Cyc loguanil 

• Cholecalciferol • 1-a-Choleca lcifero l 

• Sulindac • Sulindac sul fide 

) 
-17J ,14J,06S) 

(Ref fl ennell & flro wn-11 th) 
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Q. Name the different reactions involved in biotransformation of drug with examples . (DU- I OJ) 
Q. Discuss the phases of biotransformation. (CU- I 5J,09J ,06S, SU-I 4J,06J) 
Q. Explain phase-I biotransformation with example. (SU-1 OJ) 
Q. Write down about phase-I & phase-II reactions of biotransformation . (CU-12Ju, RU-07/0SJ, SU-06S) 
Q. What is phase-II reaction? What are the reactions in phase-II reaction? (DU-I 7M, CU- I 6Ju ; RU-07 .J ; 

SU-12Ju, \ 1 Ju,\ OJ ,08Ju/J,07 J,06S) 
Q. Describe e synthetic phase of biotransformation with examples. (SU-17 J) 
Q. Outlin phase-TI biotransformation . Mention its importance. (SU-17M, 15Ju, 14Ju, 13Ju, 121) 
Q. ~ en on different conjugation reactions with examples. (DU-13Ju, RU-141,051; SU-061) 
Q0!J v does conjugation reaction take place? Mention their outcome. (RU-071, SU-081) 
uhort note: Phase-II biotransformation. (SU-151) 

1 Reactions / processes of drug biotransformation 

Phase I /Non-synthetic phase /Non-conjugation phase: Phase I reactions usually convert the parent drug to a 
more polar metabolite by introducing or unmasking a functional group (-OH, -NH2, -SH). Often these 
metabolites are inactive, although in some instances activity is only modifiedor even enhanced. There will be no 
new product. 

Criteria of phase I: 
/. The phase is catabolic in nature. 
/2 The drug may lose its activity. 
/f: The drug may retain its activity. 
/4. The drug may ga111 1 s activity. 
Y. Lipid solubility of the drug is decreased . 
6. Many phase-I ~roducts are not _eliminated ra_pidly due to insufficient polarity & go to phase-II phase 

subsequently. _It phase I metabolites are sufficiently polar, they may be readily excreted without going to 
phase-II reaction. 

Reactions of phase I: / cc. ~ 
/Microsomal 

odeine .- Morphine 

Cortisone .- H drocortisone 
Pethidine (Me iridine) .- Me iridinic acid 

on-microsomal 
drenaline/Noradrenaline .- Vanillyl Mandelic 

Acid (VMA 
Acetic acid .- Ethanal .- Ethanol 

ce !choline.- Acetate+ Choline 

Phase II/ Synthetic / Conjugation reaction: Parent drugs or hase I me b 1· · · 
substrates such as glucuronic acid sulfuric acid acetic acid . p .d ta o ites conJugate with endogenous 

h. h . ' , , ammo act etc to produce a drug co · t 1 
w ic is polar and readily excretable through the kidney. . - nJuga e comp ex 

Criteria of phase II: 
/ \ . The phase is anabolic in nature. 
/. Drug loses its activity. 
/. Lipid so lubility is totally destroyed. 
%. Drugs become polar. j Drugs are rea?ily excretable through the kidney or bile. 

Phase II reaction requires high energy. 

Reactions of phase II: 

r, Microsomal 
/. ~lucuronidation: Glucoronic ac id conjugation 

-I 
I 
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B. Npn-microsomal 

<(/ Sulfation: Sulphate conjugation • .. oc C?,... ~~~ \ .,,1:S+~rr.Sf~ 
Ly Amino a_cid or g lycine conjugation : !::::s:,.__\~c..y \Cd--"-/ rge'o""L=\c... f\~ ,cf)___ 

/5 . ~ Acetyla t&?n: Acetyl Conj ~gation ~ S,...,.__ \-Co.......--R~\~ ..pl"-0 <: .. Q.)~~ \ N \..\-
/ _,,,Methylat&on: Methyl ConJugation N A / A ../ _, 
y Mercapturic acid synthesis 

(Ref- Misbahuddin-f'l / 30-134) 

Absorption_ 

Phase I 

Drug--;-----------......... ....-+-
I 
1 Drug metabolite with 

Drug 
I 

Phase II 

Conjugate 

Conjugate 

-K
1 modified activity ---'--:a.. 

/ Inactive drug 
I metabolite > Conjugate 
I 

)I, 

I 
Drug --1---------------------------------

Lipophilic -------------------- Hydrophlllc 

Fig. Phase f and phase ff reactions, and direct elimination, in drug biodisposition. Phase If reactions 
may also precede phase f reactions. 

(Ref Katzung-1f1,l 5 7) 

Q. List thee zymes involved in biotransformation. (SU-131) 
a e the enzymes used /required in phase I reactions? 

s of biotransformation 
Microsomal enzymes: These are located on the smooth endoplasmic reticulum, mainly 
However, activity is also present in the kidneys, gastrointestinal trac, s ·11, rain, spleen etc. 

I. Mixed function oxidase (MFO) / Monooxygenases: 
• Cytochrome P450 (a haemoprotein) 
• NADPH-Cytochrome P450 reductase (a tlavoprotein) 
Amine oxidase 
Epoxide hydratase 
Glucoronyl transferases 
Hydroxy lase 
Dehydrogenase 

111 the Ii ver. 

c...0°so\ 
B. Non-microsomal enzymes: They are present on the cytoplasm & mitochondria of hepatic ce lls . They arl.'. 

found mostly in the liver, plasma, kidney & other tissues. Less lipid so luble drugs are metabo lized "vh ich 
cannot cross the microsomal membrane. 

I . Amylase 
2. Esterase 
3. Amidase 
4. Dehydrogenase- Alcohol and a ldehyde dehydrogenases. 
5. Hydrolase 
6. Reductase 
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7. Transferases- Acetyl transferase, Methyl transferase, Catechol-0-Mcthyl Transferase (COMT) j 
6. Sulfotransferase 

7. Glutath ion-s-transferase 
8. Monoamine oxidase (MAO) 

Q. Short note: Hepatic microsomal enzyme system. (CU-061) 
Ans. 

(Rel Misbahuddin-511
'! I 28,129) 

Hepatic microsomal enzyme system: Many drug-metabolizing enzymes are located in the. lipophilic 
endoplasmic reticulum membranes of the liver and other tissues. When these lamellar membra~es are isolated by 
homogenization and fractionation of the cell, they re-form into vesicles called microsomes. M,crosomes contain 
the important class of enzymes known as microsomal enzyme system. 

Microsomal enzymes: Write from above. 
(Ref Katzung-! 3'"158) 

Q. What do you mean by microsomal biotransformation? (SU-I OJ) 
Ans. . 
Microsomal biotransformation: It is the fundamental process for chemical alteration of a drug to make it 
suitable for excretion from the body under the influence of microsomal biotransfonning enzymes. 

Nice to k11ow 
• Most of the oxidation, reduction, ltydrolysis & glucuronidation are catalyzed by microsomal enzymes. Microsomal 

enzymes are inducible by drugs. The non-microsomal enzymes are not inducible, but many of them show genetic 
polymorphism (acetyl trans/erase, Pseudocholinesterase). 

• Microsomal & non-microsomal enzymes are deficit in the newbom, especially premature newborn. So, they are more 
susceptible to many drug toxicities (e.g. chloramphenicol, opioids). The deficit is mainly in Glucuronidation & it takes 
about 3 months to make up. 

• Oxidation reaction (Phase /): Oxidations are the most important drug metabolizing reactions. This reaction involves 
addition of oxygen (or negatively charged radical) or removal of hydrogen (or positively charged radical). Various 
oxidation reactions are as follows: 

I. Hydroxylation 
2. Dealkylation 
3. Deamination 
4. Desuljitration 

Microsomal oxidations require -
/. P450 
2. P450 reductase 
3. NADPH 
4. Molecular 0 1 

Viva Q. Name some drugs that are metabolized by acetylation. 
Ans. 
Drug metabolized by acetylation: 

I. Isoniazid 
2. Sulfonamides 
3. Acebutolol 
4. Procainamide 
5. Hydralazine 
6. Phenelzine 
7. Nitrazepam 

(Ref Goodman & Gilman 's-l 2th) 
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Q. What is en ro-hepatic recycling? What is its importance? 
Q. Enu~er te th_e ~rug~ th_at undergo entero-hepatic recycling. (CU-1 JJ) 
Q. 0 • e the chmc~I s.'gmficance of entero-hepatic recycling. (CU-1 JJ, I OJu) 
Q. u me therapeutic importance of biliary excretion. (SU-l SJu) 

S ort note: Entero-hepatic circulation and its cit' · I · 1· · mca imp ,cations. (RU-l 4Ju) 
ns. 

General Pharmacology 

Entero-hepatic recycling· Glucuronidat' · 
. . b'I E d ·d ion increases the molecular weight of the drugs which favours its 

excretion m I e. xcrete rugs through b · I b · 
. & b b . & d I e can e metabolized by normal flora of intestine. The drugs get free 

agam rea sor agam un ergo the sam ~ t Th ' · · e 1a e. 1s 1s called entero-hepatic recycling. 

Mechanism: Glucuronidation of drug -> E · f . 
. 'd b 

1 
. xcret10n o drug through bile - Detachment of the drug from 

Glucuromc ac1 Y g ucuromdase by norm I fl I b · · · a ora actena - Reabsorpt1on of the drug -> Metabolism --­
the cycle repeats. 

Drugs that undergo entero-hepatic recycling 
("f. Oral contraceptive pills (OCP) 
<'2· Tetracycline 

Clinical significance of entero-hepatic recycling: 
l. Increases the life time of the drug and thus small amount of drug can cause prolong action through this 

cycje, eg, OCP. 
2. Recycl_ing causes less frequent dosing eg, OCP, Phenolphthalein. 
3. Excretion of some drugs through bile (eg, tetracycline) can be used to treat the infection of biliary tree or 

dxsentery. --
4. Sometimes it may cause drug toxicity. 

Q. What factor odify hepatic biotransformation of drug? (CU-121, I IJ,09J) 
Q. Enumer factors modifying drug biotransformation? (DU-06S; CU-16Ju/J; RU-04M; SU-07Ju) 
Q. EXP, how age modifies drug biotransformation? (SU-08Ju, RU-06M) 
Q. genetic factor modifies drug biotransformation? (RU-06M; SU-08Ju) 
A 

actors modifying drug biotransformation: 

/ ~: . 
- / ' In extreme of ages (too young & too old), there is decreased enzyme activity. 

f 

1" In pr_;;;e babies, enzyme system (mainly enzymes for phase II reactions & specially glucoronidation) 

is poorly developed - less biotransformation - development of toxicity. For example, administration of 

chloramphenicol in the premature babies causeslG¾qy baby syndro..miJ 
- ' 9'. \ 

In elderly, enzymes of phase I reactions are less active k' ne & liver functions are impaired-+ less 

biotransformation & less drug elimination - development of toxicity. For example, conven 10nal doses 

of streptomycin may cause adverse effects. Conventional doses of benzodiazepines may cause CNS 

depression. 
/ In young adult, enzyme system is well developed -+ proper biotransformation - tolerate conventional 

adult doses. 

Sex: Testosterone is an enzyme inducer and estradiol is an enzyme inhibitor. So, males have greater ability to 
metaoolize drugs than female. 

7' Race: In J 0% American black, administration ofoxidative drugs (primaquine) causes hemolytic anemia. 

/ Nutritional status: Mineral (eg, calcium, copper, selenium), vitamin (eg, vitamin C) and protein defici ency 
causes decreased activity of enzymes of biotransformation. 
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Genetic factors : Genetic deficiency of drug-metabolizing enzymes cause less b1otransio1 matron & produce 

toxicities. For example, · · d d · 
• uccinylcholine (a muscle relaxant used in anesthesia) causes mu~cle p~ral~srs req_ur,re u~mg sur_gery. 

\t is metabolized by the enzyme pseudocholinesterase and then, its action is tenrnnated. If .the enzyme 
· d fi · t · abnormal then there w1 ll be less pseudocholinesterase is genetically absent or e 1c1en ot , . . 

· d Tl · lead to respiratory muscle paralysis & biotransformation and prolonged action of the rug. 11s may 

Jdeath . 
,• Some people genetically possess high level of acetyl transfcrase referred as rapid acetylator and vice 

versa as slow acetylator. 
o Rapid acetylator: Isoniazid drug-+ j Acetylation-+ jBiotransformat_ion -+ ~equ_ire. lar~e dos_e . . . 

o Slow acetylator: Isoniazid-+ tAcetylation of isoniazid-+ !Metabolism & jisomazid btoavatlabrl1ty 

-+ jPyridoxine excretion-+ causes peripheral neuropathy-+ so, low dose of isoniazid is given. 

/ Pathological condition: 

• 
• 
• 
• 

Liver disease 
Nephrotic syndrome 
Hypothyroidism 
Hypopituitarism 

~ t Biotransformation 

• Hyperthyroidism -+ jdrug biotransformation 
• Kidney disease-+ tinsulin biotransformation 
• Pulmonary disease-+ tisoprenaline biotransformation 

;r. Environmental factors: 
I • In urban people: jHydrocarbon production-+ induces microsomal enzymes-+ jdrug biotransformation. 

• People living in high altitude: -+ tmicrosomal enzymes-+ !drug biotransformation. 
• Smoking-+ benzo(a)pyrene of cigarette induces microsomal enzymes-+ jdrug biotransformation, eg, 

theophylline, imipramine. 
• Alcoholism: 

o Acute alcohol intake-+ tdrug biotransformation. 
o Chronic alcohol intake-+ jdrug biotransformation. 

8/ Rate of absorption: Increased rate of absorption permits higher concentration of a drug at the active centers 
of enzymes involved in its metabolism. 

Y, Transfer across cell membranes: Most of the drug metabolizing enzymes are located intracellularly. So 
more lipid soluble drugs enter the cell faster than water soluble drugs and are metabolized earlier. 

ft Protein binding: Extracellular and intracellular protein binding reduces drug metabolism. 

~ Excreti~n: The more rapid the excretion of a foreign compound or its product, the less is the opportunity for 
mteract1on of the compound or product with critical target molecules in the organism. 

J/2ircadian rhythms: This variation is thought to be largely due to the result of a variation of levels of the 
enzymes of the P450 monooxygenase with the variation in the endocrine functions in different times of dav 
and night. · 

£. Enzyme induction: Causes increased metabolism of drug. 

~ nzyme inhibition: Causes decreased metabolism of drug. 

(Ref Misbahuddin-51h/ l 37+ 0rhen,) 
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1 e enzyme induction. (DU-12Ju,10J; CU-07Ju; RU-10Ju,06J,01M) 
rt note: Enzyme induction. (CU-04M, RU-l 5Ju, SU-l 7J) 

plain enzyme induction with examples. (DU-l 6Ju, CU-07 J) 
ns. 

Enzyme induction: 
Definition: Enz~~e in~uctio~ is th~ process of ~ reasing synthesis and activi ty of hepatic microsomal enzymes 
by repeated admmistration of mducmg drug/agent. Enzyme iuductiou results in increased metabolism and usually 
in a decrease in the pharmacolog1c action of the inducer and also of co-administered drugs. 

~ ~-anism of induction: Enzyme inducers interact with DNA & increase the synthesis of microsomal enzymes, 
especially cytochrome P450 & Glucuronyl transferase. As a result, rate of drug metabolism of inducing drug&/ 
or the co-administered drugs is increased. 

Pro.,..-ties of induction: 
!1/ Highly lipid-so~ubl~ drugs that have long half life usually induce enzymes . 
.-,,z._ Enzyme mduct1on mcreases the rate of metabolism by 2-4 folds . 
/. Enzyme induction is a chronic process (where enzyme inhibition is an acu.te process & may occur within 

hours). 
Y. Single dose cannot induce drug metabolism. It takes 4 -14 days to reach the peak & is maintained till the 

inducing drug is being given . 
y-rhe enzyme returns to their original value over 1-3 weeks. 

Q. State with xamples the clinical significances of enzyme induction. (RU-09J) 
Q. Mention he clinical significance of enzyme induction. (DU-12Ju, I0J,07M; CU-07J,05S; RU-I 0Ju,06J; 

SU-13 
erate the importance of stimulation of hepatic drug metabolizing enzyme. (CU-17M) 

1ficance of enz me induction: 

1. Therapeutic failure of the primary drug: 
• Failure of contraception: If an OCP user female is treated with Rifampicin (an anti-TB drug), increased 

metabolism of OCP will b ccur due to enzyme inducing activity of rifampicin. So, there will be 
contraception failure. _ 

• ) ntermittent use of an inducer may interfere the drug concentration of other regular medications; e.g. oral 
hypoglycemic drugs, anti-hypertensive drugs, anti-epileptic drugs etc. 

• Treatment: Dose adjustment of regular therapy. 

2. Development of tolerance: Repeated administration of a drug may induce its own metabolism, a process 
called autoinduction. This autoinduction causes development of tolerance. Drugs which develop tolerance by 
enzyme induction are rifampicin, carbamaze ine, phenobarbitone, etc . 

..J;llrehanism: Phenobarbitone---+ uto induction---+ Pheno ar ,tone increases its own biotransforming enzyme 
-+ jMetabolism of Phenobarbitone - Phenobarbitone tolerance (Pharmacokinetic tolerance) 

3. ~velopment of drug toxicity: Induction may ca~se increased metabolism of a dru~ t? a toxic_ metabolite; 
e.g. Rtfampicin---+ Enzyme induction - jMetabohsm of paracetamol to a more toxic mtermed1ate NABQI 
which binds with cell protein ---+ Hepatotoxicity. 

4. Disease may result by induction: e.g. Antiepileptic drugs increase the breakdown of dietary and endogenous 
v1tamm-D, producmg an mactive metabolite. So, a vitamin D deficiency state results which can cause 
osteomalacia. 

!<' Metabolism of some endogenous substances are also increased; e.g. steroids, bilirubin . 

fa Enzyme induction causes individual variation of drug response. 
(Ref Bennett & Brown-I 1th; Tripathi-6t1'/ 27,28) 

Q. Name some enzyme inducers . (DU-12Ju, RU-06]) 

Ph arrnacology-16 



TM 102 Blueprint Pharmacology 
Q. N~ f four enzyme inducing drugs with clinical significance. (DU-07M; RU-I 3Ju) 
Q. 1Ygt four enzyme that stimulate hepatic microsomal enzyme. (RU-I !Ju) 

s. 
Enzyme inducing drugs: 

/4 Rifampicin 
~ Barbiturates (eg, phenobarbitone) 
/3/ Phenytoin 
/4. Phenylbutazone 

5. Carbamazepine 
6. Griseofulvin 
7 Testosterone 

8. Hydrocarbon 

Inducer 
Rifampicin 
Phenobarbitone 
Phenytoin 
Rifampicin 
Phenobarbitone 
Phenytoin 
Phenylbutazone 
Phell6bff(bitone 

Drug whose metabolism is induced 
Oral contraceptives 

. Oral contraceptives 
Oral contraceptives 
Warfarin 
Warfarin 
Warfarin 
Warfarin 
Chloramphenicol (in premature baby) 

A t is enzyme inhibition? (RU-06J) 
Ans. 

Effect 
Failure of contraception 
Failure of contraception 
Failure of contraception 
Decreased anticoagulation 
Decreased anticoagulation 
Decreased anticoagulation 
Decreased anticoagulation 
No Gray baby syndrome 

(Ref Katzung-1 J ' 

--

170) 

Enzyme inhibition: Enzyme inhibition means inhibition of drug biotransforming enzyme, particularly 
cytochrome P450 microsomal enzymes. 

Enzyme inhibition is an acute process. It occurs faster (within minutes) compared with enzyme induction. Single 
dose can inhibit the enzyme. 

Effect 
Warfarin 
Warfarin 
Tolbutamide 
Azothio rin 

Q. Nam: ~me enzyme inhibitors. (DU-I 2Ju, RU-04J) 
Q. Nam~ u;patic enzyme inhibitors. (SU-04M) 
.~ or/five drugs that inhibit hepatic microsomal enzyme. ( DU-07M, R U-1 IJ u) 

. 
inhibitors: 

Inhibitor Drug Whose Metabolism ls Inhibited 
Allopurinol, chloramphenicol, isoniazid Antipyrine, dicumarol, probenecid, tolbutamide 
Cimetidine Chlordiazepoxide, diazepam, warfarin, others 
Dicumarol Phenytoin 
Disulfiram Antipyrine, ethanol, phenytoin, warfarin 
Ketoconazole Cyclosporine, astemizole, terfenadine 
Nortriptyline Antipyrine 
Oral contraceptives Antipyrine 
Phenylbutazone Phenytoin, tolbutamide -
Secobarbital Secobarbital 

fl 

(Re}: Katzung-13 /10! 
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Q. State · exa~1~les t~e ~linical significances of enzyme inhibition. (RU -09.1) 
Q. ion the chmcal s1gmficance of enzyme inhibition . (DU-07M) 

ention the clinical significance of microsomal enzyme inhibition. (SU- 17M) 
s. 

Significance of e~zy~_e inhibition: 
l. Enzyme mh1b1tors reduces metabolism of primary drug and thus effectiveness of primary dru g is 

increased. 

2. Decrease cost of therapy by decreasing the dose of the principle drug with the he lp of enzyme inhibito r. 
Example: Cyclosporine (immune-suppressive drug) used in graft operation in 2-3 divided doses for 2 1

/ 2 -

3 months. But with Ketoconazole (enzyme inhibitor) I dose of cyclosporine daily for i/2 - 3 months 
decreases 50% of cost. 

3. There is increased chance of toxic effects of primary drug. 
(Ref Katzung-1 f"l 59) 

Drug Excretion 
efine drug excretion. (RU-07J,05M,04M) 

ns. 
Drug excretion: It is the process by which a drug or its metabolites are eliminated from the body. 

Q. Enumerate e processes of drug excretion with examples. (SU-14J ,10/09J, CU-l 1J ,06J) 
Q. Lists the outes of drug elimination. (DU-06M; CU-09J, RU-09Ju,07J, SU-04S) 
Q. f n minor routes of drug elimination with examples. (SU- l 5Ju) 
A . 

Major routes 1. Kidney (MW < 300) 
• AI!jn!gs except plasma protein bound drugs, eg, fruse~ ide, pethidine. 

2. Hepato-biliary process (MW > 300) 
.,,,.- Antimicrobials 

• Benzodiazepines 
• Tetracycline 

Chloramphenicol 
• Cardiac glycosides 
• Rifampicin 
• Chlorpromazine 

3. Gastro-intestinal 
./m Antacid 

• BaS04 
• Aminoglycoside 

4. Lungs 
Inhalation anesthetic (eg, halothane, N 20 , ether) 

..r' Alcohol 
Minor routes 1. Skin (sweat): Vitamin C, iron, griseofulvin 

2. Saliva: Mo hine, caffeine 
3 . Breast milk: Mor~ phenobarbitone, benzilllli!Z.epines, penicillin . 

4. Vagina: M ronidazole -;;;,- \ .. 2~~ ~ 'Y\ '""1"1ii::..b. t._--.yrrrr--G..._3 ,.H~ -;-y-'-1 · ~ 
5. Tear: Rifampicin 
6. Hair/ nails: Mercu r arsenic, lead . 

erate general principles of drug excretion through kidney. (DU-06M , C U-02 M) 
ortly explain the renal mechanism of drug excretion. (CU-09J , SU- I 4J, I 0/09J , DU -06 M ; RU-07.1 ) 

· How does kidney handle the drug metabolites? (RU-07J) 
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Ans. . I . 3 b . I . 
General principles of drug excretion through kidney: Renal excretion involves tol owing as1c mec 1an1sms-

V Glomerular filtration (passive process) 
¼ ubular secretion (active process) 
/ Tubular reabsorption (active + passive process) 

Net renal excretion = (Glomeru/ar filtration + Tubular secretion) - Tubular reabsorption 

A. GI merular filtration GF : GF depends on-
Molecular weight of tlte drug: Drugs with MW <10,000 Dalton are easily filtered . Drugs with MW 
>50,000 Dalton are not filtered except heparin, dextran, protein hormone. 

~ Plasma protein binding (PPB): Only free drugs are filtered through the glomerular membrane . Plasma 
albumin (MW 68000) is almost completely impermeable, but most drugs-with the exception of 
macromolecules such as heparin- cross the barrier freely. If a drug binds appreciabfy to plasma albumin, 
its concentration in the filtrate will be less than the total plasma concentration. If, like warfarin, a drug is 
approximately 98% bound to albumin, the concentration in the filtrate is only 2% of that in plasma, and 
clearance by filtration is correspondingly reduced. 

Concentration of drug in plasma a Free drug en.ters 
glomerular filtra1e 

Renal blood flow: In shock --. trenal blood flow --. tdrug 
excretion. 

~ GFR: Congestive cardiac failure, renal failure--. tGFR--. 
tdrug excretion. 

/4 Polarity of drug: 
• Charged drug --. slowly filtered. 
• Neutral drug--. rapidly filtered. 

B. Active tubular secretion: Tubular secretion is an active 
process. The cells of the proximal convoluted tubule actively 
transport drugs from the plasma into the lumen of the tubule. 
There are at least two types of transport systems-

Acidic/anionic transport protein: Transport acidic drugs 
(eg, metabolites of glycine, sulfate or glucuronic acid 
conjugates). Unchanged drugs such as penicillin can also be 

y creted. 

£ Basicl~ationic transport protein: Transport basic drugs ( eg, 
morphme, . amiloride, histamine, ethambutol, 
hexamethonmm, catecholamines etc.). 

l!I Actrve 
Usecretion 

ft Passive 
1':1 reabsOrption 

of lipfd-soluble, 
1.1n--lionized 
drug which 
h&sbeen 
eoncentrated so 
that the Intra· 
lumlnal co.nce-.n· 

F'.' u, than that tn the 
tration i'.S gre.a1e-r l 

1g. rinary elimi~ation of drugs and metabolites by glomerular perlvasc:ular space. 
1 filtratwn and/or tubular secretion and reahsorption. 

Proxlma,1 
tubule 

Loop of 
Henle 

Distal 
llibOle 

CoUecung 
duct 

C. Tubular reabs f Th b Ionized, lipid-__ .......,.........;a..aa.a:.=.=_o;.:.r.1::p~1:.:a::o.!!n: e rea sorption of drug from the inso!uble dtug 
lumen of the distal convoluted tubules into the I into urine . P asma occurs 
either by simple diffusion or by active transport M t d · 
tubular reabsorption delays drug exc f E · os ru~s are reabsorbed by simple diffusion . Passive 

re 10n. xtent of reabsorpt1on depends on-
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' Lipid solubility: Lipid soluble drugs are more reabsorbed . Water soluble drugs arc more excreted . 

Degree of ionization/ pH of drugs : 
Acidic drug in acidic urine-+ Less ionization-+ More lipid soluble-+ More reabsorbed . 

f Alkaline drug in alkaline urine-+ Less ionization-+ More lipid soluble -+ More reabso rbed . 
Acidic drug in alkaline urine-+ More ionization-+ Less lipid soluble-+ More excreted . 
Alkaline drug in acidic urine-+ More ionization-+ Less lipid soluble-+ More excreted. 

(Ref Misbahuddin-5'"1 l 39, I 40) 

Q. Enumerate the factors that can influence drug elimination/excretion. (CU-13Ju, SU-15Ju) 
Q. Mention e factors modifying renal excretion of drug. (DU-07M, CU-15Ju, 11 J,09Ju,07J , RU-05M) 
Q. Enum ate factors that can modify glomerular filtration and tubular secretion. (CU-06S) 
Q. E in how urinary pH influences / modify drug excretion? (DU-06M; CU-14Ju, SU-12Ju,06S ; RU -

7 ,14Ju,13Ju) 
. plain the role of pH of media in drug excretion with example. (SU-13J) 

Factors modifying renal excretion of drug: 

A. Factors related to drug: 
1. Molecular weight of the drug: Drugs with MW <10,000 Dalton are easily filtered. Drugs with MW 

>50,000 Dalton are not filtered except heparin, dextran, protein hormone. 

2. Plasma protein binding (PPB): Only free drugs are filtered through the glomerular membrane. If a drug 
(i.e. warfarin) is approximately 98% bound to plasma albumin, the concentration in the filtrate is only 2% 
of that in plasma and clearance by filtration simultaneously reduced. 

3. Concentration of drug in plasma 

4. Drug interaction at the level of tubular secretion: The tubular secretion of drug (being an active process) 
can be suppressed by a competing substance; e.g. 
Probenecid + penicillin : Probenecid competes with _penicillin for secretion into renal tubule and thus 
suppresses the secretion of penicillin. As a result, the excretion of penicillin is decreased and the action of 
penicillin is prolonged. 

5. Polarity of drug: 
• Charged drug-+ slowly filtered. 
• Neutral drug-+ rapidly filtered. 

6. Lipid solubility: More lipid soluble drugs are more reabsorbed . More water soluble drugs are more 
excreted . 

7. Degree of ionization/ pH of drugs: 
• Acidic drug in acidic urine-+ Less ionization-+ More lipid soluble-+ More reabsorbed. 
• Alkaline drug in alkaline urine-+ Less ionization-+ More lipid soluble-+ More reabsorbed. 
• Acidic drug in alkaline urine-+ More ionization-+ Less lipid soluble-+ More excreted. 
·• Alkaline drug in acidic urine-+ More ionization-+ Less lipid soluble-+ More excreted . 

B. Factors related to kidney: 
I. Renal blood flow: In shock-+ !renal blood flow-+ !drug excretion. 
2. GFR: Congestive cardiac failure, renal failure-+ !GFR-+ !drug excretion. 

Q. How renal excretion of a drug can be increased? (SU-OSJ ,04S) 
Q, liow excretion of an acidic drug can be enhanced? (C U-06J) 
Q, liow urinary excretion of a phenobarbitone can be increased? (S U-OO S ) 
Q. Explain the Manipulation of urine pH in drug overdose. (DU- l 6Ju) 
Ans. 

(Ref Tripwhi-61!'/ 30, 31) 
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R · I excretion of a drug cn n be incrcnscd by: 
I . By hanging the I H f the urine: 

be excl·eted more by mak ing the urine alka li ne (as w·itli • ·ictic drug (cg, phcnobarb it ne) can 

• 
al-I , i). k' I . .d . ( 
lk ,lin~ drug (cl'.. morphine, pethidine) can be excreted more by ma 111 g t 1e uri ne ac i 1c as With 

l-14 I). 
Diur 'tics: Diureti cs increase excretion of drugs. 
Intake of plenty of water causes excretion of dru gs by diures is. . . 

4. I infusion of normal sa line, plasma or blood cause excretion of drugs by diures is. 

Q. What factors modify the drug excretion through lungs? (CU-08Ju) 
An. 
Factors modifying drug excretion through lungs: . . . ,, . . . 

l . Lipid solubility of the drug in blood: "The Blood : Gas part1t1on coefficient 1_s a useful. tnd,_cator of 
solubility & defines the relative affinity of an anesthetic for the blood compared wit~ ~hat of inspired gas. 
Inhaled anesthetic that are relatively insoluble in blood (i.e. low blood: gas part1t1on coefficient) are 
eliminated at faster rate than the more soluble anesthetics. 

2. Lipid solubility of drug in tissues: Anesthetics with higher lipid solubility continue to enter adipose 
tissue for hours & also leave it slowly. 

3. Pulmonary ventilation: An increase in pulmonary ventilation is accompanied by only a slight increase in 
arterial tension of an anesthetic with low blood solubility or low coefficient but a significantly increase 
tension of agents with moderate to high blood solubility. 

4. Pulmonary blood flow : jPulmonary blood flow - jPulmonary excretion . 

5. Alve ar exchange: j Alveolar exchange - jPulmonary excretion. 

ain with examples how the action of a d·rug can be prolonged. (DU-16J ; CU-141, SU- l 4Ju,08Ju; RU­
M) 

How can you delay the excretion of drugs? (CU-04S, RU-03S) 
Ans . 
Prolongation of drug action: 

I . By prolonging absorption from site of administration: 
• In oral route: 

/ Sustained release tablets 
Controlled release tablet/ capsules 

o Spansule capsules 
o Coating of drug particles with resins, plastic materials 

• Parenteral route: 

Spansule: Capsules containing 
medicines, coated with materials havino 

0 

slow dissolving rates so that the 
medicine is delivered at a time after the 
capsule is taken . Origin: span + (cap)sule 

o The SC & IM injection of drug in insoluble form prolong the drug action; e.g. benzathine penici llin, 
lente insulin. 

o As oily solution of SC & IM injection; e.g. Depot progestins. 
• Transc. ermal drug delivery system: 

o The impregnated drug in adhesive patches, strips or as ointment applied on skin is becoming popular; 
e.g. GTN. 

2. By increasi~g plasma protein bin~ing: Drug congeners have been prepared which are highly bound ro 
plasma protem & are slowly released m the free active from ; e.g. sulfadoxine. 

3. By reducing rate of distribution: Adrenaline is added with local anesthetics. Adrenaline causes 
vasoconstriction ~ hich reduces the spread of local anesthetic agent to the surrounding tissues & the blood. So 
the local anesthetic agent acts loca lly fo r a prolonged period. 



107 General Pharmacolobry 

-+ . Bv reducing rate of metabolism: 
• Small chemical modification : Addition ofan ethinyl group to estradiol , eg, OCP . 
• Inhibition of specific enzymes: Allopurinol inhibits the degradation of 6-mercaptopurine. 
• Inhibition of microsomal enzymes by drugs, eg, cimetidine, metronidazole, disulfirum, isoniazid etc. 

s. By reducing renal excretion: The tubular secretion of drug (being an active process) can be suppressed by a 
competing substance, resulting in prolongation of drug action. 
For example: after simultaneous administration of probenecid & penicillin, both drugs compete for the 
same active site of the carrier protein for secretion into the renal tubules . But probenecid has more affinity for 
the carrier protein . So, probenecid is secreted into the renal tubule, whereas penicillin remains in the plasma. 
Thus the action of penicillin is prolonged. 

6. Others: 
• Increase the dose 
• Increase frequency 
• By decreasing gut motility. 

(Ref Tripathi-6th/35,36) 

Advantages of prolongation of drug action: 
1. Frequency of administration is reduced & it is more convenient & cost effective. 
2. Improved patient compliance: A single morning dose is more likely to be forgotten than a 6 / 8 hourly 

regimen; a monthly or quarterly administered contraceptive over one that has to be taken daily. 
3. Large fluctuation in plasma concentration are avoided- side effects related to high peak plasma level 

just after a dose (e.g. nifedipine) would be minimized ; better round-the-clock control of blood sugar etc. 
4. Drug effect could be maintained overnight without disturbing sleep; e .g . anti-asthmatic, anticonvulsants . 

(Ref Tripathi-5'"135) 

Q. Name some drugs excreted in milk. What is its clinical importance? (RU-02J) 
Ans. 
Drugs excreted through breast milk: 

1. Barbiturates, eg, phenobarbitone 
2. Benzodiazepines 
3. Amphetamine 
4. Anticancer drugs 
5. Ampicillin 
6. Aspirin 
7. Folic acid 
8. Tetracycline 

Clinical importance of breast milk elimination of drugs: Drug enters into the infant body & can produce its 
adverse effect. For example-

1. If a lactating mother takes CNS depressant drugs, it will pass to baby via milk and will cause CNS 
depression to the baby. 

2. If a lactating mother takes tetracycline, it will pass to baby via milk, deposit to bone & teeth and will 
cause growth retardation. 

(Ref Tripathi-6'"191 2) 
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Nice to know 

Dru<,, that are contrnind icatcd <lurin breastfeed in 

l. Barbiturates 
2. Benzodiazepines 
3. mpheta1.nii1e 
4. Anticancer drugs 
5, Azathiopr_ine · 

. 6. · Amjlorid~ ··· 
7. 

.1. 
2., 

l ' 

'I ' ' 

fl• :. 
,• ,I 

')I, • 

l ', 

-
Fecal elimi nation of dru s · 
J. Oral contraceptive pills (OCPs)' 
2. Erythromyc in ' 

' ' 

3. Ampicillin ·,·~ 
4 .. Ri fctmjJici,n : · 
5. Tetracyclf~e '·. 

1 

6. · Phenolphthalein · 
7. '. Heavy metc1 l ... 
8. A)~tl;race,{e 'purgatives 

(Ref Tripathi-61'/93 & 912) 

Viva Q. Why should we be cautious about use of diazepam in a lactating mother? 
Ans. Caution of diazepam administration in a lactating mother: About 90% drugs (although at a trace amount) 
can reach the child through breast milk. Diazepam -+ Reaches to child through breast milk -+ Skeletal muscle 
relaxation -+ Child will be unable to suck milk-+ Child remains sleeping. 

~ rize order kinetics in relation to plasma half life. (SU-14Ju) 

~ -rate at which absorption, distribution, metabolism and excretion takes place follow two orders­
First-order ( exponential) kinetics 
Zero-order (saturation) kinetics 

(Ref Bennett & Brown-I J1" edition) 

Q. What do you mean by first-order kinetics? Give examples. (CU-07J,06M, SU-06M) 
Q. ort e: First order. kinetics. (DU- l 3J) 

. S rt note: First-order elimination. (DU- I OJ) 
s. 

First order kinetics 
Definition: In the majority of instances the rates at which absorption, distribution, metabolism and excretion of a 
dr~ occur are directly proportional to its concentration in the body. This is called first-order kinetics. In first­
order k111et1cs, a constant fraction (percentage) of a drug is metabolized and eliminated per unit time. 

(Ref Bennett & Brown-I J1" edition+ Lippincott 's -611'/13) 

Explanation: The metabolic transformation of drugs is catalyzed by enzymes, and most of the reactions obey 
Michaelis-Menten kinetics: 
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f. d b 1. Vmax [C) y === Rate o rug meta · o ism = ----
Km +[C) 

In rnost clinica l situations, tl~e concentration of the drug, [C] , is much less than the Michaelis constant , Km, and 

the Michaelis-Menten equation reduces to, 
. Vmax [C] 

V === Rate of drug metabohsm = ---
Km 

~ ... 
Therefor ; rate of drug metabo/rsm rs directly proportional to the drug concentration. 

· · ' 6th/13) (Ref L1pprncoll s-
fe pie: A drug X follows first order kinetics and is excreted 50% of its initial plasma concentration per unit 

time. 
50% excreted (first hr) 50% excreted (2nd hr) go mg administered ------==------~4 40 mg----------'---7 20 mg 

50% excreted (3rd hr) 50% excreted ( 4th hr) 50% excreted (5th hr) >\ , 
IO mg ------'---~ 5 mg : \ 

2.5 mg--

Criteria: \ 
. In doses used clinically, most drugs are subject to first-order processes of absorption, distributio1\, 

/I metabolism and elimination. 
/2/ Rate of metabolism is proportional to the plasma drug concentration. 
A. Rate of elimination is proportional to the plasma drug concentration. 
;5 Half life of the drugs is constant.' . · r ~nzyme in liver is in excess, so metabolism of a drug can increase whenever its plasma concentrntion 

/ increases. . 
/6. In this mechanism, there is less chance of toxicity, because increase in dose of drug increases its 

tabolism and elimination. 

follow 1st order kinetics: 98 - 99% drugs follow first order kinetics. 
I. Low dose Aspirin (75 mg) 
2. Phenobarbitone 
3. Paracetamol 
4. Carbamazepine 
5. Low dose phenytoin (25 mg) 

j 
i.you mean by zero order kinetics? Give examples. (SU-06M) 
~ :~t~: Zero-order kinetics. (DU-13J) 
hort note: Zero-order elimination. (DU- I OJ) 
. 
o order kinetics I non-linear /saturation kinetics: 

efinition: When the rates of metabolism and excretion of a drug do not vary with the drug concentration in 
the body and a fixed amount of drug is metabolized or excreted per unit time, it is called zero-order kinetics. 

(Ref Bennett & Brown-I Jt11 edition+ Lippincott 's-61"! 14) 

Explanation: Enzyme-mediated metabolic reactions most commonly show zero-order kinetics, because the 
amount of enzyme present is finite. As the amount of drug in the body rises, the enzymes become saturated and 
the rate of metabolic reactions or processes reaches the maximum amount at which it stays constant. Pass ive 
diffusion does not become saturated. 
, (Ref Benne/I & Brown-It" edition) 
With a few drugs, such as aspirin, ethanol, and phenytoin, the doses are very ,<1rge. Therefore [C] is much 
greater than Km, and the velocity equation becomes-

11 harrnacology-17 
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Vmax !Cl 
V = Rate of drug metabolism = .·C] 

Km+[ 

Vmax [C] mihen re'] is much greater than K,,J 
V = Rate of drug metabolism= [C] 1 "· L. 

V=Vmax 
. . · n and the rate of metabolism remains constant over time. 

The enzyme is saturated by a high free-drug concentrattO ' (Ref Lippincott 's-6'hl l 4) 

/ . d IO per unit time regardless its initial plasma concentration. 
ample: A drug y is always excrete mg d (2nd hr) . 

10 mg excreted (first hr) > 70 mg 10 mg excrete > 60 mg 
80 mg administered 

10 led ("',-d h,-) IO mg excreted ( 4th hr) , 40 mg mg excre . .J > 50 mg _:_:_:__£. ___ __:... __ '---77 

10 mg excreted (5th hr) > 30 mg-+-~ 

Criteria: 
. The rate of drug metabolism remains constant over time. . . . 

}
,/ The rate of drug excretion also remains constant and a fixed amo~nt of drug is excret~d per untt time. 

Plasma half life varies with the concentration of the drug. The higher the concentration, the longer the 

half life. . . · Th' k 
. Increase in the dose of the drug does not increase metabolism and ehmmat1on. is may mar edly 

· prolong the apparent serum half-life and increase toxicity. . . . 
/ Zero-order kinetics is also known as rate-limited or dose-dependent or saturatzon kznetzcs. . 
Y, Zero-order absorption processes apply to iron, to depot i.m. formulations and to drug implants, e.g. 

antipsychotics and sex hormones. 

Drugs that follow zero order kinetics: 
I. High dose aspirin (Anti inflammatory effect) 
2. High dose ~henytoln · 
3. Ethanol 
4. Tolbutamide 
5. Th~ophyllme 
6, Warfarin 

Q. Wri down differences between first order & zero order kinetics . (DU-161, l 4Ju, I OJ , RU-I OJu) 
Q. pare & contrast: 1st order kinetics & zero order kinetics. (CU-07J,06M, RU-13Ju) 

. om pare first order kinetics of elimination with zero order kinetics of elimination. (CU-l 5Ju) 
s. 

Comparison between 1st order & zero order kinetics: 

First order kinetics I Zero order kinetics 
I. Rate of metabolism is proportional to the plasma drug I. · Rate of metabolism remains constant over time. 

concentration. 
2. Rate of elimination is proportional to the plasma drug 2. Rate of elimination remains constant and a 

concentration. A constant fraction (percentage) of a fixed amount of drug is excreted per unit time. 
drug is eliminated per unit time. -

3. ft occurs when concentration of drug is low. 3. It occurs when concentration of clrug is very 
high and metabolism is saturated. -

4. Half life of the drugs is constant. 4. Plasma half I ife varies with the concentration of 
the drug. The higher the concentration, the 
longer the half life. 
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5. There is less chance of toxicity, because increase 111 5 . Increase in the dose of the drug may markedly 
dose of drug increases its elimination. prolong the apparent serum half-life a nd 

increase toxici ty 
6. Example: Most drugs follow I s1 order kinetics. Eg, Low 6. Example: Few drugs follow zero order kin et_ics. 

dose Aspirin , Phenobarbitone, Carbamazepine etc. High dose Aspirin, Phenytoin, Tolbutam1de, 
Theophy lline, Warfarin e tc. 

Q. Why plasma half life varies when drug elimination follows zero-order kinetics? (CU- I 4J u) 
Ans. 
Plasma half life varies in zero-order kinetics: In zero-order kinetics, the rates of metabolism and excretion of a 
drug do not vary with the drug concentration in the body and a fixed amount of drug is metabolized or excreted 
per unit time. Increase in the dose of the drug does not increase metabolism and elimination. As a result, plasma 
half life varies with the concentration of the drug. The higher the concentration, the longer the half life. 

Q. Short note: Clearance / Cl. 
Ans. 
Clearance (Cl) 
Definition: Clearance is defined as the virtual volume of blood from which drug can be completely removed per 
unit oftime (eg, 100 mL/minute). 

(Ref Modern Pharmacology With Clinical Applications by Charles & Robert-6'"151) 

Definition: The ratio of the rate of elimination of a drug to the concentration of the drug in the plasma or blood is 
called the clearance. 

// (Cl) Rate of elimentaion of drug 
fikarance = . 

Plasma drug concentration (C) 

(Ref Katzung- l 3'"142) 

~ I ,yv-.>r.n 

Rate of elimination= Cl X C = Rate of administration 

Criteria: 
I. Conceptually, clearance is a measure of the capacity of the body to remove a drug. 
2. Drugs with "high" clearance are rapidly removed from the body, and drugs with " low" clearance are 

removed slowly. 
3 . For a drug eliminated with first-order kinetics, clearance is a constant . 
.i,. For drugs eliminated with zero-order kinetics, clearance is not constant. 
5. Clearance depends on the drug and the condition of the organs of elimination (eg, kidney) in the patient. 
6 . The units of clearance are volume/time. 

(Ref Katzung-13'"142-46; BRS Pharmacology-6'hl l l ) 

Half life (t½) 
Q. Define plasma half life. (DU-I 0Ju,06J, CU-07J,06M; SU-151, I 3J,09Ju; RU-17J, l 2Ju) 
Q. Define & classify half life. (DU-07Ju; RU-06M; SU-061) 
Q. What do u mean by plasma half life of a drug? (RU-081) 
Q. Ho c Id you calculate plasma half life? (RU-08J) 
Q. S o note: Plasma half life (1112) of a drug. (DU- I SJ , l 3Ju,09Ju; CU~06S/J) 

ort note: Half life (1 112) of a drug. (RU-I SJ, SU-l 7J) 
s. 

Half life 
Definition : Half-life (t 112 ) is the time required to change the amount of drug 111 th e body by 0 11 c- liall' d urin g 
elimination (or during a constant infusion). 
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Half-life is useful because it indicates the time required to attain 50% of steady state- or to decay 50% frorn 
steady-state conditions-after a change in the rate of drug administration. 

(R~l Katzuni-J 3°'146) 

Here, Yd= Volume of distribution and Cl= Clearance, 0.7 = In 2 = constant. 
(Ref Katzung-! 3'"146) 

r' s of half-life: 
•
1 Plasma half-life: The time by which plasma conce~tration of a drug becomes 50% of steady state after 

/ the administration of that drug is called plasma half-life. · 
2. Elimination half-life: The time by which 50% of the drug is eliminated from steady-state conditions is 

called elimination half-life. · 
~ iological half-life: The time by which 50% of the effect of the drug is gained is called the biological 

half-life. . 

Nice to know 
Concept of half-life: The half life determines the rate at which blood concentration rises during a constant infusion and falls 
after administration is stopped. After start of a constant infusion, the plasma concentration rises smoothly with time and 
always reaches 50% of steady state after I half life, 75% after 2 half lives, 87.5% after 3 half lives, and so on. The decline in 
concentration after stopping drug administration follows the same type of curve: 50% is left ajier I half-life, 25% ajier 2 
half-lives, and so on. The asymptotic approach to steady state on both increasing and decreasing limbs of the curve is 
characteristic of drugs that have first-order kinetics. 

As for example, during constant infusion, with the passage of each half life period of time, the plasma concentration rises by 
half the difference between the current concentration and the ultimate steady state (100%) concentration. Thus, 

• In I x 11 2: The plasma cone. will reach (/00/2) = 50% 
• In 2 x t/i: The plasma cone. will reach {50 + (/00-50)/2} = 75% 
• In 3 x 112: The plasma cone. will reach {75 + (/00-75)/2} = 87.5% 
• In 4 x t//2: The plasma cone. will reach {87.5 + (/00-87.5)/2) = 93. 75% 
• In 5 x /1'2-· The plasma cone. will reach {93. 75 + (/00-93. 75)/2) = 96.875% of the ultimate steady state. 

(Ref Bennett & Brown-I I th) 

E 100 
:, 
E 75 -~ 
E 

50 -0 -C 25 ~ 
(I) 
c.. 

Time (number of half-lives) 

Fig. Pf as a concentration (plotted as percent of maximum) of a drug given by constant intravenous infi,sion for 8 hal//ives 
and then topped 

Q. S o note: Steady state. (NTK) 
Q. x · lain the Relation of plasma half-life with steady state concentration. (DU-16Ju) 
An . , 

_eady state: When a dru_g ?ose i~ ~iv_en rep~atedly over a period, a state is eventually reached, at which point the 
amount of drug absorbed 1s 111 equ1hbnum with that eliminated from the body. This state is called steady state. 
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Steady stnte is us ua lly ac hi eved w ithin 4 to 5 ha lf- life fo r mos t uf' th c clnq,',S •o vl.!rn cd by fir ·t-or cl c r k i11 ct1c', . I o r 
exampl e, a drug wi th ha lf- li fe of i ho urs wi ll be expected to ge t a s teady st,:lli: af't c.: r 111 m.: th a n 2 ho ur~ o f 
infus io n. 

(Ref M isha/1 uck/i11-5 11
' / I02J 

Importance of steady state: To know when steady state has been reached , for ma intaining th e sa me dos in , 
schedu le, wi ll tl~en e nsure a constant amo unt of drug in the body a nd the pati e nt wi ll _0 pcri e ncc ne ithe r ac utt: 
toxici ty nor dec lme of effect. ,.....,., .1.,.....-- - , 

\) . \ ~ ~ '-" "YrQ. ,-y--. ,) 
.f)o~Q_ ~"'-~ - c~ - (Ref Bennell c Brown - / 1111; 

:u...... \----,..s... _c.,:\ ~ - ~Cl....- r----.1 ,..... 
Q. Wha.t actors modifying plasma half life? (DU-071, CU-06M/S/J ,05_!Vf) ~ -J ,....,,.,_. 
Ans. 
Fa~ o,rs modifyi ng p lasma half life: 

J:{_ Routes of drug administration: Decreasing order oft112 is : Subcutaneous> IM > Oral > IV. 

2 . Drug absorption: jDrug absorption --+ tPiasma half life 

3 . Drug distribution: 
• PPB : jPPB --+ jt112 
• Tissue binding: jTissu~ binding--+ jt112 
• Vd : jVd--+ jt,12 

4. Biotransformation: 
• jBiotransformation --+ tt112 and vice versa. 
• Liver diseases --+ tBiotransformation --+ !Excretion --+ jt112 

5. Drug excretion: 
• jExcretion--+ tt112 and vice versa 
• Kidney diseases --+ tExcretion --+ jt112 

6. Genetic Factor: Isoniazid-
• Slow acetylator- t112 3 hr 
• _ First acetylator- t112 1 hr 

Q. Name 4 drugs with long half life. (RU-06M) 
Q. Give some examples of long & short plasma half life . (RU-05S) 
Ans. 

Drugs having long half life Half life Drugs having short half life 
Chloroquine 214 h As pirin 
Dig itoxin 160 h Cepha lothin 
Digox in 50h Cephalexin 
Phenobarbitone 98 h Am picillin 
Diazepam 43 h Amoxicillin 
Fluoxetine 53 h Lidocaine 
Warfarin 37 h Midazolam 

Q. Mention the clinical situation is which half life is increased. 
Ans. 
Clinical situation is which half life is increased: 

Half life 
0 .2 5 h 
0.57 h 
0 .9 h 
1.3 h 
1.7 h 
1.8 h 
1.9 h 

,.,. I /I ' (Ref Katz ung- 13 l -h - -1-IJ 

1. Diminished renal blood flow due to cardiogeni c shock, hemorrhage, heart fa ilure !Excre ti o n uf'drug 
--+ it112. 

2. Liver diseases --+ t Biotransformation --+ t Excre ti o n --+ j t 112 

3 . Kidney diseases--+ t Excretion --+ jt112 
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4. Addition of 2nd drug that inhibits metaboli sm of the first drug - t Excreti on of first drug - it1 ,2 

5. Addition of 2nd drug that displaces the first drug from albumin - ivolume of di stribut ion - it1 ,2 

eg. Phenylbutazone + OHA 
Phenylbutazone displaces OHA from binding site, thus increases the half of OHA. 

e clinical significance of measurement of plasma drug concentration . (DU-09J) 
M f the clinical significance/ utilities of half life . (DU-I 0Ju,07Ju; RU-17J , 16J , SU-I 3J) 

h t are the significances/importance of plasma half life? (RU- I 2Ju,06M, SU- I 3Ju) 
Q tline the clinical importance of knowing plasma half life of a drug. (CU-0SM; SU-12Ju,08/07Ju) 

ns. 
Significances/ Clinical importance of half life of a drug 

I . Half life gives a gross idea about the pharmacokinetic & pharmacodynamic properties of the drug. 
2. To predict the duration of action 
3. To formulate a dosage schedule (amount of drug & frequency of interval) 

• Long t112 : Should be given once/twice daily to prevent accumulation. 
• Short tl/2: Should be given repeatedly. 

4. To handle a case of overdose. 
5. To determine the time to achieve steady state plasma concentration . 
6. Gives idea about near total elimination time of a drug. 
7. It also gives general knowledge-

• Whether the drug is metabolized or eliminated unchanged. 
• Whether the drug itself is active or converted into active metabolite or both, eg, diazepam. 
• Whether the drug has irreversible action or not, eg, reserpine. 
• Presence of disease in the organ of metabolism or excretion. 

Q ti ormation we get from plasma half life? (SU-09Ju,06M) 
are pharmacokinetic & pharmacodynamic parameters of 2 drugs having plasma_ half lives of 3 

rs & 12 hours respectively. (DU-04M) · 
. 

Significance of long and short half life: 

Information 
I 

Significance of long half 
I 

Significance .of short half 
.. life (t112=12 hrs) life (t1,2 = 2 hrs) 

1. Time required to fall plasma drug 12 hrs 2 hrs 
concentration by 50% of the steady state 

2. Absorption Slow Rapid 
3. Plasma protein binding More Less 
4. Metabolism Slow Rapid 
5. Excretion Slow Rapid 
6. Action Slow & Sustained Rapid 
7. Suitable in Chronic case Emergency case 
8. Patient compliance Good Not so good 
9. Frequency of administration Less More 
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Q. State the Therapeutic advantages and disadvantages of drugs with long and sho1·t half lives . 

A ns. 

Long 
half-life 

Short 
half-life 

Thera eutic advanta es 
• Long duration of action. 
• Less dose frequency . 
• Better patient compliance. 
• Can be used in prophylaxis, eg, Salmeterol 

(t 1n 12 hours) - used to prevent night 
asthma. 

• Tolerance does not develo . 
• Can be given in emergency to treat acute 

attack, eg, GTN in acute angina. 
• Rapidly excreted, so less chance of 

toxicity. 
• No cumulative effect. 
• No dru interaction. 

Them eutic disaclvanta •cs 
• Cannot be given in emergency by ora l route . 
• More cumulative effect, eg, di azepam ca uses 

next-day hangover. 
• More drug interaction as it is highly prote in 

bound . 
• Chance of toxicity is more as it is less rapidly 

metabolized or e liminated. 
• Short duration of action, so cannot be used as 

prophylactic measure. 
• More dose frequency. 
• Less patient compliance. 
• Development of tolerance is more if frequ ently 

used. 

Q. Expl n olubility status is determinant of every aspect of pharmacokinetic properties of drug. (SU-
7 , Ju, 12Ju) 

Ans. 
Solubility status of drug influences every aspect of pharmacokinetic properties of drug. Eg, 

J. Absorption: 
a. Increased lipid solubility - Increased absorption (Absorption oo Lipid solubility ) 
b. More water solubility - Less absorption 

2. Distribution: 
a. Lipid soluble drugs - distribute mainly intracellularly. 

b. Water soluble drugs - distribute mainly extracellularly. 
3. Biotransformation: Most of the drug metabolizing enzymes are located intracellularly . So more lipid 

soluble drugs enter the cell faster than water soluble drugs and are metabolized earlier. 
4. Excretion: 

a. More lipid soluble drugs are more reabsorbed . 
b . More water soluble drugs are more excreted . 

Vd, loading dose & maintenance dose- Described above. 

'{'I"\ 

'1a_ ..... 

'1~ 
c::_, 

~ Q~2__ 
~-('._~ l / .,_ 

C)- CL '<..)ll , 

L 
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Pharma co dynamics 

Q. Define pharnrncodymunics . (DU-06S; RU-07.lu) 

Ar 5· · I I b. I . I d h . harmacodynamics: This is the branch of pharmaco logy which deals wit 1 t 1e 10c iemr ca an P ys1ologicai 
effect of drugs and their mechanism of action . 

6~ynamics: Pharmacodynamic is the study of biological 
harmacodynamics means "what the drug does to the body. 

(Ref Goodman & Gilman 's- J 2th) 

effects produced by the drug". Simply 

(Ref Misbahuddin-5'"!0JJ 

Q. Enumerate the process by which drugs act. (RU-l 6Ju, l 4Ju) 

Ans. ---
Processes by which drugs act: Drugs may act by 2 ways-
! . SB-OCific mechanism: Drugs go to the specific site, bind with receptor & form a drug-receptor complex which 
·vcauses the desired drug actions. Most of the drugs act by this mechanism. 

• f Receptor mechanism 
• Enzyme mechanism 
• Ion channel mechanism 
• Carrier mechanism 

2. Ny n'-specific mechanism: In non-specific mechanism, the drugs don 't bind to specific receptor. Drugs act in 
·---1 ways-

• By altering ph}'.sio-ch~mical properties of cells 
• By direct chemical interaction 
• B phys1calm eans. 

~ 

· iscuss the non-specific mechanism of drug action. 

on ecific mechanism of dru action: 
By altering physiochemical properties of cells: 
a. By stopping the streaming (rolling) movement of cell cyJQ.plas~ Eg, anesthetic drugs enter into the 

reticular system of brain - cytoplasmic streaming stop ~of the pt. 
b. By stabilization of cell membrane, so no ion exchange. 
c. By lowering surface tension. 
d. By inhibiting energy production I utilization of cell. 

2. By direct chemical interaction: 
a. Neutralization, eg, 

• Antacids directly interact with the gastric HCI and neutralize the acid . 

• Protamine sulphate (+ve charged) directly interact with heparin (-ve charged) and neutrali ze the 
action of heparin. · 

b. Chelation: Antacids chelate tetracycline. 

c. Anti-coagulation: Anti-coagulants (Oxalate, EDTA, citrate) trap Ca2+ of blood - No coagulation of 
blood. 
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3. By physical means: 
a. By osmosis: 

• Purgatives: Milk of magnesi~ (MgSO · a purgative. 
MgSO4 .- Mg2

+ + SO4- (osmotically active).- These ions attract water from food and intest ina l wa ll 
and form water jacket.- Larger molecule.- Stretch the intestine .- jPeri stals is .- Defecati on. 
Osmotic diuretics: Mannitol is filtered by glomerulus .- not absorbed .- Retain large amoun t o f 
water in the renal tubules as it is osmotically active .- Excreted with large amount of water _, 
Diuresis. 

b. By adsorption : Activated charcoal adsorbs alkaloid poisons. 
c. By emollient & demulcent action: Mg trisillicate in PUD. C~ep ·~ c.. \...J'-<:-Vr---~~~) 
d. By mass of drug: Bulk laxative. 
e. Radioactivity: 1311. 

· · · ·,:·, · - S ··ec1"fic mecha·n,·sm· ·l,1·- ·1 • • .. ::.,.,; ·-·':-:· .. • ' ·- . ·-
• • I ._.. I ._, .,_ ,• .~ :\. ~,• j '!!',, ~, ' • • f' 

Receptor mechanism of drug action 
Q. Mention the target proteins with which drugs bind to produce action. (DU-I 0/09Ju, CU-I 3Ju; RU-

13J, 1 OJu, J) 
Q. What e the molecular targets of drug action? (DU-13Ju, CU-07J,06M) 
Q. the targets of dug action in human body. (CU-17M,14Ju) 

r t proteins for drug binding/ Molecular targets of drug action: 
1 . Receptors 
2. Ion channels 
3. Enzymes 
4. Carrier proteins 
5. Structural proteins (such as tubulin) 
6. Plasma protein 

(Ref Rang & Dale 's-8th) 

Q. Defin '& classif rece tors. (DU-15J,12Ju, l 1J,08J; RU-13Ju,09J; SU-17J,10J, CU-16J , I IJ,08J) 
Q. Clas 1fy receptors according to location. (DU-l 5J, 12J) 
Q. e ne & classify receptors on the basis of mechanism of action. (SU- I 5Ju) 
Q. assify drug receptors according to signaling mechanism. (DU- I 7M) 

lustrate different types of receptors on the basis of mechanism of action. (SU- I 2Ju) 
Categorize drug receptors. (CU-l5J, l IJ,09Ju,07J; SU-13J) 

Q. What are the main types of receptor super family? (CU-04M) 
Q. Classify receptor ac~ording to receptor-effector linkage with exa_mples . (RU- I 5Ju, l 3Ju,09J) 
Ans. t-leC',:,~ 1

~ -\~ 0 O'T"'F~ ~ ~~ ~ "'--N¼~~ °'- '-~~ ~~\ 
Receptor: b~ ~ ~ f''e>Jtv...~L- r--o.-~pu-r-~(s \ c..~I >-
Definition: Receptors are specialized target macromolecules to ~ hich drugs bind and initiate events leading to 
alterations in biochemical and/or biophysical activity of a cell, and consequently, the function of an organ. 

(Ref Lippincolt 's-6th) 

C) ~ '.~\., $\ 
~ ~\.4t_, 

Drug (D) + Receptor (R) .- D-R complex .- Response 

_,,,rClas-=s=i=-=fi.=:c::.a t.:.:i..:::O.:.:nc..:o~f:.....:r~e:::.!c:.!:e:.1::p~to=rs: 

~ According to location : Receptors are of 3 types-

1. Membrane/ cell surface receptors • a. and 13-adrenoceptors, Cholinergic receptors, Insulin receptor 
2. Cytoplasmic receptors • Steroid hormone receptors 

3. Nuclear receptors • Thyroid hormone receptors 

Pharmacology-18 
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B. According to activity : 

1 Primary or specific receptor: b' · h th' 
· , Physiological/ pharmacological / active recep~or: ~rugs selective!~ com me wit is rece?tor ~nd 

produce action. They are only 1-2%. Eg, chol111erg1c receptors, a and P-adrenoceptors, h1starn1ne 

receptor. . 
, Spare receptor/reserve receptor: Anatomically & functionally these receptor~ are s_ame as 

physiological / pharmacological receptors . But they do not act normally. They come mto action only 

when pharmacological receptors are exhausted or blocked. 5. ~Jc. ~ n..c , .1~ 

2. Secondary / non-specific / silent / dead receptor: Drugs binds with these receptors without producing 
any response. Eg, plasma proteins are this kind of receptors . . 
, Any drugs can combine with these receptors . So these receptors are called non-spec1 fie. 
• The drug-receptor complex is pharmacologically inactive / inert & does not produce any action. So 

the receptors are called silent or dead. 
, The receptors act only as store house of drugs and prolong their pharmacological effects. 

C. Accordin to rece to mechanism of dru action rece tor-effector linka e: 

J. Classi al ' ph .:,iolog.iea-1 recepto.:rs.: The receptors for which ligands are physiologically or endogenously 

? present in our body are called classical receP,t~r~c _e . . . 
,. a. Type I/ igand-gated ion channels (fa~ ref~~~rf.~: N1cotm1c re~e~tor, GABAA receptor. 

':;,!-c_::;_,o.-r' b. Type II/ G~ r~tein-coupled receptors (slow rece,p-tors): Muscanmc receptor, adrenoceptors. 
~o ~ c. Type III recep orl<i~~cinsu in, growth factors, cytokine receptors. V d. Type IV nuclear receptors: Steroid receptors. 

(Ref Rang & Dale 's-8th; 

r -~ 2.. Non-classical receptors: Receptors having no physiological / endogenous ligand are called non-classical 

Vv­
_{f/ 
~~ 

receptor. 
a. Enzyme as receptor • Dihydrofolate reductase: Receptor for methotrexate. 

• Acetyl-transferase: Receptor for acetvlcholine. 

b. Transport protein as receptor • Na+-K+ ATPase: Receptor for digoxin 
• It'-~-ATPase: Receptor for omeorazole. 

c. Voltage gated ion channel • Na+ channel 
• Ca2+ channel 

• K+ channel 
d. Structural protein as receptor • Microtubules 

• Tubulin: Receptor for colchicines. 
e. Nucleic acid as receptor • Nucleic acid: Receptor for thyroid hormones 

Q. Diagrammatically discuss the ligand-gated ion channel with example. (CU-06M) 
Ans. 
Ligand-gated ion channels (ionotropic receptors): These are membrane proteins which are responsi ble for 
regulation of the flow of ions across cell membranes. They have a ligand-binding site (receptor), usually in the 
extracellular domain. The activity of these channels is regulated by the binding of a ligand to the channel. 
Response to these receptors is very rapid, having durations of a few milliseconds. Typically, these are the 
receptors on which fast neurotransmitters act. 

Example;: 

• Ni~otinic ac~tylcholine receptor: Stimulation of this receptor results in sodium influx, generat ion of an 
action potential, and activation of contraction in skeletal muscle . 

• ~~BAA receptor: Benzodiazepines enhance the stimulation of the GABA receptor by GABA, resulting 
111 mcreased chloride influx and hyperpolarization of the respective cell. 
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• Glutamate receptors of the NMDA, AMPA. 

Exterior 

Cytosol 

ex-Helices forming gate 

6nm 

2nm __________ J 

General Pharmacology 

(Ref Rang & Dale ·s- th + Lippi11colf ·s-6 tl,J 

Pore -0. 7 nm diameter 

Figure. Structure of the nicotinic acetylcholine receptor (a typical ligand-gated ion channel) in side view (left) 
and plan iew (right). The jive receptor subunits (a2, /J, y, c5) form a central trans membrane pore. There are n-vo 
acetyJc oline binding sites in the extracellular portion of the receptor. 

Membrane Membrane 
Jon channel Channel or enz me 
Direct G- ro'tein 
Within milliseconds Within second 

Examples 

Oligomeric 

Nicotinic receptor 
GABA receptor 
Glutamate receptor 
5HT3 receptor 

Muscarinic receptor 
Adrenoceptors 
Dopaminergic receptor 
Opioid receptor 
Neuropeptide receptor 
5HT3 rece tor 

h ~ G-protein coupled receptors. (CU- I 7 J) ~ 11111!>1 

G-protein coupled receptors 
I . Muscarinic receptor 
2. Adrenoceptors 
3. Dopaminergic receptor 
4. Opioid receptor 

Membrane 
Protein kinases 
Direct 
Within hours 

~""' 

Insulin, growth factors, 
cytokine receptors 

Intracellular 
Gene transcri rion 
Via DNA 
Within hours 

Monomeric 

Steroid receptors 
Vitamin D 
Retinoic acid 
Thy roid hormone 

(Ref Rang & Dale 's-8th) 
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5. Neuropeptide receptor 
6. 5HT3 receptor 

at gorize G-protein coupled receptor. (CU-12J) 

A s. 
·classification of G-protein coupled receptor: On the basis of GTP: 

I. Gs: Stimulatory G protein. 
2. Gi: hibitory G protein. 
3. G : Stimulatory but not direct stimulatory as Gs. 

e examples of some drugs which mediate drug effect by o 
llS . 

Drugs which mediate drug effect by opening and closing ion channel 
1. Blocking Na+ channel: 

a. Local anesthetic: Lidocaine. 
b. Anti-epileptic drugs: Phenytoin, carbamezipine, etc. 
c. Anti-arrhythmic drugs: Quinidin·e, procainamide, etc. 

2. Blocking K+ channel: 
a. Anti-arrhythmic drugs, eg, Amiodarone, sotalol. 

3. Blocking Ca2+ channel: 
a. Antihypertensive drugs: Captopril, verapamil, etc. 

4. Opening er channel: 

and closing ion channel. (RU- I 1 Ju) 

a. Sedative & hypnotic drugs, eg, benzodiazepine & barbiturates. 

Q. Short note: Spare receptor. 
Ans. 
S?c?rlre Receptors: 

;ffinition: Spare receptors are receptors that exist in excess of those required to produce a full effect. 

Synonym: Surplus receptor, reserve receptor. 

Salient features of spare receptors: 
1. Anatomically & functionally these receptors are same as physiological/ pharmacological receptors. 
2. They do not act normally. 
3. They come into action only when pharmacological receptors are exhausted or blocked. 
4. Functions: 

a. Spare receptors increases sensitivity to the drug. 
b. Spare receptors amplify the signal duration and intensity. 

(Ref Katzung & Trevor's-11th edition) 
Examples of spare receptors: 

• Spare receptors are exhibited by receptors that respond to hormones, neurotransmitters, and peptides. 
• 99 % the insulin receptors are "spare." This constitutes an immense functional reserve that ensures 

adequate amounts of glucose enter the cell. 
• In human heart 5-10% of the total P-adrenoceptors are spare. As a result, little functional reserve exists 

i the failing heart; most receptors must be occupied to obtain maximum contractility. 
(Ref Lippincott 's-6'"!29) 

rite down about receptor regulation. (CU-08J, SU- l 2J) 
s. 

Receptor regulations : Receptor number is regulated by two ways-
! . Receptor down regulation 
2. Receptor up regulation 
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A. Down re,,.ulation / ada tation / refractoriness / desensit izat ion· Pro lon cd hi ,1i co11c<.: 11t ration c1 I agn 111 ,l 

/ causes a reduction in the number o f receptors ava il able fo r acti va t ion. This is ca l le I n.:c.:cr>to r do wn re 1 ul.it1Cin 
The vani shing receptors are taken in to the ce ll by endocytos is. 

(J<e/ : !Je11netl & /Jr(JWfl - 1 I th) 
Example: Repeated use of P-agonist bronchodilator for the treatme nt or as th ma results in down -re •ulatio n or 
desensiti zation of P-adrenoceptors . 

Mechanism of down regulation: 
1. Decreased synthesis & increased destruction of receptors 
2 . Internalization of the receptor. 

(Ref Bennell & Brown-I /th ; Rang & Dale 's-8/h) 
s~...-.~ Q_~~-~""-~ 

B. Rec or u re ulation: Changes in receptor occupancy & affinity & prolong exposure of recepto r with the 
agonist leads to an increase in the sensitivity & number of receptor. This is called receptor up regu latio n. 

Examples: The occasional exacerbation of ischemic heart diseases (IHD) on sudden withdrawal of a f3-
blocker is due to up regulation. 

Prolong blocking of P-receptor by the P-blocker drug 
t 

Receptor up regulation & sensitization. 
t 

On withdrawal, an "above-normal" number of receptors suddenly become accessible to the normal 
neurotransmitters (noradrenaline & adrenaline). 

t 
Exacerbation of IHD (so /J- blocker drugs should not be suddenly stopped, their dose should be grad ually 
tapered and then stopped if needed). 

Mechanism of up regulation: 
1. Increased formation of receptor & decreased degradation of receptors. 
2. Accentuation of signal amplification by the transducer 
3. Increase sensitization of receptor to agonist e.g. development of withdrawal syndrome, 

(Ref Benn'ett & Brown-/ Ith; Tripathi-6'hl 50.52) 

Q. Describe briefly the consequences of drug-receptor interaction? (DU-1 0Ju, SU-17 J) 
Q. Discuss th eceptor-effector hnkage following drug receptor interaction. (RU-07J ; SU-14J ,08J) 
Q. What a consequences of drug receptor interaction? (DU-l3Ju, 12Ju,09Ju; CU -06J ; RU -08J , S -

17 ,1 u, 11Ju,06J) · 
a are the molecular consequences/mechanism of drug receptor interaction? (CU- l 3J ; RU-08J ) 

l. Post-receptor events of ion channel coupled receptor: 
• Opening of ion channel 
• Closing of ion channel 

2. Post-receptor events of G-protein coupled receptors: 
• Formation of 2nd messengers 
• Inhibition of 2nd messengers 
• Ca2

+ release 
• May open/ close receptor-operated ion channe l 

3. Post-receptor events of tyrosine kinase receptors : Phosphory lati on o r prote ins 

4 . Post-receptor events of DNA coupled receptors : Gene transcript ion . 
( Ref Ron~ , l) ,t., ·s-8th) 
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Nice to know 
• ligand: They are the chemical substances which can combine with receptors. Endogenous ligands " ...re 

neurotransmitters, hormone, autacoids (cytokine!:i). Exogenous ligands are drug molecules. 
First messenger: The extracellular ligands are called .first messengers. Hormones, neurotransmilters, drug 
mo/ cu/es all are examples of first messengers. ~""J 

are the 2nd messengers? (DU-07J , SU-06S) 
(Ref Ganong 's-24th) 

Q. 1st the second messengers with their functions. (CU-16Ju) 
Q S ort note: 2nd messengers. (DU-17 J) 

n . 
messengers: The intracellular mediators which are produced as a result of binding of the first messengers (eg 

drug, hormones, neurotransmitter) with the receptors are called second messengers. Second messengers ar~ 
responsible for the ultimate physiological/ pharmacological effects of the first messengers. 

2nd messengers Functions -
1. Cyclic adenosine • cAMP activates various protein kinases that control cell function in many differe; 

monophosphate ways by causing phosphorylation of various enzymes, carriers and other proteins. 
(cAMP) 

2. Inositol • IP3 increases free cytosolic Ca2+ by releasing Ca2
+ from intracellular compartments. 

triphosphate 
(IP3) 

3. Diacyl glycerol • DAG activates protein kinase C, which controls many cellular functions by 
(DAG) phosphorylating a variety of proteins. 

4. Ca2+ ion • Increased free Ca2
+ initiates many events, including contraction, secretion, enzyme 

activation and membrane hyperpolarisation. 
5. Cyclic guanosine • cGMP is active only a few cell types including intestinal mucosa and vascular smooth 

monophosphate muscle. 
(cGMP) • cGMP acts by stimulating a cGMP-dependent protein kinase . 

• Increased cGMP concentration causes relaxation of vascular smooth muscle by a 
kinase-mediated mechanism. 

th (Ref Katzung-13 /30-34) 

Nice to know 
Functions of cAMP: Acting as an intracellular second messenger, cA MP mediates-

]. Mobilization of stored energy (the breakdown of carbohydrates in liver or triglycerides in fat cells 
stimulated by /J-adrenomimetic catecholamines). 

2. Conservation of water by the kidney (mediated by vasopressin) 
3. Ca2+ homeostasis (regulated by parathyroid hormone). 
4. Increased rate and contractile force of heart muscle (/J-adrenomimetic catecholamines). 
5. Production of adrenal and sex steroids (in re!:iponse to ACTH, FSH). 
6. Relaxation of smooth muscle. 
7. Many other endocrine and neural processes. 

(Ref Katzung-l 3th/3 J- 33) 
Examples of/igands acting through Second messenger system: 

1. cAMP 211
t1 messenger system: ACTH, FSH, LH, TSH, ADH (V2 receptor, epithelial ce!!s) , Parathormu11e 

(PTH), Catecholamines (fl-receptors), Glucagon, Calcitonin, CRH, HCG, Angiotensin II (epithelial cells). 
Secretin act by the cA MP r ' messenger system. 

2. Cell memhrane-plwsplwlipid 2"d messenger .\ystem: The fo !!owing hormones act by 111e111branf!­

phospho!ipid 2nd messenger system: Catecholamines (a-receptor), GnRH, GHRH, TRH. Oxytocin, ADI-I 
(V, receptor, vascular smooth muscle), Angiotensin II (vascular smooth muscle) act by membrane­
pho!:ipho!ipid r' messenger system. 
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J. Ca1+-Calmodulin sy stem: Local hormones act by this way. For example, calmodulin acti vates 11,yos in 
k inase, which acts directly on the my os in to cause smooth muscle contraction. 

(R ef Guy ton-I 3th, l-larpers-30th) 

Q. Write -w"n about mechanism of drug action . (DU-06S; RU-04S, SU- J 6Ju) 
Q. Sh tly discuss with diagram & examples the receptor mediated drug action . (SU-09J) 

riefly describe the receptor mediated drug action. (DU-1 SJ , SU-J 6J/Ju) 
Q. Discuss briefly the receptor mechanism of drug action with examples. (DU-14Ju, 12J,08J ; SU- l 2J) 
Q. Describe the signal transduction mechanism that follows drug receptor interaction. (CU- l 6J) 
Q. Mention the ways with examples by which drug can produce its action . (DU-06S) 
Q. Discuss the receptor-effector coupling through ligand-gated ion channel coupled receptor. (CU­

I !Ju, J0Ju) 
Q. Discuss with example the modulation of ion channel through ligand-gated ion channel coupled 

receptor. (CU-14Ju) 
Q. Explain with examples- the ion channel mechanism of drug action. (RU-I 7J) 
Q. Mention 2nd messenger action of drugs with examples. (DU- l 2Ju, SU-l 3J , l 2Ju) 
Q. Write down the mechanism of G-protein coupled receptor. (DU- I 6Ju,07J, CU-I !Ju, I 0Ju, SU- I 4Ju) 
Q. Outline receptor-effector coupling through G-protein coupled receptor. (SU- I SJ u) 
Q, Explain the signal ansduction induced by G-protein coupled receptor. (CU-13Ju) 
Q. Mention the ro of G-protein in the signal transduction mechanism. (CU-171, I SJ) 
Q. Explai ho protein influences second messenger system. (DU- l 7M) 
Q. Des 1be goal transduction mechanism due to P- receptor stimulation. (CU- I 6Ju) 
Ans. 
Re e to mediated mechanism of dru action/ Dru -rece tor interaction: 

Mechanism of dru action via Ii and- ated io channel cou led rece tors ICCR : Many of the most 
useful drugs in clinical medicine ac by mimicking or blocking the actions of endogenous ligands that regulate 
the flow of ions through plasma membrane channels. The natural ligands include acetylcholine, serotonin, 
GABA, and glutamate . 

Drugs/ligands binds with ion channel coupled receptors (ICCR) 
! 

Conformational change of receptors 

! 
Opening of a central "transmembrane ion channel" 

! 
Increases transmembrane conduction of the relevant ion (eg, Na+, er, K+) 

! 
Alteration of the electrical potential across the membrane. 

! 
Drug action. 

Example: Muscle relaxant, cholinomimetic drugs act by this way . 

Pilocarpine (an acetylcholine agonist) 

! 
Acts on muscarinic (M3) receptor of constrictor papillae muscle 

! 
Opening of ion channel 

! 
Influx of N a .. ion 

! 
Depolarization 

! 



~~~·~T:i\'1!!1~~~~2 ______ ~ 1;:24:!,.._ ____________ ___ ~lueprmt P iarmaco 01-,ry ~ 

Action potential 

! 
Contraction of onstrictor papillae muscle 

! 
Miosi . (constrict ion or pupil) 

( . 0 7! ~ S--- \.-·:)1.,-..A- "dc\-
0"---) ' ) 

B. Mechanism of drug action via G-prot~in cou 1lJcd receptor ( CR) I second messenger action: 

Extracellular ligands bind with G-protein coupled receptors (R, eg, p-adrenoceptors, glucagon receptors) 

! 
Activation of G protein 

! . 
G protein regulates the activity of effector enzyme or 1011 

channel (E) 

Agonlst 

~ 
R.._, __ _ 

! 
• Increase in the intracellular concentrations of second 

messengers such as cAMP, calcium 1011, 

·pMs13lrniRositides. fl--o ->f 'he\ 1 f C½ ~ c_ 
• Opening of ion channels 

! 
Pharmacologic action P, 

Fig. Mechanism of drug action via G-protein coupled receptor. 

For example: Mechanism of drug action by cAMP 2nd messenger pathway: 
Drug-Receptor complex Agonist 

! n 
Activation of G protein V 

! 
G protein stimulates adenylyl cyclase 

! 
ATP-jcAMP 

! ATP . 
cAMP-dependent protein kinases 

! 
Phosphorylation of protein 

! 
Drug effect 

(Ref Katzung-1 J1''!3 l-33) 

Fig. The cAMP second messenger pathway. hormone 
Response 

receptors (Rec), a stimulatory G protein (GJ , adenyly! cyclase (AC), phosphodiesterases (PDE), reg11/a1orl' 
(R) and catalytic (C) subunits, protein substrates (S) qfthe kinase,1·, and phosphatase.1· (P'ase). 
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c. Mechanism of drug action by tyrosine kinase coupled receptor: Insulin , epiderma l growth factor ( EGF), 

platelet-derived growth factor (PDGF), atrial natriuretic peptide (ANP), transforming growth factor-P (TGF­

P), and many other trophic hormones act by this receptor. GTN, nitroprusside act by this receptor. 

Binding of drug or hormone with the extracellular domain of the receptor 
t 

The resulting change in receptor conformation causes two monomers of the receptor molecules to bind to one 
another non-covalently in the plane of cell membrane 

t 
The cytoplasmic tyrosine kinase domain becomes enzymatically active. 

t 
The tyrosine kinase then phosphorylate one another as well as additional downstream signaling proteins 

t 
Drug response. 

EGF molecules 

+EGF 

-EGF 

S ( '\ S-P ' 

ATP ADP 

Fig. Mechanism of activation of the epidermal growth factor (EGF) receptor, a representative receptor 
tyrosine kinase. 

(Ref Katzung-l 3th/28-29) 

D. Mechanism of drug action by DNA coupled receptor: Lipid-soluble ligands such as steroids 
(corticosteroids, mineralocorticoids, sex steroids, vitani"~1 D), and thyroid hormone act by DNA coupled 
receptor. 

A lipid-soluble drug (steroid, thyroid hormone) crosses the plasma membrane 
t 

Steroid binds with receptors in the cytoplasm and the drug-receptor complex goes to the nucleus . 
Thyroid hormone binds with receptors in the nucleus . 

t 
Drug-receptor complex in the nucleus 

t 
Drug-receptor complex binds with DNA & stimulates transcription of specific gene 

t 
mRNA 

t 
Protein 

t 
Drug response 

Pharmacology-19 



Ti\l Blueprint I Pharmacology 126 

r 
B--{ 
~ 

Transcription­
activating 
domain 

'\ ~ 
1

DNA-binding r domain 

Altornd transcription 
of specific genes 

, 

Fig. A Mechanism of glucocorticoid action. The glucocorticoicf 
receptor polypeptide has three distinct domains. A heat-shock 
protein, hsp90, binds to the receptor in the absence of hormone anc1 
prevents folding into the active conformation of the receptor. Binding 
of a hormone ligand (steroid) causes dissociation of the hsp9Q 
stabilizer and permits conversion to the active configuration. 

(Ref Katzung-1311,/27) 

Q?-ignal transduction mechanism due to u- receptor stimulation. (CU-l 7M) 

1 nal transduction mechanism due to a.- rece tor stimulation 
After stimulation of a-receptor, signal is transduced through cell membrane-phospholipid 2"d messenger 
system by the following wa -

r"""----------------,-----r-----, 

Extracellular fluid 

Cell membrane 

DAG+ IP3 

<;ytoplasrn 

Active Inactive 
protein ...,_ protein 

kinase C kinase C 

+ 

Receptor 

G protein 

Phospholipase C 

Protein-P0 4 -"4--- Protein 

~ --~•~ ca -

+ Endoplasmic reticu lum 

+ Cell's Response Cell's Response 

Fig : Membrane phospholipid system 
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Nice to know 
G protein: G protein is a membrane protein consisting of 3 subunits (a, fJ, y) that binds with GDP and is always 
coupled with receptor. a.GTP has the GTPase activily. 

Activation-inactivatio11 of G proteins: The agonisl activates 1he receptor (R - R*), which promotes release of 
GDP from the G protein (G), allowing ent,y of GTP into the nucleotide binding site. In its GTP-bound state (G­
GTP), the G prolein regulates activity of an effeclor enzyme or ion channel (E). The signal is terminated by 
hydrolysis ofGTP,followed by return of the system to Lhe basal unstimulated slate. 

(Ref Katzung-l 2th/25) 

Mechanism of drug action by non-classical receptors 
Q. Explain drug-enzyme interactions} (RU-14Ju) 
Q. Give the examples of drug-enzyme interactions. (RU-16Ju) 
Q. How does the therapeutic benefit can be obtained by modulations of enzyme activity by drugs? (CU-

! 6Ju) 
Ans. 
Drug-enzyme interactions: Enzyme acts as a non-classical receptor. Drugs bind with enzyme and produce 
action . 

Enzyme stimulation: eg, Nitrovasodilator - NO - Stimulates guanylyl cyclase - jcGMP - Drug action. 

False substrate mechanism: Drug is converted into other substrate that is less active than true substrate. 
Example-

a-Methyl Dopa (False substrate) 

! Dopa decarhoxylase 

a-Methyl Dopamine (Here, true substrate is Dopa) 

Enzyme inhibition: Enzyme inhibition is a common mode of drug action. This is of two types-
!. Nonspecific inhibition: Heavy metals, strong acids & alka li, alcohol etc. non-spec ifically inhibits enzymes. 

2. Specific inhibition: 
(a) Com'letitive inhibition: 

Dru Enz 1me which is inhibited 
mine Cholinesterase enz me 

Sulfonamide 
Xanth ine ox idase enz me 
Do a decarbox lase enz ,me 

(b) JV; on-compe 1 1ve 111 11 1 1 (( · l 'b '(on· 
Drug Enzyme which is inhibited 

Acetazolamide Carbonic anhydrase 
Aspirin Cyclooxy~ enase 
Ome11razole H '-K+ -A TPase 

Dig_oxin Na 1 -K+-A TPase 
Theo__IJ_hyllinc Phosphodiesterase 
Disulfiram Aldehyde dehydrogenase 



BlueprintTl\·I Pharmacology 128 

Quantitative aspects of drug action 
Dose-response relationship 

Q. Define clbse-response relationship. What are the types of it? 
Q E ~rate the dose-response r~latio?ship. (CU-04S) 

ort note: Dose-response rclationsh1p. (DU-17 J, CU-05M,04M) 

se-response relationship: 
Definition: The graphical representation of concentration of drug (at the site of action) & response is called dose­
response relationship. 

Type of dose-response relationship: 
I. Graded dose-response relationship: Represents response variability according to dose. 
2. Quantal dose-response relationship/ percent-dose relationship/all or none relationship: Represents 

individual variation of response at a fixed dose. 

Q. Define graded dose-response relationship . (DU-081) 
Q. Discuss about graded dose-response relationship. Q. What information can we get from it? (DU-1 SJu) 
Q. What information can we get from a log dose response curve? (DU-081) 
Q. Short note: Graded dose-response relationship. (CU-OSM) 
Ans. 
Graded Dose Response Relationship: 
Definition: When the response to a drug is measured against increasing concentrations of a drug, the graph of the 
response versus the drug concentrat ion or dose is called a graded dose-response curve . 

(Ref Katzung & Trevor's-11th edition) 
As the concentration of a drug increases, the response also increases. The response is a graded effect, meaning 
that the response 1s contmuous and gradual. -

(Ref Lippincoll 's -6'h!30) 
Types of graded dose response curve: Two types-

1. Arithmetic form: Shape is hyperbola. Here response is plotted against arithmetic concentration of drug. 
2. og scale form: Shape is s1gmo1 . Here response is plotted against semilogarithmic concentration of 

drug. 

Cl) 
1/) 
C 
0 
a. 
1/) 

~ 
0 
Cl) 
"O 
:J 

·1: 
Ol 
fl] 

::l: 

Intrinsic activity 

,• 

... // 
/ 

Slope ./ 
.,--

........... 
.. 

, ... · EDso 

I 
i 

Log (drug dose} 

Fig. Graded dose-reJponse graphs. 

Information we get from log dose response curve: 
I. Efficacy (Emax ) 

2. Potency (ECso): The smaller the ECso ( or ED50), the greater the potency of the drug. 
3. Affinity -



4. Selectivity of a drug. 
- Sensitivity of a drug. ) . 

6. Safety margin of a drug 
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7. Potential variabil ity of responsiveness among individual 
8. Types of drug antagonism. 

Importance: 
I. For calculation of EDso and LO50. 

2. A wide range of drug doses can be easily displayed on a graph. 

General Pharmacology 

3. Comparison between agonists and study of antagonists become easier. 
4. To compare efficacy and affinity of drug. 

Advantages of log scale form: 
1. Easy to calculate the response 
2. Large numbers of figures can be accumulated. 
3. Maximum portion of the curve remains in the linear way. So we can compare the efficacy and potency or 

one drug with the other. 
4. Short paper is needed. 
s. We can perform a valid comparison as middle portion of the curve is straight line. 

Q. Write down about quanta! dose-response relationship. 

Ans. 
Quanta! dose-response relationship: 
Definition: The quanta! dose- response curve is graphical presentation of the dosage of a drug to the frequency 
with which a designated response will occur within a population. The response may be an "all-or-none" 
phenomenon; e.g., individuals either do or do not fall asleep after receiving a sedative. ------

(Ref' BRS Pharmacology-61"!6) 
Definition: A graph of the fraction of a population that shows a specified response at progressively increasi ng 
doses is called quanta! dose-response relationship. .e 

Therapeutic 
effect 

ED50 T050 

(Ref Katzzmg & Trevor 's-11th editiu11) 

Figure: Quanta/ dose respome curve showing Tl, EDso, TDs(), Dose of drug in pla.1·11w is p/011ed i11 tlie 
horizo111al axis while the percentage of inclividua/.1· (animals or hu111ans) that re.1ponds or shows a toxic e.ffect is 

represented in the vertical axis. 

Shape of the curve: Sigm~id sha ed 

Examples of quanta! responses: Quanta! responses obey all-or-none law. There is either 111axi!llum response or 
no response at all. Examples of such responses are-
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l. Prevention of convulsions 
2 . Prevention of arrhythmia 
3. Prevention of death 
4. Reliefofheadacheetc . 

Information from quantal dose response curve: 
l. Therapeutic index (Tl) 
2. Median effective dose (EDso) 
3. Median toxic dose (TDso) 
4. Median lethal dose (LD5o) (in animals). 
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(Ref Kutzung-1 Jth/36) 

5. Variation in sensitivity to the drug in a given population. 
6. Potency 

(Ref Katzung & Trevor 's-1 1th edition) 

Disadvantages of quantal-dose response curve: 
I. Very long paper is needed . 
2. Two drugs cannot be compared. 

Nice to know 
• ED JOO (Effective dose JOO) : It is the amount of u drug that is going to produce des ired effect among cem 

p ercent of respondent in experimental population. 

• TDJOO (Toxic dose JOO): It is the amount of a drug that is going to produce toxic ejject among the whole 
respondent in experimental population. 

• Risk-benefit ratio: This term is very frequently used & conveys a judgment on the estimated harm (adverse 
effects. cost, & inconvenience) versus expected advantages (re lief of symptoms, cure & reduction of 
complication or mortality, improvement in quality of life) . A drug should be prescribed only when the benefits 
outweigh the risks. 

(Ref Tripathi-611'/55) 

Q. Differentiate between graded dose response curves and quantal dose respo nse curve. 
Ans. 
Between graded dose response curves and quanta! dose response curve 

Graded dose response curves Quanta} dose response curves 

I. It di splays the response to a drug measured agai nst I . It is a gra ph of the fraction of a population that 

increasing concentrations of a drug. shows a specified respon se at progress ive ly 

increas ing doses . 

2. Responses are graded when th ey incremen t gradua lly 2. T hey are quanta! and fo llow all-or-none law. 
(eg, heart rate change) as the dose of drug increases . 

3. Plots th e increment 111 physiologic or biochemica l 3. Pl ots the increment 111 th e percent o f the 

response as dose or concentration is increased . popu lation under study that responds as th e dose 

/ I is increased 

v-< Efficacy of dru g can be measured . 4 . Effi cacy of drug can not be measured . -... ..vs. Therapeutic index (TI) cannot be measured. ,v 5. Therapeut ic index (T l) can be measu red. -6. Data is obta ined from small number of in d iv id ua ls. 6. Data is obtained from many indi vidua ls. -
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Agonists: Efficacy, Potency 
Define ffinity, potency and efficacy with example. (RU-I SJ) 

Q. Deh e intrinsic activity and potency. (CU- l 3Ju) 
Z: r; rt note: Potency and enicacy. (DU-1 SJu, 13J, 12), 1 OJu) 

. ~n~ency of "._ dr".ll !°.._bind with ~s receptor is calle_d affinity. 

r o toUCY: . . 
Definition: Potency 1s a measure of t_he amount of drug necessary to produce an effect of a given rnagn i tude. ~ or 
a number of reasons, the concentration pro ucmg an effecnhat is 50% of he maxirn um is used to dererm rn e 

potency. 
Explanation: Potency is commonly d_esignated as the EC50 . (EC511 is the drug dose that shows fifiy perce_nt of 
maximal response.) The term potency 1s used as a comparative term for distinguishing which agon 1st has a higher 
affinity for a given receptor. Th~ drug which can produce an effect at lower drug conce!!trations is ''more potent". 

QJ 
<I) 
C 
0 
a. 
gi 50 
er 

1.0 10 100 

[Drug] (nM/L) (semilog scale) 

Figure. Dose-response curves for a series of agonists (A, B, C and D) that have the same efficacy, but d(fjer in 
terms of their potency. The most potent drug (Drug A) has the lowest EC5o value, and Drug Dis the least potent. 

Ef~trinsic activity {IA): 
Definition: Efficacy (intrins ic activity ) is an inherent property of an 
agonist to illicit a phys iologic response when it interacts with a 
receptor. 

Effi~ften called maxim91 _efficac)'-i.£ lie greatest effect 
(Eniax) an agon1st can produce if the dose is taken to very high level s. 

Important features of efficacy: 
I. By definition, it is a property of the drug, not the receptor or 

tissue. 
2. Efficacy is dependent on the number of drug-receptor 
/ complexes formed. 

/3 . It can be measured with a graded dose-response curve but 
~ ot with a quanta! dose-response curve. 

· Effi cacy is more important than potency. A drug with greater 
efficacy is more therapeutica lly beneficia l than one that is 
more potent. 

! Drug A Is more 
I pot('nt than Drug 
j B, but both show 
l the same efficacy. 

\ ~ . . '\'' ,, 

100~ \ 
~ \ 

Drug Cs.hows 
lower potency 
and lower 
effic3cy than 
Orngs A and B. 

0 
Log drug concentration 

t i f 
E:Cso ECso ECso 

for for for 
Dru9A Drug 8 Drug C 

l 

Figure. Typical dose-response curve for drugs 
showing differences in potency and efficacy. 
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Q. \\'hat arc the differences between potency and efficacy ofa drng'! (DU - 13.1,l lJu) 
Q. Com11arc potency with efficacy with example. (RU- 12.l u) . 

' ns. 
Differences between potency and efficacy of a drug 

Traits Potency Efficacy 
1. Definition Potency is a measure of the amount of Efficacy is an inherent property of an agoni st I 

drug necessary to produce an effect of a to illicit a physiologic response when it 
given magnitude. interacts with a receptor. 

Potency= Affinity Efficacy= Intrinsic activity 

2. Measurement The dose producing 50% of the Efficacy is the greatest effect (Ema.J an agon~ 
maximum response is used to determine can produce if the dose is taken to very high 
potency. levels. 

3. Determination Determined from either graded or Determined from graded dose-response curve-:--
quanta! dose-response curves. 

4. Significance A drug with greater potency is not more A drug with greate r efficacy IS 
~ 

more 
therapeutically beneficial than one that is therapeutically beneficial than one that is more 
more efficacious. potent. 

5. Depends on • Affinity of receptor for binding with • Mode of interaction with receptor. 
drug. 

• Efficacy of drug receptor interaction. 
6. Importance • It determines the dose of the chosen • Determines the clinical effectiveness of 

drug. drug. 
• Impo1iant in drugs of low therapeutic • E ffic acy helps to choose a drug among a 

JI index. particular gro up. 

. 16 efine a onist with exam le . RU-17J , 16J , 15J, 14J, l 1J ,08Ju ,05M ; S U-06M 
~ :.hort no~e: Agonist. (DU-~ SJ~, 121, I OJu) 

Agonist: 

) 

Definition: If a drug binds to a receptor and produces a biologic response that 111 1rn1cs the response to the 
endogenous ligand, it is known as an agonist. 

(Ref LippincoLI ·s-6111/33) 
Definition: Drugs having strong affinity to a receptor as we ll as good efficacy a re ca lled ago n ist. 

Affini ty 
Agonist + Receptor ----- -

Example: 

Efficacy 
Agonist-Rcceptor complex --- ---

I . Phenylephrine is an agonist at a 1-adrenoceptors . 
2 . Salbutamol is an agonist to ~-adrenoceptor. 
3. Pilocarpine is an agonist to rnuscarinic receptor. 

Antagonists 
'r'e a tagonist with example . (RU-I 7J, I 6J, I SJ , 14J , I IJ , I 0J,08Ju, SU-06M ) 

ort ote: Antagonist. (DU-1 SJu, I OJu) 
Ans . 
Antagonist: 

(Ref lippincoll 's -611,/33) 

T issue response 

Defi~ition: Antagoni sts bind to the receptor but do not initi ate a response; that is, they block the action of an 
agoni st or endogenous substance that works th ro ugh the receptor. 

(Ref BRS pharmacology -6'"!5) 
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Definition: Drug having affinity to a receptor but no efficacy (no intrinsic activity) is called antagonist. 

Antagonist + Receptor 

response 

Affinity 
Antagonist-Receptor com plcx 

No efficacy No tissue 

Example: 
• Muscarinic receptor antagonists: Atropine, Tropicamide. 
• Hi-receptor antagonists: Ranitidine, Cimetidine. 

es of anta onists: 
Pharmacologic Antagonists: When one drug antagonizes the action of another drug by acting on the same 
receptor, it is called pharmacological antagonism. 

a. Competitive antagonist: Competitive antagonists combine with the same site on the receptor but their 
binding does not activate the receptor. Competitive antagonists may be reversible or irreversible. 
Reversible, competitive antagonists are not covalently bound, shift the dose-response curve for the 
agonist to the right, and increase the ED50. 

(Ref BRS Pharmacology-6
1h

l5) 
For example, the antihypertensive drug prazosin competes with norepinephrine, at a, receptor, causing 
vasodilation and reducing blood pressure. The agonist, if given in a high enough concentration, can 
displace the antagonist and fully activate the receptors. 

b. Noncompetitive antagonist: Noncompetitive antagonists bind to the receptor at a site other than the 
agonist-binding site and either prevent the agonist from binding correctly or prevent it from act ivat ing the 
receptor. Receptors unoccupied by antagonist retain the same affinity fo r agonist, and the EDSO is 
unchanged. 

(Ref BRS Pharmacology-61h/5) 

For example, drugs such as verapam il and nifeclipine prevent the influx of Ca2
., through the cell 

membrane and thus block non-spec ifically the contraction of smooth musc le produced by other drugs. 
(Ref !.ippincott 's-6'"133 + Katzung & Trevor 's-11'" edition) 

Drug X alone Drug X plus antagonist 
. t 

Drug X dose (log scale) 

Fig. Graded dose-response curves illustrating 
the effects of competitive antagonists. 

r., $ 
C: 
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Q. 

~ 

Drug X alone 

Drug X plus 
antagonist 

ED50 un
1

changed 

Drug X dose (log scale) 

Fig. Graded dose- response curves illustrating 
the effects of noncompetitive antagonists. 

2. Physiologic Antagonists: A phys iologic antagonist binds to a different receptor molecu le, producing an 
effect opposite to that produced by the drug it antagonizes . 
Examples: 

• Histamine binds with histamine receptors and cause bronc hoconstriction. But ep inephrine binds with 
P2 receptors and cause bronchodilation . 

• Acetylcholine causes bronchoconstriction by acting on M2 receptor. Adrenaline causes 
bronchodilation by acting on P2 receptor. 

Pharmacology-20 
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J. Chcnucul Antagonists: When one drug antagonize~ tie e,,ec O 10 n. it 
is called chemical antagonist Here no receptors are involved . 
Examples: . . . 

• Heparin (acidic)+ Protamine sulphate (basic)-+ Chemical neutralization of_ heparin . 
• Gastric acid (HCI) + antacid -+ Chemical neutralization of HCI -+ No HCl-mduced-peptrc ulcer. 

• Dimercaprol + Lead -+ Chelation. 

Q. 9'fin~ tial agonist. (RU- I 6J ,08J u,05 M; SU-06M) 
QyShoft~note: Partial agonist. (DU- I 2J) 

(Ref Tripathi-6'";
561 

~ -
~ -'Partial agonist: 

Definition: The drug that combines with its specific receptor and evokes weak responses and also prevents a fu !J 
agonist from acting on that receptor, is termed par1ial agonist. 

(Ref Bennell & Brown-// thJ 

Criteria: 
1. Partial agonists cannot produce a maximal response. Such drugs have an intrinsic activity of< 1. (Fut/ 

agonists occupy receptors to cause maximal activation; intrinsic activity = 1.) 
2. Partial agonists are partiaJ antagonist also i.e. they have both antagonist and agonist action. Ind iv idually it 

acts as a weak agonist but in presence of a potent agonist it will act as an antagonist. 
(Ref Bennell & Brown-I 1'": BRS Pharmacology-611'!5) 

Example: Nalorphine, Clonidine, Pindolol, Acebutolol etc. 
• Nalorphine when administered alone produces relief of pain by blocking morphine receptor. lfNalorphine 

is given to a Morphine treated patient, it opposes the effect of morphine. So, Nalorph ine is a partial 
agonist. 

• Pindolol (~-blocker) has a partial agonistic activity. The partial agonistic activity of Pindolo l is called 
"Intrinsic Sympathomimetic Activity (ISA)". 

(Ref Bennett & Brown- / Ith) 

Q. Explain- Partial agonists are partial antagonist also. 
Ans. 

Partial agonists are partial antagonist also i.e. they have both antagonist and agonist action. Individually it acts 
as a weak agonist but in presence of a potent agonist it will act as an antagon ist 

(Ref Bennett & Brown- I 1th) 
Consider what would happen to the Emax of an agonist in the presence of increasing concentrations of a partial 
agonist. As the number of receptors occupied by the partial agonist increases, the Emax would decrease until it 
reached the Emax of the partial agonist. This potential of partial agonists to act both agonistically and 
antagonistically may be therapeutically exploited. 

(Ref Lippincotl 's-611,/33) 

Figure. Effects ofpartial agonists. 
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Q. Deline inverse ngonist with example. (RU-l 6J, ],IJ ,08Ju ,05 M; SU- I 6Ju) 

An~. 
I I . ' t 

General Pharmacoloh'Y 

~ rsc ago111s : 
"'--Definition: If a drug acti vates a receptor to produce effects that are specifica lly opposite to those of the agoni st, 

then the drug is ca ll ed inverse agoni st. 

Example: 
• Benzodiazepines are agonists on the benzodiazepine receptor in the CNS and produces sedation, 

anx1olysts-;-m1:1-sc le relaxation and controls convu lsions. 
• p-carbolines which also bind to this receptor cause stimulation, anxiety, increased musc le tone and 

convulsions; they are inverse agonists. 
• Both types of drug act by modulating the effects of the neurotransmitter GABA. 

(Ref Bennett & Brown-I Ith) 
Nice to know 
h,verse agonists have an intrinsic activity less than zero, reverse the activity of receptors, and exert the opposite 
pharmacological effect of agonists. 

(Ref Lippincoll 's-61hl34) 

own the differences between antagonist and partial agonist. (DU- l 6J) 

An . 
erences between antagonist and partial agonist 

Traits 
1. Definition 

2. Intrinsic 
activi 

3. Nature 

Anta onist 
They have affinity to a receptor but 
no efficacy. 

Zero 

The never act as a 

Partial a onist 
They combine with specific receptor and evoke weak 
responses and also prevent a full agonist from acti ng 
on that rece tor. 
Greater than zero but less than one. 

The have both antaoonist and aoonist action. 
4. Examples antagonists: Nalorphine, Clonidine, Pinclolol, Acebutolo l etc. 

Q. Define t erapeutic index. (DU-I 0Ju, RU-1 JJ ; SU-09Ju,06J) 
Q. at nformation we get from TI? (SU-09Ju,06J) 
Q. ht are the clinical significances of TI? (DU- I0Ju, RU-13Ju,1 1Ju,10J; SU-05S) 

. S ort note: Therapeutic Index (TI). (DU-I 4J,09Ju ; CU-06M; SU-06M, RU-0JM) 
Ans. 
Therapeutic index (TD: 
Definition: Therapeutic Index (Tl) is usually defined as the ratio of the median toxic dose (TD50) to the median 
effective dose (ED50). 

(Ref Katzung-13'"!37) 
Definition: Therapeutic Index (TI) of a drug is the ratio of the dose that produces toxicity in ha! f the population 
(TOSO) to the dose that produces a clinically desired or effective response (ED50) in half the population 

(Ref lippinco/f ·s-6'"135) 

Determination of TI: In humans, the therapeutic index of a drug is determined using drug tri als and accumu lated 
clinical experience. These usually revea l a range of effecti ve closes and a different range of toxic doses. 
Obviously, a full range of toxic doses cannot be ethically studied in humans. The TD 50 and ED50 arc determined 
from quanta! dose-response curves. 

TD 
Therapeutic Index (TI)= - 5

-
0 

EDso 
(Ref lippincofl 's -61

" 35) 
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Therapeutic 
effect 
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Figure: Quanta/ dose response curve showing Therapeutic Index, EDso, TDso­

Information we get from TI/ Importance of TI: 
I. The therapeutic index represents an estimate of the safety of a drug, because a very safe drug might be 

expected to have a very large toxic dose and a much smaller effective dose. Therefore, the higher the Tl, 
the safer the drug is & vice versa. 

2. If TI of a drug is low, it should be used with caution. 
3. For safer therapeutic application of a drug, its TI must be > I. 
4. If TI = I , the drug acts as a poison. Eg, the TI of the poison K6(CN)6 is 1. 
5. A drug may have different TI depending upon its clinical use; e.g. aspirin. 

• in headache: TI is high. 
• in rheumatoid arthritis: TI is low. 

6. For application of new drug, TI has greater significance. 

Limitation of therapeutic index 
I. It is based on animal toxicity data, which may not reflect forms of toxicity that are important clinically. 
2. It takes no account of idiosyncratic toxic reactions. 

Q. Name 2 drugs having low therapeutic index. (DU-061, RU-11 Ju) 
Ans. 
Drugs having low therapeutic index 

Barbiturate 
a. Thiopental Na 
b. Phenobarbitone 

2~ Narcotic analgesic (morphine, peth id ine) 
--3. Cardiac glycosides (eg, digoxin) 
4 . Aminoglycoside antibiotics 
5. Anticoagulants (eg, warfarin) 
6. Anticonvulsants 
7. Antihypertcnsive drugs 
8. Li thium. 
9. Anticancer drugs 
l 0. Oral contraceptives 
11. Steroids 
12. Quinidinc 
13 . Drugs acting on the NS. 
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Q. Name 2 drugs having high therapeutic index. (RU-1 lJu) 
Ans. 
Drugs having high therapeutic index 

l. Antibiotics 
a. Penicillin~ (24 lac may be given without producing toxicity) 
b. Sulfonamide 

_y Benzodiazepines 
a. Diazepam (200 mg can be given at a time is respiration is maintained) 

/ b. Clonazepam 
}- NSAIDs (eg, paracetamol) 
· 4. Diuretics (thiazide) 

5. Phenytoin 

Q. Define Therapeutic window. Mention their clinical importance. (DU-l 2Ju) 
Q. Short note: Therapeutic window. 

/ 
Ans. / 

General Pharmacology 

The i neutic window TW : 
D ition: The range between the m1111mu111 toxic dose and the m1111mum therapeutic dose is called the 

rapeutic window. 
(Ref Kat:wng-! 3'"137) 

In other words, therapeutic window of a drug is the range of drug dosages which can treat disease effectively 
while staying within the safety range. 

For example, if the average minimum therapeutic plasma concentration of theophyl line is 8 mg/L and toxic 
effects are observed at 18 rng/L, the therapeutic window is 8- 18 mg/L. 

( Ref Kat:zung & Trevor 's-l I th edition) 

Clinical importance 
I. TW is a more clinically usefu l index of safety. 
2. TW is of greater practical value in choosing the dose for a patient. 
3. It can help to avoid most of the potential side effects. 
4. It is more reliable than the therapeutic index , since it considers the biological variation among ind ividuals 

to a larger extent. 
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Fig. Therapeutic window. 
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Individual variations in drug responses 

Q. e ribc factors of individual variations of drug response. (CU- l 3Ju, 121,051 , SU- l 4Ju) 

An · h f 11 . f; 
-Ii> ividual variations of drug response: Drug response varies among individuals due tot e O owing actors. 

I. Personal factors: 
• Age 
• Sex 
• Body weight and surface area 
• Nutrition 
• Alcohol 
• Cigarette smoking 

2. Pathological conditions 
3. fmmunological factor 
4 . Genetic factor 
5 . Environmental factor 
6 . Psychological factor 

Describe these factors ji-om below. 

·Q. Whaf a're tlie fac'tors-·modifyfog"clfo_g .actio_n? (DU::-1 ifu~ CU-0S,RU-03S~-SU-14Ju) 
Q~~ Explain ,vith exam pies · how.: age~ pathological conditions ·· & genetic factors modify drug action . (DU-

. 11Ju: 10J, RU~l2J) ··. . .. · '>:·. : . . . 
rQ . .:.~x fain wit_h ·ex~mpies li'qw ig~, and ·envjroriinental'fa.cto'rs modify drug action. (DU-1 J J ) 

·~-E plain _wit_h _examples ho.w _ i;out~ of administratfon''modify _drug action. (RU-14J, 11 Ju) 
~.scribe the fact~rlthat in'fluence r~sponse dev~lopment ~fter receptor activation . (CU-08.Tu). 
1scuss the genetic factors that modify drug act1011. (CU-05S;RU-16Ju, 13Ju, l 2J) 

Ho:w !lge, sex, bqpy weight, nutrl~ibna:t stat_us ~ pathological factors moqify dr~g action? (RU-12J,06S) 
Ans. 
Factors modifying drug action: 

A. Factors related to the patient: 
I. Personal factors : 

• Age 
• Sex 
• Body weight and surface area 

Nutrition 
Alcohol 

• C igarette smoking 
2. Pathological conditions 
3 . Immunologica l facto r 
4. Genetic factor 
5. Environmental factor 
6 . Psychological facto r 

B. Factors related to the drug: 
I. Route of admin istration 
2 . Dose of drug 
3 . Time of administration 
4. Drug combinat ion 
5. Drug interact ion 
6. Cumulation 
7. Tolerance: Addiction 
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8. Intolerance: Hypersensitivity 
9. Rate & extent of absorption 
JO. Distribution into body fluid 
JI. Plasma protein binding 
J2 . Rate of metabolism & elimination 

A. Factors related to the patient: 
1. Age: Extreme of ages (too young or too old) alters drug action. Generally, drug doses should be red uced in 

both thes cases. 

a. e born & children: 
Absorption of drug from the GIT is slower in neonates . Transdermal absorption is faster because 
their skin is thin & more permeable. Hexachlorophane should not be appli ed over the skin of children . 

• Newborn has poor renal function. So half li fe of the drugs excreted by glomerular filtration 
(Gentamicin) & tubular secretion (Penicillin) is prolonged by 3-5 times. 

• Hepatic drug metabolizing .\ystem is inadequate in newbo rn . If chloramphenicol is given in diseases 
like enteric fever--+ It is not metabolized due to absence or deficiency of glucoronyl transferase in the 
liver --+ Moreover, maximum lipid-so luble drug cannot be excreted through the kidney --+ So 
accumulate in the body--+ Cross BBB --+ Goes to cardio-respiratory center--+ Normal lung & heart 
function is impaired --+ Gray baby syndrome. 

• Blood brain barrier is more permeable --+ drugs attain higher concentration in the CNS. So, infants 
are more sensitive to CNS depressant drugs . 

• More plasma protein binding--+ Enteric fever in in fant--+ Administer sulphonamide --+ It has more 
affinity for plasma protein than bilirubin--+ So, bilirubin is displaced--+ Cross the BBB--+ Deposit in 
basal ganglia & auditory nucleus--+ Kernicterus. 

• Tetracycline --+ Administered to baby below 5 yrs--+ Retarded bone & teeth growth. 
• Glucocorticoidsl\·teroids--+ Early fus io n of epiphysis & diaphysis--+ short stature. 

b. Elderly: 
• 

• 

• 
• 
• 

Renal function progressively declines--+ tDrug excretion--+ jDrug half-life--+ jDrug action (there 
may be toxicity)--+ Drug dose should be red uced. 
Reduction in the hepatic microsomal enzyme & liver blood flow--+ tDrug metabolism--+ jSystemic 
bioavailability--+ jDrug action (there may be toxicity)--+ Drug dose should be red uced. 
Slower absorption due to reduced moti lity & less blood now to intestine . 
Lesser plasma protein binding due to lower albumin . 
Increased or decreased volume of distribution of lipophilic & hydrophilic drugs respectively . 

2. Sex: Male--+ Testosterone increases enzyme activity --+ jMetabolism --+ Short duration of action --+ Needs 
larger doses than females . Female metabolizes drugs less rapid ly due to estradiol. Estradiol --+ Inhibits 
enzyme that metabolize drugs --+ Longer duration of drug action. So, they require sma ller dose. 

In case of female, following factors modify drug action-
a. Menstruation: 

b. 

• Dysmenorrhea--+ Asp irin --+ Antiplatelet action--+ Inhibits platelet aggregation--+ jBlood loss. 
• Constipation/pelvic congestion--+ Purgatives--+ jMotility of colon--+ It affects the uterus --+ jBlood 

oss during menstruation. 

• 

r nanc 
First trimester: Use of drugs may produce teratogenic effects. 
Teratogenic effects: 

o Aspirin --+ Cleft lip, palate 
o Steroids--+ Ta lipes deformity. 
o Thalidomide (hypnotic) --+ Phocomelia (Total absence of limbs). 

Abortion: Aspirin & H1 blocker--+ Implantation is interfered. 
Second trimester: Relative ly safer. Order of safety: 2nd > 3rd > I 51 trimester 
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• Third trimester: Drug affects both mother & fetus equally. . . _ 

0 
Aspirin _ !Synthesis or prostaglandin -> delayed labor pam -+ Overmatunty of fetus ---... 

Bad for both mother & fetus. . . . 

0 
Aspirin interferes with the patency of ductus artenosus o~ fetus l~~d_mg to CVS disorder .. 

o Mother consumes tetracycline -+ It crosses blood-plaL:ental ba1 ner (BPB) ---. Deposns in 

bones & teeth of fetus ---. Growth retardation. . 

0 
Mother consumes steroid---. BPB :- Pr~mature closure of metaphysts ~ ~~ort s_tature. 

0 
Mother is hyperthyroidism---. Antithyro~d _drugs are taken -+ Hypothyro1d1sm of future baby. 

So, risk-benefit ratio should be considered before g1v1ng drugs. 

. A · tliei· sliould take the druo cautiously as drugs may go to the neonates through 
c. Lactation: nursmg mo 0 

breast-feedina and cause side effects. . d · 
0 

. 
1
- Goes to neonates through breast-milk-+ Growth retar at1on. 

• Mother consumes tetiacyc me-+ . 
· f h . c sleep1•11 o pill -+ Goes to neonates through breast-milk --. CNs • Insom111a o mot e1 -+ onsumes o 

depression of neonates. 

3. Body weight and surface area: It influences the concentration of the drug m~lecule attfaiihled at_ the site of 
· 'fi d d' t b d weight and sur1ace area o t e patient. action. So, dosage of drug should be modi 1e accor mg o o Y 

4. Nutrition: 
• Malnutrition impairs the biotransformation of drugs . . . . . 
• Some vegetables such as cabbage, cauliflowers stimulate the mtest1nal b1otransformation of some drugs . 

5. Alcohol: 
• Acute intake of alcohol inhibits the biotransformation of drug. 
• Chronic intake of alcohol increases the biotransformation of drug. 

6. Cigarette smoking: Cigarette smoke is a rich source of benzopyrine, which is a potent enzyme inducer. 
Biotransformation of some drugs such as theophylline, caffeine and imipramine are several times higher in 
cigarette smokers. 

7. Genetic factor: All key determinants of drug response; e.g. transpot1ers, metabolizing enzymes, ion channels, 
receptors with their couplers & effectors are controlled genetically. Few examples are -
• The population of rapid acetylator metabolizes isoniazid to acetyl-isoniazid which is excreted in the urine. 

Slow acetylator metabolizes isoniazid in a slower rate and is subjected to ison iazid tox ic ity such as 
peripheral neuropathy. 

• Glucose-6-phosphate dehydrogenase deficiency is responsible for haemolysis when these patients are 
exposed to certain drugs like primaquine, dapsone, quinolone, etc . 

• Acute intermittent porphyria precipitated by barbiturates is due to genetic defect in repression of 
porphyrin synthesis. 

• Resistance to warfarin is due to an abnormal epox ide reductase which has low affinity fo r the warfarin. 
• Pseudocholinesterase deficiency: Suxamethon ium -+ !Metabolism --t Suxamethoni um apnea after 

surgery. 
• Down's syndrome: Atropine-+ Hypersensitivity. 
• Glucoronyl transferase deficiency: Sa li cy late-+ !metabolism-+ jSa licylate concentration -+ Sali cy lism . 

8. Pathological conditions: 
• Meningitis: Some antimicrobials (eg, benzylpenicillin , ampicilli n, tetracyclines, streptomycin, 

gentamicin and cephalosporin) penetrate well the meninges when it is inflamed (meningiti s). 
• Gastrointestinal disease: 

o In Coeliac disease, absorption of amoxicillin is decreased but that of cephalosporins & co­
trimoxazole is increased . 

o Gastric stasis occurring during mi gra ine attack retards the absorption of ingested drugs. 
o Achlorhydria decreases aspirin absorption by favouring its ioni zation. 
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• Chronic liver diseases (CLD): 
o Bioavailability of drugs having high I st pass metabolism is increased due to loss of hepatocellular 

function & portocaval shunting. 
o Serum albumin is reduced; so protein binding of acidic drugs (diclofenac, warfarin etc.) is reduced & 

more drugs is present in free form for more pronounced drug action. So dose should be reduced . 
o Prodrug needing hepatic metabolism for activation, eg, prednisolone should be avoided . 
o The sensitivity of brain to depressant action to morphine & barbiturate is markedly increased m 

cirrhosis; so normal dose can produces coma. 
o Oral anticoagulants can markedly increase prothrombin time because clotting factors are already low. 

• Renal diseases: 
o Clearance of drugs that are excreted unchanged in urine is reduced in renal diseases. 
o The permeability of blood brain barrier is increased in renal failure; Opiates, barbiturates, 

phenothiazines, benzodiazepines etc. produce more CNS depression. 

• Thyroid diseases: 
o The hypothyroid patients are more sensitive to digoxin, morphine & CNS depressants . 
o Hyperthyroid patients are relatively resistant to inotropic action but more prone to arrhythmic action 

of digoxin . 

9. Immunological factors: 
• Type I reaction: Penicillin may cause anaphylactic shock. 
• Type II reaction: Drug induced hemolytic anemia. 
• Type III reaction: Glomerulonephritis may be induced by penicillamine. 
• Type IV reaction: Contact dermatiti s. 

10. Environmental factor: 
• Exposure to insecticides, carc inogens, tobacco smokes are known to induce drug metabolism. 
• People living in urban/town area are exposed to hydrocarbon - Hydrocarbons induce hepatic 

microsomal enzyme - Rap id metabolism of drugs - ! Drug act ion. 
• Persons working in insectic idal fac tory - Insecticides induce hepatic microsomal enzyme - Rapid 

metabolism of drugs - ! Drug action. 
• People living in high al titude or hilly area - In hi bits hepatic microsomal enzyme - !Metabolism of 

drugs - jDrug action . 
• People working with radiation, as bestos, benzene - Suscepti ble to cancer. 

11. Psychological factor: Efficiency of a drug can be affected by patient' s bel ief-~ attitudes & expectations. This 
is particularly applicable to centrally acting drugs; e.g. a nervous & anxious patient may require more general 
anesthetic drugs. 

B. Factors related to the drug: 

1. Route of administration: Route of administration governs the speed & intensity of drug response-
• Onset of action: 

o Oral route - Slow onset. 
o 1/V, 1/M, sublingual, inhalation - Rapid onset of action. 

• A drug may have entirely different uses through different routes; e.g. 
o Streptomycin: When used in 1/M route - Anti-tubercular effect. 

When used orally - No action in lung - Acts as gut sterilizer. 
o MgSO4: When taken orally - Acts as purgatives. 

When given 1/V - Acts as anticonvulsants in eclampsia. 
When given as paste over sprained joint-- Decreases swelling. 

Pharmacology-21 
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2. Time of administration: 
• In relation to meal: 

a. Antacid/aspirin - Effecti've after meal. 
b. Antihelminthic - After meal 
c. Foul-smelling & irritating drug (metronidazole) - After meal. 

• Ill rellltio11 to daytime: 
a. Sedatives at night - More effective. 
b. Statins at night - More effective. 

3. Dose of drug: Some drugs in different doses produce different effects, eg, as for phenobarbitone, 
• 75 mg/kg is lethal dose. 
• 1 /2 of the lethal dose is anesthetic dose. 
• l /3 of anesthetic dose is hypnotic dose. 
• /4 of anesthetic dose is sedative dose. 

0, mulation: Any drug will accumulate in the body if rate of administration is more than the rate of 
limination. However slowly eliminated drugs are particularly liable to cause cumulative toxicity; e.g. 

prolonged use of chloroquine causes retinal damage. Drugs having high t112 shows cumulation . Eg, digitalis 
Phenobarbitone, sulfonamide. ' 

Advantage of cumulation: It is generally undesirable but desirable in the treatment of CCF, epilepsy. 

5. Toler~nce: It r~fers ~o the requirement of higher dose of a drug to produce a response. To lerance is a widely 
occurrmg adaptive biological phenomenon. 

Q. How dose of drug affects drug action? 
Ans. 
Effect on the dose of drug on drug action 

1. Chlorpromazine 
• Low dose - Antiemetic. 
• High dose - Antipsychotic. 

2. Phenobarbitone: 
• 75 mg/kg is lethal dose. 

(Ref Tripathi-61h/61-67 + Misbahuddin-5th /42-45+0thers) 

• 1 /2 of the lethal dose is anesthetic dose. 
• I /3 of anesthetic dose is hypnotic dose. 
• 1 /4 of anesthetic dose is sedative dose. 

3. Salicylate: 

• Low dose (2 gm) - Increased accumulation of uric acid - Gout. 
• High low dose(> 4 gm) - Increased excretion of uric acid - Relief of gout. 

4. Paracetamol: 

• Recommended dose - Antipyretic. 
• High dose (10 tabs) - Hepatotoxicity. 

5. Benzyl penicillin: 

• Large dose-+ Prolong duration of action. 

6- Any CNS depressant drug· G d l · f . . . 
• Sedation . ra ua mcrease o dose will give nse of the following effects-

• Hypnosis 
• Narcosis 
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• Anesthesia 
• Coma 
• Death 

7. Adrenaline 
• ln minimum effective dose----> !BP. 
• ln therapeutic dose ----> j BP. 

Q. How does route of administration affect drug action? 

Ans. 
Effect of Route of administration on drug action: Route of administration governs the speed & intensity of 
drug response-

1. Onset of action: 
• Oral route----> Slow onset. 
• l/V, 1/M, sublingual, inhalation----> Rapid onset of action. 

2. Duration of action: Oral route----> Prolong duration of action. 

3. On biotransformation: Oral route----> First pass metabolism ----> Decreased action. 

4. A drug may have entirely different uses through different routes; e.g. 
Streptomycin: 

• When used in 1/M route----> Anti-tubercular effect. 
• When used orally----> No action in lung----> Acts as gut sterilizer. 

MgSO4: 
• When taken orally ----> Acts as purgatives. 
• When given 1/V ----> Acts as anticonvulsants in eclampsia. 
• When given as paste over sprained joint----> Decreases swelling. 

Nice to know 
Principles of drug action: 

1. Stimulation: Adrenaline stimulates heart. 
2. Depression: Barbiturates depresses CNS. 
3. Replacement: Insulin in diabetes mellitus. 
4. Cytotoxic action: Methotrexate as anticancer drug. 
5. Irritant drug: Castor oil (laxative). 

(Ref Tripathi-6th/37) 
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Drug Interaction 

Q. Dctinl drug interaction. . 
Q. Name different types of drug int~rnction_ with example. (DU-06M) 
Q. Nfine the different sites of drug 111tcract10n. (SU -04S) 

l -. 

Drug interaction:_ . . . hen the effects of one drug are modified by the 
Definition· Oruo mteractton is a phenomenon which occurs w I b fi . I harmful effects 

. :::, . . . f I d D ·ug interaction may resu t ene icia or . prior or concurrent admm1strat1on o anot 1er rug. ' 

Sites of drug interaction: Interactions can occur-
!. Outside the body 
2. At the absorption level 
3. At the distribution level 
4. At the biotransforrnat ion level 
5. At the excretion level 
6. At the receptor level 

Types of drug interaction: 

• According to site of interaction: 
A. Pharmaceutical interaction: 

I. Outside the body 
B. Pharmacokinetic interaction : Drug interaction at -

I. At the absorption level 
2. At the distribution level 
3. At the biotransformation leve l 
4. At the excretion level 

C. Plwrmacodynamic interaction : 
I. At the receptor level 

• According to effect: 
I. Positive interaction / synergism: 

a. Summation / addition 
b. Potentiation / Super-addition 

2. Negative interaction / antagonism. 

A. Drug interaction outside the body: Loss of potency can occur from drug combination outside the body, eg, 
I. Thiopentone + Suxamethonium -> Precipitation 

;[. Diazepam + Infusion fluid-> Precipitation 
3. Phenytoin + Infusion fluid-> Precipitation 
4. Heparin + Hydrocortisone-> Inactivation of heparin 
5. Kenamycin + Hydrocortisone-> Inactivation of kenamycin 
6. Carbenici ll in + Gentamycin-> Inactivation of gentarnycin 

B. Drug interaction at absorption level: 

/. Complex formation 
1 1. Tetracycline+ Antacid __ _.::..,__-=-------4 Decreased absorption of tetracycline 

)2. Tetracycline+ Mg(Ol-lh Complex .formation 
Decreased absorption of tetracyc line 

Complex fo rmation 
3. Tetracycline + Ca - ----=--___::_ ___ ~ Decreased absorption of tetracyc line 
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. Complex formation 

4. Tetracycline + Al ___ :.......__:......._ ___ _..,. Decreased absorption or tctracyc lim: 

. . . , ~ Complex .f<Jrmation . . . 
5. fetr acyc lme + NaHCO~ -----:......._---- > Decreased absorpti on ol tetracyc lin e 

, . Complex format ion 
6. l etracyc!me + Iron · > Decreased absorpti on of tetracyc line 
7. Iron + V1t C - Increased absorption of iron. 

C. Drug interaction at distribution level: A drug hav ing more affinity lo plasma prote in can displ ace another 
drug having less affi nity fo r the same binding site. So the di splaced drug becomes free wh ich is 
pharmacologica lly active and produces action. 

I. D' I 1sp acemen t f rom p asma protein binding site: 
,, Displacine drug Displaced drug Result/effect 

,/Sulfonamide Bilirubin Kern icterus 
• Sulfonamide Methotrexate Agranulocytos is 
• Salicylates Methotrexate Agram1locytos is 

/ Salicylates Tolbutamide Hypoglycem ia 
• .Sa I icy !ates Sulfonamide Su lfonamide toxicity 

~/ Quinidine Digoxin Digoxin toxicity 
IA"' Indomethaci n & Phenyto in Warfarin Bleedi ng 
• Vitamin K Bil irubin Kernicterus 
• Clofibrate Warfarin Enhanced anticoagulat ion 
• Phenylbutazone Warfarin Bleeding 
• Na-Valproate Phenytoin Phenytoin toxici ty 

(Ref- Bennett & Brown-I I th; Tripat/11-6th/22) 

2. Displacement from tissue binding site: 
• Quin idine + Digoxin - Quin idine displaces digox in 

3. Direct interaction: 
• Protamine-SO4 + Heparin - Neutralization - !Heparin action / toxicity 
• Fe+ Desferrioxami ne - Neut ralization - !Fe action/ toxicity 

D. Drug interaction at biotransformation level: 
I. Enzyme induction: Enzyme induction by one drug increases biotransformation of another drug and is a 

cause of therapeutic fa il ure. 
Inducer Drug whose metabolism is induced Effect 
.Rffampiciu Oral contraceptives Failure of contraception 
Phenobarbitone Oral contraceptives Fai lure of contraception 
Phenytoin Oral contraceptives Fai lu re of contraception 
Rifampicin Warfa rin Decreased anticoagulation 
Pheno ba rbi tone Warfar in Decreased anticoagu lation 
Phenytoin Warfarin Decreased anticoagulation 
Phenylbutazone Warfarin Decreased anticoagu lation 
Phenobarbitone Chloramphenicol (in pre111at11re baby) No Gray baby syndrome 

2. Enzyme inhibition : Enzyme in hibition by one dru g limits biotransforrnation or other drugs and is a ca use 
0 f . . I I d f mtense drug action wit 1 a ong ura 1011 . 

Jn,l{ibitor Drug whose metabolism is inhibited E ffcc t 
-9-tmetidine Warfarin Hemorrh al.!,e 

-Chloramr,henicol Warfa rin Hemorrhage 
Metronidazolc Tolbutamide I lypof!. lvcem ic shock 
Allopurinol Azathioprine 13onc marrow suppress ion 
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E. Drug interaction at excretion level: When two drugs compete with each other for the same binding site of a 
can) er protein for excretion, one influences the excretion of the other. Eg, 
_!.. Penicillin+ Probenccid: Penicillin has a shorter half-life. Probenecid & Penicillin both use organic acid 

transpo11er for tubular secretion & probenecid has the better affinity. So, simultaneous administration of 
probenecid and penicillin causes decreased secretion of penicillin and this increases duration of action of 
penicillin. 
Penicillin + Probenecid -+ Probenecid inhibits active secretion of penicillin -+ decreased excretion of 
penicillin -+ increased duration of action of penicillin . 

..2. Quinidine + Digoxin -+ Quinidine inhibits active secretion of digoxin -+ decreased excretion of digoxin 
-> increased duration of action of digoxin . 

F. Drug interaction at receptor level /Pharmacodynamic interaction: 
._J. Positive interaction / synergism: 

• Summation I addition 
• Potentiation / Super-addition 
Negative interaction / antagonism. 

Q. Explain the consequence- Ferrous sulphate and antacid given together. (DU- l 3Ju) 
Ans. 
Iron + Antacid 
Result: Decreased bioavailability of Iron only. 
Explanation: Interaction takes place at the level of absorption. Aluminium (Al 3+) of Antacid forms insoluble 
complex with Iron . Thus absorption of Iron from GIT is impaired reducing its bioavailability. 

Nice to know 
Objectives of drug interaction: 

1. To obtain a desired therapeutic effect. 
2. To broaden the .spectrum of activity in case of antibiotic therapy. 
3. To treat more than one diseases simultaneously. 
4. To prevent development of drug resistance. 
5. To minimize adverse drug reaction 
6. To delay the emergence of malignant cells in cancer chemotherapy. 

i:J :••ify dr.ug interaction at receptor level /Pharmacodynamic interaction. 

~ g mteractwn at receptor level /Pharmacodynamic interaction 
I . Positive interaction/ synergism: 

1. 

• Summation/ Addition 
• Potentiation / Super-addition 

2. Negative interaction/ ,:\ntagonism. 

Svnergism: When the net effect of two drug d t t · 
the effect of individual d ·t · 11 d d. s use . oget ier is equal to or g reater than the arrhythm ic sum of 

a. 
rug, 1 1s ca e I ug synergism. 

Summation / addition : When the net effect of two d . · · · 
the effect of individual drLig 1·1 1· , , II d . rugs used togethei is equa l to the a rrhythmic sum of 

, s Cd e summation. Here 
2+2 = 4 , 

(Effect of drug A + Effect of drug B) = l!,_Yfect <~f drug (A +BJ 

Example: 

• Aspirin + Paracetamol..._ For Analgesia 
• A~lodipine_ + Atenolol-> For hyperte nsion 
• Gl1be~clam1de + Metformin -> For diabetes mellitus 
• Antacids = Mg(OH) + Al(S ·o) 

2 1 J J-+ For peptic ulcer 
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b. Potentiation: When the net effect of two drugs used together is greater than the arrhythmic sum of the 
effect of individual drug, it is called drug synergism. Here, 

2+2>4 
(Effect of drug A + Effect of drug BJ > Effects of drug (A+B) 

Example: 
• Acetylcholine + Physostigmine 
• Levodopa + Carbidopa 
• Sulfamethoxazole + Trimethoprim = Co-trimoxazole 
• Enalapril + Hydrochlorothiazide 

(Ref· Tripathi-6'"!5 6) 
Benefits of synergism: 

I. To increase the efficacy of drugs . 
2. To reduce the toxic effects of drugs. 
3. To reduce the dose of drugs. 

2. Drug antagonism: See below 

Q. Define drug antagonism . (DU-I 7M, J 6Ju, CU-I 5Ju,04J, SU-07 Ju,06S) 
Q. Name different types of drug antagonism with one example of each of them. (DU-17M,08Ju; SU-07J) 
Q. What do you mean by physiological antagonism? (CU-I I Ju , RU-08Ju) 
Q. Discu s Physiological and Pharmacological antagonism. (DU-1 7 J) 
Q. ri e short note on: Competitive antagonism . (DU-07M) 
Q. i merate & discuss the criteria of competitive and noncompetitive pharmacological antagonism with 

e ample . (CU-I 5Ju,07Ju/J; SU-07J) 
hort note: Drug antagonism . (DU-14J) 

Q. Short note: Physiological and Pharmacological antagonism . (DU-l 2J, I OJ) 
· Q. Short note: Physiological antagonism. (RU-I 6Ju, I SJ) 

Ans. 
Drug antagonism: 
Definition: When the effect of one drug is reduced or aboli shed by the presence of another drug, the phenomenon 
is called drug antagonism. 

Classification of drug antagonism: 
A. Receptor mediated antagonism: 

I. Physiological / Functional antagonism 
2. Pharmacological antagon ism 

B. Non-receptor mediated antagonism : 
I. Physical antagonism 
2. Chemical antagonism. 

Non-receptor mediated antagonism 

Ph1•sical antagonism : When one drug antagonizes the effect of another drug by phys ica l processes such as 
adsorption, it is called physica l antagonism . Here no receptors are involved. e.g. Charcoal adsorbs alkaloids & can 
prevent their absorption- used in alkaloid poisoning. 

(Ref Triparhi-611'/56) 

Chemical anta onism : When one drug antagonizes the effect of another drug by simple chemical reaction, it is 
called chemical antagonism. Here no receptors are involved. Example: 

• Heparin (acidic)+ Protamine sulphate (basic) - Chemical neutralization of hepari n 
• Gastric acid (HCI) + antacid - Chemical neutralization of gastric acid - No HC!-induced-peptic ul cer. 

(Ref Tripathi-611'/56) 
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Receptor mediated antagon ism 

Phvsiological / Functional anta onism : When one drug antagon izes the action of a'.1other drug ~y acting 011 two 
· · - · I t · · t · t t ·t 1·s c··1l led physiolog ical antago111sm . d1tfcrcnt types o t receptors ot t 1e same p 1ys 10 og1ca sys e ms, 1 , 

Example: 
• Acttvlcholine causes bronchoconstricti on by acting on M2 receptor . 

• Adr~nalinc causes bronchoclilation by acting on ~ 2 receptor . 

Properties of physiological antagonism: . 
l. ion-compet iti ve antagonism: No competition of drug to reach the site of receptor. 

2. Drugs act on different types of receptor. 
3. It is dose independent. 
4. The dose-response curve dose not maintain para llel pathway. 

Pbarmacolo ical antagonism : When one drug antagonizes the action of another drug by acting on the same 

receptor, it is called pharmaco logical antagonism. It is of 2 types-
\ . Competitive / surmountable / reversible antagonism 
2. Non-compet iti ve / non-surmountable / irrevers ible antagonism 

A. Competitive antagonism : If both the antagonist and the agonist bind to the same site on the receptor and 
a re able to displace each other from the receptor site, it is called competitive drug antagonism . 

Tvpes: 
I. Reversible competitive antagonism: Antagonists binds reversibly to the receptor. The agonist is ab le to 

displace the antagonist molecules from the receptors. It is the commonest and most important type of 
antagonism. 

2. Irreversible, or non-equilibrium, competitive antagonism: It occurs when drugs form covalent bonds 
with the receptor. These are mainly used as experimental tools for investigating receptor function , and 
few are used clinically. Cl inically used irreversibl e enzyme inhibitors include-

• Aspirin 
• Omeprazole 
• Monoamine oxidase inhibitors . 

Criteria of competitive antagonism: 
I . There is often some sim il a rity between the chemical structures of the agonis t and antagonist 

molecules . The two drugs compete w ith each other for the same site on the recepto r. 
2 . ! he an!agon ism is sa id to be s urmountable, ie, the effect of an antagonis t can be overcome by 

111creas1ng the dose of ago nist. 
3. In the presence of a reversible competitive antagonist, the log dose-response cu rve for an a aonist is 

shifted to the right, but maximal effect is unchanged . ::, 
4 . EDso--+ Increased . 

(Ref Rang & D ale 's-6thl l6-18+ Katzung & Trevor 's-1 llh edirion) 

Drug X alone Drug X plus antagonist 

Maximum response ~ 
unchanged j 

Drug X dose (log scale) 

Fig Gruded dose response curves illustrating 
the ejjects of competitive antago11iws. 

~ 
C 
0 
Q. 

~ 

Drug X alone 

Drug X plus 
antagonist 

ED50 unchanged 

Drug X dose (log scale) 

Fig Graded dose--response curves illustrating 
the effects of noncompetitive antagonists. 
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- Non-competitive antagonism: 
B, Definition: Noncompetitive antagonists bind to the receptor at a site other than the agonist-binding sit<.: 

(allosteric site) and either prevent the agonist from binding correctly or prevent it from activating the receptor. 
(Ref BRS Pharmacolugy-6"'!5) 

For example, drugs suc~1 as verapamil and nifcdipine prevent the influx of Ca2; through the cell membrane 
and thus block non-specrftcally the contraction of smooth muscle produced by other ·drugs. 

Typ~: . . . 
1. Reversible: Binds reversib ly at an allosteric site of the receptor. 
2. Irreversible: Binds irreversibly at an allosteric site of the receptor .. 

Properties: 
(Re.f Katzung & Trevor 's- 1 I th edition) 

l. No competition between antagonist and the agonist to bind with the receptor. 
2. The antagonism is not surmountable, ie, the effect of an antagon ist cannot be overcome by increas ing 

the dose of agonist. 

3. An irreversible antagonist causes a downward shift of the maximum, with no shift of the curve on 
the dose axis unless spare receptors are present. 

4. Receptors unoccupied by antagonist retain the same affinity for agonist, and the EDSO is unchanged. 

Q. What is the clinical importance of drug antagonism? (RU-1 l J) 

Ans. 
Clinical importance of drug antagonism 

l . For specific antidote purpose: ln case of acute poisoning: e.g. 
• Naloxone in Morphine poisoning. 
• Pralidoxime in OPC poisoning . 

. 2. To prevent adverse drug reactions: lsoniazid used in TB patient may cause peripheral neuropathy. 
Pyridoxine is used along with isoniazid to prevent peripheral neuropathy. 

3. For treatment purpose: Antacids are used in peptic ulcer. 

Q. Write the differences between pharmacological & physiological antagonism . (DU-I OJ , SU-l 7M) 
Q. Compare & contrast pharmacological & physiological antagonism. (RU- l 3Ju, SU-I SJ) 
Q. Write down the differences between competitive & physiological an~agonism. (DU- l 6J) 
Ans. 
Differences between pharmacological & physiological antagonism: 

Pharmacoloidcal autaionism •: I . Physiolo2ical anta2onism 
I. Competitive / non-competitive I. Always non-competitive 
2. May be reversible or irreversible 2. Reversib le 
3. Acts by phannacokinetic or pharmac.:odynamic 3. Acts by phannaeodynam ic mechanisms 

mechanisms 
4. May antagonize in the same phys iological system or 4. Always antagonize in the same phys iologica l 

not. system. 
5. Dose dependent or not 5. A !ways dose dependent 

6. Example: 6. Examples: 
• Adrenaline+ Propranolol ---> Antagon ism • Acetylcholine +Adrenaline ---> Antagonism 
• Adrenaline + Phenoxybenzamine---> Antagon ism • Insulin + Glucagon ---> Antagon ism 

l'harmacology-22 



B\ueprintTM Pharmacology 150 

Drug combination 
Q. What is drug combination? What are the indications of use of drug combination? 

Ans. · f d 
Drug combination: Drug combination means the simultaneous administration o two or more rugs either 
separately or in a single pharmaceutical formulation. 

Indications of use of drug combination: 
I . To obtain synergistic effect (e.g. co-trimoxazole). 
2. To minimize adverse effects. 
3. To broaden the spectrum of antimicrobial activity. 
4. To prevent emergence of drug resistance. 
5. To increase plasma concentration of one drug by another. 
6. To treat severe infection. 

Q. Short note: Fixed dose drug combination. 
Ans. 
Fixed dose drug combination: If the amount of drugs in a single pharmaceutical formulat ion is fi xed, it is called 
fixed drug dose combination. 

Example: 

1. Co-trimoxazole = Trimethoprim (80 mg) + Sulfamethoxazole ( 400 mg) 
2. Fansider = Sulfadoxine (500 mg)+ Pyrimethamine (25 mg) 
3. Sinemet = Levodopa (250 mg)+ Carbidopa (25 mg) 
4. Rimstar 4-FDC: Isoniazid 75mg + Rifampicin 150mg + Pyrazinamide ~00mg + Ethambuto l 275 mg 
5. Rimstar 2-FDC: Isoniazid 75mg + Ri fampicin 150mg ,, 

Advantages of fixed drug dose combination: 
1. Convenient to use. 
2. Enhanced effect- Provides synergistic drug action (e.g. cotrimoxazole). 
3. Minimization of unwanted effect. 
4. Good patient compliance. 
5. Prevention of emergence of drug resistance in antimicrobial therapy. 

(Ref Benne ft , Brown-]] th) 

Therapeutic drug monitoring (TDM) 
Therapeutic drug monitoring (TDM): Monitoring of drug therapy by measuring plasma concentration of a drug 
is known as therapeutic drug monitoring (TOM). 

Indications of TDM: 

I. Drugs with narrow therapeutic index (TI): Digoxin, phenytoin, aminoglycosides, etc. 
2. Drugs showing wider inter-individual variations, eg, TCA. 
3. To ascertain patient compliance. 
4. In renal failure patients. 
5. To check the bioavailability. 
6. In patients who do not respond to therapy without any known cause. 

TDM is not required in the following situations: 
1. When clinical and biochemical parameters are available. 

a. BP measurement for antihypertensive drugs. 
b. B.l?od s.ugar estimation for anti-diabetic drugs. 
c. PI , AP IT, INR for anticoagulants. 

2. Drugs producing tolerance. 

3. Drug~ wh_ose effect persists longer than the drug itse lf, omeprazo le. 
4. ff est1mat1on is very expensive. 
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Drug safety and vigilance 
Adverse drug Reactions 

Q. \3/'hat · adverse drug reaction (ADRs)? (DU-16J,13J ,07Ju, CU-05J ,04S, RU-07Ju, SU-09Ju) 
Q. 6ut · e adverse drug reaction. (SU-17M) 

( sh rt note: Adverse drug reaction. (DU-15J, SU-15J) 
;,\ ns . 
Adverse drug reaction (ADR): Adverse drug reaction is defined as harmful or seriously un leasant effects 
occurring at dos~s intended for therapeutic (including prophylacti c or 1agnost1c effect and which call for 
re uction of dose or withdrawal of the dnig ai1d/or forecast hazard from future administration. 

(Ref Bennett & Brown-I 1th) 

Q. Classify verse effects & provide one example from each category. (DU-07Ju ; CU-17J,15J,14J , I0J , RU-
121) 

Q. D scr· e different types of ADRs with example. (DU- 16J,13J,07J, CU-08Ju,06J,05S; RU-1 2J ,07Ju ,06M, 
- 1J,06S) 

M tion the dose unrelated ADRs with examples. (DU-08Ju) 
D scribe Type-B adverse drug reactions. (SU-09Ju , CU-04S) 

ns. 
Types of adverse drug reactions: 

1. Type-A / augmented (dose dependent) adverse drug reaction: (Afar augmented) 

• Excessive therapeutic effects 
• Pharmacological side effects 
• Toxic side effects 
• Secondary effects 

2. Type-B / Bizarre (dose independent) adverse drug reactions : (B f or bizarre) 
• Immunological process (hypersensitivity reactions) 
• Idiosyncrasy (unwanted effects due to inherited abnomialities) --

3. Type C (chronic): Chron ic reactions due to long term exposure; e.g. 
• Isoniazid (IN H) induced neuropathy 
• Analgesic nephropathy 
• Levodopa induced dyskinesia. 

4. Type D (delayed effect): 
• Carcinogenesis (delayed effects fo llowing pro long exposure) 
• Teratogenesis (short term exposure at a cri tical time) 

5. Type E / withdrawal reactions (ending of use) : Here discontinuation of chronic thera py is too abrupt; 

e.g. 
• Sudden / abru pt withdrawal of corticostero ids therapy causes iatrogenic Cushing' s syndrome. 
• Withdrawal syndrome after opioid analges ic . 

(Ref Bennett & Brown- 11th) 

Q. What are the factors that modify development of adverse drug reactions?'(CU-09J ) 
Ans. 
Factors influencing adverse drug reactions: 
A. Non-drug factors: 

Intrinsic to the patient: 
I . Age 
2. Sex 
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3 . Genetics 
4. Habit 
5. Personality 
6. Tendency to allergy 
7. Disease condition 
8. Pregnancy 

• Extrinsic to the patient: 
I. The prescriber 
2 . The environment 

B. Drug factors: 
I. Use of the drug 
2. Formulation of drug 
3. Route of administration 
4. Protein binding 
5. Route and kinetics of metabolism 
6. Excretion 
7. Interactions between drugs 

Q. Mention how to report adverse drug reactions. (CU-08J ,06M) 
Ans. 
Reporting adverse drug reactions (ADRs): Health professiona ls play an important ro le in monitoring the safety 
of medicines by reporting any suspected adverse drug reactions (ADRs) to the therapeutic goods ad mi nistration . 

What to report: All suspected adverse reactions to any medicine, including presc ription med ic ines, vaccines, 
over-the-counter medicines and complementary medicines. 

I. Suspected ADRs to new medicines 
2 . Suspected drug interactions 
3 . Unexpected ADRs (i .e . reactions that are not described in the Product Info rmati on) 
4. Serious AD Rs, such as those suspected of causing: 

a. Absence from productive activity 
b. Admission to hospital 
c. Prolongation of hospita lizati on 
d . Increased investi gation or treatment costs 
e . Danger to life 
f. Birth defects 
g. Death 

What should be included in the report: Each ADR repmt must include: 
I . Patient identifier (e .g. initia ls) 
2 . Contact details for the reporter 
3. A description of the reaction 
4 . Medicines suspected of causjng the reaction 

Q. Write down the cause of therapeutic failure. (CU-08J ,06M ) 
Ans. 
Causes of therapeutic failure: 

I . Inappropriate drug 
2 . Inappropriate dosage regimen 
3. Inappropriate route o f administration 
4. Inappropriate duration o f treatment 
5. Drug resistance 
6. Inappropriate pt. compliance 
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Q. What are the differences between side effects & toxic effects'! 
Q. Mention the possible ways to prevent type A ADRs. (CU-0SJ) 
Ans. 
Differences between side effects & toxic effects: 

General Pharmacology 

Traits I ,. S'd fti ' ' I ' . T . fti , t' 'M ·w.:p'. 'i 1 ee ects ··:"°:.(,·'! ., .. '.· .,_ ·t·.,,i ·;i;')\+,:~;,,,.:,.·:,w;·_,,.,,: ox1ce ec s .-,,:r,lt'1 . .,--~ .... :,,';1,if.'· 

t. Definition It is the unwanted effect that develops 
within the therapeutic dose . 

2. Forms of Side effect may be the extension of main 
unwanted effect therapeutic action; e.g. dry mouth, 

blurred vision occurs in atropine therapy. 

3. Predictability Side effects can be predictable before Rx 
is begun . No/ minimum monitoring is 
required for confirming side effects. 

4. Ways of Side effects can be avoided by reducing 
avoidance dose with compromising beneficial 

effects up to a certain limit/ rearranging 
dosage schedule / modifying patients life 
styles; e.g. starting of captopril therapy 
from night reduces the I st dose 
hypotension. 

5. Relation with Side effects occur with drugs irrespective 
therapeutic index of therapeutic index. 

n _!} Write down about type-A reaction? (DU-07], CU-06M/J) 
v--Ans. 

Type-A/ augmented adverse drug reaction 

It is the severe form of side effect that 
develops on supra -therapeutic dose. 
Toxic effect may occur with no relation to 
the main therapeutic effect of the drug; e.g. 
hepatotoxicity with rifampicin. 

Prediction of toxic effects is confirmed after 
monitoring of the Rx; e.g. monitoring of 
blood picture after Rx with anti psychotics. 
With certain drugs toxic effects are 
unavoidable (bone marrow suppression in 
cytotoxic drugs) . 
With certain drugs toxic effects are 
preventable (INH induced peripheral 
neuropathy is preventable with concomitant 
administration of pyridoxine). 
Drugs having high TI rarely produce toxic 
effects when used in therapeutic doses . 

Definition: Type A (Augmented) reactions will occur in everyone if enough of the drug is given because they are 
due to excess of normal , predictable, dose-related, phannacodynamic effects. They are common and skilled 
management reduces their incidence. 

Examples: 
• Postural hypotension with antihypertensive 
• Hypoglycemia with insul in 
• Hypokalemia with diuretics 

Type A reactions also include those that are not directly rel ated to the desired pharmacological action of the drug 
(e.g. dry mouth that is associated with tri cyclic antidepressants) . 

Criteria of Type-A AD Rs: 
I. Augmented drug effect 
2. Dose dependent 
3. Predictable 
4. Morbidity more, mortality less . 
5. More common, mostly preventable & reversible. 

Processes: 
l. Excessive therapeutic effect.\·: 

/. Insulin/ OHA -t produces hypoglycemia. 
2. Phar'!Jflcological side effects: Adverse effect wi thin normal therapeut ic dose is called side effec t. Eg, 

/ • Morphine (analges ic) -t produces constipation . 
3. Toxic.side effects: Adverse effect due to over or excess of therapeutic dose is called toxic effect. Eg, 

/ : / Drugs with high Tl -t less tox ic effect. 
,/ Drugs with low Tl - more toxic effect. 
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1 · d' - t seqt1ences of a primary drug action. Exampl -..... 4. Secondary effect.'t: Secondary effects are tie Ill 11cc con · es 

are: 

• V. · d ti · ·t ·s11·-, infection which may occur in patients whose normal bowel 1tam111 e 1c1ency or oppo1 urn c 
tlora has been altered by antibiotics; 

• Diuretic-induced hypokalemia causing digoxin intolerance . 

--.,.......-,....,,--...., ~ \ -, " I c C, , <. c~J ---'(' , cS' - )<, ~ 
(Ref Benne fl & Bruwn-J J lhJ 

"-¼ ,"' ~ _s , ~ ~ · \ ;. t 
Nice to know . 
Intolerance: Intolerance means a low threshold to the normal pharmacodynamic actwn of a drug. Individuals 
vary greatly in their susceptibility to drugs, those at one extreme of the normal distribution curve being intolerant 

of the drugs, those at the other, tolerant. 
(Ref- Bennett & Brown-/ J th) 

/ 
Q. Des5-r,e type-B adverse drug reaction. (SU-09Ju) 
Q. :Vri e down the characteristics of type-B ADRs . (DU-07J, CU-04S) 

~ -
Type-B adverse drug reaction 
Definition: Type B adverse drug reactions are unpredictable, uncommon, usually not related to the 
pharmacological actions of the drug. 

E xamp es: 
Mechanisms Examples 

1. Intolerance Tinnitus with use of aspirin 
2. Hypersensitivity Immunological reaction e.g. anaphylaxis with pen icillin in jection. 
3. Pseudoallergic Non-immunological reaction e.g. -radio-contrast dye react ion . 
4. Idiosyncratic Development of anemia with the use of anti-oxidant drugs in the presence of 

reaction. glucose-6 phosphate dehydrogenase deficiency. 

Characteristics of type-B adverse drug reactions: 
l. Type B (Bizarre) reactions will occur only in some people. 
1. Bizarre in nature 
2. Dose independent 
3. These effects are unpredictable for the individual. 
4. Morbidity less than type-A but mortality more. 
5. Less common, generally more serious & require withdrawal of the drug & some specific measures. 
6. ~uitable tests to characteri ze tl_1e individual' s phenotype is performed ; e.g. sk in test (intradermal, patch) or 

rntranasal tests may forewarn mcase of type-I hypersensitivity. 

Q. Compare between Type A and Type B adverse drug reactions. (CU-17J , lSJ) 
Ans. 
Comparison between Type A and Type B reactions: 

Type A Type B 
I. Predictable 1. Unpred ictable 
2. Usually dose dependent 2. Rarely dose dependent 
3. Hiµ,h morbidi ty 3. Low morbidity 
4. Low mortali ty 4. High mortalitv 
5. Responds to dose reducti on 5. Responds to dru g withd rawal 
6. Occurs in everyone if enough of the drug is give n. 6. Occurs onlv in some peop le. 
7. It is either is side effect or toxic effect eg 7. Mainly in the form of hypersensitivity and 

hypo J!. lycem ia. ' ' idiosyncrasy . 

-

-
-

-
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Drug hypersensitivity 

Q. ~ ss drug hypersensitivity. ( CU- I 1J u) 
Q. hort note: Hypersensitivity. (RU-14Ju, SU-17 J) 

ns. 
Drug hypersensitivity: Allergic reaction to drugs is an abnormal immune response resulting from interaction of 
drug or metabolite or a non-drug element in the formulation with the patient and disease and subsequent re-
exposure. 

Features of drug allergy: The distinctive features of allergic reactions are: 
(Ref Benne II & Brown-11th) 

I. Lack of correlation with known pharmacological properties of the drug 
2. Lack of linear relation with drug dose (very small doses may cause very severe effects) 
3. Rashes, angioedema, serum sickness syndrome, anaphylaxis or asthma; characteristics of classic protein 

allergy. 
4. Requirement of an induction period on primary exposure, but not on re-exposure 
5. Disappearance on cessation of administration and reappearance on re-exposure. 
6. Occurrence in a minority of patients receiving the drug. 
7. Temporary nature in some cases 
8. Possible response to desensitization. 

Classification of hypersensitivity: Coombs and Gel Class ification­
!. 1:Ype I hypersensitivity or anaphylactic reaction 
2. ~)'Pe II or cytotoxic hypersensitivity 
3. Type rfl or "immune complex mediated hypersensitivity 
4. Type IV or delayect-anel -me 1ateci-hypersensitivity 
5. TypeYor stimulatory type hypersensitivity . --

Nice to know 
Information on drug allergy: 

(Ref Bennett & Brown-11th) 

/. There may be lack of history of previous exposure, and 'firs/ dose reactions' are among the most dramatic. Exposure 
is not necessarily medical, e.g. penicillins may occur in dairy products f ollowing treatment of maslitis in cows, and 
penicillin antibodies are commonly present in those who deny ever having received the drug. 

2. Immune responses to drugs may be harmfid (al/erg),) or harmless. 
3. The fact that antibodies are produced does not mean a pal ienl will necessarily respond to re-exposure with clinical 

manifestations; most of the UK population has antibodies to penicillins but, fortunately, comparatively few react 
clinically to penicillin adminisLration. 

4. Whilst macromolecules (proteins, peptides, dextran polysaccharides) can act as complete antigens, most drugs are 
simple chemicals (mo!. wt less than I 000) and act as incomplete antigens or hap/ens, which become complete 
antigens in combination with a body protein. 

5. The chief target organs of drug allergy are the skin, respirato1y tract, G 17'. blood and blood vessels. 
(Ref Bennell & Brown- I I Lh) 

y Type I hypersensitivity / Immediate hypersensitivity 

Allergy: it means altered reactivity of tissue or body to subsequent exposure to the same antigen. Now-a-days 
allergy is considered as synonym of rype-1 hypersensitivity. 

Allergens: They are immunogens that can produce type-I hypersensitivity. 

Anaphylaxis: Anaphylaxis may be defined as a rapidly deve loping hypersensitivity response triggered by 
co~bination of antigen ~ith IgE present on the mast cell or basophil in an individual who is pre-sensitized to that 
antigen and leading to anaphylactic shock. ---'·--------
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Q. How docs Penicillin produce anaphylaxis'? (CU-161) 
Ans. 

Mechanism of anaphylaxis / type-I hypersensitivity by drugs (cg, penicillin): 
First exposure of a person to a drug to which he is allergic: 

A drug (eg, penicillin) enters into the body for the first time 

l 
Taken up by macrophage 

l 
Macrophage processes & presents antigen to helper T-ce ll. 

l 
Helper T-cell stimulates B-cell 

l 
B cell transforms into plasma cells which produce IgE 

l 
IgE binds with receptors on the surface of mast cells and basophil (Sensitization) 

Re-exposure (second & subsequent exposures) of the sensitized person to the same drug: 
Th e drug molecule binds with IgE on the mast cell & basophil 

J 
Degranulation of mast cells and basophils 

J 
Release of mediators (eg, histamine, serotonin etc.) 

J 
• 
• 
• 
• 
• 

Increase vasodilatation 
Increase vascular permeability 

Increase glandular secretions (as in asthma, a llergic rhinitis) 
Contraction of smooth musc le 
Anaphylactic shock 

l 
Anaphy lax is 

ersensitivity: 
Local anaphylaxis • Skin a llergy- Urticaria 

• All erg ic rh initi s 
• All erg ic conjunctivitis 
• Atopic bronchial asthma 

Systemic anaphylaxis 
• A ll er ic 0 astroenteritis ( food all ero ) 
• Penicilli n hypersensitivity 
• A TS hypersensitivity 
• Bi te of hone bees 

Dru s causin 
• Penicillins 
• Cephalosporins 
• Sulfonamide 
• Tetracyclines 
• Quino lones 
• Anti -TB drugs 
• Phenothiazines 

ersensitivity: 
• Sa licy lates 
• Carbamazepine 
• A ll opur ino l 
• ACE inh ibitors 
• Methyl Dopa 
• Hydra laz ine 
• Local anesthetics 

(Ref Tripalhi, 6111/83) 
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~ ype-11 Hypersensitivity (Antibody-dependent cytotoxic type) 

Definition: ~ype_ II hypersensitivity is mediated by antibody (lgG and lgM) toward antigen present on the ce ll 
surface resulting m cellular damage or cellu lar dysfunction :"'" - __ 

Mechani_sm: The drug o_r metaboli~e combines with a protein in the body so that the body no longer recogn izes 
the protein as self, treats _it as a foreign protein and forms ant ibodies (l gG, IgM) that comb ine with the ant igen and 
activate complement which damages cells. 

(Re/ /Jenne It & Bro wn-I I th) 
Exan I IP e: 

Clinical condition Offending drug 
Hemolytic anemia Penicillin 

Methyldopa 
Quinidine 
Su lfonamide 

Throm bocytopenia Phenylbutazone 
Quinine 
Rifampicin 
Sulfonamide 
TC 

Agranulocytosis Chloramphenicol 
Sulfonamide 

Aplastic anemia Chloramphenicol 
Sulfonamide 

SLE NH 
Hydralazine 
Sulfonamide 

~ pe III hypersensitivity (immune complex-mediated type) 

Definition: It is mediated by immune complex (antigen-antibody complex) and the ti ssue damage is mainly due 
to activation of complements and platelets . 

Mechanism: Antigen and anti body form large comp lexes and activate complement. Small blood vesse ls are 
damaged or blocked. Leucocytes attracted to the site of reaction engulf the immune complexes and release 
pharmacologically active substances (includ ing lysosomal enzymes), starting an inflammatory process . 

Example of type III hypersensitivity: 
I. SLE 
2. Rheumatoid arthritis 
3. Acute glomerulonephritis (AGN) 
4. Arthus reaction, eg, Farmer's lung 
S. Serum sickness: 

a. Delayed complication of ATS & ADS . 
b. Fever due to sulfonamide 
c. Lymphadenopathy due to anticonvulsant 
d. Urticaria due to penici llin 

(Ref Benne/I & Brown- I I tit) 

~ e JV reactions (lymphocyte-mediated type): Antigen-specific receptors develop on T­
lymphocytes. Subsequent administration leads to a local or ti ssue allergic reaction . 

Example: Contact dermatitis- due to repeated exposure to inorganic substances . 
(Ref Benne/I & Bruw11-/ I //1) 

Pharmacology-23 
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Q. How can ) 'OU prevent allergic drug reactions? 
Ans. 

158 

Prc,•ention of allergic drug reactions: Prevention is important since these reactions are unpleasant and niay be 
fa tal. 

I. Taking a drug history. 
Patien~s should always be told when they are thought to be allergic to a drug. i 

3. When looking for an alternative drug to avoid an adverse reaction it is important not to se lect one from 
the same chemical group. 

-L Use of non proprietary (generic) names as a matter of course. 
(Ref Bennett & Brown-/ 1th) 

Nice to know 
Principal clinical manifestations of drug allergy 

I . Urticaria! rashes and angioederna (types I, Ill). Commonest ty pe of drug allergy. 
2. Nonurticarial rashes (types I, II, IV). 
3. Diseases of the lymphoid system: Infectious mononucleosis, lymphoma, leukaemia. 
4. Anaphylactic shock (Type 1) 
5. Pulmonary reactions: asthma (type 1). Aspirin and other NSAID may cause an asthmatic attack. 
6. Other types of pulmonary reaction (type III) include syndromes resembling acute and chron ic lung 

infections, pneumonitis, fibrosis and eosinophilia. 
7. Serum sickness syndrome (type III). 
5. Blood disorders 

a. Thrombocytopenia (type II, but also pseudo-al lergic) 
b. Granulocytopenia (type II, but also pseudo-allergic) 
c. Aplastic anaemia (type II, but not always allergic) 
d. Haemolys is of all kinds. 

8. Fever. 
9. Collagen diseases (type II) 
10. Hepatitis and cholestatic jaundice 
11. Nephropathy of various kinds (types II, III) 

Q. Short note: Pseudoallergic reactions. 
Ans. 
Pseudoallergic reactions 

(Ref Bennett & Brown-/ / th) 

~ efinition: These are effects that mimic al lergic reactions but have no immunological basis and are largely 
genetically determined. 

Mechanism: They are due to release of endogenous, biologically active substances, e.g. histamine and 
leukotrienes, by the drug. A variety of mechanisms is probably invo lved, direct and ind irect, includ ing 
complement activation leading to formation of polypeptides that affect mast cells. 

Example: 
I. Pseudoallergic effects mimicking type I reactions are cal led anaphy lactoid and they occur with-

• Aspirin and other NSA!Ds 
• corticotrophin (direct histamine release) 
• IV anesthetics 
• IV morphine, tubocurarine, dextran, radiographic contrast med ia 
• Inhaled (cromoglicate). 

Severe cases are treated as for true allergic anaphylactic shock from which, at the time, they are not 
distinguishable. 
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~ 2. Type II reactions are mimicked by the haemolys is induced by drugs (soiTie anti,nalarials , sulphonamides 
and oxidizing agents) and food (broad beans) in subj ects with inherited abnormalities of erythrocyte 
enzymes or hemoglobin. 

3_ Type III reactions are mimicked by-
• Nitrofurantoin (pneumoniti s) 
• Penicillamine (nephropathy) 

• Lupus erythematosus due to drugs (procainamide, ison iazid, phenytoin) may be pse udoallergic. 
(Rel Bennell & Bro wn-/ 1th) 

Idiosyncrasy 
Q. Define idio ncrasy. (CU-1 lJu) 
Q. Give ir examples of idiosyncratic drug reactions. (CU-l 5Ju) 
Q.Sh rt ote: Idiosyncrasy. (DU-l2Ju,1 lJ; RU-l7J,14Ju,13J) 

r 10syncrasy 
Greek 

• Idios means- one's own, peculiar, distinct 
• Synkrasis means- mixing together 

Definition: This is an inherent quali tative abnormal reaction to a drug usually due to genetic abnormality. 
(Re.I Bennet/ & Brown-] 1th) 

Definition: Idiosyncratic drug react ions are type B adverse drug reactions that occur rarely and unpredictably 
amongst the population usua lly due to genetic abnorma lity. 

Criteria 
I. Reaction may occur at a low dose. 
2. Most commonly, this is caused by an enzymopathy, congenital or acquired. 
3. They do not occur in most patients but when they do occur they can be life-threatening. 
4. Genetic factors may be respons ib le. 

Examples: 
I. Chloroquine and primaquine admin istration in an indiv idua l wi th glucose-6-P04 dehydrogenase 

deficiency causes hemolytic anern ia. 
Suxamethon ium causes prolonged paralysis in patients with pseudocho li nesterase deficiency. 
Troglitazone-induced liver fa ilure often leading to death or liver transp lant. 
Clo pine-induced agranulocytosis . 
S fonamide- ind uced toxic epidermal necro lysi s. 

· ferentiate betweel) hypersensitivity and idiosyncrasy . (CU-04J, SU-00S) 

Differences between hypersensitivity and idiosy ncrasy : 

Traits Hypersensitivity I Idiosyncrasy 
1. Definition It is defined as inappropriate or excess ive immune Thi s is an inherent qualitative ab norma l 

response to an antigenic stimulus in a pre- reacti on to a drug usually cl ue to genet ic 
L sensiti zed host leading to tissue damage . abnormality. 

L2. Subtvnes 4 subtypes No subtypes 

3. Time of From the second exposure From the first exposure 

...__ occurrence 
4. Examples Penicillin hypersensitivity Primaquine induced emolytic anemia to 

an individ ual with g lucose-6-PO4 
d~hydrogenase del'i cienc y. 
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Q. What are the reasons for taking a drug history from a patient'! (CU- I 3Ju) 

Ans . 
Reasons for taking a drug history from a patient 

I. To find out any drug allergy 
2. To !ind out any drug causing the current il lness . 
3. To avo id harmfu l drug interaction. 

Tolerance 

Q. Ddi,n; & classify tolerance. (OU-12Ju,98.I , RU-l2Ju,08Ju; SU-l 3Ju) 
~-t ite down the mechanism of tolerance. 
~ .. ort note: Tolerance. (DU- l 2Ju, CU-0SS, RU-0 IJ) . . . 

Tolerance: Gradual decrease of response to a drug due to repeated admin istration of that drug is called tolerance. 
When tolerance develops, increased dose is requ ired to get origi nal response. 

Tvpes: 
A. Innate tolerance (natural/ pre-exist ing sensitivity/ insensitiv ity) 
8. Acquired tolerance: 

I. Pharmacokinetic (metabolic / dispos itional) 
2. Pharmacodynamic (functional) 
3. Acute tolerance 
4. Reverse tolerance 
5. Cross tolerance 

• Innate tolerance: Refers to genetica lly determined sensitivity or lack of sensitivity to a drug that is observed 
when the drug is admin istered for the first time eg, Penic ill in allergy (anaphylactic shock). 

• Pharmacokinetic tolerance: It refers to changes in the distribution or metabolism of a drug after repeated 
administration resul ting in redu ced cone. in the blood & subsequently at the site of action . Pharmacokinetic 
tolerance is achieved by-

1. Drug absorption may be decreased, eg, alcohol. 
2. Drug metaboli sm may be increased. 
3. Drug distribution may be altered. It may bind with plasma protein more potently & cannot come to the 

fie ld of action. 
4. The drug excretion may be increased. 

E. g. Phenobarbi tone (sleeping pill) -+ Induces microsomal enzymes in liver -+ imetabolism of drug-----+ 
!action . 

• Pharmacodynamic tolerance: It refers to adaptive changes that have taken place within system affected by the 
drug so that response to a given cone. of drug is reduced. 
Mech~ m: _ 

l. 1Down regulation of receptors. In some cases pro longed exposure to agonists results in gradual reduction 
in tfrelillfnber of receptors. 

2. The sensitivity of the receptor may be decreased. 
3. There may be lack of drug-receptor di ssociation, as in case of morphine, pethidine, heroi ne. So, 

subsequent dose must be higher than the prev ious dose to re li eve pain. 

• Acute-tol_era ncc: It _re fers to rapid tolerance deve lopment with repeated use on a single occas ion such as binge. 
e.g. Cocame used with repeated doses over 1 to seve ra l hours. 
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• Reverse tolerance It refers to an increased response ,,vitli rcpe ti1i on of th e same dose ol" a dru '· l·.g. Repu1tl:d 
da ily administration or a dose of cocai ne to a constanl rate prod uci.: increa sed 111olor ,1c ti vi ty & til e effect 
increases over several days though the dose rl'.mains constant. 

• Cross tolerance: It refers to the fac t that repeated usl'. or a drug or a given catcgory produce tolcra11cc not onl y 
to the drug being used but also other drugs of same structural & 111cchanical category. c.g. User to hero inc an.: 
also tolerant to other opioids. 

Q. Define t fhyphylaxis. Give example. (RU- l 2Ju) 
Q. Shor ote: Tachyphylaxis . (DU- l 2Ju) 

~ phvlaxis: Tachy ~ Rapid, Phy/axis~ Prophylaxislprevenl Tolerance. 

Definition: Rapid deve lopment of tolerance is tachyphylaxis. Tachyphylax is can occur both after an in itial dose 
of a drug or after a series of small doses. 

Mechanism of tachyphylaxis: 
1. Decrease in the number of neurotransmitter res ponsi ble for creating the drug's effect. 
2. Decrease in the nu mber of receptors available fo r the drug to bind to . 

Drugs showing tachyphylaxis 
l . Nitroglycerine demonstrates tachyphylaxis, requiring drug-free interva ls 
2. Repeated doses of ephedrine may display tachyphy laxis. 
3. Hydralazine disp lays tachyphylax is if given as a monotherapy for anti hypertensive treatment. 
4. Metoclopram ide 
5. Dobutami ne 
6. Desmopress in 

Q. Write down the difference between tolerance and tachyphylaxis. (DU-l 6Ju, I 4Ju) 
Ans. 
Difference between tolerance and tachyphylaxis 

Tolerance Tachyphylaxis 
I. It is a ch ronic phenomenon. I. It is an acute phenomenon . 
2. It occurs in intact human or animal. 2. Usually occurs in isolated ti ss ue, rarely in an imal. 
3. Increased dose can produce ini tia l dose. ') Increased close cannot produce initial dose . .), 

4. Occurs either in the form of dispos it ional or true 4. Occurs due to decrease in the number of 
to lerance. ne urotransmitter or receptors. 

Drug Dependence, Addiction, and Habituation 
Q. Narrate drug abuse with example. (RU-I I J,06M) 
Ans. 
Drug abuse: 
Definitio n: Drug abuse refers to use of a drug by se lf-med ication in a manner & amou nt that deviates fro m the 
approved med ical & social patterns in a given culture at a given ti me. 

(Ref- hipothi-6'1'18-IJ 
Defin ition Drug abuse imp li es excess ive (in terms or social norms) non medical or socia l drug use. 

(Ref Bennett & Brown- I I th) 
Non medical drug use: All drug use that has no genera ll y accepted medical grounds, may be a term pre fe rred to 
abuse. Non medica l use means the conti nuous or occasiona l use of' drugs by individuals, whether or their own 
' free' choice or under feeling of compulsion, to achieve the ir own wellbei ng, or that they conceive as their own 
wellbeing. 
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Drugs used for non medical purpose are often divided into two gro ups. 
I. Hard: Produces serious dependence; e.g. heroin, coca ine. . . 
2. Soft: Produces less dependence; e.g. alcoho l, benzodiazepines, amphetamines, cannabi s, hallucinogc:ns, 

tobacco, caffeine. 

Q. What do you mean by dependence? 
Q. Name important drugs producing dependence. (RU-06S) 
Q. Short note: Dependence. (DU-07 J) 

A s. 

(Ref Benne!/ & IJruwn-/ J lhJ 

Drug dependence: . . . . 
Definition: Drug dependence is a state arising from repeated, periodic or contmuous ~dmrnistration of a drug that 
resul ts in harm to the individual & sometimes to society. The subject feels a desire, need or compulsion to 
continue us ing the drug & feels ill if abruptly deprived of it (abstinence or withdrawal syndrome). 

(Ref Bennett & BrovFn-1 Oth!J 4./J 

Drug dependence includes both the terms 'addiction ' and 'habituation' . 

Types of drug dependence: 
I . Psychological dependence: It is manifested by compulsive drug-seeking behaviour in wh ich the 

-individual uses the drug repetitively for personal satisfaction, often in the face of known ri sks to health. 
There is no withdrawal symptom. 

2. Physiologic / Physical dependence: Phys ical dependence means that adaptive changes have taken place 
in b o~y tissues so that when the drug is abruptly withdrawn these adaptive changes are left unopposed, 
resulting generally in a rebound overactivity. \ · \ ,, ~ 

Mec~anism of p~ysical dependence: Prolonged use of exogenous opioid (morphine or pethid ine) 
suppresses production of endogenous opioids (endorphins, dynorphins) by a feedback mechanism. When 
ad~!ni stra ~i on of exogenous opioid is suddenly stopped there is an immed iate deficiency of endogenous 
opioid, which thus causes the wi thdrawa l synd rome. 

3. Tolerance. 

Drugs producing dependence 
l. Morphine 
2. Heroine 
3. Pethid ine 
4. Barb iturates 
5. Amphetamine 
6. Alcohols 
7. Cocaine 
8. LSD 
9. Marij uana 
l 0. Diazepam 
11. Tobacco 
12. Cannabis 

(Ref Bennett & Brown-}!'" & Kalzung-12th/565) 

(Ref Bennett & Bruwn-!Oth/ J-18) 

Q. What is drug addiction? 
Q} hort note: Drug addiction . (DU-02M) 

'-/Q. Name some drugs causing addiction . (RU-03M) 
Ans. 

Drug addiction : Addiction is a state of chronic intoxi . 
characterized by phys iological & psycl 1 . 

1 
d cation due to repeated consumption of a drug and is 

io og,ca ependence and a tendency to increase the dose. 



Criteria: Addiction is cl1arac lcri zecl by-
1. Overpowering desire to procure a drug 
,., Tendency to increase the dose 
3. Physio logical & psychological dependence 
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~- Detrimental effects to the individual and to the society 

General l'harmt1co log 

5. 'v\/ ithdrawal syndrome or abstinence syndrome, if the drug is not given to the individual. 

Drugs causing addiction 
I. Morphine 

'.?.. Hero ine 
3. Pethidine 
4. Barbiturates 
5. Amphetami ne 
6. Alcohols 
7. Cocaine 
8. LSD 
9. Marijuana 

Q. W ~ - drug habituation? 
Ans. 
Drug habituation: Drug habituation means desire to take a drug, but there is no compulsion. For example, 
smoking, coffee or tea drinking, etc. 

Criteria: It is characterized by-
1. Urge to procure the drug but there is no compulsion. 
2. There may be tendency to increase the dose but with increasing no bad effect. 
3. Dependence is psychological but not physical. 
4. Detrimental effects to the individu al but not to the society 
5. No withdrawal syndrome, if the drug is not given to the individua l. 

Q. What are the differences between drug addiction and drug habituation? (DU -07J) 
Ans. 
Differences between drug addiction and drug habituation: 

Traits Drug addiction 
1. Compulsion to take the drug Present. 
2. Tendency to increase the dose Present. 

3. Dependence Psychological & phys ical 

4. Withdrawal symptoms Characteristic symptoms. 
5. Harm Both to the individua l and soc iety 

Teratogenicity 

Q What · · m ~ t by drug teratogenesis? (RU-12Ju , CU-0SJ) 
Q. Br' fly 1scuss teratogenesis. (CU- I 2J u) 

Drug habituation 
Absent 
Absent 

Some degree of psyc hologica l but not 
physical. 
None or mi ld. 
If any, primari ly to individua l. 

Q. hy rug should be avoided throughout the gestational age? (RU-07J) 
s. 

Teratogenes is: Greek Teratos means monster. 
Definition: Teratogcnesis refers to capac ity of a dru g to cause fe tal abnormality when admin iste red to pregnant 
mother & the drugs which can cause teratogenic ity are cal led teratogen ic dru g. 
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Teratogenic condi tion: 
\. The most vul nerable period for 111ajor anaton1ica l abnorma lity is the period of organogenesis (fi 

· 1· r 1ts1 
trimester) wh ich occurs during 2-8 weeks or intra uter111c 11 c. . 

1 Al1er the organs arc formed, abnormalities arc less ana tomically drarn_a ti c. 
3. The activity Li 'I lcratogcn is most devasta ting soon after imp lantation, at Joses that may not harn, ti ie 

mother. 
4. The drug must cross the blood placental barrier to be teratogenic. . 
5. Some dru gs arc teratogen ic before metabol ism while others are after metabolism . 

Mechanism of teratogcncsis : Drugs may act on the embryo and fet us: . . . . . 
l . Directly (thalidom ide. cytotoxic drugs'. antithyro_id drugs, aromatic _ret_ino1d s, e.g: 1sotret1noin) : any dru 

affect ing cell division, enzymes, prote in synthesis or DNA synthesis 1s a potentia l teratogen. e.g. rnan g 

antimicrobial s. Y 

2. Indirectly: 
a. On the uterus (vasoconstrictors reduce blood supply and cause feta l anox ia, misoprostol cau se 

uterine contraction leading to abortion) ~ 
b. On the mother's hormone balance. 

(Ref Bennett & Brown-1 0th!J2-
); 

Nice to know 
Stages o{pregnancy and relative risk of teratogenesis: 

1. Fertilization & impla11tatio11: From conception 10 I 7 days period is called so during which the udverse effect of 

teralogenic drugs are fa ilure of continua/ion of pregnancy & often rem a111 unnoticed. 
2. Orga11oge11esis.· 18-55 days of' gestation period is called so & is the most vulnerable period during which 

/eralogenic drugs can cause failure of organogenesis & slrict avoidance of teralogenic drugs should needed 
3. Growth & developme111' Growlh & developmenl occurs in 55 days onwards and teratogenic drugs mainly caus 

fim clional abnormality of'differenl organs. e 
(Ref Tripathi-6'h/ 8~J 

Q. Briefly discuss drug induced fetal damage. (CU-1 2Ju) 
Q. Name 5 drugs that produce teratogenicity. (DU-07M) 
Q. Give few examples of Teratogenesis. (CU-051, RU-12Ju) 
Q. Nam~ 5 drugs that can affect the fetus & labour adversely. (RU-07 J) 
Q. MentIOn the drugs that are avoided in 1st trimester of pregnancy. (CU-l 41) 
Ans. 
Dru ws causmg teratogenicity: 

Drugs 
1. Thalidomide 
2. Methotrexate 

Teratogenic effect 
Phocornel ia 
Cleft palate, hyd rocephalus, fetal death 

3. Tetracyclines Discolored & deformed teeth, Retarded bone growth 
4. Warfarin Depressed nose, eye & hand defect, growth retardation 

5. Phenytoin Cleft lip, cleft palate, microcephaly, hypoplastic phalanges 
6. Carbamazeoine Neural tube defects 
7. Valproic acid Spina bifida & other neural tube defect 
8. ACE inhibitors Growth retardation, hypoplastic organs 
9. Anti-thyroid drugs Fetal goiter & hypothyroidism 
10. Aspirin/ lndomethacin Premature closu re of ductus arteriosus 
11. Androgens Viri lization; Li mb, esophageal & cardiac defect 
12. Progestins Viri lization of femal e fetus 
13. Isotretinoin Craniofacial , cardiac & CNS defect . 
14. Alcohol 
15. Lith ium 
16. Sodium valproate 

(R~f' Tripathi-6thl85J 
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Nice to know 
Dttring the first week after f ertilization, expornre to following drugs can cause abortion. 

J. Anrimetabo/ite 
2. Misoprosto/ 
3. Ergot alkaloids 
./. Diethylstilbestrol 

Q. Mention the drugs that are avoided prior to delivery. (CU- I 4J) 
Ans. 

(Ref Bennett & Brown- J0thl /25) 

Qrugs that are avoided prior to dcliverv: Drugs given to the mother just prior to labour can cause postnatal 
effects. 

I . CNS depressants may persist in and affect the baby for days after birth. 
2. Vasoconstrictors can cause fetal distress by reducing uterine blood supply. 
3. P-blockers may impair fetal response to hypoxia. 
4. Sulphonamides displace bilirubin from plasma protein (risk of kernicterus). 
5. Inhibitors of prostaglandin synthesis (aspirin, inclometacin) may delay onset of labour and, in the 

fetus, cause closureof the ductus arteriosus, patency of which is dependent on prostaglandins. 
6. Opioid analgesics: Can cause respiratory depression in the newborn. 
7. Sedatives and general anesthetics: They may cause fetal distress by reducing uteri ne blood flow and 

prolong labour by depressing uterine muscle. 
(Ref Bennetr & Brown-J0rh/125) 

Q. Write the principles of prescription during pregnancy. 
Ans. 
Principles of prescribing drugs during pregnancy: 

I. As far as possible, we should avoid medication in the initial IO weeks of gestation. 
2. Where possible, we should use non-drug therapy. 
3. We should prescribe only when definitely needed. We should consider the risk-benefit ratio before 

giving any drug to pregnant women. 
4. Drugs having the best safety recorded over time, are shou ld be chosen. 
5. We should avoid newer drugs, unless safety is clearly established. 
6. Over the counter drugs can't be assumed to be safe. 
7. We should use lowest effective dose. 
8. If possible, we should prescribe intermittently. 
9. If intermittent therapy is not possible, we shou ld use the drugs for the shortest period as far as possible. 
I 0. Always should be under observation of a specialist. 

Q. Discuss US FDA classification of drug prescribing in pregnancy. (CU-l 4Ju) 
, Aryi. 
Risk category of drugs during pregnancy: The US FDA-assigned pregnancy categories as used in the Drug 
Formulary are as follows: 

Category Description Examples 
A Adequate and well-controlled studies have fai l d to demonstrat a risk to the • fnj. MgS04 

fetus in the first trimester of pregnancy (and there is no evidence of risk in ,,• Thyroxin .... 

later trimesters). 
B Animal r production studies have failed to demonstrate a risk to the fetus and • Penicillin V 

there are no adequate and well-controlled studies in pregnant women. • Amoxicillin 
• Erythromycio 
• Paracetamol 
• Lignocaine 

Pharmacology-24 
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C . . - · . 1 ~,,.I; ·rsc cl Teel on the !L: I us and i\11 mwl rcprod ul'!t ,rn s1ud1cs l1 :1vc s ,own t1 11 , t c · · . 

II , 1 ·t d . . . j 11 liu m:rn s. bu t potcnl 1:i l thc1\:: :1re no :,ciequate c111 d well -conl rn cc s ti ll s · . . . . .. 

II/M orph i1~ ·- . .._ 
,•' Codeine 

. . . 1 . · .. ,11 , nl w oi!l L' ll dc)pttl: pulcnt1 c1 I bcnd1 (s may wa!'rant u~c ol th-: <. rug 111 111 c 11 " · • Alropine 
• Curt icosteroid ri sks. 
• Adre nalin (; ~ 1 

• ·1 11i or \: ntal ~;i.t , 

D 
. . . . . f ,1, I -·+ but 11i·: 1;-otential benefits from There is pos 1t 1w 1.:v1clcrn.:e ul human c" 11 s \ ' . · v 

• !J up1v~c<1i ni:: 
"• Aspiri n -----....,, 
• l' hcnytui11 

1 

use of !lie drug may bl' ,,cceptable desp ite tl1c risk. 
• Ca rb a1 naiepi nt: 
• Valproat\: 
• Lurazcpa111 

X I d t t d feta l abnormalities & Studies rn animals or human iave cmons ra e • Estrogens ·---..~ 
11 lsotret ino in potential risk clearly outweighs poss ible benefits. 
• Ergometrint 

(Rel T, ipat/11-6
111
185: Concerned 11 eb . .1ue1 

Q. Enlist pregnancy category B proton pump inhibitors. (CU- I 4Ju) 
Ans . 
Pregnancy category B proton pump inhibitors 

11. Pantoprazo le ------------------, 
Omeprazole - Pregnancy category C. 2. Esomeprazole 

3. Rabeprazole 

Nice to know 
Anti-micro bial drugs in pregnancy: 

Contraindicated 
1. Fluoroquinolones 
2. Tetracyclines: Tetracycline, Doxycycline. 
3. Chloramphenicol 
4. Aminoglycosides: Streptomycin, Kanamycin, 

Tobramycin 
5. Anti-malarial: Sulfadoxine, Primaquine 
6. Anti-amoebic: Tinidazole 
7. Anthelminthic: Albendazole, Mebendazole, 

Diethylcarbamazine 
8. Antifungal: Amphotericin B, Ketoconazole, 

Itraconazole, Gri seofulvi n 

Unsafe 
1. Cotrimoxazole 
2. Macrolides: Clarithromyc in, Azithromycin 
3. Cl indamycin 
4. Gentamicin 
5. Vancomycin 
6. Anti-tubercular drugs: Pyrazinamide, 

Ethambutol 
7. Anti-malarial: Mefloquine, Pyrimetharn ine, 

Artemether, Artesunate 
8. Anti-amoebic : Metronidazole 
9. Anthelminthic: Pyrantel pamoate, 

lvermectin, Praziquantel 9. Anti-viral (other than HIV): Ganciclovir, Amantadine, 
a-Interferon, Vidarabine, Foscarnet. 10. Anti-fungal: Fluconazole, Terbinafine 

11. Anti-viral (other than HIV): Acyclov ir I 

Safe antimicrobials in pregnancy: 
(Ref Tripathi, 6th edi1io11J 

• Antibacterial Penicillin G, Ampicil lin, Amoxi cillin, Clavulanic ac id, Cloxacil lin, Piperac illin. I 

Cephalosporins, Erythromycin I 
• An ti tubercular TNH, Rifampicin 
• Antiamebic Diloxanide furoate 
• Antimalarial Quin ine 
• Anthelmi nthic Pi perazi ne, Niclosam ide 
~ __ An tifu ngal (Top ica l) Clotrimazole, Nyslatin, Tolnatlate -An tiviral Zidovud ine, Lamivudine, Ne lfinav ir 

(Ref Tripathi. 6rh ed1nm1I 
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Drugs contraindicated/ unsafe in pregnancy: 

General Ph armacolol!,y 

- Group Contraindicated Unsafe 
A ntihypertensive ACE inhibitors, ARB Th iazides, Frusemide. Proprano lol, Na-N itroprusside 
Antidiabetic Sulfonylureas, Metformin -

Pioglitazone, Ros iglitazone, Repag li nidc, Nateglini dc ' Acarbose 
~Anal!!esics Morphine Pethid ine, Tramadol, Codeine, NSAIDs 
~Antiemetics Domperidone Ondansetron 
~Anti-PUD drugs Lansoprazo le Omeprazole, Pantoprazole, Cimetidi ne 
Laxatives ---- Senna, BisacodyL Saline purgatives 
~Antidiarrheal ---- Loperamide, Diphenoxylate 
~Anti psychotics Fl uphenazine Ch lorpromazine, Clozapine, Olanzap ine, Risperidone. Na-

va lproate. 
--~ Antidepressants Trimipramine, Dothiepi ne Cita lopram, Paroxet ine, Trazodone 

Anticoa!!ulants Warfarin, Phenindione Acenocoumarin 
Antiasthmatic Ketotifen Theophylline, Montelukast, Zafirlukast, Systemic 

corticostero ids 
Antithyroid Radioactive 12 Carbimazo le, Iodine. 
~ 

Drugs safe in pregnancy: 
(Ref Tripathi, 6th edition) 

System Safe drugs 
Antihypertensive a-Methyl dopa, Hydralazine, Atenolo l, Metopro lol, Pindolol. Niledipine, Prazos in, 

Clonidine 
Hematinics Ora l Fe salts, Fe Dextran, Fo lic acid, Yit-8 12 

Antidiabetic Insulin (preferably human ins uli n) 
Corticosteroids Inhaled & to pica l corti costeroids, Low dose ora l predniso lone 
Thyroid hormone Thyroxin 
Antithyroid Propylthiouraci l 
Antipsychotics Ha loperido l, Tr i fl uoperazine 
Antidepressants Am itriptvl ine, fm ipramine, Clomiprarnine, Flu oxetine 
Anticoa!!ulants Heparin ( un fractionated), Low-molecular-weight heparin 
Antiasthmatic Salbutamo l, Sa lrneterol, lpratropium brom ide, Bec lomethasone, Budesonide, Na-

cromoglyc:1te 

Antiemetics Promcthaz ine. Cvclizine. Dicyclomine, Proc hlorperazine. Metoc l~1mun ide, Dox1 lam in~_ 
Drugs for PUD Ranitidine, Famotidine 

-
Laxatives Dietary fibers, Lactu lose, lspagh ula husk 
Antidiarrheal ORS 

Anal!!esics Paracetamol, Low dose ibuprofen 
. , .. 

( Rr:f Tnpot 111 , 6t I, c: c/11 1011 J 

Q. Short note: Orphan Drugs. 
~s. 

\ Orphan Drugs 
Defi ni tion: An orphan drug is a pharmaceutical agent that has been deve loped spec ilicall) to treat a rare medica l 
condition, the cond ition itself bei ng re fe rred to as an orphan discasr. 

Orphan diseases: A rare disease. also referred to as an "orphan disease", is a11 y di sease that affects a smal l 
percentage of the pop ulati on. Mo t rare diseases are genet ic. and thus are present throughou t the person's entire 
life. Examples are-

1. Cystic fibrosis 
2. Homozygous fa milial hypercholestero lemia 
3. Wi lson's disease 

., !J'" '/ (') ( Ref. Ko lwng- 1 o 
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MCQ 

Q. Dru~ action cnn he prolon~cd by- (DlJ­
l 7M, l 7.l) 
a) vasoconst rict ion 
b) vasod ilatat ion 
c) 
d) 

~) 

delaying cxcr~tion 
alt1,;rino dru g, formul ation 

~ ~ 

promoting drug metabol ism 
a.- 7; b.-F. c. -T. d.-T, e.-F 

Q. Phan nacodynamics deals with- (DU-
17M, 17J) 
a. mechani m of drug action 
b. biotransformation 
c. absorption 
d. e li mination 
e . dose-response 

a. -T, b.-F, c.-F, d.-F, e.-T 

Q. Drugs used orally are- (DU-l 7M, 141) 
a. para_cetamol 
b. insu lin 
c. heparin 
d. nitroglycerine 
e. ampicil lin 

a.-T, b.-F, c.-F, d.-T, e.-T 

Q. Drug passage through cell membrane is 
influenced by- (DU-17M) 
a) lipid solubility of the drug 
b) source of the drug 
c) molecular weight 
d) mechanism of drug action 
e) dose of the drug 

a. -T, b.-F, c.-T, d.-F, e. -F 

Q. Drug obtained from plant source are­
(DU-l 7M, l 7J) 
a) atropine 
b) insulin 
c) paracetamol 
d) digitalis 
e) morphine 

a.-T, b. -F, c.-F, d. -T, e.-T 

Q. Drugs act by binding with- (DU-17 J, 1 11) 
a) enzyme 
b) hormone 
c) receptor 
d) p lasma protein 

c) ion channd 
a. -F, h.-F, c. -J; d -F, c.- 'f' 

I. I . I 2"" Q. Well cstab 1s 1c u messengers arc- (Dl J_ 
17.f) 
a. DAG 
b. Phospholipasc C 
c. cAMP 
d. adenyly l cyc lase 
e. IP3 

a.-7~ b.-F, c.- T, d. -F, e.- T 

Q. t s i pass metabolism can be avoided by 
administering the drugs- (DU- 17.J) 
a) orally 
b) sublingua lly 
c) subcutaneously 
d) in tragastric 
e) per-rectally 

a.-F, b.-T. c. -T. d.-F. e. -F 

Q. Phase II biotransformation reactions arc­

(DU-17 J) 
a. oxidation 
b. acetylation 
c. reduction 
d. glucuronidation 
e. methylation 

a.-F, b.-T, c.-F, d.-T. e.-T 

Q. Drugs having low TI are- (DU- I 7 J) 
a. 5 fluorouraci I 
b. paracetamol 
c. digoxin 
d. ranitid ine 
e. amoxicil lin 

a. -T, b. -F, c.-T, d -F, e. -F 

Q. Passage of drug through cell membrane is 
influenced by- (DU- l 6J) 
a) lipid solubi lity 
b) sources of drug 
c) molecular weight 
d) mode of action 
e) doseofthedrug 

a. T, b. F, c. T, d. F. e. T 

Q. Following are the characteristics of a drug­
(OU- I 6J) 



-- a) 
b) 
c) 
d) 
e) 

either weak acid base 
interact with living organism 
produce energy 
can cross biological barrier 
produce only beneficial effects 
a. T, b. T, c. F, d. T, e. F 
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Q. Following are the 2
nd 

messengers- (DU­

I 6J , l 2Ju) 
a) DAG 
b) phospholipase C 

c) cAMP 
d) adenylyl cyclase 

e) lP3 
a. T, b. F, c. T, d. F, e. T 

Q. Safe drug during pregnancy- (DU-16J) 

a) ciprotloxacin 
b) tetracycline 
c) insulin 
d) a.-methyldopa 
e) captopri 1 

a. F, b. F, c. T, d. T, e. F 

Q. Following are the characteristics of simple 
diffusion- (DU- l 6J) 
a) directly proportional to lipid solubil ity 
b) needs carrier 
c) need energy 
d) drug goes down the concentrative gradient 
e) exhibit saturability 

a. T, b. F, c. F, d. T, e. F 

Q. Pharmacodynamics deals with- (DU-1 SJu) 
a. receptor 
b. dose-response 
c. absorption 
d. tolerance 
e. elimination 

a. T, b. T, c. F, d. T: e. F 

Q. Bioavailability of drug depends on- (DU-
1 SJu) 
a. rate of absorption of a drug 
b. first pass metabolism of drug 
c. distribution of a drug 
d. excretion of drug 
e. route of drug administration 

a. T, b. T, c. F, d. F, e. T 

General Pharmacology 

Q. More than 90°/i, plasma protein bound 
drugs arc- (DU- 1 SJu) 
a. warfarin 
b. phenytoin 
c. diazepam 
d. digoxin 
e. ampici llin 

a. F, b. F, c. F'. d. F, e. T 

Q. Receptor mainly present at-(DU- 14Ju) 
a. cell membrane 
b. mitochondria 
c. cytoplasm 
d. nucleus 
e. endoplasmic reticulum 

a. T, b. F, c. T, d. T, e. F 

Q. Alkaloids are-(DU-14Ju) 
a. morphine 
b. adrenaline 
c. reserp111e 
d. neostigmine 
e. atropine 

a. T, b. F, c. T, d. F. e. T 

Q. The following drugs are highly plasma 
protein bound- (DU- l 4Ju) 
a. aspirin 
b. 1m1pramine 
c. ranitidine 
d. ni fedipine 
e. propranolol 

a. T, b. T, c. F, d. F, e. T 

Q. The following drugs act by inhibiting 
enzymes-(DU-14Ju) 
a. neostigmine 
b. morphine 
c. aspirin 
d. ramipril 
e. propranolol 

a. 7~ b. F. c. T, d. T, e. F 

Q. Phase II metabolizing reactions are- (DU­
l 4J u) 
a. acetylation 
b. hydrolysis 
c. glucoronidation 
d. oxidat ion 
c. reduction 

a. 7'. b. F, c. 7~ cl F, e. F 
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Q. Following statements abo ut drug 
phamrncodynamics are: (CU-1 4.Ju ) 
a. Expose processes by which effect ive 

concentration of a drug at the si te of 
action is determ ined. 

b. G-protei n coupled receptors signaling 
include fo rmation of cGMP. 

c. Nitric acid may act as drug receptor. 
d. cAMP mediates exci tat ion-contraction 

coup li ng in smooth musc le. 
e. Effect of Protamine sul fate exemplifies 

non-receptor mechanism. 
a. ?T, b. T, c. F, d. F, e. T 

Q. Following is/are not a primary/ 
fundamental, but a derived 
pharmacokinetic parameter: (CU- I 4Ju) 
a. Absorption. 
b. Bioavailability. 
c. Volume of distribution 
d. Clearance. 
e. Plasma half life. 

a. F, b. T, c. T, d. T, e. T 

Q. The factors influencing drug absorption 
are- (DU-141) 
a. lipid solubility 
b. pH of the drug 
c. Presence of other substance 
d. dose response relationship 
e. plasma half life 

a. T, b. T, c. T, d. F, e. F 

Q. The following drugs cause hepatic enzyme 
induction- (DU-14J) 
a. rifampicin 
b. carbamazepine 
c. ciprofloxacin 
d. phenobarbitone 
e. metronidazole 

a. T, b. T, c. F, d. T, e. F 

Q. Following are the characteristics of a drug­
(DU- l 3Ju) 
a. either weak ac id or base. 
b. interact with li ving organism. 
c. produce energy. 
d. can cross biological effect. 
e. produce only benefi cial effect. 

a. 7~ b. T, c. F, d. T, e. F 
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Q. The foll owing drugs are 
acetylation- (DU -1 3.J u) 
a. morphine. 
b. su lfo namide. 
c. cli azepam . 
d. acetam inophen. 
e. isonaizde. 

a. F, b. T, c. F, d. F, e. T 

Q. A highly ionized drug- (DU- l 3Ju) 
a. is excreted mainly by the kidney. 
b. do not cross the placental barrier eas il 
c. is we ll absorbed fro m the in testine. y_ 
d. Is highl y plasma protei n bound . 
e. Can accumulate in the cell ular lipid . 

a. T, b. T, c. F, d. F, e. F 

Q. Clearance of drug depends on- (DU- l 3Ju) 
a. bioavailabil ity. 
b. plasma half life. 
c. vo lume of distribution. 
d. di ffus ion co-efficient. 
e. rate of absorption. 

a. F, b. T, c. T, d. T, e. F 

Q. Microsomal enzyme inhibitors are- (DU­
l 3J) 
a. spironolactone. 
b. phenytoi n. 
c. ketoconazole. 
d. erythromyc in . 
e. rifampi cin. 

a. F, b. F, c. T, d. T, e. F 

Q. Following drugs are absorbed through 
active transport from GIT - (DU- l 3J) 
a. paracetamo I. 
b. diazepam 
c. levodopa. 
d. Vit-812 . 
e. iron. 

a. F, b. r~ c. T, d. F, e. T 
Q. Drugs act by binding with- (DU- 131) 

a. enzyme. 
b. receptor. 
c. plasma protein. 
d. hormone. 
e. ion channe l. 

a. 1~ b. T, c. F, d. F, e. T 
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Q. Drug absorpt ion foll owing ora l b. Deve lopment of new dru g. (F) 
ad ministrat io n- (SU -1 JJ) L'. . Contro l or disease . (T) 
a) Most commonl y by simple diffusion cl. Epidemio logica l survey of' di sease. (F) 
b) Occurs throughout intesti ne e. Treatment of disease. (T) 
c) Delayed by anti muscarinic age nts 

d) Non-polar drugs are readily absorbed Q. Drug action can be prolonged by- (D U-1 21 ) 

e) Peptides are readily absorbed. a. Vasoconstri ction (T) 
a. T, b. T. c:. F, d. T, e. F b. Vasod ilation (F) 

C. Delay ing excretion . (T) 

Q. Drug distribution is influenced by- (SU -1 3]) cl. Altering drug fo rmul at ion. (T) 
a) Enzyme induction e. Promoting dru g metabolism. (F) 

b) Plasma protein binding 

c) Hepatic microsomal enzyme deficiency Q. Following drugs act principally by 

d) Regional blood flow inhibiting enzymes- (DU -1 21) 

e) Solubili ty of drug a. Enalapri l (T) 

a. F, b. T. c. F, d. T, e. T b. Physostigmi ne (T) 
C. Salbutamol (F) 

Q. Following are the characteristics of drugs- d. Morphine (F) 

(DU-1 2J u) e. Diclofenac (T) 

a. Most of the drugs are either weak ac id or 
weak base. (T) Q. Drugs having low TI are- (DU- 12J) 

b. Interact with living organ ism. (T) a. Methotrexate. (T) 

c. Produce energy. (F) b. Paracetamol (F) 

d. Can cross biological barr ier. (T) C. Digoxin (T) 

e. Produce only beneficial effects. (F) d. Aminophylline (T) 
e. Penicillin (F) 

Q. Bioavailability of a drug can be influenced 
by- (DU-l 2Ju) Q. High plasma protein binding (DU-I I Ju ) 

a. Routes of administration of drug. (T) a. Increases the volume of distribution of 

b. Half I ife of a drug. (T) drug. (F) 

C. Pharmaceutical factor. (T) b. Faci litates glomerular filtration of drug (F) 

d. First pass effect. (T) c. Can cause more drug interaction . (T) 

e. Gender of the patient. (F) cl. General ly increases the duration of action 
of the drug. (T) 

Q. Following are pro-drugs- (DU-l 2Ju) e. Has clin ical sign ificance if a drug has low 

a. Levodopa (T) 
therapeutic index. (T) 

b. Atropine (F) 
Q. The following drugs act principally by 

C. Enalapril (F) 
inhibiting enzymes: (DU-I I Ju) 

cl. Proprano lol (F) 
a. Enalapril (T) 

e. Omeprazole (T) 
b. Carbidopa (T) 
C. Aspirin (T) 

Q. Dose-response curve gives information 
d. Atropine (F) 

about drug- (DU- I 2J u) 
e. Adrenali ne (F) 

a. Efficacy (T) 
b. Potency (T) 

Q. The following drugs easily penetrate the 

C. Therapeutic index (T) 
BBB: (DU- 11 Ju) 

d. Bioavai lab ility (T) 
a. Physostigmine (T) 
b. Atenolol (F) 

e. Half life (F) c. Propranolol (T) 

Q. Benefit by the use of drugs are- (DU - I 2J) 
d. Atracurium 

a. Prophylaxis of disease. (T) 
e. Heparin (F) 
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Q. Bioava ilnbili ty could b(' influ('Hccd by : 
(Dl -1\ Ju) 
:\. Route or 1d lll ini stra ti011 (T) 
b. I lalf li fe.: of th e.: drug (T) 
...: . \>h urnrnccu tic il t'ad o r (I ') 
d. ender ol't li c.: pa tie nt (F) 
c. Fi r t µass m~tabn li sm (T) 

Q. Drug receptors- (D U- I I Ju) 
a. Ar specialized target molecul es. (T) 

Q. 

Q. 

Q. 

Q. 

Q. 

b. Ar present only on the cell membrane (F) 
c. Have the ability to recognize ligands. (T) 
d. Do not have the ab ility to cau se 

conformational change (F) 
Are mostly regulatory molecules. (T) 

Drugs having long plasma half life exhibit-
(DU- I !Ju) 
a. Slow and sustained effect. (T) 
b. Undergoes rapid metabolism. (F) 
c. Having more binding with tissues . (F) 
d. Suitable for acute emergency. (F) 
e. Less frequently administered. (T) 

Criteria of active transport of drug- (DU-
1 IJ) 
a. Lipid solubility (F) 
b. Water solubility (T) 
C. Energy mediated (T) 
d. Carrier needed (T) 
e. Exh ibi ts selectibili ty & satu rabili ty (T) 

Drug metabolizing enzyme inhibitors are-
(DU-1 l J) 
a. Metronidazo le (T) 
b. Phenyto in (F) 
C. Griseofulvin (F) 
d. Rifampic in (F) 
e. Erythromycin (T) 

Regarding bioavailability curve- (DU-1 OJ u) 
a. It is a drug plasma concentration- time 

curve. (T) 
b. It is a drug effect- time curve (F) 
C. It is a drug dose-response curve (F) 
d. Extent is measured by AUC (F) 
e. Rate is measured by AUC (F) 

Most drugs- (DU- I OJu) 
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;-1. arc either weak ly ac idic or weakly basi> , '- In 

natu re ( f) 
b. arc lip id so lubl e when in non-ioni zed for 

(T) rn 
c. are evenl y distributed th ro ughout the bod 

nuid (F) y 
cl . binds with plasma globu lin in the 

circulati on (T) 
e. explore or mod ify the phys iological 

system (T) 

Q. Vd of a drug less than 15 L interprets that 
the drug is- (DU- I OJu) 
a. di stributed in plasma (T) 
b. di stributed in !CF (T) 
c. dis tributed in ECF (T) 
d. accumu lated in the ti ssues (T) 
e. highly lipid soluble (T) 

Q. Receptors mainly present at- (DU- I OJ u) 
a. Cell membrane (T) 
b. Mitochondria (F) 
c. Cytoplasm (T) 
d. Nucleus (T) 
e. Endoplasmic reticulum (F) 

Q. Following drugs are absorbed thro ugh 
active transport from GIT- (D U- I OJ) 
a. paracetamo l (?) 
b. diazepam (?) 
c. levodopa (T) 
d. vi l-812 (F) 
e. iron (T) 

Q. High plasma protein bound drugs show­
(DU- 1 OJ) 
a. rapid onset of action (F) 
b. pro longed duration of action (T) 
c. short plasma half- life (F) 
d. s low excretion (T) 
e. rapid metabo lism (F) 

Q. Renal drug excretion will be more if- (DU-
1 OJ ) 
a. the drug rema ins in ionized state in 

tubules (T) 
b. the drug remains in un-ioniz d state in 

tu bule (F) 
c. passive tubular rea bsorption is more (F) 
d. ac ti ve tubu lar secretion is more (T) 
e. the drug is less protein bound (T) 



Autonomic 
Pharmacology 

Phannacology-25 173 



Bluqn-intTi\ t Ph arm acolog.y 17-1 

Introduction to ANS 

Autonomic pharmacology: Study ol' drugs which modify the act ion of' ANS is call ed auto nomi c pharmacology _ 

UiYisions of nervo us sYstcm : 
, Centra l ru-r, ·ous sys te m (CNS) : Bra in & sp inal cord. 

8 . Perip heral ncrvo~s system (PNS): 
1. - omatic ncrvou · sys1em : Cranial & spinal nerves. - '.J... \,_,,...,-...1..._.., I 

Au1onomic nervous system /AN S: - "''1'"''" \ -~ r-3/ 
a. Anatomically: 

:> Cranio-sacra l outfl ow 
:> Thoraco-lumbar outflow 

b. Physiologically: 
:> Sympathetic 
:> Parasympathetic 
:> Enteric 

c . Pharm acologically: 
:> Adrenergic (neurotransm itter is nor-adrenaline) 
:> Cho linergic (neurotransmitter is acety lcho line) 

NS: The part of the nervous system which is not in our own contro l is called autonomic nervous system. The 
AN S innervates invo luntary structures such as heart, lungs, intestine, glands, smooth muscle and cardiac muscle. 

Differences between somatic & autonomic nervous system: 

Somatic nervous system:',,~, .... t ·;i~\:-··, . I . -. . · '·. Autonomic nervous systeni1~~--~¥-~(:P -
1. It is volunta1 
2. It supplies skeletal muscles. 

3. Somatic nerves are myelinated. 

4. Somatic nerves usuallv don't form lexus. 
5. Synapses are located enti rely within the 

cerebra-spinal axis. 

6. Whe 1nerves are interrupted, the skeletal 
mu cles are par~lyzed and atrophied. 

. . ame the cholinergic neurons . (SU-06M ) 
Q. Name the sites where acetylcholine is released. 
Ans . 

1. It is involuntar 
2. It supplies smooth muscles, hea1i muscles, glands and 

other visceral or0 ans. 
3. Post-ganglionic autonomic nerves are generally 

m 1el inated. 
4. Man autonom ic nerves form extensiv lexus. 
5. Synapses occur in ganglia that are enti rely outs ide the 

cerebro-spinal axis. Ganglia are located between pre­
aanal ionic and post-ganulionic neurons . 

6. When nerves are interrupted, the smooth muscles and 
glands generally show some level of spontaneous 
activ i . 

Cholinergic neurons: All the neurons that secrete acetylcholine are call ed cholinergic neurons. 

Cho\inergic neurons / Sites of acetylcholine secretion: 
I . All the preganglionic neurons of the autonomic nervous system. 
2. The postganglion ic neurons of the parasympathetic nervous system. 
3. The postganglionic neurons of the sympathetic nervous system supplying the sweat glands & blood 

vessels in skeletal muscles. 
4. The motor neurons that innervate skeletal mu scles. 
5. Also from neurons in the brai n, cotiex, & basa l ganglia. 



175 Autonomic Pharmacology 

Q. Ir;PiCJ e the sites where ad renali ne is released. (SU-OSJ) 

A11J(_/ 
~renergic neurons: Al l the neurons that secrete nor-adrena line/norepinephrinc arc ca lled adrc.:ncrgic neuron ~. 

Sites where adrenaline is released: 
1. The postganglionic neurons of the sympathetic nervous system except those su pp lying the sweat glands & 

blood vessels in skeletal muscles. 
2. Adrenal medulla . 

CNS PNS 

~ Acetylcholine Norepinephrine -
C - • ( Arrector pili muscles . 
E 
:::) 

Norepinephrine, 8 
= -

Acetylchollne Neuropeptide Y ---0 Q) - • ( Blood vessels in skin 
(} 

1!! Acetylcholine, vasoactive and skeletal muscle 

* Acetylcholine, Intestinal peptide, calcltonin 
o- enkephalin '-. gene-related peptide 

( Sweat glands ~T ~ -
E 
iii Acetylcholine, vasoactive 
'E Acetylchol ine intestinal peptide - ( Blood vessels of 

~ - • skeletal muscles . 

Figure: Chemical coding ofsympathetic preganglianic and postganglionic neurons. (Ref Gwwng-23 ,.,1) 

Nice to know 
Burn rand hvpothesis: The hypothesis states that "all the pre-ganglionic .1y 11 1parhetic nerves f irst rel<!ase 
acetylcholine which fi1rther initiate release of noradrena/ ine f rom the post ganglionic sympat het icfi bers. 

Adrenoceptors: The receptors on which epinephrine (aclrenuline) and norep inephrine (norndrenaline) aci are 
called adrenoceptors. Adrenoceptors are of 2 types-

{ 
1. a-adrenoceptors ( a 1, a 2) 

2. /3-adrenoceptors (/Ji , /32, /J;) 

Cholinoceptors: The receptors on which acety lcholine act are called cholinoceptors. Cho linoc:eprors ar l::' of] 
types-

l I. Muscarinic receptors (M1, M2, M;, M-1, M 5) 

L 2. Nicotinic receptors (NM, NN) 

athetic s stems 

I Sympathetic system . I Paras ni athetic system 
Outflow Craniosacra l (cranial nerves : !IL VI L IX 

~---------+----------::--=--- --------l- & ..,21~ S2 . S3 , , '-1 : 1i1rnlseQineritsf 
, ~""- .. ....J M\·elinatcd , \ r:rv 

Thoracolumbar (T l - L2) 

~...,_,__--CL.....::..::..:..:_:.....:..::...::..:~---J.......:....:..L..::..:...:..:..:..:::...:.::..:.._~ _______ _ ---j 

~ ---c;c__:_:..o..:.:.li..::.o:..:n.:..:ic=-· ::fi.:::b:::.e~rs~· --+-=L:::.:o:::..:1..:J1 :i..:' ,_:n.:..:o::..:.n.:.:.m:..:...L'.:..e:..:.l i:..:.na=-· t:..:.e..:::d _ ______ -+--~ -.!_'~10 11 n~) c Ii na k~l __ - -----~ 
Parave1iebral (sym pathet ic tru nk) and Small gangli:i close to viscera (eg, 
prevertebral (cg, ce li ac) ~ ci liary) or ganglion cel l, in plexuses (eg, 

.----------+--C:_\_o_:)::_~-=----\_0_ s__,_f_y-y--...._ _ _ e:_· ----- --+_card iac, JU l rn onar J ___ _ ____ ...., 
Neurotransmitter at the Acety lcholine !\cctylcholinc 

re an ,fionic end in ,s 
--:::..:::.:::-_-::'.._":,.--=..=-::..~~-=--~==-==-~1:._~-::._-::...--:..l-:._-:,.-::...-::...-::...-::...-;...-;::_-::...-::...-::...-::...-::...-::...-::...-::...--=..-::...--=..-::...-::...--=..-::...-::...-::...-::...--=..-::...-::...-::...-::...-::...-:_-:_------_ -__ -_-_ 
~~~h""'-1:. ~~ "o~"'rb ?-- '£.\,~, '$~ 
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Neurotrnnsmitkr at the Norcpi11cphri 11c at mos t endin gs and 
postganglionic endings acc1ylcho li11 c at svvcat glands & bl ood 

vessels supplyin g skeletal muscles. 

Functional: 

Range of activity 
Eye 

• Pu i I l Dilatation ( mydrias is) 

• Ciliar , muscle Relaxation for far vision 

Heart 
• Heart rate Increased 
• Force of contraction Increased 

of heart muscle 
Lun 

• Bronchi al muscle Relaxation 

• Bronchial secretion Decreased 
GIT 

• Peristals is Decreased 

• S )hincter Contraction (usually) 

Acety lchol ine 

(Ref Snell Neuroanuro-;;;-:---­
Y-71/1) 

Loca lized 

'constriction (miosi s) 

Contraction for near vi s ion 

Decreased 
Decreased 

Contraction 
Increased 

Increased 
Relaxation (usually) 

• Secretion Decreased Increased 

Liver 
Kidney Decreased out ut & renin secretion ,<'None 
Urinary bladder 

• Detrusor muscle Relaxation (usually) Contraction 

hincter Contraction Relaxation 

Ejaculation Erection 
Contract ion (pregnant) 
Relaxation ( reanant & non reanant) 

Variable 

Blood vessels Most oA:en constricted Most often I itt le or no effect 
Arteriole 

• Abdominal viscera 

• Skeletal muscle 

.Constriction 
Constriction (a 1 receptor) 

\
Dilation (P2 receptor) 
Dilation (choliner ic) 

None 

• Skin Constriction None , 
(Ref Ganong-24th; Guyton- 12th; Sne/l-Neuro-71h) 

Neurotransmitters (NT) 

Q e_Fne neurotransmitter . (DU - l \Ja, I OJ a; RU-04M,03Ja; SU-06S) 
assi fy neurotransmitter. (SU-07Ja ,06S) 

numerate some important neurotransmi tters . (DU-1 OJ a) 
ame the central neurotransmitters. (RU-09Ja,07Ju/Ja) 

Q. Short note: Neu rotransmitter. (RU- l 6J) 
Ans. 
Neurotransmitter 
Defin ition: These are chemical agents that are released from the nerve endinas and transmi t nerve impulses 
through the synapse from nerve to nerve or nerve to effector organ (muscle or gla ,~d) . 

(Ref Guyron-/ 2Ll1) 
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Dcfiniti~n: ~ eurotransmitters arc the specific chemica l signals that arc released from nerve tcnn imd & maintain 
cornmu111cat1on bet\,vcen nerve ce lls or between nerve ce lls & l'f"kctor urgans. 

Classificat'ion of neurotransmitter 
(Re(' /, ,jJ/ Jil/C{)// 's 11harrrwcologv-61h; 

A. 

Q0pamiHe 
Seroton in 

fi ~ Glycine 
~.r. Alanine 

6. Taurine 

B. According to site of action: 

/ ly Acctylchol inc 
-2. Nor epinephrine 
3. Hi stamine 
ft . Prostaglandin 
5. 5-HT (Hydroxytryptamine) 

"\)c, \'C , , ....,,_ 
(Ref Guyton- 12th) 

I. Peripheral neurotransmitter: Acetylcholine (Ach), epinephrine, nor-epinephri ne, histamine. 
2. Central neurotransmitter: Dopamine, GABA, glycine, glutamate, aspartate, serotonin, NA, Ach . 

Q. Define neurotransmission. Name the processes involved in neurotransmission. (RU-04M) 
Q. What d you mean by neurohormonal transmission? Name the steps involved in neurohormonal 

t .ns 1ssion. (RU-08Ju) 
Q me the steps of cholinergic neurotransmission. (SU- 11 J,09Ju,08J,RU- l 2J) 
Q tline noradrenergic neurotransmission. (SU- I 3Ju) 
Ans. 
Neurotransmission / neurohumoral transmission: Transmission of nerve impulse across the synapses & neuro­
effector junctions by releasing humoral (chemical) messengers is called neurohumoral transmission. 

Steps of neurohumoral transmission: 

Arrival of impulse (action potential) at the presynaptic nerve terminal 
l 

Open ing of voltage-gated Ca2
' channel 

l 
Entry of Ca2+- into the presynaptic nerve terminal from synaptic cleft 

l 
Ca2

+ causes fusion of synaptic vesicle with presynaptic membrane 
l 

Release of neurotransmitter (eg, acetylcholine, noradrenalin) into the synaptic cleft by exocytosis 
l 

Neurotransmi tters diffuse through synaptic cleft 
l 

Neurotransmit1ers bind with postsynaptic receptors 

t 
Infl ux of Na ' 

l 
Depolarization/ EPSP 

l 
Action potential 

l 

I 
- -- - - ..!. 

Impu lse is produced in the postsynaptic cell. 

-- 1 
'( 

Infl ux of Cr 
Efflux of K' 

l 
Hyperpo larization / IPSP 

l 
No Action potentia l 

l 
o impulse is produced in the postsynaptic ~e ll. 

After transmission of the nerve impul e, some transmitters are destroyed by enzymes. some may di!Tuses out, and 
some may be re-uptaken by the nerve ending. 

(Ref Ganong-2-ltli: Guy ton- l l tli: Tripotlii-6
1
"!89) 

Anik
Pencil

Anik
Pencil



TM Blueprint / Pharmacolog)' 178 

Q. Describe brictly the criteria o f ideal neurotransmitter. (DU-I I Ja, I OJ a) 
q,i\~_fu,t are the criteria of a neurotransmitter substance? (SU-07.1) 
Ans. 

riteria of a neurotransmitter (NT) substance: 
I . It should be present in the pre-synapt ic neuron (usually along with its synthesizing enzyme) 
2. It should be released in response to nerve stimulat ion. 
3. Its application should produce re ponses identical to those produced by nerve stim ulation. . _ 
4. Its effects should be antagonizecf or potentiated by other substances which simi larly alter effect 01 nerve 

stimulation. 

Viva Q. Why adrenaline is released f rom nerve ending? 
Ans. 

(R~l Katzung- ! 3th; Tripathi-6'"190) 

Adrenaline is synthesized in the adrenal medulla. It is not synthesized in the nerve ending, sri/1 ii is released from 
the nerve ending. From adrenal medulla ii is released into the bloodstream, from blood it reaches the .synaptic 
cleft and from there ii enters inro the nerve terminal by reuptake-11. 

Q. What is the role of pre-synaptic autorcceptor? (SU-OJJ) 
Q. Discuss the role of pre-synaptic autoreceptors in the regulation of neurotransmission. (SU-06M) 
Ay!Y-

~fe~svnaptic autoreccptor: Presynaptic receptors that respond to the transmitter substances released by the n~rve 
endmg are called autoreceptors. Autoreceptors are usually inhibitory, but many cholinergic fibers, especially 
somatic motor fibers, have excitatory nicotinic autoreceptors. 

Example: 
I. a2 autoreceptors inhibit further release of norepi nephrine (N E) from sympathetic neurons. 
2. M2 & M4 autoreceptors inhi bit further ACh re lease from parasympathetic neurons. 

Noradrenergic nerve terminal 

Release-modulating 
receptors 

(Ref Katzung-13//'/99) 

Fig. Regulation of the release of norepinephrine (NE) from a sympathetic nerve ending by norepi11ephrine itse(f 
acting on presynaptic a.:, autoreceptors, and by ocetylcholine and angiorensin fl. Ah u11giotensin II receptor: M 
muscarinic receptor; NET; norepinephrine transporter. 
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~tive ~cedba~k rcgulat_ion. of.norepinephr~ne (NE) after presynaptic receptor activation: 

1 orcpinephnne (NE) binds with pre-synaptic a2 receptor 

! 
Formation of Drug-Receptor complex 

! - -
Inhibition of ·'adenylyl cyclase (AC) enzyme" -
tF orrnation of cAMP 

Suppression of Ca
2

+ channel on pre-synaptic nerve terminal. 
! 

No fusion of norepinephrine (NE)/ epinephrine (E) containing vesicle with the terminal membrane. 
t 

No exocytosis. 
! 

No or release of NE/E from nerve terminal membrane. 

This auto-inhibitory effect of NE after arreceptor activation is called ''negative feedback regulation". 

Nice to know r Presynaptic regulation: It is mediated by autoreceptors and heteroreceptors. It occurs by homotrophic and 
'. / ryterotrophic interaction. 
1 Heteroreceptor: Heteroreceptors are pre-synaptic receptors, which respond to neurotransmiflers or neuro-

1' . · hormones released from adjacent neurons or cells. 
Example: Noradrenaline (NA) can influence the release of A Ch from parasympathetic neurons by acting on 
a2 receptors. Similarly, A Ch can influence the release of NA from sympathetic neurons by acting on M2 & M4 
receptors. For example, some vagal fibers in the myocardium synapse on sympathetic noradrenergic nerve 
terminals and inhibit norepinephrine release. 

I Heterotrophic interaction: When one neurotransmitter (NT) affects the release of another NT, it is called 
heterotrophic interaction. Eg, NA inhibits ACh release & ACh also inhibits NA release in the pre-synaptic 

/ neurons in heart. 
I Homotrophic interaction: When one NT affects the release of the same NT, it is called homotrophic 

interaction. Eg, NA inhibits the release of or her NA by acting on a.2 receptors. 
(Ref Kat:ung- l l'/99- 100: Goodman & Gilman 's-12th; Rang Dale-8th) 
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Cholinergic pharmacology 
Q. Enlist the cholincstcrases. (DU-08J) 
Ans. 
Cholincsterascs 

1. True acetykholinesterascs : 
• Only metabo li zesthe Ach. . 
• Found in the synaptic cleft of cholinerg i~ nerve endm gs, RBC. p lacenta. 

2. False/pseudo acetylcholinesterase / butyr ~c 10 m~stcrase: 
• Metabo lize mainly other drugs-

:> Succ iny lchol ine, suxamethon iu m 
:> Procaine 

• It may metabolize Ach . 
• Found in lu ngs, g lia l cells, gut mucosa, pl asma, liver and many other t issues. 

-

Q. Outline the steps of biosynthesis and fate of acetylcholine. (RU - 16J u, 13J , 11 Ju , SU- l 7M) 
Q. How acetylcholine (ACh) is synthesized and metabolized? (SU-09/08Ju) 
Q. Draw ~ abel a diagram to show the synthesis, release and termination of action of acetylcholine. (CU-

03J; U-04M; SU -08J) 
e ribe the fate of transmitter involved in cholinergic neu rotransmission. (SU - l 3.J , 11 J) 
ustrate cholinergic neurotransmission mentioning neurotra nsmitter synthesis, fate and receptors. 

(SU-12Ju,08J/Ju) 
Ans. 
Svnthesis, release and metabolism / fate of acetylcholine (Ach) 
Site of Ach synthesis: Cytoplasm of nerve termi na l. 

Requi red substances: 
/ . Acetyl Co-A (Synthesized in the mitochondria) 
2. Choline (transported fro m extracellular fluid in lo the nerve terminal by a Na-dependent m embrane 

carrier). 
3. Chol ine-acety ltransferase 

Steps of synthesi~, release and metabolism: 
Acetyl Co-A+ Choline 

t Choline acetyltransferase 
Acetyl cho line (ACh) 

(Newly formed A Ch is tran.sportedfrom the cytoplasm into the vesicles by an untiporter) 

t 
Fusion of vesicle membrane with the te rminal membrane 

(Fus ion is dependent on extracellular Ca2 cone.) 

t 
Exocytosis of ACh 

t 
Diffus ion o f ACh to the post-synaptic membra ne 

t 
ACh binds wit~ the ~holinergic recepto rs at post-synaptic membrane. 

Some Ach molec ules al so bmd with the acetylcholine autoreceptors at pre-synaptic membrane . 

t 
Metaboli sm of A h by Acetyl-cholinestera.se (ACht; in to 

t 
Acetate + Cho line (reup take) 
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I, . tc timitin° steJl: Choline ll j)take ·111 tl1e . , · . , · · · -,,1 b · p1c-synapl1c nerve lern11 nal 1s the r,itc l11 11 1t111g step. 

; Axon 

~\ 

NeiVe 
terminal 

AcCoA + Choline l l c hAT I 

Botullnum __ .....,-(. -i-----
toxin 

SNAPs ACh 

Acetylcholinesterase 

Post.synaptic cell 
Chotinoceptors 

Vesamicol 

Acetylcholine <e 

autoreceptor 

/ Choline 

~ Acetate 

Otller 
receptors 

Figure.· Schematic illustration of a generalized cholirwrgicjunction (R~l Kat::1111g-l 3°'i(} I J 

Q. List the cholinergic receptors & their important locations . (CU-09Ju,06M; RU -04M: U- I '.2 Ju .07.l u) 
Q. Show the distribution of various cholinergic receptors sites. (DU-14.J. SU- I JJu) 
Q. Briefly outline the effects of activation of cholinergic receptors. (DU-0 7.1. CU-07.l ,06M) 
Q. Name the nicotinic receptors and their sites. (SU- I 6J/Ju) 
Q. Name cholinergic receptors . (CU-09Ju) 
Q. Name the cholinergic receptors & outli ne relevant mechan isms that can influence card iac functio n. 

(CU-09Ju) 
Ans. 
Cholinomimetic / cholinergic receptors / Cholinoceptors: There are twn types of' rcccµt or. 

l. Muscarinic receptors: These receptors respond to rnusearinc (an alkaloid) a· we ll as to :-icety lcholinc. 
Subtypes are M 1, M2, M3, M4, Ms 

Pharmacology-26 
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I 

7'-

\ 

N icotinic 1·cccpto1·: T hese recept o rs arc located o n ion cha nne ls a nd respond to acctyl cho line and 
/ n icotine, another acc ty lc ho line mim ic (b ut not to muscar inc ) by open ing th e channe l. Subtypes are NM & 

NN 

lleceptor Name Typical Locations Resu lt o f Ligand E ffect 7 
Binding 

Muscarinic M 1 • CNS ne urons Form at io n of 1P3 and C NS excitati on -. 
(Neural) • Sympathetic postgang lionic ne urons DAG Gas tr ic secreti on 

, • ·some presynaptic si tes • Increased intrace llu la r 
;' 

/ Gastr ic parietal ce ll calc ium ..--< 
-

!Vluscarinic M 2 ).,.-~ yocardium Opening of K+ Cardiac' in~ -. 
(Cardiac) ~ Smooth muscle channels - Neural inl · · · 

,,. • Some presynaptic s ites . Inhi bition of ade nyl y l Central effect: Tremor, 
cyc lase hypothermia 

Muscarinic M 3 / v • Exocrine g lands • Format ion of IP3 and Increased gastric, saliva ry 
.,.< 

(Glandular) e'W Vessels (smooth muscle and DAG secretion 

endothelium) . Increased in tracellular GIT muscle contract ion 
ca lcium Ocular accomm odation 

V aso d i I a ta tfo-n------._ 

Muscarinic M 4 •-1:NS neurons , possi bly vagal nerve Li ke M2 Neurdl inhibition ' 
endin gs -----Muscarinic M 5 • Vascu lar endothelium, especial ly Like M l Ne ural exc itat io n 
cerebral vessel s 

_v_,,.-CNS neurons 
Nicotinic NN .- Postga ng lionic neurons . Opening of Na+, TC Excitation 
c... C:- c..~ I·"'\ :,_ • Some presynaptic cholinergic channels 
lV'~- .,_ 

terminals Depolarization . 
Nicotinic N M .,,...,-Ske letal muscle neuromuscu lar end . Opening of Na+, K ' Skeletal m uscle 

plates channe ls contraction 
• Depo larization 

/ Iii (Ref Katzzmg-1 3 / 97, Rang Dale-8th) 

(' \---<.\,-v-.- ~ 
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Cholinomimetic drugs 

Q. What arc the cholincrgic drugs? (DU-07J,04J;C U-04.J ;RU -0 I M;SU -0SJ,04M/J) 
Q. Enlist the chor 1omimctics. (CU-17 J) 
Q. Enlist antj.rholincstcrases / cholinesterase inhibitors. (DU- I I J, I 0J .08J ,06S ; 

07J u8 SS 2J;SU-1 IJ ,07/J,06S/J) 
Q. Lis0) i · erent cholinergic receptor agonists. (CU- I 2Ju,09J , RU - I SJ) 
Q. Enlis1 4 cholinergic drugs. (DU-1 SJu) 
Q. i ist the indirectly-acting cholinomimetics. (DU- I SJ) 

nlist the indirectly-acting cholinergic agonists with their role/effects. (SU -1 SJu, I SJ) 
f ns. 

CU -I 7M ,08J ; RU-

Cholinomimetic / cholinergic drugs: These are the drugs which increase cholinergic activ ity by directly 
stimulating cholinergic receptors or by indirectly increas ing acetylchol ine concentrati on by inhib iting 
acetylcho linesterase enzyme. 

Cholinomimetic drugs 
---v \ 

/ 'h-f'\ r , ''\ 

Directly acting Indirectly acting /anticholinesterases 
Act directly by binding with receptor Act by inhibiting acetylcholinesterase, thereby 

increasin~ local concentration ofAch. 
{

' - /"tl..--,._ C '" t 
i;- I - (V"'•~ 

C olinester 
Acetylcholine 

l'Methacholine 
(carbachol 

Bethanechol 

Alkaloids 
1' J ilocarpine 
/ ,Muscarine 
/ Nicotine 
• Lobeline 

--:- • '(\ (Y"'(" . s \'_., ( . ' .Q. (____ 

' '.,_j\J)_.o;__ I O:..r , C ~~ (" _( , ,• "),-. 

~ V C.'/"' '--V'r:C-. h, rl <..... l [ -. ._, (( 
l"'Y r (~ ' - ~ 

(Jr<i \1 2£ . 

h:c-.. t 

Reversible 
Drugs bind with the enzyme by weak 
bonds, eg, H-bond, Yan dar walls 
bond . The bond may break down. 

Carbamates and related agents 
/ Physostigmine 
y Neostigrnine 
• Pyridostigmine 
• Distigmine 
• ambenomium 
• Demecarium 
o Donepezil 
• Rivastigmine 
• Galantamine 

Alcohols 
• Edrophoni um 

Irreversible 
Drugs bind with the 
enzyme by strong 

c.~ ;'Y -

covalent bond, whic h does 
not break down . 

Organophosphorus 
compounds, eg, 
r },ilalathion 
./'Parathion 
• Echothiophate 

f\s:_..,_,c ~~ ~ 
.,.,, (Ref Katzung-l 3th/107-l 20; Lippincott 's-6th; Goodman & Gilman 's-12th) 

Important definitions 
• Parasympatlwmimetic: A drug whose effects resemble those of st imulating the parasymparhetic nerves. 
• Choline ester: A cholinomimetic drug consisting of choline (an alcohol) esterij,ed lVith an acidic substance, 

(eg, acetic or carbamic acid) ; usually poorly lipid-solub le. 
• Cholinomimetic alkaloid: A drug with weakly basic properties (usually ofplant origin) whose effects resemble 

those of acetylcholine; usually lipid-soluble. 
• Direct-acting cholinomimetic: A drug that binds and activates cholinoceptors: the ejj ecrs mimic those of 

acetylcholine. 
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• fodi rect-acti11g clwli11omi111etic : . I drug that w npl(fies the 1.:f/ects of endogenous acety lcholine by inhibiting 
uct> rvlc:/10/ ine st erase. 

• J\ l uscari11 ic ago11ist: A choli110 11 1i111etic drug that binds 111 u.w:arin ic recep tors and has p r imarily muscarine-like 
octions. 

• 1\'icvtinic agonist: ,·I cho!i110111 il11 t! tic drug that binds 11icotinic receptors and has 11r imarily n icotine-like act ion.\ 
• Orga11op /10splwte: An ester a/phosphoric acid and an alcohol that inhibits cholinesterase 
• Orga11oplw sp/,ate ag ing: A process whereby the organopho.,phate, a/ ier binding to cholinesterase, is 

d11: 111 ical(v mod[fied and becomes 111ore./irmly bound to the enzyme 
• C/wlinerg ic crisis: The clinical condition of excessive activation of cholinoceptors: ii m ay include skeletal 

muscle ll'eakness as ivell as parasympathetic signs 
• 1~/y astlr enic cris is: In patients with my asthenia, an acute worsening of sy mptoms ; usually relieved by 

increasing cholinomimetic treatmen t 

Mentio n the m uscarinic effects of acetylcholine . 
Mention the nico tin ic effects of acetylcholi ne . 
E nume') e the pharmacological actions of different c ho li ne rgic receptor agonis ts . (CU-09J) 
E um;wate the pharmacological actions of neostigmine. (C U-J 2J u, SU-l 6Ju ) 
~ a.re the therapeutic effects of anticholinesterase d rugs? (RU-07Ju) 

W ite down t he effects of cho lineste r s on CVS. 

P harm acological effects of a cetylcholine 

M uscarinic effects of acety lcholine : 

Effector organs ,j - Effect 
1. Ey e • Constriction of pupil (mios is) 

• Contract ion of c illi ary mu sc le fo r near v ision 

2. Hea rt • JHeart rate (negative '_? hronotropy) r \. 

- ( 

• J Force of contraction (negati ve inotropy) 

• J Cond uct ion ve loc ity (negativecl ro1notropy) 

Result: JCardiac output -+ J bloo-d pressi1re 

3. Blood vessels 

• Arteries • D~ n (v ia ED RF). Constri ct ion (high-dose d irect effect) 

• Veins • Dilat ion (v ia EDRF). Constr ict ion (high-dose direct effect) 

4. Lungs • Bronc hoconstri ct ion: Contrac tion of bro nchia l mu scl e 

• Increased bronchia l secret ion 

Clinica l s ignificance: Aggravat ion of bronchial asthm a. 

5. GIT . Contracti on of G IT smooth muscl e 

• Re laxation o f sph incter 

• Increased sec re ti on o f HCI & d igest ive enzy mes 

6. Genitor- urinary v . s;_ontrac ti on of detrusor mu scl e of urin ary bladder 
syste m • Re laxat ion of tr igone 

• Re laxation of sphincter 

Res ult: Promote voidi ng o f uri ne 
7. G lands • Increases sec reti on o f a ll exocri ne g la nds . 
8. Uterus, pregnant • Contractio n 

I Rece tors 
M 3 receptors 

M 2 receptors 

M 3 receptors 

M 3 receptors 

M 3 recepto rs 

M 3 rece pto rs 

M 3 rece pto rs 
Iii (Ref Katzung-13 / Jl O) 
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Nicotinic effects of acetylcholinc: 

Receptor I , -.',;;~-. ~ · _· .. ·_-. , , , . . ; · ., .. \. Eftiect ·~.u ·r.1,:,-1 ~- ~- • .,..,;r.t;i..,~9'1-1;.,i~l':01,.:,..i 5.-i4~ I 
• ' 1 ·t¥i ~1J','t1 . ,r '•~"••"iit(:- :1,-:w._.., ~~-" 

1. CNS 

2. PNS (Peripheral 
nervous system): NN 
receptor activatio n at 
post-ganglionic 
neuron in autonomic 
ganglia 

3. N~-1 receptor 
activation at NMJ 

In hi gh concentrations, 
/' Tremor 
? Ernesis 
• Stimulation of the respiratory center. 
,• Convulsions 
, Coma 

• Initial response ---t Simultaneous discharge of both parasympathetic and 
sympathetic systems. 

• In CVS ---t Effects of nicotine are chiefly sympathomimctics: Hy pe11ension. 
• Sympathetic tachycardia may alternate witii--aITTaaycarcl ia mediated 6yvagal 

discharge. -- --
• In GIT and urinary tracts ---t Effects are largely parasym pathqmimetic : 

nausea, vomiting, diarrhea, and voiding of urine. 
• Acety lcholine stimu lates adrenal medulla ---t release of adrenaline -

sym Dathetic effects . 

• FasciculationJ o strong contraction of ske letal muscle. 
• Ir depolarizing nicotinic agents are not rapidly hydrolyzed­

]. Depolarization blockade 
2. Flaccid para lys is of skeletal muscle. 

(Ref Katzung-1311
'/ 11 2) 

Q. ~ neostigmine is called indi rectly-acting drug? (SU-17 J 
~ }S . 

Neostigmine amplifies the effects of endogenous acetylcholine by inhib iti ng acetylcholinesterase without directly 
acti ng on acety lcl -1 ine receptors . This is why neostigmine is called indirectly-acting drug. 

~ - "· e choline has got no clinical utility"- explain. 
. y acetylcholine cannot be used therapeutically? 

Ans. 
"Acetylcholine has got no clinical utility"- because 

L r-·" I , ..,., \,,'-.__ 

1. The durat ion of action of acety lcholine is very short . This is because; Ach is rapidly inactivated by 
l h l. . ' \ I ~ . ace c o 111esterase enzyme . ~7 ~ · ...... ·" .) - ('~ 

2. Ach has di verse action throughout the body. So, there will be more adverse effec ts. (_t'-J f'<'-- ~~_,,, ._ f,., ) 
(Ref Lippincott ·s-6th) 

-~ can you experimentally prove that A Ch has both muscarinic & nicotinic effect? (SU- I ]Ju, \ I J) 

n . 
ACh has both muscarinic & nicotinic effects : We can prove it by experimenta l pharmacology by observing the 
effect of ACh on BP before & after atropine admin istration to a phenobarbital anaesthetized cat. 

Procedures: 
l. At first, the base line BP was measured . It is normal. 
2. After the admini stration of ACh, there was fa ll of BP. This was due to decrease in heart rate & periphera l 

res istance. Th is indicates the action of ACh over M2 receptors on heart & M3 receptors in the periphera l 

blood vessels . 
3. Agai n ACh was adm inistered & same effect was observed. 
4. Then Atropine was administered . Atropine blocks the rn uscarin ic receptors & BP gets normal aga in & 

thi s procedure was done once again. 
5. After Atropine admin istration, again ACh was adm ini stered & a dramatic rise or BP was observed . This 

time Ach cannot act on the rn uscarinic receptors because they are blocked by the atrop ine. This ti me AC h 
acts on NN receptor of autonomic ganglia and cause release of ad rena line resulting in rise of BP. 
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6 . A ftl' r :1d m in istra tinn or the n icnt ini c 1-CCl~pt o r b locke r, the 13P a !--!,a in goes bac k to no rm a l. T h is p ro ves th e 
prcv iLHIS ri si.:· ~, r 13P by ACh is d ue to it s ni cot ini c e ffe c t. 

So. nt bst \\ C can sure ly s:1y that. /\ h has buth 11 1t1sc ari 11 ic and n ico lini c e ffec t. 

Q. lk scribl' the cl inica l uses o f cholinl.Tgic drugs with exam ples . (O lJ -07 .l a/OSS, S U-04 S ) 
Q. Men tion the indicat ions o f c ho linesters 
Q. l\lention the indica tio ns o f Bethanec ho l ( DU-04J) .. 
Q. Discuss thc im portant uses o f indi rectly ac ti ng cho linom ime tics in di ffe rent cl in ica l cond1tw ns. (C U-0 8J ) 
Q. \\ rite down the impo rtant cl inical indica tions of anticholincsterases . (DU- I OJ) 
Q. Men tion the clinical uses of each antichol ines terase . (DU -08J ,06S; CU - l 5J,08J) 
Q. Mention the clin ical uses of physostigmine (DU-06S, SU -08J , R U- I 3J ) 
Q. Mention the clin ical uses of neostigmine. (DU- l 5J , S U-04M) 
Q. Mention the clinical uses o f OPC. (C U-04J , SU-02 M ) 
A ns . 
Ind ications of cholinergic drugs/ Bethanechol / physostigm ine / neostig minc : 

Drug I Clinical use f ,11;., -, •f•' I O •t-,"'-'t ,, 
<' 

,,,sci a nechol • Postoperat ive ileus (atony or p aralys is of the s tomach or bowel fo llowing surgical 
manipulation) . 

• Congenita l megaco lon . 
• To stimul ate th e aton ic bladder, parti cul a r ly in postpartum o r postope rative, 

nono bstruct ive ur inary retention secondary to sp ina l co rd inju ry o r di sease ( ne u roge nic 
bladder). 

• To increase th e tone of the lower esophagea l sph incte r in pat ie nts w ith re flu x 
esophagitis. 

• Prefe rable to ca rbacho l beca use it is more muscarini c . 
Carbachol • Glaucoma --

(Because of its high potency, receptor nonselectivity, and r elatively long duration of action. 
carbachol is rarely used therap eutically ex cept in the eye as a m iotic agent w treat a fa 11 coma 
by causing p upil/my contraction and a decrease in intraoc:11/ar pressure.) t. 

(Ref L i17oi11col/ ·s-6th) 
P i1ocarpine • G laucoma (both closed-angle and open-ang le glaucoma.) 

- - -
• S jogren 's syndrome (;ncreases salivation). ,. 

,Pl1ysos tigmine • G laucoma 
- - -

• Overdoses of anticho linergic dru gs, s uc h as atro pine, phcno thi azines. a nd tri cyc li 
a nt idepressa nts . ·ts:s, 

• A tony of bladder a nd bowe l. t 
-- -

Neostigmi ne JV'Myesthe nia grav is 
(Re( Lippinco/1 's -6th) 

• Para lyt ic ile us or atony of ur inary b ladde r, e.g . after surge ry . 

Edropho nium 
• R~ve rsa l_ of ne urom uscular block by no nde po la ri z ing drugs. 
• D1agnos 1s of myas then ia gravi s . 

• To d iffere nt iate a myesthe n ia g rav is to cho li ne rgic cri s is . 

Pyridostigminc 
• Reve rsa l of ne uromuscula r block by nonde po lari z ing d ru !!. ·. 
• Myasthe n ia g ravis . -..;__ ---

Am benom ium • Myesth e ni a grav is 
De mcca riu m • hronic open-an g le g la ucoma ---

• ~osed-~ng le g laucoma after irreclccto 111y . 

l{ ivas ti gm inc, 
• D ia 1 n~s 1s and treat ment o_!j,cco mm odat ive csotro p ia . 
• !\ lzhc 11 ne r's d isea se 

galantami nc , 
donepezil , tacrinc 
(o b-;o /e re) 

- - -
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Echothiopha te • Chronic treatment or open-angle glaucoma. (7'1,e eff ects may last.for up lo one week 
ajier a single administration.) 

P,,lrathion • Insect icide only 
Malathion • Insectic ide 

• Scabicide (topical) 
· . off 's-6Lh '/ . l/1 r Iii , . . , (Ref Katzung-13 /11 4- 119, Katzung& Treva, .1-ll ed1lion, L1pp111c 1 

Q. Discuss the role of neostigmine at the end of abdominal su rgery. (CU-I 4Ju) 
Ans. 
Role of neostigmine at the end of abdominal surgery _ 

l . It is used to stim ulate the bladder & bowel in paralytic il eus or atony of urinary bladder, e.g. al1er surgery. 
2. It is used to reverse the action of non-depolarizing neuromuscular block ing agents in surgery. 

Q. Write the adverse effects of cholinomimctic drugs . 
Q. Mention the adverse effects of anticholinesterase drugs. (CU -1 5.l) 
Ans. 
Adverse effects cholinomimetic drugs/ anticholi nesterase drugs: 

1. CVS: Bradycardia, hypotension. 
2. Respiratory: Bronchoconstriction, aggravation of bronchial asthma. 
3. GIT: Diarrhoea, vomiting, hyperacidity. 
4. Urinary: Urinary urgency. 
5. Exocrine: Severe salivation & sweating. 
6. CNS: Tremor, hypothermia, respiratory centre stim ulation. 

Q. Write the contraindications of choli nergic drugs? 
Ans. 
Contraindications of cholinom imetic drugs: 

I. Bronchial asthma 
2. Peptic ul cers di sease (PUD) 
3. Myocard ial infarction 
4. Hyperthyroidism 
5. Obstructive urinary retention 
6. Mechanical obstruction of the GIT 

Q. What is cyclospasm? 
Q. Briefly explain- Cycloplegia. (CU-99S,S U.99S) 
An s. 
Cyclospasm : Marked contraction of ci liary musc le is ca lled cyc lospasm. 
Cause: Cholinesterase inhibitor intoxication. 

Cycloplegia: Paralysis of the ciliary muscle is called cycloplegia. 
Cause: Anti-cholinergic side effec t of anti-psychotic or anti-depressants. 

· Direct-actin cholinomimetic · .. ,, (>f.:4!/~ · ~~--iil,:,/~~)t.i~~~ 

1/ Bethanechol 
G n6 al properties 

l . It is not hydrolyzed by acetylcholinesterase (due to the addition of carbonic acid), although it ts 
inactivated through hydrolys is by other esterases. 

2. It has strong muscari nic activity . 
3. It lacks nicotinic actions (d ue to the add ition of the methyl gro up) 



~ll~h~1£':j\~H2_·i1~1t~T~~
1
2P~l~rn~r~n~rn~c~o~lo1g[J _______ _!l~88~-;-:-,:--;:::;;:;;::----------- ---.~ 

. . 1 ·I ' f the bladder and GIT. 4. Its maJor actions are on the s111 oot 1 muse co 
5. Duration of action: l hour. 

Actions: 

\ . \rn.: r~'ascd intestinal moti li ty ai~~i tone: _ bladder whereas the trigone and sphincter are relaxed, causin, 
2. 1t stimu lates the detrusor mu sc les 01 the g 

expulsion of urine. 

Therapeutic applications: See the tabl e. . . . . . . 
l , ,ff cts of generalized cholinerg1c st1m ulat1 on. These include sweat ing, 

Adverse effects: Bethanechol causes t ie e e bd . I ain diarrhea and bronchospasrn . 
. . d d blood pressure nausea a ornma P , ' ' ,/' . . a\ivat1on, fl ushmg, ecrease ' ' (Re

1
: L1ppmco 11 's-6thJ 

Pilocarpine 

General properties . . . 
1 

d l sis by acety lcholinesterase. 
1. The alkaloid pilocarp ine is a te1t1ary amme and 1s stable to 1Y ro Y 

2. Less potent l ' c oY.0'.' f 
3. Penetrate the CN S at therapeutic doses. 7 
4. Exhibits muscarinic activity 

S. Used primarily in ophthalmology. (Ref Lippincott ·s-, 

Q. Write the mode of action of pilocarpine. (CU-09J,07Ju) 
Q. Ho, ,.. does pilocarpine reduce IOP in glaucoma? (RU-l 6Ju) 
Q. 06tline receptor mediated action of pilocarpine. (SU-07 Ju) 

¥s-
..,,Mode of action of pilocarpine 

Reduction ofIOP 
Pi locarpine Pi locarpine 

! ! 
Acts on M3 receptor of constrictor Acts on M3 receptor of ciliary muscle 

pupillae muscle ! 
! 

Contraction of constrictor pupi llae muscle 
Contraction of ciliary muscle 

! 
! 

Miosis ( constriction of pupil) 
iTension of trabecu lar mesh work around the canal of Sch lemn 

! 
Opening of pore 

! 
jDrainage of aqueous humour 

l 
!Intraocular pressure (]OP) 

Q. Discuss th pharmacological effects of pilocarpine. (SU- 16J u) 
Q. Write do,~n the role of Pilocarpine on eye. (CU-l 7J) 
Ans. / 

Phat macological effect of pilocarpine: Pilocarp ine is a directly acti ng cholinomimetic drug. It exh ibi t' 
muscarin ic act ivity. It has no nicotinic effect. 

I. On systemic administration it has prominent G[T & geni to-urinary effec ts but less effect on CVS. 
2. Appl ied topica lly to the cornea, pilocarpine prod uces-

• Rapid miosis 

• Contraction of the ciliary mu cle and ! lntraocular pressure ()OP). 
• Spasm of accommodati on . 

• Vis ion is fi xed at some parti cular distance, mak ing it impossible to foc us. 
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3. Stimulates secretions of sweat, tears, and sa li va. 
4. Promotes salivation in patients with-

• Xerostomia resulting from irradiation of the head and neck. 
• Sjogren's syndrome (characterized b),!j!_·v 111011th ond lack of tear.1) 

(Re[' Guodman & Gi/111 u11 's -1 21/i: lippincoll 's -6th) 

Q. What are the indications of Pilocarpine? 

Ans. 
Indications of pilocarpine: 

I. Emergency tr~,t of both closed-angle and open-angle glaucoma. 
2. Xerostomia@ ry mouth) ~ue to-

• _;,jogren's syndrome 
, y Irradiation of the head and neck. 

Q/ ~at i: the role & uses of pilocarpine in ophthalmology? 
· Q.'Write down the role of Pilocarpine on eye. (CU- l 7J) 

Ans. 
Uses of pilocarpine / miotics: Pilocarpine is used in-

1. Emergency treatment of both closed-angle and open-angle glaucoma. 
2. Accommodative convergent squi nt. 
3. Accommodation weakness 
4. Cataract surgery 
5. To counteract the effects of mydriatics. 

( Ref Basak ophtha/1110/ogy--lthl l 02) 

Q. Explain the pharmacological basis of using pilocarpine in glaucoma. (RU -1 SJ u) 
Q. What is the role of pilocarpine in glaucoma? 
Ans. 
Role of Pilocarpine in glaucoma or in reducing IOP: Pilocarpine is the drug or choice in the emergency 
lowering of intraocular pressure of both closed-angle and open-angle glaucoma. Pilocarpi ne is extremely effect ive 
in opening the trabecular meshwork around Sc hl emm's canal, causing an immed iate drop in intraocular pressure 
as a resu lt ofth1; increased drainage of aqueous humor. Thi s ac tion lasts up to 8 hours and can be repeated. 

(Ref- Lippincoll 's-6th) 

Q. Dyscribe the mechanism of reductio n oflOP by piloca rpinc and timolol. (SU-1 5.l ) 
..Q':-tompare and contrast the role of pilocarpine and timolol in the treatment of gla ucoma. (RU -07J) 
Ans. 
Mechanism of reduction ofIOP by pilocarpinc and timolol : 

Contraction of cili ary muscl e vi a M, receptor 

1 
jTension of trabecular mesh work around the cana l of Sch lemn 

1 
Opening of pore 

1 
jDrainage of aqueous humour 

1 
llntraocular pressure (IOP) 

1 
Relief from 0 laucoma 

J>harrnacology-27 

Blocks [-\-receptor on secreto ry 
epTi]icliu m of ci liary body 

.l 
Decrease aqueous sec ret ion l'rom ci liary 

bod) 

l lntraoc ular pressure (!OP) 

1 
Re lief rrorn glaucoma 
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Q. What are thl' advcrsl~ (' ffccts of pi lornrpinc? (RU-06 M; SlJ -0 S) 
Q. Wh ilt arc the adverse cffrds of b('thancchol? (DU-04J) 

IIS. . . 
Adverse effects of J)ilocnrtlinc / bet h:Hu.)cho l / cholinergic drugs : Pil oca rp inc is usually used as lopj ,.

1 f" rfi . b . f Cu ( rop. o thl' rc is ks chance of' systemic adverse effects. In case O su icicnt a sorpllon ro rn t:yc intq ·h 
sy -temic circulatio11 . the fol lowing adverse effects may occur. f1: 

I. Bronchoco11stri ction 
,., Bradycardia 
3. Hypotens ion 
-L l iosis 

Diarrhoea 
6. Urinary urgency (jfrequency). 
7. Profuse sweating & salivat ion. 
8. Enter into the brain & causes CNS disturbances. 

(Ref Lippincott's-6'
11 

& Goodman & Gilmun ·::. -/ ) h 
. / I 

Indirect-actin cholinomimetic 
Q. Enumerate important anticholinesterases. (DU-l 2Ju, I OJ) 
Q. E.numerate the anticholinesterases used in therapy with their clinical applications. (RU-l 4J) 
Q. Lists the clinically important anticholinesterase drugs. (DU-14J,04M; CU-OSS, RU-07Ju,OSS) 
i\-ns. 
Clinically used/ important Anticholinesterases: 

I. Physostigmine 
2. Neostigmine 
3. Edrophonium 
4. Pyridostigmine 
5. Ambenomium 
6. Donepezi l 

Viva Q. Name the cholinomimetic drug that has both direct & indirect action. 
Ans. 

eostigmine 
~ Direct action: Acts on NM receptor, ie, nicotinic action is direct. 
~ Indirect action: Inhibits cholinesterase. 

Q. Discuss the mode of action of anticholinesterases. (DU-IOJ ,06S) 
Q. Explain the mechanism of action of physostigmine. (DU-07/06J, RU- I SJ, SU-02M) 

..J Ans . 
Mode of action of anticholinesterases (eg, physostigmine) 

(Ref Lippincoll 's -61h1 

Acetylcholinesterase (AchE) is the enzyme that spec ifi ca lly cleave acety lcholine to ac tate and choli ne and, thus._ 
terminates its action. All of the anticholinesterases ·(cho linesterase inl~ibitor ) increase the concentration of 
endogenous acetylchol ine at cholinoceptors by inhibiting acety lcholinesterase. 

Acetylcho/ inesterase 
Acetylcholine (Active) __ _;_ _____ ~Acetate+ Choline (Jnuctive) 

• ~evers ible anticholinesterase drugs (cg, physostigrninc) bind with acti ve site of the AChE by electrostatic and 
hydrogen bonds. 

• Irreversi ble anticholinesterase drugs (eg, OPC) bind with ac tive site of the A hE by a covalent bond. 
t 

AChE becomes inactive. In case of the irreversible ant icholincsterase drugs, AChE is permanently inact iva~ 
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1 
No hydro lysis of acetylcholine (/\ch). 

l 
Th-: lifrtirne of Ach is pro longed, so: there is accumulation (increased concen trat ion) or /\ ch in the synaptic clc.:ft. 

l 
Prolonged & increased cholinergic acti on. 

Q, Explain the clinical uses of physostigmine. (RU-l SJ) 
Ans. 
Clinical uses of physostigmine - ,- <._ 1 ' 

-c r 
\ . Glaucoma (along with pilocarpine) 
2. Atrop ine poisoning (as an antidote) // 

/ 

I' -Myasthenia gravis 
Definition: lt is an autoimmune disease characterized by formation of autoantibodies to nicotinic acetylcholine 
receptors (NM receptor) in the neuromuscular junction (NMJ).--These- antibodies block neuromuscular 
transm ission andcause complement-mediated destruction of the acety lcholine receptors. 

Clinical featu res: 
I. Cardinal symptom -. Abnormal fatigable weakness of the muscles. Worseni ng of symptoms towards 

the en o rneday or fo llowing exercise is characteristi_c __ -
2. First symptoms_. Interm ittent ptosis or dip lopia. 
3. Diffi culty in speaking & swallowing. 
4. Weakness in the extremities 
5. Weakness in the muscles of respiration. 

Diagnosis: 
/ ( Tensilon test: The IV injection of the short-acti ng anticholinesterase, edrophonium bromide, is a 

valuab le diagnostic aid; 2 mg is injected initially, with a further 8 mg given half a minute later if there are 
no undesirable side-effects. Improvement in musc le power occurs within 30 seconds and usually persists 
for 2-3 minutes. The improvement in muscle power confirms that it is myasthenia grav is. 

/" . Anti-acetylcholine receptor antibody: Positive in over 80% of cases. 

Treatment: 
. Cholinesterase inhibitors: Neostigmine, Pyridostigmine, Ambenomium 
. Plasma exchange 

Y,-:: Intravenous immunoglobu lin 
X Immunosuppressive drugs: e.g. Cort icostero id, azathioprine. 

(Ref Katzung- 1 l '! I J 7: Davidson ·s 111edic int1 -1 l11d) 

Q. Di cHbe the role of Neostigmine in myasthenia gravis. (CU-l 6Ju) 
0ns. 

/ Role of neostigmine in the Rx of myasthenia gravis: Neostigm ine has a prom inent nicot inic effect than 
muscarinic effect. 
Neosti gmi ne -. Inh ib its chol inesterase enzyme -. No hydro lys is of ACh -. Increased concentrat ion of ACh in 
the NMJ -. Oppos ite effect of Myasthen ia grav is . 

Q. Why neostigmine is preferred to Physos tigm inc in reversing non-d epolarizing muscle relaxan t action? 
(SU-1 4Ju) 

Q. Why neostigmine is given instead of physostigmi nc'! 
Ans. 
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· · · · · · · . . · -clcpolarizing muscle relaxan t action : ---...._ Neostiommc 1s preferred to Physostwn1111c 111 1 cvcrsmg non . . 
"' · · · "' · . .. ·r oge1r hence 1t 1s more polar and does n t \. Unlike µh ysost 1gm1nc, nl:o~ t1 gtn 111 c has a quate1na1y 111 r . '. ' _ _ . o_ enter 

the C S. So. there is less CNS adve rse effects. Physostigmme can en tei and stimu late the chol 1nergic 

sites in the CNS . · · d · . 
' Ncos ti gmine's c lTec t 0 11 skeletal mu sc le is greater than that of physost igm me, an it can stimu late 

contract ilit y before it para lyzes. 
leost inmi ne has both direct and ind irect effect. . . 
icot it~i c effect of neostigm ine is prominent. Physostigmine has a w ide range of effects as a result of its 

,., _, . 

4. 
act ion. and the rnu sca ri nic effect is promin ent. 

(Ref lippincou 's-6ihJ 

Q. Compare physostigmine & neostigmine as cholinesterase enzyme inhibitor. (CU- I 6J u; SU-06S) 
Q. Conlpare & contrast between physostigmi ne & neostigmine. (SU-09Ju) 
Ans. 
Com parison between physostigmine & neostigmine: 

1. Source Plant (a lkalo id) Syn thetic 

2. Chemistry Tertia ry amine Quaternary amine 
3. Lipid solubili ty More Less. 
4. Blood brain barrier Can cross Cannot cross. 
5. CNS effects More Less 
6. Action More muscari ni c More nicotioic --

(Remember: Neostigmine Nicotinic) 

7. Clinical uses • Myasthen ia grav is • Glaucoma (along with 
pilocarpine) • O-Tubocurarine poisoning (as an antidote) 

I 

• Atropine poisoning (as an 
antidote) 

• To stimulate bladder and bowe l, eg, after surgery. 

(Ref Katzung-13111/ J J 4 & Ltppzncott J-6th) 

ow does neostigmine reverse the action of gallamine? (DU-04J) 
Ans. 

Reversal of action of gallamine by neostigmine: Gallamine is a compet it ive neuromuscular blocker & causes 
fl acc id type of muscle paralys is. It is used in abdomina l & pe lvic surgery. 

Neostigmine - Inhibi ts ch linesterase enzyme - No hydrolys is of ACh - Increased concentration of ACh in 
t~e ~ MJ - Compet itive antagonism between ACh & gallarnine - ACh displaces the gallamine form the 
n1cot1n1c receptor - ACh binds with nicotinic receptor and causes contraction of skeletal musc le - Reversal of 
muscle relaxation. 

Q. ' tc short notes on ore. (RU-08Ju) 
( c..:../ ame the drugs used in ore poisoning. (CU -07 J) 

..,/ Ans . 

Organophusphorus compo unds (OPC): Diazinon, parath ion , malathion etc. 

Criteria of OPC: 
I . 
2. 

/3ind :-. with choli nc:s tcrasc: c11/ymc: iJTc:vc: rsihly by strong cova len t boiid. 
l lighly li pid so lub le: 

3. .l\bsorbcd from skin , lun g-;, ( i !T - , CNS. 
4. l~chot hiophatc is usc:d in gl;iucoma (m on: polar, so doesn't 'O to CNS). 
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5. Use- Insecticide (malathion), suicidal & homicidal. 

Nice to know 
Mechanism of OPC poisoning: 

OP Cs irreversibly bind with active site uf the acetylcho/inesterase enzyme hy a covulent bond 
! 

The enzyme becomes permanently inactive and cannot act on its substrate, acetylcholine (Ach). 
! 

No hydrolysis of acetylcholine (Ach) 
! 

The lifetime of Ach is prolonged, so, there is accumulation (increased concentration) of Ach in the synaptic 
cleft 

Prolonged & increased cho/inergic action. 
! __)~ 

?~.-- ?(' f"l""'\ ~- '\"' J --r ' 
c_ ~ "--~ II .J ...,....\ a.. t!OJ-0 A 'I' 

Toxic effects are produced by excess ACh. 
_x.-_· \ -- -- (Ref Katzung- 13 'l /28. /009-1 ) 

R-"-""' o~ L,, -.... .....___ 

Q. Wfi~e the sign & symptoms (S/S) of OPC poisoning? (DU-08Ju, CU-05S/J , RU-1 7J , SU-09J,07/06J) 
0 /l)escribe briefly the drug management of OPC poisoning. (DU-1 1 J, SU-11 J) 
Q.'-Bescribe the management of OPC poisoning. (DU- l 5Ju, 14J, l 2Ju,08Ju; CU-05 S/J; RU-17 J, 14J u, 13 Ju,07Ju ; 

SU-13J,09J/Ju,07J) ,jL~'T:>(-P, :::..'7 ~,J . ....__.~*'··.,.., / ·La '4~..,._,, ..... .J 

Ans . \..... ,...__:,Y"-..\-,o'-" / D_;x. ~ L~ 

OPC poisoning C,c ~\.<-\ '-- , "~,.\~~/ 

Clinical featur~s (_sign_ & s~mpton:is) / {S/S): Due to increased concentrat ion of Ach in the body- S~----<::i 
1. Eye: M1os1 s (pm-pomt pupil). 

2. CVS: Bradycardia, hypotension. 
3. Respiratory: Bronchoconstriction, bronchorrhea, cough, wheeze, dyspnea. 

4. GIT: Diarrhoea, vomiting, abdominal cram p, involuntary defecation, hyperacid ity (heart burn). 

5. Urinary: Urinary incontinence, urgency, frequency. 

6. Exocrine: Severe salivation & sweati ng. 
7. CNS: Tremor, restlessness, convulsion, hypothermia, respiratory centre st imulation. 

8. NMJ: Flaccid paralysis of skeletal muscles leads to weakness. 

Cause of death in OPC poiso ning: Respiratory f ailure due to respiratory muscle para lysis, 
bronchoconstricti~ ronchorrhea. 

(Re[' Katzung- l 3'"1128. 1009-101 0) 

A~c O 
l..- (')1c·u ~ 

-pharmacological approach: 
I . Immed iate ABC resusc itation, if needed. 
2. A short & comp lete history to confirm poisoning. 

' r..\ 

3. Exa mination & monitoring of vital signs: BP, pul se, respiratory rate, temperature, ur ine output, pupil , 
4. Contaminated clothing should be removed & sto red for medico-legal purpose. 
5. Contaminated skin shou ld be washed by normal saline. 
6. Gastric suction: By 2% KMn0 4 

r· 
\ I <.....,'-

( 

'-

B. Pharmacological I Drug management: 
I. Atropine: 1.8 to 3 mg atropine IV stat and then double the close every S minutes up to atropinizat iun. 

Then maintain the 20-30% of atro pinization dose hourly up to 3 cl ays. 
2. Specific antidote: P ralidox imc (l/V ). The dose for an adult is 2 g IV over 4 rn ins, repeated 4-6-hourly. 
3. Diazepa m: If convul sion present "- . 1 

0 F \ _, \d -t " , ':::,.i.: , " , (Ref Katzung-13'"1128, I 009-10 1 () 1 Davidson 's-2211d) 

) 
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'"' . . ·I Id be advised to take rest for at least 6 We 

C. Follow up: After discharging from the hospital , the patients ,ou eks 
for re-synthesis of the cholinesterase enzyme. 

Q. Wh)tt is 1·atropinization"'? (CU-07Ju,06S) 

Ans. . . . OPC Joisoning, are called a~r~pin_ization. In Ope 
Atropinization: The signs produc.ed by atrop me given. 11~ . ! . ached After atropm1zat1on, the dose f 

· d t'I ,1rrop1111 za t1on 1s re · o 
poisonin~, IV atropine should be conunue un 1 ' . . d elop 

~ · . · e tox1c1ty may ev · 
atropine should be reduced gradually, otherwise atiopin ' 

Signs of atropinization: 
\. Mydriasis 
2. Tachycardia 
3. Dry mouth 
4. Dry skin 
5. Raised temperature 
6. Disappearance of crepitation in lungs. 
7. Loss of light reflex 
8. Patient becomes restless. 

. . · · !7M/J CU-I61 SU-I71) t : S - 3 ·rn 
Q. Describe the role of atropine m OPC poison mg. (~U~ ' . .' (CU-07 Ju/J 06S) :_j 
Q. Explain the pharmacological basis of using atropine m OPC poisoning. ' 

Ans.-
......__,,Rationale of using atropine in OPC poisoning: . . . 

A 
· ti acti·on of acetylcholine by blockina muscann1c receptors . Early use of sufficient 

• tropme reverses 1e . 0 
. · A . · . A 

doses of atropine is potentially life-saving in patients with sever~ OPC po1son111g. ti opine ieverses Ch-
induced bronchospasm, bronchorrhea, bradycardia and hypotens1on. . . . . 

• When the diagnosis is uncertain, a marked increase in heart rate assoc iated with skin flush111g after a I mg 
intravenous dose makes OPC poisoning unlikely. 

• In OPC poisoning, atropine should be administered until secretions are controlled, the skin is dry and 
there is a sinus tachycardia. 

• Large d ses may be needed but excessive doses may cause anticholinergic effects. 

h 1s the role of oxime compound in OPC poisoning? (CU-07Ju/J, RU-07Ju,06S) 
lain the role of pralidoxime in OPC poisoning. (DU-17 J) 

of oxime compound (eg, pralidoxime) in OPC poisoning: In OPC poisoning, an oxime such as 
pralidoxime or obidoxime, if availab le, should be administered, as this may reverse or prevent musc le weakness, 
convulsions or coma, especially if administered rapidly after exposure. The dose for an adult is 2 g IV over 4 
mins, repeated 4-6-hourly. Oximes work by reactivating AChE that has not undergone 'ageing'. Oximes may 
provoke hypoten · n, especially if adm inistered rapidly. 

(Ref Katzung-1 f "IJ 28-129, Lippincott 's-6th) 

Q. J · early administration of oxime in OPC poisoning. (CU-04M) 
-. Q. cribe the mechanism of action of pralidoxime in OPC poisoning . 

. Short note: Pralidoxime. (RU- 1 SJu) 
An s. 

Mechanis~ of reactivation of acetvlcholinesterase by pralidoxime: Oxime compound s can react ivate inhi bited 
acelylcho/mesterase (AchE) from the OPC-AchE complex Th is · h · d lied h r . . . ~ · 1s w y ox1me compoun s are ca 
c o rnesterase regenerator. These ox1111e aaents 111clude pralidoxi me (PAM) d' t I · d I 0 , 1ace y monox1111e an ot 1ers. 

OPCs irreversibly bind with act ive site of the AchE by a covalent b d d I-' OPC ACI E I l on an orm - 1 comp ex . 

Pra/idoxime binds with OPC and frees ACh E. Th is can take place if tJ1 OPC AC! E~ I I " •d" e - 1-: comp ex ias not age · 
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! 
jConcentration of active AChE 

! 
j Hydrolys is of ACh by AChE and relief from cholinergic effects. 

PAM 
OPC + AchE - OPC-AchE complex ----½ PAM-OPC complex + AchE 

Because of the positive charge of PAM, it does not enter the CNS and is ineffective in revers ing the CNS effects 
of OPC poisoning. 

(Ref Katzung-1311,/ J 28-129, lippincol/ ·s-6th) 

Acetylcholinesterase · 
· ·~ . enzyr:ie-

II 

AChE-Ol + ;!:R1 0 p'1Janqp_t1bsphat~ '. 

AChE-O-X-P- OR1 •• Erfzyme-$Ub~!r.ate comP,lex 

l 6R2 

,Elimination of 'leaving gro~Q'. 
0 
II 

AChE-O-P-OR1 /6R, 
0 
II 

AChE-OH + HO-P-OR1 
I 

OR2 Reactivation 

..... ,. ."" ... ······· 
')ZH ' + \ .... ./ 

0 
II 

AChE-0-P-OR 
I 
o· 

'Ageing': reactivation 
not possible 

1 ~,.._., _ ___ OXIME = N-OH 

Figure. Mechanism o_ftoxicity of OPC and treatment with oxime. 
(Ref Davidson's-22nd) 

at is aging process? What is its significance? 

Aging process: After binding of OPC with the acety lcholinesterase enzyme (AChE), there is loss of an alkyl 
grou from the complex. This causes permanent inactivation of the AChE. This loss of alkyl group trom the 
OPC-AChE complex and permanent inactivation of the AchE enzyme is called aging. For the treatment of OPC 
poisoning by pralidoxime, pralidoxime must be adm in istered before the aging process. 

. _j1,-- v . \ , c_ - . , ( Rej:· lippincotl 's-6th 1 

-~ \,:,, i (~ I ,-, - ' r ~ :;J ""' <; , ~ / 
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Anti-cholinergic drugs 

Q. Classify anti-cholinergic drugs. (SU -06S/.J) 
Q. a sify cholinoceptor-blocking drugs . (S U-04J) I SJ 

121 
) 

ention important atropine substitutes with their role/effects. (S U- 15Ju , , u 
Q. ist the atropine substitutes . (CU-16J ,06M, SU-06_J)_ . . . _ SJu 

Enumerate the drugs that antagonize the muscanmc chohnerg1c I eceptors . (SU O ) 

Ans. 
Anti-cholinergic drugs: Two types-

! . Anti-muscarinic drugs: Bloc~ nusca~inic 7 ceptors. 

a. Natural:.lftropine;-lcopola1111ne;'f1omatrop1ne. 
b. Synthetic: Atropine substitutes-

Quaternary amines 

/ An isotropine 
• Clidinium 1 Glycopyrrolate 

lsopropamide 

• Mepenzo late 

• Methanthel ine 

• Methscopolamine 

• Oxyphenonium 

• Propanthel ine 
/ Tridihexethyl 

Trospium 
Tertiary amines 

• Darifenac in 

/ 
Dicyclomine 
Oxybutyn in 

• Oxyphencycli mine 

• Propiver ine 
Scopolamine 

• Solifenacin 

• Tolterodine 

2. Anti-nicotinic drugs: Block nicotin ic receptors 
~ - Ganglion blocker 

-

/ Ir NMJ blocker. 
(Ref Karzung-1311,/ /2 ) 

· · ·_: :: Anti-muscarinic dru~·-·s· ....... 

Q. Explain organ smooth muscle effects of anti-m uscarinic agents. (SU-l 7M) 
,Q. Describe the dose related effects of atropine. (CU- l 7M) 
~Q. Explain the role of atropine on CVS. (S U-07 J) 
Q. Discuss the effects of atropine on urinary system. (SU-07J) 
Q.. Describe the effects of atropine on GIT. (DU-15J,J3J,12J, l0Ju, RU-03J, SU-07J,06M) 
Q. Exnlain the pharmacological properties of ipratropium bromide, tropicamide & procyclidine. {SU-08J) 
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Q. Ex11l~iu t~e ·pharnu~cological cfi'ccts of ntropinc on eye. (DU- fJJ ;12J,lOJu',07J; , 0-06M/J; RU-l lJ ,061, 
U- 13Ju,09/07J,06M) ' 

Q. \Write down the effects of atropine on eye. (DU-17.1 , 15.1 , 14.l, RU- 14J) 
Q. E~plain the action of tropicamide on e.ye. ( U-1 tlJ) 
Q. Expla' 1 I m ' docs atropine cause my<lriasis'? (DU -09Ju) 
Q. Ex ai the mydriati_c effect.of atropine·: (DU- ltiJu) 
Q. ~.-p 111 how does atropine increase \OJ> ? 
An. 

harmacological effects of atropine: 

System / 
organ 

CVS 

Eye 

Lungs 

GIT 

Urinary 
bladder 

Exocrine 
gland 

CNS 

Effect of atropine 
.,. 

• Low dose atropine--+ Block pre-juncti onal M
1 

autoreceptors on vagal post-ganglionic fi bers 
/ --+ !ACh release in SA node--+ Bradycardia. 

1..J' Moderate-high dose atropine--+ Block M2 receptor on the SA node --+ ACh cannot act on M2 
receptor--+ No inhib itory effect of Ach (i .e. no bradycardia)--+ Tachycardia. 

• On endothelium --+ Oppose vasodilation caused by chol inergic sti mulation . 
Net CVS effects of atropine in patients wi th nonnal hemodynamics are not dramatic: 
tachycard ia may occur, but there is little effect on blood pressure. 

• Atropine blocks M3 receptor --+ Relaxation of constrictor pup il lae musc le --+ Dilation of pupil 
(myd riasis). 

• Atropme 15 ocks M3 receptor --+ Relaxation of cilliary muscle --+ Cycloplegia --+ Obstruction 
of the "canal of Schlemn" & loss of light & accommodation reflex & p 1otophobia --+ 
! Drainage of aqueous humor --+ i l ntra-ocular pressure. 

• Reduction of lacrimal secretion. Patients occasionally compla in of dry or "sandy" eyes. 
• i!ntraocular pressure (acute 2:laucoma may be precipitated). 

l/9 Bronchodilatation 
/ ! Bronchial secretion 
I/Constipation due to-

:> Relaxation of GIT smooth muscle--+ ! Moti lity 
:) Constrict ion of sphincter. 

• HCl secretion is less affected. 
,Y Urinary retention due to-
. :> Relaxation of detrusor muscle 

:> Contraction of trigone 
,:) Constr iction of sphincter 

~ !Lacrimation--+ Dry or sandy eyes 
a/J_ Sweating --+ j Body temperature (A tropine fever) 
I/ ! Sal ivation --+ Dry mouth 

• ! Gastric HCl secretion~ _ > ·1, -\ \"'C.. ~ ... \y -.t 

V'l Bronchial secretion 

(so, used in pre-anesthetic medicat ion) 
• In y sual dose 

Zf M ild r~stlessness 
.z," Drowsmess 

• l .!)A'oxic dose 
~Excitement 
:> Agitation 
~ Hall ucination 
-0 Di sori entation 
~Finally coma, if untreated 

(Ref. Katzung-J J°'l /22-125: L1pp111cott ::,-6th) 

Ph arma c:ology-28 
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Atropine fever: Atrop ine suppresses thermoregulatory sweating which results in increased body temperature 
called atropine fever . Sympathetic cholinergic fibers innervate eccrine sweat glands, and their muscarinic 
receptors are readily accessible to antimuscarinic drugs. In adults, body temperature is elevated by thi s effect only 
if large doses are administered , but in infants and children even ordinary doses may cause "atropine fever ." 

(Ref Katzung- 13th;126) 

Q. What {e the indications of atropine? (DU-06S; CU-03S/J; RU-04S; SU-07Ju,05J) 
Q. Me ion six important uses of atropine. (RU-16J) 
Q. rite down the ophthalmic use of atropine. (RU-1 OJ) 
J\ns . 
Indication of atropine: 

1. Antidote for cholinergic agonists: Atropine is used for the treatment of OPC oisoning and some types 
of mushroom poisoning (certain mushrooms contain cholinergic substances that block cholinesterase.<.). 

2. Antisecretory: Atropine is used as pre-anesthetic medication to block secretions in the upper and lower 

3. 
4. 
5. 
6. 

respiratory tracts prior to surgery. 
Antispasmodic agent: To relax GI tract & ga ll bladder. 
Ophthalmic: As mydriatics. It is less used for long duration of action . 
Parkinson 's disease 
Cholinergic crisis . 

(Ref Lippincott 's-6th) 

Q. Justify th use of atropine in peri-operative period. (CU-04M) 
Q E rpla · pharmacological basis of using atropine in pre-anesthetic medication. (SU-1 4J u) 

· pine is used in pre-anesthetic medication. Why? 
. 

Use of atropine in peri-operative period/ as pre-anesthetic medication : 
l. To reduce bronchial secretion 
2. To reduce HCI secretion. 
3. To reduce salivation 
4 . To reduce reflex bradycardia & hypotension. 

Q. What is the role of a tropine in uveitis? 
A ns. 
Role of atropine in uveitis: 

I. Gives rest of the eyeball by ocular muscle relaxation 
2 . Prevent synechia (synechia: adhesion of iris with lens) 
3. jBlood flow & causes improvement of inflammatory process . 
4. Long duration cycloplegia. 

" / natural atropine is not preferred in all cases? (DU-0SM, SU-07Ju) 
~ tare the advantages of atropine-like synthetic drugs over a tropine? (DU- 1 lJ) 

Ans. · 

Natural atropine is not preferred in all cases, because-
!. P__r-0-l-Gn.ged_ duration of action of atropine- 7 to IO days . 
2. Wid ~ range of action of atro pine causes more adve rse effects. 

Advantages of atropine-like synthetic drugs over atropine 
l. Short duration of action. 

2. More specific action an d so less adve rse effects . 
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Q .. Mention the a~rse effect of atropine or otber anti~muscarinic 'drugs: (CU- r4J,06M) r~ 

Q~ N.af1~~~6Ssible adverse'e~fects o~ atrqpine _substitutes used as mydriatics. (DU-09J u; CU-06M) 
Q M ~ ~ ue adverse effect of:inf-c!i-.olinergic drugs. (CU:-151) . . 
ARS. 
Adverse effects of atropine & other anti-muscarinic drugs : 

l . Eye: Blun-ed vision, raised IOP & aggravation of glaucoma, mydriasis, loss of accommodation refl ex 
(loss of near vision), dry eye etc . 

2. CVS: Tachycardia. 
3. GIT: Constipation 
4. Urinary: Urinary retention 
5. Exocrine: tSalivation (dry mouth), tsweating (hot dry skin), hyperthermia (atrop ine fever) etc. 
6. CNS: Restlessness, agitation, excitement, hallucination, drowsiness, convulsion etc . 

(Ref Katzung-13t1'! 129) 

Q. What are the contraindications of atropine? (RU-06J) 
Ans. 
Contraindications of atropine & other anti-muscarinic drugs: 

l. Old Ml 
2. Glaucoma (because, atropine increases !OP & aggravates glaucoma). 
3. BPH & Old aged male (because, atropine causes retention of urine 

prostatic hyperplas ia, BPH). 
in elderly men having benign 

4. Patients with psychosis & Schizophrenia. 
(Ref Katzung-13'"1129) 

Q. List the antimuscarinic drugs used as mydriatics. Discuss their ophthalmological indications. (DU -
l 7M, I SJ, 13J,12J) 

Q. Enlist the drugs used as mydriatics with their duration of action. (DU-09Ju) 
Q. List the diseases of eye where homatropine is used fo r diagnostic and treatment purposes. (DU-0 I J) 
Q. Enlist the cu rently used myd riatic agents . (DU-I 7J) 
Q. Writ d n the role of Cyclopentoiate on eye. (CU- 17 J) 

Duration of action 

1. 5-6 days 

2. 3-7days 

3. 12-24 hours 

4. 3-6 hours 

5. 

Clinical uses / Indications of myd riatics in ophthalmology: Mydriatics cause mydria is and mydriasis 1s 
required for-

A~ iagnostic purposes: . . . . . . 
· I. Accurate measurement of refractive error in non-cooperati ve patients (young children) . 

2. Ophthalmologic exam ination of retina to detect retinal problems like retinal hemorrhage, diabet ic or 
hypertens ive retinopathies, papilledema etc. 

ej'Treatment purposes: 
I. To prevent synechia (adhesion between iri s and lens) form ation in uvei tis and iritis (homatropine). 

(Ref KatzwH;-13'"112 7) 
I C 

Viva Q. hich one of the above listed drug will you use for mydriasi!!o· and why? 
An.s-. Tropicamide. Because it has shortest durat ion of action, so less blurring of vision. 
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J\'ic<! to know: ~ 
Role of atropillt' ilt H / : Sinus hr ufvcordio is the most cu11111'.on arr/1yrlimio, seen r./1:iring reci:nr in/er;o,,. 
{\ . t ,,-; ,,. ,\ff. fn ecist' o(rec't'llf t\fl. 1·rces.i·h•c ,·agal ro11e ca11ses .1·11·111.1· or nodal hradycurdw. AtrO/}fne rnay <Jr 
· · · k 7··1, ' I · h /ire.,, 

j 11rtha clini, ii d,· raic r<1tio11 in cos1• ,!f hil!)1 vop:al tone or AV hloc ·. r7~,r ·1· w ·iy, 11 may e considered tn 1:
17, 

initiol !{r ,fr, cenr 1\ff. In old Ml, heart rare is alrcadv l11gh !lrm11111e m creases heart rate more which /J'e 
,1~1?"r,ll'ar1· Ml. This is ,r/11 ·, atropine is co11rraindicatl!d in old Ml. Ntliy 

' ' · (Ref (joodmon & Gilman , . 
. 1- 12,h; 

Q. Explain the pharmacological rationale of using atropine substitutes as mydriatics . (CU-06M) 

A ns. 
Atropine produces mydriasis but it is not used as a mydriatic, because-

!. Mydriasis with atropine last fo r severa l days which causes blurring of vision. 
2. Atropine aggravates glaucoma 
J _ Cycloplegia is marked in comparison to homatropine. 
4. Mydriasis is not reversed by pilocarpine. 

On the other hand, atropine substitutes can be used as a mydriatic, because­
! . They are shorter acting than atropine. 
2. They produce less cycloplegia. 
3. Mydriasis is reversed by pilocarpine. 
4. Produce less visual disturbance. 

Q. Compare & contrast: Atropine, Homatropine & Tropicamide. (DU-07J; CU-04M, RU-1 IJ) 
Q. Compare the effects of Atropine & Homatropine on eye. (CU-04M) 
Ans. 
Comparison among Atropine, Homatropine & Tropicamide: 

Points Atropine Homatropine T ropicamide 
1. Source Natural alkaloid Synthetic Synthetic (tertiary amine) 
2. Onset of action Slow Rapid Rapid 
3. Duration of mydriasis 5-6 days 12-24 hours 15-60 min 
4. Duration of cycloolegia 5-6 days 12-24 hours 15-60 min 
5. Uses • OPC poisoning Ophthalmic use Ophthalmic use 

I' • Post MI bradycardia 

(Ref Katzung-13111
/ J 

~ opicamide is superior to atropine as mydriatics. (DU-071) 
s the advantage of tropicam_id e over atrop_ine as mydr_iatics? (DU-04S; SU-0SJ) 

Q. What 1s the advantage of eucatropme over atropme as mydnatics? 
Ans. 
Advantages of tropicamide/ eucatropine over atropine as mydriatics: 

I . Onset: Rapid 
2. Tropicamide has a less duration of m driasis & c clo le ia 

Dru ia 

Tro icamide 15-60 min 
3. Tropicamide is less potent than atropine. 
4. Tropicamide has less side effects and specific action 
5. Chance of poisoning is less. 

27) 

So, tropicam ide/ cucatropine is clinically used as mydriatics in ophthalmologic examination. 
(Ref Katzung- J J1''; I 27) 

----
Q. What are the adverse e ffects of atropine as loca l mydriati:s? (CU-06M) 
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Ans. 
Adverse effects of atropine as local mydriatics: 

l . Prolong duration of action (7-10 days) . So, prolong mydriasis-. prolong blurring of vision. 
2. Increases intraocular pressure. So, it can induce acute glaucoma in persons with a narrow anterior 

chamber angle. 
3. Difficulty in near vision, due to loss of accommodation reflex 
4. Dry or sandy eyes 
5. Photophobia 

(Ref Katzung-13 11'/ 129) 

Q. Explain why atropine is contraindicated in patients suffering from glaucoma. (DU-16Ju) 
Ans. 
Atropine blocks M3 receptor -. Relaxation of cilliary muscle -. Cycloplegia -. Obstruction of the "canal of 
Schlemn"-. tDrainage of aqueous humor-. ilntra-ocular pressure (IOP). 
Thus, atropine Increases intraocular pressure. So, it can induce acute glaucoma in persons with a narrow anterior 
chamber angle. 

Q. Why phenylephrine is preferred as mydriatics than anti-muscarinic drugs for fundoscopic examination? 
Ans. 
Phenylephrine is preferred as mydriatics than anti-muscarinic drugs: Parasympathoplegic drugs should 
never be used for mydriasis unless cycloplegia or prolong action is required. a-agonists (e.g. phenylephrine) 
produce a short acting mydriasis that is usually sufficient for fundoscopic examination. 

(Ref Katzung-J 31
h I 12 7) 

Atropine poisoning 

Q. Write the anagement of atropine poisoning? (RU-04J) 
Q. Men ·6 the specific antidote of atropine poisoning. 
Ans. 

eye etc. 
2. CVS: Tachycardia. 
3. GIT: Constipation 
4. Urinary: Urinary retention 
5. Exocrine: tSalivation (dry mouth), tsweating (hot dry skin), hyperthermia (atropine fever) etc. 
6. CNS: Restlessness, agitation, excitement, hallucination, drowsiness, convulsion etc. 

Classic signs & symptoms of atropine poisoning-
'\]. Red as a beet (Skin flushed) 

2. Hot as a hare (Hyperthermia) 
3. Dry as a bone (Dry mucous membrane, no sweating) 
4. Blind as a bat (Cycloplegia, blurred vision) 
5. Mad as a hatter (Confusion, delirium) 

(Ref Katzung-J l'/1008) 

General I non-pharmacological approach : 
1. Initial ABCD management 
2. A short & complete history 
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3. Vital sign monitoring: Pulse, BP, Temperature, and Pupil etc. 

4. Catheterization: To prevent excessive urine retention 

5. Gastric suction: By 2% KMnO4 

B. Specific I pharmacological approach: 
Physostigmine: Adult dose is 0.5-1 mg IV slowly. . 
Diazepam: To control convulsion, restlessness, talkativeness and for sedation . 

/3:- Anti-pyretic: Paracetamol (to control hyperthermia) (Ref Katzung-l 31h
/ I 008) 

Classification of anti-rnuscarinic drugs according to their clinical uses: 

ydriatics 
(Used topically on eye) 

. CVS disorder 
:, Post-MI bradycardia 
:, Complete heart block 

espiratory: Asthma, COPD - £~\.---c,&tc..\c-A---r--

~ptic ulcer disease 

lfraveler's diarrhea 

To facilitate endoscopic examination 
nti-spasrnodic or spasrnolytic, eg, in 

f :, GI tract colic 
} :, enal colic ; JySff'err-o('Lr-'r--c:,:.L-

:, Biliar colic 

• Tropicamide 
• Homatropine 
• Scopolamine 
• Cyclopentolate 
• Atropine 

Atropine (used in IV route) 

Ipratropium bromide (used by inhalatiorJI 

Atropine (used in IV route) 

;r'_ Benzhexol 
/ Benztropine 
• Procyclidine. 
• Biperidine 
• Orphenadrine. 
• Trihex henid 

Hyoscine butyl bromide. 
Propanthel ine 

• Dicyclomine 

Scopolamine 
~ Hyoscine 
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-?· Urinary • To relieve bladder spasm after urologic / Oxybutynin 

disease surgery, eg, prostatectomy 
1b \ t'\.,O~ r', -rr 

• To reduce involuntary voiding in children 
with neurologic disease 

• Urinary incontinence in adult I"" Tolterodin 

'" -127 -(Ref Katzung I 3 /126 ') 
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/ / . . Anti-nicotinic drugs 
~ Name mcotm1c receptor antagonists . (RU-041, SU-06M) 
Q. Name some anti-nicotinic drugs. (CU-I 4Ju) 
Ans. 
Anti-nicotinic drugs/ nicotinic receptor antagonists: Two types. 

I. Ganglion blockers (Not clinically used now, now used for research purpose) 
2. N J blocker 

Q. ¢1 ssify ganglion blockers. w, me the ganglion-blocking drugs. (RU-041) 
A'.HS . 
Classification of ganglion blockers: 
A. Competitive I non-depolarizing blocker: They compete with Ach for nicotinic receptor. So, interfere with the 

B,0Stsynaptic action of acetylcholine. Example-
/I / Tetraethylammonium (TEA) 

If.. Hexamethonium 
3. Mecamylamine 
4. Pempidine 

B. Non-competitive I depolarizing blockers: They prolong depolarization. 

(Ref Katzung-13'"1130) 

Ihd1cation: Use of the ganglion blockers is infrequent because more selective autonomic blocking agents are 
a<ailable. 
,~ 

I 

Trimethaphan ,V Hypertensive emergencies 
:.--- D-issecting aortic aneurysm - J 

./ 
To produce controlled hypotension in~ rosurgery to reduce bleeding in the operative 3. 

4. 
field . / 
In patients undergoing electroconvulsive therapy. 

5. Autonomic hyperreflex1a due to-

• Road traffic accident 

• Spinal cord in jury (T4, TS) 
Mecamylamine Use in ·reducing nicotine craving in patients attempting to quit smoking and for some 

other central indications. 
//1 (Ref Katzung- I 3 I I 31) 

(The ganglion-blocking drugs competitively block the action of acetylcholine and similar agonists at nicotinic 
receptors of both parasympathetic and sympathetic autonomic ganglia. The ganglion-blocking drugs are 
important and used in pharmacologic and physiologic research because they can block all autonomic outflow. 
However, their lack of selectivity confers such a broad range of undesirable effects that they have limited clinical 
use. 

(Ref Katzung-13'"!130) 
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Neuromuscular junction blockers 
These drugs block cholinergic transmission between motor nerve endings and the nicotinic receptors on the 
neuromuscular end plate of skeletal muscle. These neuromuscular blockers are structural analogs of 
acetylcholine, a~d th~y act either as antagonists (nondepolarizing type) or agonists (depolarizing type) at the 
neuromuscular ;unctwn. Neuromuscular blockers are clinically useful during surgery for producing complete 
muscle relaxation, without having to employ higher anesthetic doses to achieve comparable muscular relaxation. 
Agents are also useful in facilitating intubation as well. 

Q. Classify neuromuscular blocking drugs. (RU-08J) 
Q. Classify skeletal muscle relaxants. (CU-17M) 

(Ref Lippincol/ 's-6th) 

Q. Name th cl inically used skeletal muscle relaxants. (DU-02M, RU-07J ,06S, SU-06M) 
Q. ,Sho ote: Neuromuscular blockers. (DU-16Ju) 
Ans. 
Ne MJ blocker dru s: 

I . Non-depolarizing/ competitive/ reversible group: 

Iso uinoline derivatives 

~ ~racuriu~ 
1satracunum 
oxacunum 

• Metocurine 
• Mivacurium 
• Tubocurarine 

Steroid derivatives 
ancuronium 

Pipecuronium 
ocuronium 

,rV ecuronium 

2. Depolarizing/ non-competitive/ irreversible rou : 
~ .,.Succinylcholine (also known a -suxamethonium ) 
/ Decamethonium · 

Accordin to duration of action: 
. . Short acting (5-15 minutes) 

.( -2-1;~ 

p ntermediate acting (20-35 minutes) 

'.2..J -3 J ,,,..-,.r·-;r--

. Long acting (>35 minutes) 

/3 'i ~ 

1vacunum 
Succin !choline 

Pancuronium 
~ Pipecuronium 
• Tubocurarine 

OT~ \l,~ ~--~ 

-? 1-4-~ll__ })a)..Q_ 

. (Ref Katzung-13°'1459, Table: 27-1; Rang Dale-8th) 

NON-DEPOLARIZING/ COMPETITIVE/ REVERSIBLE NMJ BLOCKERS: 

Non-depolarizing: These NMJ blockers bind with nicotinic receptors but produce no depolarization in the 
skeletal muscle. So they are called non-depolarizing. They are antagonist to nicotinic receptor. 

Competitive: As these NMJ blockers compete with acetylcholine at the receptor without stimulating the receptor, 
they are called competitive blockers. 

Reversible: As their action can be overcome by increasing the concentration of acetylcholine in the synaptic gap, 
eg, by administration of cholinesterase inhibitors, such as neostigmine, pyridostigmine or edrophonium, they are 
called reversible. 

Widely used: Pancuronium, Vecuronium, Atracurium 

Pharmacology-29 
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Rarely used: D-tubocurarine 

Q. Desci;.i~e the mechanism of action of pancuronium. (RU-07J) 
Q. Exl)lain the muscle action of atracurium. (SU-06M) 
9'_~ hat are the M/ A of non depolarizing NMJ blockers? 

-
(Ref' Lippincoll 's-6th) 

~ ~hanism of action of non-depolarizing NMJ Blockers/ Atracurium I Pancuronium: 
Non-depolarizing blocker at the NMJ 

t . b 
Competes with ACh for nicotinic receptor at post-synaptic mem rane 

t 
Binds with nicotinic receptor and prevents binding of Ach 

t 
No depolarization by ACh 

t 
Flaccid type of skeletal muscle paralysis 

(Ref Lippincott 's-6th) 

(In general, larger muscles (eg, abdominal, trunk, paraspinous, diaphragm) are more resistant to blockade and 
recover more rapidly than smaller muscles (eg, facial, foot, hand). The first muscles to be effected are external 
eye muscles (double vision), small muscles of the face, pharynx. The diaphragm is usually the last muscle to be 
paralyzed. When administration of muscle relaxants is discontinued, recovery of muscles usually occurs in 
reverse order, with the diaphragm regainingfunctionfirst.) 

(Ref Katzung-131h/462) 

Q. How the action of atracurium can be reversed? (SU-06M) 
Q. How c d you overcome the toxicity of atracurium with explanation? (RU-l 6J) 
Q. o · ill you manage a case of pancuronium toxicity? (RU-02M) 

s 
versal of action of Atracurium / Pancuronium / non-depolarizing NMJ blocking drugs: The action of 

atracurium I pancuronium / non-depolarizing NMJ blocking drugs can be reversed by increasing the concentration 
of acetylcholine in the synaptic gap, eg,· by administration of cholinesterase inhibitors, such as neostigmine, 
pyridostigmine or edrophonium. When concentration of Ach increases, it can displace the drug and bind with 
nicotinic receptors . 

(Ref Lippincott 's-6th) 

Q. Short note: Pancuronium. (RU-I 6Ju) 
Ans. Write from above discussion. 

DEPOLARIZING/ NON-COMPETITIVE/ IRREVERSIBLE NMJ BLOCKER 

Depolarizing: These NMJ blockers bind with nicotinic receptors and produce depolarization in the skeletal 
muscle. So they are called depolarizing. They are agonist to nicotinic receptor. 

Non-competitive: As these NMJ blockers do not compete with ACh to bind with nicotinic receptor they are 
called non-competitive. ' 

Irreversible: As their action cannot be overcome by increasing the concentration of acetylcholine in the synaptic 
gap, they are called irreversible. 

Onset of action: Rapid (within J min) 
Duration of action: Short (5-1 O min) 

(Ref Lippincoll 's-6th) 

P:a;macoki~etics: The acti~n of succinylcholine is short lived due to redistribution & rapid hydrolysis by plasma 
c o inestera.se (Pseudo-cholmesterase & Butyrylcholinesterase) · 
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s nee of muscle paralysis: Muscles of eyes, jaw, larynx - 1\lfuscles of limb . b ominal mu5 ·/es & orht·r 
muscles of trunks - Jntercostal muscles & diaphragm (muscles of re pirarion) 

(Ref Goodm 11 • Gilman ·· -/ _ rh 

Q. Explain the action of succinylcholine. (SU-l 6Ju,09J) 
Q. Write the mechanism of action of succinylcholine. (DU-08J ; SU- I 6J 06S) 
Q. Explain the muscle relaxant action of succinylcholine. (SU-171) 
Q. Write the mechanism of action of depolarizing drugs. 
Ans. 
Mecha faction of succin etitive NMJ blockers: 

lock (Depolarizing) 

Non-competitive NMJ blockers (eg, succinylcholine) at NMJ 
! 

Binds with the nicotinic receptor 
! 

Open Na+ channels 
! 

Depolarization of the motor end plate 
! 

Depolarization spreads to the adjacent membrane which causes transient contraction (twitching) of the 
muscle 1asciculation). c__s"~..:>.:\-:-9 - --
As the depolarizing agent is not destroyed instantly, it persists at high concentrations in the synaptic cleft. 
remaining attached to the receptor for a relatively longer time and provides constant stimulation to the 
receptor 

! 
The depolarized membrane remains depolarized & non responsive to subsequent impulse. 

(Ref Katzung-l 3'"1460) 

Phase II block (Desensitizing) 

The continued binding of the depolarizing agent renders the receptors incapable of transmitting further 
impulses. 

! . 
With time, the continuous depolarization gives way to gradual repolarization as the Na+ channel closes or is 
blocked. 

This causes a resistance to depolarization (desensitization) and a flaccid paral~ is. 
C {Re}: Eipjimcott 's-6th; Katzung-13 11'/461) 

Q. What 
Q.Out 
Ans. 

the indications of NMJ blocker? (SU-04S, CU-021) 
the indications of pancuronium. (RU-08J) 

I d. ations of NMJ blocker/ Pancuronium: 
1. In surgical anaesthesia: To relax the skeletal muscles during surgery. This is especially important in 

intra:abdomma ano-intrathoracic procedures. 
2. In various orthopedic procedures such as correction of dislocation, alignment of fracture , these drug 

are usea' ors eletafmuscle relaxation. 
{i)ouring enQ_fil!~cheal intubation: By relaxing the pharyngeal and laryngeal muscles. neuromus ular 

blocking drugs facilitate laryngoscopy and endotracheal tube intubation. 
4. To facilitate endoscopes, e.g. laryngoscopy, bronchoscopy, esophagoscopy 
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5. Convulsive disorders, e.g. epilepsy, tetanus, eclampsia & convulsive drug poisoning. 

6. During electro-convulsive shock treatment. 
(Ref . Goodman & Gilman 's-l 2th: Lippincott's-6th) 

Q. Name the drugs that can potentiate the effects of muscle relaxants. (DU- 1 OJ) 
Ans. 
Drugs that can potentiate the effects of muscle relaxants /Drug interactions of NMJ blocking drugs: 

l. Cholinesterase inhibitors: Drugs such as neostigmine, physostigmine can overc~m~ ~he action of non­
depolarizing NMJ blocking drugs, but with increased dosage cholinesterase mhtbttors can cause a 
depolarizing block as a result of elevated acetylcholine concentration at the end-plate membrane. 

Halothane: Halothane enhances neuromuscular blockade by exerting a stabilizing action at the 
neuromuscular junction. 

3. Aminoglycosides: They enh_ance neuromuscular blockade of competitive blockers. 

4. Ca2
+ channel blockers: Increase neuromuscular block. 

(Ref Lippincott 's-6th) 

Q. Menti n the important adverse effects of depolarizing blockers. (DU-081) 
Q. e 100 the adverse effects of Pancuronium (non-depolarizing agent). (RU-08J,06S,04J) 
Q. merate the adverse effects of succinylcholine / suxamethonium. (DU-99M,CU-02J) 

1S. 

erse effects of NMJ blocker: 

NMJ blocker I Adverse effects 
Non-depolarizing drugs (e.g. 
pancuronium) 

Depola,rizing drugs (eg, 
suxame;thonium/ succinylcholine) 

I. Hypotension: Due to ganglion block & histamine release 
2. Bronchoconstriction: Due to histamine release 
3. Tachycardia (Gallamine): Due to muscarinic block 
l. Bradycardia: Due to muscarinic agonistic effect 
2. Potassium release: Increased cation permeability in motor end plate 

- Loss of K+ from muscle - jPlasma K+ 
3. Cardiac arrhythmia: Ventricular dysrhythmia, cardiac arrest. 
4. Increased intraocular pressure. 
5. Malignant hyperthermia: due to increased release of Ca2

+ from . 
sarcoplasmic reticulum. (Rx: rapid cooling of the pt & 
administration of Dantrolene). 

6. S,uxamethoniu.IIUlp.n.ea 
7. Post-operative muscle pain 

1- (Ref Rang & Dale 's-8th; Lippincott 's-6th) 

0 ~ L, w!ll you manage a case of p;:longed apnea due to succinylcholine? (DU-02M) _¾Zw will you treat a case of suxamethonium apnea? (CU-1 SJu) 
Q. Short note: Suxamethonium apnea. 
Ans . 

...-Suxamethonium apnea: The normal durati f t' f · · 
hydrolyzed by pl h 

1
. on ° ac_ ton ° suxamethomum is less than 5 minutes, because it is 

asma c o mesterase Suxamethomum · c..~· =-r-----~-
plasma cholinesterase or aty ical f~rm 

O 
_ apnea. occurs_ 1~ I-' . n s w 1 h genetical defi ciency of 

antic olinesterase ........, p f the enzyme, or m adm1111strat1011 of suxame 10 . rm along with 
1ug. 
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! 
Suxamethonium is not destroyed im d' . ! me iately due to deficiency or abnormality of plasma cholinesterase 

Prolong duration of action of suxa 1 • ! ' met 10nium (It may be prolonged to 2 hours or more) 

Long time paralysis of muscle specially th d' h ! ' e iap ragm 

Prolonged apnea (Suxamethonium apnea) 
! 

Respiratory failure 
! 

Death 

Treatment:_ . . . ,.52....~ u.,--t....L. v~\~--,__,.__,) 
• Assisted venttlat1on until recovery (_ :J..; "-.J ~ ~ 
• Fresh blood transfusion for pseudo-cholinesterase. 

(Ref Lippincott 's-6th: Rang & Dale 's-8th) 

Q. Compare & contrast between tubocurarine & gallamine. (CU-00M, SU-00M) 
Ans. 
Comparison between tubocurarine & gallamine: 

2. Route of administration 
3. Onset of action 
4. 
5. 
6. 
7. 
8. 
9. Histamine release 

10. Use in anesthesia 

11. Excretion 
" · 

Natural (Alkaloid) 
Enteral 
10-15 min 
30-40 min 
More otent 
Absent 
No 
Weak) blocked 
Moderately releases histamine 
(So can cause bronchospasm & 
h otension 
Not preferable, because it causes 
hypotension, bronchoconstriction 
and increased bronchial secretion 

Parenteral 
5 min 
40-50 min 
Less otent 
Present 
Stron I blocked. So, it causes tach cardia. 
No 
No histamine release 

Preferably used 

40% renal excretion. I 00% renal excretion. (So, contraindicated 
in t. with oor renal function ) 

(Ref Rang Dale's-8th, Table: 10- 7; Katzung- 131 1/463 ; Table 27-3) 

Q. Write down the important differentiating features between non-depolarizing & depolarizing skeletal 
muscle relaxants with their clinical uses . (DU-I0J,SU-12Ju) 

Q. What are the differences between Tubocurarinc & Suxamethonium? (CU-05 S, SU-0SM) 
Q. Compare & contrast between gallamine and suxamcthonium. (CU- I 2Ju, SU-0 IM) 
Q. Compare & contrast between atracurium and suxamethonium. (SU- I SJ) 
Q. Compare atracurium and succinylcholine as skeletal muscle relaxants . (SU-l 7M) 
Q. Compare rocuronium and succinylcholinc. (CU-l 7M) 
Ans. 



ces between depolarizing & non depolarizing muscle relaxants 

Competes with ACh to bind 
with nicotinic rece tor 

2- Production of de olarization No 
3. Reversal of action by Yes 

anticholinesterase 
4. Type of muscle paralysis Flaccid type 

S. Side effects 

6. Antidote 

• Hypotension 
• Bronchoconstriction 

Available (Neosti mine) 

__ ___,R<--,, T ~~'"'--- 1 

< CC /V'-T 

~ C'- .... l-,-yrt~ 
J h,J" ~,r~ ,. 

'Do?P. 
,t, De.~ A J...r,..,. · ''l. 

'~~ 

I vq,c,.,..,, --<.._ l"' "',,<KV>'y'' .... 

N£. · 

~ l 

Yes 
No 

• Bradycardia 
• Arrhythmia 
• Hyperkalemia 
• Increased intraocular pressure 
• Post-o erative muscle ain 
Not available 

(Ref Lippincott 's-6th; Rang & Dale 's-8th) 

.),-

( ' a.: . c~ 

_ C=:J f vs:- S1? .c~ ·~c_ N ~ er----
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/ Adrenergic Pharmacology 
Q. W~ite own the steps .or biosyn.thesis & fate of catecholamines. (DU-I 4J, RU-17 J, SU-I 6J, I SJ) 
Q. 0 ne the steps o~b1osynthes1s & fate of adrenaline. (DU-14Ju, SU-14J,09J, RU- l6J, I IJ) 
o:--butlinc the s~nthetic p.athway of Noradrenalin. (CU- I 6J) 
Q. o utline the b1osy~thes1s & fate of adrenergic neurotransmitters. (SU-17 J) . 
Q. Draw & label a diagram to show the synthesis, release & termination of action of noradrenaline. (CU-

07Ju; RU-04M/S, SU-l 3J, 12J) 

Ans. 
Biosynthesis & fate/metabolism of adrenaline/ noradrenaline: 
Site of synthesis: 
~. Noradrenaline: Adrenergic nerve ending 

• Adrenaline: Adrenal medulla. 

Steps of synthesis: 
Tyrosine 

! Tyrosine hydroxylase 
DOPA 

! DOPA decarboxylase 
Dopamine 

! Dopamine /J-hydroxylase 
Nor-adrenaline (NA) 

! N-methyl trans/erase 
Adrenaline 

Nerve 
terminal 

Calcium 
chamel 

Bretyrium. 
guene1hidne 

Poayneptic ceU 

Axon 

Dope 

SNAPs 

Tyrosrie 

Cocaine, 
--e--;- lriC')'Clic 

NE ________ ___.j ~,~~-• 

AaenOO!plors Other 
reoeplonl 

Fig: Schematic diagram of a generalized noradrenergic junction. 
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Nice to know . 
• Step I: Tyrosine is transported into the noradrenergic ending by a sodium-dependent earner. 
• Step II: Tyrosine is converted to dopa. 

Tyrosine 
! Tyrosine hydroxylase 

DOPA · · NE th · · 
This is the rate-limiting reaction, ie, if we block tyrosine hydroxylase enzyme ~ctivity, syn esis will be 

blocked. - · 1 b th · I 
• Step III: Dopa is converted to dopamine which is transported into the vesic e Y e vesicu ar monoarnine 

transporter (VMAT). 

• Step IV: 

DOP£ 
! DOPA decarboxylase 

Dopamine 

Dopamine 
! Dopamine fJ-hydroxylase 

Nor-adrenaline (NA) (in vesicle) 
• Step V: Occurs in adrenal medulla. 

Nor-adrenaline (NA) 
! PNMT (Phenylethanolamine N-methyl tramferase) 

Adrenaline 

PNMT is only present in adrenal medulla but absent in the adrenergic nerve ending. So, adrenaline is synthesized 
only in adrenal medulla but not in adrenergic nerve ending. 

e of adrenaline & nor-adrenaline: In the vesicle of adrenergic nerve ending & adrenal medulla. The 
·c1es also store dopamine. 
• Adrenergic nerve ending: 80% nor-adrenaline aod-20% adrenaline. No adrenaline is synthesized in the 

storage vesicle of adrenergic nerve ending. The source of small amount adrenaline in the storage vesicle 
is i uptake from synaptic cleft. 

drenal medulla: 85% adrenaline and 15% nor-adrenaline. 

Re ease of nor-adrenaline: 
Arrival of nerve impulse (action potential) at the presynaptic nerve terminal 

! 
Opening of voltage-gated Ca2

+ channel 
! 

Entry of Ca2
+ into the presynaptic nerve terminal from synaptic cleft 

! 
Ca2

+ causes fusion of synaptic vesicles with presynaptic membrane 
! 

The vesicles burst and release nor-adrenaline & adrenaline into the synaptic cleft by exocytosis. 

Adrenaline 
ynthesis & release 

I. Only synthesized & released from the adrenal medulla. 
2. Circulates in the whole body via blood. 
3. Comes to synaptic cleft. 

4. Uptake~ into.adrenergic nerve ending along with nor-adrenaline (uptake I) by active process. 
5. Stored 111 vesicle. 

So, when . adrenergic nerve is stimulated, both adrenaline & nor-adrenaline are released although the 
nerve endmg does not synthesize adrenaline. ' 



213 Autonomic Pharmacology 
~1 ~ ·tdrc naline is called pseudo neurotransmitter? 

n~-
\drcm1linr is called_ ps~udo neur_otransmitter: All neurotransmitters (NT) must be synthesized within the nerve 

~en11i11:tl_ but ~drena_lme is s nthesized in adrenal me u a rom nora rena 1n y PNMT. Th is is why it is cal led 
l
r1o ,Kt1rotransm 1tter. p et u / 

~ . 
fate / removal of adrenahne & nor-adrenaline: Nor-adrenaline can be removed from the synaptic cleft by one 
of t~e- d1ree ways: 

Uptake I: About 70-80% of the released nor-adrenaline is transported into the cytoplasm of the terminal 

,, by the nmepinephrine transporter (NET). This is known as uptake I. From cytoplasm, they are then 
transpo11ed by VMAT into the vesic les. 

Uptake II: It may diffuse out of the synaptic space & enters into the general circulation . This uptake of 

drenaline & nor-adrenaline in ~n-nervous tissue (musc le, liver, adipose tissue) is ca lled uptake II. 

Metabolism: By COMT (Catechol-O-Methyltransferase) & MAO (Monoamine oxidase) 

Differences between uptake I & uptake II: 

2. Type of the 
trans ort 

3. Rate of u ltake 
4. 
5. Requirement 

6. When occurs 

7. Affini 
8. Effective for 
9. Inhibitor 

Occurs in the adrenergic ·nerve: ending · 

Active process 

Low 
NA >A > ISO 
Requires presence of Na and low K+ 
concentration, which is energy, carrier 
and tern erature de Jendant rocess. 
When cone. of NA in circu lation is 1-39 
LO di. 

70-90% released noradrenaline. 
Ma be blocked b TCA, cocaine, ouabin 

Q. Describe the metabolism of adrenaline. 
Ans. 
Metabolism of adrenaline: 
Site of metabolism : Liver, kidney, GIT, neuron etc. 

Enzymes of metabolism: 

Active or passive proc_es~ 
. ••.• ,f' 

Hi h 
A> NA> ISO . , 

Requires presence of Ca +. but not energy, 
carrier :a11dte1:nperature d~pendant proces_s. 

·. i/ , ·: ·;· ,, .. _'; ' ' 
When uptake I is saturated and cone-. of -
NA in .circulation is > 40 di. · ;·4 

Less affinit for noradrenaline 

Can be blocked b steroids. 

V!n)'leurons • MAO (Monoamine oxidase) 
IA'n liver, kidney, GIT, other organs • COMT (Catechol-O-Methyltransferase) 

• MAO (Monoamine oxidase) 

Degradation of catecholamines: The catecholamines are inactivated by oxidative deamination, cata lyzed by 
monoamine oxidase (MAO) and O-methylat ion carried out by catecho l-O-methy ltransferase (COMT). The 
aldehyde products of the MAO reaction are oxidized to the corresponding acids . The metabolic products of these 
reactions are excreted in the urine as VMA (vanilly l mandelic acid), metanephrine and normetanephrine. 

Phannacology-30 



!B~l!!u~ep~r~i~nt~T:M~P~h~a!!r~n~1a~c;!!o__!!l_o!!Jg)J_' ____ - _-
7 

_____ 22~14~----;:~::.:__:__:_:_:_:_:~~.:.:=i1---------.... 
,- Norepinephrine 

Epinephrine 

COMI 
MAO =-~---..£.--7 

MAO 

Dihydroxymandelic acid ---

COMT 

MAO 

Metanephrine 
Normetanephrine 

COMI 
MAO 

MAO 

3-Methyl-4-hydroxymandelic acid (VMA) 
I ( ' I 

j ......... , ............... ........ ,,,,., ............... , .......... --·"········· ······················· ·· ··········································································· ·1 

MAO 

Dihydroxyphenyl 
acetic acid 

Dopamine 

COMI 

3-Methoxytyramine 

MAO 

Homovanillic acid 

·· ·· ·······································-----··················· ·················---············· ····································' 

(Ref Katzung-1 Jth/95 & Lippincott's-6th) 

. hat is catecholamine? Why are they called so? (DU-13Ju,08Ju, RU-14J , SU-06S) 
' / . What are the catecholamines? (DU-07J; RU-l 7J, 14J, 12J,06S, SU-03S) 

Q. Enumerate the endogenous/ catecholamines. (RU-06J) 
Ans. 
Catecholamines: Sympathomimetic amines that contain the catechol nucleus (3 ,4-dihydroxybenzene ring) are 
called catecholamines. 

Natural/ Endogenous Synthetic 
I. Adrenaline I. Isoprenaline 
2. Nor-adrenaline 2. Dobutamine 
3. Dopamine 3. Dopexamine 

4. Doxepine 
5. Fenoldopam 
6. Ibopamine 

Properties: 

I . High potency: The catecholamines show the highest potency in directly activating a or p receptors. 

2. Rapid inactivation: Catecholamines are metabolized by COMT and MAO in the neuron, synapse, gut 

wall , and liver. Thus, catecholamines have only a brief period of action when given parenterally, and they 
are ineffective when administered orally because of inactivation. 

3. Poor penetration into the CNS: Catecholamines are polar and , therefore, do not readily penetrate into 

the CNS . Nevertheless, most of these drugs have some CNS effects (anxiety, tremor, and headaches) . . 

(Ref Ganong 's-2411'/ J 45; Lippincott 's -6th) 
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Ni know . 

~ lammes: _Sympath0mimetic amines that lack the catechol nucleus (3 4-dihydroxybenzene ring) are 
called non-catecholamines. ' 

properties 
I. Longer t112. 
2. Cross the blood brain barrier. 
3. No ·nactivated by COMT. 
4. P or substrate for MAO (so, long t112) · 

5 ay act indirectly by releasing of stored catecholamine. 

rence between catecholamine and non-catecholamine 

Traits I Catecholamine · I Non-catechola~ine 

3 . 
. 4. 

e the adrenergic neurotransmission. (DU-04M; CU-03J; RU-09J,07Ju, SU-06M) 

Adrenergic neurotransmission 

Arrival of impulse (action potential) at the presynaptic nerve terminal 
! 

Ca2+ enters into the presynaptic nerve terminal through voltage-gated Ca2
+ channel 

! 
Ca2+ causes release of neurotransmitter (nor-adrenaline and adrenaline) into the synaptic cleft by exocytosis 

! 
Neurotransmitters bind with postsynaptic receptors 

I 

i + 
Influx of Na 

! 
Depolarization / EPSP 

! 
Action potential 

! 

i 
Influx of er 
Efflux of K+ 

! 
Hyperpolarization / IPSP 

! 
No Action potential 

! Impulse is produced in the postsynaptic cell. 
No impulse is produced in the postsynaptic cell. 

(Ref Ganong 's-24'"1120-123; Guyton-12th/546) 

Q. What are the receptors present in heart & kidney? (CU-03S) 
Q. Enumerate the autonomic receptors present in heart. 
Q. Name the adrenergic receptors and outline relevant mechanisms that can influence cardiac function. 

(CU-12J) 
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Ans. 
Receptors present in the heart: 

Receotors present in the heart Effect of stimulation of the receptor 

l. M2 receptor Decreases heart rate & fo rce of contraction ----
2. a1 receptor Vasoconstriction of the arterioles of heart --
3. B1 receptor Increases heart rate & force of contraction --
4. 62 receptor Coronary vasodilation ----
5. H2 receptor Increases heart rate & force of contraction ---

Receptor present on kidney: 
I. p1 receptor: Stimulation of this receptor increases renin secretion from kidney. 

Q. Cl~ss· adrenoceptors with their important sites of distribution. (DU-09Ju, CU-121, SU-I 0Ju) 
Q. Cla ify adrenergic receptor sites with their physi~logical effects. (RU-05M, SU-I 5Ju,07J, CU-l lJ,08Ju) 

ntion the pharmacological effect of adrenaline. (RU-0 IS) 

Ans. 

st where P-adrenoceptors located & mention effects of their activation. (CU-06S) 
how the distribution of various adrenergic receptor sites. (SU-1 JJ-u/J, 121) 
xplain the effects of adrenaline on blood vessel. (RU-I 6Ju) 

Adrenergic receptors / Adrenoceptors: The receptors on which epinephrine (adrenaline) and norepinephrine 
(noradrenaline) or the adrenergic agonists act are called adrenoceptors. Adrenoceptors are of 2 types-

!. a-adrenoceptors ( a 1, a 2) 

2. P-adrenoceptors (P
1
, p2, p

3
) f"'f'\ c.o-v--~~~<11'\ - ~ ·,o~ 

<l2 

Increased intracellular 
calcium 

,J rhe,>.~r v-" 
if°~c 

Inhibition of adenylyl 
cyclase, 
Decreased cAMP 

Stimulation of adenylyl 
cyclase, 
Increased cAM P 

• Contraction - Mydriasis Cf"'f,i .J~ 
• Decreases motili and tone 
• <;:onstriction (Urinary retention, 

const1 a n) 
• E" aculation 
• Erection of hair 
• Contraction 
• Vasoconstriction 

• Sli ht, localized secretion 
• Thick, viscous secretion 
,.- Glycogenolysis 

Gluconeooenesis 
• Inhibits release of NA from 

adrenerg1c nerve ending by 
ne ative feedback mechanism 

• Inhibits secretion of insulin and 
-- --

lands • Vasoconstriction 
• Increases heart rate +v'" thO'l" 1'1K 

• Increases fo rce of contraction .i..., ·1wf 
• Increases conduction velocit +"11.. altt1" ,}· 

• Increases renin secretion +1t-



/ Ans. 

Stimulation of adenylyl 
cycl ase and increased 
cAMP. 
Acrtvare-s-cardiac Gi 
under some conditions. 

Stimulation of adenylyl 
cyclase and increased 
cAMP 

k -l 
'f"-v,.SCk.. -=-r I.A.~---
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rteriole to heart & skeletal muscle 
• Smooth muscle of bronchus 
• Smooth muscle of GIT 

• Smooth muscle of uterus 

• Relaxation 
• Relaxation 
• Relaxation 
• Relaxation of mainl y gravid 

uterus - delay premature labour --ain 

• Increases secretion of insulin and 
Juca on' -

• Lipolysis 
~\o._~ ~<!__~c.>---.,_ 

(Ref Katzung-131 '/141 ; Ganong-24th) 

e on the CVS effects of adrenaline. (DU-12Ju,10/07Ju; RU-08J , SU-1 IJ) 
scribe the effect of adrenaline on CVS. (CU-04J; SU-03J) 

°') ~ ~ ~ ::::s', 

62-~ ~~ ention the effect of adrenaline on blood vessels. (RU-12Ju) 

CVS effects of adrenaline: 

Site Receptor Effects -: ·. · 

On Heart 131 • Positive chronotropic effect: jHeart rate . Positive inotrop1c ei1ect~ jForce of contraction . Positive dromotropic effect: fConduction velocity 
Net effect: j CO - j BP 

On blood vessels a1 . Vasoconstriction in the arterioles to skin, heart, kidney, skeletal muscle & 
abdominal viscera 

a2 . Vasoconstriction in the arterioles to heart, skin, salivary glands 

lh . Vasodilation in the arterioles to heart & skeletal muscle 

Q. Outline the pharmacological effects of adrenalin on blood pressure. (RU-08J) 
Ans . 
Effects of adrenaline on blood pressure: 

• a 1-mediated vasoconstriction - jTPR (Total peripheral resistance)---* jBP 

• f3 1-mediated increase in heart rate and force of contraction -iCO---* jBP 

• f32-mediated vasodilation---* t TPR - !diastolic BP 

In small dose, adrenaline binds with 132 receptor and in large dose, adrenaline binds with a 1 rece ptor 

• Net effect: 

:> Systolic BP: ii 
:> Diastolic BP: t(small dose), i(large dose) 

:> Mean pressure: i 
/ 1/ulse pressure: ii 

Q. ~ ~ he effects of adrenalin on blood pressure. 
Ans. 

(Ref Katz ung- 1 3 11,/ I../ I ) 

lfwe ad1;niniste r adrena line, then there is a sharp rise of BP fo ll ow ed by immediate return of BP to base line 
with a secondary fall. 

• The sharp rise is because adrenaline acts o n a 1 receptor caus ing vasoco nstri c ti o n and j3 1 recepto r 

increasing heart rate & force of co ntraction . Both e ffects inc rease BP . 



Blueprint™ Pharmacology 218 

• BP sha rply comes back to base line due to the reuptake of Adrena line by uptake-II mainly & some portion 

by uptake-I and metabolism of adrenaline by circulating MAO and COMT enzymes. 
• The secondary fall is due to p2 effect. Adrenaline also activates P2 receptors in the blood vesse ls supplying 

skeletal muscles resulting in vasodilation in skeletal muscles and some decrease in BP . 

Adrenaline Adrenaline 

Q. Compare the CVS effects of adrenaline, NA & isoprenaline. (DU-04J, CU-06S, SU-04M) 
Q. Compare the CVS effect of adrenaline & NA. (DW-06J, CU-161) 
Ans . 
CVS effects of adrenaline, NA & isoprenaline 

Effects Adrenaline 
I 

Noradrenaline 
I 

Isoprenaline 
(isoproterenol) 

, _,Cardiac 

---

( 

. Heart rate t t t 
• Force of contraction t i t 
• Stroke volume t t t . Cardiac outo ut i t /0 t 

Peripheral circulation . TPR t tt t 
• Muscle blood flow tt Olt t 
• Renal blood flow t t t 
• Cutaneous blood flow t t 0 

Blood pressure 

• Systolic BP tt t t 
• Diastolic BP t(small dose), t H 

t(large dose) . Mean BP t i t . Pulse pressure it ti 
(Ref Katzung-1 J'h/ 142 (Table 9-4) Jsoprena/ine; Goodman & Gilman 's-1 2'", Ad, NA) 

ention its metabolic effects of adrenaline. (DU-07Ju) 

Metabolic effects of adrenaline 

Site of action Receotor Action 
Liver Jh, Cl1 • Glycogeno lys is 

• Gluconeogenesis 
Adipose tissue B3 • Li polys is 
JG cells of kidney 81 • Increases rennin re lease 
Endocrine pancreas Clz • Inhibits secretion of insulin and g lucagon 
(0.2 effect is p redominant) 132 . Increases sec reti on of insulin and !!.. luca1rn n 
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Q. IV1ention the CNS effects of adrenaline. (RU-06J ) 

,AOS - J' :NS effects of adrena me: 
C 1 _ Mild restlessness 

2. Tremor 
3. Insomnia 
4. Euphoria 

Adrenergic drugs 
Q. Classify sympathomimetic/ adrenergic drugs. (DU-l 6Ju, RU-09J ; SU- I OJ , CU-OSJ ) 

Q. Classify sympathomimetics according to receptors on which they act. (SU-09Ju ,06M) 

Q. Classify adrenergic drugs according to receptor sensitivity . (DU-15Ju, 14Ju, 12J, 11Ju, 10Ju , RU-
16J, l ,02J , SU-12J,l 1Ju,10Ju) 

Q. the directly acting sympathomimetics. (CU-17M) 

Q. ists different adrenergic receptor agonists & their pharmacological actions . (CU-1 IJ ,08Ju) 

A Lists different adrenergic receptor agonists with their receptor activation. (SU-08J) 

ns . 
Sympathomimetic / adrenergic drugs: A drug that mimics stimulation of the sympathetic nervou s system is 

called sympathomimetic / adrenergic drugs. 

A. Direct-acting adrenergic / sympathomimetic drugs: These drugs act directly on one or more adrene rgic 
receptors. According to receptor selectivity they are two types-

/' 

Non-selective Drugs which act on more vf . Adrenaline (acts on all receptors) 
than one receptor £ Nor-adrenaline (acts on a1 , a 2, ~1) 

< 1soprenaline (isoproterenol ) (acts on 13, , 132, l33) 
K" Dopamine (acts on a1 , a 2, 13 , & D1 , 02) 

Selective Drugs which act on a a1-selective V Pheny lephrine 
single receptor only • _r Methoxamine 

i)vDxymetazoline 
• Midodrine 

az selective ,;-,a-Methyl dopa 
yOxymetazo Ii ne 
...,...-Oonidine 

131 selective ....<""Dobutamine 
lh selective / Salbutamol (INN) or Albute rol (USAN) _;;f a lmeterol 

Formoterol 
/ Terbutaline 
~ irbuterol 

• Fenoterol 
• Reproterol 
• Rimite rol 
• Isoxs uprine 
• Orciprena line 
• Ritodrine . 

B. Indirect-acting adrenergic / sympathomimetic drugs : 
l. Incre~ release of NA from nerve ending (release promoter) : 

......-tr. Amphetamine 
b . Tyramine 
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2. Reuptake inhibitor: An indirect-acting drug that increases the activity of transmitters in the synapse by 
inhib ' ing their reuptake into the presynaptic nerve ending. 

a. Tricyclic anti-depressant (TCA) 
Cocaine 

c. Ouabin 
3. Inltihitorofenzymes COMT& MAO : , '\ , 1~ 

. MAO inhibitor: Pargyline / S..Q_ 1 5' 
COMT inhibitor: Entacapone 

C. Mixed-action agonist (both direct & indirect acting): Stimulate adrenoceptors directly and also increase 
~e~ se of NA from the nerve ending. 
)1/'Ephedrine (a., P-agonist & release promoter) 
)/. Pseudoephedrine 
3. Metaraminol. 

(Ref Goodman & Gilman 's-12th; Katzung-13thl l35-150; Uppincott 's-6th, Bennett & Brown- I /th) 

Noradrenerglc varlcoslty 
a-Methyltyroslne 

Tyrosine 

( ~ 2-Adreno~ptor ]------• 
, antagonnrts . ~ / +Gi,-----1( Uptake 1 Inhibitors ) 

( 
!3-Adrenoc_eptor )1-----

, antagonists . 

Uptake 2 Inhibitors 

Figure. Gene lised diagram of a noradrenergic nerve terminal, showing sites of drug action. !vIAO, 
monoamine xidase; MeNA , methylnoradrenaline; NA, noradrenaline. 

sify selective lh-agonists according to duration. (CU-l 5Ju, SU-06M) 

tive lh-agonists : 
Short acting (2-6 hours) l,,-1< Sa lbutamol 

~~rerbutaline 
3. Metaproterenol 
4. Pirbuterol 

Long acting ( over 12 hours) /2. Sa lmetero l 
.,{ Formotero l 
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· ts important clinical uses of adrencrgic agonists. (SU - I 2J,08J ,07.Ju) 

ses of adrenoceptor agonis~ -, ---
~ Adrenaline • '~ naphylactiCJshock 

d-... I (l> • ara 1ac arrest 

- Jsoprenaline • Its nonselectivity is one of its drawbacks and the reason why it is rarely used 
therapeutically . 

0 • Now rarely used as bronchodilator in asthma (~2 effect) ) • Can be used in cardiac arrest ((32 effect) (___~-4...Q......\- blc, c ~ ~c:: 

Phenylephrine • Acts as nasal decongestant as it produces prolonged vasoconstriction . 
• Used to raise BP m some emergency condition, eg, during spinal anesthesia ----+ 

A\ sudden tail in BP - BP is raised by phenylephrine. 
• Used to terminate sur;,raventricular tachvcardia 

Oxvmetazoline ""-' • As decono-estant in nose and eyes 

Clonidine • Hypertension 

C'\1.-- • Used to minimize the symptoms that accompany withdrawal from opiates or 
b " ;,.zeoines . 

Dopamine o<-.1 0 1 / D • r Cardiollenic'>shock 
Dobutamine 0t • Cardioo-enic shock 
Salbutamol, pirbuterol • Bronchial asthma 
and terbutaline £?1.-. 
Salmeterol and(? • Bronchial asthma 
formoterol - '1....--

Ritodrine / TerbutalineA • Suooression of premature labour 
Methoxamine q \ • Paroxysmal supraventricular tachycardia. 

• Used to overcom e hvpotension durin g surgery involving halothane anesthetics. 

Metaproterenol • Useful as a bronchodilator in the treatment of asthma and to reverse 
bronchospasm. 

Amphetamine µ._y ..r'ireatment of hyperactivity in children, narcolepsv, and appetite control. 

Ephedrine Has been used 

dy 0 / p.__f> ,.-"'1n asthma 
~ a nasal decongestant (due to its local vasoconstrictor action) 

o raise blood pressure. 
The clinical use of ephedrine is declining due to the availability of better, more 
potent a f!ents that cause fewer adverse effects. 

Pseudoephedrine • Nasal and sinus congestion 
• Congestion of the eustachian tubes . 

(Ref lrpmcotT 's-6th) 

Q. Explain the use of life saving catecholamines in different life threatening conditions . (RU-OSM) 

A~s . . . . . . \ 0-.. ~ ':3-?-J-z:i i..:.o. -m. -~,,. 
Life saving catecholamines & their use m hfe threatenmg conditions: t../\ · ., 

1 C 
. d b . ~-z., ~, ----""r ,1-.. (' ~ ., 

. ardiogenic shock: Dopamme, o utamme . -
2 

. n_ . s-.__. <:_.y..,C-< \; ~ ~ 
. Heart block: Isoprenalme (temporary use) t.:::i r--u ~- r >t:-

3. Heart failure : Dobutamine · ~ z.:~ 
4. Cardiac arrest: Adrenaline 

(Ref Katzung- 13th; Rang Dale-8th) 
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Adrenaline 
neral consideration 
• Synonym: Epinephrine 
• Source: Animal chromatin tissue. 
• Nature: Neurohormone. 
• Class: Catecholamine 
• Receptor: Interacts with both a and p receptors. 

o a at high dose. 
o p at low dose. 

• Onset of action: Rapid 
Duration of action: Short due to rapid inactivation by COMT & MAO. 
Effective route of administration: Injection 

rmacokinetics 
Route: IV (emergency), subcutaneous, topical (eye), inhalation. 

""'-::--~ - ,.::,..:....--------------• Onset of action: Rapid 
• Duration of action: Short due to rapid inactivation by COMT & MAO. 
• Metabolism: By-

1. COMT: Degrade circulating adrenaline. 
2. MAO: Degrade intracellular adrenaline. 

• Elimination: Through urine as-
1. Adrenaline - 1 % 
2. Metanephrine - 7.6% 
3 VMA-9% 

# he indicatiOns of adrenaline? (DU-14J,08Ju,07J, RU-17 J, I 61, 1 JJ; SU-17 J) 

Indications of adrenaline (Ad) I epinephrine: · 
1. Anaphylactic shock: To relieve bronchospasm, increased bronchial secretion, hypotension, angioedema. 
2. · tatus ast mat1cus: To relieve bronchospasm, increased bronchial secretion. 
3. Glaucoma: 2% epinephrine solution may be used topically to reduce IOP in open-angle glaucoma. It 

reduces the production of aqueous humor by vasoconstriction of the ciliary body blood vessels. 
4. C~ rdiac arrest: Epinephrine may be used to restore cardiac rhythm in patients with cardiac arrest 

regardless of tire cause. 
5. ~ nesthetics: To increases the duration of action of local anesthetic by vasoconstriction and delaying 

absorption 6f the local anesthetic. 
6. As nasal decongestant. 
7. To control nasal bleeding (epistaxis) in the form of nasal pack. 

(Ref Lippincott 's-6th) 

Q. What are the adverse effects of adrenaline? (CU-021) 
Ans. 
Adverse effects of ad renaline: 

1. Cardiovascular: 
• Hypertension & jcardiac work--+ Cardiac ischemia & failure 
• Sinus tachycardia 
• Ventricular arrhythmias. 

2. CNS adverse effects: 
• Tremor 
• Restlessness 
• Insomnia 
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• Anxiety 
• Throbbing headache 
• Rarely, _convulsion, cer.ebral hemorrhage, arrhythmias, or MI (by cocaine) 
• Euphoria (by Amphetamine) . . 

3. Retention of urine 
4. Constipation 
S. May cause dyslipidaemia (jFFA level) 
6. Hyperglycemia 

Q. W, tare the contraindications of adrenaline? (CU-03J) 
An. 
Contradictions of adrenaline: 

1. Hypertension (HTN) 
2. Hyperthyroidism 
3. Cardiac arrhythmia 
4. lschemic heart diseases (IHD) 
S. Diabetes mellitus (DM) 
6. Benign enlargement of prostate (BEP) 

(Ref Katzung-13th edition) 

7. Patient taking non-selective 13-blocking drugs. 
8. / c 7 ral hemorrhage. 

. ~ note: Epinephrine reversal. (RU-15J) "\'.,__..c• ~ 
(Ref Goodman & Gilman 's-12th) 

Epinephrine Reversal: Epinephrine reversal is characterized by a drop in blood pressure that is produced by 
epinephrine after the administration of alpha-blockers. 

epinephrine 

l 

blood 
· pressure 

Mechanism: 

a-adrenoceptor antagonist 

l epinephrine 

! 

pure fi 2-receptor 
stlmulatlon 

l . If adrenaline is administered alone, it increases BP by stimulating'. a., receptor causing vasoconstriction 
and 131 receptor increasing heart rate & force of contraction. But it also activates lh receptors in the blood 
vessels supplying skeletal muscles resulting in vasodilation in skeletal muscles and some decrease in BP. 
But the net effect is increased BP. 

2. When we administer a receptor blockers such as phenoxybenzamine, it irreversibly blocks a. receptors 
without causing vasoconstriction .- ! :SP. _ 

3. If we again administer _ same dose of adrenaline, then there is gradual fall of BP. This is called 
epinephrine reversal. This time adrenaline stimulates 132-receptors situated in blood vessels of skeletal 
muscles causing vasodilatation that resulted-in fall in PR and BP. This time adrenaline could not bind to a 
receptors, because they are already blocked by phenoxybenzamine. 

Q. How will you manage a case of anaphylactic shock? ( CU- l 4J) 
Q. Give the management of penicillin induced anaphylactic shock. (RU-1 SJ) 
Q. Outline the drug therapy·~f penicillin induced hypersensitivity reaction. (CU-06M,07J, RU - I 4J) 
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Q. What e the clinical features of anaphylactic shock? Discuss its manageme nt. (RU-07 J ,06M) -
Q. In a aphylactic shock, a) which drugs arc used? b) Justify the combination. c) Mention the ir individual 

r e. (SU-15Ju) 
hort note: Anaphylactic shock. (SU-161) 

anagement of anaphylactic shock: 
Clinical features : 

1. Bronchospasm 
2. Hypotension 
3. Allergic reactions 

General measures: 
1. Should stop the drug immediately in case of penicillin induced hypersensitivity. 
2. Patient should be kept in supine position with leg elevated for 30° 
3 . Respiratory resuscitation. 
4. Monitoring of blood pressure. 

Specific measures: 
1. Inj. Adrenaline: To increase BP & cause bronchodilation. Adrenaline is the drug of choice, because it 

activates a , p1, and p2 receptors, all of which may be important in reversing the pathophysiologic 
processes of anaphylaxis. 

/4 lnj. Hydrocortisone: To suppress inflammation. 
3. Antihistamine (H1 & H 2-blocker): Antagonizes the action of histamine. 
4 . Bronchodilator 
5. IV fluid. 

Q. Explain the r~le of adrenaline in the treatment of anaphylactic shock. (DU-16Ju, 15Ju, RU-15Ju ,09J, CU-
061, SU- 7J, 14Ju) 

pl · the role of adrenaline in the treatment of allergic shock. (SU-12Ju) 
· cuss the role of adrenaline in penicillin induced anaphylactic shock. (CU-07 J) 

Role of adrenaline in naphylactic hock: In anaphylactic shock, there is bronchoconstriction & hypotension . 
1. Adrenaline activates a 1-receptors and causes vasoconstriction and increases BP. 
2. Adrenaline activates p1 - jHeart rate & force of contraction - jSystolic BP. Thus adrenaline reverses 

shock. 
3. Adrenaline activates Pi-receptors & causes bronchodilatation . 
4 . Adrenaline stabilizes mast cell and thus inhibits release of histamine and vasoactive amine . 

. Explain the role of adrenaline in hypoglycemic shock. (DU-15Ju) 
Ans . 
In hypoglycemic shock, adrenaline increases blood glucose level by increasing g lycogenolys is and 
gluconeogenesis . 

Gefu ral consideration 

Dopamine 

Source: Synthetic 
• Class o~ drug: Catecholamine 
• Nature: Neurohormone 
• Receptor: D1 - Ds, a, , a 2, P, 
• Metabolism: By MAO & COMT. 
• Mode of action: Direct 
• Onset of action: Within 5 minutes . 
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Duration of action: Short (IO min), as it is a substrate for both MAO and COMT. So it requires 
continuous infusion. 

Effective route: Parenteral, continuous IV infusion due to shorter half life (t112 2 min) . 
Elimination: Urine 

Q. Enumerate the receptors of dopamine. 
Ans. 

. Recepto~ f dopamine: 
91 \,"-(_ 

I Receptor Site ., I ,._ , ·Effects ··:, ._;,-, -' .. · · l1
~~ 'it: 

> D1 (DA1), Ds ..,Bra!_:i; effector tissues, especially smooth Stimulation of adenylyl cyclase and 
muscle of theJ;enal vascular be<i increased cAMP 

1 D2 (DA2) Brain· effector tissues, especially smooth Inhibition of adenylyl cyclase; increas~d 
muscle; presynaptic nerve terminals potassium conductance 

" 03 Brain Inhibition of adenylyl cyclase 
04 BJ:ain.__cardiovascular system Inhibition of adenylyl cyclase 

I Dopamine also acts on a.i, a.2, ~1 \._ 

( ., ,L Q. Describe the j6se dependent effects of Dopamine on blood vessels. (CU-I 6Ju. 1 SJ u) 
:L ...... .,.. Q. Enumer, rt1e dose dependent effects of dopamine. (CU-07/06J,04S) 
· tuf Q. Outli e e receptor mediated actions of dopamine. (SU-07 Ju) 

Q. t re the pharmacological effects of dopamine? (SU-02M) 

armacological effects/ dose-dependent effects of dopamine: 

Dose I Receptor I . 'fl Effect ', ., ' • / ·, • ' ~--~., 1 ~- ! 

Low dose D1 • Dopamine activates D1 receptor in kidney & viscera ---t vasodilation -+ 

increased blood flow to kidney and viscera ---t increased GFR ---t improved 
renal function during shock. 

Moderate dose pi, D1 • Dopamine activates ~1 ---t jHeart rate & force of contraction ---t jSystolic BP. 
• Dopamine does not increase diastolic BP due to dilation of renal & splanchnic 

vessels. 
• Dopamine activates D1 ---t improved renal function 

Hi2h dose D1, Cl1, Pt • Dopamine activates a1 ---t vasoconstriction ---t jBP. 
(Ref Goodman & Gilman 's-12 th) 

Q, W)t',&e the indications of dopamine? (DU-OSS; RU-04M) 

~ ions of dopamine: 
I. Cardiogenic & Septic shock: Before dopamine is administered to patients in shock, hypovolemia should 

be corrected by transfusion of whole blood, plasma, or other appropriate fluid. 
2. Severe congestive cardiac failure (CCF) particularly in patients with oliguria & low/ normal peripheral 

resistance. 
(Ref Goodman & Gilman 's-l 2th) 

Q. What are he adverse effects of dopamine? (RU-05/04M) 
Ans. 

Adverse effects due to overdosage generally are attributable to excessive 
pathomimetic activity. 
l . CVS adverse effects: 

• Tachycardia 
• Precipitation of angina! pain 
• Arrhythmia 

Hypertension 
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2. CNS: Headache, insomnia, excitement. restlessness 
3. Nausea, vomiting. 
4. lschemic necrosis, sloughing due to extravasation of large amounts of dopamine during infusion. 
5. Rarely, gangrene of the fingers or toes has followed prolonged infusion of the drug. 

(R~l Goodman & Gilman 's-J 2th) 

Q. Illustrate the pharmacological role of dopamine in cardiogenic shock. (CU- I 7M,07J,06M, RU-I 6Ju, 12Ju 
SU-17J ,15J,14Ju,13J,12Ju) · ' 

Q. Why dopamine is preferred to noradrenaline in cardiogenic shock. (RU-I OJu, SU-I 6J, I 4J, 11 Ju ,09J). 
Q. Justify dop~l'ine, not adrenaline is the drug of choice in cardiogenic shock. (CU-03J; SU-I 7M) 
Q. Whvidronaline is not used in cardiogenic shock? (DU-09J) 
Q. J stifl/ 'the priority of dopamine over adrenaline & noradrenaline as inotropic drugs in the Mx of 
~ i9?ulatory shock. (DU-06M; SU-07J,06J/M) 

"-'~ / Mention the role of adrenaline, dopamine in the management of shock. (DU-l 3Ju) 
Ans. 
Role of do amine o · ardio enic shock: 

• Dopamine act1v s I receptor - jHea1t rate & force of contraction - jSystolic BP. Thus dopam ine 
reverses shock. 

• Dopamine activates D1 receptor - renal vasodilation - increases renal blood flow - increases GFR 
and Na+ excretion - improves renal function during shock. In shock, renal blood flow is decreased and 
there is risk of renal damage. But by this effect, dopamine improves renal function. 

Both effects of dopamine help to improve the condition of cardiogenic shock. 

Effects of adrenaline and noradrenaline on cardio enic shock: 
• Adrenaline / noradrenaline activates p1 receptor in heart - jHeart rate & force of contraction --+ 

jSystolic BP. 
• Adrenaline/ noradrenalin - binds with a1 receptor (in cutaneous blood vessels) - Vasoconstriction--+ 

jBP. . 
Both these effects of adrenaline and noradrenaline increase BP and reverse shock. 

• Adrenaline / noradrenaline - binds with a1 receptor (in the renal vascular smooth muscle) - renal 
vasoconstriction - decreases renal blood flow - renal damage - risk of renal failure (ARF / renal shut 
down). 

Therefore, there is chance of renal failure in case of adrenaline or noradrenalin in cardiogenic shock, though it 
improves cardiac function. So, use of dopamine (not adrenal ine / noradrenal ine) in cardiogenic shock is more 
appropriate, rational, & justifiable. 

Q. Short note: Dopamine. (DU-I 5Ju, RU-091) 
Ans. Write in short general consideration, mode of action, indication, adverse effects from above. 

Q. Name the drugs used in the treatment of cardiogenic shock. (SU-07J) 
Q. Menti n some inotropic agents that can be used in circulatory shock. 
Ans 
Dr. I inotropic agents used in the treatment of cardiogenic shock 

I. Dopamine 
2. Dobutamine 
3. Adrenaline 

(Ref Rang-Dale-8th) 
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'q.i!ow Jo' y j ~anage a case of card iogcn ic shock? (RU- I 0.1) 

t\115
· ent of cardio enic shock: 

~1' \ Patient should be transferred & managed in coronary care unit (CCU) . . . 

2: Cardiotonic ~rugs: Dopamin~ &/or dobutaminc (mixed with normal saline) in continuo_us IV infusion. 
J. Use oflV flmd: Should be avoided (if edema/ congestion present) or should be used cautiously . 

4_ Continuous catheterization: To monitor urine output. . . 
S. Monitoring: Pulse, blood pressure, temperature, dehydration, urine output, resp1rat1on etc. 

6. Treatment of the underlying cause. 

Dobutamine 

Q. Mention the CVS effects of dobutamine. (DU-09J) 

~~s effects ~f ~obuta~ine: Effects of dobutamin~ on heart CP 1 e~fect) . . . 
I. Positive motrop1c effect: jForce of contraction. It has relatively greater motrop1c than chronotrop1c effect 

compared with isoproterenol. 
2. Positive chronotropic effect: jHeart rate 
3. Positive dromotropic effect: jConduction velocity 

Net result: Increased cardiac output --+ Increased blood pressure. 

Q. Short note: Dobutamine. (DU-1 lJu) 

Ans. 
Dobutamine: Dobutamine is a synthetic, direct-acting catecholamine. It was initially considered a relative ly P1-

selective agonist, but its actions are more complex. Its chemical structure resembles dopamine, but its actions are 
mediated mostly by activation of a and~ receptors. Clin ical preparations of dobutamine are a racemic mixture of 
(-)and(+) isomers, each with contrasting activity at a1 and a2 receptors. 

• The(+) isomer is a potent p1 agonist and a1 antagonist. 
• The(-) isomer is a potent a1 agonist. 

Indication / Therapeutic uses: 
I. Shock (with dopamine) 
2. Congestive heart fail ure (to increase cardiac output) 
3. For inotropic support after cardiac surgery. 

Adverse effects: 
I. Nausea 
2. Headache 
3. Angina pain 
4. Palpitation 
5. Shortness of breath 

Contraindication 
I . Hypertrophic obstructive cardiomyopathy 
2. Subaortic stenosis 

Q. Mention the role of dobutamine in the management of shock. (DU- I 3Ju, RU-I 4J) 
Ans. 

(Ref Katzung-JJ1'1!145) 

(Ref Lippincott 's-6th) 

Role of dobutamine in the management of shock: Dobutamine is used in comb ination with dopamine to 
increase cardiac output in congestive heart failure and cardiogenic shock. The drug increases cardiac output with 
little change in heart rate, and it does not significantly elevate oxygen demands of the myocardium - a major 
advantage over other sympathomimetic drugs. 

(Ref Lippincoll 's-6th) 
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Q. Compare dopamine with dobutamine. (CU-16Ju, l 5Ju) 
Ans. 
Comparison between dopamine and dobutamine: 

· ,Increase I neutral / decrease 
· ,No direct action .. May improve due 
' · to iin.· roved ·cardiac functi on. 

f· •, ··· Gar~iog,eni_c & _Sept!c sho_ck~ · / -~} -. · • Shock (with dopamine) 
·· ~ .~; s~ve'rt --t:oi1gestive :1car<liic failu're, • Congestive .heart fai lure (to 
; : , (CCli} . "'parficul~rly"· in . 'pa~{ent~ with ·increase car1iac outp.ut) 
~

1
; 61if Liriac'·,& '.low I ~1ormal µedph'eral • · For ipotr~pi~ 1~upport ,after 
. resistance. , . - ' cardiac sur0 er . 

lsoprenaline (Isoproterenol) 
Indication 

I. AV block 
2. Cardiac arrest 
3. Bronchial asthma 

Adverse effect 
I. Headache 
2. Dizziness 
3. Tachycardia 
4. Arrhythmia 
5. Sweating 
6. Flushing 
7. Tremor 
8. Diarrhea 

Contraindication 
I. Acute coronary disease, eg, angi na. 
2. Hyperthyroidism 
3. Liver congestion 

Q. Explain the hazards of isoprenaline in angina. 
Ans. 
Hazards of isoprenaline in angina 

• lsoprenaline - ~, effect -Increased heart rate & force of contraction - Increased myocardial oxyoen 
demand - Precipitate angina. 

0 

• lsoprenaline - ~ 2 effect - Vasodilation - Decreased BP - Decrease vi tal organ perfu sion 
Both the effects may lead to death . · 
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Xylometazoline and Oxymetazoline 

These drugs are direct-acting synthetic adrenergic agonist that stimulates both a
1

- and az- receptors. 

Indication: 
~pical decongestants in the eye or the nose because of their ability to cause vasoconstriction and 

decrease congestion. 

]Vlechanism of act_ion: _Oxymetazoline ~irectly stimulates a receptors on blood vessels supplying the nasal 
mucosa and the conJunct1va - vasoconstnction - Decreases blood flow - Decreases congestion. 

Adverse effects: Oxymetazoline is absorbed in the systemic circulation regardless of the route of admini stration 
and may produce-

). Nervousness 
2. Headaches 
3. Trouble sleeping. 
4. Burning of the nasal mucosa and sneezing (when administered in the nose) 
5. Rebound congestion is observed with long-term use. 

(Ref Lippincott 's-6th: Katzung-131"/J 45) 

Salbutamol / Albuterol 
According to INN, it is Salbutamol. It is Albutero/ according to USAN. 

e of administration: 
a. Inhalation: Salbutamol is usually given by the inhaled route for direct effect on bronchia l smooth 

muscle. I hm s usually achieved th rough a metered dose inhaler (MDI), nebul izer. 
b. Oral 
c. Intravenous 

2. Onset of action: Rapid. Bronchodilation is maximal within 15- 30 mi nutes. 
3. Duration of action: Short acting (3 - 4 hours). 
4. Large safety margin; no or less CVS and CNS effects. 
5. Resistant to COMT as it has a mod ification in catechol -OH group. 

Q. What are the indications of salbutamol. (CU-l 2Ju/J) 
Ans. 
Indications of salbutamol: 

I. Acute and chronic bronchia l asthma. 
2. Chronic obstructive pulmonary 1sease (COPD) 

Q. Outline the receptor mediated action ofsalbutamol. (CU-12Ju/J, SU-07Ju, RU-1 21) 
Q. Outline the mechanism of action of salmeterol . (SU- 13J , 10Ju/J,08Ju) 
Q. How p2 selective agonists (salbutamol / salmeterol) act? ( U-06S; RU-06J) 
Ans. 

Pharmacology-32 

(Ref Katzzmg- 13111/340) 
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of action of selective selective a ,onists salbutamol / salmeterol : Bronchial asthma is 
c a acterized by bronchoconstriction leading to severe respiratory di stress. Selective [32 agonist drugs 

albutamol / salmeterol) relieve asthma by producing bronchodilatation . 

l. p2 agonist drugs (salbutamol / salmeterol) bind with p2 receptor of bronchial smooth muscle 

! 
Relaxation of bronchial smooth muscle (bronchodilatation) 

! 
Quick relief of acute bronchoconstriction and asthma. 

(Ref Katzung-l 3'"1340) 

2. Acts on p
2 
receptor of mast cells - Decreased histamine rel~ase - Prevent bronchoconstriction . 

3. Inhibits release of leukotrienes (bronchoconstrictor) - Relief of asthma. 
4. Decreases microvascular permeability of lungs - No edema - Relief of asthma. 

ffit are the advantages of inhaled salbutamol? 
uss the beneficial role of salbutamol in bronchial asthma. (RU- l 3J, l 2J) 

. 
Advantages of inhaled salbutamol: 

I . Selective action on P2-receptor of bronchial smooth muscle. 
2. Rapid onset of action (within 1-5 minutes). 
3. Very low systemic absorption and so less / no CVS & CNS (tremor) adverse effects. 
4. Easy to use; even if can be used in office or during walking. 
5. Topical delivery (anatomical selectivity). 

Q. What are the toxicities of inhaled Pi-selective agonists? 
Ans. 

(Ref Goodman & Gilman 's-l 2th) 

Toxicities of inhaled P2-selective agonists : Owing to thei r Pi-receptor selectivity & topical delivery, th ey have 
relatively few side effects inc ludi ng irritation of the airway. A portion of inhaled drug is inevitably absorbed into 
the systemic circulation. At higher doses, they may lead to fo ll owing toxicities-

• CVS: Palp itation & arrhythmia. 
• CNS: Tremor, restlessness, insomnia, anxiety (CNS stimulatory effects). 

(Ref Goodman & Gilman 's -12th) 

Q. W~at are adverse effects of system ic Pi-selective agonists? (RU-06J) 
p._hat are ad verse effects of sal b ut~moJ? ( C U- I21 u/ J) . 

Adverse effects of system ic Drselect1ve agomsts: The adverse effects of ~2 ago111sts are greatly increased by 
administering the drug ora lly or parentera lly rather than by inhalation . 

I. CVS: 
• Tachycardia 
• Worsening of arrhythm ias or myocardia l ischemia. 

2. CNS: Tremor, restlessness, insomn ia, anxiety (CNS stimulation). 
3. Constipation 
4. Urinary retention 
5. Metabolic: 

• Glycogenolys is - Hyperglycemia 
• Gluconeogenesis - Hyperglycem ia 
• Hypokalemia 

(Ref Goodman & Gilman 's-12th) 
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Salmeterol 

?:# the role of salmeterol in bronchial asthma? (SU-09Ju,08J) 

~f salmeterol in Ion -term control of bronchial asthma: 
0 

I. Salmeterol and formoterol are long-acting ~2 agonists (LABA), providing bronchodilation for at least 12 
hours. 

2. Both salmeterol and formoterol have slower onsets of action and should not be used for quick reli ef of an 
acute asthma attack. 

3. LABA should be prescribed for routine administration. 
4. Because they have no anti-inflammatory action, they are not recommended as monotherapy for asthma. 
s. They interact with inhaled corticosteroids to improve asthma control. 
6. Whereas inhaled corticosteroids remain the long-term control drugs of choice in asthma, long-acting ~ 2 

agonists are considered to be useful adjunctive therapy for attaining asthma control. 
(Ref Lippincott 's-6th; Katzung-13'"1340) 

Q. Differentiate between salbutamol & salmeterol. (RU-12J) 

Ans. 
Difference between salbutamol, salmeterol & formeterol 

Short (2-6 hours) Lon (> 12 hours) 
Inhalation, Oral Inhalation Inhalation 

5. Use in asthma Acute attack Pro h laxis Pro h laxis 

a-methyl dopa and Clonidine 
Discussed in the CVS chapter under Antihypertensive drugs. 

Ephedrine 
Ephedrine is both an a. 1 and a.2, ~ 2 receptor agonist; in addition, it enhances release of norepinephrine from 
sympathetic neurons and therefore is a mixed-acting sympathomimetic dru g. 

Source: Ephedrine and pseudoephedrine are plant alkaloids (ephedra) that are now made synthetically. 
Route of administration: Oral , also injection. 
Absorption: Ephedrine has excellent absorption oral ly and penetrates into the CNS. 
Metabolism: Ephedrine is not catechols and are poor substrates for COMT and MAO; thus, these drugs have a 
long duration of action. 
Excretion: Urine. 
Tachyphylaxis: Produced 
Duration of action: Prolong 
CNS penetration: Can penetrate. 

Pharmacological actions: 
I. Increases systolic and diastolic blood pressures by vasoconstriction and cardiac stimulation. 
2. Bronchodilation 
3. Ephedrine enhances contractility and improves motor fun ction in myasthenia gravis . 
4. Mild stimulation of the CNS. This increases alertness, decreases fat igue, and prevents sleep. It also 

improves ath letic perfonnance. 
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Indication: The clinical use of ephedrine is declining due to the availability of better, more potent agents that 
cause fewer adverse effects. Ephedrine has been used to treat-

1. Asthma 
2. As a nasal decongestant (due to its local vasoconstrictor action) . 
3. Hypotension that may occur with spinal anesthesia. 
4. Complete heart block with Stokes Adams syndrome 
5. Depression 
6. Narcolepsy 
7. As mydriatics 

(Ref Lippincotl 's-6th,· Goodman & Gilman-I lh edition) 

Q. What are the adverse effects of ephedrine? 
Ans. 
Adverse effects of ephedrine: 

I . On CVS: 
• Hypertension, particularly after parenteral administration or with higher-than-recommended oral 

dosing. 
• Headache 
• Flushing 
• Arrhythmia 
• Angina! pai n 

2. On CNS: 
• Insomnia 
• Restlessness 
• Tremor 
• Dizziness 
• Talkativeness 

3. Tachyphylaxis: Gradual decrease of response due to repeated adm inistration of the same dose of a drug 
at very short interval is called tachyphylaxis. 

Phenylephrine 

Properties 

I. Phenylephrine is a direct-acting a-agonist that favors a 1 receptors over a
2 

receptors. 
2. It is a vasoconstrictor that raises both systolic and diastolic blood pressures. 
3. It has no effect on the heart itself but rather induces reflex bradycardia when given parenterally. 

Indication : 
I. As decongestant on the nasal mucosa 
2. As mydriatic in ophthalmic so lutions. 

3. Used to rai se blood pressure and to terminate episodes of supraventricular tachycardia. 

Adverse effect: Large doses can cause-
1. Hypertensive headache 
2. Cardiac irregu lariti es. 

(Ref Lippincou ',1·-6th; Katzung- ! 31"11./5) 
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. 
0 

tbe''cardiovascular effects of phcnylcphrinc. (SU- I I J) 
~1t'Jltt0 / ./ 

Q, ! . 
ws- . ll{cuJa'r ef~cct~ of phenylcph~inc . . . . . . , . . . 
· .. ,rJ•0" _/ lephnne is a vasoconstnctor (by acting on a

1 
receptors) that raises both systolic <tnd diastolic blood 

(" , Phen)' 
\. ressures. . . . . , , . ., 

p h 
5110 

effect on the heart ttselfbut rather mduces renex braclycarclta when given parcntc1cilly. 
z. It a (Ref Lippincott 's -6th) 

~ phetamine 

h tarnine, racemic b-phenylisopropylamine, has powerful / CNS stimulant a~, in addition to the 
Anl_P he ral a. and p actions common to indirect-acting sympathomimettc drugs. 
perIP e · ~/ 

. cu~~harmacological effects of Amphetamine. (SU-16Ju) 
Q 01s . fA h . 

• l:l ol · ical action o m etamme: 
Ph~~ : Amphetamine is a powerful CNS stimulant. The main results of an oral close of IO to 30 mg inclucle-
A- 1 .· Wakefulness 

2. Alertness 

3
_ Elevation of mood, with increased initiative, self-confidence, and ability to concentrate; 

4_ Elation and euphoria; 
5. Increase in motor and speech activities. 

6_ Performance of simple mental tasks is improved, but, although more work may be accomplished, the 
number of errors may increase. 

7. Physical performance- in athletes, for example, is improved, and the drug often is abused for this purpose. 
8. Prevents fatigue and sleep 
9. Decreases appetite. 
Io. Prolonged use or large doses causes depression and fatigue . 
JI. Many individuals given amphetamine experience headache, palpitation, di zziness, vasomotor 

disturbances, agitation, confusion, dysphoria, apprehension, delirium, or fatigue. 

8. Cardiovascular Responses. 
J. Increases both systolic and diastolic blood pressure. 
2. Heart rate often is reflexly slowed. 
3. Cardiac arrhythmias (with large doses) 

c. Respiration. Amphetamine stimulates the respiratory center, increas ing the rate and depth of respiration. 

D. Others-
1. /7a:ry retention 

Q. ~ are the clinical uses of amphetamine? (NTK) 
Ans. 
Therapeutic Uses of Amphetamine: Amphetamine is used chiefly for its CNS effects. 

I. Obesity: Dextroamphetamine with great r CNS action and less peripheral action, was used off- label for 
obesity (but no longer is approved for this purpose because of the ri sk of abuse) . 

2. Narcolepsy (characterized by hypersomnia) 
3. Attention-defic it/hyperactivity disorder. 
4. Minimal bra in dysfunction 
5. In fatigue to maintain wakeful state 
6. As analeptic in barbiturate poisoning 
7. In sport as abuse 
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Q. How does amphetamine produce anorcxient effect? 
Ans. 
Amphetamine produces anorcxient effect by the following way-

1. Central: 
a. Amphetamine - (-) lateral hypothalamic cen ter - Decreases food in ~ake. 
b. Amphetamine - Increases release of NA and dopamine-~ jMetabolism. 

2. Peripheral: 
a. L GIT motili ty. 
b. L GIT secretion. 

Note: Anorexient effect persists only for 2-3 weeks. 

Q. Why amphetamine is not used clinically? 
Ans. 
Amphetamine is not used clinically, because­

! . It causes euphoria. 
2. It causes more alertness and more mood. 
3. It decreases sleep. 
4. It may produce addiction. 

Nice to know 
Toxicity and Adverse Effects of Amphetamine: The acute toxic effects of amphetamine usually are extensions of 
its therapeutic actions, and as a rule result from overdosage. 

1. CNS: Restlessness, dizziness, tremor, hyperactive reflexes, talkativeness, tenseness, irritability, weakness, 
insomnia,fever, and sometimes euphoria. Confusion, aggressiveness, changes in libido, anxiety, delirium, 
paranoid hallucinations, panic states, and suicidal or homicidal tendencies occur, especially in mentally 
ill patients. 

2. CVS: Headache, chilliness, pallor or flush ing, palpitation, cardiac arrhythmias, angina! pain, 
hypertension or hypotension, and circulatory collapse. Excessive sweating occurs. 

3. GIT: Dry mouth, metallic taste, anorexia, nausea, vomiting, diarrhea, and abdominal cramps. 
4. P.5ychological dependence 
5. Tolerance 

Fatal poisoning usually terminates in convulsions and coma, and cerebral hemorrhages are the main 
pathological findings. 
The abuse of amphetamine as a means of overcoming sleepiness and of increasing energy and alertness should 

be discouraged. The drug should be used only under medical supervision. 

Contraindication 
1. Palpitation 
2. Arrhythmia 
3. HTN 
4. Angina 

Q. What is amphetamine psychosis? 
An s. 

(Ref Goodman & Gilman-12'11 edition) 

Amphc_tamine psychos!s: As amp_hetami ne block uptake I, there is increased secretion & decreased uptake of 
dop~mme by p_res~napt1c adrenerg1c nerve termi na l. So long-term or short term abuse of amphetam ine gives rise 
to visual halluc111at1011 as we ll as paranoid delusion in the sett ing of a clear sensoriurn and full orientation. 
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Q.Name some drugs that produce paradoxical effect. 

j\ J1S , • 

gs that produce paradoxical effect 
oru h . I h k' . h' \. Amp etamme----+ n yper met1c c tldren. 

2. Bromocriptine----+ In acromegaly. 
3. Thiazide ----+ In diabetes insipidus. 

Q. How does Adrenaline differ from Ephedrine? 

AJ1S. 
Differences between Adrenaline and Ephedrine 

--- Traits Adrenaline 
c-- Animal chromaffin tissue 1. Source 
2, Nature Neurohormone 
-3. Mode of action Direct 

4. Duration of action Short 
~5. Vasopressor effect More 

6. CNS action Less 
~7. Tachyphylaxis Does not produce 

8. Anorexient effect No 
9. Euphoria No 

Autonomic Pharmacology 

Ephedrine Arnohetarnine 
Plant ephedra Synthetic 
Alkaloid Synthetic 
Mixed Indirect 
Prolong Prolong 
Less Less than ephedrine 
More More than ephedrine 
Produce Produce 
No Yes 
No Yes 
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Adrenergic antagonists / Sympatholytic drugs 

Q. Classify adrenoceptor antagonists. (CU- 12Ju) 
Q. Name e adrenergic receptor blockers. (SU-06S) 
Q. Nam the sympatholytics. (SU-061) 
Q. at gorize the a-receptor blocking drugs. (DU-13Ju, CU-04M, RU- I 4Ju, I 3Ju, l OJu) 
Q C ssify sympatholytic drugs according to site of action. (CU-04S) 

n . 

ti-adrenergic or sympatholytic drugs: 

A. Receptor blockers 

I. a-blocker: a-blockers may be reversible or irreversi ble. 

Reversible a-blocker Irreversible a-blocker 

(binds with receptor with weak bond, eg, H bond, van (binds with receptor with strong covalent 

dar wallsforce) bond) 

a1blocker a~ blocker a1 and a2 blocker a1 and a.2 blocker . 
l,1>razosin IJf'olazoline ~ 1entolamine ,. vPhenoxybenzamine ; 

I 

/t'erazosin Yohimbine Dibenamine 

Doxazos in 
/ 

)t'amsulosin 

2. P-blocker: All ~ blockers are competitive blockers. 

Non-selective P-blocker Selective P-blocker 

(blocks either /J1 or /Jv blocks both (J , and (12 ardio-nonse ective 

P1 blocker rm 10se ec 1ve 

Atenolol 

ffisoprolol 

)Vletoprolol 
Acebutolol 

Alprenolol 

Esmolol 

etaxo lol 

eliprolol 

Nevivolol 

P, and /12 blocker 

, utoxamine Propranolol 

Tfmolol 
/ 

--Pindo!ol 

Nadolol 

Sotalol 

Carteolol 

Pcnbutolol 

(Ref Bennet & Brown-11' '; Katzung- 13' 'I 155) 
3. Mixed antagonists: a and p blocker: ~1 = ~2 2'. a 1 > a2 

,4/ Labetalol 
,. Carvedilol 

B. Neuron blockers 
• Centrally acting: f-btethyl Dopa, Clonidine 
• Peripherally acting: ;(eserpine, Guanethidine 

C. Ganglion blockers 
• Hexamethonium . / 

•/ Trimethaphan 
/ 

NB: Commonly used drugs are 
shown in BOLD. letters. · 

I 

\ 
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a-blockers 

. Explain the role of prazosin i_n hype~tension. (SU-0SJ) 
Q Enl /icr1ite the pharmacol~g1cal a~hon of prazosin. 
Q,ijfu fare the pharmacolog1cal actions of a-blockers? (SU-04/02M) 
Q, I 

At1
5
·1 anism of action/ role of prazosin in hypertensiou-

~1ec 1 · 
prazosin / a-blockers 

~ 

Autonomic Pharmacolo~y 

Blocks o receptor on aiteriole, pre-capillary sphincter, so noradrenaline cannot bind with that receptor 

JPhospholipase-C (PLC) 

JDAG & tfP3 & JCa2
+ influx :.-r-

Vasodilatation 
=-- l 

JPR C_f ~~N>-\ ~~ 1 .~"~ ) 

-7' 
l§E---

Pharmacological actions of a-blockers / Prazosin 

Miosis 
Diarrhea 
Failure of e·aculation 
Increased blood flow 
Relaxation 

Q. Lists clinical uses of a-blockers. (SU-09Ju) 
Q. What are the indications of a-receptor blockers? (DU-l 3Ju, RU-l 4Ju, l 3Ju, l lJ, CU-04M; SU-06J/S) 
Q. What r he clinical conditions where we can use Prazosin / selective a blockers? (DU-06S; CU-04M) 
Ans. 
I di 

I. 

2. Chronic I ypertension: a1-blockers (eg, prazosin) are effective in the treatment of mild to moderate 
systemic hypertension . But they are not usually recommended as monotherapy for hypeltension because 
other classes of antihyperte!]sives are more effective in preventing heart failure. 

~ Pheochromocytoma: Phenoxybenzamin; , 1 hentolamine. 

/_ ~---/ 4. Benign prostatic hypertrophy (to relax capsular smooth muscle that may contribute to urinary 

obstruction): Prazosin, terazosin, doxazosi~ tamsulosin, and Alfuzosin are all efficacious in patients with 

BPH. These drugs are particularly usefu l in patients who also have hypertension. 

5. Erectile dysfunction: Phentolamine may cause erection in men with erectile dysfunction. 

O Perip~eral vascular ~iseases (PY])): ~ayna~d;s phenci~[n~n' a~ ' oth~~onditions involving _excess ive 
reversible vasospasm m the pei"lpneral c1rculatton do benefit from prazosm or henoxybenzamme. 

7. To reverse the local vasoconstrictor effect of noradrenal ine (phentolamine). 
(Ref Katzung-JJ1'1!156-157) 

Pharmacology-33 -r- , 
~ ;!l~ ,~~\.. ............_ 
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Nice to know: Indications o(im/ividua/ drnf!.\'-

«-blockers Indications 
Prazosin /. Mild to moderate HTN 

') HTN in Phcochromocytoma 
HTN with RPI-I 

-V Chi ll blain (frost bite) 
Terazosin I . Hypertension -

2. Benign prostatic hyperp lasia (BPH) 
Doxazosin I. Hypertension -

2. Benign prostatic hyperplasia (BPH) 
Alfuzosin ~ Benign prostatic hyperplasia (BPH) 7 

Tamsulosin v( Benign prostatic hyperplasia (BPH) -

Tolazoline I. Peripheral vascular diseases, eg, Berger's disease -
Phenoxybenzamine I Pheochromocytoma. 

• Prior to surgical removal of the tumor, patients are treated with phenoxybenzamine to 
preclude the hypertensive crisis that can result ji·om manipulation of the tissue. 
This drug is also usejit! in the chronic management oj these tumors, part,cularly when • 
the catecholamine-secreting cells are dijji1se and, therefore, inoperable. 

/ Raynaud's disease. 
3. Autonomic hyperreflexia, which predisposes paraplegics to strokes, can be managed 

with phenoxybenzamine. 
Phentolamine 1. Short-term management of pheochromocytoma. 

2. Impotence (Erectile dysfunction) (now rarely used) 
Yohimbine 1. Orthostatic hypotension (because it promotes norepinephrine release through 

blockade ofpresynaptic a2 receptors.) 
2. Male erectile dysfunction (now pho.5phodiesterase-5 inhibitors like sildenafil are 

used) 
, lh Iii . . (Ref Lippincott s-6th; Katzung-13 1156-157, Goodman & Gdman-12 ed1t1on) 

Nice to know 

Erectile dysfunction: Sildenafi! and other cGMP pho.5phodiesterase inhibitors are drugs of choice for erectile 
dysfunction. 

(Ref Katzung-13 1h/158) 

/what a the ad verse effects o fa receptor blockers? ( C U-04 J; R U-1 4 Ju, S U-09 Ju, 06 S) 
Q. M f n the adverse effects of prazosin. (DU-I 3Ju) 
Ans 
A v se effects of a-rece tor blockers/ Prazosin : 

l . Cardiac: Postural hypotension, reflex tachycardia (they are less marked in prazosin) 
2. Eye: Miosis 
3. GIT: Diarrhoea, vomiting. 

4. Others: Ejaculatory fa ilure, nasal decongestion, flushing, headache, dizzi ness. 

Q. Describe 
Viva Q. 
An. 

e importance of use of prazocine at bed time. (CU- l 7M) 
at is first-dose effect? 

(Ref Goodman & Gilman ·s- 12th) 

F" -dose effect: The first dose of the a1 blocker drugs produces an exaggerated orthostatic hypotensive 
e~po?se that can result in sy,~cope (fai nting). This action, termed a first-dose effect, may be minimized by 

adJustmg the first dose to one-th ird or one-fourth of the normal dose and by givi ng the drug at bedtime. 

(Ref lippinco/1 's-6th) 
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~a Q. A 25 years old ,na~e patient ltas ~ome to you. wit It HTN. Can you prescribe him o h/oc:J,ers ~ _ 
-Ins . .Vo, I can 'I. Because ti ~a~ muse:\' eJaculatory failure although it 111ay heltJ ~, erection. So JJrrt::o.rn, ur other 

·/1._bfvcking drugs are contra111d1cated m young male patients. 

Q. What is postural hy~otension? What are drugs that cause postural hypotcnsion'! 
Q. Bricfl outline drug mduced postural hypotension. (CU- l 2J) 
Q. l{o,, will you prevent postural hypotension? 
~ te short note on: Postural hypotension. 

Ans. 
postural hvpotension: A steep fall in blood pressure due to stasis of blood in the peripheral circulation resulting 
~m sudden changes in posture (from lying to standing) is called postural hypotension . 

' 
***Or, A fall in BP of more than 20 mmHg (SBP) or more than 10 mmHg (DBP) 2 - 3 minutes after sudden 
change in postu e~from lying to standing is called postural hypotension. 

(Ref Davidson 's Medicine-2211
J edition) 

D~"Y".9°sing postural hypotension: 

a- blockers • Phenoxybenzamine 
• Phentolamine 
• Prazosin 
• Terazosin 

Ganglion blockers • Hexamethonium 
• Trimethaphan 

Adrenergic neuron blocker • a-methyl Dopa 
• Clonidine 
• Guanethid ine 

Ca2
+ channel blocker • Nifedipine 

TCA • Amitryptilline 
Vasodilator • GTN 

• Na-nitroprusside 
• Diazoxide 

ACE inhibitor • Captopril 

Prevention of postural hypotension: 
1. Starting the drug with 113 rd or I/4th of the normal dose & then gradually inc reasing to normal d se. 
2. Drugs at bed time with a usual dose. 
3. Dose should be increased gradually. 

(Ref Davidson 's Medicine-22"" edition , Lippi1·1 ·011 ·s-6th) 

Q. Explain postural hypotension after prazosin / a-receptor blocker administration. (CU- l SJ; U-04 I) 
Q. What is the mechanism of postural hypotension? 
Ans. 
Postural hypotension after prazosin / a-blocker administration: 

Prazos in administration to a hypertensive pt 

i 
Blocks a. 1-receptor on peripheral vessels & causes vasodilatation 

i 
BP goes back lo normal range (usual antihypertensivc effect or prazos in) 

i 
D~ , osture from lying to standing, barorcccptor retlcx-~n ~ I vasoconstriction fac ilitates 
venous return from the part of the body belm"I the level fthc l~~t. But aft er admin istration of a,-blocker, 
this vasoconstnct1on effect cannot take place and vasodilation per ists . 

. i 
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iYenous pooling of peripheral blood 

! 

~ ci\~ \ CU: ~ v--_ 

! Venous return 

! 
! Cardiac output 

! 
!BP (Hypotension) 

! 
Postural Hypotension 

cl ~,s+ - T~\.-~I' ~ ~ ·\ 
(.S '\J ,') , 

~ ~~~ tt-~ "'tu--

rA ~~½ - \~~ ~"~ 
c~-0~ 

~:~~ain reflex tachycardia after prazosin administration. 

~ x tachycardia after prazosin administration: 
Prazosin blocks a receptor 

! . 
BP goes back to normal range (usual antihype11ensive effects of prazosm) 

! . 
Upon standing up, sudden fa ll of blood pressure (postural hypotens ion) 

! 
Reflex activation of sympathetic nerves in an attempt to increase BP 

! 
Ad I NA try to bind with a 1 and p, receptor 
~ ' - ---

a, is already blocked - ~ceptor is activated 

! / ! 
Postural hypotension pers is s. jHeart rate 

/ ! 
\ Tachycardia (Reflex tachycardia). _ 

----- ------
) '_ ? c,_~--h.,. ,-._ \ l...\./ r,:\_,_ r-s~ \. "<'- ~ R-\ 

~rpare reflex tachycardia of prazosin with that of phenoxybenzamine. 

fl~ parison of reflex tachycardia by prazosin & phenoxybenzamine: Reflex tachycardia is more marked with 
agents that block ai-presynaptic receptors in the heart, as augmented release of NA will further stimu late P1 
receptors in the heart. 

(Ref Katzung- 13'1' edition) 
Explanation: 

Prazosin blocks a 1 receptor Phenoxybenzamine blocks both a 1 & a2 receptors 
! ! 

Refl ex tachycardia a ,-receptor blockade cause reflex tachycardia as usual and a2 receptor blockade 
on pre-synaptic nerve terminal inactivates negative feedback mechanism 

! 
jNA I Ad release from pre-synaptic nerve terminal 

! 
NA I Ad bind with P,-receptors on hea11 

j 
More increase of hea11 rate 

! 
More marked reflex tachvcardia than prazos in 

So, reflex tachycardia after non-selective blocker (phenoxybenzamine) administration is more marked than that of 
selective a-blocker (prazosin) adm inistration. 



241 Autonomic Ph armacology 

Q. rtdly assign reasons why prazosin, but not other a blockers arc preferred as antihypcrtcnsivc drug. 
·-/4.o·U-06M) 

Q( Why non-selective a-blockers are not used in HTN? 

Ans. 
prazosin, but ~ot other a blockers are preferred as antihypcrtensivc drug: 

. Prazosm blocks a1 receptor selectively. 
f )'ostural hypote~si?n ~ reflex ~achycardia is less marked amongst all a-blockers. 
Y, The nature of bmdmg 1s reversible & the action can be overcome easily if needed. 

(R4" Goodman-I 2th) 

Q. W 1a are the differences between Prazosin & Phenoxybenzamine? 
Q. e tion the difference between selective and non-selective a blocker. (SU-12Ju) 

An. 
· 'Differences between selective (prazosin) and non-selective (phenoxybenzamine): 

~ Traits Selective a blocker Non-selective a blocker 
(Prazosin) (Phenoxybenzamine) 

1. Receptor selectivity a.1 receptor only Both a. 1 & a.2 receptors 
2. Nature of bindinl! Reversible Irreversible 
3. Anta2:onism Competitive reversible Competitive irreversible 
4. Actions other than a-blockade Some antagonism of ACh No 
5. Reflex Tachycardia Less marked More marked 
6. Postural hypotension Less More than Prazosin 

Q. Explaiirt'.h { ole of Tams ulosi n in the treatment of benign enlargement of prostate. (RU-I OJ u, 09 J) 
Q, Tam~ ~; pref erred over p razosin in benign p rostatic hyperplasia- Explain. (RU- I J Ju) 
Ans. 
Role of Tamsulosin in the treatment of benign enlargement of prostate 

1. Tamsulosin relaxes capsular smooth muscle of prostate and thus relieves urinary obstruction. 

2. Tamsulosin has re latively minor effects on blood pressure at a low dose. This drug may be preferred in - - - ---
patients who have experienced orthostatic hypotension with other a. 1-blockers, eg, prazos in . ---- - . \~-Pt; ~;M;:\\.,~ (__ 

Q. Justify the use of Tamsulosin in a hypertensive patient with BPH. (CU-OSJ) ~ ~~~~'- · ~ 
Q. Which one is the drug of choice amongst a-blockers in HTN with BPH? , e,-.~ ~,.___ -t ~\:-. ... __ ..L 
Ans. . · ~ 
Drug of choice in HTN with BPH: Tamsulosi n 
Explanation: Tamsulosin is a competitive-a. I blocker. It has relatively greater potency in inhibitin g contraction in 
prostate smooth muscle versus vascular smooth muscle compared with other a. !-blockers. Furthermore, compared 
with other antagonists, tamsulosin has less effect on standing blood pressure in patients. 

(Ref Kat:ung- /31h! J5 5) 

~ note: Tamsulosin. (RU-I 6J) 
Ans. 
'Tamsulosin: 
Tarnsulosin is a competitive a. I antagonist. 
Bioavailability: High 
Half-life: 9- l 5 hours . 
Metabolism: Liver 

Indication: BPH 
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Adverse effects of Tamsulosin 
l. Ortjostatic hypotension 

1
1 creased risk of the intraoperative floppy iris syndrome (IFIS) in patients undergoing cataract surgery. 

(Ref' Katzung-13'"!155) 

· ,Q p m the role of phenoxybenzamine in pheochromoc toma? 
Ans. 
Role of phenoxybenzamine in pheochromocytoma: Pheochromocytoma is the tumor of the adrenal medulla & 
sympathetic neurons that secretes enormous quantities of catecholamine into the circulation. The usual 
manifestation is severe hypertension (HTN), palpitation, headache & excess sweating. 

The vast majority are treated surgically. However phenoxybenzamine is almost always used to treat the patient in 
preparations for surgery. Phenoxybenzamine controls episodes of severe HTN & other symptoms of 
catecholamine excess. 
The advantage of using phenoxybenzamine is its irreversible binding with a.-receptors. So, excess catecholamine 
cannot displace the phenoxybenzamine from a.-receptors. On t e ot 1er rnn , ue to reversible oinamg;-prazosin 
can ~d fi om a-receptors. So, Prazosin is inef ect1ve 111 ph~oc-hrnmocytoma-. ~ 

(Ref Katzung-13'hl f 56) 

P-rece tor blockin dru s . 

Q. Classify P blockers. (DU-17J,16J,l3J,12J, I IJ,09Ju; RU-08Ju, SU-1 IJ) 
Q. Categorize P-adrenoceptor blockers. (CU-17 J) 
Q. Name the cardio-selective beta-blockers. (DU-1 SJ,09/08J, RU-1 SJ) 
Q. How the p blockers are categorized? (SU-141) 
Ans. 
6-receptor blocking drugs: ~-blocker drugs are classified according to their receptor selectivity: 

• Butoxamine 

• Esmolol 
• Alprenolol 
• Betaxolol 
• Celiprolol 
• Nevivolol 

Mixed antagonists: a and p blocker: 
/1/ Labetalol 
/.2 . Carvedilol 

Non-selective P-blocker 
blocks both , and 2 ardio-nonselective) 

•,...Propranolol 
..rrimolol 
'. 'Pindolol 
• Nadolol 
• Sotalol 
• Carteolol 
• Penbutolol 

(Ref Bennet & Brown-/ l" ; Kot: ung- 1311/ /55) 
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According to generation: 

1. 1st gencn~_!ion P-blockcrs/ Canlio-nonsclcctivc jl-hlockcrs: Class ica l no11 -s1.:IL:ctivc ()-hlockcrs . Lg 
propranolol , ti1110lol, pinclolol, rn~clolol , sotalol. 

- . 

2. 2nd generation P-blockcr/ Cardioselcctivc j3-blockcrs: p I-selective drugs, cg, atcnolol, hi supro lol , 
metoprolol, acebt1t0To l, esmolol. -

,, 
j, 3rd generation non-selective B-blockers: ~-blocking drugs with additional _c1mliovascular act ions. 

NO production Pi-receptor a1-receptor Ca2
+ entry 

agonism antagonism blockade 
.• Celiprolol ,,..,.,.c eliprolol /earvedilol '!...-earvedil ol 
y Carteolol / Carteolol • Labetalol • Betaxolol 
• Nipradilo l 
• Bopindolol 

• Bopindolol • Nipradilol 

• Nebivolol 

4. 3rd generation Pl blockers/ Cardioselective P-blockers: 
/ . Betaxolol 
~ Celiprolol 

c. Nebivolol. 

I Beta Receptor Antagonists I 
I 

I I I 
Non-selective p1-selective Non-selective 

(Rrst Generation) (Second Generation) (Third Generation) 

• nadolol • acebutolol • carteolol 
• penbutolol • atenolol • carvedilo1· 
• pindolol • bisoprolol • bucindolol 
• propranolol •esmolol • labetalol" 
• timolol • metoprolol 
• sotalol 
• levobunolol 
• metipranolol 

Nice to know: 
• Cardioselective P-blockers: Block unly /J, receptor. 
·• Cardio-nonselective P-hlockers: Block both /J , and /32 receptors. 

K+ channel Antioxidant 
opening activit·v 
...----Ti I isolol • Carvecl ilol 

(Ref Goodman & Gilman 's-l 2th) 

I 
p1-selective 

(Third Generation) 

• betaxolol 
•celiprolol 
• nebivolol 

Q. Enlist the P-blockers with ISA (in trinsic sympathomimetic activity). (CU-1 61) 
Ans. 
P-blockers with ISA (intrinsic sympathomimetic activity) 

I. Acebutolol 
2. Pindolol 
3. Carteo lol 
4. Bopindolol 
5. Oxprenolol 
6. Celiprolol 
7. Penbutolol 

(Ref Kat:ung- 13'111162: Lippi11cuu·s-6111!102) 
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Nice to know: Explmwtiou 
l!.!.!.!.l!!!...ic .\)'mpatltomimetic activi~y (/SA) c/,arcu.:lt!ri::.e.1· a group <J/heta blockers that are ahle tu sti111ulute betu-udrf!n,aRfc 
receptors (a1:011isr e.tfect) and to oppose the stimulating e//ects of catecholamines (anlaK011i.1·t effect) in a competitive wuy 
Partial agonists are ligands that elicit a .rnb111axi111al response when hound to heta recepturs ut maximu/ occupancy. 

(Ref: lnterne/J 

,:tcebuto/ol aud indo I: A11t11go11isf.\' with partial aK011i.1·t 
A cebuwlol (/J I-selective blocR;,) and pindol~ (nonselective fJ-blo cke1) are nut pure amur;onists. These druY,s also have the 
ability to weakly stimulate both /JI and fJ2 receptors and are said lo have intrinsic .1ympathumimetic activity (!SA). These 
partial agonists s1i11111la1e the fJ receptor 10 which they are bound, yet they inhibit stimulation by the mure putent enduxenou.1 

catecholamines, epinephrine and norepinephrine. The re.rnlt o{these opposing actions is a diminished effect on cure/we ru1e 
and cardiac output compared to that oj/J-blockers without /SA. 

(Ref Lippinc:o /1 's-6'"; I U2; 

Q. What are the advantages of selective beta blockers over non-selective? (DU-I 0Ju,109/08J , RU- I SJ) 
Q. Why bisoprolol is preferred to propranolol in hypertension with asthma? (SU-14Ju) 
Ans. 
Advantages of cardioselective beta blockers over carclio-nonselectivc beta blockers: Cardiose lective beta 
blockers have some advantages over cardio-nonselective beta blockers. 0 :i- ~ e,.....,.-,.ev-d a.-,.,,,..,_,__ 

I. Cardioselective beta blockers have no nwantecl bronchoconstrictor effect of P2 receptors. Hence they 
are useful in hypertensive patients with impaired pulmonary function, eg, asthma, COPD . 

2. Because these drugs have less effect on peripheral vascu lar 0? receptors, co ness of extremi ty, a 
common side effect of p blocker therapy, is less frequent. -

3. These drugs are usefol in diabetic hypertensive patientswho are receiving insulin or oral hypoglycemic 
agen~. · 

~j uss the pharmacological effects of propranolol. (SU-l 6Ju) 

~acological effects of propranolol 

A. Effects on the Cardiovascular System 
• JHeart rate (negative chronotropy) 

• JForce of contraction (negative inotropy) 

(Ref Lippincott 's-6th) 

• JConduction veloc ity (negative dromotropy), eg, Slowed atrioventricular conduction. 

• Peripher~l resistance ---t initi a_J ly increases (acute effects), then fa ll s (after chronic drug adm inistration) 
• Antago111ze the re lease of ren111 by JG cell s of kid ney. 

Result: 

• 
• 

Beta-blockers given chron ically lower blood pressure in patients with hypertens ion . 
Do not usually cause hypotension in hea lthy individ ual s with nonnal blood pressure . 

B. Effects on the Respiratory Tract 

• Blockade of the P2 receptors in bronchia l smooth muscle may lead to an increase in ain ay resistance 
(bronchoconstriction), part icularly in patients with asthma. 

• Consequently, these drugs should generally be avo ided in patients with as thma. 

C. Effects on th e Eye 

• Red uce intraocu lar pressu re by decreas ing aqueous humor prod uction. 

D. Metabo lic and Endocrine Effects 
• In hibit lipolysis. 
• Glycogenolys is is parti ally in hibited alicr A - , · . bl k · · · · I' d d . . . ''2 recept o, oc ade. (P-blockers shou ld be used with cauuon 

in 111 su_ 111- epcn en t d1abet1c patients.) 
) 1 Chronic use of B-blockers ha been associated with­
_ 1/ Increased plasma VLDL-C 
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• 1 Decreased HD L-C 

/ . LDL-C generally do not change. 
~ ,, HDL-C/LDL-C ratio increases tl~at may increase the risk or coronary artery d iscase. 

/ , These changes tend to occur with both selective and nonselective B blockers, though they may be less 
likely to occur with B blockers possessing intrinsic sympathomimetic ac tivity (parti al agonists). 

E. Effects Not Related to Beta-Blockade 
• Partial B-agonist activity is desirable to prevent precipitation of asthma or excess ive bradyca rdia. 
, Local anesthetic action, also known as ''membrane-stabilizing" action, is a promi nen t effect of several B 

blockers. 
• Sotalol has marked class III antiarrhythmic effects, reflecting potassium channel blockade. 

(Ref' Kcttzung- l 3r11
/ 158-1 62) 

Q. Write dow the indications of P-aclrenoceptor blockers. (CU-17 J) 
Q. Wr' e wn the indications of Propranolol. (DU-15J,13J,12J,09Ju, RU-04S, CU-08J .05J, SU-06/04J) 

An 
In ications of propranolol: 

CVS 

Endocrine 

.CNS 

1. Hypertension • . <,. , . . . · • 1 

2. XHD (angina pectori~: u11stah1e ai1gina, MT) 
3. Cardiac arrhythmi~·s·(supra-ventricular & ventricular arrhyth111ias) 

· 4. Obstructive cardiorriyopathy · 
5. Dissecting aortic aneurysm 
6. Fallot' s tetraiogy 
7. Portal HTN arid eso ha ea! var ices 
J<' Hyperthyroidism 
·2:-- Pheochromocytoma 
3':' Cushin 's disease 

;·"L Migrai11e 1
- • c ·) ,· ic ·,\__::, 

.2. Acute alcohol and opioid withdrawal syndrome 
3. Anxie . For exam le, erforrnance anxie , (sta e fri ht). 

(Ref Katzung-13"/163-1 65; Goodman & Gilman 's-12th) 

Q. Write down the important clinical uses of Atenolol. (DU-07Ju) 
Q. Short note: Atenolol. (DU- I 4J) 
Ans. 
Indications of cardioselective P-blockcrs, cg, atenolol / Metoprolol / Aceb utolol / Bisoprolol 

I. !HD (angina pectori s, unstab le angina, Ml) 
2. Hype1tension . 
3. Arrhythm ias 
4. Heart fa ilure 

(Ref Kat::ung-13'1'/ J 63- 164: lippincutr 's-6th) 

Q. What ar ( ~ rse effects of p-blocking drugs? (CU-l 6J u,08J, RU- I 0Ju, SU -04M) 
Ans. ~ adve 

¥.ferse effects of ~-blocking drugs / propranolol: 

CVS adverse effects 

Phar rnacology-34 

• Bradycardia 
• Hypotension 
• Cardiac conduction abnorma lities (cardiac arrhythmias) 
• Co ld extremities due to decreased periphera l circulation. 
• Exercise into lerance (i 2 blockade im airs vasodilaLion in skeletal muscles 
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CNS advrrsc effects • Scdati,~n 

• Siccp ct isturb:rnce (Insomnia, Nightmares) 

- ~ ~ beprcssion 
• • Suicidal l.l'ntkncy (in case: of long term use) 

\---------+--------:-----:-
• Bronchm.:onstrict ion Others 
• Dys lipidae rnia 
• Pro longation of hypoglycemia 
• Sexual dysfun ction in men 

(Ref Kat211ng-JJ 1"!J65: CJoud111an & CJilmcm~ 

Q. Short note: Propranolol. (RU-I 7J) 
Ans. Write ji·om above discussion. 

Q. How does j>-b\ockers lower elevated blood pressure? (RU-I SJ) 
Q. How cardio-sele~tive ~ blocking drug lowers the BP? (DU-04M, CU-OSJ) 
Q. How d s atenolol lower BP? (DU-1 4Ju, 1 IJ , RU-09/08Ju) 
Q. J/s' · y the use of atenolol as anti-hypertensive. (SU-I SJ) 
At{ / 

hanism of action of j>-blockers / atenolol as an antihypcrtensive drug: 

· B-blockers / Atenolol B-blockers I Atenolol· 
! . ! . 

Blocks B
1
-receptors on heait Biocks B1-receptors on JG cells of kidney 

! . . ! 
! Heart rate & Force of contraction !Ren in secretion 

! ! 
Total inhibition of renin-angiotensin-aldosterone system 

, 

! Cardiac output 
! 

!Blood Pressure 
! 

Vasod ilatation 
! 

! Peripheral Resistance 
! 

!Blood Pressure 

Q. E{p1/n bronchospasm after propranolol therapy in asthmatic patient. (CU- I SJ) 
J /tify preference of bisoprolol to propranolol in asthamics. (SU-1 SJ u) 

'--1\ns . 
Role of propranolol / non-selective p blocker in asthmatic patient: Bronchial asthma is characterized by 
bronchoconstriction leading to severe respiratory di stress. 

Propranolol is a non-selective B blocker. It blocks B2 receptor of bronchial smooth muscle 

! 
Contraction of bronchial smooth musc le (bronchoconstriction / bronchospasm) 

! 
Aggravation of bronchial asthma. 

Role of bisoprolol in asthmatic patient: 

Bisoprolol is a ~1 se lective B-blocker. It does not block B2 receptor of bronchial smooth muscle 
! 

No contraction of bronch ial smooth muscle (no bronchoconstriction / bronchospasm) 
l 

No aggravation of bronchial asthma. 

This is why; bisopro lol is preferred to propranolo l in asthmatic patient. 
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Q. Write down t~1e mechanism of action of proprnnolol. (DlJ-09.lu) 
Q. xpluin hmv proprnnolol reducrs blood pressure. (DU- 17.1) 
Q. How a non-selective P blocker lowers the BP'! (CU-OJS; RU04.I ) 

1\llS 
~ cchanism of action of proprnnolol as an antihypcrtensivc drug: 

Propranolol Propranolol · 
l l 

Bl k Bi-receptors on heart Blocks ~1-receptors on JG ce ll s of kidney 
t 

l' 
Hean rate & Force of contraction 

1 
!Cardiac output 

tRen in secretion 
t 

I Total inhibition of ren in-angiotensin-aldosterone system 
1 

!Blood Pressure 

Blocks pre-synaptic ~rreceptor 
1 

1 
Vasodilatation 

1 
!Peripheral Resistance 

1 
!Blood Pressure 

Blocks ~2-receptor ofVMC 
1 

Negative feedback regulation / Autoregulation !Sympathetic & t Parasympathetic discharge 
1 1 ' 

!Release of adrenaline/NA from nerve Vasodi1atation & !Cardiac output 
terminal 

1 
!Blood Pressure 

Q. How to withdraw p blockers? 
Ans. 

1 
!Blood Pressure. 

B blocker withdraw phenomenon: ~ blocker should be withdrawn slowly. Sudden withdrawal of~ blockers 
causes severe rebound hypertension which may be dangerous. ---

Chronic administration of~ blockers fo r hypertension resu lts in up-regulation of p1 receptor. 

1 
Sudden withdrawal of~ blockers. 

t 
Endogenous catecho lamine now can act on more ~1 receptor than previous. 

i 
Severe hypertension 

B blocker withdraw phenomenon is more prominent in ~1 selective and least for drugs having iparti al agonist 
property. 

How to withdraw p blockers: Reduce the dose over 10-14 days and then withdraw it. 

Q. Wiht ~·s h · ole of p blockers in angina/MI'? 
Q. Justi e use of atenolol as an ti-angi nal. ( U- l SJ) 
Q E .a·n the anti-angina! effects of propranolol. (DU- I 6J) 
Ans. 
Role of p blockers (propranolol, atenolol) in angina / MI: 

1. They reduce the severi ty and frequency of angina! attack. 
2. They improve exercise tolerance in many patients with angina. 



Bl . Ti\ l Ph I 248 ueprmt armaco og)' 
. ., . . · · 1 Ml L ,g-term use or timolol, propranolol, or mctop--........l 3. They are µart,cularly elfec t, vc 111 pati ent wit 1 · 01 ro 01 

in 1~ tients who have had a Ml pro longs survival. . . . 
r · . h ·cise durati on and tole, ance. 4. V/hcn combined with nitra te, they increase t e exei 

I I 

M~c~anism of anti-angina) action of p-blockcrs 

' p blockers block p1 receptors on heart 

1 
1I-IR and fo rce of contraction 

1 
1 Cardiac work 

! 
Reduction of cardiac 02 demand 

1 
Relief of angina! pain . (Ref Katzung-13°1/ /63) 

Q. When the use of p-blockers in a patient with angina or MI is contraindicated? 

Ans d · I · f; · 
Rel~tive contraindications of p-blockers: p-blockers are strongly indicated in acute myocar ia In arction (Ml). 

But they are relative ly contraindicated in a pt. of MI with-
l. Bradycardia 
2. Hypotension 
3. Moderate or severe left ventricular failure 
4. Shock 
5. Heart block 
6. Active airways disease. 

(Ref Katzung- l 3thl163-164) 

Q. What is role of p blocker in heart failure? 
Q. Explai9- the role of carvedilol on cardiac disease. (S U-12J u) 
Q~Disc i s the role of p adrenoceptor antagonis_ts in cardiovascular diseases. (CU-I 2Ju) 
Ans 
R of D blocker in heart fa ilure: 

i'7 I. At least three p blockers-metoprolol, bisoprolol, and carvedilol- are effective in reducing mortality 
in selected patients with chronic heart failure. 

2. Although administration of these drugs may worsen acute congestive heart failure, cautious long-term 
use with gradual dose increments in patients who to lerate them may prolong life. 

3. Although mechanisms are unce,tain, there appear to be benefic ial effects on myocardial remodeling and 
in decreasing the risk of sudden death. 

(Ref Katzung-13'"! J 64) 

a the roles of P-blockers_/ Propranolol in hyperthyroidism? (SU- 12Ju) 

-blockers/ Propranolol in hyperthyroidism: 
I. ~ blockers control many of the CVS sign & symptoms caused by hyperthyro idism & th us are useful 
" adjuvant to more definitive therapykj/ - - -
2. Inhi bit peripheral conversion of T4 into T3 --:._! T3 in tissue level - less activity by T

3 
3. ~-blo~k~rs reduce sympathetic discha~ge from VMC & pre-synaptic nerve terminal (i n hyperthyroidism 

there 1s mcreased sympathetic activity). 

. . (Ref Goodman & Gilman 's- l 2th) 
Cau~i~n of usmg :_ It should be used cautiously in patien t with supra-ventricular tachycardia (SVT) that often 
prec1p1tate heart failure . 

( Ref Katzung- 1311,/ 164) 

f). ,-l '[) ), 

G c' \ c ~ 
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/4ntion the mechanism of action of timolol in glaucoma. (RU-05M) 
Q. jfl 

An5i ~ blocker (Timolol) in glaucoma: 
~locker (Timolol) 

! . f 
Reduces the formation ° aqueous humor from the cilliary body 

! 
!Intra ocular pressure (IOP) 

! .. 
Improves the cond1t1on of glaucoma 

dvantage of Timolol over other P-blockcrs: 
A l. It has no membrane stabilizing activity, ie, it has no local anesthetic effect. 

Autonomic Pharmacolo~y 

(Ref Kutzung-1 J°'I l 64) 

2. It has no intrinsic sympathomimetic activity, ie, it is a true antagonist. So, it is more efficacious 111 

reducing IOP 

Q. What are the adverse effects of Timolol? (RU-03S) 

Ans . . . 
Adverse effects of Timolol: As Timolol is used topically (in glaucoma), so there is less chance of systemic 
;i°verse effects. If it absorbs sufficiently in the systemic circulation, then it causes systemic ad verse effects, eg, 

\

• CVS: Bradycardia, hypotension, palpitation, cold extremities 
• CNS: Sedation, sleep disturbance, depress ion. 
• Other: Bronchoconstriction 

(R~l Katzung-l 3'hl l65) 

Q. Write Jl~hc contraindications of Propranolol. (OU-I SJ , I 3J, I 2J ,09Ju) 
Q. W~ are the contraindications of p2 blockers / Propranolol / Atcnolol? (DU-07Ju; SU-073u) 

A~ 
Contraindications of p2 blockers / Propranolol / Atcnolol: 

I. Hype11ension is a common ind ica ti on of ~-blocker therapy. But pati ents of hypertension wi th fo ll owing 
co-morbidity should not be given ~-blocker-

a. bradycardia 
b. heart bloc k 
c. bronchia l asthma 
d. acute heart failure 
e. peripheral vasc ular diseases (eg, Rayna ud's phenomenon) 
f. diabetes in pt. who rece ives ins ulin 

2. Hyperl ipidemia 
3. Pulmonary hype11ension. 
4. After pro long fast ing. 

(Ref Kat:ung- 13'hl 16./-1 65) 
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Q. Compare propranolol and atenolol. (SU- I 5J) 
Q. Differentiat • etween propranolol and atcnolol. 
Ans. 
Diffo en ·e between propranolol and atcnolol 

Present" :, ~ 
: • I 

Q. Why P-blockers are contra-indicated in diabetic pt. gettin insulin? 

htrnare 

Less 
Low 
55% 
5-8 hr 
Cannot cross 
No action 
Does not otentiate 
No effect 
Can be used 

Not common 
Not used 
Absent 

Ans . --- ---- --~ 
P-blockers are contra-indicated in diabetic pt. getting insulin: The common adverse effect of insulin therapy 
in diabetic patient is hypoglycemia. Hypoglycemia stimulates both sympathetic and parasympathet ic activity and 
produces signs of both types of autonomic nerves . The patients can understand that he is going to hypoglycemia 
by these signs and symptoms: 

Due to sympathetic over-activity • Palpitation 

• Tachycardia 
• Anxiety 

• Tremor 
Due to parasympathetic over-activity ~. Sweating 

• Hunger pain 
• Nausea 

So, the pt. increases hi s blood glucose leve l by taking biscuits, cake etc . at that time. If the diabeti pt. getting 
insu lin c?nsumes B-blocker, t~e sis of sympa_th~ c over-activity do not appear except sweating. So~rhe diabetic 
~t. rem~ ns_t_111a~are a~out h,s hypogly~em1a:2-ry;toreover P-blocker itse lf lowers blood glucose b , inhib,ung 
g ~~o!enolys,s. So protound irpogly~rna resufis and the patient suddenly fa! I down & may go ro coma be ore 
ta1:mg any compensatory management. ---

So, in case of diabetic pt. getting insulin, P-blocker should be avoided . But if one must to choo e P-blocker. one 
should prescri be selective P-blocker, atenolol, havi ng no CNS effect and no P-blocker effect in Ii er. 

' ;Y .. 

I/ 

, I 

·) I, r , , ( 

r 

f" 
I 

T, ' 

{,,.,,-, 

I C 
f 

) ' ' 

( <.. , .t.,, ..I 

( Ref Kat:: ung-1 J'h I 66; 
3; ........ ( 1 ,-,·, I\.·"'"" __ , ·- 1 

·1 r l 



251 - Autonomic Pharmacology 

MCQ 

Q. Drugs w ith miud a a nd f3 a ntago nis t ac tiv ity 
a re- (DU - l 7M) 
a) prazosin 
b) labeta lo l 
c) ate no lo l 
d) ca rved ilo l 
e) propranolol 

a. -F, b.-T, c. -F, d. - T, e. -F 

Q. Prnpranolol lowers blood pressure by- (DU­
l 7M) 
a) blocking f3 - receptor 
b) diuresis 

c) blocking a receptor 
d) reducing renin secretio n 
e) decreasing ca rdiac output 

a. - T, b.-F, c. -F, d. - T, e.-T 

Q. Atropine causes- (DU-17 J) 
a) miosi s 
b) mydriasis 
c) tachycardia 
d) bronchoconstriction 
e) increased lacrimat ion 

a.-F, b.-T, c .-T, d.-F, e. -F 

Q. Catecholamines comprise of- (DU-171) 
a. ephedrine 
b. adrenaline 
c . no r-adrenaline 
d . histamine 
e. dobuta mine 

a.-F, b.-T, c.-T, d. -F, e. -F 

Q. Features of OPC poisoning are- (DU-1 7 J) 
a. increased lac rimati o n 
b. bradycardi a 
c. m1os1s 
d. decreased sweating 
e . decreased sali vation 

a.- T, b. - T, c. - T, d.-F, e.-F 

Q. Propranolol- ( DU- l 6J ) 
a) is a non select ive 8 blocke r 
b) is lipid so luble 
c) ca uses direc t pe ripheral vasodi latat io n 
d) is used in m igra ine prophy lax is 
e) causes bronc hod il atation 

a. T, b. T. c. F, d. T. e. F 

Q. Followin g d rugs arc selec tive f3 - bloc kcrs­
(DU - I 5J u) 
a. pro pran o lo l 
b . mctopro lo l 
c . ph en to la rn inc 
d. prazos in 
e . a teno lo l 

a. F, b . 7; c. F, d. F , l-'. T 

Q. Stimulation of cholinergic sys tem ca uses­
(DU- I 4Ju) 
a . in traoc u lar pressure to ri se 
b. sweating 
c . tachycardi a 
d . redu ced gut motili ty 
e . urina ry incontinence 

a. F, b. T, c. F, d. F, e. T 

Q. fl-blockers are contraindicated in- (DU- l 4Ju) 
a . bronchi a l asthma 
b. heart fa ilure 
c . hypothy roidi sm 
d . m igra ine 
e. dia betes mel litus 

a. T, b. T. c. F, d. F, e. T 

Q. Remedies fo r nasal stuffiness often contain 
fo llowing drugs: (CU - 14Ju) 
a) A lbuterol. 
b) Atropine 
c) Epinephrine 
d) N orepinephrine. 
e) Phenylephrine. 

a. F, b . F, c. T, d. F. e. T 

Q. The systemic s ide effects of Pilocarpine 
include: (CU-14Ju) 
a) Constipation 
b) Excessive sweating 
c) Urinary urgency 
d) Bronchial spasm 
e) Dry mouth. 

a. F, b. T, c. T, d. T, e. F 

Q. The fo llowings are f3 blockers- (DU - 14J) 
a . proprano lo l 
b. ateno lo l 
c. tams ulos in 
d . nado lo l 
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e. prazosm 
a. T, b. T. c. F, d. T, e. F 

Q. Features of OPC poisoning are- (DU- I 4J) 
a. increased lacrimation 
b. bradycardia 
C. 11110SIS 

d. constipation 
e. decreased salivation. 

a. T, b. T, c. T, d. F, e. F 

Q. Adverse effects of salbutamol include- (DU­
I 4J) 
a. postural hypotension 
b. palpitations 
c. tremor 
d. edema 
e. hyperkalemia. 

a. F, b. T, c. T, d. F, e. F 

Q. Rocuronium- (DU-1 3Ju) 

a. is a synthetic steroid derivatives. 
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b. produce full neuromuscular blockade within 
3 minutes. 

c. causes hepatic necrosis. 
d. is a powerful histamine releaser. 
e. potent inducer of hepatic microsomal 

enzyme. 
a. T, b. T, c. F, d. F. e. ? F 

Q. Competitive neuromuscular blocking drugs 
are- (DU- 13J) 
a. atracurium. 
b. m1vacunum. 
c. suxamethonium. 
d. tubocurarine. 
e. baclofen . 

a. [, b. T, c. F, d. 7; e. F 

Q. Features of OPC poisoning include- (DU- l 3.J ) 
a. increased bronchial secretion. 
b. tachycardia. 
c. m1os1s. 
d. constipation. 
e. urinary urgency. 

a. T, b. F, c. T, d. F, e. T 

Q. Atropine causes- (DU- 13J) 
a. cycloplegia. 
b. bradycard ia. 
c. decrease intraocular pressure. 

d. urinary retention. 
e. bronchocl ilatation. 

a. T, h. F, c. F, d. 1: e. T 

Q. Stimulation of bcta-2 receptor causes- (SU. 
13J) 
a. Bronchodilatation 
b. Vasoconstriction 
c. Glycogenolysis in liver 
d. Increase blood pressure 
e. Relaxation of grav id uterus 

a. Y: b. F, c:. T, d. F, e. T 

Q. Catecholamines arc:- (SU- I 3J) 
a) Adrenaline 
b) Ephedrine 
c) Dopamine 
d) [soprenaline 
e) Salbutamol 

a. T, b. F, c. 7'. d. T, e. F 

Q. Atenolol is indicated- (SU- 13J) 
a) Migraine prophylaxis 
b) Arrhythmia 
c) Anxiety neurosis 
d) Hyperthyroidism 
e) Hypertension 

a. F, b. T, c. F, d. F, e. T 

Q. Pancuronium- (DU- 12/ 1 IJu) 
a. Is a synthetic agent. (T) 
b. Is steroidal in nature. (T) 
c. Is more potent than tubocurarine. (T) 
d. Causes bradycardia. (F) 
e. Releases histamine. (F) 

Q. Following are Pl selective antagonists- (DU­
I 2Ju) 
a. Propranolol (F) 
b. Doxazoci n (F) 
c. Ce liprolol (?) 
d. Phentolamine (F) 
e. Bisoprolol (T) 

Q. Poisoning by OPC causes- (DU- I 2J) 
a. Increasing bronchial secretion . (T) 
b. Constipation (F) 
c. Miosis (T) 
cl. Tachycardia (F) 
e. Convulsion (T) 
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Q, n< Annphylactic shock. (T) 

c1. Is h--mic h art disease. (F) 
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b. 1 lypertension ( F) 
Status asthmaticus (T) 

~: In combination ·with local anesthetics. (T) 

Following drugs arc sclcctiVl' beta blockcrs-
Q. (OU-12J) 

3
_ Propranolol (F) 

b. Meroprolol (T) 

Q. 

Q. 

. Phentolamine (F) c. 
d. Prazosin (F) 
e. Atenolol (T) 

Adverse effects of salmeterol include- (DU-
I 2J) 
a. Tremor (T) 

b. Palpitations (T) 

C. Hyperkalemia (F) 
d. Interstitial nephritis. (F) 

e. Seizure (F) 

Catecholamine comprises- (DU- l 2J) 
a. Ephedrine (F) 

b. Noradrenal ine (T) 

C. Adrenaline (T) 

d. Dobutamine (T) 

e. Salbutamol (F) 

Q. Features of OPC poisoning are- (DU- I ]Ju) 
a. Increased bronchial secretion. (T) 
b. Tachycard ia (F) 
c. Miosis (T) 
d. Constipation (F) 
e. Urinary urgency (T) 

Q. Competitive NMJ blockers- (DU-1 l J) 
a. Atracurium (T) 
b. Mivacurium (T) 
c. Sux.amethonium (F) 
d. Tubocurarine (T) 
e. Baclofen (F) 

Q. Adrenaline is indicated in- (DU-11 J) 
a. Anaphylactic shock (T) 
b. IH D (F) 
c. HTN (F) 
d. Status asthmaticus (T) 
e. In combinat ion w ith local anesthetic (T) 

l'harmacology-3-l - A 

Autonomic Pharmacology 
Q. P2-blocl<crs arc present in- (DU- I IJ) 

a. I lea rt ( F) 
b . .1 0 ce lls or kidney (F) 
c. Dilator pupillal! musc le (T) 
d. Bronchus (T) 
e. Liver (T) 

Q. Acctylcholinc- (DU- I OJu) 
a. is released f'rom prega 11glionic sympathetic 

neurons (T) 
b. is synthes ized in ad renal med ulla (F) 
c. causes tachycardia (F) 
d. causes bronchospasm Cf) 
e. is metabolized by MAO (F) 

Q. Atropine causes- (DU- I OJ) 
a. cycloplegia (T) 
b. bradycardia (F) 
C. decrease of intraocular pressure (F) 
cl. urinary retention (T) 
e. bronchod i latation (T) 

Q. The followings are p1 selective antagonists-
(DU-1 OJ) 
a. dobutamine (F) 
b. atenolol (T) 
C. propranolol (F) 
d. phenoxybenzam ine ( F) 
e. metoprolol (T) 

Q. Dopamine- (DU-I OJu) 
a. Is a catecholamine (T) 
b. Causes vasodilatation in viscera (T) 
c. Enhances prolactin release(?) 
d. Produces EPS if concentration is decreased 

in basal ganglia. (T) 
e. Causes Psychosis if concentration is 

decreased in li mb ic system (F) 
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Forma~ion of aq~~ous humour: The aqueous humour is formed by active process and by diffusion from the 
capillaries of the cI11ary processes. 

Circulatio~ of aque~us humour: Ciliary process - Posterior chamber of eye - Through pupil - Anter ior 
chamber ot eye - lndocorneal angle - Canal of Schlemn - Episcleral vein - Aqueous vein - Ophthalmic 
vein. 

Canal of Schlemm 

Ciliary epithelium (~) 

Ciliary muscle (M) 

Fig. Formation & circulation of aqueous humour. 

Intraocular pressure: lntraocular pressure (!OP) is the fluid pressure of the aqueous humor inside the eye. 
Normal intra-ocular pressure: About l 5-20 mm of Hg. 

Q. Mention the clinical importance of Canal of Schlemn. (CU-l SJu) 
Ans. 
Clinical importance of Canal of Schlemn: Obstruction of canal of Schelmm leads to interference with the 
dra inage of the aqueous humour. This increases [OP, result ing in glaucoma. 

Glaucoma 
Glaucoma : Glaucoma is a neurodegenerative di sease of the optic nerve caused by a gro up of ocular conditions 
which lead to optic nerve damage and eventual visual fie ld loss. It is frequently but not in va riab ly assoc iated with 
raised intraocular pressure. 

(Ref Kanski-6th/382 + Parsons-20th/270) 
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Diagnostic criteria ot· 0 lau · A t f I f' II · · -. . s coma. ny woo t 1e o ow111gs are diagnosed as glaucoma-
\. Raised mtra-ocular pressure (measured by tonometer). 
2. Structural damage: Cupping of optic disc (measured by ophthalmoscope). 
3. Functional damage: Changes in the visual field and visual acuity (measured by automated pcrimertry). 

Causes of raised intraocular pressure (IOP): 
I. Over-production of aqueous humour, or 
2. Interference with the drainage of the aqueous humour into canal of Schei mm, or 
3. Com bination of both. 

Types of glaucoma: Two major types of glaucoma are recognized : 
l. Closed-angle (or narrow-angle) glaucoma: The closed-angle form is associated with a sha llow anterior 

chamber, in which a dilated iris can occlude the outflow drainage pathway at the angle between the 
cornea and the ci liary body. This form is associated with acute and painful increases of pressure, which 
must be contro ll ed on an emergency basis with drugs or prevented by surgical removal of part of the iris 
( iridectomy). 

2. Open-angle glaucoma: The open-angle form of glaucoma is a chronic condition, and treatment is largely 
phannacologic. Because intraocular pressure is a fu nction of the balance between fluid input and drainage 
out of the globe, the strategies for the treatment of open-angle glaucoma fa ll into two classes: 

• Reduction of aqueous humor secretion and 
• Enhancement of aq ueous out-flow. 

Q. Categorize drugs used in the management of glaucoma. (CU- l3Ju,12J,10Ju) 
Q. Name the drugs used to treat glaucoma. (DU-16Ju, 11 Ju, l 0Ju, RU- l 2Ju,08J, SU-I OJ) 
Q. Name the drugs for glaucoma with their mechanism of action. (DU-l 7M, 11 Ju ,09J , CU-07.lu , RU-

06/0SM) 
Q. Name five drugs used to treat glaucoma. (DU-l 5Ju) 
Q. Mention the pharmacotherapy of acute painful glaucoma. (CU-l 5Ju) 
Ans. 
Drugs for glaucoma: Five genera l gro ups of drugs have been fo und to be useful in reducing intraocular pressure. 
Of the five drug groups, the prostaglandin analogs and the ~-b lockers are the most popular. 

Groups' .:t;~J I· _.,,; . Name of drugs·\~:j,£li.·f ~i~i¥~~~~~~f'*~~\'1Vlechanasnfofaction' I • ' ·,' ·'"'·~~· ·. ~ 

Cholinomimetic • Pilocarpine Cill iary muscle contraction - Opening of trabecu lar 
• Carbachol mesh work - jOutflow of aqueous humor. 

• Physostigmine 
• Echothiophate 
• Demecarium 

u-agonists Non-selective: jOuttlow of aqueous humor. 
• Epinephrine 
• Dipivefri n 
az-Selective: lAqueous humor secre tion 
• Apraclon idine 
• Brimonidine 

~ blockers. • Tirnolol Red uces formation of aqueous humour - l lOP 
• Betaxo lol 
• Carteolol 
• Levobunolol 
• Metipranolol 
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})iurcttc~ • Dorzolnmick JAqut.:011s humor s~crc.: li ~l-,-1 d11c 10 ~1ck u""f 11( '()1• • 

(Carbo nu: • Brim.ulamide 
auhydrasc • Acct:izola111ide 
inhibitors) • Mc1hazola111idc 

• Dichlorplicnamick 

-·-- ·----- r • Latanoprost -- - ---·-
prostaglaIH rns fOuttlow or aqueous humor 

• Bimatoprost 
• Travoprost 
• Unoprostone 

c---
1/ 1/1 ' ' (Ref: Kat:::ung- 13 1162. l uhle. /0-J) 

Q. Name the drugs used in glaucoma. (DU-l 4Ju) 
Q. Categorize anti-glaucoma drugs according to their mechanism of action . (CU-09Ju,07J) 
Q. Enlist the drugs that can influence aqueous humor drainage. (CU-l 5Ju) 
Ans. 
Anti-glaucoma drugs according to their mechanism of action: 

1. Anti-glaucoma drugs that act by increasing • Cholinomimetic drugs 
aqueous humor outflow • Non-selective a-agonists 

• Prostagland ins 
2. Anti-glaucoma drugs that act by decreasing • B-Blockers 

aqueous secretion • Diuretics (Carbonic anhydrase inh ibitors) 
• Selective a2-agon ists 

//1 (Ref: Katzzmg-13 1162, Table. 10-3) 

Q. Compare the role of anti-glaucoma drugs in reducing intra-ocular pressure. (RU-12.Ju) 
Q. List the drugs that can be used to treat glaucoma. Compare the listed drugs in brief. (S U-1 OJ) 
Q. Write the role of pilocarpine in glaucoma. (CU-13Ju, RU-1 6Ju) 
Ans. 
Comparison of anti-glaucoma drugs: 

. , T ""'•ts ~:..,,,,r''l ''1;(:· p·f ,l", ,;,:.· • • -!C ~~li"'!I i 11"~t'.irr•·'' ,,",ldl'''~tt' ' ·1 •',<'l f '··' t' ,I,\,, ...,~., , •• d'·'~ 'IW~ijJ'.r·t ,;:· .h .!c, ,•/,, ~ ~."·i\tt11.r1 raa . ,~;~,r:.i;, ,>.JP.:· 1 ocarpme,1~i11;1,~ ~ j1l1) ~ uno ~ ,, ?i\!l?t, ~1i-)~1· ~e 'llO ama e •Ji : : l.l, • , · ;i anopros .· 
1. Group Directly acting Non-selective B- Low-efficacy . Prostaglandin analogue 

cholinergic drug receptor blocker diuretics 

2. Mechanism of Contracts cill iary Reduces fo rmation Inhibit carbonic j Outflow of aqueous 
action muscle - opening of aqueous humour anhydrase enzyme humour via uveo-scleral 

of !Tabecular -!IOP -> ! secretion of pathway. 
meshwork aqueous humour 
-t j outflow of -> ! !OP 
aqueous humour -> 
! IOP. 

3. Use in acute Used very Can be used Can be used Less effective in acute 
angle closure effectively case. Used in POAG 
glaucoma 

4. Adverse l. Bronchospasm 1. Bradycardia 1. Metabolic 1. Nausea 
effects 2. Bradycard ia 2. Hypotension acidosis 2. Vomiting 

3. Diarrhoea 3. Palpitation 2. Hypokalemia 
,, 
J, Diarrhea 

4. Urinary urgency 4. Cold extremities 3. Paraesthesia 4. Flushing 
5. Sweating & 5. Sedation 4. CNS 5. Braclycard ia 

salivation 6. Sleep disturbance depression 6. Hypotension , 
6. Tremor 7. Depression 7. Bronchospasrn 

8. Bronchospasm 8. Irregular 
menstruation 
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Q. Give the mechanism of action of Brinzolamide. (DU-1 SJu) 
Ans. Brinzolamide----> Inhibit carbonic anhydrase enzyme----> !secretion of aq ueous humou r - • 110P 

Q. Compare Physostigmine and Acetazolamide. (CU-I I J) 
Ans. 
Comparison between Physostigmine and Acetazolamide 

Traits Phvsostigm inc 
1. Group • Anticholinesterases 
2. Mechanism of • Act by inhibiting acety lcholinesterase, thereby 

action increasing local concentration of Ach . 
3. Indication • Glaucoma 

• Overdoses of anticholinergic drugs, such as 
atropine overdose. 

• A tony of bladder and bowel. 
4. Adverse effects • Bradycardia, hypotension. 

• Bronchoconstriction 
• Diarrhea, vomiting, hyperacidity. 
• Urinary urgency. 
• Severe salivation & sweating. 

5. Effect on CNS • Excitation 

Mydriatics 

Acetazolam ide 
• Carbonic anhydrase inhibitor 
• Acts by inhibiting carbonic 

anhydrase . 
• Glaucoma 
• Urinary alkalinization 
• Metabol ic alkalosis 
• Acute mountain sickness 
• Metabolic acidosis 
• Hypokalemia 
• Renal stone 

• Depression 

Q. Name some important drugs used as mydriatics. (DU-09Ju, CU-04M; RU-06J) 
Q. Name some atropine substitute used as myclriatics. (CU-06M) 
Q. Name the antimuscarinic myclriatic drugs. (DU-17M) 
Ans. 
Mydriasis: Dilatation of pupil is called mydriasis. 

Myclriatics: Drugs that cause mydriasis are called mydriatics . 

Classification of mydriatics: 
1. Parasympathoplegic /M3-receptor blockcr/Antimuscarinic mydriatics: 

Drugs Duration of action 
1. Atropine 5 - 6 days 
2. Scopolamine 3 - 7 days 
3. Homatrooine 12 -24 hours 
4. Cyclooentolate 3 - 6 hours 
5. Tropicamide 15 - 60 min 

2. Sympathomimetic mydriatics: 
• Adrenaline {I in 10,000) 
• Phenylephrine (2 .5 - 10%) 
• Cocaine hydrochloride. 

3. General anesthetics: 
• Halothane 
• Ether 

4. Local anesthetics: 
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~ • Cocaine 

Ocular Pharrnacolog)' 

(/?t!f Kat::. 1111 .~- I J1'•; I 7, Tobie: 8-2: /Jo.wk ophr/rr,/11l()/og1·-l'; 1 OJ) 

Q. What is the l'ontrnindication atropine in ocul:1r use'! 

,-\ns. ,,indication of atropine in ocuh. . , All . . I · ·1 
Cl,ntr, ,· ·~ · 1 use: · types ol glauco 111 a. as it Ci.llt scs ra ised IOI' (cxccr l g aucum, . nduo' to uvt: llt::. ). 
sc<: 0 · 

). _[\lcntion the role of ~imolol in glauconrn. (SU -I ] .I) 
, lain the mcchamsm of act' t· · 

Q. i-.; xp . ' ton° hmolol in glaucoma. (DU-07Ju CU-03S IUJ -OSM SlJ -OJS/J) 
Q. What arc the adverse effects of timolol? (CU-03S) · · · 

r\ 11 , t' . t' . 
( ll'inism o action o hmolol in glaucon . . 1" I I ct · · · · ~ ec •. ta . 11110 o ecreases aqueous humour sec reti on lrom the cil l1ary 

,pithelnnn. 

\dverse effect of timolol: 
1. Bradycardia 
2. Bronchoconstriction 
3. Cardiac fa ilure 
4. Heart block 

Miotics 

Miosis: Constriction of the pupil is called miosis . 
_Miotics: Drugs that cause mios is are called mydriatics. 

(Ref · Basak ophthalmulagy-4'1,I J 02) 

Classification of miotics: 

A. Systemic miotics: Morphine (It is a strong miotic but is not used as a miot ic due its systemic adverse 
effects). 

B. Topical (local) miotics: 

I . Clwlinomimetic miotics: 
Group Drugs 

Direct acting cholinomimetic Pilocarpine ( l-4%) 
Methacholine 

Indirect acting cholinomimetic Eserine (0.25-1 %) 
Neostigmine 

Combination Carbachol & urecholine 

2. Sympatholytic miotics: Rarely used topically (Thyrnoxarnine- 0.5%) 

3. Histamine: Miosis can be induced by direct stimulation by histamine ( 
(Ref Basak ophthalmology-./th/ l )2) 

Q. What are the differential diagnoses in a case of pin-point pupil? 

Ans . 
Differential diagnoses of pin-point pupil 

I. Morphi ne poisoning: Bilatera l pin-point pupi l. 
2. Physostigmine overdose 
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3. Head injury: Contralateral miosis 
4. Pontine hemorrhage 

Q. Name some drugs causing cataract. 
Ans. 
Drugs causing cataract 

I. Corticosteroids 
2. Miotics 
3. Anticancer drugs 
4. Chlorpromazine 
5. Busulphan 

Q. Drugs used in glaucoma include- (DU-17J) 
a. atropine 
b. physostigrnine 
c. pra li doxime 
d. pilocarpi ne 
e. acetazolarnide 

a.- F, b.-T, c. -F, d.-T, e. -T 
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MCQ 

Q. Drugs used in glaucoma include- (DU- l 4Ju, I 4J) 
a. eucatropine 
b. pi locarpine 
c. tropicarnide 
d. physostigrnine 
e. acetazolamide. 

a. F, b. T, C. F, d. T, e. r 

Q. Drugs used in glaucoma include- (DU- 1 JJ) 
a. pil ocarpine. 
b. tropicarnide. 
c. physostigmine. 
d. acetazolamide. 
e. frusem ide . 

a. T, b. F, c. 7~ d. T, e. F 
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, TM 
BL:!:h~1c:,1'P'.!,r!.'..m~t-·~P!:h:~r11~·n~ia~c.!.'..o~lo'.ligyL _____ .:,2(::.'..'.)2~----------------
- ---Q. Name the central neu rotransmitters. (RU-09J,07.lu/J) 

Ans. 
Neu ro transmitters (NT) of CNS: 

. Truly excit \ I I I 

• Gl utamate • GABA 

• Aspartate • Glyci ne 

• I 

Amine NT: 
• 51-!T 
• Dopamine 
• Nor-adrenaline 
• Ad renali ne 

Sedative & hypnotic drugs 
Anxiety: Anxiety is an unpleasant state of tension, cpp_rehension or uneasiness- ~, fear th.~t lse_ems to a'. ·i.~~ -~:·011~ un unknu1111 

__ _ . _ - .- . - -:--- . t I disturbances. The phys1ca symptoms o1 seve1 e anx,etr . 
source. Disorders mvotirfnganx1ety me the 1110.11 common men a . . . . . . . . we 
;·imilar ,~ those a/fear (s11d1 as tachycardia, sweating, trembling,_ and palp~atwns) aJ1cl mvul_veh·1-~1~pathelit _ ll l'/f\ •at, (111 

- __ _,_ · . ----,, I - 01 warrant treatment. Howeve1. I e .1y111ptu111.1 of i·ev . 
Episo es of mild anxiely are common ll e expen ences anc1 GO 11 . . . · e,~. 

d · h · · d (sometimes called a11x10/y1tc or mmvr tranqui/iz chronic debilitating anxiet)1 may be treate w1/ anl!anx,ez)I rugs . . ers) 
· · J1h o 1ianxiet)1 drugs also cause some sec/anon th . and/or some form of behavioral or p~ychotherapy. Because many O; e an . , · e .1un,e 

drugs ojien fimction clinical!)' as both anxiolytic and lryp11otic (sleep-induc111g) agents. . . . 
· · (Ref: L1pp111co11·s-6'",112 J 

1 
There are twv kinds of sleep: rapid eye movement (REM) sleep and non REM (NREMJ, or J/ow-wave Sleep. REM sleep is 
so named because of the characteristic eye movements that occur during this stage of sleep 

Q. Descri be the stages of NREM sleep. (CU-17 J) 
Ans. 
Stages of NREM sleep/ slow-wave sleep: NREM sleep is divided into four stages. 

(Ref Ganonog-2l'!27JJ 

I. As a person begins to fa ll as leep and enters stage 1, the EEG shows a low-voltage, mixed frequency 
pattern. A theta rhythm (4-7 Hz) can be seen at this early stage of slow-wave sleep. Throughout NREM 
sleep, there is some activity of skeletal muscle but no eye movements occur. 

2. Stage 2 of NREM sleep is marked by the appearance of sinusoidal waves ca lled sleep spindles ( 12- 14 
Hz) and occasional hi gh voltage biphasic waves called K complexes . 

3. In stage 3 ofNREM sleep, a high-amplitude delta rhythm (0.5-4 Hz) dominates the EEG waves. 

4. Max im um slowi ng with large waves is seen in stage 4 of NREM sleep. Thus, the characteri stic of deep 
sleep is a pattern of rhythmic slow waves, indicati ng marked synchronization; it is s'ometimes referred to 
as slow-wave sleep. 

Whi le the occurrence of theta and delta rhythms is normal duri ng sleep, thei r appearance during wakefuln es 15 a 
sign of brain dysfun ction. 

Q. Define sedation . 
/ 

} fyefine sedative or anxiolytic. (DU-l 6J, 11 Ju,07J ; RU-I OJ, SU-1 6Ju) 
/ Ans . 

(Ref Ganonog-2l'!273J 

Sed_ation:_ This is a sta.te of CNS depression characterized by drowsi ness, calmness, quietness and reduction ol' 
anxiety without producing actua l sleep. 

Sed_ativ~ I anxiolytic drugs: The drugs which reduce anxiety & exert a ca lmi ng effect are ca lled sedati ve or 
anx1olyt1 c drugs . 

(Rel Kat21111g- l l '/369) 
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~pnosis. (SU-OSM) J ~:~oc hypnotics. (DU-16.1 , I IJ u,07.1, R U- 10/09.1, SU- I 6Ju) 

,\flS· Tlie state of CNS depress ion resc iiibl'II1 o 11 . L . I -1 1- 1 . 1 . . h I l : ~is: . o d uIa s c~p rorn w ·II c I lit (; 1\ :c 1p1c111 c 111 c ;1 rou..,cc ny 
~)'P"~-, stirn ulus is ca lled hypnos is. 
,rdi f1 1J I) . 

l • ,1-uos ·The drugswh1chproducecl1·0,,,. ·. ,. , & · · II I 
. notIC ul t, · ~ , s,n c.ss I e11 couragc llH.: 011 sc1 & 111 a111lrna11ci.: ol '> ii.:cp arl' ca c< 

tI~ P . drugs . 
. notr c ~ 

h~P (l<c: /: Kut::: 1111:,!,-.f.!'1'!3(/J; 

II lt arc the common sleep disorders'' (SU-16Ju) Q, \\ H . 

AJ15- •. ' rsordet s. 
~ia: not en?ugh slee~ or sleep of poor quali ty; problems of falling as leep (i nitial insomnia) or 

staying aslee_p (marnte'.rnnce rnsomnia), or waking too early. 
z. Hypersomma: excessive daytime sleepiness . 

3. Parasomnia: unusual hap penings in the night 
a. nightmares 
b. night terrors 
c. sleepwalking 
d. REM behaviour disorder. 

4. Other 
a. sleep scheduling disorders (circadian rhythm disorder) 
b. restless legs syndrome 
c. periodic leg movements of sleep. 

(Ref Benne,r & Brown- 11 1
" edition) 

Nice to know 
T,;somnia: Insomnia may be defined as the subjective problem of insufficient, non-restorati've sleep despite an 
adequate opp_prtunity for sleep. 

/ 

Sta11 s (Jf CNS depression: 
\.,,· 

Q. Classify hypnotics. (RU-09J) 

Anxiolysis I Tranquilization 
l 

Sedation 
l 

Hypnosis 
l 

Narcosis 
l 

Anesthesia 
l 

Coma 
l 

Death 

Q. Classify sedatives and hypnotics. (DU-161, SU-l 7J) 
Q. Enlist anxiolytic drugs. (RU-13Ju) 
Q. Enumerate sedative & hypnotic drugs. (DU-15], CU-l 1J,08J, RU-07M, SU- 16Ju) 
Q. Enumerate the new generation sedative hypnotic drugs. (RU-08J) 
Q. Classify benzodiazepine. (CU-06M, RU-1 l J, SU-1 lJu) 
Q. List the benzodiazepines according to duration of action. (DU-l 3J,12J, CU-I SJ) 
Q. How benzodiazepines are subgrouped? (SU-l 7M) 
Q. Name clinically important anxiolytic drugs. (DU-1 OJ) 
Q. What are the drugs used in anxiety disorders. (DU-09Ju) 
Q. Name four non-benzodiazepine drugs used as anxiolytics . (DU- l 3Ju) 
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Ans. 
Sc\lntivcs & lwpnotics/ Drugs for insomnia (h ypnotirs) & anxil'l y (seda ti ves) : 

) . 
IA , Ilcnzodiazcpinc (BDZ): (May c1c1 as holh sedu1ivc <~ J,yp11ollc) 

' ' / 

B I. · / 1· · / / · 1· f · ,.,· ,, ,. /1 11·l,cl 1J1·1 their elimi11a1ion t, ,: t'n:vc 1a::ep111es may Ji' c 1v1c ec 11110 . 011/' ca ego "· l · • 

• Triazolam 
• Oxazeparn . • Lorazeparn 

• Temazeparn 

• Dia1.:cpam 
• Fl urazcpam 
• Quazcparn 
• Nitrazcpam 
• Parazcpam 
• Chl ordia1.c ox idc 

(Rel Goodman Cf Gillman-I 2'"edit,· -'. 
. ( ( r (If/ ) 

.lB. Barbiturates: (May act as both sedative & hypnotic::,) 

,,(7 
o/ C. 

/ 

U~tra-short acting (t112 <15. min) _· 

' 
Short acting (t112 1--3 hours) 

Intermecliate actiug (t l/2 4~6 hours) 
! ,, 

' " 

' 
Long acting (t l/1 >6 hoLtrs) 

Non-barbiturate Sedatives : 

1~_- Autipsychotics 
'.l.. Antidepressants 

·. _/< Thiopental sodium 
• Methohexital 

Pentobarbital ( ~c.--.--~ \ t~"'-< e::_, '- I 

!,.----S-eco barbital 
/ 

·• Amobarbital l_ -\-c _,-) 
,_-- Aprobarbital 
• Butobarbital 
• Butalbital 

/ . ..... Phenobarbital / Phenobarbitone 
.1/'Mephobarbital 

3. Antihistamines including hydroxyzine and promethazine . 
4. Melatonin receptor agonist 

a. Ramelteon 
b. Tas imelteon 

5. 5-HT receptor agonist 
,a-:-- Buspirone 

6. Ch loral hydrate 
7. Ethanol 

~ r (I , , 

8. Meprobamate 
(Rel Lippincott 's-61"1126-131 + Katzung-13'"1369-373: Goodman & Gillman-12"' edition) 

D. Newer Hypnotics /Novel benzod iazepine receptor agonists: Hypnotics in th is class are common ly referred 
to as "Z compounds". They include­

!. Zop iclone 
2. Eszopiclone 
3 . .,.,- Zolpidem 
4. Zaleplon 

(Ref Goodman & Gillman-12'" edi tion: Katzung- 13'"1r3J 
E. Orexin receptor antagonists: Orexin receptor antagonists are new class of hypnotic drugs. They include-

,..1. Almorexant 
2. Suvorexant 

R ,t K J ' 1
" ' ' 78) ( e1 : at::. ung- J 1J 
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4,',ow . 
~al I Phe11oharhuo11e are 1h , . , cl ·· . i . . · · . / , 

l
i/Jt!flobar , . ., . . , . . e:_ .,mnc I ug I he11uharb11ul 1s the oldeh)lc/(' /iir111 & 111w11oburh1101w '·' t ll 

,, ~1r111. } au can use any one name ,n the a11s1vur vcrint . . 
k ·/Olk.I' · r · 

1 I •{If/I-~ / z 7 r c·oon 1po1111ds are structurally unrelated to ewh <Jtl?e,· ,.11.1,.t t · b 1. · 
. . . "' c, c, o enzoc wzeptn<!s. 
,... 1,,eir therapeutic e/ficac)' as hJ1pnot · .. ·. d . .. . · I 1 :A J''/1 2. .. ,cs I.'; ue to agon1st effects on the henzocliazepine site of t 'I i! v ' ., 

· receptor. 
C·ompared to henzodiazepines z co,1 d . I ff · / · .3. . · 7poun s are ess euect,vc as anticonvu/sants or /lluscle re uxm1t.i . 
O,·er the last decade Z compounds· J / • / .. · · · · · ~. ' . . wve w ge y replaced he11zodwzep1nes in the treatment of 1nsu111ma. 

~-- 7·J,e)1 have less potent,aljor depend, . , · I l . I .. · · · ,J. . ence anc a JW,e l 1cm trad1twnal he11zodwzep1nes. 
(Ref' Goodman & Gillman-I 2

111 
edition) 

Q. Explain the mechanism of a~tion of Benzo~iazepines. (DU-l 3Ju, CU-06M, SU-0 IJ ) 
Q. Discuss the molecular action/ mechanism of action of diazepam. (DU -15J ,l4Ju , l3J,l2/lOJ , SU-

16J,15J,08Ju, RU-09J) 
Q. How does diazepam produce anxiolytic action? (DU-1 l Ju) 
Q. Explain sedative action of clonazepam . (S U-1 OJ ,07 Ju) 
Q. Outline the sedative sedative action of diazepam. (SU- 17 J) 
Q. Discuss the sedative effect of clobazam. (SU-l 4J,04S) 
Q. Discuss the sedative/hypnotic effect of nitrazepam. (SU-l 2Ju) 
Q. Disc~s theJtypnotic effects of BDZs & barbiturates. (RU-07J/Ju,04M ;CU-06M/S,SU -04M/S) 
Q. Explair{the neurotransmitter involved action of diazepam/clonazcpam. (SU-1 7M, \ \ Ju ) 
Ans. ~ 
Mechanism of action of benzodiazepines/diazepam/ clonazepam/ nitrazcpam/ clobazam : GABA is a major 
inhibi tory neurotransmitter in the CNS. Benzodiazepines potentiate GABAergic inhibition at all levels of the 
neurax is, including the spinal cord, hypothalamus, hippocampus, substantia ni gra. cerebellar cortex, and cerebral 
cortex. Benzodiazepines increase efficiency of GABAcrgic synaptic inhibition without directly acti va ting 
GABAA receptors or opening the associated chloride channels. 

Benzodiazepines /diazepam/ clonazepam/ nitrazeparn/ clobazam 

t 
Bind to specific, hi gh-affinity-sites located on the GABA-receptor 

t 
Increased affinity of GABA-receptor to the GABA, which is an inhibitory neurotransmitter 

t 
More GABA binds to the GABA receptors 

t 
Increase the frequency of the opening of ch loride channels 

t 
Increased influx of er ions 

t 
Hyperpolarization 

t 
No formation of action potential 

t 
No excitability of the neurons 

t 
CNS depression/ sedation / hypnos is. 

( Ref Kot::ung- 13'1'!3 7-1: Liµp incoll ·s-6'"; 12 I) 
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. . GABA 
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• ~ \ ~ \ _ / ~ Benzodlazepines 

; ,,, ~ ' Flumazenil 

Extracellular ·,. 

Intracellular 

-___:.--zolpidem 

;,~ 
~~~t 
"' Ion channel 

/ ; · Fig. Mee hw, is,,, of ac/ ioll of he nzodia=e pi,'.' alld barb ii ura tes OJI CA BA receptor 

F m~ the drugs which enhance the GABAergic activi ty III CNS. (S U- I 0/081) 

Dru.gs that enhance GABAergic action / facilitate GAB -med iated er channel opening: 
I. 13enzod iazep inc (d iazcpam, lorazcpam. clonazepam. nitrazepam, clobazam etc.) 

2. Barbiturates (phcnobarbitone) 
3. Vigabatrin 
-L Tiagab ine 
5. Gaba pentin 
6. Valproate 

rRef Tripctlhi-6th!-IO-I (/ig-3 0.2;; 

Q. Write clown the pharmacologica l act ions ol' bcnzodiaz pines/ diazcpam. ( DU-l 0/08 .1 : CU-08J,05S/J: RU-
l 3Ju, SU-16J) 

Q. How docs cl iazepam produce skeletal muscle rel ,nation'1 (RU-l 6Ju.06J ,04M) 
Q. Enumerate the effect caused by diazepam. (D -07 J. ClJ-07Ju. SU-06 I, RU -09J,05M) 
Q. Men tion the dosc-dependen t pharmacological effect of diazcpam. (R - l 6Ju) 
/\ns. 
Pharmacological act ions of bcnzodiazcpincs / diazcpam: 

l. Sedation 

2. Hypnosis 

3. Anesthesia 

• Red ucti on or anxi ety 
• Euphoria 
• Impaired judgm nt 
• Loss ofscll'control 
• An terograde amnesia (i11ahilit_\' tu remember events occurring during the drur,'s 

duration of action). 
By definition, all ofrhe sedative-hypnotics induce sleep if high enough doses are given . 
• Latency of sleep ons t i decreased (lime to fall asleep); 
• Duration of tage 2 fREM lecp is increased: 
• Duration of REM sleep is de -rea ed ; and 
• Duration of stage 4 REM slo,\ -wave slee is decreased. 
• High doses of certai n sedati ve-hypnorics d press the C S to the poi nt known as stag.c 

Ill of ge neral anesthes ia. 
• Diazepam. lorazepam. and mid(\zolam-are used IV in anesthes ia often in combination 

with other agents. 
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0 \n ticonvulsa n t 
effect 

~sclc :,. 

• Clonazepam, nitrazepam, lora:zepa m, and cliazcparn-- arc used to treat epilepsy (status 
epi lcpticu s) and other se izure disorders. 

• Inhibits polysynaptic retlexes and internuncia l tran smission . 
---- ---

relaxation. 
L----: 1 · 6. Can JO-

respiratory 
depression. 

• At hi Qh doses, depress transmission at the ske letal neuro111uscularjunctio11. _ 
• At hypnotic doses in hea lthy patients, no significant carclio-rcspiratory changes . 
• Respiratory depression in patients with pulmonary diseases (asthma, COPD) even 

at therapeutic doses. 

• Respiratory depression is the usual cause of death clue to overdose of scdativc­
hypnotics. 

• In hypovolemic states, heaii failure , normal closes of sedative-hypnotics may cau se 
cardiovascular depression. 

• At toxic doses, circulatory collapse. 
• Cardio-respiratory depression is more marked when sedat ive-hypnotics are given 

IV. 

(Ref Katzung-! 3'"1376-3 77: Lippincotr 's-6'"!! 22) 

Q. Mention the advantages of BDZs over barbiturates. (OU-06M) 
Q. Mention the advantages of BDZs as hypnotics. (RU- I SJ) 
Q. Justify nitrazepam as a. better hypnotics/ sedatives than phenobarbitone. (DU-06M) 
Q. Compare the CNS depressive effects of BDZs with that of barbiturates. 
Q. Why BDZs are preferred to barbiturates? (RU-OSJ) 
Q. How BDZs differ from barbiturates in respect of their TI (therapeutic index)? 
Ans. 
Advantages of benzodiazepines (BDZs) over barbiturates: 

I. Benzodiazepines (BDZs) have higher TI (therapeutic index). So, BDZs need more dose than barbiturates 
to produce cardio-respiratory depression. T hat 's why, BDZs are safer. 

On the other hand, barbiturates have lower TI . At doses higher than Tl , these drugs may depress 
respiratory and vasomotor centers in the medulla, leading to coma and death. 

2. BDZS has competitive antagonist i.e. antidote (fl urnazenil ). So, in case of accidental or sui cidal overdose. 
effects of BDZs can e opposed by tlumazenil. But, ba rbiturates have no antagonists or antidote. 

3. BDZs don 't induce drug metabolizing enzyme. So, no drug in teraction occurs. But, barbiturates induce 
drug metabolizing enzyme & cause drug interaction. 

4. BDZS has minimal effects on CVS & 
autonomic func ions. 

(Rr!:l Katzung-l J'h/370) 

Figure: Relationships between dose of 
benzodiazepines and barbiturates and their CNS 

effects. 

....... .. ...................... ... .... ............................................ 

Coma / 
," 

(Barbiturates) 
/ ·=·u,•=•=·~··~··u··~··~·.u•=·- ·-·-·- ·- ·- ·-·- ·=·=·=·=·=;tf'u.·=·- ·=·-·-·- ·-·•u·-·=·- ·•·: 
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Medullary depression ,,, 

/ 
/ .. .................. 

/ 

Anesthesia 

.. .... .... ... . ... ....... ............ ...... .... ... ....... .......... ........ .. 

Hypnosis 

Sedation, disinhibition, 
anxiolysis } 

Possible selective : 
anticonvulsant and : 

muscle-relaxing activity/ 

. Increasing sedative-hypnotic dose . 
····························· ······························ ························ 
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Q. Dcsrribc the metabolism of benzodiazcpines. (CU- 15.lu) 
Ans. 
Metabolism of bcnzodiazcpincs 
Si te of metabolism: Liver. 
Phase I reactions: Most benzodi azepines undergo mi crosomal oxidation, including N- dca lky lation and ;il iphat i . 
hydroxylat ion catalyzed by cytochrome P450 isozym es; espec iarly-CYF3A4. l 

Phase ll reactions: The metabol ites are subsequently conjugated to form glucuronidrs th at arc cxc rctcu in the 
urine. 
Many phase I metabolites of benzodiazepines are pharmaco logica lly acti ve, some with long hall~li vcs. For 
example, desmethyldi azepam has an elimi nation half-li fe of more than 40 hours. 
Alprazo lam and triazo lam undergo a-hydroxy lation, and the resulting metaboli tes have short half- life due to rapid 
conjugation to inactive glucuronides . 

Chlordiazepoxide Diazepam Prazepam Clorazepate (Inactive) 

! 
Desmethylchlordlazepoxide* 

! \l/ 
Demoxepam* ------ Desmethyldiazepam* Alprazolam and trlazolam 

! ! 
Hydroxyethyl­

/ flurazepam* ~ 

Oxazepam* 

l 
/ ''°"' metabolites' 

Flurazepam CONJUGATION 1-+----- Lorazepam 

~ Desalkyl- / 
flurazepam* 

URI NARY 
EXCRETION 

Fig. Biotmn~'f(m11atio11 of henzodiazepines. 

Nice to know 
Plwrnwcokinetic profile of sedatives & /q,p notics: 
Absorption & distribution: 

1. Route: Oral or !IV 
2. Lipid solubility: Sufficient 
3. Ahsorptionfrom GIT: Well 
./. Plasma Protein Binding: No signijicanl PPB. 
5. Sedative & hypnolic drugs are also detectable in the br!'ast milk & may ewrl !heir ~/feels in the nursing 

haby. 

Biotransfornwtion: 
Benzodiazepine compounds: 

1. Phase-I: Oxidation 
2. Phase-ff: Glucuronidation 
3. Dm:i_t induce enzv111es. 



Barhit11mte.,·: 
~e-1: Uriclatio11 

2. Phase-II: G/11c11m11idatio11 
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3. fm/uce /1(:>patic drug 111etabulizi11g en::r111e.1· & increase rhe 111etubolism ofuther cuncumitcmt clmgi. 

Excretion: Rc:,wt excr<!tion. In 1110s/ cases changes in re110/ fimct ion don't have any marked efj'r!ct on //,e 
e/iJ11 iJ1a/io11 o.f pan:'111 drugs. · 

Q. What arc the criteria of an ideal hypnotic drug? (CU- l 7J, I 3J,07J,06S) 
Q. What should be the selection criteria of an ideal hypnotic? (SU-12Ju) 
Ans. , 
Crit~ria of an ideal hypnotic drug: 

I. Should reduce / relief the anxiety properly (i.e. efficacy is good). 
2. Should not alter the norma l REM sleep pattern. 
3. Should not hamper normal dai ly activity or reduce strength or motor sk ills. 
4. Should not hamper learn ing or memory. 
5. Should not produce dependence. 
6. Should not produce "hang-over effects". 
7. Should not produce tolerance. 
8. Should not produce "cardio-respiratory depression" even in a gross overdose or poisoning. 
9. Should be devoid of ·'extra-pyramidal symptoms". 

Q. What are the indications of benzodiazepine? (DU- 13Ju,07J/.Ju, CU- l2J,08Ju, RU-07.Ju. SU-07Ju) 
Q. Mention the indications/clinical uses of diazepam . (DU-I SJ, ] 4Ju, 131, I 2J,09J u: RU- I SJ, I 2Ju/J, 11J.08J) 
Q. Mention 4 clinical indications of diazepam. (DU-1 61) 
Q. What are the indications of sedatives & hypnotics? (RU- I OJ) 
Q. List the clinical uses of clonazepam. (SU-06M/J) 
Q. Name the clj.n ic.:'11 JJSes of zopiclone. (RU-OSM) 
Ans. 
Indications -.bJ benzocl iazepine / clonazepam / diazepam: 

I. Anxiety disorders: Benzodiazepines are effect ive for the treatment of the anxiety ymptoms secondary to 
panic disorder, genera lized anxiety disorder (GAD), oc ial anxiety disorder, performance anxiety, 
post1raumatic stress disorder, obsessive-compulsive disorder, and extreme anxi'ety associated wi th 
phobias, such as fea r of ny ing. The benzod iazepines are also useful in treating anxiety related to 
depression and schizophren ia. 

2. Sleep disorders: Insomnia. 

3. Amnesia: The shorter-acting agents are of'ten employed as premedication fo r anxiety-provoking and 
un pleasant procedures, such as endoscopic, bronchoscopic. and c rtain dental procedures as well as 
angiopla ty. Midazolam is an injectab le-onl1 benzodiazepine also used fo r the induction of anesthesia. 

4. Seizure: 
a. Oonazepam is useful in the chronic treatment or ep ilepsy. 
b. Diazcpam is the drug of' choice in terminat ing grand ma! epileptic seizures and status cpi lepticus. 

5. As muscle relaxants: Diazcpam is useful in the treatment of skeleta l musc le spasms,, uch as occur in 
mt1scle strain, and in treating spasticity from degenerative disorders, such as multiple scleros is and 
cerebra l palsy. 

6. Management of alcohol withdrawal: Long-acting drugs such as chlordiazcpox ide and diazepam. 

7. As Prcancsthetic medication. 
8. Del iriu m tremcns: Parenteral lorazepam. 

9. l~sychiatric uses: Treatment of mania, drug-induced hyperexcitab ility states (eg, phencyc lidine 
intoxication), and maj or depressive disorders with alprazolam. 

l'harmacoloov-36 
"'· 
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l 0. Dia~nos tic aids in 11 ·urolPgy and psychiatry. 
(Rel fi:01: 1111,,.,,- I J"'/378- j ?'J: l,1;1;1111w 11·.\ ri°'! /23-1211 

.\ice to /,110111 

'f'fh, i11dirid11al h,m::odic1::c'/Ji11I!.\' sliml' .\'Ill(( // dij/°i!rl'11ces i11 their re/u1il ·e anxiull'l ic·, uuth·1m v1d1· ,11 1/ , uncl sn lu11vc /Jl'r;;i, ,,u .. 
l·lo\i',.'\'C/', 1h i.: d11rn1io11 uf ucrinn nt1·iu.1· 11·icle/\ 1 wn1,11g !h is :,!J'O II/J. one/ ph111·111 ut·oki1wt1c cun.l'i, lault rJ/1 \ ///'I ' u/tcu 11 n;1ur1u1111,1 

choosing, Ollc' h,m::oclio::c'pi11t' over a11other. 

Q. What arc the adverse effects of diazcpam'! (DU-09Ju , CU-06.1 , RU -07J, SU-16.1 ) 
Q. l\feution the adverse effects of bcnzodiazcpines. (DU-08.J) 
I ns . 
Adverse effects of bcnzodiazepines/ diazepam: 

In case of low dose: 
I . Hangover effect 
2. Somnolence 
.., 
.) , Drows iness 
4. Impaired judgment 
S. Diminished motor skill , such as-

a. Driving ab il ity. 
b. Job performance. 
c. Personal relat ionship . 

6. Anterograde amnesia: 
a. It can hamper learn ing. 
b. Can be used in date-rape by criminals . 

In larger dose: 
1. Lethargy 
2. Cardiac fa ilure: especially in pt with MI. 
3. Respiratory centre depress ion: espec ially in patients with chronic pulmonary disease and in those with 

symptomatic sleep apnea and asthma. 
4. May cause total memory loss, in long te rm use. 
5. Rhabdomyo lysis. 
6. Can lead to serious aggressive behavior. 

Other adverse effects · 
1. Add iction. 
2. Abnormal sleepiness of the breastfeed baby. 
3. Deve lopm nt of to lerance and dependency due to pro longed use. 
4. Hypersens itivity reacti on 
5. Teratogenic ity 

(Ref Katzung-J J1''!380 & Good111an & Gi/111 011 's -1 l thJ 

Q. What are the contraindications of diazepam? (RU-06J,05J) 
Ans. 
Contraindications of cliazepam : 

I . Pulmonary insufficiency: Severe bronchial asthma, Chronic obstructive pulmona ry clisea ·e (COP! 
2. Obstructive sleep apnea · 
3. Hepat ic im pairment 

Q. What are the effects of bcnzodiazcpines in pregnancy'? (CU- 15Ju) 
Ans. 

Effcds of bcnzodiazcpi_ncs in prcgna nq1
: All sedati ve-hypnotics cross the placental bal'r icr duri ng prq!.na11c: . 11· 

sedat1 ve-hypn ot1 cs arc given during the prcdclivc ry peri od, th ey lll ay cont ribute to the ckpn:<;s iirn u!' 11 conat:il \ iwl 
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func tion~ . Scd~ti\l·-h:,i p11 u1i cs arc :i lsu detecta ble in bt\ '. ast rn ilk ;rnd ,nay c:xnt dc prc ..,s;11l t l.Jkcl'> i11 tl1c 111 1r·,i ng 

. /{ '1' ; '7 / ( !fr/. /\ill. :1111 ,:: - . · l , ) 

Q. \Vhy lliazcpam should not continue for prolong, period ') (CU -07/05.1 ) 
Q. t::n u111crate the ronscq ucnccs oflong time use of diazcpam . (CU - I2.1 ,08 .1 ) 

,\ ll~-

l·law rds I co ns('q ucnces of prolong use of diazepam : Pro long & contin uous use of' diazcpan1 (111 orc tha 11 I (J 

:i;;s) ,:auscs phannacodynamic tolerance by down-regul at ion of GABA receptors. Th e response or the drug 
rl·d t1c 1.·: / dose of the drug should be increased gradua lly to get des ired therapeutic effect. J\.s a result tltc 
freque ncy & intensity of adverse effects & the chance of dependence are increased subsequen tl y. So, diazcpam 
~hould nut use more than 7 days & there shou ld be a 3 days interva l between two consecutive schedu les. 

I 
Q. Ni~ some newer non-benzodiazepines with advantages over benzodiazepines. (RU- I OJ) 
Ans. 
Newer 11 011-benzodiazepines: 

• Hypnotics: Zopic lone, eszopiclone, zo lpidem, za lep lon. 
• Sedatives: Buspirone, rneprobamate. 

Advantages of non-benzodiazepines over benzodiazepines: 
I . No hangover effect, somnolence, lethargy, drowsiness. 
2. No diminished motor sk ills. 
,., 
J. 

/ 

4. 
5. 

\ 6. 

o chance of am nesia. 
No chance of cardio-respiratory depression . 
No I less chance of developing addiction. 
No clown-regul ation & development of tolerance. 

Q. How can you treat in a case of diazepam toxicities? (DU-04J) 
Ans. 
Management of benzodiazepine / diazepam toxicities: In genera l, death from benzodiazepine overdose is rare 
unless the drugs are comb ined with other CNS-depressant agents such as ethanol, opioicls, or barbi tu rates. 

Diagnosis 
History: This is often difficult to elicit as patients are frequently comato e. 

Clinical presentation: Onset of CNS depression may be observed with in 30- 120 minutes of ingestion, dependi ng 
on the compound. 

• Typical presentation is coma with normal vital signs. 
• Hy poreflexia 
• Midpos ition or small pupils 
• Hypothermia 
• Respiratory depression is exceed ingly un usual in oral overdose of benzocl iazepines. 

Laboratory investigations 
A. Drug levels in blood and urine ( confirmato ry test) . 
B. Other tes ts: Glucose, arterial blood gases, and pulse oximetry . 

Treatment 
Emergency and supportive measures 

a. Protect the airway and assi t ventilat ion if necessary. 

,/ 
b. Treat coma, hypotension, and hypothermia if they occu r. 

2. Speci fic antidotes: Flumazcnil rap idly reverses coma. 

) . Decontam ination by activated charcoal if the ingesti on occurred within the prev i us ''O minutes. 
(Ref Poisoning c Drug Overdose by Lson-5th edition· Was/1iJ1gto11111a1111a/-]]rJ;93_ -WU) 
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Benzodiazepine Antagonists: Flumazenil 
Flumazenil is an antagonist at benzocliazepine binding sites on the ( i;\H/\ ,\ receptor th al c,111 rap idly re ·cr'>c th e 
effec ts of benzocliazepines. 

Pharmacokinetics: The drug is available for intravenous administration on ly. Onset is rapid but durati on i~ short. 
with a half- li fe of about I hour. Frequent administration may be necessary to maintain rcvc rsal u/' a long-act ing 
benzodiazepine. 

Mechanism of action: Flumazenil binds with high affinity to specific sites on the Gf\ 13AA receptor. wh ere it 
competitively antagonizes the binding and allosteric effects of benzodiazcp ines and other ligands 

Effects: It blocks many of the actions of benzod iazep ines, zolpidem, zalepl on, and eszop icl one, but doc~ not 
antagonize the CNS effects of other sedative-hypnotic s, ethanol , opioids. or general anesth etics. 

Indication: 
• Management of benzodiazepine overdose. -

Adverse effects of flumazenil 
I . Agitation 
2. Confusion 
3. Dizziness 
4. Nausea. 
5. It may induce se izures in patients with tricyc lic antidepressant overdose. 
6. It may induce acute withdrawal, including se izures and autonom ic instability. in pat ie nts who are addicted 

to benzodiazepines. 
( Rel Katzung-13'"/3 77: Lippinco/1 's-6'" IL; 

Q. Briefly describe the pharmacodynamics of phenoharbitone. (CU-OOJ , SU-OOJ) 
Q ,Briefly discuss the hypnotic effect of barbiturates. (RU-07 J u,04M , CU-06M) 

... Q. Explain the neurotransmitter involved in the action of barbiturates . (SU- I I Ju) 
Q. Explain the neurotransmitter involved in the action of phenobarbitone. (SU -I 7M ) 
Ans. 
Mechanism of hvpnotic effect of barbiturates/ phenoba rbitone: The sedat ive-hypnoti c act ion of the 
barbitu rates is due to their interacti on with GABAA receptors, which enhances GABAcrgic tra nsmission . The 
binding site is distinct from that of the benzodiazepi nes. 

In addition, barbiturates can block excitatory glutamate receptors. Anesthetic co11 ccnt ra tio 11 s ,if 111..·ntobarbiu l 
also block high-frequency sodium channels . All of these molecu lar act ions lead to decreased neuronal 
activity. 

1. Barbiturates potent iate GAB A action on chlori de en try into the neuron bv prolongillg the dura tion or rhc 
chloride channel openings. 

Barbiturates/Phenobarbitone 
! 

Bind to specific, high-affin ity-s ites loca ted on the G/\BA-receptor 
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l 
incrc:iscd nl'fln it:,· or CABA-t'l'.L:<.:p tor tn the G!\ 11 !\ , whiclt i~ a11 i11ilihil llt)' 11 curo tr:111 \ llti11 cr 

l 
._, GABA binds to the GABI\ rccl! ptors 

~·\OIC 
l 

. ,,1-;e the duration of the O(lcnin° of chloride cltanncls 111c1c, - b . 

1 
·e·ised in!lux of Cl" ions into the neurons 111c1 ' 

1 
!-I perpolarization 
) l 

No rorinat ion of ac tion potential 

1 
No exci tabil ity of the neurons 

l 
CNS depression/ sedation / hypnos is. 

At high cone. barbiturates may also be GABA mimetic, i.e. di rectly acti vates Cl" channels 2. 
l 

Increased influx of Cl" ions into the neurons 

l 
Hyperpolarization 

1 
CN S depression/ sedation / hypnos is . 

/) 1· K I ,,h ' - I ' - -( \e : atzung- J /J -t - J ) ) 

Q. "Barbiturates cause more pronounced CNS depression compared with benzodiazepi nes"- Explai n why. 
Ans. 
Barbiturates cause more pronounced CNS depression compared with benzodiazepi nes: Barbiturates are less 
se lective in their actions than benzodiazep ines, because they also depress the ac tions of the exci tatory 
neurotransmitter glu tamic acid. Barb iturates al so exert nonsynaptic n\embrane effects in para ll el with their 
effects on GABA and glutamate neurotransmission. This mul tiplicity of sites of action of barbiturate may be the 
basis fo r their abi lity to induce full surgical anesthes ia and for thei r more pronounced central depres an t effect · 
(which resul t in their low margin of safety) compared with benzodiazepines and the newer hypnotics . 

Q. Mention the clinical uses of barbiturates. (CU-09Ju) 
Q. W_!J at _are the in dications of ba rbiturates? (SU-OJM. CU-0 IM) 
Ans. 

Indications of barbiturates: t Inducti on of general anesth sia (Thi opental- a) 
~ Congenital hyperbili ru bi n mia (pheno 5ar 1tone) 
t.5 . In epi lepsies (phenobarbitone) : 

• Partial se izures. 
• GTCS (Genera li zed Tonic Clonic Seizures). 
• Status epilepticus (Thiopental-Na) . 

(/) 1· V I , 111 ' - -\e : /\. ct/::: 1111g - J J J; 

4. Anticonvulsant: Barbiturates are used in the emergency treatment of' convul sions, suc h as occur in -
• Tetanus 
• Ec lamps ia 
• Status epi lepticus 
• Cerebral hemorrhage. 
• Poisoning by convul ant dru gs. 
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(II O\l'l! \\ ' I' , h L'11:uc/ici:L'/ J i11,.;s _1~.' IIL' l'cii/1 · il /'L' .\11/JL' /'iur i11 1/1 c'.ll' /I 'd'.\ l '/ 1C'i1uli c1 ,./1itul .\l/cfll un ' ·1 11.IL'd 111 u~t /rL't///LtJ//y 

hl.' cc1 11se cJ/ 11.1· w11icrn11 111/s, n// .'/jic11 c·1·.) 
Used in ~lia ~\nos is (Narco:rn alysi~) & t1\.:;1t111c11\ i11 psy1., l1i atry (N;1rco lli cr;1py). 

For sedation & hypnosis. 
5. 
6. 
7. For cont ml of alcohol withdrawa l syndrn1 nc. 

(I«!( f{or: 1111 ,',!, - I 3"'1378-3 79, ( ;ooc/11 1(1 11 & C 1!/11 w11 ·., _; ::1111 

.\iice tu k110 11• 
/11dicatio11s of' i11(/ivid11a / harbit11 rn tes: ----- - -
Drngs T!t ernpe11tic uses 

Roule oj 
u t/111 i II i \ l fl// ion --- - - · -. 

ll mobarbital Insomnia, preopercuive sedation, e111erl!,et1C\' 111 anaReme111 of'seizure,· IM, II ' 
[ (jrnl 

- --

B11 tabarhirnl Insomnia. preoperal Ive sedation --- -
Butalbital Marke!ed in combination wirh analges ics 1 

Oru/ 

lv/ep /1 obarbita/ Seizure disorders, davtime sedation 
I Ura-I - - --

---
Met!t ohexital Induction and maintenance of anesthesia IV 

Pe11tobarbital Insomnia, prwoernlive seda! ion, emergenC) ' mw1CH?,e1111.mf o(sei:ures Oral, l.lffi'. r ,Llol 

Ph enobarbital Seizure disorders, status epilept ic11s, c/aJ1time seclmion Orn!, I.\~-

Secobarbital Insomnia, preopera/ ive sedation Orn! --Thiopental Induction and/or maintenance of anesthesia, prr:operative sedation. emergc.:n c:y Jr 

management uf' seizures 

Q. Explain the ro le of phcnobarbitonc in congenital hyperbilirubinemia. 
Ans. 

(Ref Goodman & Gt/Iman .1-l: 1h , 

Role of phcnobarbitone in congenital hyperbili rubinemia: Phenobarbitone -t Induces hepatic drug­
metabolizi ng enzyme -t Increased concentration of "glucuronyl transferase" enzyme -t Increased conjuga ion of 
bi lirubi n - Increased metaboli sm bilirubin -t Decreased serum bil iru bin level. 

Q. eJ}tion the adverse effects barbiturate thera py . (CU -09J u) 
Q. Mention the adverse e fccts thiopcntal sodium. (SU- l 3J) 
Ans. 
Advers effects of barbitu rates: 

l . Drowsiness, impa ired concentration, and mental and physical sluggishness. 
2. Hangover effect: Hypnotic doses of barb iturates produce a dru g "hangover" that may lead to imµ:1ircd 

ability to fu nction normally fo r many hours after wa king. 
3. Addiction 
4. Tolerance 
5. Dependence. 
6. Enzyme induction: Barbiturates induce cytochrome P450 (CYP450) microsoma l enzymes in the li \l.:r. 

Therefo re, chronic barbiturate admi nistration dimin ishes the action of many drugs that arc 111eraboli1cd b~ 
the CYP45 0 system. 

7. All ergy 
A Skin les ion 
CJ) Histamine release 

l 0. Asthma 
11 . Oliguri a 

.. \ ,, r--

Q. Com pares & contrasts between BDZs & Barbitu ra tes . (SlJ -0-lM ,OJS/.l ) 
Q. Compare Clobaza m with Phc nobarbitonc. (S lJ -0 IS) 
Ans. 
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I I : . I I ' I --<l: ,·: 

Cause less pronounced & rclati vi: ly 

specilic CNS clerrcss ion. 
Cause mor · pronounced & I10 I1 -

spec il'ic CNS depress ion. 

2. Therapeutic ind r:x (Tl) 

3_ Effect on hepatic 

cnzynH'S 

- ---------L-
H igh, so sa lc r. Low. su da11gcro-u.s. 

Doc~ not induce hcp:1tic n1icroso111a-l - ~1duc~- licp11lic ,;-;-i: rosu1nal c~>.y11 1cs 
enzyme. 

4. Physical dependency Less More 

5 
.. Res pi rat or)-:-' d::;-e-::--,p=--,~-c~'s---:-s:--io-,-1 -r,:l-_c_s_s ____________ _j:_:_:_M.:.::l::.:_)r.:_c_________ ---· 

6. Suicidal tendency Less More 

7. Sleep pattern Docs not alter normal sleep pattern. Alter normal sleepi ng pattern. 

s. Hang on!r effect Does not produce morning hangover Produce morning hangover. 
9. Withdrawal syndrome Less Severe 

Q. How docs atracurium differ from diazepam? (DU-02M) 
Ans. 
Difference between atracurium & diazepam: Both atracuri um & diazeparn are musc le relaxants but differ in 
the fo llowing points: 

' • • I • 

1. Mechanism of 
action 

Non-depolarizing 
neuromuscular blocker 

Facilitate the action of GABA in CNS 

2. Muscle relaxation During genera l anesthesia • Skeletal muscle spasm, eg- muscle strain 
• Spasticity from degenerative disorder such as 

multiple sclerosis & cerebra l palsy 
3. Antidote Neostiomi ne Flurnazen il 
4. Sedation No Yes 

Q. Contrast diazepam, zolpidem, phenobarbitone. (SU- l 3J u) 
Q. Compare and Contrast diazepam with phenobarbitone. (S U- I 7J, 14J) 
Q. Contrast sedative hypnotic action of diazcpam, zopiclone and phc1 obarbitone mentioning mode of 

action ¥ safety. (SU-1 OJu) 
/ 

Ans-1 
Difference among diazepam, zopiclone and phcnobarbitonc 

2. CNS depression. 

3. t ,12 
4. Therapeutic index (TI) 

5. Induction of hepatic 
enzymes 

6. Addiction 
7. Cardio-respiratory 

de 1ression 
8. Sleep pattern 

9. Hang over effect 
10. Withdrawals ndrome 
11. Antidote 

More than zopiclone but 
less than barb iturate. 
>24 hours 
High, so safer. 

No 

Less 
Less 

Does not alter normal 
slee 1attern . 
More 
Less 
Flumazeni l 

[\!larked sedative 

5-6 hours 
Higher, so 111 uch safe r. 

No 

Least 
Less 

Does not alter normal 
s lee 1 Jattern . 
Absent 
Least 
No 

More than diazepam 
& zopicione. 
1-3 hours 
Low, so dangerous. 

Yes 

More 
More 

Alter normal sleeping 
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Nice to know 

• Tolerance of benwdiazepines: ft is caused by down-regulation of GABA reaptor. It is called 

• 
pharmacodynamic tolerance. . . 
Tolerance of barbiturates: It is caused by induction of hepatic drug-metabolizmg enzymes. It is ca/led 

• 
pharmacokinetic tolerance. . . . . 
Hang over effect is the drowsiness, dysphoria and mental or motor depresswn 111 the.follow1ng day . 

Q. Barbiturate + OCP =? 
Q. Barbiturate+ Warfarin =? 
Ans. 

Barbiturate+ Warfarin 

, I , I 

Barbiturates induce hepatic microsomal enzyme - jMetabolism of OCP -
Failure of contraception. 
Barbiturates induce hepatic microsomal enzyme - jMetabolism of warfarin 
- l Anti..,coa ulation effect- jcoa0 ulation (thrombosis) . 

Q. Write about withdrawal syndrome of barbiturates. 
Ans. 
Withdrawal syndrome of barbiturates: With the long-term use of barbiturates, especially if doses are increased, 
a state of physiologic dependence can occur. Abrupt withdrawal from a barbiturate can have severe and life­
threatening manifestations, leading to death . 

Withdrawal symptoms include-
/ 1 CVS: Palpitation, orthostatic hypotension, cardiac arrest. 

/ 2. CNS excitation: Anxiety, insomnia, tremor, restlessness, altered mental function , hyperactive reflexes, 
and convulsion. 

Treatment: Phenobarbitone (long-acting barbiturate), tapering dose by 15-25%, later by 5-10% within 2 weeks. 
(Ref Katzung-13"1111381, Lippincott 's-6th) 

Q. What are the sis of barbiturate poisoning? 
Q. How can you treat a case of Phenobarbital poisoning? 
Ans. 
Barbiturate/ Phenobarbital poisoning: 

Clinical presentation: The onset of symptoms depends on the drug and the route of administration . 
A. With mild to moderate intoxication­

! . Lethargy 
2. Slurred speech 
3. Nystagmus 
4. Ataxia 

B. With higher doses-
1. Hypotension 
2. Hypothermia 
3. Bradycardia 
4. Coma 
5. Respiratory arrest 
6. Pupils are usually small or midposition 
7. The patient may lose all reflex activity and appear to be dead. 

Diagnosis 
l ff . . 
· iagnosis is usually based on a history of ingestion and should be suspected in any epileptic patient with 

stupor or coma. 
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-----Z, Serum & urine levels of phenobarbital 

3_ Other tests include electrolytes, glucose, BUN , creatinine, arteri al blood gases or ru lsc ox irnctry. and 
chest x- ray. 

rrcat01cnt 
~ergency and.supportive ~1easur~s . . . 

1. Protect the airway and ass ist ventilation rf necessary. 
2. Treat coma, hypothermia, and hypotension if they occur. 

B. Specific antidotes. There is no specific antidote. 
---.._-----c. Decontamination: By activated charcoal and gastric lavage. 

o. En}ianced elimination 
.,? Alkalinization of the urine increases the urinary elimination of phenobarbital but not other 

barbiturates. 
2. Repeat-dose activated charcoal- decreases the half-life of phenobarbital. 
3. Hemodialysis or hemoperfusion- for severely intoxicated patients. 

(Ref Poisoning & Drug Overdose by Olson-5th edition) 

Q. Short note: Buspirone. 
Ans. 
Buspirone 
Buspirone has selective anxiolytic effects. Buspirone relieves anxiety without causing marked sedative, hypnotic, 
or euphoric effects. Unlike benzodiazepines, the drug has no anticonvulsant or muscle relaxant prope11i es. 
Buspirone does not interact directly with GABAergic systems. 

Mechanism of action: It may exe11 its anxiolytic effects by acting as a pai1ial agonist at brain 5-HT1A receptors, 
but it also has affinity for brain dopamine D2 receptors. 

Indication: 
1. Generalized anxiety states. 

Elimination half-life: 2-4 hours 
Pregnancy category: B 

Adverse effects: 
1. Nonspec ific chest pain 
2. Tachycardia 
3. Palpitations 
4. Dizziness 
5. Nervousness 
6. Headache 
7. Tinnitus 
8. Gastrointestinal distress 
9. Paresthesias and a dose-dependent pupillary constriction 
10. Blood pressure may be significantly elevated in patients receiving MAO inhibitors. 

Advantages: 
1. No rebound anxiety or withdrawal signs on abrupt discontinuance. 
2. Minimal abuse liability. 
3. Dependence is unlikely. 
4. Causes less psychomotor impairment than benzodiazepines and does not affect driving skill s. 
5. Does not potentiate effects of conventional sedative-hypnotic drugs, ethanol , or tricyc l ic antidepressants. 
6. Elderly patients do not appear to be more sensitive to its actions. 

Pharmacology-37 
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Disadvantages: 

1. Slow onset ( 1-2 weeks) of anxiolytic effects. 
2. Unsuitable for management of acute anxiety states. 
3. Not effective in acute withdrawal syndrome of benzodiazepines. 
4. Less effective in panic disorders. 

Q. Short note: Ramelteon. 
Ans. 
Ramelteon: It is a melatonin receptor agonist. 

(Ref Katzung-1311,/372,382) 

Mechanism of action: It activates MTl and MT2 melatonin receptors located in the suprachiasmatic nuclei of the 
brain. Melatonin receptors are thought to be involved in maintaining circadian rhythms underlying the sleep-wake 
cycle. · 

Indication: 
1. Sleep disorders, especially those characterized by difficulty in falling asleep. 

Contraindication: Ramelteon should be used with caution in patients with liver dysfunction. 

Adverse effects 
I . Dizziness 
2. Somnolence 
3. Fatigue 
4. Endocrine changes. 

(Ref Katzung-1311,/372,382) 

Nice to know 
Orexin receptor antagonists: Orexin receptor antagonists are new class of hypnotic drugs. They include­

]. Almorexant 
2. Suvorexant 

Mechanism of action: Orexin A and B are peptides found in hypothalamic neurons that are involved in the 
control of wakefulness; their levels increase in the day and decrease at night. Loss of orexin neurons is associated 
with narcolepsy, a disorder characterized by daytime sleepiness and cataplexy. Animal studies show that orexin 
receptor antagonists have sleep-enabling effects. 

(Ref Katzung-l 1°11378) 
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Opioid Analgesic 

Q What is Pain? 
·v 

;::,~: Pain is an unpleasant sensory & emotional experience associated with actual or rotential tissue; damage o r 
described in terms of such damage. 

(Ref· Benne!! & l3ru wn-l I th) 

Types of pain: 
· 1. According lo nature: 

a. Acute pain / fast pain 
b. Chronic pain / slow pain 

2. According to involvement of nerve fibers: 
a. Neuropathic pain 
b. Non-neuropathic pain 

1 Acute pain: Acute pain is experienced after trauma or surgery, typically resolves with healing of the injured 
tissue, and can usually be managed effectively with the appropriate use of pharmacotherapy. It is transmitted 
principally by fast conducting A-delta fibers and has major nociceptive input (physical trauma, pleurisy, 
myocardial infarct, perforated peptic ulcer) . 

• Chronic pain: Chronic pain is commonly defined as pain that persists beyond the period expected for healing, 
or pain that is associated with progressive or persistent non-malignant disease . e.g. chronic pain due to 
rheumatoid arthritis. Chronic pain can persist long after the healing of damaged tissue. It is transmitted 
princ ipally by slow conducting typ_e C fibers. 

• Neuropathic pain: Neuropathic pain is defined as a chronic pain resulting from damage to the nervous system . 
Eg, trigeminal neuralgia. 

• Cancer-related pain refers to pain that is the result of primary tumour growth, metastatic disease, or the toxic 
effects of chemotherapy and radiation, such as neuropathies due to neurotoxic antineoplastic drugs. 

• Features associated with neuropathic pain including: 
/1. Allodynia - pain caused by a stimulus that would not normally provoke pain , e.g. light touch . 
2~ Hyperalgesia - an increased response to a stimulus that wou ld normally be painful. 
3. Paraesthesia - abnorma l sensation, e.g. 'pins and needles'. 
4. Dysaesthesia - a painful paraesthesia, e.g. burning foot pain in diabetic neuropathy. 

(Ref Bennet/ & Brown-I ;t"/280-28 I) 

• Fast pain & slow pain: 
-- "''"·,,,,,., .. , .. ,A . /F t . I Ch . . /SI . ·i,jht•';l-': .. ~"'",t·~'-1-~.:=,1: cute pam as pam .. ,. ·: · · , . - romc pam ow pam . · -.. . . · -
1. lt is felt within about 0.1 second after the pain 

stimulus is a lied. ------- · 

2. It is described by · the patient as sharp pain, 
acute )ain, rickino ain and electric ain. 

3. It p1~duces bright, sharp localized sensation. 

1. It is felt l (ope:)' econd or more after the pain stimulus 
. is a lied., , < · - -~ -- ---

2 . . It _is desc~1bed ·by the patient as burning pain. nching. 
ain, throbbin° ain, nauseous Jain and chronic )ain . 

3. It produces · dull, intense, diffuse, and unpleasant 
fee lin . 

4- It is conducted to the s inal cord b Ao fibers. 4. It -is conducted to the s Jinatcord b , C fibers. 

Y.!!:,ious aspects of pain : Pain has 4 steps to develop-
! . Nociception: Nociception is a consequence of tissue injury (trauma, inflammation .:, ~ausing the release of 

chemical mediators which activate nociceptors (free nerve endings) . 
2· Pain perception: It is the appreciation & interpretation of pain. 
3· Pain reaction (suffering): Suffering is a consequence of pain and of lack of understanding by patit:nl · of 

the meaning of the pain; it comprises anxiety and fear (particularly in acute pain) and deprc·ssio11 
(particularly in chronic pain). 
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4. ~ain _behavior: e.g. such immediate and obvious aspects as facial express ion, rcstk ssne<;s, seek ing 

1solat1on (or company), medicine-taking, as we ll as, in chronic pain , the deve lopment or qucru lou~ness. 
depress ion. despair and social withdrawal. 

(Re/ /Jennell & /Jro wn-l J th) 
• Noxious stimuli : Histamine, Bradykinin, prostaglandin , adenosine, and lactate arc produced in response: to 

trauma, injury, inflammation or any other tissue injury or pathological condition. 
• Importance of knowing pain nociception: By interfering, the nociception we can redu ce the somatic pain. 

NSAIDs interfere pain nociception & exe1t its analges ic effects. 

I 
1 

• Describe the pathway of pain perception. (CU-16Ju) 
ns. 

Pathway of pain perception: Mechanical , electrical, thermal or chemical pain stimuli - Stimulation of pain 
receptor (Free nerve ending) - Afferent nerve fibers : Fast pain by Ab fibers, slow pain by C fibers - Enters 
into the spinal cord - Synapse with posterior horn cell - Ascend as lateral spinothalamic tract - Pons -. 
Ventral posterolateral nucleus of the thalamus. (Here crude pain is appreciated & emotional reactions are 
initiated) - Internal capsule --t Corona radiate --t Somesthetic area in the postcentral gyrus (Here the exact & 
meaningful inte1pretation of pain occurs). 

(Ref Neuroanatomy-511
'/ J 46,149; Ganong-24th) 

• Importance of pain perception / reaction / behavior: By interfering pain perception or reaction or behavior 
we can relieve from pain. Opioid analgesics cause such type of interference & used in visceral pain . 

/ . 
9i?efine analgesic. (DU-17M, SU-07J,05M) 

J'Ans. 
Analgesic drug: An analgesic is defined as a drug that relieves pain. e.g. paracetamol, morphine. Analgesics are 
classified as opioids and non-opioids. 

(Ref Bennett & Brown-11"'1281) 

Nice to know 
• Drugs that relieve pain due to a single cause or ,r.,pecijic pain ,r.,yndrome only. e.g. ergotamine (migraine). 

carbamazepine (neuralgias), glyceryl trinitrate (angina pectori,r.,), are not classed as analgesics: nor are 
adrenocortical steroids that suppress pain of inflammation of any cause. 

(Ref Bennett & Brown-I/ th) 
J The word opium is derived from o os, the _Gr~~k word for ''juice, " the drug being d_erived from the j uice of the 

opnon poppy, . apaver somm erum. !fier znclSlon, the poppy seed pod exudes a white substance that turns into 
a brown gum l at is cru e opium. Opium contains many alkaloids. 

•!Narcotic was originally used to describe sleep-inducing medications. 
(Ref Katzung-l 3'"153 1) 

/ 
~ efine opioid, opiate and opioid analgesic? 

Ans. 
Opiate: The term opiate specifically describes the naturally oc~ i.ng_alkaloids: morphine, codeine, thebaine. 
and papaverine. Opiates are deri ved from alkaloids of the opium poppy. 

(R / . K l ' '"; - 'I I:'. : atwng- J )J ) 

Opioid/ Opioid analgesic: The term opioid describes al I compounds that work at opioid receptors. 
(Ref Kat: 11ng-JJ1'1l5J/) 

0~, The _term opioid refers broadly to all compounds related to opium. The class of drugs that includes opiates. 
op1opept111s, and all synthetic and semisynthetic drugs that mimic the actions of the opiates 

(Ref Goodman & Gilman-1 2'" edition, Katzung & Trevor 's-1 0th uditio11) 

Q. Name the endogenous opioid peptides. (DU-07J , CU-I 4J) 
,CV Ans. 

End?genous opioid peptides: Endogenous peptides that act on opioid receptors are ca lled endogenous opioid 
peptides. 

(Ref Katzzmg & Trevor 's- 10th edition) 
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• r.. kthil)lli111>cnkcph:1lin (mct-cnkcphalin 
• Lt'UCitll:-enkcph 1li11 (leu-rnkcphalin) 

t)\·t1 )rphin:-
·' · · • O\·noq hin A 

• 0\ n )t'f hin B 

Drugs acting In CNS 

(Ref Kur: 1111g- l f " 532)'. 
,tcduinism of ,lC_tion_: _E ndogenous opi id peptid~s bind with op iL)id rece.ptor - 0ctiv~tion or o~i ~id rcccpto~· · · 
· , ,111 ~ 1he relea e f subst·mce P (a neurotransmttrer and loca l hormone 111 vo lved 111 pa111 tra11s1111ss1on) Pain 
n1 ,, . . I .b. d 
~ . ii,,iL 11 IS 11111 tie . 
w111~ 11 - · , · (R~/ Be1111eff & /Jro11'11-/ I rli) 
Q. Continuous Wl'.lr nnd tear running on the body. But we do not foci pain. Why'? 

\\\
1
~;-e iu·e ntinu us w~ar ·rnd_ tea,~ r~m~1ing on the body, eg millions of intestinal epithelial ce ll s are shed in e_a~ h 

,1:(l nd. But we _do no~ ~eel pam. 1 lllS ts d_ue to th~ presence of endogenous opioid peptides. Endogenous op1o~d 
· , ii ides bind ,,·tth op101d recept r - Activation of opio id receptors prevents the release of substance P - Pam 
ptf · · · • · 1 'b' d 

1
. 1111 ,q 11 IS Ill 11 lte . 

ir:ll ~ -." 
(Ref Benne ff & Brown-I I rh) 

,w11e opioid receptor with their distribution & gross function. (DU- l 4J u, l 2Ju RU-l 3Ju,08Ju, CU-O8.1) 

~ns. 
Opioid Receptor Subtypes, Their Functions, and Their Endogenous Peptide Affinities: 

Receptor Functions 
Subtwe 

Endogenous Opioid Peptide Affinity 

11 (mu) Supraspinal and spinal analges ia: sedation: inhibition Endorphins > enkephalins > dynorphins 
of res iration: slowed GI transit: mod ulation of 

6(delta) 

i-: (kappa) 

hormone and netirotransmitter release 
Supraspinal and spinal anal0 es ia; mod ulation of 
hormone and neurotransmitter release 
Supraspinal and spinal analgesia; psychotomimetic 
effects; slowed QI transit 

Distribution of opioid receptors: 
I. Brainstem 
1 Thalamus 
3. Spinal cord 
4. Hypothalamus 
5. Limbic system 
6. Peripheral sensory nerve fiber & their terminal. 

Enkephalins > endorphins and dynorphins 

Dynorphins >> endorphins and enkephalins 

(R~l Km:1111g-J 3'"153]) 

Q. Classify analgesics . (DU- l 7J, I \J ,O8J ,O6S; CU-I SJ: RU-O4S, SU-I 5Ju,O7J) 
Q. Classify analgesics according to mechanism of action. (SU-l 6Ju) 
. .\11 s . 

. ..\nalgesic drugs: 

I. Opioid / narcotic analgesics: They act in the CNS and cause drowsiness. (See below) 
2. Non-opioid/ non-narcotic analgesics: They act chiefly periphera lly, eg, NSA!Os. 

Q. Classify/Mention opioid analgesics . (DU- I 6Ju, I OJu, RU-O6S) 
Q. Enlist narcotic analgesics. (DU-O8J ,O6S; CU-O4M) 
Q. Name the opioids. (RU-OSM, SU-O8Ju) 

(R~l Kat:1111g-l 3rh & IJl!1111efl & /Jrm, ·11-/ I th) 
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Q. Classify opioid analgesics categorically. (RU- 16.1 ) ,r,/ ~ _ !" C..../ 
Q. Classify opioid analgesics according to their efficacy '? ,.,. c__,1 
Q. Enumerate two opioid analgesics from each group. (RU- I 7J) 

Ans. 
Classification of opioid analgesics 

A. According to their efficacy· 

High efficacy Moderate efficacy 
Low efficacy 

Codeine -----
Morphine Hydrocodone • 

• • 
• Hydromorphone • Oxycodone 

• Oxymorphone • Pentazoc ine 

• Methadone 

• Meperidine 

• Heroin (dimorphine) 

• Fentanyl 

• Sufentanil 

• Alfentanil 

• Remifentanil 

• Levorphanol 

• Nalbuphine 

• Buprenorphine 

• Butorphanol ·. th - -(Ref Katzung- 13 /)33) 

B. According to chemical structure 

Phenanthrenes Morphinans Benzmorphan Phenylpiperidines Diphenylheotan;-

• Morphine • Levorphanol • Pentazocine • Fentanyl • Methadone 

• Codeine • Butorphanol • Alfentanil 

• Oxycodone • Sufentanil 

• Oxyrnorphone • Rernifentanil 

• Hydromorphone • Meperidine 

• Hydrocodone 

• Buprenorphine 

• Nalbuphine 
' Ill th -(Ref L1ppmcott s-6 /192, Katzung-13 /544-)47) 

C. According to origin: 

Natural Semisynthetic Synthetic 

• Moprphine • Hydromorphone • Methadone 

• Codeine • Hydrocodone • Meperidine 

• Oxycodone • Fentanyl 

• Oxymorphone • Tapentadol 

• Trarnadol 
tli (R~f: L1ppmcoll s-6 I 192) 

D. Functional classification: 

• Pure agonists Morphine, codeine 

• Partial agonists Buprenorphine 

• Mixed action Pentazoc ine, nalbupine, butorphanol 

• Anta{!onists Naxolone, naltrexone 
th 

(Re}: Rennell & Brown-!/ /283) 
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Morphine and Pethidine (Meperidine) 

The word Morphine comes Ji-om flr!orphious whiqh me0!_! ~he Goddess <d'drean~ in Greek mytholugv 

source: Op_ium is the s~ur~e-of morp!1ine. Poppy plant P_ap~ve1'. somn[ferum and P al.bum - U1~ripc seed capsule: 
-' longitudmal parallel mc1s1on - milky exudates - dried 111 air - brown gum that 1s crude op iu m. 

Chemical nature: Alkaloids. 

Q. Describe the mechanism of action (MIA) of morphine. (CU-l 5Ju) 
Q. Write the me; hanism of action (M/ A) of pethidine. (SU- l SJ) 
Q. How does ,91orphine produce analgesia? (DU- l 4Ju, \2Ju, CU-17 J,08J, RU-081) 
Q. Explaio/~nalgesic effect of pethidine. (DU-I 0Ju,00J , SU-l 4Ju, l 0J ,09Ju) 
Q. Sh0rj,ly discuss the molecular mechanism of morphine. (SU-081) 
Q: .. ~p1ain the analgesic action of morphine mentioning receptor-neurotransmitter involved . (DU-06/04S, 

°' / RU-07 J ,06J/S, CU-141, l 2Ju, SU- l 7M) 
Ans . 
Mechanism of action of morphine / pethidine / opioids: Opioid agonists produce analgesia by binding to 
specific G protein-coupled opioid receptors that are located in brain and spinal cord regions in vo lved in the 
transmission and modulation of pain. Morphine binds to all the opioid receptors (~L, 8, K). Pethidine is 
predominantly a µ rec~ptor ~go1~st. 

I. Morphine binds to opioid receptors(µ, 6, K) in the presynaptic nerve terminal. 
! 

Closure of voltage-gated Ca2
+ channels 

! 
C 7+ . fl ! a- m ux 

! 
Decreases the release of neurotransmitters (substance P, acetylcholine, n01·epinephrine, serotonin, glutamate) 

l 
Pain transmission is inhibited. 

2. Morphine binds to opioid receptor(µ) in the postsynaptic nerve terminal 

! 
Open K+ channels 

! 
K+ conductance, causing increased K+ efflux 

! 
Hyperpolarization 

! 
Inhibitory postsynaptic potential (IPSP) 

! 
Pain transmission is inhibited. 

(Ref Katzung-13th/534) 

Spinal pain­
transmission 

neuron 

Primary 
----- afferent 

:} (Presynaptic)J, ca2+ influx, 

J, lransmitter release 
µ 

~ µ (Postsynaptic) i K' conductance, 

~IPSP 

Fig Spinal .\·ite.\· of action of opioitl\' 
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Q. What are the pharmacological effects of morphine or opioid nnalgcsics? (DU-09Ju,CU-I JJ , I 1Ju,08J , ~ 
\6Ju, \ IJ ,08Ju) 

Q. Mention the ccntrnl pharmal'Ological effects of morphine. (DU- 13.J , 12.J , CU-I 7M, SU-I 6J , 12J, RU-i 2J) 
Q. Mention the central nervous S)'Stcm effects of morphine. (DU- I SJ) 
Q. List the central and peripheral effects of morphine. (CU-OSM, SU-15Ju) 
Q I) . · 1.. • • · • • f' 1 · CNS (DLJ- 11 l 071' RU- 16.1 14J) , 1scuss Ill (H'let the phannacolog1cal action o morp 1111c 011 · · , · , ' 

Q. State the effects of morphine on respiratory and GIT. (RU-17.J) 
Q. Lists the central & GIT effects of pethidine. (SU-07.lu) 
Q
1 

List the pharmacological effects of m~peridine on CNS. 
Q. Nf.lnH\ the depressor etJects ofmorph_m~ on CNS. fRU-09Ju) 
Ans. 
Pharmacological effects of morphine/ pethidine/ opioid ana lgesics: 

1. Selective depression of CNS • Analgesia 
• Sedation 
• Sleep 
• Respiratory depression 
• Cough suppression (morphine, not pethidine) 
• Inhibition of heat regulatory center (hyperthennia) 

2. Selective stimulation of CNS • Vomiting 
• Miosis I pinpoint pupi ls. (Pethidine does not cause pinpoint pupils bw, 

rather, causes the pupils lo dilate because of an atropine-like action.) 

• Hyperactive spinal cord reflexes (some only) 
• Convulsions ( very rare) 

3. Changes in mood • Euphoria 
• Dysphoria 

4. Dependence • Affects other systems too. 
(Ref Bennett & Brown-I J th) 

Peripheral effects ·,. · . ·~1 
• ·--~n~;.ik:~~tf:2t\ff.!:f&~:,Jfi~~~t'.m;,~~\tiFtit1;~~t\i1ii~t!\~~~i¾~if~i~~f.'i;½'i4~ift~il•t~~ 

Peripheral nervous system • Analgesia, some anti-inflammatory effect 

CVS • Bradycardia (except meperidine, pethidine which cause tachycardia due 
to its anti-muscarinic action) 

• Hypotension (due to vasodi!ation) 

Respiratory system • Bronchosecretion 
• Bronchospasm (by releasing histamine) 

GIT • tGIT motility & fGIT tone - Constipation (morphine, not pethidine) 
Biliary tract • Contracts biliary smooth musc le - Biliary co.lie 

• Constricts sphincter of Oddi - i Plasma amylase & lipase. 
Renal • Urinary retention. (Pethidine produces less urinary retention than does 

morphine) 

• Decreased renal blood flow - Renal hypoperfusion 
• Anti-diuretic effects (due to release of ADH) 

Uterus • May prolong labour. 
• Morphine may prolong the second stage of labor by transiently decreasing 

the strength, duration, and frequency of uterine contractions. 
(Ref Lippincoptt 's-6'"! !95) 

• Fentanyl and pethidine inhibit uterine contractility but only at 
supraclinical concentrations. 
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. 0 endocrine • Increase release of ADI-I prohctin so t t . 

~cu• · · , , ma o rop1n 
• Inhibit LI-I surge 
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D 

~ • Flushing, warming of the sh n .1• • · 1 6 . . . . . · \ , ccompan1cc y sweating, urticaria and 
Itch 111g. 

I 
JoJOIUOC 

• Opioids modulate immune system by effects on lym l I i-~ t' . . p 1ocy e pro I era ,on, 
antibody production and chemotaxis. 

/ 

, . '" / (Ref Katzung-13 /539-540) 

I-l~ morphine produce miosis? (CU- I 4Ju) Q. 
Ahs. f . . d b h' M I . d . · Mechanism o m10s1s cause y morp me: orp 1me pro uces m1os1s byµ and K receptor-mediated stimulation 
of the oculomotor nucleus. 

(Ref Rang & Dale 's-!Jth) 
Nice to know 
~of miosis caused by morphine: Pinpoint pupils are an important diagnostic feature in opioid 
poisoning, because most other_ causes of co.m~ an1 respiratory d~p:ession produce pupillary dilatation. Tolerance 
does not develop to the pupzllary constrrctwn mduced by opwtds and therefore can be observed in opioid­
dependent drug users who may have been taking opioidsfor a considerable time. 

(Ref Rang & Dale's-8th) 

Q. Briefly dis US'slhe clini'carus~s of 'Opioid ·a.nafgei!f~~ o}p~fif~J~J{:1Htq;219·su~l :;,t·":··t, ':"- , _:, ~ ,. •:, ·: 
Q. What re the indications of morphine .. or other,.op}oid~? ·(~Uf06S,_CU~08J_(?-U:·:1 lJ u, SU-16J u, lSJ) 
Q. Wrjte iinmn:tant indi~~.tions ,of_ m_9rrhin~ ~ pethi<Jinl:1',(Ql.J::0&JJ.1~1\l._s;d~i~. /t:.L,,c::__ ... . _ .• 
,At s. 
Indications of morphine & other opioids: 

t. Analgesia: 
- -.---Xe u te M 1 

• 
Severe somatic pain, eg, extreme burn, fracture, post-operative pain, acute pancreatitis. 
Chronic pain in termina'I cancer patienC 

• Obstetr iclaoor: Opioid analgesics ( eg, meperidine) are often used during obstetric labor. 
• R~nal and biliary colic: The acute, severe pain of renal and biliary colic often requires a strong 

ago111st opioid for adequate relief. . 

2. Acute pulmonary edema: IV morphine relieves dyspnea from pulmonary edema associated with left 
-ventricul-ar f-arlure. 

3. In pre-anesthetic medication (for analgesia & anxiolysis) 
- -

4. Shivering (pethidine has anti-shivering effect due to its urreceptor blocking prope1ty) 

5. Cough ~uppression (dextromethorphan & codeine are used as they are synthetic opioid with few or no 
CNS-effects at lower dose than that of anesthesia) 

6. Non-infective diarrhea (Diphenoxylate is used for its more selective GIT effects with no / less CNS 
effectf 

Q. /i· ~ e antitussive Morphine like drugs. (CU-16!) An~ th, 

(Ref Katzung-l 3tJ'/540-5.:/J) 

Antitussive Morphine like drugs: The opioid analgesics are among the most effective drugs available for the 
suppression of cough . The opioid derivatives most commonly used as antitussives are-

1. Dextromethorphan 
2. Codeine 
3. Levopropoxyphene 
4. Noscapine 

(Ref Katzw'IR-13'"1547' 

Pharmacology-38 
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Nice to know 
?11e to incr11asi11g reports of death in young children taking dextrometlwrpltan in f ormulution.1· of over-the-cuunter 

cold/cough" medications, its use in chlldre11 younger tlum 6 ye11r.\' of age has been banned by the FDA . . 
(Ref: Kutzung- 131,,/547) 

h.cd( . t 

J 
l ,,..,,, 

~ n .. ·, 

--l 
::, 

~ '( 

vascular resistance and 

/ owever, if respiratory depression is a problem, furosemide may be preferred for the treatment of pulmonary 
edema. Morphine can be particularly useful when treating painful myocardial ischemia with pulmonary edema. 

(Ref Katzung-13°'!54 J) 

Q,. What are the adverse effects of opioid analgesics? (DU-04S; CU-04M, SU-041) 
.. i l· Write down the adverse effects of morphine. (CU-l 3Ju) 

Ans. 
Adverse effects of opioid analgesics / morphine: 

Adverse Effects with Acute Use Adverse Effects with Chronic Use 
1. Respiratory depression 1. Hypogonadism 
2. Nausea I vomiting 2. Immunosuppression 
3. Pruritus 3. Increased feeding 
4. Urticaria 4. Increased growth hormone secretion 
5. Constipation 5. Withdrawal effects 
6. Urinary retention 6. Tolerance, dependence 
7. Delirium 7. Abuse, addiction 
8. Sedation 8. Hyperalgesia 
9. Myoclonus 
I 0. Seizures 

9. Impairment while driving 

th -(Ref Katzung-13 /)42) 

Other adverse effects of opioid analgesics/ morphine: 
1 · Increased intracranial pressure (ICP): The elevation of ICP, particularly in head injury, can be serious. 

(Ref Lippincott 's-6'h!J96; 
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Q. WI at are the contraindications of opioid analgesics/ morphine? (DU-07 J, SU-1 6.lu, I SJ, 11 J, CU-00S) 

Ans. 
contraindications of morphine/ opioid analgesics: 
- 1. Head injury (as morphine increases ICP which deteriorate the condition) 

2. Pregnancy (risk of teratogenesis and physical dependence of the fetus) 

3. Impaired pulmonary function: In patients with borderline respiratory reserve, the depressant properties 
of the opioid analgesics may lead to acute respiratory failure. 

4. Impaired hepatic or renal function. 

5. Impaired endocrine function: Patients with adrenal insufficiency (Addison 's disease), hypothyroidism 
(Myxedema) may have prolonged and exaggerated responses to opioids. 

6. Combining a pure agonist (morphine) with a weak partial agonist (pentazocine) should be avoided. 
In this combination, there is a risk of diminishing analgesia or even inducing a state of withdrawal. 

7. Undiagnosed acute visceral pain (eg, undiagnosed acute abdominal pain) 

(Ref Katzung-131h/544) 

Q. wzh· 4 hine is contraindicated in undiagnosed acute abdomen I acute visceral pain? 
Ans!. 
Morp' ine is contraindicated in undiagnosed acute abdomen/ acute visceral pain: Elaboration of pain (e.g. 
site, nature, severity, radiation etc.) is one of the important clues for the diagnosis of any acute visceral ( e.g. 
abdominal) pain. By interpreting or elaborating the pain, an expert physician or surgeon can diagnose the disease 
even without any investigation. 
lfwe suppress the pain or reduce the intensity or severity of visceral pain before a proper & complete history and 
physical examination, it is very difficult to diagnose the cause of pain properly. So, opioid analgesics should be 
given after a proper & complete evaluation of pain . 

Q. A 35 years aged lady has admitted in the medicine ward with complaints of abdominal pain suspected 
to be biliary stone origin. How you will treat pharmacologically? Explain role of these drug(s) . (SU-I OJ) 

Ans. 
Pharmacological intervention of abdominal pain due to biliary stone: 

1. Analgesic: According to the severity (as it is a visceral pain, there is a little role of NSAIDs) 
• Mild-moderate pain: Anti-spasmodic (hyoscine butyl bromide oral or parenteral) 
• Severe pain: Opioid analgesic (pethidine or nalbuphine or tramadol) ± An anti-spasmodic 

2. Anti-emetic: If there is associated vomiting---+ Prochlorperazine or ondansetron. 
3. Anti-ulcerant: If the patient has history of PUD or patient is kept nothing by mouth (ranitidine or 

omeprazole) 
4. Antibiotic: Should only be used where indicated. Not necessary to use routinely. 

Q. Why m rP, ne is contraindicated in head injury? (RU-1 SJu, 12J) 
Q. Expl n e consequence: Morphine given in head injury. (DU-13Ju) 
Ans. 
l\lor e is contraindicated in head injury: Morphine causes respiratory depression . Carbon dioxide retention 
caused by respiratory depression results in cerebral vasodilation . Morphine also increases intracranial pressure 
(ICP). In patients with elevated ICP, cerebral vasodilation may lead to lethal alterations in brain function. 

-~--,.·.·~ ~--~~--(Ref Katzung-13
1

1,/541)_ 
Q; 'ch opioia is preferred, m.obstejric analgesia ail~ why,? (b -10Jti) ' · 

y petliidine is preferred to morphine in obstetric case? (DU-13J,12ff) · 
. Why P.ethidine is referred to . OrP.hine ih laboq~ain? SU-17J,14~Jul::lk---~:..i.-..:.;...;~:....i..-..-..... --.................. 

Ans. 
Pethidine is preferred in obstetric analgesia/ Morphine is potentially more harmful: Opioid analgesics are 
often used during obstetric labor for analgesia. Because opioids cross the placental barrier and reach the fetus 
care must be taken to minimize neonatal cardio-respiratory depression . 
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Pethidine is widely used in obstetrics because­
[' l. It does not de lay labour like morphine; 
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2. It causes less cardio-respi ratory depress ion in the fetus. 

-
(Rel Benne// & Brown-I!'" + Katzung-l 3th) 

~ / ·d · }. · ,, / f'ym & ncretion But placenta is lack of · .._,.,,('Expla11atio11: Morpltine undergoes g!ucuron1 at1on or its me a JO 1· , · . · . _ . . . 
~ · · b 1· , / · /acenta and 1/s' concentratwn & dwa11on 0 1 

{:) 
\r 
I 

t'/ 

glucuronyl tran.); t:rase enzyme. So, Morph me 1s not meta o 1zec 111 P . · _ h . 'J 
· · · · · I -d · . · 1 • depres.rnm. Moreover, morp me may action 111creases. So there 1s more chance oj }eta ca, 10-resp1ra 01 y 

prolonglabor. . . .. 11 ,,. , . , 1· a!kylationfor its metabolism& 
On the other hand, pethidine does nof_Leq u1re glucuronidalJ.Qn, rat e, 11 requm.. · . J . . . . f , . . h 

- - · · I d ·, . · ·,ntration & duratwn O; ac twn 1.1 es.1 I an 
excrerion So pethidine is metabolized 111 the p acenta an 1 5 conce h h .d. . ,r , · · · , · Th t ' · y pet I me ts sa1er & 
morphine. So rhere is less chance of fetal card10-re.sp1ratory depres.s,on. a s w · 

preferred in obstetric use.) (Ref Rang-Dale-8'1, + Katzung-13th edition) 

~. Why is morphine contraindicated in pregnancy? 

'.l\. ns. Id b d refully · In pregnant women who are 
Morphine is contraindicated in pregnancy or at least shou e use ca · ·t· . 1 d 

h · II d dent in utero and 111an1 est wit 1 rawal chronica lly using opioids, the fetus may become p ys1ca Y epen 
symptoms in the early postp11rtum period. 
Opioid analgesics can cross blood-placental barrier & may cause fetal respiratory depression & ultimately 

teratogenesis or intra-uterine fetal death occurs. 
(Ref Katzung-13'"1544) 

Q. Why morphine should not be used in impaired pulmonary function? 
' -1\.ns . 

Morphine should not be used in impaired pulmonary function : In patients witl_1 borderli_ne respiratory reserve, 
the depressant properties of the opioid analgesics/morphine may lead to acute respiratory failure. 

(Ref Katzung- 13'"1544) 

.0 / \Vhy morphine should not be used in impaired hepatic function? 
'-Ans. Morphine is metabolized primarily in the liver. So, should be used cautiously in hepatic impairment ( e.g. 

hepatitis) or patients with hepatic coma. 

,Q~hy morphine should not be used in impaired renal function? 
(Ref Katzung-l 3'"1544) 

Ans. Morphine is excreted through kidney. So in patients with impaired renal function, the half-life of morphine 
nged and morphine & its active glucuronide metabolites may accumulate in the body producing toxicities . 

(Ref Katzung-13'"1544) 

Q How does Morphine produce tolerance and withdrawal effects? (CU-16Ju) 

Tolerance to morphine: With frequently repeated therapeutic doses of morphine or its surrogates, there is a 
gradual loss in effectiveness; this loss of effectiveness is termed tolerance. To reproduce the original response, a 
larger dose must be administered . 

Withdrawal or abstinence syndrome / Dependence: Along with tolerance, physical dependence develops. 
Physical dependence is defined as a characteristic withdrawal or abstinence syndrome when a drug is stopped or 
an antagonist is administered. 

Mechanism of opioid tolerance and physical dependance: It is poorly understood, but persistent activation of p 
recepto~s such as occurs with the treatment of severe chronic pain appears to play a primary role in its induction 
and maintenance. 

Current con~epts hav~ shifted away from tolerance being driven by a simple up-regulation of cAMP system. 
Although this process 1s assoc iated with tolerance, it is not suffi cient to explain it. 
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Zoncept ~f receptor recycling_: _N o~·mally, activation or fl r1.:ccptors by endogenous li ga nds result ~ in receptor 
endocytosis foll?wed b_y resensitization and recycling ol' the receptor to the rl asma membrane. 1 lowevcr, using 
!.!.enetically m~dified mice, research now shows that the failure of morphine tn induce cnclocytos is 01· the ~L-orioicl 
;.eceptor is an nnportant component of tolerance and dependence. 

concept of receptor uncoupling: Under this hypothesis, tolerance results from a dys function of' structural 
interactions between the ~1 receptor and G proteins, second-messenger systems. and their target ion cha1inels. 

(Re{ Katzung-1 J11'!5J 7J 

Nice to know 
Degrees of tolerance that may develop to some of the effects of the opioid.\·. 

High Moderate Minimal or None 
Analgesia Bradycardia Miosis 
Euphoria, dysphoria Constipation 
Mental clouding Convulsions 
Sedation 
Respiratory depression 
Antidiuresis 
Nausea and vomiting 
Cou~h suppression 

~ will you manage a case of morphine addict? (CU- I 7M, S U-1 SJ u) 
, )Ans. 

Pharmacological approaches to treating a case of morphine addict 

J. -To alleviate withdrawal 
sy~ pto-~s .. . -

.:• ~ethadune~;; 
,:._ '.~ , • .-, r ~ , ' ', 

• Ibogaine. , • · , ... , 

(Ref Katzung-131"1539) 

y u;agonists' ( e.g. clonidine, lofexidine ). · . 

7 -P blo~ker (e.g. proprariolol) to diminish excessive periphe1:a1 
· s m athetic activi . . 

2. ,L'ong-term sub~titution • Methadone, buprenorphine or legal heroin to maintain opioid: 
de endent atients . : . · 

' 4.\ Reducing continued drug use 
(~ay act }>y ,redµi_i~g1craving), ': 

- ~ rate post-operative analgesia. (RU-l2Ju) 
Ans. 

(Ref Rang-Dale-8th) 

Post-operative analgesia: The analgesic drugs used in post-operative period is called post-operative analgesia. 

Drugs used in post-operative analgesia 
I. Analgesics used in immediate post-operative period (first 24-48 hours): 

a. Opioid analgesics are preferred especially in IM route. Eg, morphine, pethidine. nalbuphine. 
tramadol. 

b. NSAIDs (eg, ketorolac, diclofenac, ibuprofen) are used in selective cases such as elderly patient, 
patient with cardiorespiratory compromise. 

2. Regular analgesic in post-operative period (after 48 hours to onward): NSAIDs are used mostly in oral 
or per-rectal route. Eg, 

a. Diclofenac 
b. Ketorolac 
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c. Naproxane 

(Ref Bennett & Brown-] 1'"1297) 

Q. Why morphine is called the restricted drug? (RU-l 3Ju) 
Ans. - -- -- - · 
Morphine causes addiction. Therefore, many governments regulate the manufacture, distribution, marketing, and 
sale of morphine, for instance through a prescription system. This is why; morphine is called the restricted drug. 

Q. Mention the differences between morphine & pethidine. (DU-l 4J,07M; SU- l 7M, 11 Ju,09/08Ju, RU-I 0Ju) 
Q. H?) does morphine differ from mepiridine? (RU-04S) 
Q. Qompare & contrast morphine & pethidine. (DU-I SJ, CU-l 5J,07Ju, RU-06M, SU-l 6J, 13Ju) 

What are the advantages of pethidine over morphine? (DU-08J) 
Ans. 
Differences between morphine & pethidine: 

Tramadol 

Tramadol is a synthetic codeine analog that acts as a centrally acting analgesic. Its mechanism of action is 
predominantly based on blockade of serotonin reuptake. 

Mechanism of action: 
1. Inhibition of uptake of norepinephrine and serotonin. 
2. Weak µ-opioid receptor agonist. 

Indications of tramadol: 
1. As a post-operative analgesia. 
2. Chronic neuropathic pain (as an adjunct with pure opioid agonists). 
3. Treatment of labor pain. 

Adverse effects: Common side effects of tramadol include-
!. Seizures, especially in patients taking SSRI, TCA, or in overdose. 
2. Serotonin syndrome 
3. Nausea 
4. Vomiting 



"'soizziness 

6: Dry mouth 
Sedation 7. 

S. Headache. _ 

9_ Anaphylax1s. 
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contraindic~tion . . . . . . . . . _ 
l. Relatively contramd1cated Ill patients with a lustory of epilepsy and l'or use with other drugs that lower 

the seizure threshold. 
Tramadol should also be avoided in patients taking monoamine oxidase inhibitors. 2. 

3. Patients with a history of addiction. 
(Ref Katzung-13th & Goodman & Gilman-12'17 edition) 

Q. Mention the advantages of tramadol over morphine. (DU-17M) 

Ans. 
Advantage of tramadol over morphine: 
· \. Respiratory depression is less than with equianalgesic doses of morphine. 

2. Less degree of constipation. 
3. In the treatment of mild-to-moderate pain, tramadol is as effective as morphine or meperidine. However, 

for the treatment of severe or chronic pain, tramadol is less effective. , 
4. Tramadol is as effective as meperidine in the treatment of labor pain and may cause less neonatal 

respiratory depression. 

Tapentadol 
Newer analgesic with modest µ-opioid receptor affinity and significant norepinephrine reuptake inhibiting 
action. 

Advantage: Less gastrointestinal complaints such as nausea. 

Indications of tapentadol: Mild to moderate pain 

Adverse effects of tapentadol: Common side effects include 
I. Seizures, especially in patients with seizure disorders 
2. Serotonin syndrome 

(Ref Katzung-13th) 

Mixed Agonist-Antagonists and Partial Agonists 

~ at stimulate one receptor but block another are termed mixed agonist-antagonists. The effects of these 
drugs depend on previous exposure to opioids. In individuals who have not recently received opioids, mixed 
agonist-antagonists show agonist activity and are used to relieve pain. In the patient with opioid dependence, the 
agonist-antagonist drugs may show primarily blocking effects-that is, produce withdrawal symptoms. 

(Ref Lippincott ·s-6th) 
Examples 

Drugs such as nalbuphine and butorphanol are compet1t1ve ~t-receptor antagonists but exert their 
analgesic actions 6y actmg as agon ists at K-receptors. 

• Pentazocine qualitatively resembles thes e drugs-:-but it may be a weaker ~t-receptor antagonist or partial 
agonist while retaining its K-agonist activity. 

• Buprenorphine, on the other hand, is a partial agonist at µ-receptors . 
(Ref Goodman & Gilman-/ 21

1, edition) 



B.l · Hip ueprmt harmacology 292 

Nalbuphine 
Nalbuphine is a strong K-receptor agvnist and a ~L-receptor antagonist: it is given parentera lly. 

(Ref Katzung- 13th) 
Pharmacological Actions 

I. Analgesia: An intramuscular dose of IO mg nalbuphine is equianalges ic to IO mg morphine, with sim ilar 
onset and duration of analges ic and subjective effects. . . 

2. Respirato11' depression: Nalbuphine depresses respiration as much as do equianalgesic doses of 
morphine. However, nalbuphine exhibits a ceiling effect such that increases in ~osage beyond ~O mg 
produce no further respiratory depression. Unfortunately, when respiratory depress ion does occur, 1t may 
be relati vely res istant to na loxone reversal. 

3. Nalbuphine does not affect the heart or increase blood pressure. 

Adverse effects: 
• At doses of 10 mg or less: sedation, sweating, and headache. 
• At much higher doses (70 mg): Psychotomimetic side effects (e.g., dysphoria, racing thoughts, and 

disto1tions of body image). 
• Tolerance and Physical Dependence 

Therapeutic Uses : Nalbuphine is used to produce analgesia . The usual adtilt dose is 10 mg parentera ll_y every 3 
to 6 hours . 

(Ref Goodman & Gilman-I ih edit ion; Katzung-13th) 

Q. Compare between pathidine and tramadol. (DU-17 J) 
Ans. 
Comparison between pathidine and tramadol 

S nthetic codeine analo 0 

Mechanism of analgesia Blockade of serotonin reuptake. 

3. Oral bioavailabili Good 
4. Onset of action Late 
5. Duration of anal esia More 
6. Potency Less 
7. de ression Less or no 
8. cardiovascular No 

system 
9. Seizures association Yes 
10. Serotonin s ndrome Yes 
11. Consti ation Less 
12. Safety in obstetric use Yes 
13. Anti-muscarinic effects No 
14. H notic effect No 
15. Histamine release No 

a onist. 
Poor 
Immediate 
Less 
More 
Less 
Yes 

No 
No 
No 
Safe 
Yes 
Less 
No 

Q. How does ketorolac differ from mepiridine? (DU-09J,07Ju) -. 
Q. Contrast analgesic action of ketorolac and pethidine. (SU-OSM) 
Q. Write the differences between opioids & NSAIDs. (DU-07Ju, CU-07J,05J/S) 
Q. Compare & contrast between ibuprofen & pethidine as analgesic. (CU-OSS) 
Q. Compare & co_ntrast between diclofenac & pethidine/morphine as analgesic. (CU-1 lJ,l0Ju, RU-1 2Ju) 
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compai:e & c9ntrast ~e~we~u :~etop~;ofen & ~ethidino as analgesic, (SU-OSJ) ., 
Q. pare betw.een aspmn & morplune,as n~algesic. 1 • 

Q 
Coill , · 1 • 1 1 , • , , 

· ·ite the differences be~ween, morphine and _ibu1>r~fei1. (S U-12J,) . · 
Q ,, I • • I f th\d' I • I 

. compill'C ·analgesic action o pe I me a~d paracetariJQl in ·respect to their mechanism of action, 
~-d1'cati~D a'na ad_vers~ effects .. ~:U:J3.J.;!21l!L .. ~ ~ ~ < I_' ,: I. 1,I 
111 1f I 

Type of drug 
l\1rcchanism of action 2, JU 

Interference in pain J. 

Inhibits pain transmission by 

presynaptic neurotransmitter release 

and post-synaptic hyperpolarization. 

Inhibits cyclo-oxygenase enzyme, 
thus inhibits PG synthesis. 

Pain nociception 

1 
pathway 

I 

Pain perception, behavior & 
reaction 

t Degree of analgesia 
s. Type of pain relieved 
6. Anti inflammatory effect 
7. Anti platelet effects 
8. Anti pyretic effects 
9, Gastric irritation 
10. Sedative effect 
11. Bronchoconstriction 

12. Addiction tendency 
13. Physical dependency 

14. Respiratory depression 
15. Intracranial pressure 
16. Miosis 

More 

Visceral pain 

No 

No 

No 

No 

Strong sedative & hangover effect 
Marked 

Yes 

Physical dependency & withdrawal 
symptoms may occur 
Occurs 

Increases ICP 

Occurs 

Less 

Somatic pain 

Yes 

Yes 

Yes 

Yes 

No sedative effect 

Moderate 

No 

No 

No 

No 

No 

Opioid antagonists 

Pure opioid / morphine antagonists are: 
X ,,, Naloxone 
'2 . Naltrexone 
3. Nalmefene 

These drugs are morphine derivatives. These agents have a relatively high affinity for µ-receptor opioid binding 
sites. They have lower affinity for 8 and K receptors but can also reverse agonists at these sites . Administration of 
opioid antagonists produces no profound effects in normal individuals. However, in patients dependent on 
opioids, antagonists rapidly reverse the effect of agonists, such as heroin, and precipitate the symptoms of 
opiate withdrawal. 

Pharmacokinetics 
• Naloxone is usually given by injection and has a short duration of action (1 - 2 hours) . 
• Naltrexone is well absorbed orally. It has a half-life of 10 hours, and a single oral dose of I 00 mg blocks 

the effects of injected heroin for up to 48 hours . 

Pharmacology-39 
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• Nalmefene, the newest of these agents, is a derivative of naltrexone but is available only for IV 

administration. Like naloxone, nalmefene is used for opioid overdose but has a longer half-li fe (8- 1 o 
hours). 

Clinical uses: 
• 
• 

Naloxone: Treatment of acute opioid/morphine overdose . 
Naltrexone: 

1. Treatment of opioid addiction. A single dose given on alternate days blocks virtually all of the 
effects of a dose of heroin. 

2. Treatment of chronic alcoholism 
• · Nalmefene is used for acute opioid overdose but has a longer half-life (8-10 hours). 

(Ref Katzung-l 3th) ¥ methadone, not naloxone, is used in initial treatment ofopioid dependence? (SU- I 4J u) 

Methadone, not naloxone, is used in initial treatment of opioid dependence 
1. Administration of naloxone or another antagonist results in a transient, explosive abstinence syndrome­

antagonist-precipitated withdrawal in a subject physically dependent on opioids. 

2. Methadone is a synthetic opioid with long duration of action, due to high protein binding and slow liver 
metabolism. The elimination t½ is 7 h after a single IM dose, 15 h after an oral dose, but 25 h after 
repeated dosing. 

3. The long duration of action favours its use for the treatment of opioid withdrawal in addicted patients. 
a. Methadone occupies opioid receptors, thus reducing the desire to take other ~pioids and the 

intensity of euphoria. 
b. The slow offset also diminishes the severity of the withdrawal. 
c. Methadone reduces craving and less 'kick/buzz/rush' from IV heroin or morphine, because their 

opioid receptors are already occupied by methadone. 
(Ref Bennet & Brown-I J1h e<}ition) 

Nice to know 
For patients receiving long-term opioid therapy, naloxone should be used only to reverse respiratory depression, 
with care taken to avoid precipitating withdrawal or severe pain. 

(Ref Bennet & Brown-] J1h edition) 

Q. Short note: Co-analgesic. (RU-17J,15J,13Ju,12Ju) 
Q. Short note: Analgesic adjuvant. (RU-16Ju) 
Ans. 

(Coanalgesic / Adiuvant drugs 
Coanalgesic, or adjuvant drugs, are medications whose primary indication is for a purpose other than pain relief, 
but that demonstrate some analgesic effects. They are not themselves analgesics but are used alongside analgesics 
in the management of pain. 

Examples of co-analgesics: 
1. Corticosteroids: Most widely used adjuvant analgesics in palliative care .. 
2. Neuroleptics: Levomepromazin~ is very useful in bedridden patients with advanced cancer who 

experience pain associated with anxiety, restlessness or nausea. 
3. Benzodiazepines: Used as a short-term treatment for painful muscle spasm. 
4. Adjuvant analgesics used for neuropathic pain 

a. Local anaesthetics 
b. Antidepressants 
c. Anticonvulsants 
d. Capsaicin 
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e. Clonidine 
f. Cannabinoids 
g. Ziconotide 
h. Ketamine 

AdJ'uvants used for bone pain 
5. h a. Bisphosp onates. 

d'cations of co-analgesics 
In \ . Cancer-related pain 

2_ Chronic non-malignant pain 

3_ Neuropathic pain associated with many cancers. 

pharmacological role: 
l. They may modify the perception or the concomitants of pain that make it worse (anxiety, fear, 

depression), e.g. psychotropic drugs. 
2. They may modify underlying causes, e.g. spasm of smooth or voluntary muscle. 
3. Most coanalgesics have a slower onset of analgesic action. 
4. Most experience with coanalgesics has been in the treatment of chronic pain. 

(Ref Bennett & Brown-] 1'"1290; Websites) 
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Anti-depressant drugs 

Depression: Depression is defined as disorders of mood rather than disturbances of thought or cognition . 
(Re.f: Rang & lJale 's-811'; 

Q. Classify depression. (CU- I 5Ju, I 4J) 
Ans. d 
Classification of depression: There are two distinct types of depressive syn rome: . . 

I. Unipolar depression, in which the mood changes are always_ in the s_ame direction. 
2. Bipolar affective disorder, in which depression alternates with mama. 

(Ref Rang & Dale's-th) 

Nice to know . b th s ·asm d 
Mania: Mania is in most respects exactly the opposite, with ~xces.nve_ exu ~ra~ce'. e~ . u 

1
. ~m self 

confidence, accompanied by impulsive actions, these signs often bem_g c?mbmed with irntabibty, impatience and 
aggression, and sometimes with grandiose delusions of the Napoleonzc kmd. . 

~~c..__c c9"::j _ Lj (Ref Rang & Dale 's-8'") 

Q. What are the characteristics of unipolar depression? (CU-1 SJu) 
Ans. 
Characteristics of unipolar depression: Unipolar depression .is characterized by-

1. Feelings of intense sadness & despair (loss of hope) 
2. Mental slowing & loss of concentration 
3. Pessimistic worry (always expect bad things to happen) 
4. Lack of pleasure 
5. Self deprecation 
6. Variable agitation & hostility. 
7. Some physical changes in severe or melancholic depressio111: 

• Insomnia or hypersomnia. 
• Altered eating pattern with anorexia & wt. loss or sometimes overeating. 
• Decreased energy & libido. 
• Disruption of the normal circadian & ultradian rhythms of activity, body temperature & many 

endocrine functions. 
(Ref Goodman & Gilman 's-12th) 

Nice to know 
Symptoms of depressive disorders 

Psvcholo~ical Somatic 
1. Depressed mood 1. Reduced appetite 
2. Reduced self-esteem 2. Weight change 
3. Pessimism 3. Disturbed sleep 
4. Guilt 4. Fatigue 
5. Loss of interest 5. Loss of libido 
6. Loss of enjoyment (anhedonia) 6. Bowel disturbance 
7. Suicidal thinkinz 7. Motor retardation (slowinz of activitJ,1 

(Ref Davidson 's-2r11235) 

Q. W at do you know about mono-amine theory of depression? (RU- I 0) 
Q 'W at is the basis of pharmacological intervention of depressive illness? (CU-l 7M, 11 J,09J) 

1
• 1 utline the biological basis of depression. (SU-l 7M, 16J, 15Ju, 13J, 12J, I !Ju) 

hat do you know about amine hypothesis? (DU-09J) 
. Write down the chemical basis of depression. (DU-07 Ju) 

Ans. 
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pathophysiology of Major Depression: In addition to the older idea that a defi cit in fun cti on or amount of 
;onoamines (monoamine hypothesis) is central to the biology of depress ion, there is evidence th at ncurotrophic 
and endocrine factors play a major ro le (neurotrophic hypothesis). 

Neurotrophic hypothesis: According to this hypothesis, major depress ion is assoc iated with the loss, ~f 
; urotrophic factors (especially brain-derived neurotrophic factor, BDNF) and endocrine factors. BDNF- is 
en ,cal in the regulation of neural plasticity, resiTience, and11eurogenesis. - - - -

- (Ref Katzung-Jl'/511-512) 

Mono-amine hypothesis of depression: This hypothesis suggests that depression is related to a deficiency in the 
; nount or function of cortical and limbic ~erotonin (5-HT), norepine~hrine, and dopamine.(~«' vroo ~ ·-rr-~,:,.) 
Evidence supporting the monoamine hypothesis: All available antidepressants appear to have significa nt 
effects on the monoamine system. All classes of antidepressants appear to enhance the synaptic availability of 5-
HT, norepinephrine, or dopamine. 
The monoamine hypothesis, like the neurotrophic hypothesis, is at best incomplete. 

(Ref Bennett & Brown-I I th,· Katzung-1311,/5I1-512) 

rQ.',Ciasiify aµ_ti-d;e_pres~·a.nts.,.(bU-.l~I:1~Ju
1
,1ti'J;ozj; .. CD-:f1j,f 0jii';osJ; :RLJ-O~J,o4'fvt; SU-09Ju.) · 

I • . • • I,! I I • ... , • \.I ; {: •· \, ,' •' t ' \ • I] I~ d • 

Q. Nam~-the s~lecti~e ser~to~hi _r~'~p.t~~~· i?4ibi!~r~:-, C~l!,;:_~3J; .~:"YJOD.' ·., .. ,·/, . ': :, ·, . . 1'. ,, 

,Q. Name com1!1only used d~.1:1gs !oJ r~at d~pre,ss1ve:_~i~'ol:der. ,(DU)4Ju,13J,l,?J,Rp-08J) · , : ; . 
Q. Categori~e t e".'drugs'for/tlept:~ssive diso.i \;lers· acc'oi:dirtg to· tl1eir. 'riiecha.n1sni· ,of,actipn. (CU-1 oJr 
Q. N~ ~~ically_useftil ~rilid.epr.essa~ts':' (Rl!.J s%)"'

7

.'.,,:, '·_ >·? ~::/.:{,::;.· /\· :·:.·.>:.:::1 ·:. ~-~: .. . 
Q;N 4·(four)a-nt1denressantdrugs·,(E>lJ-l;6Ju\ , .: . . ·,·! ... · ·. ,- ,~-: •.,.:, .,.~ ......... , .. :.",\ .. ,>.· ·-.. : ... , .. . 

' .. , ' ·-· t; .. , ... , .· ,_,,, '/-, •·-'· ••' ,,i· ,,CM, .• ,n,o,.,;.,A,,, .. ~.,·~,--""-'" •·''-'•"'·(!>-, 

Ans. 
Anti-depressant drugs: 

1. Selective serotonin reuptake inhibitors V Citalopram 
(SSRI) • Escitalo.~rarn 

__yfluoxetine 
• Fluvoxamine 

; aroxetine 
Sertraline 

2. Selective Serotonin-Norepinephrine /, Venlafaxine 

- - reuptake inhibitors (SNRis) I'.,( Desvenlafaxine 
v~ Duloxetine 

I 3, • Milnacipran 
• Levomilnacipran 

(.. 3. Tricyclic antidepressants ,";tm itri pty I ine 
I 
I I 

I 

/ Nortriptyline 
• Protriptyline 

...-,-1mipramine 

I 
I 
~ 

• Desipramine 
• Clomipramine 
• Trimipramine 

-:, • Doxepin 
4. 5-HT2 receptor modulator l~ efazodone } • Trazodone 5-HT2 antagonists 

• Vortioxetine 
5. Tetracyclics and unicyclic • Amoxapine 

upropion 
• Maprotiline 

Mirtazapine 
ie,,- Vilazodone 
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6. Monoamine oxidase (MAO) inhibitors 

)s~ 

298 
Hydrazine derivatives 
" Phenelzine 

lsocarboxazid 

Non-hydrazincs 
/Tranylcyprom ine 
Selegiline 

• Moclobemide 

-

(Ref Katzung-13' '1514-51 7) 

/NB: Vortioxetine: It is antagonist of 5-HT1, 5-HT7, 5-HTw, partial agonist of 5-HTIIJ and agonist of 5-HT,A 
receptor.] 

Tricyclic antidepressants 
Pharmacokinetic properties of TCAs: 

I. Most TCAs are incompletely absorbed & undergoes significant I 
st 

pass metabolism. 
2. Large volume of distribution: This is due to -

• High tissue protein binding. 
• Relatively high lipid solubility. 

3. TCAs are metabolized by two major routes: 
• Transformation of the tricyclic nucleus. 
• Alteration of the aliphatic side chain. 

4. 'Ring-hydroxy' metabolites are relatively cardio-toxic. 
(Ref Katzung-J l 1/5 I 9, Goodman & Gilman 's-l 2th) 

'1 ck reuptake of 'amine NT, eg, serotonin, nor-adrenaline' into the pre-
synaptic nerve terminal. > 

J ,, / 
Increased cone. of 'amine NT' into the synaptic cleft. / 

J I ________ / 

lock muscarinic receptors (atropine like action) 

V:"s-(' 
QY) / 

-> > 
~JZ-< Block a adrenergic receptors. 

Block pre-synaptic a2 receptors 
! 

No auto-inhibitory effect of NA 
! 

Increased NA release from pre-synaptic nerve endings (i .e. TCAs has 
s m athomimetic effects) 

• Tachycardia 
• Urine retention 
• Constipation 
• Dry mouth & skin 
• Blurred vision 
• Postural hypotension 
• Reflex tachycardia 
• Ejaculatory failure 

e onsti'Jratton. 
• Tachycardia 
• Tremor 
• Insomnia etc . 

/ · lock central H1-rece tors • Sedation 
"l ·· ,; ,"'---

0-rt\ Ff'{ 

C <'.:;,-'> , +.,;_ -:._6/ 

er 
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Q. Mentio 1the in~ic_ations of amitriptyline. (RU- I 0J ,06J) 
Q.~a are the chmcal uses/ indications of TC As or SSRis? (DU-I7J, CU-I 2J, RU- I3.1) 
Ans 
ll}i · i_pations of a_nti-depressants / Amitriptyline: 
· I. Depression. 

2. Anxiety disorders: (e.g. SSRis, venlafaxine, duloxetine) 
• Panic disorder 
• Generalized anxiety 
• Social phobia. 

3. Obsessive-compulsive disorders. 
4. Bipola~ depression (e.g. fluoxetine in conjunction with olanzepine) 
5. Enuresis 
6. Insomnia 
7. Chronic p~in (e_levated mood causes increased pain tolerability) 
8. Neuropath1c pam (e.g. amytriptyline, nortryptyline) 
9. Other uses: 

• Bulimia (eating disorder) 
• Pre-menstrual dysphoric disorder. 
• Fibromyalgia (e.g. duloxetine, venlafaxine, SSRls, TCAs) 
• Obesity (e.g. sibutramine) 
• Smoking cessation (e.g. buproprion) 
• Attention-deficit hyperactivity disorder ( e.g. atomoxetine ). 

L (Ref Katzung-13'11/521-523; Rang& Dale 's-8th) 

N,' to know 
Current status of TCA: At the present time, the TCAs are used primarily in depression that is unresponsive to 
more commonly used antidepressants such as the SSRJs or SNRls. Their loss of popularity stems in large part 
from relatively poorer tolerability compared with newer agents, difficulty of use, and lethality in overdose. 

(Ref Katzung- J 31"1515) 

Q. Why there is delay in producing therapeutic effect after administration ofTCA? (CU-13Ju) 
Ans. 
Delay in producing therapeutic effect after administration of TCA: Following administration of TCA, amine 
levels increase immediately, but maximum beneficial effects of antidepressants are not seen for many weeks. The 
time required to synthesize neurotrophic factors has been proposed as an explanation for this delay of 
antidepressant effects. Appreciable protein synthesis of products such as BDNF typically takes 2 weeks or longer 
and coincides with the clinical course of antidepressant treatment. 

(Ref Katzung-l 2th/525) 

Adverse effects of TCAs/ amitrintvline· 
9-

l. Due to anti-muscarinic effects (atropine • Tachycardia 
like action) • Urine retention 

• Constipation 
• Dry mouth & skin 
• Blurred vision 

2. Due to a2 receptor blocking property • Postural hypotension 
• Reflex tachycardia 
• Cardiac arrhythmias 
• Ejaculatory failure . 
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3. Due to pre-synaptic a2-adrenoceptors • Tachycardia 
blocking property (i.e. sympathomimetic) • Tremor 

4. Due to central H1-blocking property. • Sedation 
5. Neuroloe:ic adverse effects • Seizures 

6. Psychiatric adverse effects • Aggravation of psychosis 

7. Metabolic-endocrine adverse effects • Withdrawal syndrome. 
• Sexual disturbances 
• Weight gain . 

·. '" (Ref Katzung-13 1525) 

Q. Write short note on: Imipramine. (DU-12Ju, I OJ) 
Ans. Write MIA , indication, adverse effects from above. 

Selective serotonin reuptake inhibitors (SSRI) 
Pharmacokinetic properties of SSRI: 

• Oral bioavailability is equal or relatively higher than that of TCAs. 
• Fluoxetine is notable for the long half life for its active metabolite norfluoxetine (7-9 days at steady state). 

This long tl/2 has allowed the introduction of a formulation for once weekly dosing. 

Q. Short note: Selective serotonin reuptake inhibitors. (CU-14Ju) 
Ans. :,''7 from below. 

Q;(/plain the mechanism of action of citalopram. (RU-1 SJu) 
~0~ow does fluoxetine produce anti-depressant effects? (RU-09J) 
Q. Short note: Sertraline. (DU-09Ju) 
Ans. 
Anti-depressant effects of SSRI / fluoxetine: 

Fluoxetine I Paroxetine / SSRis 
t 

Selectively block the reuptake of serotonin 

t 
Increased concentration of the serotonin in the synaptic cleft 

t 
Greater post-synaptic neuronal activity 

t 
Anti-depressant effect 

(Ref Katzung-13'"!5 J 7) 

(Ref Lippincott 's-6111
/ 135) 

Q. What are the indications of SSRis / Fluoxetine? 
Ans. 
Indications of SSRI: 

I. Major depression. 
2. Anxiety disorders: 

• Panic disorder 
• Generalized anxiety disorder (GAD) 

3. Obsessive-compulsive disorders (OCD) (the only approved indication for jl.uvoxamine) 
4. Other uses: 

• 
• 

Bulimia (eating disorder, onlyfluoxetine is approved/or this indication). 
Pre-menstrual dysphoric disorder (PMDD) 
posttraumatic stress disorder (PTSD) 

(Ref Katzung-13'/i/521-522; Lippincott 's-6//'l l 36) 
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°Q.Whal arr the adYcrse effects of SSRis/ Fluoxctinc? (CU-1 2.J) 

Drugs acting in CNS 

,\\r:~--crse effects of SSRls: The adverse effects of the SSRls can be f)red· L·d f· . 
1 

. . . . . 
t.:1- . k SSRI I . rc e 10111 t 1e1r potent 111 h1b1t1on of 
serotonin reupta 'e. s en iance serotonerg1c tone, not just in the brain but th roughout the body. 

A. GIT: Increased serotonergic actiYity in the gut is commonly associated with 
· I. Nausea 

2. Gastrointestinal upset 
3. Diarrhea 

GI adverse effects usually emerge early in the course of treatment and tend to improve after the first week. 

B, Increas~ng s_erotone~·gic tone at the level of the spinal cord and above is associated with diminished 
sexual tunctlon and mterest-

1. Loss of libido 
2. Delayed orgasm 
3. Diminished arousal. 

The sexual effects often persist as long as the patient remains on the antidepressant but diminish with time. 

c. Other adverse effects 
I. Headaches 
2. Insomnia or hypersomnia. 
3. Weight gain (particularly paroxetine) 
4. Discontinuation syndrome in some patients characterized by dizziness, paresthesias beginning l or 2 

days after stopping the drug (paroxetine and sertraline) and persisting fo r I week or longer. 
(Ref Katzung- l 3'"1524-525) 

Q. Short note: Fluoxetine. (DU- I 7M) 
Ans. Write.fi'om above discussion. 

Q. What are the differences between TCA (Amitriptylin.e) & SSR1 (Fluqxetine)? (DU-10Ju,09J,SU-15), 12J) 
Q. Compare TCA & SSRI.,(DU-08J; SU-.16J,1 4J,12Ju, 10J,09Ju; RU-BJ; CU-l3Ju) 
Q. Compare TC.As & SSRis with respec,tto their tpec~anism of actfon & side effec~s. (Cl)-O~M) 
Q, Compare .and contrastlmipramine and Citalopram. (SU-13Ju) 
~. Compar,;Amitripfyline & Fluox~tine. (SU-nJ,09J) 
Q. WhY, e 1traline is better than amitryptiline? (SU-1 lJu) 
Q. Di -~~r ntia!e_s_ei:trali~e from nortryptili,ie? .(DU-1 SJu) 
Ans. 
Dif · rences between TCA (Amitriptyline, Imipramine) & SSRI (Fluoxetine, Citalopram): 

Traits I TCA (Amitriptyline, Imipn,imi'1e . ,. · SSRI (Fluoxetine, Citalopram) ,,-; 
1. Chemistry Tricyclic i.e. 3 benzene rings. Dicyclic i.e. 2 benzene rings. 
2. Mechanism of action Blocks reuptake of both noradrenaline Blocks re uptake of serotonin ) 

& serotonin 
3. Absorption Incompletely absorbed Well absorbed than TCAs 
4. Bioavailabili ty Less More. 
5. 151 pass metaboJism Significant l st pass metabolism occurs. No 1st pass metabolism. 
6. Half life Relatively sho1t (31-46 hours). Long (7-9 days) 
7. Anti-muscarinic action Present Absent 

. 
. 8. Blocks a adrenoceptor Yes No 
9. Blocks a2-adrenoc~ptor Yes, so it has sympathomimetic No 

adverse effects. 
10. Blocks central H1- Yes, so causes sedation. No, so it causes less or 110 sedation 

receptors. .. 
11. Wei!!ht gain Yes i! 'No . 
12. Effects on Libido Less 

I. More 
' 

Pharmacology-40 
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1Q.~What are the aciyantages & disadvantages of SS:Rls as anti-depressant? (SU-04M) 
Q. Meyfi,on ~i1e _ad;autages of sele,~tive serotonin reupt~ke inhibitors . (RU-08J) 
Q ID'scuss· tlie ~dvantages of SS}Us over tri~yclic antidepressants (TCA). (DU~ 14J, CU-l S)u, RU-l SJu, SU. 
) J ·. ______ .,,.,._, ' . ,· , ' 

1
Ayis. 

, . Advantages of SSRis as anti-depressants: 
A. Pharmacokinetic advantages: 

1. Absorbed well & thus bioavailability is more. 
2. No I 51 pass metabolism. 
3. Long half life & thus less frequent dosing 

B. Pharmacodynamic advantages: 
I. Blocks only SHT receptors (i.e. more selective effect. Hence, it is named SSRls) 
2. No anti-muscarinic blocking adverse effects. 
3. No anti-adrenergic blocking adverse effects. 
4. No anti-histaminergic blocking adverse effects. 
5. No sympathomimetic adverse effects. 

Disadvantages of SSRis as anti-depressant: 
I. More effects on libido & more chance of sexual dysfunction. 
2. Paroxetine has teratogenic effect; so should be avoided in pregnancy. 
3. Less chance of weight gain. ' 
4. It causes transient nausea & insomnia. 

Q. Name the newer anti-depressant drugs which are preferred clinically. (DU- I OJu) 
Ans. 
Newer anti-depressant drugs which are preferred clinically: Selective serotonin reuptake inhibitors (SSRI) 

Selective Serotonin-norepinephrine reuptake 
inhibitors (SNRis) 

The SNRls include venlafaxine, desven lafaxine, duloxetine, milnacipran . 

Mechanism of action: These drugs selectively inhib it the re-uptake of both serotonin and norepinephrine. 

Effects: Acute increase in serotonergic and adrenergic synaptic activity, otherwise I ike SSRis. 

Indications: 
I. Major depression 
2. Chronic pain disorders 
3. Fibromyalgia 
4. Perimenopausal symptoms. 

Toxicity: 
I. Sedation 
2. Serotonergic adverse effects associated with SSRis. 
3. ~oradr~nergic_ effects, including increased blood pressure and heart rate, and CNS activation, such as 

ins?mnia, anxiety, and agitation_ The hemodynamic effects of SN Rls tend not to be pro blematic in rno5l 
pa,t1ents . 

4. Cardiac toxicity (venlafaxine overdose) 
5. Discontinuation syndrome. 
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~nh1ge over !CA_s: Th_e S~Rls differ from the TCAs in that they lack the potent a ntihistamine, a.-adrenergic 
blocking. ~1~<.! ~~holt~gic etfects of th':_ TCAs. As a result, the SNRis tend to be favored over the TC As in the 

, .,,,.ent of MOD ana pa111 syndromes because of their better tolerability. 
tt-·q"" -- - - (Ref Katz ung -13'"1520-525: Goodman & Gilman 's-l 2th) 

Aty ical anti-de ressants . -

Q. What are the atypical anti-depressants? Why are they called so? 

Ans. 
Atypical anti-depre~sants: The atypical anti-depressants are a mixed group of agents that have actions at several 

different sites. They 111c\ude-
l. Bupropion 
2. Mirtazapine 
3. Nefazodone 
4. Trazodone 
5. Vilazodone 

1 6. Vortioxetine 
(Ref Lippincott ·s-61h/ J 38) 

Bupropion 
Mechanism of action: This drug acts as a w_eak dopamine and norepinephrine reupta ke inhibitor to a llev iate the 

symptoms of depression. ,., · 

Properties 
I. Its short half-I ife may require· more than once-a-day dosing. 
2. Assists in decreasing the craving and attenuating the w ithdrawal sympto ms fo r nicotine in tobacco users 

trying to quit smoking. · 

Indication: 
\. Depression ~ 
2. Treatment for mokin cessationJ 

Side effects 
I. Dry mouth 
2. Sweating 
3. Nervousness 
4. T remor 
5. A very low incidence of sexual dysfunction, and 
6. Increased risk for seizures at high doses. 

Contraindication 
I . Patients at ri sk for seizures 
2. Eating disorde rs suc h as bulimia . 

( Ref Lippinco tt 's-61"! J 3 9) 

// 
Q. 9!3borate the therapeutic approach to depression. (SU - 1 SJu) 

Ans. 
Therapeutic approach to depression: (make the answer shorl as per your n eed) 

SELECTION: 
• An antide pressant shou ld be se lected to match individua l patients' requirements , s uc h as the need for a 

sedative effect, o r the avoidance of antimuscarinic effects (especially in the e lde rly) . 

• The c hoice rests on tole rability , safety in overdose e tc. 
• SSRls, lofepram ine, mirtazapine, re boxe tine a nd ven lafaxine are h ighlighted as bes t fu lfi lling these needs . 
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MODE OF USE 

• 
• 

• 

• 
• 

• 
• 

• 

• 

Antidepressants usual ly require 3-4 weeks for effect. 
Patients may experience unwanted effects immediately on starting treatment (they should be warned), 
but such symptoms often diminish with time. 
Titrating from a generally tolerab le starting dose, e. g. amitriptyline 30-75 mg/day, with weekly 
increments to a recognized 'minimum therapeutic' close, usually around 125 mg/day, lessens the impact 
of adverse symptoms before a degree of tolerance (and therapeutic benefit) deve lops. 
Low starting doses are particularly important for elderly patients . 
Only when the drug has reached the minimum therapeutic dose and been taken for at leaSt 4 weeks can 
response or non-response be considered adequate. . . 
TCAs are 0 iven either in divided doses or for the more sedative compounds, as a single evening dose . 

0 ) 

SSRis have advantages over tricyclics in simplicity of in troduction and use . 
o Dose titration is often unnecessary as the minimum therapeutic dose can usually be tolerated as a 

starting dose. . . 
o Divided doses are not required, and administration is by a single morn mg or even mg dose. 

Response to reboxetine, venlafaxine and mirtazapine may occur at the starting dose, but some dose 
titration is commonly required. 
Venlafaxine is licensed fo r treatment-resistant depression by gradual titration from 75 to 3 75 mg/day . 

CHANGING AND STOPPING ANTIDEPRESSANTS 
• When an antidepressant fails despite an adequate tr ial or due to unacceptable adverse effects, a change 

to a drug of a di fferent class is generally advisa ble. 
• For a patient who has not responded to an SSRI it is logical to try a TCA or a novel compound such as 

venlafaxine, reboxetine or mirtazapi ne. 
• Evidence also suggests that patients fa iling on one SSRI may respond to a different drug with in the class. 
• When changing between SSR!s and/or TCAs, doses should be reduced progressively over 2-4 weeks, 

and where a new drug is to be introd uced it should be 'cross-tapered ', i.e. the dose increased gradually 
as that of the substi tuted drug is reduced. 

• Changes to or from MAOls must be handled with great caution due to the dangers of interactions 
between antidepressants. Therefore MAO ls cannot safely be introduced with in 2 weeks of stoppi ng SSR!s 
and TCAs and not until 5 weeks after stopp ing tluoxetine. Simi larly, TCAs and SSRfs should not be 
introduced until 2-3 weeks have elapsed from discontin uation of MAO!. 

• When a patient achieves remission, the antidepressant should be contin ued for at least 9 months at the 
dose that returned mood to normal. Premature dose reduction or withdrawal is associated with increased 
ri sk of relapse. 

• In cases where three or more depressive episodes have occ urred, evidence suggests that long-term 
continuation of an antidepressant offers protection. 

• When ceasing use of an antidepressant, the dose should be reduced grad ually to avoid a discontin uation 
syndrome (sympto ms include anxiety, agitation, nausea and mood swings). 

AUGMENTATION 

• 

• 

Augmentation, i.e. the addition of another drug, is used to enhance the effects of standard antidepressants 
when two or more have successive ly fai led to all eviate depress ive symptoms desp ite treatment at an 
adequate dose for an adequate time. 
Drugs used for augmentation: 

I. Mood stabil_iser, li thium carbonate (most commonly used 50% o/putiem.1 who have 110 1 responded /IJ 

standard antidepressants can respond ajier lithium augmentation.) 
2. Tri-iodothyronine (T3). 
3. Amino ac id L-tryptophan 
4. ~-blocker pindolol. 
5. Atypical antipsychotics - olanzapine, queti apine and risperidone. 

(Ref· Bennet & Brown-I 2"') 
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Psychosis: The term "psychosis" denotes a variety of mental disorders: the presence or delusions (false beli ef's). 
various ~ypes ~f ~all~cinations, usually auditory or visual, but sometimes tactile or olfactory. and grossly 
disorganized th111king 111 a clear sensorium. 

The psychotic disorders include 
I. Schizophrenia 
2. Manic phase of bipolar (manic-depressive) illness 

(Rel Katzung-li'I-IYI) 

3. Acute idiopathic psychotic illnesses, and other conditions marked by severe agitation . 
(Ref' Goodman & Gilman 's-l2th; 

Schizophrenia: Idiopathic psychoses characterized by chronically disordered thinking & emotional withdrawal & 
often associated with delusions & auditory hallucinations, are called schizophrenia. 

(Ref Goodman & Gilman 's -l2th) 
Symptoms of Schizophrenia 
Positive symptoms: 

I. Hallucinations: most commonly auditory (i .e. voices) in the third person, which patients may fi nd 
threatening. The voices may also give commands. Visual hallucinations are ra re . 

2. Delusions: most commonly persecutory. 'Passivity phenomena' include delusions of thought 
broadcasting, thought insertion or thought withdrawal, made actions, impulses or feelings. 

3. Bizarre behaviours including agitation, sexual disinhibition, repet iti ve behaviour, wearing of striking but 
inappropriate clothing. 

4. Thought disorder manifest by failure in the organization of speech such th at it dri fts away from the point 
(tangentiality), never reaches the point (circumstantiality), moves from one topic to the next illogica lly 
(loosened associations, knight's move thinking), breaks off abruptly only to continue on an unrelated topic 
(derailment) or moves from one topic to the next on the bas is of a pun or words that sound sim ilar (c lang 
association). 

Negative symptoms: 
I. Affective flattening manifest by unchanging facial express ion with lack of communication through 

expression, poor eye contact, lack of responsiveness, psycho motor slowing. 
2. Alogia (literally 'absence of words' , manifesting clinically as a lack of spontaneous speech (poverty of 
3. speech). 
4. Anhedonia (inability to deri ve pleasure fro m any activity) and associality (eg. \Nithdrawal from soc ial 

contacts) 
5. Apathy/avolution involving lack of energy, lack of motivation to work, partici pate in acti vities or initiate 

any goal-directed behaviour, and poor personal hygiene. 
6. Attention problems in vo lving an inability to foc us on any one issue or engage fully with 

communication. 
(Rr!f Bennet & Brown-1 t'' edition) 

Delusions: Delusions means false beliefs. Eg, the belief that one has special powers or status or that one has 
cancer. Examples of the most extreme form of delusion are- 'My head is missing,' 'I have no body,' 'I am dead.' 

(Ref Davidson's-22nd edit ion) 

Hallucinations: These are perceptions without external stimuli . ie, false sensation. They can occur in any 
sensory modality, most commonly visual or auditory. Typical examples are hea ring vo ices when no one else is 
present, or see ing demonic faces on a blank white wall. 

(Ref Dc11•idson 's-22nd edition) 

Antipsychotic drugs: The term antipsychotic drugs- previously known as ncurolcptic drugs, antischizophrcnic 
drugs or major tranquillisers- conventionally refers to those used lo treat schizophrenia . 

(Ref Rang & Dale 's-tllf1) 
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1\_ ncurolcptic is a subtype ()f aillipsydwtic drug Lhat produci.:s a high incide11cc of cxtrapyramidal side effects 
(EPS) at clinically effective doses, or catalep 'Yin laboratory animals . 

(Re[' Kutzung- 1 J'";.;90) 

Q. Write down the chemical basis of psychosis . (DU-08/07.lu) 
Q. Brictly outline biological basis of schizophrenia. (SU-I 3J, 12.lu) 
Q. Elaborate the biological basis of psychosis. (SU-I 7M, 16.lu, 15.lu) 
Ans. 

"--Biological / Chemical basis of schizophrenia: Schizophrenia has a strong _genetic co'.npo~icnt and probably 
retlects some fundamental biochemical abnormality, poss ibly a dysfunction of the mesohmbic or mesocortical 

dopamincrgic neurons. 

Serotonin hypothesis of Schizophrenia: According to this hypothesis, increased serotonin activity in the brain 
, could be involved in schizophrenia . Atypical antipsychotic drugs such as clozapine and quetiapine act by blocking 

5-HT2,\-receptor. 
(Ref Katzung-J l'/491 + Rang & Dale 's-Bth) 

,D{ amine hy othesis of schizo hrenia: It is the most fully developed of several hypotheses and is the basis for 
" much of the rationale fo r drug therapy. According to this hypothes is "excessive dopaminergic activity in the 

brain is responsible for schiwphrenia". Increased dopaminergic activity is brought about by­
!. Increase in brain dopamine Drreceptors 
2. Dopamine receptor (D2) supersensitivity 
3. Increased dopamine leve l due to overproduction or reduced destruction. 

1
1 (Ref Katzung-J 3'1'1491 + Benne/I & Brown-/ J th) 

--'Glutamate hypothesis of schizophrenia: Glutamate is the major excitatory neurotransmitter in the brain. 
~ypofunction of NM DA receptors, located on GABAergic interneurons, leading to diminished inhibitory 
mfluences on neuronal fun ction, contributed to schizophrenia. 

(Ref Katzung-J l'/492) 

[NB: N-methyl-d-aspartate (NMDA)} 

·Q. Cla~sify/Enlist anti-psychotic di;ugs. (DU-17M,15J',11J,09J,07M, CU-17J, SU-1 lJ, RU-06M) 
Q. Enumerate typical &·'atypical anti-psychotic drugs. (CU-06M) 
Q. Name the atypical anti-psychoti~ drugs. (DU-13Ju, 1 OJ, RU-l 6Ju, 11 /1 OJu) 
Q. Name the newer anti-psychotic drugs. (RU-13Ju) 
Q. Classify apti-schizophrenia drugs. 
Q. Cla_ssify antipsychotic drugs according to their potency. (CU-16.l) 
Q. Enlist D2 receptor antagoQist in CNS. (CU-l 5Ju) 
Q. What are tl,1e di·ugs used for major psychosis'! (SU-16.lu) 
~Short ·note: .;,typical ~Q.ti-psys h_ott~_c)xugs. (DU.:- ~ IJu). 
Ans. 
Anti-psychotic drugs/ drugs for schizophren ia/ D2 receptor antagonist in CNS: 

A. Traditi_o_nal _or typical neuro~eptic drugs (also called convention al or first-generation antipsychotics) are 
compet~t1ve 111 m15 1tors at a variety of receptors, but their anti psychotic effects reflect com petit ive blocking of 
dopamm eceptors. 

A /' I . I econ rn,:: to c 1en11ca nature: 
1. Phenothiazine derivatives .. Chlorpro mazi ne 

• Prochlorperazine 
• Thioridazine 
• Perphenazine 
• Tri fl uoperazine 
• Fluphenazine 

2. Thioxa nthene derivatives • Thiothixene 
3. Bu tyrophenonc derivatives \. . Haloperidol 
4. Miscellaneous structure • Pimozide 

• Molindone 
-
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Drugs acting in CNS 

According to potency: (The flr.1·1-ge11era1iun dr11,l!, .1· arejill'lher c/ussified m "low pulency" or " l1 w,i1 /Ju /any " hll.l ed ,m t 
1he a_tf,nirl' fu r 1he dopamine D2 ,.·ecep1or.) · 

Low potency • Ch lorprornazi ne 
• Thiorid azine 

High potency • Fluphenazinc -
• Haloperidol / 
• Loxapine 
• Perphenazinc ., Pimozide 
• Prochlorperazine 
• Thiothixene 
• Tri fluoperazine 

ti, I (Re}: L1ppinco11 .1-6 1147) 

B. Atypical (or second-generation antipsychotics): 
=---
Atypical (or second-generation antipsychotics): The newer antipsychotic 
drugs are referred to as atypical (or second-generation antipsychotics), because 
they have fewer extrapyramidal adverse effects than the older, traditional 
agents. 
These drugs appear to owe their unique activity to blockade of both serotonin 
and dopamine (and, perhaps, other) receptors. -- -- -
~ 

The "atypical" anti psychotic drugs are now the most widely used type of 
antipsychotic drug. 

-r Loxapine 
2 . Clozapine 
...3 . Asenapine 
...,4. Olanzapine 

5. Quetiapine 
6. Pali peridone 

__,7. Risperidone 
8. Sertindole 
9. Ziprasidone 
I 0.Zotep ine 
11.Aripiprazole 

(Ref Katzung-13'"1493-49./: Lippincolt's-61/'/ 1 ./7-1./8) 

C. Glutamatergic antipsychotics: Glycine transporter 1 receptor inhibitor-
1-:-Bitopert in 
2. Sarcoserine 

Nice to know 

(Ref Katzung-13'"!./9./) 

• 
• 

Investigationa/ antipsychotic agents includes the metabotropic glutamate receptor agonists . 
Dopamine receptors: 

1. D1, D5 --t Gs --t (+) Adenyly/ cyclase enzyme --t TcAMP 
2. D2, D3, D~ --t Gi --t ( -) Adenyly/ cycl{lse enzyme --t lcAMP 

Q. What is the mechanism of action of anti-psychotics? (CU-06M) 
Q. Mention the anti-psychotic mechanism of action of chlorpromazine. (DU -16.lu,08.lu) 
Q. Mention the mechanism of action of central dopamine receptor blocker. (CU- I I J) 
Q. Mention the he mechanism of action ofhaloperidol. (DU-12Ju) 
Q. Explain the anti-psychotic effects of chlorpromazine. (DU-l SJ,09J ,07M), RU- I I Ju 
Q. Explain anti-psychotic actions of haloperidol. (D U- I lJ , RU-13Ju,06M,04J, SU-08J) 
Q. Which pathway of dopaminergic ncurotransmission is utilized to treat schizophrenia? ( U-07 Ju) 
Q. How Phenothiazin'e acts as anti-psychotic? (CU-I 7M,06M) 
Q. How does cblorpromazine produce anti-psychotic effect? (DU-12J) 
Ans. 
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• 1 chlor )romazinc/ halo icnclol : rhe typical anti-
Mechamsm ot actwn of t ' ncal anti- 1s chotic ( i u s c . . . · th 1· 6. . . . . . , · . b blockino D dopammc receptors 111 e mcso 1m 1c and 
psychotic drugs produce their ant1psychot1c action Y "' 2 

mesocortical systems of the brain . opamlno 

Chlorpromazine / halopcridol 

Bloct dopamine D2 receptor in the rncsolimbic-mesocortical pathway 

t 
Open K' channel 

t 
K+ influx into neuron 

t 
Hyperpolarization of neuron 

t 
Decreases excitability of neurons 

t 
• No hallucination, delusion, aggressive behavior 
• Calmness 
• Tranquility 
• Normal sleep pattern 

t 
Anti-psychotic action. 

(Ref Katzung-l 3'"1495: Lippincott 's-6
1h
!J 48) 

Figure. Dopamine-blocking actions ofneuro!eptic drugs. 

• 

1~~~i~ * t:mrr 
~~_, ' l ™Mi 

Dopamine 
receptor blocked 

<\~; 
DECREASED 

INTRACELLULAR 
RESPONSE 

Mechanism of action ·of atypical anti-psychotic drugs (eg, clozapine): Most of the newer atypical agents 

appear to exert part of their unique action by blocking serotonin receptor (5-HT2A-receptor) . The atypical drugs 

also block D
2 

receptor but they have lower affinity for the D2 receptor, which may pa1tra lly explain its minimal 

ability to cause extrapyramidal side effects (EPS} 
(Ref Katzung-J l '/495: Lippincott 's-6ti'IJ 48) 

Nice to know 
Relative receptor-binding affinities of anti-ps11clwtic drugs 

• Chlorpromazine: al = 5-HT2A > D2 > DJ 
• Haloperido!: D2 >al > D4 > 5-HT2A > DJ > HJ 
• Clozapine: D4 = al > 5-HT2A > D2 = DJ 
• O/anzapine: 5-HT2A > HJ > D4 > D2 > al > DJ 
• Aripiprazo!e: D2 = 5-HT2A > D4 > al = HJ >> DJ 
• Quetiapine: HJ > al > Ml,3 > D2 > 5-HT2A 

(Ref Katzung- J l'!.:/96) 

Q. Enlist D2 receptor antagonist in CNS. (CU-1 SJu) 
Ans. D2 receptor antagonist in CNS: Anti-psychotic drugs are 0 2 receptor antagonist in CNS . 

Q. Enlist the ph~rmacofogical effects of anti-psychotics. (CU-07S) 
Q. Discuss the effects of chlorproma'zine on CNS. (DU-I OJ) 
Q. Outline the consequences of dopamine receptor blockade in the CNS. (CU- l 3/1 2J,09J u,08Ju) 
,Q. Enumerate the central effects of chlorpromazine. (CU-06J) 
.Q. Enumerate the therapeutic actioi1s of chlorpromazine that are related to its blockade of clopaminergic 

receptor. (CU-07Ju;RU-07Ju) · 
~- ~r,umerate effe_cts of dppaminergic receptor stimulation in different sites of the body. (CU-04S) 



309 
. . . Drugs acting in CNS 

• 11 the dopam10erg1c pathway/tract in the br · 0 . 
NJentto. gic tracts: (DU- l 2Ju CU- I 4J ) . am. cscr1be the effects of dopamine in various 

Q, 11nuuer / . . , u 
d0~cribC t~_e yehavio~·al effects of chlorpromazinc. (CU-I SJu) 

Q· ~:rite_shprytiote.90: Cl1J.~rp1~oi;nazinc, (DU-09Ju, SJJ: l3J _ . 
Q• ! 
Afl~- . a6,l; jcal effects of anti- Jsychotics/chlor lromazinc: 
ph!Jl'l ·t . . h 

.. 0 r dopammerg1c receptor lockinw There 5 · . d · · - -i/Jects '1 l)· are 1mpo1tant opam1nerg1c pathways recognized 1n the A- ;z . · brain. 

1 Mesolimbic-mesocortical pathway: 
· Closely related to behavior 

2. Nigrostriatal pathway: Involved in the 
coordination of voluntary movements. 

3. Tuberoinfundibular pathway: Inhibits 
prolactin secretions. 

4. Medullary-periventricular pathway: May 
be involved in eating behavior. 

5. Incertohypothalamic pathway: Regulates 
co ulator behavior in rats. 

B. Effects of other receptors blocking property: 

Antipsychotic action-
• No hallucination 
• No delusion 
• No aggressive behavior 
• Calmness 
• Tranquility 
• Normal slee attern. 
Extra-pyramidal syndromes (EPS): 
• Parkinson 's syndrome . 
• Akath isia 
• Acute dystonic reactions 
• Tardive dyskinesia 
• Seizure 
Increased prolactin secretion, which causes in­
Women: 
• Amenorrhea 
• Galactorrhea. 
• False +ve pregnancy tests. 
• Increased libido. 
Men: 
• Gynecomastia . 
• Decreased libido. 
• Weight gain (due to altered eating behavior). 

• It appears to regulate the anticipatory mot ivational 
L (1(__ 

)base of co ulator behavior in rats . I 

~ - . (Ref Katzung- 13"!.f95j --'- ..,_ 

T 
• ---;:, • :..., :!. ' ,'; ij"•: _ .... t 't,' ·; •· ... es of blockmg -- . ,'. }"Yit-:::=: t, 1::~i~: . · ~fAG. .; , , ' -~, ~t • • Effects of blocking ,~:·I:'/,,":-:.' · It•,°:;/~' 

1. Muscarinic receptor blocking • Tachycardia 
• Urine retent ion 
• Constipation 
• Dry mou th & skin 
• Blurred vi sion 

2. a-adrenergic blocking • Postural hypotension 
• Reflex tachycard ia 
• Cardiac arrhythmias 
• Ejacul atory fai lu re . 

3. Histaminergic blocking • Sedation 
• Anti-allergic action . 
• Anti-emet ic effect 

Pharmacology-41 
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• Loca l anesthetics . 

'.HO 

• Arrhyth mia . 

5. Peripheral conversion of androgen to Women: 
estrogen • Amenorrhea . 

• Galactorrhea . 
• Fa lse +ve pregnancy tests . 

• Increased libido . 
Men: 
• Gynecomastia . 
• Decreased li bido . 

• Anti psychotic action 6. Serotonin (5-HT2) receptor blockin2: . 
~ . T-

rf, 
( (Ref Katzung 13 1497) 

Q. List the indications of anti-psychotics / chlorpromazine. (DU-07 Ju) 
Q. Mention the clinical uses of central dopamine receptor blocker. (CU- I IJ) 
Ans. 
Indications of chlorpromazine: 
Psychiatric Indications 

I. Schizophrenia: It is the primary indication for anti psychotic agents . . . 
2. Schizoaffective disorders (characterized by both schizophrenia & affective disorder) 
3. Mood disorders: 

a. Psychotic depression (along with anti-depressant) 
b. Treatment-resistant depression 
c. Acute bipolar depression 
d. Unipolar depression (adjunctive use of antipsychotics with antidepressants). 
e. Acute phase of mania in bipolar affective disorder 
f. Control of agitation associated with bipo lar disorder and schizophrenia (haloperidol). 

4. Tourette's syndrome 
5. Disturbed behavior in patients with Alzheimer's disease 

Nonpsychiatric Indications 
I. As anti-emetic (prochlorperazine and benzquinamide. Most older typical antipsychotic drugs have a 

strong antiemetic effect. This action is due to dopamine-receptor blockade) 
2. For relief of pruritus (H 1-receptor-blocking action) 
3. Preoperative sedatives (promethazine) 
4. Ne roleptanesthesia ( droperidol + fentanyl) 

(Rel Katzung- l Jth/497-498) 

I 
. Q.;El borate the therapeutic approach to psychosis. (SU-l 5Ju) 
~s. 
Therapeutic approach to psychosis 

I. Patients who are 'neuroleptic na ive', i.e. have never prev iously taken any antipsychot ic agent, should start 
at the lowest available dose, e.g. haloperidol 0.5 mg/day or chlorpromazine 25 mg/day. 

2. The dose is increased at intervals, until the des ired effect on psychotic symptoms, ca lmi ng distu rbed 
behaviour or effecting sedation, is ach ieved. 

3. They take 2-4 weeks to be maximally effective. Treatment is th~n ideal ly continued to prevent relapse. 
4. The benefits of prolonged treatment must be weighed aga inst the adverse effects, which include 

extrapyramidal side-effects. 
5. For long-term use, antipsychotic agents are often given in slow-release (depot) inj ected form to improve 

patient adherence. 
6. The longer a psychosis is left untreated, the less favourable is the outcome. 
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7
_ Prescription of atypical antipsychotics follows similar rules to those for class ical drugs, starting at low 

doses in neuroleptic-naive patients. 
(R~l Bennet & Brown-I / 111 edition; Davidwns-22""1248) 

f'l_ice to know 
~p, ,macokinetics of anti-ply clwtic drugs: ,,a h · d • Most anti-psyc ot1c rugs are readily but incompletely absorbed. 

Chlorpromazine: 25-35% bioavailability. 
• Haloperidol: 65% bioavailability 
• Many of them undergo significant t'' pass metabolism. 
• Most of them are highly lipid soluble & protein bound (92-99%). 
• They tend to have more volume of distribution. 
• Standard elimination half lives: 20-40 hours. 
• Me tab , lized almost completely. 

(Ref- Katzung-l J'h/495 & Goodman & Gilman 's-l 2th) 

at are-the .adverse effects of anti-ps·ychotic:S:w'ftH:"u'ii'i:feriyITi·g me<;hanfsm? ·csU-11 J,RU-05 S,03M). · . . ~ ,. ' . . . ., ' 

·Q. Mention the adverse effects ~f chlorproinazirl'e. (Pl!-l5J,l2J,08J, CU-~ 7J, SU:-}6J~) .. · ... 
Q. Mention the three impo~a~t-~dv_erse ef(ectt ?f5~\ospromazine: (DV- ~ 61~) < · · . · .· · 
Q. What are the adverse effects ·of p~_en.~,thiazin~s?1Explain toe underlyiitg-m~cbanism. (CU-l 7M,06M, SU-

1'4Ju)· ' "·, · ···,1,t· / ·' .. · "' ,.- , • ,, • , ·, ·,' • . • • 
~··'-- ) • ' .. 1.-: '' ' . . j,'\,I ~- ' • !f ~ 

Q. Mentiontheadverse,effects ofha_lo'peridol;(DU-12Ju,l.1J; RU::Q6M,04S,03J) . ' · · ', 
Q; Enumerate .the motor and endocrln_e 'ac1yer~e effects"of typical antipsychotfo drugs. (Sl.J- l'SJ,u) 
Q. What are th~ endocrine ad_verse _ei'fects of chlorprom·azine? (RU-0_9Jul · · .. : :· . ·, . 
Q~ :Mention tire' adv_erse effe_cts of ceptr~l1d9pa~ in~ recept9r·,btoc~er: tCU::1'2'/.lJ~ · , · . , , 
Q. Outrf7ihe CNS adverse effects .of co~v·enponal antipsychotics and_h<>M' 'COtild_:the)_' be ~·reventetl? (RU-1 

,6J u) . . . < ,.!,. .. , \. ~..,., .i. ' s,4.-' . . . •. - . . ' .• f • • • • ·, • • -

Ans. 
Adverse effects of anti psychotics/ chlorpromazine/ haloperidol: 

Type I Adverse effects I Mechanisms I 

ANS • Tachycard ia Muscarinic receptor blockade. 
• Urine retention 
• Constipation 
• Dry mouth & sk in 
• Blurred vision 
• Postural hypotension a-adrenergic blocking 
• Reflex tachycard ia 
• Cardiac arrhythmias 
• Ejacu latory fa ilure. 
Extra-pyramidal symptoms: Dopamine receptor blocking. 

CNS • Parkinson's syndrome. 
• Akathi sia. 
• Acute dystonic reactions. 
• Tardive dysk inesia . 
• Seizures. . 
• Toxic confusional state Muscarin ic receptor blockade. 
• Sedation. H1 -receptor blockade. 
• Weight gai n Both H1 & 5-HT2 blockade. 
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• /\111c11\11-rhca . 
• G 1lactorrheu. 
• 1-'itlsL' I vc pregnancy tests. 
• lncn.::-isl:d lihid\1. 
Men: 
• Gyni..:comastia. 
• l)i..:cn:asccl libido . 

In case of overdose. -----Curdiac • Ventricular arrhyth mi a. 
• Cardiac conduct ion block . 
• Abnormalities in T-wave. 

Common in chlorpromazine therapy --Ocular • Deposi tion in the anterior 
portion of the (eye & lens). -Others • Arrranulocytosis. Allergic reaction. 

(:> 

• Cholcstatic jaundice. 
• Skin eruption. 

atzun -13111/497(Ta -? • , . ( -(R~f K g blr:. 29-2),)00) 

Extra- ramidal s m toms EPS 
-

Mechanism of EPS: Extra-pyramidal symptoms result directly or indirectly from Di-receptor blockade in the 
nigrostriata l pathway. They are ca lled so because they involve extrapyramidal motor system. 

I. Acute dystonia (spastic 
retrocollis or torticollis 

2. Akathisia 
3. Parkinsonism 
4. Neuroleptic malignant 

syndrome 
5. Perioral tremor ("rabbit 

syndrome") 
6. Tardive dyskinesia 

Spasm of muscles of tongue, face, neck, back; may mimic seizures; not hysteria 

Motor restlessness; not anxiety or "agitation" 
Bradykinesia, rigidity, variable tremor, masked facies, shuffling gait 
Catatonia, st11por, fever, unstable blood pressure, myoglobinemia; can be fatal 

Peri oral tremor (may be a late variant of parkinsonism) 

Oral-facial dyskiuesia; widespread choreoathetosis or dystonia 

(Ref Goodman & Gi/lman-12'' edition) 

Drugs causing EPS: Extrapyramidal symptoms are mainly caused by fi rst-generation/typical anti psychotic 
drugs because of more D2 dopamine receptor blockade by these drugs. The atypical anti psychotic drugs exhibit a 
lower incidence of these symptoms because they have lower affinity to 0 2 dopamine receptor. 

I. Drugs causing severe EPS lc,111...-- Haloperido l 
• Flu phenazine . 

2. Drugs causing moderate EPS • Ch lorpromazine - • Perphenazine 
• Loxap ine 
• Risperidone 
• Molindone 

3. Drugs causing less EPS v. Clozapine -
,.• Arip iprazole 
,,•/ Olanzapine 
• Mesoridaz ine 
• Thioridazine 

-, th .. 
(R~f: Goodman & GJ/!mcm-12 ed1twn) 
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Q. 1r,i./'umcli 11 attcntlcd u psy ·hintrist· followin ~ trea tment she devclopctl rigidity, brad kincsia aud 

trc1~Jor. Mention lll'r newly developed di. e~lsc condition and enlist tlw offending drug. which ml-l y cause 
-s\ d1 unwantrd ffrct:,; . What ore the uudcrlyin~ ca uses and how wi ll yo u ma nag · it'! (S - I )Ju) 

t\ll !- , 

Uingnosis: b ,trn- pyra111idal symptoms of' a111 i-psycho1ic Jrugs 
nrugs en using such unwant<.'tl effects: M r i fl' drngs co using 111ndt'rolt' 11 11d sewrc F l',\ jm111 rtho ve 
ti udl.·rlying cuusl.'S: D2-rcc rplnr block:,dl' i11 1he 11i groslr ia tal path wa y hy lli c ulknding drt t)-'. . 
l\ lanagcmcnt: Rcdm:;.: dnSL' or clrnn gl' dru g; nn1ipark i11 so11i a11 agrn ts rn ay help 

Q. patient aged 35 )'ears suffe ring from psychosis & is given chlorpromazinc. He develops tr mor & 
rigidit)1• Explain the causes & give treatment. (SU-09Ju) 

An ~. The pali cnt has deve loped chlorpromazinc-incluccd Parkinsonisrn . 

Cause: Dc-r ceptor blockade in the ni grostriatal pathway by chlorpromazinc. 

Treatment: Antipark insoni srn drugs. 

Q. Mention th~J dvantages of atypical anti-psychotics over classical ones. (RU- l 6J u,07 Ju) 
Q. Mcnti?, 1 tll ~dvantages of newer anti-psychotics over older. (RU-13Ju, 12Ju, 11 Ju) 
Q. Why ,,cloz;:ipinc is better than chlorpromazine? (SU-l 7M) 
Ans. 
Ad van ,-ges of atypical / 211d generation anti-psychotics: 

I . Extra-pyramidal side effects are minima,!. ,_So, to lerab ili ty and thus comp liance is better fo r atypical 
agents. 

2. They are more effective than older ones in treating negative symptoms of schizophrenia. 
3. Clozapine (but not the newer atyp icals) is moreeffect,ve than classical agents in treatment-resistant 

sch izophrenia. 
4. They may improve the impai red cognitive functio n. 
5. H1-receptor blockade activity (sedat ion) is mi ni mal. 

' -- , (Ref· Bennet & Brown- / t " edition) 
~ ' \ · -. 0 c...--; c:::,..,... ' r , L , , " - c:. ,, ·.l-
~ y ~ -~-- - l;-t,'. ,) I.., , 

Clozapine 
Criteria of clozapine: 

I. Half life: Average 12 hours. 
2. Clinical potency: Medium 
3. Suppress both posit ive & negative symptoms of schizophreni a. 
4. Many patient refractory to typ ical anti -psychotics respond to clozapine. 
5. Extra-pyramidal symptoms: Few or no. 
6. Anti-muscarinic activity: Moderate to high. 
7. Incidence of agranulocytosis: High. 
8. Prolactin leve l does not rise. 

(Ref Tripath i-61
\ -1] 9) 

Adverse effects of clozapine: 
1. Agranulocytosis . 
2. Anti-rnuscarin ic adverse effects: 

• Mydriasis 
• Tachycardia 
• Dry mouth 
• Dry ski n 
• Blurred vision 
• Uri ne retention 
• Constipation 

3. Unstable blood pressure . 
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Q. What arc the diffrrences between chlorpromazi nc & halopcridol? 
Q. om pare chlorpromazinc with halopcridol as antipsychot ic. (CU- 15.J, i 4J) 
An . 
Differences between chlorpromazinc & halopcriclol: 

Low 
Medium 

4. Anti-muscarinic effects. More 
5. Sedation High Low 

More common Less common 6. Hy JOtensive actions 
(Ref Kat::ung-13'' edition; 

Q. Compare classical and atypical antipsychotics. (RU-14Ju) 
Q. Write down the differences between Chlorpromazine & Olanzapine. (DU- I 4Ju) 
Ans. 
Comparison between classical and atypical antipsychotics 

. . -· .•. ·· Traits t~·--,~--i~J'. ,ft:· Classic?.I antipsychotics ·,i 1 · ~,,,, ,t.-~tAtypical ~ntipsyfi~Otics t. . . 
'·1,i.t:". ' ,'.,,"'~~: ''i!l.i'.i• ~ .~, · '~' •;.1 ·,'1,-,!\f ',•. !' h, :._ t, • .,•;',, 'r( . ·•~ , ;(,':~~· 1-,,.tf 'ft;.,'•l'l.,.,. -._''• \1 r> • ~. t.''~tft.,f'2.,; " 

··' ~, .. ~?!'3!'< ·:•, 1..;. ~ttt-;,~-,, .,ii1, (eg, Cblorpromazme) ,)ir , .. ~)~11?t,~,_. (eg, Olanzapme) . .._tiJ:,.· r:., :. 
( 1. Mechanism of action Block dopam ine D2 receptor. Block serotonin receptor 5-l-lT2A) and 

2. D2-blocking activity Strong 
3. Tolerability aud thus Less 

compliance 
4. Extra pyramidal symptoms Severe 
5. Efficacy against negative Less effective 

symptoms of schizophrenia 
6. H1-receptor blockade activity More 

(sedation) 
7. Anti-emetic effect Present 
8. Hyperprolactinemia Present 
9. Efficacy against Treatment- Less 

resistant schizophrenia 

Q. Compare haloperidol & clozapine? (SU-141, I JJ, I OJu) 
Q. How haloperidol differs from clozapine? (SU-09J,08J) 
Ans. 
Differences between haloperidol & clozapine: 

5. Hy Jotension 
6. Anti-emetic effect 
7. Hy er n·olactinemia 
8. Efficacy again ·t Treatment­

resistant schizo hrcnia 

Severe 
Less common 
Present 
Pre ent 
Less 

D2 receptor. 
Weak -
More -

Litt le -
More effective -

Less -

Absent 
Absent 
More (Clozapine, but not the newer 
atypicals) 

,,1, 
(Ref: Katz1111g-l J ec/1tt0n; /Jennet & Brown-I/th) 

Weak 
Medium 
Little 

l !igh 
-------1 

Little or no 
More common Less common 
i\b ent Absent 
Absent Absent 
More Less 

( Ref Katzung-13'' edition) 
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Q. Compare between chlorpromazinc & risperidone. (D U- l 7M, I J.Ju ) 
Ans. 

Drugs acting in CNS 

Comparison between chlorpromazine & rispcridonc 

2. toms Severe 
3. Hy otension Less common 
4. A nti-emetic effect Present 

More common 
Absent 

, .. Present , Absent 
(Ref Katzuni -13'' edition) 

Q. Compare anti-psychotic action of haloperidol & olanzapine. (SU-07.Ju) 
Ans. 
Anti-psychotic action of haloperidol & olanzapine: W111eJm11, he/011 

Drug I ' .. :·,jd_~;~ 'Advantages ;l_: i;t'.:v~~:. ·-;;,1t:,w;"#2::}, I,,~ '"::.?:1.i~iit{~ti'l{J~ Dis'advantages{$; ·~ :~- ~ . ~ii 
Cblororomazine Generic, inexpensive 
Haloperidol Parenteral form also available; generic 
Clozapine May benefit treatment-resistant patients; 

little extrapyramidal toxic ity 
' 

'Risperidone Broad effi cacy; little or no extra pyra mida l 
system dysfunction at low closes 

Olanzapine Effective aga inst negative as we ll as positive 
,. symptoms; little or no extra.pyramidal 

~-· ,. ""' '· .. system dysfunction 

Q. Compare Imipramine with Chlorpromazi ne. (CU -1 6.J ) 
Ans. 
Comparison between Imipramine and Ch lorpromazine: 

Many adverse effects, especially autonomic 
Severe extrapyramidal syndrome 
May cause agranulocytosis in up to 2% of 
patients; dose-related lowering of seizure 
threshold · 
Extrapyramidal system dysfu nction and 
hypotension with higher doses 
Weight gain; dose-re lated lowering of se izure 
threshold 

. 
(Ref Katzung-1 Jth edition) 

Traits •' 

·~·· t··•1"' .,t_.. .,<1-,,,v.,. ..... ,.. .4 r~.,.·.- - ~~"t.:i1.~ ... ~ . ..... '.~,-.,. · .-r.1·· ·· _, ... :, , '!J :- Cb .. 1 ,.:-- ,! • ••• ,.~ • 

- --,ti/A J~t;~~:;;~ t~'-ti,:.lnupramme ~ifr:·¢.l'~t ~·,;¾4;~ 1~ i:{l~..:$;,::-;::.~ lorpromazme ~~· '.,;.;,;:,~k 

1. Chemistry Tricyclic i.e. 3 benzene ri ngs. Phenothiazine derivatives 
2. - Mechanism of action Blocks reuptake of both noradrenaline Block dopami ne D2 receptor. 

& seroton in 
3. Anti-muscarinic action Yes Yes 
4. Blocks a adrenoceptor Yes Yes 
5. H1-receptor blockade activity Yes Yes 
' (sedation) 
6., Can cause Seizure Yes Yes 
7. · Anti-emetic effect No Yes 
8. -Hyperpro]actinemia No Yes 
9. Extrapyramidal side effects No Yes 

Q. le patient of 26 years of age has been su ffering from mental illness. Doctor prescribed him 
zapine & Procyclid ine. Discuss their action. (SU- I OJ) 

A-ns. 
Mechanism of action of clozapine: 

• Clozapine blocks 5HT2 receptor and also D2 rcc<.:ptors fo r ant i-psychotic ac ti on. 
• Procyclidine is used in patients to reduce the extra pyrarnida l side effec ts 01·antipsychoti c trc:a trnent. 
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Anti-convulsants / Antiepileptics 

Seizure: A seizure or co11Yulsion is any clinical event caused by an abnorm al elec trical discharge in the bra in. 
Major seizures cause loss of consc iousness, with thep atient fa lling to the ground and present ing with a hi story of 
'blacfouts . Mino1:-;-eiiures causing -alte1~ation of consc iousness, without the patient fa lli ng to the ground , may al so 
be described by patients as 'b lackouts'. -

(Ref Davie/son's-22nd) 
Mechanism of seizure: It is due to sudden, excess ive depolarization of so~ all cerebral neurons. This may 
remain loca lized (focal seizure) or inay spread to cause a secondary generalized seIZL1re,- or affect all conical 
neurons simultaneously (primary generalized se izure). - --

(Ref Benne! & Brown-It" edition) 
Seizures are thought to arise from cerebral cortex; not from the other CNS structures such as the thalamus, 
brainstem or cerebellum . Seizures can be "nonepilepti c" when evo ked in a normal brain by treatments such as 
electroshock or chem ical convu lsants or "epileptic" when occurring without evident provocation. 

(Ref Goodman & Gilman ·s-12th) 
Epilepsy: Epilepsy means a tendency to have recurrent seizures. It is a symptom of brain disease rather than a 
disease itse lf. A singl~e is not ep ilepsy but an indication fo-r investigation . -

(Ref Davidson 's-22nclj 
Epilepsy: The term epilepsy refers to a di sorder of bra in funct ion characterized by the period ic and unpredictable 
occurrence of seizures. 

Cl,L of seizures/epilepsy: 

(Ref Goodman & Gilman 's-l 2th) 

7'.../ Seizure types Features 
Partial seizures : 
1. Simple partial Diverse manifestations determi ned by the region of cortex activated by the se izure 

(e.g. , if motorcortex representing left thumb, clonic jerking of left thum b resul ts; if 
somatosensory cortex representing left th umb, pares thes ia of left thumb res ults), 
lasting approximating 20 to 60 seconds. 
Key feature is pr..eservation of consciousness. 

2. Complex partial Impai red consciousness lasting 30 seconds to 2 minutes, often associated with 
purpose le-ss movements such as li p smackin g or hand wringing. 

3. Partial with Simple or complex part ia l seizure evolves in to a tonic-c lonic se izure 
secondarily GTCS ---

Generalized seizures: 
1. Absence ~petit maij Abru pt onset of impaired consc iousness associated with staring and cessat ion of 

seizure ongoing activit ies typ ically lasting less than 30 seconds. The pt stares and exhibits 
raoid eye-blinking. -

2. Myoclonic seizure A bri ef (perhaps a second), shock-like contract ion of muscles which may be restricted 
to pa rt of one extremi ty or maybe genera lized . 

3. Generalized tonic- The patient fi rst becomes rigid and unconsciou , falling down heavily if stand ing. Thi 
clonic (grand ma9. is fo ll owed by sus~i ned c.9ntractions (tonic) of muscles throughout the body fo llowed 
seizures (GTCS) by periods of muscle contraction alternating with periods of re laxat ion (clon ic). 

typicall y lasti ng I to 2 minutes. 
4. Atonic seizures T~ese are_seizures involv ing br ief loss of muscle tone, usually re ulti ng in heavy fall s 

with or without loss of consc iousness. 
,5/f onic seizu res 
., / 

6. Infantile spasms 

' (Ref. Goodman & Gilman s- /2th. Dav,d.1·011 '.1·-22nd, Lippincot1 ·s-6th: Kot::ung- 13117) 
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<?J<hat are the causes of seizures other than epilepsy'? (ClJ- I 6J u, 14.111) 
Ans. 
causes of seizures other than cpih.'psy 
- 1. :Febrile convulsions 

.2. Ccrcbrovascular disease 
a. lntracerebral hemorrhaoc ::, 

b. Cerebral infarct ion 
c. Arteri v nous malformation 
d. Cavernous hemanoioma 

0 

3: Tumours (primary and secondary) 
-'· Trauma (including neurosurgery) 
5. In fcctive 

a. Meningitis 
b. Encephalitis 
c. Cerebral abscess (pyogenic) 
d. Toxoplasmosis 
e. Cysticercosis 
f. Tuberculoma 
g. Subdural empyema 
h. HIV 
i. Post-infectious encephalopathy 

6. Inflammatory 
a. Sarcoidosis 
b. Vasculitis 
C. SLE 

7. Cerebral birth injury 
8. Hydrocephalus 
9. Cerebral anoxia 
,JO. Drugs 

a. Antibiotics: penicillin, isoniazid, metronidazole 
b. Antimalarials: chloroquine, metloquine 
c. Ciclosporin 
d. Cardiac anti-arrhythmics: lidocaine, disopyramide 

()._ l Q ' - . ) 'i C <;,,, 

Drugs acting in CNS 

e. Psychotropic agents: phenoth iazines, tricycl ic antidepressants, lithium 
f. Amphetamines (withdrawal) 

) l. Alcohol (especially withdrawal) 
12. Toxins 

a. Heavy metals (lead, tin) 
b. Organophosphates 

13. Metabolic disease 
a. I--lypocalcaemia 
b. I--l yponatremia 
c. I--lypomagnesaemia 
d. Hypoglycaemia 
e. Renal fa ilure 
f. Liver fa ilure < (Ref Davidson ·s-22'"1!1180-1181) 

Q. Describe pathophysiology of epilepsy. (CU-16J) 
Q. Describe the neurochemical basis of origin of epilepsy. (CU- I 6Ju) 

Q. Discuss the role of GABA in the pathogenesis of epilepsy. (CU-17J,12J) 

Ans. 
Pathophysiology /neurochcmical basis of epilepsy: To function normally, the brain must achieve an 
ongoing balance between excitation and inhibition, in order to remain responsive to the envi ronment with0L1

' 

Pharmacology-42 
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continued unrestrained spontaneous activity. The inhibitory transmitter GABA is particularly · 
. I I . . . . . import 
ton c ianne s to enhance chloride inflow and reduce the chances of action potential formation F ~nt, acr 

. d ( j · · l . - XC 1t· 
1ng ac1 s g utamate and aspartale) allow influx of sodium and calcium, producing t11e opposite effect _c1tory a _un 

. I >'. • • • • I . I 'b. . . It is 1 ·k ln1n many seizures resu t 1rom an 1111balance between this exc 1tat1on anc in 11 1t1on. 1 ely th .. 0 

During seizures, epileptic cortex shows repetitive discharges in vo lving large groups of neurons. Se·- ~
1 

related to a localized disturbance in the cortex, becoming manifest as focal seizures . If focal /~urcs rnc1Yb 
localized, the symptoms experienced depend on which cortical area is affected. When both 1it 1

:ures rem e 
involved, either at onset or after spread the seizure becomes generalized . 

11115
Phcrts ~in 

. ' ~ 

In seizures that are generalized at onset, the abnormal activity probably originates in the cen tral 
controlling cortical activation and spreads rapidly. 11lechan i~rns 

(Ref· Davidson 's-22"'' , 

·Q. Name the anti-epileptic drugs. (DU-09Ju, RU-981.u, CU~08Ju) 
Q. ~ n crate anti-seizure drugs.',(SU-13Ju) · . . · 
Q~ e t~e imp~rta?t a~~i-convu!sant drug~. (RU-~ OJ, CU-l3_J) . 

1 • ategonze anti-epdept1c d.r-ugs mc?rporatmg their mechamsm of actwn. (CU-12Ju,09J) 
.. Name llCW'.Cr anti-epileptic drugs. (RU-I 4Ju) 
. N~ e 5 anti-epiieptic ~·rugs. (DTl J (>lL.:.· :~ ....... __ . . _'._ .. ., . · 

Ans. 
Anti epileptic drugs/ Anti-convulsant drugs I Antiseizure Drugs: / fV\ ec-\'0 r ~:,g-yy 

Mechanism of action 

1. Enhancement of GABA-ergic (inhibitory) 

transmission/ facilitation of GABA-mediated 
er channel opening 

2. Blockage of voltage sensitive Na+-channel / 

prolongation of Na +-channel inactivation 

· L 

Drugs 

• Barbiturate: Phenobarbitone 1 ' - \ r ---
'-LY \ I\ G...f1( ., 

• Benzodiazepine: _,,,......._ 
:, Diazepam. 
:, Lorazepam 

,-0 Clonazepam 
:, Nitrazepam 
:, Clobazam 

• Tiaga bine 

/;' Gabapentin 
_,/ Pregabalin 

• Vigabatrin 

• Valproate 

• Carbamazepine 

• Oxcarbazepine 
• Eslicarbazepine 

,~ • Phenytoin 

• Fosphenytoin 

• Mephenyto in 

• Ethoto in 

• Valproic acid 

• Na-valproate 

• Lamotrigine 

• Topiramate 

• Zonisamide 

• Lacosamide 

• Primidone 

I I I ?y) 
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+ 3, Blockage o -type a· -channel • El husux irn id t.: 

• Phens11 xirnidc 
" 

\ , \ )' ( ,.\') I \ 
-:. -.._ ' '\ • Methsuxirni dc 

l... 
Tri rn cl hnd ionc • 

• Valproalc 
~ - Other drugs • Lev et i race tam 

• Reti ga binc (ezogabi nc in the US /\) 

• Rufinamide 

• Perampanel 

• Felbamate 

• Sti ripentol 

• Acetazolamicle 
71, t/1 

(Ref: Tnpath1-6 /404 (jig-30. 2) Katzung-13 l -100-./ I 9) 

,Q. Classify anti-epileptic drugs according to their clinical use. (RU-04S, SU-04S) 
Q. Name the drugs used in generalized tonic clonic seizures. (DU-07J) 
Q. Ca~ri -anti-epileptic drugs inc~n:porating their c_lif!i.ca] uses. (CU-091) _ 
Ans. \ 
A-nfi- ileptic drugs according to their clinical use: (' \' 1 f" " ' · 

Seizure types I Drugs of choice I Alternative drugs 
A. Generalized seizures 

1. Primary generalized tonic- .,,,. ~ Na-valproate • Clonazepam 
clonic (grand mal) seizures, • Lamotrigine • Topi ramate 
GTCS ,.. 

(__.;. 0-.. ~ ·- ...... cf' '---c • Carbamazepine 

• Phenytoin 
2. Absence (petit mal) seizures , / Ethosuximide • Clonazepam 

/ it Na-valproate • Lamotrigine 
3. Atypical absence o Na-valproate 
4. Myotonic /. Clonazepam 
5. Atonic • Lamotrigine 

• Phenytoi n 
,r/ Ethosux imide 

• Phenobarb ital 
6. Myoclonic • Na-valproate • Lamotrigine 

• Clonazepam 
8. Partial &/or secondary • Levetiracetam • Phenytoin 

generalized seizures . ,s' Na-valproate • Carbamazepine 

• Lamotrigine • Vigabatrin 
• Gabapentin 

'" -(Rej: Benne/I & Brown-! J /3)5 (Table: 21 .2)) 

Nice to know 
Principles of epilepsy management: These call.for attention to conservative as well as drug measures: 

I. Any causative factor must, of course, be treated, e.g. cerebral neoplasm. 
2. Educate the patient about the disease, duration of treatment and need for compliance. 
3. Avoid precipitating f actors, e.g. alcohol, sleep deprivation, emotional stress. 
4. Anticipate natural variation, e.g. .fits may occur particularly or exclus ively around periods in women 

(catamenial epilepsy). 
5. Give antiepilepsy drugs only if seizure type and frequency require ii. 

(Ref Benne/I & Brown- ! I'" edition) 
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Q ~w~ . :- · · · · · ·1 t'c 't11erapy (DU-17M) · ~ .rite down the general pnnc1plcs of ant1-ep1 cp 1 · 
Q. "t u6mernte the ou.idc-lines of a11ti-~pilcptic the~apy. (DU-OJJ) . . ? DU I OJ ) 
JJ. ~What arc the· pJi~c·imd guid t-Unes for pre_s!'.1:lbing aoti-epileph~ drug· ( - - u -

1 lS . 

Guide-lines of anti-epileptic drug therapy: -b l d · 
I . When to initiate: Majority of first seizures are provoked by a re_versl e_ an rec~gnizable factor 

· · · · F I . c011o"1ing a single se izure ant1convulsa , en 111fect1on. drug tox1c1ty, surgery. or t 1ese 1easons, 11 
., nts ar ;::,, 

· f . · d' r· t se·1zure episodes they generally are p . e not 
generally prescribed, whereas a ter two 01 11101 e 1s me . ' rescnbect 

2. Start with one first-line drug. The majority of patients (70%) can be controlled on one d~u 

(monotherapy) . . . . g 
3. Start at a low dose; gradually increase dose until effective control of se izures is achieved or side-effect 

deve lop (drug levels may be helpful) . , s 
4. Optimize compliance (use minimum number of doses per day). . 
5. If first drug fails (seizures continue or side-effects develop), start secood firS t-hne drug, foll owed ·r 

possible by gradual withdrawal of first. 
1 

6. If second drug fails (seizures continue or side-effects develop), start second-line drug in combination 
with preferred first-line drug at maximum tolerated dose (polytherapy) . 

7. If this combination fails (seizures continue or side-effects develop), replace second-line dru o . 
b WJth 

alternative second-line drug. 
8. If this combination fails, check compliance and reconsider diagnos is (Are events seizures? Occult lesio ? 

Treatment compliance/alcohol/drugs confounding response?) n. 
9. Consider alternative, non-drug treatments (e.g. epilepsy surgery, vagal nerve stimulation). 
I 0. Use minimum number of drugs in combination at any one time. 
I I. Choice of drug is also determined by the patient's age, sex and pregnancy. 
12. Abrupt withdrawal: Effective therapy must never be stopped suddenly either by the doct 

(carelessness) or by the patient (carelessness, intercurrent illness or ignorance), or status ep ilepticus in:r 
occur. y 

(Ref Davidson 's-22'"111183; Bennett & Brown-] }'1, /350) 

A~rite down the treatment of status epilepticus. (RU -14Ju,09J) 
Ans. 
Status epilepticus: Status epilepticus_ exists whe,_1 a __2eries of se izures occurs without the patient rega ining 
awareness between attacks over a period of 30 mmutes. Most commonly, this refers to recurrent tonic clo · 

. _ . . . ll !C 
seizures maJor status) and 1s a life-threaten ing medical emergency. 

' A ·,0\..,~ey L \ ~v'~ (Ref Davidson ·s-medicine-201
1,/ / 173) 

Treatment of status epilepticus in adults · c :.,;.__ ~ p r..;,-.,-<--~ \--.__ J(' ... 

Status Treatment 
Early • Lorazepam 4 ~g N ; repeat once after IO minutes if necessary or 

• Uonazepam I mg IV over 30 seconds, repeat if necessary or 
• Drnzeoam I 0-20.m.g over 2-4 min ; repeat once after 30 minutes if necessary. 

Established • _!henytoin 15-18 mg/kg IV at a rate of 50 mg/minu te and/or 
• Phenobarbitone l 0-20 mg/kg IV at a rate of I 00 mg/minute 

Refractory • Thiopental or 
• Propofol or 
• ]Y-l.idaz.QJ.am with fu U intensive care support. 

Ii i (Ref: Bennet/ & Brown-] I /353) 

Q. Name four drugs for petitmal seizures. (DU- I 7M) 
Ans. 
Drugs for pctitmal seizures 

I. Ethosuximide 
2. Na-valproate 
3. Clonazepam 
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4. Lainotrigine 

\lict! to know 
---- , Lorazepam i. r. is now the pr4erred initial choice. 

• Diaze/J{ll1t i. "· \l'l7S ll'idel,1 11•·er/ Cl\' t/1, f' · ·t 1 · • f [ . . / 'k / . I • • • -1 ,, • t . 11 .1 111e c rug, 'J UI 1/ 1s more I e y to cause hypoten.1w11 um 

rt!\'/'J lratol')' depren 1011 and ·1 · 1 · ·t fj•' .. · · · · · . . - , 1 ,1 an 1ep1 epsy ~,1 ec / wears ojj qfter uhuut 20 111i11utes. so that phenytom 1. , . 

"'.us/ also h~ given at the same time to suppress.further jitting (w ith ECG und h/uod pressure moni!Uring. 
s//lce card,ac arrhytl11111·as· d 1· I I · · · · . an urt 1er 1ypotenswn may result). J, or this reason some con.rnfer 
phe11obarhttone lo be safer. If resuscitation facilities are not immediately availab le, diazepwn can he 

given by rectal solution. 
• l'lfidazo/am (nasally) may be pref erred in institutions, e.g. mental hospitals, rather them diazepam rectally 

because pat ient and carer compliance are better. 
(Re( Bennett & Bruwn-10'"!376) 

EJ.iarmacokinetic properties of anti-epileptic drugs: 
J. Route: Oral, !IV 
2. Absorption: Good 
3. Oral bioavailability: 80-100% 
4. Most anti-seizure drugs are not highly bound to plasma proteins. 
5. Anti-seizure drugs are chiefly cleared by hepatic mechanisms. 
6. Many of them are converted into active metabolites t .at are also cleared by the liver. 

7. Plasma clearances are relatively slow. 
8. Many of the older anti-seizure drugs are potent hepatic microsomal enzyme inducers. e.g. 

• Carbamazepine 
• Phenytoin 
• Phenobarbital. 
• Oxcarbazepine 

9. Many of the anti-se izure drugs are teratogenic. (Ref Katzung-1 3'" edition) 

Phenytoin l C---. -
\ 

. \1-r • I.. .' · C ', . ) 

Phenytoin is the oldest nonsedative antiseizure drug, introduced in 1938. It wus known for decades as 

diphenylhydantoin. ~ - - --- I r • 

Q. Write the mechanism of actions of Phenytoin & mention its adverse effects. (RU-1 OJ; CU-l4J u,07J,06J) 
Q. A 5 years old boy suffers from repeated attack of seizures. What are the drugs of choice? Explain their 

actions. (SU-08Ju) 
Q. _Short no;~: Phenytoin. (DU-lSJ) 

Ans. 1 Mechani m of action of hcnvtoin: It exerts anti-seizure effects without any genera lized CNS depress ion. lt 
alt s a+, K\ and Ca2+ conductance, membrane potentials, and the concentrations of amino acids and the 

neur ransmitters norepinephrine, acetylcho line, and GABA. 

At therapeutic concentrations, the major action of phenytoin is to block sodium channels 

t 
Inh ibits generation of rap idly repet itive action potentials 

t 
Anti-epi leptic effect 

Indication of phenytoin: 
1. Partia l se izures. 
2. Pri mary or secondary GTCS. 

I 

.-r- 1 I 
l , .k 

,, ; ( 

) . 

(Ref Kc11:1111g- l 31
"! -IOUJ 

(Ref Kat:w1i- i l'! -I OOJ 

.11... 
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Q. Mention tla· important adverse d 'fccl s of phl'nytoin . (DU-16.1 ,07.J, RU- I OJ. CU-1 7.J ,09.J) 

Ans. . · , · .< , 

Advcrst· effects o f phrnyto in : 
l . Nystagmus. 

Di plopia & ataxia. 
3. ln case or long term us~: . 

• Ostcomalacia (due to abnormal vit.amin-0 metabolism) 
• Mega loblastic anemia (due to low fo latc leve l) 
• Mi ld periphera l neuropathy - Diminished deep tendon refl exes. 

4. 
5. 
6. 

• Coarsening of facial features. 
Gingiva l hyperplasia. 
I li rsutism in women. 
Sedation. 

7. Teratogenicity (fetal hydantoin syndrome) 
8. Hypersensitivity. 

Contraindications of phenytoin 
I . Hepatitis 
2. Pregnancy 
3. History of hypersensitivity 
4. Febrile convulsion 

(Ref Katzung- J 3'"!-t()JJ 

Q. Why phenytoin is not an ideal drug in young women while taking oral contraceptive pills? (DU-I OJu) 
Ans. 
Phenytoin is not an ideal drug in young women while taking oral contraceptive pills: . 
Phenytoin ~ oid metabolizing enzymes - Increased meta bolism of oral contraceptives - Decreased 
action of oral contraceptives - Contraception fai lure - Unwanted pregnancy. 

Phenytoin and some other antiepilepsy drugs (carbamazepine, barbiturates, topi ramate, oxearbazepine) induce 
stero id metabolizing enzymes and can cause hormonal contraception to fa il. Patients who are taking phenytoin 
need a higher dose of estrogen (least 50 micrograms/day) if they wish to continue on the pill, although th is doe; 
not guarantee complete protection from pregnancy with the associated risks to the fetus. This is why phenytoin is 
not an ideal drug in young women while taking ora l contraceptive pills. Lamotr igine and sodium valproate are not 
enzyme inducers and their use is not reason to alter the dose of oral contraceptive. 

(Ref Benne/I & Brown-!0th/375) 

Nice to know 
Drug i11teractio11s of pheny toi11: 

I. As plasma protein binding of phenytoin is 90%, other highly bound drugs, such as pheny!butazone & su!jcmamides 
can displace pheny toinfrom its binding site;:_. ____ __ 

2. Pheny toin is a potent hep atic microsomal (enzyme inducer.\ o, it can increase metabolism of' other drugs, which are 
metabolized by microsomal enzy111es; e.gOCP, wcuf arin, steroids (adrenal & gonadal), thyruxin. TC.ls, 
doxycycline etc. ~ =--· 

3. Drugs that can increase concentration of phenytoin by inhibiting its metabolism are- !NH, co-trimoxa::.oll!, Na­
valproate, some NSA ID, disu!jira111, cimetidine etc. 

Pharmacoki11etic properties of pheny toin: 
(Ref Bennett & /3rown-l0'";J78) 

I. Pheny toin provides a good example of the application of pharmacokinetics for success/it! prescribing. The impor1a111 
as,p;;;:: are -
~ _!!_(!Ider kinetics: 

' • Low dose phenytoin--> Exhibits I"' order kinetics. 
• Therapell!ic p lasma cone. --> Exhibits zero order kinetics. 

(Ref B1:nnert & /Jrown- J0'"!J78) 
2. Absorption of Phenytoin is highly dependent on thefor111ulation of the dosagefor111. P~rticle si::.e & pharmaceutical 

add1t1ves ajject both the rate & the extent of absorption. IM absorption is unpredictable. 

(Ref Kat::.ung- lJ'"f.10/J 



323 Drugs acting in CNS 

( \' ' g_ ')ry-Or' o/ . o'.J ""C1- ~ _J) Zi rv: / 
I . I T_ -'Rl '-

/ 

/ 

Carbamazepine 
/ (1 \ -:). ~ - . 7 '- , 

Q. 'hat is the mechanism of action of ca rbamazcpinc? (CU-I 6J , I SJ, 1 I Ju) 
1 

_ \ • 

:i_,ry z, ~ ~·1ru-~ , , ). u ~c~ .(_,-..-... 
A~- ~ 
Mechanism of action of carbarnazepinc: ·:eJ ) 

1. Blocks vo ltage sensitive Na '-channels (like phenytoin) - Inhibits generati on or rapidly repetitive action 
potentials - Anti-epileptic effect. 

2. Decreases synaptic transmission ( at pre-synaptic junction) - Anti-con vu lsant acti on. 

Q. Enlist the clinical uses of carbamazepinc. (CU-02M) 

Ans. 
Indications of carbamazepinc: 

I . Partial se izures. 
2. Generalized tonic-clonic seizures (GTCS). 
3. Trigeminal neural ia. 
4. iyt ania in~ ne patients with bipolar disorder. 

Q. What are the adverse effects of carbamazepine? (DU-03J,CU-l 1Ju) 
Ans. 
Adverse effects of carbamazepine: 

l. Dip lopia ( double vision)* 
2. Ataxia* 
3. Mild GIT upset 
4. Unstead iness 
5. Drowsiness (at higher doses) 
6. Hyponatrem ia & water intox ication. 

(R4 Katzung-13'1'!402) 

(Ref Katzung-l 3'"1403) 

7. Aplastic anem ia (n eed routine bloodjUm exam & stop the drug if anemia appean). 
8. Agranulocytosis (need routine blood f ilm exam & stop the drug ff anemia appears). 
9. Mild & persistent leucopen ia (need carejiil monitoring) . 

(Ref Kat:w ng- 13'"!-103) 

*Most common dose-related adverse effects are diplopia. ataxia. The diplopia ofien occurs first Cine! mlly lust less 1hc111 an 
hour during a particular time of day. Rearrangement of the divided daily dose can ojien remedy !his comp/aim. 

Drug interactions: Drug interactions are exclusively rela1ed to its 'drug- inducing pmperlies · 
It can increases the metabolism of OCP, phenytoin, ethosuximide, valproic acid, clona:eparn, primidone etc. & may 
causes therapeuticfailure. 
Enzyme inhibiting drugs cause increased concentration of carbamazepine & chance of more /ox icily. 

(Ref Kat:ung- l J'"l -103) 

Valproic acid & Na-valproate 
/ 

Q. Expl::)fo the anti-epileptic role of sodium valproate. (S U- l 4J , l 2Ju) 
Ans. , I 
1\:1 lfa nism of action of Na-valproate & Valproic acid: 

I. Blocks voltage sensit ive Na+ channels - Inhibits generation of ra pidly repeti tive action potentials -
Anti-epileptic effect. 

2. Increased GABA concentration in the brain - jGABA mediated CNS depress ion - anti-epi leptic 
effect. 
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Q. Write down the indications of sodium valproalc. 
Ans. 

Indications of sodium valproalc: . . . 
I. Valproatc is uni~uc in its ability to contro l cert ain rypcs or myoc lo111 c se izures; 111 some cases the effect is 

Jramati c. 

' ~\bscncc s\; inm.:s (wry elkctivc) 
3. GTCS 
4. Other uses: 

• Atonic seizures. 
• Partial seizures. \ 
• Management o · bipolar disorder} 
• \ M igrai ne rophylaxis . -

( -

Q. Write down the adverse effects of sodium valproate. (DU-161) 
Ans. 

,~ Adverse effects of sod ium valproate: 
I. GIT upset: Nausea, vomiting, abdominal pain, heart bum. 
2. Sedation ( especially along with phenobarbital) 
3. Fine tremor. 
4. Hepatotoxicity (idiosyncratic reaction which may be severe specia lly <2 children). 
5. Throm bocytopen ia 
6. Teratogenesis during pregnancy: 

• Spina bifida. 
• CVS defects. 
• Orofacial abnormalities. 
• Digital abnormalities. 

(Ref Katzung- 131!'/ -! 12--1 I 3) 

Ethosuximide 
Mechanism of action: Blocks T-type Ca21 current in the thalamic neurons. 

Indications: High ly efficacious & safe drug for absence seizures . But it has a very narrow spectrum of clinical 
activity. 

Adverse effects: 
I. GIT upsets: Nausea, vomiting & abdominal pain (most common but dose related). 
2. Transient lethargy or fatigue. 
3. Other dose-related adverse effects: Headache, dizziness. hiccu p, eu phoria (less common) 
4. Skin rashes- Stevens-Johnson Syndrome (SJS) 

(Ref· Kat::1111g-l J1"l -lf I) 

Phenobarbitone / Phenobarbital 
Phenobarbital is the oldest of the currently available antiseizure drugs. A !though it has long been considered one 
of the safest of the antiseizure agents, the use of other medications with lesser sedative effects has been urged. 
Many consider the barbiturates the drugs of choice for seizures only in infa nts . 

M~
/ f . ec ~ 1s_ms o actwn: . . 

. Binds to an all ostenc regulatory site on the GABA receptor - Prolongs the openings of er channels & 
increase the GABA receptor-mediated currents - Hyperpolarization & anti-epileptic effect 

2. Blocks excitatory responses induced by glutamate. 
3. Decreases Na+ cond uctance (at higher cone.) 
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J2S Drugs acting in CNS 

indintt ions: l St·ful in til l: 1n.: at111cn t ot' pa rtial scizurl:s & li'l'l'S. 

(l<ej: Kot:: 1111g-l J'''/.10./) 

Larnotrigine 

,trch:t nism of action: 
· I. Lamotrigine, lil...e phenytoin, suppresses sustained rap id firing of neurons and prod ucc:s a vo ltage:- and 

use-dependent blockade of Na' channels. 
_. Lamotrigine also inh ibits vo ltage-gated Ca2+ channels. 
3. Lamotrigine also decreases the synaptic release of glutamate . 

Ind ications : 
J. Effective as monotherapy fo r partial seizures & is now widely prescri bed. 

,.,, Absence and myoclonic seizures in children 
3. Seizure control in the Lennox-Gastaut syndrome. 
~- Bipolar disorder. 
-c...J 

Adverse effects: 
· 1. Dip lopia 

2. Dizziness 
3. Headache 
4. Nausea 
5. Somnolence 
6. Sk in rash 
7. Li fe-threatening dermatitis (in 1- 2% of pediatric pati ents.) 

Levetiracetam 

Mechanism of Action 
I. Leveti racetam binds se lectively to the synaptic vesicular prote in SY 2A. 

(Ref Katzung-1311,/407) 

2. lt modifies the synaptic release of glutamate and GABA through an action on vesicular function . 
3. It inhib its N-type calcium channels and inhibits calcium release from intracel lular stores. 

Clinical Uses: Adj unctive treatment of 
I. Partial seizu res in adults and children 
2. Primary GTCS 
3. Myoclonic seizures of juveni le myoclon ic ep ilepsy. 

Adverse effects 
I. Somnolence 
2. Asthenia 
3. Ataxia 
4. Dizzi ness 
5. Less com mon- mood and behaviora l changes; psychotic reac ti ons are rare. 

(Ref Kutzung- ! 3'"!-10 7, -108) 

Pharmacology-43 



Blueprint™ Pharmacology 326 

Gabapentin & Pregabalin 
Both are analogs of GABA, but don't act directly on GABA-receptors. ( "' . ~, ~ · , _ ,......, , · - '<._ r~, \ "'-- t -Y:r-(__ 

Mechanism of actions: 
l. Modify the synaptic or non-synaptic release of GABA. 
2 . Pre:Synaptically decrease the release of glutamate .-

Indications: 
1. Effective as an adjunct against partial seizures & GTCS. 
2 . Effective in the Rx of neuropathic pain. 
3 . Post-herpetic neuralgia: 

Adverse effects: 
I. Somnolence 
2 . Dizziness 
3 . Ataxia 
4. Tremor 
5. Headache. 

Q. Short note: Febrile convulsion. (RU-l 5Ju) 
Ans. 
Febrile convulsion / seizure: 

c,·--- ~ Z 

-= A~~-"-~'cJ 

(Ref Katzung-H"/406) 

Definition: Fe brile seizure is defined as a seizure in association with a febciJ e illn.ess in the absence of a central 
nervous system (CNS) infection or acute electrolyte imbalance in children older than I month of age witnoul p-rior 

afebn e seizures. 

Age: 6 months to 4 years, with a peak incidence at 18 months. 
(Ref Current pediatric therapy-1811

' edition) 

Clinical features of simple febrile convulsion-
!. It is usually assoc iated with a core temperature that increases rapidly to ~39°C. 
2. Is initially generalized and tonic-clonic in nature. 
3. Lasts a few seconds and rarely up to 15 min . 
4 . Brief posticta l period of drowsiness. 
5. Occurs on ly once in 24_hr.-~--

Treatment: 
J/ Control the fever: 

• Antipyretics (paracetamol) . 

. 

_ / • Cool ing with sponge soaks. 
y. Control of seizure: 

• Oral diazepam: 0 .3 mg/kg 8 hourly ( 1 mg/kg/24 hr) 
• Rectal diazepam: 0.5 mg/kg. 

(Ref Nelson textbook of pediatrics- 18'" edition; Bennet & Brown-I / '!353) 

~ he pharmacological basis of using- Diazepam in febrile convulsion. (SU- I 5Ju, I SJ , i 4J u) 
"-.,Ans. 

Diaze_pam in_ f~br~le convulsion: ~ i~ epam is _capable of~iting the development and spread o( epileptifo_~m 
, ~lectncal act1v1ty m the CNS. This ts why; 1t 1s the drug of choice the treatment of acute attack of febr de 

convulsion. 
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\ ice to kn ow 
lft1brile seizure is chscribt d as complex or complicated­

!. wh ' II the durat ion is > 15 min. 
.. . when repeat d convulsions occur within 2.J hr. 
3. when focal seizure activity or.focal.findings are present during the postictal period 

Fetal hydantoin syndrome 

Drugs acting In CNS 

in animal testin and in the human male etus. 
(Ref Katzung-13' '/417) 

Antiseizure drugs in development: Three potential new antiseizure drugs are in phase 2 or phase 3 development; 
these are brivaracitam, YKP3089, and ganaxolone. 

(Ref Katzung-13°'1417) 
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Antiparkinsonism drugs 
Parkinsonism: Parkinsonism is a degenerative disease affecting the basa l ganglia and is characterized by a 
combination of rigidity, bradykinesia, tremor, and postural instability that can occur for a variety of reasons but i~ 
usually idiopathic. 

Q. Describe the neural network of parkinsonism. (CU-I61) 
Q. Draw and describe the neural network of Parkinson's disease. (CU-I41) 
Ans. 

(Ref Katzung- J 3'hl47 J) 

Pathogenesis of Parkinsonism: In basal ganglia, dopamine and acetylcholine balance each other to control 
movement. In Parkinsonism, there is loss of dopaminergic neurons in theJ.!l bst~ntia ~~?ra ?f__the basal ganglia. 
As a result, there is decreased dopamine activity and increased cholinerg1c act1v1ty in the basal ganglia. 
Reduced dopaminerg1c output from the suostantia 111gra to t!Te-globus paltic us lea stor"educed inhibitory effects 
on the subthalamic nucleus, neurons of which become more active than usual in inhib iting activation of the 
cortex. This in turn results in bradykinesia. 

(Ref Katzung-13'"1473 + Davidson's medicine-22'"1!1195) 

Normal 

Substantia 
nlgra 

,-----, 

Corpus 
strlatum 

@>--------, 
:. :. Dopamine I\ . 

©--<o---< 
Acetyl- GABA 
choline 

Parklnsonism 

Fi[! . . Sc~em~tic re~re~ent~tio,~ of the seque.nc~ ?f neurons involved in parkinsonism. Dopaminergic neurons 
ongmatm~ m the su~stan~za mgra norma~ly m~1b11 the G~BAergic output from the stria/um, whereas cho/inergic 
neurons exert an exc1tat0ty effect. In parkmsomsm, there ,s a selective loss of dopaminergic neurons (dashed). 

(Ref Katzung- 13'"!-17-1) 

Nice to know 
Principles of treatment: 

I. To increase dopamine activity in the basal ganglia 
2. To decrease cholinergic activity in the basal ganglia with antimuscarinic drugs . 

(Ref Katzung- 13'"!47-1) 
Causes of parkinsonism 

a. Idiopathic Parkinson's disease (at least 80% of parkinsonism) 
b. Cerebrovascular disease 
c. Drugs and toxins 

I. Antipsychotic drugs (older and 'atyp ical' ) 
2. Metoclopramide, prochlorperazine 
3. Tetrabenazine 
4. Sodium valproate 
5. Lithium 
6. Manganese 
7. MPTP 

d. Other degenerative diseases 
I. Dementia with Lewy bod ies 
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2. Progressive supranuc lear palsy 
3. Multiple system atrophy 
4. Corticobasal degeneration 
5. Alzheimer's disease 

e. Genetic 
I. Huntington 's disease 
2. Fragile X tremor ataxia syndrome 
3. Dopa-responsive dystonia 
4. Spinocerebellar ataxias (particularly SCA 3) 
5. Wilson' s disease 

f. Anoxic brain injury 

Drugs acting in CNS 

(MPTP == methyl-phenyl-tetrahydropyridine) 
(Ref Davidson 's medicine-2211JI I I Y5) 

Q. Outline the role of anti-parkinsonism drugs in modifying pathophysiology of Parkinsonism. (S U-08J) 
Ans. 
Role of anti-parkinsonism drugs in modifying the pathophysiology of Parkinsonism: In Parkinson ism, there 
is loss of dopaminergic neurons in the basal ganglia. So there is decreased dopamine activity and increased 
cholinergic activity. Anti-parkinsonism drugs increase dopamine activity in the basal ganglia and decrease 
cholinergic activity in the basal ganglia with antimuscarinic drugs. This restores the normal balance of cholinergic 
and dopaminergic influences on the basal ganglia and improves the symptoms of Parkinsonism. 

Q. Name i potj,mt anti-parkinsonism drugs. (DU-l 4J) 
Q. Nam the rugs used for Parkinsonism? (DU- l 5Ju, RU-04S, SU-08J,06S) 
Q. Ca gori e anti-Parkinsonian drugs. (CU-I I Ju) 
Ans 
Drugs used for Parkinsonism: 

A. Drugs that increase central dopaminergic activi(y: 

1. Dopamine precursor .v·•.,..-1.,.evodopa 
2. Dopamine agonists _,...,-Bromocriptine 

,. Pergolide 
• Prarnipexo le 
•· Ropinirole 
• Rotigotine 
• Apornorphine 

3. Increased synthesis, release & reuptake of dopamine • Arnantadine 
4. Decreased dopamine metabolism MAO inhibitors: 

• Selegil ine 
• Rasagiline 
COMT inhibitors: 
• Tolcapone 
)' Entacapone 

B. Drugs that decrease cholinergic activity (Anti-muscarinic drugs): 
I. Procyclidine 
2. ,,---Orphenadrine 
~ Benztropine 
4. Biperiden 
5. Trihexyphenidyl 

- Ill (Ref Koumg-13 /.1 7../-../81) 

(Rel Katzunr,- I J1''1../8 l ) 
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Fig. Pharmacologic strategies for dopaminergic therapy of Parkinson's disease. l-DOPA, levodopa. 

Levodopa 
Q. Explain the pharmacological basis of using Levodopa in Parkinsonism. (CU-05S) 
Ans. 

Mechanism of action of levodopa: Levodopa, the immediate metabolic precursor of dopamine, enters the brain, 
where it is decarboxylated to dopamine. 

Levodopa enters the brain 
! 

Levodopa is decarboxylated to dopamine 
! 

Dopamine stimulates dopam ine receptors 
! 

Increased dopamine activity 
! 

Antiparkinsonism effect. 

The benefits of dopaminergic antiparkinsonism drugs appear to depend mostly on stimulation of the D
2 

receptors. 
However, 1-receptor stimulation may also be required fo r maximal benefit. 

D' cuss the role of carbidopa used along with Ievodopa. (DU- I4J) (Ref Katzung-131"! -I 7 4) 

hat is the role of carbidopa in the treatment of Parkinson's disease? (CU-14J) 
Q. Justily the combined use of Levodopa & Carbidopa. (DU- I 5Ju, RU-I 2/ I I J, CU-I6.1 , SU-06S) 
Q. Explain the principle of administering carbidopa with levoclopa . (DU- I ! Ju, CU-05S) 
Q. Describe the fate of Levodopa after its oral administration. (CU- I6Ju) 
Q. Short note: Levodopa & Carbidopa combination. (SU-I SJu) 
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Ans. 
Ph rnrncological basis of using combination of Lcvodopa & Carbiclopa in Parkinsonism 
; Levodopa a~one: Unfortunately, only about 1- 3% of' ora ll y administered lcvodopa actually enters the brain 

u naltered; the r-emainder is metabolized extracerebrally, predom inantly by dccarboxylation to dopamine, 
which does not penetrate the blood-brain barrier (BBB). This is why, levodopa must be given in large 
amounts when used alone. 

, Levodopa + dopa decarboxylase inhibitor (cg, Carbiclopa): When levodopa is given in comb ination wi th 
carbidopa, car61dopa reduces the peripheral metabolism of levodopa by inhibiting dopa clecarboxylasc 
enzyme. So the plasma level of levodopa is higher, & more levodopa is available for entry into brain . 
Carbidopa cannot enter the brain and it cannot metabolize levodopa in the brain . As a result, more levocl opa is 
available in the brain to be converted to dopamine and exert anti-parkinsonism effect. 

, Indeed, concomitant use of carbidopa may reduce the daily requirements of levodopa by approximately 75%. 
(Ref Katzung-1 l 1!475) 

Q. Describe the limitations and therapeutic effectiveness of levodopa in the treatment of Parkinson's 
disease. (CU-\4Ju) 

Ans. 
Therapeutic effectiveness of levodopa 

I. Levodopa provides the biggest improvement in motor symptoms of Parkinson's di sease . 

Limitations of levodopa 
l. Deve lopment of dyskinesias, which are inevitable after some 5-1 0 years, 
2. Extensive metabolism of levodopa to dopamine in peripheral tissues so that only 1-3 % of an oral dose of 

levodopa reaches the brain. 
3. Significant adverse effects by peripheral actions: Nausea, cardiac arrhythmia and postura l hypotension. 
4. Cannot alter the progressive course of the disease. 

Q. Write the adverse effects of levodopa. (CU -1 2Ju) 
Ans. 
Adverse effects of levodopa: 

(R~l Bennet & Brvwn-1 l' edition) 

1. Gastro-intestinal When Levodopa is given without a periphera l decarboxylase inh ibitor: 
effects • Anorexia 

• Nausea 
• Vomiting 

2. Cardio-vascular effects • Tachycardia 
• Ventricular extra-systoles 
• Postural hypotension ( often asymptomatic) 
• Atrial fi brillation (very rare ly) 
• Hypertension (with MAO inhib itors) 

3. Dyskinesia • Choreo-athetosis of the face & dista l extremities (Occurs in up to 80% of 
patients). 

4. CNS effects / • Depress ion 
behavioral effects • Anxiety 

• Agitation 
• Insomnia 
• Somnolence 
• Confusion 
• Nightmare 
• Delusion 
• Hallucination 
• Euphoria 
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5. Fluctuation in clinical • Occurs due to continued use. ~ 

responses • Wearing-off reactions or end-of-dose akinesia: Fluctuations in clinical 
state that are related to timing of levodopa in ta ke. 

• On-off phenomenon: Fluctuations in clinica l state that are unrelated to the 

timing of doses . 
6. Miscellaneous adverse • May causes mydrias is & hence causes precipitation of Glaucoma 

effects • Blood dyscras ias 
,r, 

(Ref Katzung-13 1476) 

Q. Short note: On-off phenomenon. 
Ans. 
On-off phenomenon: . . .. 
After lon u-term treatment of Parkinson's disease with levodopa, there deve lops fluctuation s 111 clmica l response to 
levodopa 

O 

which is called on-off phenomenon. In the on-off phenomenon, off-periods of marked akinesia 
alternate wi th on-periods of improved mobility but with dyskinesia. 

Mechanism: Unknown. 

Management: Subcutaneous injection of apomorphine may provide temporary benefit. 
(Ref Katzung-1311,1476) 

Nice to kno w 

Drug Holidays: A drug holiday (discontinuance of the drug for 3- 2 I day!!) may temporarily improve 
responsiveness to levodopa and a!leviate some of its adverse effects but is usually of little help in the management 
of the on-off phenomenon. Furthermore, a drug holiday carries the risks of a!ipiration pneumonia, venous 
thrombosis, pulmonary embolism, and depression resulting from the immobility accompanying severe 
parkinsonism. For these reasons and because of the temporary nature of any benefit, drug holidays are not 
recommended. 

(Ref Katzung-1311,/ -177) 

Q. Enlist the Levodopa induced clyskinesias. (CU-1 6Ju) 
Ans. 

Levodopa induced dyskinesias: Levodopa-induced dyskinesia is a form of dyskinesia associated with long­
term treatment of Parkinson's disease with levodopa (LO) . It often involves hyperkinetic movements, incl uding 
chorea, dystonia , and athetosis. Based on the relationship with levodopa dosing, dyskines ia most commonly 
occurs in the fol lowing ways-

1. Biphasic phenomenon: Oyskinesia occurring at the time of peak LO plasma concentrations. 
2. Peak-dose phenomenon: Oyskinesia occusr when the drug concentration rises or falls. 

(Ref Davidson 's-22"d; Wikipedia) 

Q. Mention of contraindications of levoclopa. 
Ans. 
Contraindications of levoclopa 

1. Schizophrenia: Levodopa should not be gi ven to psychotic patients because it may exacerbate the mental 
disturbance. 

2. Angle-c losure glaucoma 
3. Active peptic ulcer. 
4. History of melanoma or with suspicious undiagnosed skin les ions. 

(Ref · Katzung- ! 3'111-1 77) 

Q. Short note: Levodopa. (DU -1 3J, l 2J, I OJu) 
Ans. Write in short from above. 

Viva Q. Why dopamine is not effective in the treatment of Parkinsonism? 

Ans. Do~anune d~es not_ cross the blood-brain barrier & if given into the peripherul circulation has no 
therapeutic effects m Parkmsonism. 



333 Drugs acting in CNS 

. . . . Selegiline 
~techamsm of action: Seleg1 line is a se lective i . ., . . . . . . 
. I er doses it inhibits MAO-A , II) 

1 
rreveisible inhibitor of 111onoa111111e oxidc1sc 13 at normal doses (ut 

1i1 g 1 • dS we · t retards the bre kd 1· d · · · I d 
I os the antiparkinsonism em ·t f I a own ° opam 11w; 1n consequence, 1I en ,ances an · 

prdo ore1\1ild on-off or we·uing-off'ecl o evodopa (thereby allowing the dose of levodopa to be reduced) and may 
re uc ' p 1enomena. 

Clinical use: 

• It ~ias only~ m_inor ~herapeutic effect on parkinsonism when given alone. 
• It 1s used as adJ unctrve therapy for f t ,· I , d · · · 

pa ren s v. It 1 a ec l111111g or fluctuatmg response to lcvodopa. 
Dose: 5 mg with breakfast and 5 mg with lunch. 

Adverse effect: Selegiline may cause insomnia when taken later during the day. 

(Ref Katzung- 13'"!./79) 

Aman ta.dine 
Amantadine, an antiviral agent, was by chance found to have antiparkinsonism properties. 

Mechanis":1 of action: Its mode of action in parkinsonism is unclear, but it may potentiate dopaminergic function 
by influencing the synthesis, release, or reuptake of dopamine. 

Clinical Use: 
• Less efficacious than levodopa. 

• Its benefits may be short-lived, often disappearing after only a few weeks of treatment. 
• It may favorably influence the bradykinesia, rigid ity, and tremor of Parkinson ism. 

Adverse Effects 

l. CNS effects: Restlessness, depression, irritability, insomnia, agitation, exc itement, hallucinations, and 
confusion. 

2. Acute toxic psychosis (with overdosage) 
3. Convulsions (with overdosage) 
4. Livedo reticularis 
5. Peripheral edema 
6. Others: Headache, heart failure, postural hypotens ion , unnary retention, and Gf disturbances (eg, 

anorexia, nausea, constipation, and dry mouth). 

Caution: Amantadine should be used with caution in pat ients with a hi story of seizures or heart fai lure. 

Q. How can you treat a case of drug induced Parkinson 's syndrome? (RU-l 4Ju) 
Q. How will you treat a case of iatrogenic parkinsonism? (CU-l 6J, l SJu) 
Ans. 
Treatment of drug induced Parkinson's syndrome 

1. Stopping the offending drug: 

(Ref Ka/zung-13'"!-180) 

• The first approach to treatment will be stopping the offending drug for a sufficient length 
of time, reducing it, or changing it to another drug that may be less likely to cause drug­
induced parkinsonism. 

• Generally, 60% of people wi ll recover within two months of stopping the offending drug. 

2. Antiparkinsonian agents: 
• Anticholinergic drugs 
• Amantadine 
• Levodopa plus carbidopa. 

Pharmacology-44 
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Q. Mention the treatment of chlorpromazine induced Parkinson's syndrome. (RU-04J) 
Ans. 
Treatment of chlorpromazine induced Parkinson's syndrome: Chlorpromazine causes Parkinson 's syndrorn 
by b~ocking dopam_ine receptor in nigrostriatal pathway. Chlorpr~mazine should be stopp_ed a~d lev?~opa shoul~ 
be given to the patient. As levodopa is a dopamine precursor & increases central dopammerg1c activity, it is the 
drug of choice in chlorpromazine induced Parkinson ism. 

Nice to know 
Other therapies of Parkinson's disease 

I. Surgery 
a. Thalamotomy 
b. Pos/eroventral pallidotomy 
c. Deep brain stimulation 

2. Neuroprotective therapy: Among the compounds under investigation as potential n~uropr~tectiv~ agents thut may 
slow disease progression are antioxidants, antiapoptotic agents, glutamate antagonrsts, gl,al-denved neurotrophic 
factor, rasagiline and anti-inflammatory drugs. Coenzyme QJO and creatine have not been found effective 

3. Gene therapy: Several phase J (safety) or phase 2 trials of gene therapy for Parkinson 's disease have been 
completed in the USA . 

(Ref Katzung-13'"148 /J 
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General anesthesia . ( 

Types of anesthesia: There are two types of anesthesia. l / \ t n 
I. General anesthesia or GI A 

. 1,.( 

·_! r,"' , 

2. Local anesthesia or L/ A 
/ 

Q. Jjefine general anesthesia . (DU-06M, RU-06M,05S) 
- '­ns. 

Gen_eral a_nesthesia: General an~sthesia n:1ay be defined as a global but reversible CNS depress ion characterized 
by five primary effects: an_algesia, amnesia (loss of memory), loss of consciousness, loss of autonomic reflexes 
and skeletal muscle relaxation . 

~ention the objectives of general anesthesia. (DU-07J, SU-I 0/09J) 
Ans. 
Objectives/ characteristics/ cardinal features of general anesthesia: 

I. Analgesia 
2. Amnesia (loss of memory) G_s l<'.,.., / ~f'"T-C -s' 1~ 

3. Loss of consciousness ~.,,..,...,-:s, 'o!K. \.~Y'c(""Y'~c , (..,__...,.,.-¼) 

4. Loss of autonomic reflexes 
5. Skeletal muscle relaxation 

Q. Enlists the principles of general anesthesia. (SU-08J) 
Ans. 

(Ref Katzung-l fh /421) 

General Principles of Surgical Anesthesia: Administration of general anesthesia, as well as the development of 
new anesthetic agents and physiologic monitoring technology, has been driven by three general objectives: 

l . Minimizin thuz_otentiall deleterious direct and indirect effects of anesthetic agents and techniques. 
2. Sustaining physiologic homeostasis during surgical procedures that may involve major blood loss, tissue 

ischemia, reperfus1on of 1schemic tissue, fluia snifts, exposure to a cold environment, and impaired 
coagulation. 

3. Improving postoperative outcomes by choosing techniques that block or treat components of the surgical 
stress response, wnichmay leadTo short- or long-term sequelae. 

(Ref Goodman & Gilman-J 21
h edition) 

Nice to know 
Depth of anesthesia: The depth of anesthesia has been divided into four sequential stages. Each stage is 
characterized by increased CNS depression, which is caused by accumulation of the anesthetic drug in the brain. 
These stages were discerned and defined with ether, which produces a slow onset of anesthesia. However, with 
halothane and other commonly used anesthetics, the stages are difficult to characterize clearly because of the 
rapid onset of anesthesia. 

I . Stage I Analgesia: Loss of pain sensation results from interference with sensory transmission in th!!_ 
spinotha amic tracr. The patient is conscious and conversational. Amnesia and a reduced awareness of 
pain occur as Stage II is approached. 

2. Stage II Excitement: The patient experiences delirium and possibly violent, combative behavior. There is 
a rise and irregu arity in blood pressure. The respiratory rate may increase. To avoid this stage of 
anesthesia, a short-acting barbiturate, such as thiopental, is given intravenously before inhalation 
anesthesia is administered. 

3. Stage III Su_!gical anesthesia: Regular respiration and relaxation of the skeletal muscles occur in this 
stage. Eye reflexes decrease progressively, until the eye movements cease and the pupil is fixed. Surge,y 
may proceed during this stage. 

4. Stage IV Medullary par"lysis: Severe depression of the respiratory and vasomotor centers occurs during 
this stage. Death-can rapidly ensue unless measures are taken to maintain circulation and respiration. 

(Ref Lippincott 's-51111135, 136) 

<...~ 

.\ 
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Anatomic site:-; of anesthetic action: General anesthetics could interrupt nervous 5Ystem Jimction at­

!. Peripheral sensory 11e11rnns 
2. The spinal cord 
3. The brainstem & 
./. The cerebral cortex 

(R e_/ Goodman & Gilman- I /11,/345; 

' , ·Y'-, \ 1 , ..\ C: ' I r L 1 
/ · 1 / 

Mechanism of action of general anesthetics/~ 
1 

• • • • • , _., • • 

Cellular mechanism of anesthesia: General anesthetics produce two 11nportant phy.iwlog,c effect:,, at the cellular 

level -
1. The inhalation anesthetics can hyperpolarize neurons. . . . 
2. Both inhalation & intravenous anesthetics have substantial effects on .\ynapltc transmtsSwn & much 

smaller effects on action potential generation or propagation. 

Molecular mechanism of anesthesia: 
/. Ligand-gated ion channels are important targets for anesthetic action . . . . 
2. Chloride channels gated by the inhibitory GABAA-receptors are senSlltve to cl,mcal cone. 0/ a wide 

variety of anesthetics, including the halogenated inhalation agents & many intravenous agems 
3. At clinical concentration, general anesthetics increase the sensitivity of the GABA;1-receptors to GABA. 

(Ref Goodman & Gilman-/ 1'"!3./5) 

Drugs used before surgery (pre-operative): . , 

Pre-anesthetic medication 
\ 

Before surgery, an assessme~ made of: 
• the patient's physical and psychological condition 

(-

• any intercurrent illness 
• the relevance of any existing drug therapy. 

All of these may influence the choice of anesthetic drugs. 
(Ref Bennet & Brown-IO'" edition) 

Q. Define pre-anesthetic medication. (DU- l 6Ju, 12/1 1Ju,CU-05S; RU-13Ju) 
Q. Name the pre-anesthetic medications with their objectives/rationale/justification. (DU-

17J, 16Ju, 15Ju.13Ju, 12/l l/09Ju, RU-16Ju,15Ju,13Ju,1 lJ , SU-l7J,16J, 15J, 14J, I0/09J) 
Q. Explain the role of individual drugs used in pre-anesthetic medication. (DU-07 J: CU-07 J) 
Q. Discuss the pre-anesthetic medications. (CU-0SS) 
Q. Enlist the principles of pre-anesthetic medication . (SU-08J) 
Q, Write the pharmacological basis of using diazepam in pre-anesthetic medication. (CU-13Ju) 
Q./ Short note: Pre-anesthetic medication. (SU-1 SJu) 

, I Ans. 
Pre-anesthetic medication/ anesthetic adjunct: Use of drugs before anesthesia to make it more pleasant & safe, 
is called anesthetic adjunct/ pre-anesthetic medication . 

(Re_/ Tripathi-6th/378) 
Pre-anesthetic medication/ Objectives of pre-anesthetic medication: 

1. To reduce anxiety: '!len~odiazepines,. such as diaz~gam, midazo lam, clonazepam, bromazepam, 
temazepam provide anxio lysis and amnesia for the immed iate presurgical period. 

2. For analges!a: Analgesia is indicated if the patient is in pain preoperatively or it can be given pre­
emptively to prevent postoperative pain. 
• Severe preoperative pain is treated with a parentera l opioid analgesic such as morphine pethidine, 

fentanyl ,-nal upni~ . 

• NSAIDs, eg, ketorolac are commonly given orally preoperatively to prevent postoperati ve pain after 
minor surgery. 
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To reduce bronchial, salivary secretion and to inhibit bronchospasm, bradycardia: Antimuscarinic 
drugs such as atropine, scopolamine. Use of this premedication is rarely und c11akcn thcs~ days. 

To reduce gastric acid secretion: Omeprazole, pantoprazo le, esomeprazole, ranitidinc . 
' 

Antiemetic to prevent vomiting and possible aspiration of stomach contents : Ondansetron, 

(llelOClOpratTiide. ' j O ~ I.\), ) · 0 /\ l\•-4' ' "1 -fl ' • 

For prevention of allergic reactions: Antihistamines (chlorpheniramine, diphenhydramine) 

To prev ent infection (in general/ pelvic surgery): Broacl-sp~ctrum antibiotics. 
- -- - --

For emptying GIT (in general/pelvic surgery): Laxatives / glycerine/ enema. 

These agents facilitate smooth induction of anesthesia,-and when administered continuously, they also lower the 
dose of anesthetic required to maintain the desired level of surgical (Stage Ill) anesthes ia. However, such 
coadministration can also enhance undesirable anesthetic effects (eg, hypoventilation), and it may produce 

negative effects. ,, JJ th 1· · ) (Ref Lippincof/ 's-6 '/ 172: Bennet & Brown- ec 1t1011 

&mi· M4·t\B,;; ,14;;;:mli ,f& e., .f& z t· ,aou =w;1 ,tk4· tilt¥!• ,,iii• 
During surgery, drugs will be required to provide: 

• unconsciousness 
• analgesia 
• muscular re laxation when necessary 
• control of blood pressure, heart rate, and respiration. 

(Rel Bennet & Brown-! I'" edition) 

Q. What do/ ou mean by induction and maintenance and recovery of anesthesia? 
Q. Na ~ the general anesthetics used for induction of anesthesia. (RU- 17 J) --.( '-, 

I 

Ans. 
Stages of general anesthesia (GA): Anesthesia can be divided into J stages -

1. Induction - t- ,~ n. , -"0 

2. Maintenanc "& V ~h •·'IT-., .... \:,-\ ') 

3. Recovery , . ., r\ -( 
A. Induction: Induction is defined as the period of time from the onset of admin istrat ion of the anesthetic to the 

development of effective surgical anesthesia in the patient. lnduction of anesthes ia depends on how fast 
effective concentrations of the anesthetic drug reach the brain . Durin g induct ion, it is essential to avoid the 
dangerous excitatory phase (Stage II delirium). 
I. Induction is usually done by intravenous anesthetic (eg. thiopental or propofol or etomidate). 
2. For children, without IV access, n onpungent agents, such as halothanc or sevofiurane, are used to 

induce GA. TfiTs is termed inhalation induction. 
·~ -

B. Maintenance of anesthesia: Maintenance is the period during wh ich the pat ient is surgically anesthetized. 
Anesthesia is usually maintained by-
\. Inhaled anesthetics (eg, nitrous oxide and oxygen, plus a volatile agent, e.g. halothane or sevoflurane or 

isoflur·ane). - - - • I 

2. Additional doses of a n~uromuscular blocker or opioid are given"as requ ired . r r , " 0 . 
1
~, ~ _. 

3. A continuous IV infusion of propofol. (This technique of total JV anesthesia is becuming more popular 
because the quality of recovery may be heller than ajier inhalational anesthesia.) 

C. Recovery: Recovery is the time from discontinuation of administration of the anesthesia until consc iousness 
and protective physiologic reflexes are regained. Recovery is the reverse of induction and depends on how 
fast the anesthetic drug diffuses from the brain . Postoperatively, the anesthesio logist withdraws the anesthetic 
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mi~ture and monitors the return of the patient to consciousness. The anesthesiologist continues to monitor the 
patient to be sure that he or she is fully recovered with normal physiologic function s (for example, is able to 
breathe on his/her own). 

Drugs given during recovery are- (Note: Drugs mentioned below are given after surge,y) 
I. Withdrawal of inhalation anesthetic ( eg, nitrous oxide and halothane) that was used for maintenance of 

a11esthesia. 
2. Neostigmine to evers muscle relaxation. 7 c, t-c ,·<..:, -\ ..... \ .:>' 

3. ~ ~algesic to prevent post-operative pain, eg, opioid analgesic (eg, morphine, pethidine), NSA ID (eg, 
ketorolac, diclofenac). 

4. Anti-emetic to prevent post-operative nausea and vomiting: Ondansetron, cyclizine, metoclopramide. 
- -- - (Ref Lippincoll 's-6'hl 17 3: Bennet & Brown-1 l ' edit ion; 

Q. What do you mean by balanced anesthesia? (DU-09Ju, RU-04J , SU-I lJ) 
Q. State features of balanced anesthesia? (RU-I I Ju) 
Q. Name the drugs to produce balanced anesthesia. (RU-04J) 
Q. Cat~lrize the drugs used for induction & maintenance of anesthesia. (CU-06J) 
Q./.WJite down four peripheral muscle relaxants used during surgery. (DU-I 3Ju) 
Q~ Short note: Balanced anesthesia? (DU-13J, I !Ju, CU-14Ju, SU-I 6J) 

/ ll'S. ______ -- - _ -

Balanced anesthesia: It is defined as th6cilievement of surgical anesthetic state ',ncluding ~consciousness with 
adequate analgesia & skeletal muscle relaxation with the combinations of (ntravenous and inhaled dru~ -

-- - (Ref Katzung-l 2thl438-edited) 
Induction: 

• General anesthesia is normally induced with an intravenous anesthetic (eg, thiopental or propofol) 
• However, volatile anesthetics (eg, sevotlurane) can also be used for induction of anesthesia. For children, 

without intravenous access, nonpungent agents, such as halothane or sevoflurane, are used to induce 
general anesthesia. This is termed inhalation induction. 

Maintenance of anesthesia: 
• Anesthesia is usually maintained by the administration of inhaled anesthetics (eg, volatile agents, 

nitrous oxide, halothane). 
• However, intravenous anesthetics ( eg, propofol) can be in fused for maintenance of anesthesia. 

Analgesic: 
• During maintenance of anesthesia, Opioids, such as fen tanyl, are often used for pa111 along with 

inhalation agents, because the latter are not good analgesics. 

Skeletal muscle relaxant: 
• Currently used muscle relaxants include pancuronium, doxacurium, rocuronium, vecuronium, 

cisatricurium, atracurium, mevacurium and succinylcho line. 
(Ref Katzung-131 h: Lippincott 's-61hl 17 3) 

Importance of balanced anesthesia: 
I. To reduce the amount of drug used and thereby to reduce the adverse effects or each drugs. 
2. To increase safety. 

Q. Combination of drugs are required to achieve balanced anesthesia- Explain and justify. (DU- I 7M,09J, 
RU-12Ju) 

Ans. 

Combinations of drugs are required to achieve balanced anesthesia: The neurophysiologic state produced by 
general ~nesthetics is characterized by five primary effects : unconsciousness, amnesia, ana lgesia, inhibition of 
autonomic reflexes, and skeletal muscle relaxation. None of the currently available anestheti c aoents when used 
alone ca~ achieve all fiv_e of these desired effects well . An ideal anesthetic drug should induce ra;id , smooth loss 
of consciousness, be rapidly reversible upon discontinuation, and posses a wide margin of safety. 
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The modern practice of anesthesiology relics on the use of combinations or intravenous and inhaled ~n_ig · 
(balanced anest1_1 sia techniques) to take advantage of' the fa vorable r,ropcrtics of each agent wh ile min irni zing 
their adverse eflects. 

( Re/ Katzung-! l '!-I 2 I ) 

Q. Classify general anesthetics. (DU-OSJ: CU-I 1.lu,06S; RU-04M) 
Q. Mention the drugs used during general anesthesia with their specific indications. (DU -I OJu) 
Q. Name the general anesthetics used now a days. (RU-06M) 

. Q. Mention the intravenous/ IV general anesthetics. (DU-I I J, RU-14Ju,04J ) 
Ans. 
_Qrugs for general anesthesia: General anesthetics are typically administered by IV inj ection or by inhalat ion. 

I. Barbiturates: 
• , Thiopental sodium .. 2: lsoflurane 
• Methohexital -3·: Enflurane 

2. Benzodiazepines: 4. Desflurane 
JI Diazepam $. Sevoflurane 

/ • Lorazepam 6. Methoxyflurane 
• Midazolam Y. Nitrous oxide (NO) 

3. Opioid analgesics: ,,8~ Xenon 
,' Morphine 
~ Pethidine 
y Fentanyl 
• Sufentanil 
• Alfentanil 
• Remifentanil 

4. Miscellaneous: 
/ Propofol ---7'-f'0AG·>~ 
: / Fospropofol . _ 

Al Ketamine .---7 J ~ d, , ... .A~-
• Etomidate 
• Dexmedetomidine 

(Ref Goodman & Gilmann 's-l 2th & Katzung-13' 'l-122) 

Q. List the adverse effects/ hazards of general anesthesia? (DU-08Ju, RU-07 J) 
Ans. 
Ad~~rse effects/ hazards of general anesthesia: 
A. During anesthesia: 

I. Prolongation of post-operative period 
2. Respiratory depression. 
3. Salivation & respiratory secretion 
4. Cardiac.arrhythmias, asystoles 
5. Hypotension 
6. Aspiration of gastric contents (acid pneumonitis) 
7. Laryngospasm & asphyxia 
8. Delirium, convu lsion & other excitatory effects (general ly seen with [V anesthetics) 

B. After anesthesia: 
I. Nausea & vomiting 
2. Persisting sedation 
3. Pneumonia & atelactasis 
4. Organ toxicities: Liver, Kidney damage. 
5. Nerve palsies due to faulty positioning. 
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6. Emergence delirium 
7. Cognitive defects: Prolonged excess cognitive decline has been o bserved in some patient . 

(Ref Tripathi-6 111/377-J ?RJ 

Nice to know 
Table: Plwrmaco/oJ!ic Cltaracteristics of Intravenous Ane!fthetics. 
Dru!! l11ductio11 a11d Recovery Comments -
Etomidate Rapid onset and ,noderately fast Provides cardiovascular stability: causes decreased 

recovery steroido e;enesis and involuntary muscle movements 
Ke/amine Moderately rapid onset and recove,y Causes cardiovascular stimulation, increased cerehral 

blood/low. and emergence reactions that impair 
recovery 

Midazolam Slow onset and recovery; jlumazenil Us·ed in balanced anesthesia and conscious sedation; 
reversal available provides cardiovascular stab ilitv and marked amnesia 

Propofol Rapid onset and rapid recovery Used in induction and for maintenance: can cause 
hypotension; has use/id antiemetic action 

Tltiopental Rapid onset and rapid recovery (bolus Standard induction ag ent; causes cardiovascular 
dose)- slow recovery f ollowing depress ion; avoid in porphy rias 
infusion 

Fen/any/ Slow onset and recovery; naloxone Opioid used in balanced anesthes ia and conscious 
reversal available sedation; produces marked ana/fzesia 

(Ref Katzung- l 2th edition) 

Thiopental-Na 
Q. Describe briefly the pharmacokinetics of thiopental sodium. (DU- I I J) 
Ans . 

( 

Pharmacokinetics of thiopental sodium 
• Route of administratio n: Intravenous . 

• Onset of action: Rapid. ( L , ~ S.C- ~·" 

• Distr~~ution: When th io~ental is adm inistered IV , it qu ickly ~ ters the CNS beca use of high li pid 
solu bilt and depress function , often in less than 1 m inute. However, d iffus ion out of the brain can occ ur 
very rapid ly as we ll because of ~·eclistribution of the drug to other body ti ssues inc lud ino skeleta l musc le 
and, ul timately, adipose ti ssue. ~ ' 0

--

--- - - -
• Duration of action: Yer short, du e to the decrease of its concentra tion in the bra in to a leve l be lO\-v that 

necessary to produce anesth es ia. 

• 

• 

Metabolism: T hiopenta l is metabo lize_g slowly in 
the liv~r at the rate of only 12- 16% per hour in 
humans fo ll owing a s ingle dose . 

Excretion: Less than 1 % of the admini ste red dose 
of thiopenta l is excreted unchanged by the k idnex . 

(Ref Katzung-J fh/433; Lippincott 's-611'/ 183) 

) 

Fig. Redistribution ofthiopental aj ier an intravenous 
bolus administration. Note that the time ax is is not linear. 
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Q. E,./p a1n the anesthetic action of thiopcntal-Na. (SU-I 3J) _ ~ ~\\,._e,\--°'_ir ·-> Y"' Cs & 
An>f ( Go.,._\ .., 
Ce.llul~r mech~ni_sm of anesthesia: At anaesthetizing concentrations, thiopental-Na has substantial effects on 
synaptic transmission & much smaller effects on action potential generation of propaga ti on. 

Molecular mechanism of anesthesia: 

I. Ligand-gated ion channels are important targets for anesthetic ac ti on 
2. Chloride channels gated by the inhibitory GABA,\-receptors are sensiti ve to clinica l cone. of thiopenta l-

Na. CC\¾ ~ ,~ --, . , !!J I __) ' c 

3. At clinical concentration, thiopental-Na increases the sensitivity of th~·'6ABAA-receptors to GA BA. 
(Rel' Goodman & Gilmcm- 12th) 

Q. Why Thiopental-Na is preferred for induction of general anesthesia'? (CU-l 5Ju . I 4J) 
Ans. 
Thiopental-Na is preferred for induction of general anesthesia: Thiopental is a potent anesthetic . It has a h!gh 
lipid solubility. When thiopental is administered intravenously, they quickly enter the CNS and depress fu_nction 
and induce anesthesia often in less than I minute. This is why thiopental-Na 1s preferred for induction of 
anesthesia . - - ) l_\ (S,..:> + \,-<>------ 2...0 t__,-'- (Ref Lippincott 's-6'"!183) 

~~Lihe advantages & d isadva n tag es of Thiopental-N a as IV general anesthesia. ( D U-0 6 M) 

Advantages of thiopental sodium: 
Produces unconsciousness within minute ( 15-20 seconds) 
Rapid recovery (6-10 minutes) cs _ ---r--) 

3. It is a quick muscle relaxant. 
4. Non-irritant to air passages. 

Disadvantages of thiopental sodium: 
I. It is a poor anal esic. 
2. Large & repeated dose -+ Redistribution of the drugs to the pharmacological sanctuary space such as fatty 

tissues -+ Subse uent slow & susta ined release of thi opental Na -+ Cardi o-respi ratory depress ion may 
occur. (_C--"- ~ ....,.. o.-~ ... c;: _Jr.~-< -1 _ ) ~- •. ~ - r 'r<..'-' _1---e-.-- . -7

.:= .\- _( 1--->, 
3. Extravasat1on of the solution or inadvertent mtra-artenal 111J ect1on produces mtense pam & necrosis & 

I .., • gangrene may occur. 
(Ref Tripathi-6'"!3 7 4) 

--1' () '( 

( ., ) U 

Pharmacology-45 
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Inhaled anesthetics 
Pharmacokinetic profile: The concentration of an inhaled anesthetic in a mixture of gases is proport ional to its panial 
pressure (or tension). The rate at which a therapeutic concentration of the anesthetic is achieved in the brain depends bn the 
following factors: 

I. Solubility 
2. Anesthetic cone. in the inspired air 
3. Pulmonary ventilation 
4. Pulmonary blood flow 
5. Arterio-venous concentration gradient 

(Ref K at:::ung- 1 J'h/422) 

I 
Q. Dt1ine 'minimum alveolar concentration' (MAC). (RU-0SM) 
Q. ))'hat is the significance of MAC? (RU-05M) 

-...... A'fls. 
Minimum alveolar concentration/ MAC: 
Definition: MAC is the lowest cone. of the anesthetic in pulmonary alveoli needed to produce immobility in 
response to a painful stimulus (e.g. surgical incision) in 50% individuals. 
Definition: MAC is defined as the median concentration that results in immobility in 50% of the patients when 
exposed to a noxious stimulus (e.g. surgical incision). 

Significance of MAC: 
I. Provides comparison of potencies of different inhaled anesthetic. 
2. The more the percentage of MAC, the less the potency is. 
3. The dose of the anesthetic gas can be calculated by using MAC. 

Examples: 
Anesthetic agent MAC(%) 

• Nitrous Oxide > 100 

• Halothane fill. 
• Isoflurane 1.40 

(Ref Katzung-1 f"/425; Tripathi-611'!365) 

~-~~ he advantages & disadvantages of halothane. (RU- 17 J) 
~te down the advantage of halothane o~~~:ther as gener~I anesthetic agent. (CU"\ SJ) 

Advantages of halothane: 
I. Highly otent anesthetic 
2. Induction is reasonably quick & pleasant. 
3. Particularly suitable for induction & maintenance in children and as maintenance in adults. 
4. Quick recovery 
3. Non-irritant & non-inflammable 
4. Potentiate competitive neuromuscular blockade 
5. Relatively cheap. 

Disadvantages / adverse effects of halothane: l +-

1. ft is not ~ good analgesics or muscle relaxants (but potentiates competitive NMJ blockade). 
2. Concomitant use of N2O / opioids / NMJ blockers is needed with halothane. 
3. Liver damage 
4. Cardiac arrhythmia 
5. Low safety margin 

(Ref Tripathi-611,/3 72) 
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Q. Mention the advantages & disadvantages of nitrous oxide (N20). (CU-07S) 
Ans. 
Advantag~s of nitrous...oxide..-~20): 

l. It 1s a1good analges_is-
2. Non-irfitat ing,non-inflammable anesthetics 
3. Onset of action is quick & smooth. 
4. Recovery is rapid. 
5. Non toxic to the liver, kidney & brain. 

Disadvantages of Nitrous Oxide (N20) 
l. Low potency anesthetic . 
2. It is a poormuscle relaxants. 
3. Concomitant use of other potent anesthetic & NMJ blockers is required. 
4. Quite expensive. 

Drugs acting in CNS 

(Ref Tripathi-6//11371) 

Q. Menti<:m ~ ti~ of using combination of halothane and nitrous oxide. (SU-l4Ju) 
Ans. / --
Rationale of using combination of halothane and nitrous oxide: Anesthesia is usually maintained by the 
combined administration of inhaled anesthetics such as nitrous oxide and halothane. 

• itrous oxide: It provides good analgesia but lacks anesthesia. 
• Halothane: It provides good anest~sia but lacks analgesia. 

Thus, c rlibined use of nitrous oxide and halothane provides good analgesia and anesthesia . 
..,,\ - '"':".-.!I, '- ,..... <. - ' r 

Q. What are th~ dverse effects of inhaled anesthetics? 
Q. What are tJie adverse reactions of halothane? (CU-11 Ju) 
Ans. / 
Adverse-ffiects of inhaled anesthetics: 

1. Acute toxicity 
a. Nephrotoxicity 
b. Hematotoxicity 
c. Hepatotoxicity (halothane hepatitis) 
d. Malignant hyperthermia 

2. Chronic toxicity 
a. Mutagenicity 
b. Teratogenecity 
c. Increased incidence of miscarriages. 
d. Carcinogenicity 

(Ref Katzung- 13'"1429--130) 

Nice to know 
Malignant Hyperthermia: It is an autosomal dominant genetic disorder of skeletal muscle that occurs in 
susceptible individuals undergoing general anesthesia with voiaiile agents and muscle rela.mnts (eg, 
succinylcholine). 

Clini {features 
I. Rapid onset of tachycardia and hypertension 
2. Severe muscle rigidity 
3. Hyperthermia 
4. Hyperkalemia 
5. Acidosis. 

Malignant hyperthermia is a rare but important cause of anesthetic morbidity and mortality. 

Specific biochemical abnormality: Increase in free calcium concentration in skeletal muscle cells. 
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Treatment 

1. Dantrolene (to reduce calcium release from the sarc:op!asmic reticulum). 
2. Measures to reduce body temperature. 
3. Restore e/euro!yte and acid-base balance. 

Q. Short note: Halothane. (CU-1 6Ju) 
Ans. Write in short from above discussion. 

Q. Differentiate between the nitrous oxide and halothane. (DU-I OJu) 
Ans. 
Differences between the nitrous oxide and halothane 

(Ref Katz.ung-131"1-130
1 

Nitrous oxide, NO I · · Halothane - --~,.-.. .. ,._; .. _·_,:. 
1. It I.S a otent anesthetic but a weak anal es1c 
2. It is used in GA for maintenance of anesthesia. 
3. It relaxes both skeletal & uterine muscle 
4. It causes cardiac arrh hmia 
5. It causes he atotoxici 

(Ref Lippincott 's-6111) 

Q. Compare thiopental sodium and nitrous oxide as general anesthetic drugs. (CU-I 2Ju) 
Ans. 
Comparison between thiopental sodium and nitrous oxide 

2. General anesthetic wtency 

5. Muscle relaxation 
6. Diffusional hypoxia during 

recovery 
7. Pneumothorax 
8. Pressure on air sun uses 
9. Apnea, coughing, chest wall spasm, 

laryn os asm & bronchos )asm 
10. Excretion 

Q. Short note: Propofol. (DU-17 J, l 2Ju) 
Ans. 
Propofol 

1Jlcreases sensitivity of GABAA · 
receJtors to the neurotransmitters. 
Hiah 
Low 
Ma r occur 
Yes 
No 

No 
No 
Yes 

Less uick than NO 
\ >. 

Propofol 

Increases duration of GABA­
ated er channel O enina. 

Low 
Hiah 
No 
No 
Yes (Rx: 0 2 therapy during 
recover ~ 
Yes 
Increase the ressure. 
No 

Quicker 

,...._ r ... , r-- , ..... ~ ...,..._ 

-, 

Propofo! has become th~ most P?pular IV anesthetic. Propofol is widely used and has replaced thiopental as the 
fi rst choice for anesth~sia 111 uct1on and sedation, because it produces a euphoric feel ing in the patient and does 
not cause postanesthet1c nausea and vomit ing. 

Pharmacokinetics: 
• Route of administration: Intravenous 
• Onset of action: Onset is ~ th and occurs within about 40 seconds. 



345 Drugs acting in CNS 
• Distribution: After IV administration, di stri bution half-li fe is 2- 8 minutes, and redi stribution half-lik is 

30- 60 minutes . 
• 
• 

Metabolism: Liver. 

Excretion: Excreted in th~ ur0:_as glucuronide and sulfate conjugates . 

Mechanism of action: Through potentiation of the chloride current mediated through the CABA/\ receptor 
complex. 

(Ref Kutzung- !3'"!-130-43 /) 

.g. ·· e down the advantages & disadvantages of propofol. (DU-07M) 
Ans. 
Advantages of propofol: 

I. More rapid recovery. 

2. Patients subjectively feel better in the immediate postoperative period because of the reduction in 
postoperative nausea and vomiting and a sense of well-being. 

3. It is used for both induction and maintenance of anesthesia, and is the agent of choice for ambulatory 
surgery. CE-~·J"~~ . . 

4. Used for lV sedation 111 the operating room as part of a monitored anesthesia care techmque and 111 

diagnostic suites for procedural sedation. 
5. Effective in producing prolonged sedation in patients in ICU. 
6. Useful in patients with impaired ability to metabolize other sedative-anesthetic drugs . 

De-"/ r (y -( ~ c~\..., .~~ -} c·1 1 c , ,, /'"""'(" (';.,_<-;.'-:,". ..r; n.-\---t~ 
Disadvantages of propofol I J f 

I . Prolonged infusion for sedation or ventilatory management in the ICU may cause­
a. Delayed_11rousal due to cumulative effects. 
b. i levation of serum lipid levels. 
c. Severe acidosis 
d. ~eurologic sequelae upon withdrawal. 

2. Dose-related depression of central ventilatory drive and transient apnea. 
3. Marked hyp_otension during induction of anesthes ia. 
4. Pain at he site of injection is the most common adverse effect of bolus administration. 
5. Muscle movements, hypotonus, and (rarely) tremors. 
6. Clinical infections due to bacterial contamination of the propofol. 
7. Expensive . 

(Ref Kalzung-l 3'"!430-433: Lippincoll 's-611,/182) 

Q. Compare propofol with thiopental sodium as general anesthetics. (RU-l 4Ju) 
Ans. 
Comparison between propofol & thiopcntal sodium 

Redistribution outside CNS Yes 
4. Accumulation with continuous infusion No Yes 

Profound Profou nd 
6. Anesthetic effect Potent Potent 
7. Anal esic effect No No 
8. Recovery Morera )id Ra id 

Yes No 
10. Pain at in· ection site and systemic hy Jotension Yes No 
11. Suitable for monitored anesthesia care Yes No 
12. Posto erative nausea and vomitin Mini ma l Minimal 
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Ketamine 
Q. Short note: Dissociative anesthesia . (RU- I 6J) 
Ans . 

) ' -i ' • \ ~ I ' I ' a --"~ f 1,c. , 
rrr 

) ,l / 

.... t \ 1 . , I. • "l ) '' ' 
_) 

Dissociative anesthesia is a state of profound analgesia and anterograde amnesia with minimal hypnosis duri ng 
which the eyes may remain open; it can be produced by ketamine. l t is particularly useful where modern 
equipment is lacking o r where access to the patient is limited, e.g. at major accidents or on battlefi elds . 

(Ref Bennet & Brown-I!'" edition; 

.Vice to /i11ow 
Dissociative a11esthesia: Ke/amin e, a short-acting, nonbarbiturate anesthetic:, induces a dissociated state in which the patient 
is unconscious (b111 may appear to be awake) and does not feel pain. This dissociative anesthesia provides sedation, amnesia, 
a11d11nmobility. - '<'r-..J;, 

(Re/ lippineott ·:/--61r,/ l 8./) 
'-(Cl \ ' I ( '\ .I 

Q. Write short note on Ketamine. (DU-l 7M, I 6Ju, I 5J , I OJ , SU-151) 
Q. Explain the anesthetic action of ketamine. (SU-17 J, I 4J, 131, I OJu) 
, Write down the indications and adverse effects of ketamine. (DU-17 J, RU-I 6Ju, SU- I 3J) 

Ans. 
Ketamine: Ketamine is a partially water-so luble and highly lipid soluble phencyc lidine derivative. It produces 
significant analgesia. Patients have profound analgesia, unresponsiveness to commands, and amnesia, but may 
have their eyes open, move their limbs involuntarily, and breathe spontaneously. This cataleptic state has been 
termed dissociative anesthesia.---- -

(Ref Goodman & Gilman-12'\ Ktzung-J 3'"1436) 

Pharmacokinetic property: 
) . Highly lipid-soluble. 
2. Route of administration: IV , IM, oral , rectal and epidural. 
3. Distribution: Rapidly distributed mto well -perfused organs, including the brain, liver, and kidney. 
4. Redistribution to less well perfused ti ssues. 
5. Metabolism: Liver 
6. _,Excretion: Urina1y and biliary excretion . ( ....., ... \ \ .- '") ,. (_ 

I 
Mechanism of action: 

-....A/K . etamme 

\ 
'-

\ C 

! 
Blockade of the membrane effects of the glutamate (excitatory NT) at the NMDA receptor. 

! 
Anesthetic action . 

(Ref Katzung- l 3'"1436) 

lndications / Clinical uses 
I. U eful for anesthetizing patients at risk for hypotension and bronchospasm and for certain pediatric 

procedures. 

~- Popular alternative to op ioid analgesics to minimize respiratory depression. 
-'· Reduce the development of tolerance to long-term opioid use. 
4· Ket_amine can be administered by ~ ultiple routes (IV, IM, oral , recta l, epidural ), thus making it a use fu l 

option for ~remedication_ in_mentally challenged and uncooperative pediatric pati ents. 
5. For ~utpat1ent anesthesia 111 combinati on with propof'ol (cg as t f technique). , par o a monitored anesthesia care 

6. Pain_ful procedur_es (eg, dress ing chan ges for burns) in children. . \ f\ h 
7. Topical preparation for arthritic pain . ./ c \ 

(Rel Goodman & Gi/111an-l / th/352: Kutzung-J J1h/436: Lippincoll 's-61t~-I) 
1 ' • ' \ 

> f 
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Ad\'l'l"SC rffrcts: 

I. Increases in blood J)f'• 'S" tir· , 11 .. 11.1 .. 1 1 1. 11 ., · 1 ! ·yrnr·1t l1· ·t 1· ,. 
• . "· ·' L: , l: < 1,1 c, a11 c care rac output, pn:sumab ly by ccntra y rm:ura C( s < " " 

st 111m lat1011 . 
2. Emergence delir' · Cl ·· , _. _ , ,1 · . . . , . ( f ,,..,,-, .. P ) ,r · ,.,. . nun. · 1a1acte11zeu by halluc111at1on, v1v1d dreams. 1llus1ons (ve ry common). _ 
, Increased _cerebral ~lood fl ow. fr re.,,.,-,,~.-.) 
4. Increases 111tracnn1al p1·nss··L11·e IICP) K . . . II 1c 11. I I · I . < ' l'. , ._ etam111c 1s a potentla y dangerous drug when rs c cva L:C · 

5. Increased 111traocular pressure. 

Contraindications 
1.- Hypertension 
2. Stroke 

Q. Compare thiopentone and ketamine. (CU-l 5Ju) 
Ans. 
Comparison between Ketamine & Thiopental sodium 

Traits 
1. Onset of action 
2. Metabolism 
3. Redistribution outside CNS 
4. Cardio-respiratorv deoression 
5. Cardiovascular stimulation 

6. Dissociative anesthesia 
7. Anesthetic effect 
8. Analgesic effect 
9. Protein bindin2: 
10. Useful for mentally challenged and 

uncooperative pediatric patients. 
11. Increases intracranial pressure (ICP) 
12. Bronchodilation 

(R~/ Katz uni - I J'"!./36--13 7) 

. . ff r, 
(R~/ lippincul! 's-6'1'! I H-1) 

r . 
.. TT ;: - \ ,,1 ,,,I.., .J ~ -

- r > - . 

Ketamine Thioncntal sodium 
Rapid Rapid 
Rapid Slow 
Yes Yes 
Minimal Profo und 
Yes (increases BP, heart No 
rate, cardiac output) 
Yes No 
Less potent Potent 
Profo und No 
Low High 
Yes No 

Yes No 
Yes No 

,, '" , 
(Ref: K. atzung-13 /../J6--137) 

Q. D6cuss two advantages of ketamine over thiopental sodium. (DU -1 SJu) 
Ans. 
Advan_tages of ketamine over thiopental sodium: Ketamine causes­

,/ I:.-- Minimal cardio-resp iratory depression. 
'2. Profound ana lgesic effect. 
3. Bronchodilation (thus, it is useful fo r patients at risk for bronchospasm) 
,4. Increases blood pressure (thus, it is useful fo r patients at risk fo r hypotension) 
5. Reduce the development of tolerance to long-term opioid use . 

,/4. ~ Ketamine can be administered by multiple routes (IV, IM, ora l, rectal, epidura l), thus mak ing it a use ful 
option for premedication in mentally challenged and un cooperative pediatric pa ti ents. 

(Ref Kat:::w1g-! 3'"!-136--13 7) 

Q. What is monitored anesthesia care? 
Ans. 
Monitored Anesthesia Care 
Many diagnostic and minor therapeutic surgical procedures can be perfo rmed without genera l anes thes ia using 
sedation-based anesthetic techniques. In this setting, regional or loca l ane thes ia supplemented wi th midazo lam or 
propofol and opioid analgesics (or ketamine) may be a more appropr iate and safe r approac h than genera l 
anesthesia for su perficial surgical proced ures. Th is anesthetic techniq ue is known as monitored anesthes ia care. 

f' 
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Drugs used: The technique typically in vo lves-
\ . \V midazolam for premedication (to provide anxiolysis, amnesia, and mild sedation) 
2. Propofol infusion (to provide moderate to deep levels of sedation) 
3. A potent opioid analgesic or ketamine (to minimize the discomfort assoc iated with the inject ion or local 

anesthesia and the surgica l manipulations). 
(Ref Katzung-1 ]th edit iun) 

Nice to know 
Conscious sedation: This technique refers to drug-induced alleviation of anxiety and pain in combination with an 
altered level of consciousness associated with the use of smaller doses of sedative medications. In this stale the 
patient retains the ab ility to maintain a patent airway and is responsive to verbal commands. It is used primarily 

by nonanesthesiologists. 

Drugs used: A wide variety of IV anesthetic drugs are usejitl in conscious sedation­
!. Diazepam 

/J. Midazolam ~ 1 ~ '2._ ec::r 
?o'+"~ 

Pro po fo l N c r- - I 
Opioid analgesics (eg, meperidine, Jent any/) 

(Ref Katzung-1 3111 edition) 
D_eep sedation: It is similar to a light stale of general (intravenous) anesthesia involving decreased consciousness 
ji·om which the patient is not easily aroused. Because deep sedation is often accompanied by a loss ofprotective 
reflexes, an inability lo maintain a patent airway, and lack of verbal responsiveness to surgical stimuli. this state 
may be indistinguishable from intravenous anesthesia. Drugs used in deep sedation protocols_ include thiopental, 
me!_!iohexital, midazolam, or propofol, potent opioid analgesics, and ketamine. 

(Ref Katzung-131
1, edition) 

Q. Define local anesthesia. (RU-11 J,06J ,03S) 
Ans . 
Local anesthesia: 

l -

' . .... . ( 

Definition: Local anesthesia is the loss of sensation in a body part witho ut the loss of consc iousness or the 
impairment of central contro l of vi tal functi ons. 

(Ref Goodman & Gilmcm-12'" edition) 
Definition: Loca l anesthesia is the condition that results when sensory transmission from a loca l area of the body 
to the CNS is blocked. 

Q. Discu s--about ideal anesthetic. (S U-13J u) 
At 

",..,...,.....,erties of an ideal anesthetic: 
l. Potent 
2. Reversible 
3. Rapid onset and adequate duration of act ion. 
4. Short induction period 
S. Minimal adverse reactions. 
6. Non-irritating to nerve 
7. Low systemic toxicity 
8. No post anesthetic side effects 
9. Sufficient tissue penetration . 

( Ref Katzung & Trevor 's-10th edition) 



Io. Inexpensive 
J I. Sterilizable 
12. Water soluble/stable in solution 
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Q. Classify local anesthet!cs on chemical standpoint. (OU-08J,RU-06J,05M, SU-I I J) 
Q. Classify local anesthet~cs according to duration of action . (CU-1 JJ , I 2Ju ,05Ju) 
Q. Classify local anesthetics according to route of adm inistration. (DU-15.l ,07.lu,C U-08.l ,06S) 
Q. Enlist/Name_ the local ane~t~etics . (C~-17 J, SU-1 3.lu) 
Q. Name some 1~portant / chmcally useful local anesthetics. (DU-13.1 , 11 Ju , I 0Ju,SU-04M,CU-05J) 
Q. Name the amide group of local anesthetics . (RU-l 6J, I 5J, I JJ, 12/091) 
Q. Write the name & ways of application of local anesthetic agents . (CU- I 4J,08J) 
Q. Explain with appropriate example different techniques of producing local / regional anesthesia. (C U­
OSM) 
Q. What are the different routes of administration of lidocaine? (DU-I l.lu) 
Q. Name the drugs used in spinal anesthesia with advantages. (CU-1 JJu, RU- l 4J) 
Q. Short note: Local anesthetics . (OU-l 6J) 
Ans. ' 
Local anesthetics: 
A According to chemical nature: ( / t <-;;\..,· ,7. 

Esters /Procaine 
"T etracaine 

l-'-..><- Jenzocaine v-r;; k Cocaine 
Amides / Lidocaine (Xylocaine) 

vMepivaca ine 
vBupivacaine 

Levobupivacaine 
Ropi vacaine 
Articaine 

B. According to duration of action : 

Short acting Procaine 
Cocaine 

C, C 

(Ref Katzung-l 3'"!4-12) 

-.., C 

Intermediate acting Lidocaine/Xylocaine/Lignocaine: Most common. Widely used. 
Mepivacaine 

Long acting 
Prilocaine 
Tetracaine 
Bupivacaine 
Ro ivacaine 

. l ccording to route of administration : ( 1 • ) 

I. Surface anesthesia: Anesthesia of mucous membranes of the nose, mouth, 
throat, tracheobronchial tree, esophagus, and genitourinary tractcan be 
produced oy dtrect appl ication of local anesthetics as solution, cream, jelly or 
lozenge. C. o r-' r - '>fl .. -

? 

2. Infiltration anesthesia: To paraly.zeJbe sensory nerve endings and smal l 
cutaneous nerves. Infi ltration~sthes ia is the injection of local anesthet ic 
directly into tissue without taking into consideration the course of cutaneous 
nerves. <__, r, ,.__ '.it'\, -'-->' ,, .... / '-J l ..;t~r-•,,. ,) \c, ,. c..,.; \...,i. ,,v 

3. 1/V regional anesthesia: This technique relies on using the vasculature to 
bring the local anesthetic so lution to the nerve trun ks and endings . Eg, 
anesthesia of arm . '""C__~"l""v . c,_f')-< C_,\ C '--' I 1~~ --

l'ha rmacology-46 (_ \ f\..l r S-) I 

L I L f1 i_r.) 

Tetracaine (2%) 
Liclocaine (2% - [0%) 
Cocaine ( l % to 4%) 

_s 
( -

·Lidocaine (0.5% -I %) 
P--rocaine (0 .5% - I%) 
Bupi vacai ne (0.125% -
0.25%) 

,.t idocaine (0.5%) 
Prt!ocaine (0.5%) 
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Lidocaine -----ca 

4. Nerve block anesthesia: Injection of a solution of a loca l anestheti c in to or 
about individual peripheral nerves or nerve plexuses is called nerve block 
anesthesia.- - -

5. Spinal anesthesia: Spinal anesthesia follows the injection of local anesthetic ~i'docaine -
into the ~SF in tl~~umbar S£ace. ~ n l c. ' 10· ..., · ' ~ S ··, -- ) 

Tetraca ine 
Bupivacaine 

I!... "' ,'?<,. ,--,:' t•-r ~ -<-l!. . • a. {) .1,x -r--J •--1 < -~' l-, . . . 
. Lidocaine,,,Bupi vacaine. -

6. Epidural anesthesia: Epidural anesthesia is administere~ by 11~Jec_t1ng local 
anesthetic into the epidural space. The primary site of action ot epi~ural 
anesthetic is on the sp~ al nerve roots . However, epidural anesthetics also 
may act on the spinal cord and on lie parave11ebral nerves. It is widely used 

in obstetrics. -
.s ?' 7. Field Block Anesthesia: Field block anesthesia is produced by subcut~neous 

.... injection of a solution of local anesthetic in order to anesthetize the region 

di stal to the injection. Jill - , ' ' (Ref Goodman & Gilman / _ (:.dil LOn} 

Nice to know 
Nerve Block Anesthesia: Injection of a solution of a local anesthetic into or _about individual peripheral nerves or nene 
plexuses produces even greater areas of anesthesia than do the other techn'.ques. This . 1s cal~ed ~e:·ve ~lock. _anesthes/C/ 
Blockade of mixed peripheral nerves and nerve plexuses also usually anesthetizes s?mat1c moto, netves, p1 oducmg skeletal 
muscle relaxation, which is essential f or some surgical procedures. The areas of sensory and motor block usually start 
several centimeters distal to the site of injection. 

Example: 
I. Brachia/ plexus blocks are particularly useful fo r procedures on the upper extremity and shoulder. 
2. /ntercosta/ nerve blocks are eff ective f or anesthesia and relaxation of t he anterior abaomina! wall 
3. Cervical plexus block is appropriate for surge,y of the neck 
4. Sciatic and f emoral nerve blocks are usefu7 for~ surgery distqj_ to the kn e'!_ 
5. Blocks of individual nerves such as the median or ulnar at the elbow, and blocks of sensory cranial nerves. 

(Ref Goodman & Gilman- 12'" edition) 

Soi11al Anesthesia: Spinal anesthesia fo llows the injection of local anesthetic into the CSF in the lumbar space. For a 
number of reasons, including the ability to produce anesthesia of a considerable fraction of the body with a dose of local 
anesthetic that produces negligible plasma levels, spinal anesthesia remains one of the most popular forms of anesthesia. In 
most adults, the .1pina/ cord terminates above the second lumbar vertebra; between that point and the termination of the 
thecal sac in the sacrum, the lumbar and sacral roots are bathed in CSF. Thus, in this region there is a relatively large 
volume of CSF within which to inject drug, thereby minimizing the potential for direct nerve trauma. 

Complications o{Soi11al Anesthesia 
I. Persiste11t neurological deficits- extremely rare. 
2. High concentrations of local anesthetic can cause irreversible block 
3. Postural headache: The incidence of headache decreases with increasing age of the patient and decreasing needle 

diameter. Treatment usually is conservative, with bed rest and analgesics. 
(Ref Goodman & Gilman- I 2'" edition) 

l11filtratio11 Anesthesia: 
• Advant"ge: It can provide sat1Jf actory anesthesia without disrupting normal bodily functions. 
• Disadvantage: Relatively large amounts of drug must be used to anesthetize relatively small areas. 

(Ref Goodman & Gilman- I 2'" edition) 

Epidural Anesthesia: Epidural anesthesia is adm inistered by injecting local anesthetic into the epidural space- the space 
bounded by_ the ligament um flavum posteriorly, the spinal periosteum laterally, and the dura anteriorly. Epidural anesthesia 
can b~ ; erforme~ m the_ sacral hwtus (caudal anesthesi~) or in the lumbar, thoracic, or cervical regions of the spine The 
pr'.ma,) site of action of epidural anesthetic 1s on the sp11,a/ nerve roots. However epidural anesthetics also may act on the 
.1pmal cord and on the paravertebral nerves. ' 
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Difference between epidural and spinal anesthesia 

/ . The dose of local anesthetic used can produce high concentrations in blood following absorption Ji·om the epidural 
space. 

2. The risk of inadvertent intravascular injection is increased in epidural anesthesia, as the epidural space conlains u 
rich venous plexus. 

3. There is no sympathetic blockade with epidural anesthesia. 

(Ref Goodman & Ci/man-12'" edition) 
Intravenous Regional Anesthesia (Bier's Block) : This technique relies on using the vascula!Ure to bring the local anesthetic: 
solution to the nerve trunks and endings. In this technique, an extremity is exsanguinated with an Esmarch (elastic:) bandage, 
and a proximally located tourniquet is inflated to I 00 to J 50 mm Hg above the 5ystolic: blood pressure. The Esmarch 
bandage is removed, and the local anesthetic is injected into a previously cannulated vein. Typically, complete anesthesia of 
the limb ensues within 5 to JO minutes. 

Pharmacokinetic profile: 
(Ref Goodman & Cilman- l 2'h edilion) 

Absorption: Systemic absorption of injected l!A f rom the site of injection is determined by­
/. Dosages 
2. Site of injection 
3. Drug-tissue binding 
4. local bloodjlow 
5. Use of vasoconstrictors (Adrenaline) 
6. Physiochemical properties of the drug itself 

Metabolism: 
• liver: Amides 
• Plasma: Ester 

Distribution: The amide l!As is widely distributed ajier JV bolus administration. There is also sequestration in lipophilic 
storage sites (e.g. fat) . 

(Ref Katzung-13'"14</ l -4-13) 

Nice to know 
lipid-soluble (nonionized, unc:hargeclj form of the drug molecule crosses the lipid membrane more rapidly to reach the 
cytoplasm than does the ionized form On the other hand, once inside the axon, the ionized (chargeclj f orm of the drug is the 
more effective blocking entity. Thus, both the non ionized and the ioni::ed forms of the drug play important roles- the firs t in 
reaching the receptor site and the second in causing the ejfec'I. 

Q. Mention the mechanism of action of local anesthetics. (DU-1 3J,l0Ju, CU-1 3.lu; RU-16J,15J, l3J, l2J, l lJ , 
SU-l SJ) 
Q. Explain the mechanism of action/ anesthetic action of lidocaine. (DU-08J, SU-17 J, 14/13/1 OJ, RU- l 2/09J ) 
Q. Discuss/therthechanism of action of Lignocaine / Xylocainc. (DU-06J, RU-OSM, Cu- l 2Ju) 
Q. H I cal anesthesia reduces/ relieves pain? (CU-06S) 
i\u . 
Mechanism of action of local anesthetics/ lidocaine / lignocaine: The primary mechanism of action 
.of local anesthetics is blockade of voltage-gated sodium channels. 

-~ t\---. .(2,_r-.e,._.f {: - <. ~' ' ' . -l) \ ~~ )- J_ <" I , 

Lidocaine / lignocaine / local anesthetic drugs 

! .<( (' \. ' r-- ' 
Block of voltage-gated Na+ channels in the afferent neuron 

! 
Reduce the influx of sodium ions 

! 
Prevent depolarization 

! 
No action potential 

! 
No transmission of pai n sensation 

! 
Local anesthetic action 

(Ref Kalzung-1 Jth/444) 



Tl\! Blueprint Pharmacolog)' 352 

Membrane 

Fig. Mechanism of action of local anesthetics. Sodium ions are not able to pass through the channel when the 

drug is bound to the receptor. 

Q. Why adrenaline is used with local anesthetics? (DU- I 3J, I 0Ju,07Ju, RU-I I J) 
Q. How the action of lignocaine could be prolonged? (DU-08J) 
Q. Justify he combination of xylocaine & adrenaline. (DU-06Ju, CU-04M, SU-1 IJ) 

~

E_)plai:n why adrenaline is premixed with lidocaine. (RU- I SJ, 13J) 
/ 1ustify the combined use of lidocaine & adrenaline. (RU-I 4J, SU- I SJ, I 4Ju, 13Ju) 
~ Mention the justification of using adrenaline with lignocaine. (DU- I SJ) 

Q. Mention the role of using vasoconstrictor along with LA. (RU- I 6J) 
Ans. 
Prolongation of action of lignocaine/xylocaine/lidocaine / vasoconstrictor: The duration of action of a local 
anesthetic is proportional to the time of contact with nerve. Consequently, maneuvers that keep the drug at the 
nerve prolong the period of anesthesia. Action of a local anesthetic, eg, lignocaine can be prolonged by adding a 
vasoconstrictor, eg, adrenaline to it. 

Adrenaline 

l 
Local vasoconstriction at the injection site 

) 

l 
Decreased blood flow to that area / l 

l 
Decreased absorption of local anesthetic 

l 
Local anesthetic can act on the nerve for more time -

l 
Prolongation of action of a local anesthetic ( lignocaine ). 

~ ..\ ' 
I 

.· 'r- . 

I 

(Ref Goodman & Gilman-U " edition) 

Nice to know 
Contrait)llication of adrenaline in local anesthetic 
0' Adrenaline-containing solutions should not be injected into tissues supplied by end arteries- for example, 

fingers and ~es, ears, th_e nose, and the penis. The resulting vasoconstriction may cause gangrene. 
2. F?r the same reason, ep111ephrine should be avoided in solution.,· injected intracutaneously. 
3. Smee ep,~ephrine also. is absorbed into the circulation. its use should be avoided in those for whom 

adrenerg1c st1m11lalion 1s undesirable. 

(Ref Goodman & Gilman- I 2'" edition/ 
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Q. ,~ a( rfthe indications of Lidocaine? (RU-09.l) 
Ans. 
Indications of lidocaine: 

I. As a local anesthetic 
2. As an anti-arrhythmic drug. ·7 \J I ~ \ 

3. As anti-convulsant drug 

Nice to know 
Summary: Drugs Used for Local Anesthesia 

( 

' ., ~ 

S11bc/11ss ' I Cli11ical Applicatio11s . · '· I P/11,rmacoki11etics, Toxicities--·: · ',,:, ',,,-,. ·'.:· i·r)·J • ;"1,;1t·· -~'"'.'··, . . 

Amides 
Lidocaine Short-duration procedures • Parenteral 

Epidural, spinal anesthesia • Duration 30-60 min: 2- 6 h with epinephrine 

• Toxicity: CNS excitation 
Bupivacaine Longer-duration pro~edures • Parenteral 

• Duration 2- 4 h 

• Toxicity: CNS excitation cardiovascular collapse 
Prilocaine, ropivacaine, mepivacaine, levohupivacaine: Like h(1pivacaine 

Esters 
Procaine Very short procedures • Parenteral 

• Duration 15- 30 min: 30- 90 min with epinephrine 
• Toxicity: Like lidocaine 

Cocaine Procedures requiring high • Topical or parenteral 
swface activity and • Duration 1- 2 h 
vasoconstriction • Toxicity: CNS excitation, convulsions. c:urdiac 

arrhythmias, hypertension, stroke 
Ill. -(Ref Kat::ung-13 ~JJJ 

Q. Discuss the da,ngers of using local anesthetic agents. (DU-08J,CU-08J) 
Q. Menr/n ti e'side effects oflignocaine? (CU-I 2Ju, RU-I 0Ju,06J,05M) 
Q. Me io he side effects of lidocaine? (SU-l 3J) 
Q. · n the adverse effects of lidocaine? (CU-17 J, RU- l 4J) 
Q. Mention the systemic adverse effects of lidocaine? (RU- I 2J) 
Ans. 
Adverse effects of local anesthetics (LA): Local anesthetic toxicity derives from two distinct processes: 

C 

I. systemic effects following inadvertent IV injection or absorpt ion of the LA from the site of 
administration. 

2. neurotoxicity resulting from local effects produced by direct contact with neural element . 

1/" 
I. When high plasma concentrations are produced after rapid absorption or inadverten t I 

~d7stration, a ll LA have the abil ity to produce- , ~ . 1, · , , 

~ ' 1/ ~~:~~~~::~edness 
~ j Visual and auditory disturbances 

• Restles ness 
2. Circumoral and tongue numbness and a meta ll ic taste. 
3. At higher concent rations-

• 
• 
• 

nystagmus 
mu cular twitching 
ton ic-clon ic con vu ls ions 
,eneralized CNS de re sion . 
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Cardiotoxicity l. Cardiac arrest 

.!... Arrhythmia Ventricular tach 1card ia and fibrillation) 
Neurotoxicit)' • Neural toxicity occurs at excess ive ly high concentrations at spina l and epidural 

admin istration. 
• Cauda equin.t syndrome associated with continuous spina l anesthesia (CS /\) 

(lidocaine). 
• Transient ncurologic symptoms (TNS)-Transient pain or dysesthesia. Occurs in use 

of lidocaine for s inal anesthesia. 

,... 

(Ref Katzzmg-13
11
/448-449: Goodman and Gilman 's-12' ')) 

-\ \.--:) f"' -(' , h.,~, Q__ ,--- O '\ c Q- "-"' 
Nice to know 
Jieclumism of cardiotoxicity of LA: LA block cardiac sodium channels and thus depress abnormal cardiac 

pacemaker activity, excitability, conduction and.force of contraction. Cardioloxicity of local anesthetic agents 
may result from their inadvertent IV administration, especially if epinephrine also is present. 
Cardiotoxicity is rare, occurs in large doses of bupivacaine, ropivacaine and etidocaine. 

Viva Q. How can you prevent local-anesthetic-induced convulsion? 
Ans. 

Prevention of local-anesthetic-induced convulsion: Convulsions due to excessively high blood levels can be 
prevented by-

1. Administering the smallest effective dose of the local anesthetic required for adequate surgical analgesia. 
2. Avoiding inadvertent JV injection. 
3. Avoiding injection into highly perfused tissues. 

Q. Short note: Bupivacaine. (DU- l 2J) 
Ans. Write MIA, indication, adverse effects.from above. 

Q. List the adverse effects of spinal anesthetic. (CU-08Ju) 
Ans. 
Adverse effects of spinal anesthetic 

l. Bradycardia 
2. Hypotension 
3. Postural headache 
4. Respiratory depression 
5. Post-operative urinary retention 
6. Irreversible block (High concentrations) 
7. Persistent neurological deficits (extremely rare) 

(Ref Katwng-13'"1448) 

(Ref Goodman & Gilman- I 21
1, edition) 



Drugs that affect skeletal muscle jimction include two different therapeutic groups: 
J. Neuromuscular blockers: These drugs are used during surgical procedures and in the ICU to produce 

muscle paralysis. Neuromuscular blocking drugs interfere with transmission al the neuromuscular e~d 
plate and lack CNS activity. These compounds are used primarily as adjuncts during general cmesthesia 
to facilitate tracheal intubation and optimize surgical conditions 1vhile ensuring adequate ventilation. 

2. Centrally acting muscle relaxants I spasmolytics: These drugs are used to reduce ,)pasticiry in a variety 
of painful conditions, eg, chronic back pain and painfiil jibromyalgic conditions. 

(Ref Katzung-l 3'"1455) 

Centrally acting muscle relaxants 

Spasticity: Spasticity may be defined as "disordered sensorimotor control resulting from an upper motor neuron 
lesion, presenting as intermillent or sustained involuntary activation of muscles. " It is characterized by cm 
increase in tonic stretch reflexes andflexor muscle ,)pasms (ie, increased basal muscle tone) together with muscle 
weakness. It is often associated with spinal injury, cerebral pa!.Jy, multiple sclerosis, and stroke. These conditions 
often involve abnormal function of the bowel and bladder as well as skeletal muscle. 
Drugs that modify the reflex arc may modulate excitatory or inhibitory ,)ynapses Thus, to reduce the hyperacl ive 
stretch reflex, it is desirable to reduce the activity of the la f ibers that excite the primary motor neuron or to 
enhance the activity of the inhibitory internuncial neurons. 

Q. Define muscle relaxants/ spasmolytic. (C U-1 2J) 
Ans. 

(Rel Katzung- l 3'"1465) 

Muscle relaxants/ Spasmolytic: A drug th at red uces abnormally elevated musc le tone (spasm) without paralysis 
is ca lled muscle relaxants/ spas rn olytic. 

(Ref Katzung & Trevor 's-10th edition) 
Q. Define centrally acting muscle relaxants / spasmolytic. 
Ans. 
Centrally acting muscle relaxants / Spasmolytic: They are drugs whic h reduce skeletal muscle tone by a 
selective action in the cerebro-spinal axis without altering consciousness. They se lectively depress spinal & supra­
spinal polysynaptic refl exes involved in regulation of musc le tone without significant ly affecting 
monosynaptica l ly mediated stretch reflex. 

All centrally acting muscle re laxants have some sedat ive property & have no effect on NMJ & muscle fibers but 
reduce decerebrate ri gidi ty, UMN spasticity & hyperrenex ia. 

Q. Classify muscle relaxants / Spasmolytic. (SU-061) 
Q. Name the cli nically used skeletal muscle relaxan ts . (DU-04S, CU - l 5Ju) 
Ans. 
Muscle relaxants 
A. Centrally acting muscle relaxants: 

1. Mephenesin congeners • Mephenes in 
• Carisoprodol 
• Ch lorphenes in 
• Chlorzoxazone 
• Cyc lobenzaprine 
• Metaxalone 
• Methocarbamol 
• Orphenadrine 

(Ref' Tripath i-6'h/3-18) 
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2. Brnzocliazcpinc • Dinzcpam 

3. GABA derivatives • Baclo!'cn 

• Gaba pent in 

4. Central ui-agonist .• Tizanidinc 

B. Peripherally acting muscle relaxants: (Oescribed in the ANS chapter.) 

/ I. Non-depolarizing / competitive / reversible group 
,2. Depolarizing / non-compet itive/ irreversible group 

C. Direct-acting muscle relaxant: 
I. Dantrolene 

· 2'.' Botulinum toxin 

Baclofen 

-

'. 

'" J • -(Ref 7 rtpath, 6 13.J&J 

(R~[' Katzung-13th/.f69; 

Baclofen (p- chlorophenyl-GABA) was designed to be an orally active GABA-mimetic agent and is an agonist at 
GABA8 receptors . 

Mechanism of action of baclofen: 
1. Activation of GABA8 receptors 

Baclofen 
t 

Binds with GABA8 receptors in the brain 
t 

Increases KT conductance (K+ efflux) 

t 
Hyperpolarization of pre-synaptic membranes 

t 
Decreases Ca2

+ influx 

t 
Decreases the release of excitatory transmitters in both the brain and the spinal cord 

t 
Muscle relaxation. 

2. Baclofen may also reduce pain in patients with spast ic ity, perhaps by inhi biting the re lease of substance P 
(neurokinin-1) in the spinal cord. 

(Ref Katzung-13'1'!467) 
Dose: Dosage is started at 15 mg twice daily, increasing as tolerated to l 00 mg dai ly. 

Indication 
l . Spasticity associated with spinal injury, cerebral palsy, multi ple sc lerosis, and stroke . 
2. Intractable low back pain 
3. Reduction of craving in recovering alcoho lics 
4. Prevention of migraine headaches in some patients. 

( Ref Katzung-13'"!-16 7) 

Adverse effects of Baclofen: 
1. CNS adverse effects: Weakness, ataxia, drowsiness, menta l confus ion, rai sed seru m transami nases etc. 
2. Sudden withdrawal after chronic use may cause: Halluci nation, se izure, tachycard ia etc. 

(Ref Tripathi-6111/349) 



357 Drugs acting in CNS 
Advantages of baclofen: 

1. It is as effective as diazepam. 
2. Less sedation. 
3. Does not reduce overall muscle strength as much as dantrolene. 
4. Rapidly & completely absorbed after oral administration & has a plasma half life 3-4 hours . 

(R~f- Katzung-13'"1467) 

Gabapentin 

Gabapentin is an amino acid, an analog of GABA, that is effective against partial se izures. Orig inally planned as a 
spasmolytic, it was found to be more effective as an antiseizure drug. 

Mechanism of action of gabapentin: 
Gabapentin 

l 
Increases the synaptic or nonsynaptic 

release of GABA 
l 

jGABA concentration in the brain 
l 

GABA binds with GABAA receptors 
l 

Opening of er channel 

Clinical Use 

l 
Influx of er 

l 
Hyperpolarization 

l 
Muscle re laxation 

Gabapentin 
l 

Gabapentin binds avidly to the a2o subunit of voltage-gated 
ea2

+ channels. 
l 

Decreases ea2
+ entry into presynaptic nerve terminal 

l 
Decreases the release of glutamate (an excitatory NT) 

l 
Muscle relaxation 

(Ref Katzung-1311,/ ./06) 

I. Gabapentin is effective as an adjunct against partial seizures and generalized tonic-c lonic seizures 
2. Neuropathic pain ( eg, postherpetic neuralgia in adults) 

Adverse effects of Gabapentin: 
1. Somnolence 
2. Dizziness 
3. Ataxia 
4. Headache 
5. Tremor. 
6. Weight gain. 
7. Diarrhoea. 

p 
harrnacology-47 

(Ref Katzung-1311,/406; Lippincott 's-51
" I J 86) 
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Dantro lcn c 

l' I · I I · I · · I I I l · ti . 1 l,·ic ·1 l lll l.l j l ll' 1nccha11i '> lll o f sJJa srn o lvt ic ac ti v1·1v 1 1an tn) enc ts -1 1\ \ ;111t n 111 l en vat l\' 1..' re .ilL'( 11..> p 1c 11 ' l) l ll 1.1 < ·' ' · • . • • J . J . 11 
· · l ·k ·I -1, I 1111 sc k -; trcngth by intcrkri ng with excit· 1 1..·u 111.ist ll' th1..' ccntral l~· ac11nl!, drugs, dantrokm: rc t uccs s cc •1 1 c1 11m-

c ... ,n1ra..:t i,,n <..'. ouplin g. in the muscle fibers. 

:\kchanism of act ion of dantrolcne: 
1 

I 
I) . . . 1 1 d' rcc"pto rl (RyRl) c tannc antroknc binds with calcium c iannc , ryano me ... 

Blocks the open ing of the channe l. 

Blocks Ca2' re lease from sarcoplasmic reticul um of skeleta l muscle ce lls 

1 
No ex1,; itat ion-contract ion coupling 

l 
Muscle relaxat ion 

Cardiac muscle and smooth muscle are min ima lly depressed because the release of calc ium from their 
sarcoplasmic reticulum involves .a different RyR channel (RyR2). 

(Ref Katzung-13°'146 7-46 ) 

Adverse effects of dantrolene: 
I. Muscular weakness. 
2. C S: Sedation, ma laise, light headedness. 
3. Diarrhoea. 
4. Hepatotoxicity (long term use 0.1- 0.5 %) 

(Ref Tripathi-61h/3-17J 

Ind ication 
l. IV: Malignant hypertherm ia 
2. Oral : Spasm due to cerebral palsy, sp inal cord injury, multiple sclerosis 

(Ref Katzung-13°'!469) 

Q. Write the differences between centrally & peripherally acting muscle relaxants. 
Ans. 
Differences between centrally & peripherally acting muscle relaxan ts : 

Traits I Centrally acting I Peripherally acting 
1. Voluntary power Decreases muscle tone without Causes muscle paralysis & voluntary 

reducing voluntary power movements are also lost 
2. Mechanism Selectively inhibit polysynaptic Blo~k neuromuscular transmission 

reflexes in CNS 
3. CNS depression Causes some CNS depression No effect on CNS · 

· 4. Route Given orally, sometimes parenterally Practically always given in IN route 
·5. Uses Chronic spastic conditions, acute For shott-tim purposes, like general 

muscle spasms, tetanus etc. anesthesia, ECT. 
(Ref Tripathi-611113-18) 
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MCQ 
Q. Newer anxiolytic drugs are- (DU- l 7M) 

a) buspirone 
b) zolpidem 
c) diazepam 
d) oxazepam 
e) phenobarbitone 

a. -F, b.-T, c.-F, d. -F e.-F 

Q. Ketamine- (DU-1 7M,14Ju) 
a. causes profound analgesia 
b. usually produce bradycardia & fall of BP 
c. produces no muscular relaxation 
d. decreases intracranial & intraocular 

pressure 
e. can cause hallucination during recovery 

a. T, b. F, c. T, d. F, e. F 

Q. Drugs used to treat parkinsonism are- (DU-
l 6J) 
a) levodopa 
b) se legi line 
c) carbamazepine 
d) neostigmine 
e) carbidopa 

a. T, b. T, c. F, d. F, e. T 

Q. Carbamazepine- (DU- 1 SJu) 
a. is the drug of choice for partial seizure 
b. is effective in trigeminal neuralgia 
C. may cause hypoxia 
d. is available only in oral fo rm 
e. causes fetal hydantoin syndrome 

a. T, b. T, c. F, d. T, e. F 

Q. Morphine causes- (DU- 1 SJu) 
a. histamine release 
b. mydrias is 
C. cough suppression 
d. diarrhea 
e. vomiting 

a. T, b. F, c. T, d. F, e. T 

Q. Morphine causes- (DU-1 4Ju) 
a. histamine to release 
b. mydriasis 
c. cough suppression 
d. tolerance & dependence 
e. increase in blood pressure 

a. T, b. F, c. T, d. F, e. F 

Q. Diazcpam- (DU-I 4Ju) 
a. has active metabo lite 
b. can cause retrograde amnesia 
c. can cause musc le relaxation 
d. never causes fatal overdose 
e. metabolized mainly in the li ver 

a. T, b. F, c. T, d. F, e. T 

Q. Adverse effects of carbamazepine include­
(DU- l 4Ju) 

Q. 

Q. 

a. trigeminal neuralgia 
b. di zziness 
c. diplopia 
d. hyponatremia 
e. hallucination 

a. F, b. T, c. T, d. T, e. F 

Halogenated anesthetics may produce 
malignant hyperthermia in: (CU- 14Ju) 
a) Patients with poor renal function 
b) Patients allergic to the anesthet ic agents. 
c) Pregnant women. 
d) Alcoholics 
e) Pat ients with genetic defect 111 musc le 

calcium regu lation. 
a. F, b. F, c. F, d. F, e. T 

Following statements about pain and its drug 
therapy are: (CU-14Ju) 
a) Substance P and glutamate are respons ible 

neurotransmitters for pain perception. 
b) Cyclooxygenase inhibition in the CNS by 

NSAIDs modifies pain perception . 
c) Stimulation of pain modu lating descending 

pathway is one mechanism of Morphine­
induced analgesia. 

d) Tramadol is better therapeutically than 
Meper idine as obstetric analgesic. 

e) Selective COX-inhibitors are better 
therapeutical ly than non-se lective ones. 
a. T, b. F, c. T, d. T, e. F 

Q. Tricyclic antidepressant group of drugs: 
(CU-14Ju) 
a) Inhibit the neuronal uptake of Noradrenalin . 
b) Have a rapid onset of action. 
c) May cause constipation and dry mouth . 
d) Do not produce postural hypotens ion. 
e) May produce tachycardia and palp itation. 

a. I: b. F, c. T, d. F, e. T 
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Q. The following drugs are used in balanced d. lignocaine. 

anesthesia- (OU-141) e. ketamine. 
TbTcTdFeF 

a. haloperidol a. J • I ' I ' I ' 

b. thiopentone 
Benzodiazepines- (OU-I 3J) 

C. halothane Q. 
d. sodium valproate a. potentiate the action of GABA . 

e. atracurium b. open the chloride channel. 

a. F, b. T, c. T, d. F, e. T C. cause hyperpolarization of the neuron. 

d. stimulate dopamine receptor. 

Q. The central excitatory effects of morphine e. cause retrograde amnesia. 
a. T, b. F, c. F, d. T. e. F include- (DU-14J) 

a. sedation 
Morphine is contra-indication in- (DU-I 3J) 

b. emesis Q. 
C. miosis a. head injury. 

d. diarrhea b. acute MI. 

e. euphoria C. bronchial asthma. 

a. F, b. T, c. T, d. F, e. F d. biliary colic. 
e. peptic ulcer. 

Q. Ketamine- (DU-141) a. T, b. F, c. T, d. T, e. F 

a. causes profound analgesia 
b. usually produces bradycardia & fall of BP Q. Action of local anesthetic can be affected by-
C. produces muscle relaxation (SU-13J) 
d. decreases intracranial & intraocular a. pH of site of action 

pressure b. Pseudocholinesterase 
e. causes hallucination. C. Potassium 

a. T, b. F, c. F, d. F, e. T d. Calcium 
e. Diameter of nerve fibers 

Q. The adverse effects of carbamazepine a. T, b. F, c. T, d. T, e. T 
include- (DU-l 3Ju) 
a. trigeminal neuralgia. Q. Sedative-hypnotic drug- (SU-131) 
b. dizziness. a. Triazolam is short-acting 
C. diplopia. b. Diazepam is metabolized to alprazolam 
d. hyponatrem ia. C. Clonazepam exert anti-epileptic action 
e. hallucination. d. Zopiclone is a benzodiazepine agonist 

a. F, b. T, c. T, d. T, e. F e. Midazolam is not addicting 
a. T, b. F, c. T, d. F, e. F 

Q. Benzodiazepines- (DU-l 3Ju) 
a. act by binding to GABA receptor. Q. In treatment of parkinsonism- (SU-131) 
b. reduce the activity of central a. Balance between acetylcholine & dopamine 

neurotransmitter, GABA. is maintained 
C. can cause anterograde amnesia. b. Dopamine is given orally 
d. are potent inducer of hepatic drug C. L-dopa is given with carbidopa 

metabolizing enzyme. d. Carbidopa is dopamine agonist 
e. suppress REM sleep. e. Neuroleptic-induced parkinsonism is treated 

a. T, b. F, c. T, d. F, e. T by benztropine 
a. T, b. F, c. T, d. T, e. F 

Q. Preanesthetic medication comprises be 
following- (DU-l 3J) Q. Thiopental sodium is- (DU -I 2Ju) 
a. diazepam. a. Ultra short acting barbiturate . (T) . 
b. atropine. b. Acidic in nature.(?) 
C. metoclopram ide. 
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c. Used for maintenance of general anesthesia. 

(F) 

d. Highly lipid soluble. (T) 
c. Contraind icated in hypertension.(?) 

Q. Morphine- (DU-12Ju) 

a. Is used to re lieve pain in severe head injury. 
(F) 

b. Withdrawal symptoms can be relieved by 
methadone. 

c. Causes diarrhea. (F) 

d. Is most effective by oral administration. (?) 
e. Is more potent than pethidine. (T) 

Q. The central excitatory effects of morphine 
include- (DU-I 2J) 
a. Sedation (F) 
b. Emesis (T) 
c. Miosis (T) 
d. Diarrhea (F) 
e. Euphoria (T) 

Q. Following drugs are used in balanced 
anesthesia- (DU- I 2J) 
a. Haloperidol (F) 
b. Thiopental sodium (F) 
c. Halothane (T) 
d. Propranolol (F) 
e. Nitrous oxide (T) 

Q. In status epilepticus, following drugs are 
used-(DU- 1 !Ju) 
a. Diazepam (T) 
b. Phenobarbitone (T) 
c. Phenytoin (T) 
d. Adrenaline (F) 
e. Prednisolone (F) 

Q. Ketamine- (DU- I I Ju) 
a. Causes profound analgesia (T) 
b. Usually causes bradycardia & fall of BP (F) 
c. Produces no muscular relaxation (?T) 
d. Decreases intracranial and intraocu lar 

pressure (F) 
e. Hallucination. (T) 

Q. Morphine should be avoided in patients with­
(DU-11 Ju) 
a. Pancreatitis (F) 
b. Asthma (T) 
c. Respiratory depression (T) 

Drugs acting in CNS 

d. Acuk left ventricu lar fai lu re (F) 
c. Acute Ml (F) 

Q. Morphine- (DU- I I J) 
a. ls contraindicated in 111.:ad injury. (T) 
b. Increases intra-biliary pressure (T) 
c. In most effective by oral admin istration (F) 

d. Reduces sensitivity of respiratory center to 
CO2 (T) 

e. Causes diarrhea (F) 

Q. Benzodiazepine- (DU-I I J) 
a. Potentiate the action of GABA (T) 
b. Open the er channel (F) 
c. Open K+ channel (F) 
d. Causes hyperpolarization of neuron (T) 
e. Stimulate dopamine receptor. (F) 

Q. Pethidine- (DU-1 OJu) 
a. Is a natura l drug (F) 
b. Acts on opioid receptor (T) 
c. Causes miosis (F) 

d. Can cause respiratory depress ion (T) 
e. Produces tolerance (T) 

Q. Nortriptyline- (DU- I OJu) 
a. blocks uptake I (T) 
b. decreases the level of amines in the brain 

(F) 

c. can cause sedation (T) 
d. can cause diarrhea (F) 

e. can cause tachycardia (T) 

Q. Benzodiazepines- (DU-1 OJ) 
a. act by inhibiting GABA receptor (T) 
b. produce hyperpolarization of neuron (T) 
c. produce anterograde amnesia (T) 
d. are used as sedative for endoscopy (T) 
e. are potent hepatic microsomal enzyme 

inducer (F) 

Q. Antidepressant drugs- (DU-I OJ) 
a. increase the level of amines in the brain (T) 
b. can cause diarrhea (F) 
c. can cause bradycardia (F) 
d. provide immediate antidepressive effect (F) 
e. can cause difficulty in micturition (T) 

Q. Chlorpromazine- (DU-I OJ) 
a. is an agonist drug (F) 
a. can cause tremor & rigidity (T) 



BlueprintTM Pharmacology 

b. can cause bradycardia (T) 
c. may cause cholestatic jaundice (?) 
d. suppresses lactation (F) 

Q. Nitrous oxide- (DU-1 OJ) 
a. is a potent anesthetic agent (F) 
b. has good analgesic effect (T) 
c. has got muscle relaxation effect (T) 
d. can cause diffusion hypoxia (T) 
e. produces quick onset & slow recovery of 

anesthesia. (F) 

362 
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Antihypertensive drugs 
Definition: It is a clinical condition characteri zed by persi stent rise of systemic arteri al pressure above the normal 
range in respect of age and sex. 

(Ref Gcmung-24th) 
Definition: Persistent rise of blood pressure in respect of age and sex wh_e re the syst01ic pressure is more th an 140 
mm Hg and diastolic pressure is more than 90 mm Hg, is called hypertension. 

t t 

. Category _ / 8!~~~~~·~o4~~s~re <~nt~~ /. · DiastoUc blood pressure 
< ·. · (mmffg) "< '. · 

: t I t 

I < 120 < 80 

< 130 < 85 

130-139 85-89 

ertension 
Grade 1 (mild 140-1 59 90-99 
Grade 2 moderate) 160-179 100-109 

2 180 2 110 
ertension 

140-159 < 90 
Grade 2 2160 < 90 

(Ref Davidson's medicine-22nd) 
2 types: 

Essential hypertension: When the cause of increased blood pressure is not known, it is ca ll ed essential 
hypertension. Over 95% of the hypertensive pt. suffer from essential hypertension. Here, blood pressure 
persistently exceeds l 50/90 or 160/ I 00 mm Hg. 

2. Secondary hypertension: In about 5 % of unselected cases, hypertens ion may be shown to be a 
consequence of a specific di sease or abnormal ity leading to sodium retention and / or peripheral 
v oconstriction. This is cal led secondary HTN. lt occurs mostly due to renal diseases. 

C s s of secondary hypertension: 
' I. Alcohol 

2. Obesity 
3. Pregnancy (pre-eclampsia) 
4. Renal disease 

a. Renal vascular disease 
b. Polycystic kidney disease 
c. Parenchyrnal renal disease, particularly glomerulonephrit is 

5. Endocrine disease: 
a. Phaeochromocytorna 
b. Cushing's syndrome 
c. Primary hypera ldosteronism (Conn's syndrome) 
d. Hyperparathyroidism 
e. Acromegaly 
f. P-~ > ·a~ 
g. Thyrotox icos is 

h. C?nge~ ital adrenal hyperplasia due to 11-P-hydroxylase or 17-hyd roxylase deficiency 
1. Liddle s syndrome 

J. l l-~-hydroxystero id dehydrogenase defi ciency 
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~ Drugs: e.g. Oral contraceptives containing oestrogens, anabo lic steroids, cort icos teroids, non-stero idal 
anti-inflammatory drugs, carbenoxo lone, syrnpathom iincti c age nts 

7. Coarctation of the aorta 

Q{What arc the complications of hypertension'! 

A"ris. . . . 
con1plicat10ns of hypertens10n: 

Heart • Myocardial infarction (Ml) 
• Hypertensive cardiomyopathy 
• H eriensive heart failure 

Brain • Stroke 
• H 

Eye • H 
Kidney • H 

Q. What are the risk factors of hypertension? 
Ans. 
Risk factors of hypertension: 

/ 
, Won-modifiable 

Major risk factors 1. Increasing age. 
2. Male gender. 
3. Family history. 
4. Genetic abnormalities. 

Minor risk factors 1. Obesity. 
2. Phys ical inactivity. 
3. Stress (type-A personality). 
4. Post-menopausal estrogen defi ciency. 
5. High carbohydrate intake. 

Blood pressure regulatory systems 

(Re/ f)uvidrnn 's-22nd) 

\ ./Modifiable 
I. Hyper! ipidem ia. 
2. Cigarette smoking. 
3. Diabetes. 

I. Alcohol. 
2. Lipoprotein Lp (a). 
3. Hardened (trans) unsaturated fat 

intake. 

Blood pressure (BP) = Cardiac output (CO) x Total peripheral resistance (TPR) 

Physiologically, in both normal and hypertensive individuals, blood pressure is maintained by moment-to­
moment regulation of cardiac output and peripheral vascular resistance, exerted at three anatom ic sites: arterioles, 
postcapillary venules (capacitance vessels), and heari. A fourih anatomic control site, the kid ney, contributes t o 
maintenance of- blood pressure by regu lati ng the volume of intravascu lar flui d. Baroreflexes, med iated by 
autonomic nerves, act in combination with humoral 
mechanisms, including the ren in-angiotensin­
aldosterone system, to coordinate function at these 
four control sites and to maintain normal blood 
pressure. Finally, local re lease of vasoactive 
substances from vascular endothelium may also be 
involved in the regulation of vascular res istance. 
For example, endothelin-1 constricts and nitric 
oxide dilates blood vessels. 

Blood pressure in a hypertensive patient is 
controlled by the same mechanisms that are 
operative in normotensive subjects. Regulation of 
blood pressure in hypertensive patients differs 
from healthy patients in that the baroreceptors and 
the renal blood volume-pressure control systems 

Pharmacology-48 

2. Capacitance 
Venules 

3. Pump output 
Heart 

4 . Volume 
Kidneys 

~ 
Renin 

) 
Aldoste rone -+-Angiotensin 
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d All antihyfJertensive drugs act by interfering with these appear to be "set" at a higher leve l of bloo pressure . 
normal mechanisms. 

All 
I 

Peripheral 
resistance 

l . ' • ' 

Bar:or~p,or 
~~arge: 

\ - ., 

Endothelial 
autacolds: 

NO 
ET-1 

. Arterial 
I,. I 

pressure 

cardiac 
output 

Captopril Enalkiren 

Al Angiolensinogen 

Moxonidine 
Clonidine 

Me-thy1dopa 

Blood volume 

t 
Na· excretion 

Di uretics 

(Ref Katzung-13'"1170) 

Ganglion­
blocking 

drugs 

'- - - ---- ----------- ---------------------------------------~------------------ - - ~ 

Figure. Diagram showing the main mechanisms involved in arterial bwod pressure regulation and t!te sites of 
action of antihypertensive drugs. ACE, angiotensin-converling enzyme: AI, angiotensin I: All, angiolensin II: 
ET- / , endothelin-1 ; NA, noradrenaline; NO, nitric oxide. 
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Q. Classify antihypertcnsive drugs. (DU-08Ju, CU-I SJ, SU- 17J, 1 IJ) -
Q. Name the important clinically used antihypertcnsive drugs. (DU- I 0Ju , RU- 14.1) 
Q. Name some comniouly used antii1ypertensive drugs. (DU-15.J) 

Drugs acting on CVS 

Q. List the drug · sed in the treatment of hypertension. (SU-09J) 
Q. Categorize 1e anti-hypertensive drugs according to their mechanism of action. (CU- I lJ ,09J) 
1Q. Nam /ft sympatholytic drugs used in hypertension. (SU-07J) · 
,Q. Na e antihypertensive drugs of different group. (DU707J,03S; RU-03.l ) 
,Q. ' m four common groups of anti-hypertensive drugs. (RU-17 J) 
'<2.: ~- e t.h~ ACE inhipito,rs. (PV:J7M,11Jut . . 
Ans. 
Classification of anti-hypertensive drugs according to their mechanism of action: 

I. Diuretics: Lower blood pressure by depleting the body of sodium and reducing blood volume and 
perhaps by other mechanisms. 

a. Loop diuretics 
b. Thiazide diuretics 

2. Sympatholytic drugs: Lower blood pressure by reducing periphera l vascular resistance, inhibiting ' 
cardiac function , and increasing venous pooling in capacitance vessels. 

a. Centrally acting: a-methyl dopa, clonidine, guanabenz, guanfacine. 
b. Peripherally acting: 

• Adrenergic receptor blocker 
:, ~-adrenoceptor blockers: Atenolol, metoprolol, bisopro lol 
:> a-blockers: Prazosin, terazos111, doxazosm, phenoxybenzamine, phentolamine. 
:, Mixed: Labetalol, carvedilol. 

• Adrenergic neuron lockers (a-methyl dopa, guanadrel, guanethidine, reserpine) 

3. Renin-angiotensin-aldosterone svstem inhibitor: 
a. ACE inhibitors: Captopril, li sinopri l, enalapri l, ramipril , quinapril, benazepril , fos inopriL 

moexipri l, perindopril, trandolapril. 
b. A11giote11si11-II receptor blockers: Losartan, valsertan, candesartan, irbesartan, telmisartan, 

eprosa11an, olmesartan. 
c. Direct renin inhibitors: Al iski ren 

4. Calcium channel blockers: Amlodipine, nifedipine, diltiazem, verapami l 
---., 

5. Direct vasodilators: Reduce pressure by relaxing vascular smooth muscle, thus dilating resistance 
vessels and-to varying degrees-increasing capacitance as well. 

Hydralazine 
V Na-nitroprusside. 

Q. Enlist t e f t line antihypertensive drugs. (CU-06J) 
Q. Nam c fu monly used antihypcrtensive drugs. (RU-06S/J ,0SS) 
Ans. 
1st Ii 

In ambulatory patients: 
I. ACE inhibitors (ACEi): Captopri l, lisinopr il , enalapril , ramipril 
2. Angiotensin-II receptor blockers (ARB): Losartan, valsertan 
3. Ca2

+ channel blockers: Amlodipine 
4. Thiazide diuretics: Thiazide 

B. In hypertensive emergency / malignant HTN: 
I . Direct vasodilators: Na-nitroprusside 
2. La beta lol 

(Ref Katzung-13th/ 17!- ! 72) 
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Q. Why the following druj!.s arc first Jim•'! 
Ans - ' 

tst line antihypl'rtcnsivc dru~s Why first line 

1. ACE inhibitors (ACEi) • No postu ra l hypotcnsion . 

2. Angiotrnsin-11 receptor • Addit ional benefit in OM with protei nur ia 

blockers (ARB) ./ fo ll owing Ml 

./ CCF 

3. Ca1
t channel blockers • Add itional benefit in-

./ Asthma 

./ OM 

./ Angina 

./ Arrhythmia 

4. Thiazide diuretics • No postural hypotension. 

• No reflex tachycardia . 

• Inexpensive . 

• Reduces strike in clinical trial. 

Q. Outlin'e th·e therapeutic approach to 'hype'rtension. ·(SU- l 3J u) 
Q. Write down treatment of hypertension? ;: · · . . 
Q. Justifvfcombination use of drugs in _the "tre_atmei,._Cof hyp~rtension. (S·U· -06M) 
.Q. J>lanl the antihypertef!sive agents of ino.,derate hypertensfon? (CU-07Ju). . 
Ans. 
Pbarmacotherapv / treatment of hypertension: 

- _/ .... A--:' Non-pharmacological approach: By life style modification -

I. Dietary restriction: Avoidance of red meat, liver, fast food and high fatty & carbohydrate diet. 
2. Salt restriction 

3. Weight reduction 
4. Smoking cessation 

5. Aerobic exercise 

If above measures failed to maintain normal BP at 120/80 mm Hg then we go for drug therapy. 

B. Pharmacological approach: 

a. Monotherapy: /"' line antihypertensive drugs. 

r I. ACE inhibitors (ACEi): Captopril, lisinopril, enalapril , ramipril 

) 2. Angiotensin-11 receptor blockers (ARB): Losartan, valsertan 
· \ 3. Ca2

+ channel blockers (CCB): Amlodipine 
4. Thiazide diuretics: Thiazide 

The choice of drug depends on-
1. Patient's age and ethnic background. 
2. Cost and convenience. 

3. Response to initial therapy and side-e ffects dictate subsequent treatment. 
4. Comorbid conditions: fo r example-

~~ HTN + Angina - ~ blockers 
I 

• HTN in older people - Thiazide diu reti cs and C B. 
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_, b. Polvthcrapy / polypharmacy: 

I. Combination of 2 drug.\·: Combin ati on or 2 
?ru?s. of two diffe ren t mec han isms. Eg. ACE 
mh1 b1tors (or ARB) plus CCB or ACF. 
inhi bito rs (or ARB) plus thiazidc di ureti cs. 

2. Comhi11atio11s of 3 drug:,: Comb ination of J 
?ru~s. of three diffe rent mechan isms. Eg, ACE 
111h1b1tors (or ARB) plus CCB plus thiaz ide 
diuretics. 

Fig. Antihypertensive drug combinations. 1A = ACE inhibitor 
or ARB. 

2
C = CCB,· 

3 
D = thiazide-type diuretic. -1Consider a 

low dose of sp_ironolactone or higher doses of a thiazide-like 
diuretic. )Consider an a.- or /3-blocker if further diuretic 

therapy is not tolerated, or is contraindicated or ineffective. 
(Ref Davidson's medicine-22m1/612) 

Q. What do you mean by polytherapy in hypertension? 
Ans. 

Step 1 

Step 2 

Step 3 

Step 4 

Aged < 55 yrs 

Dru gs acting on CVS 

Aged> 55 yrs or 
black person 
of African or 

Caribbean family 
origin of any age 

A +C 

A + C + D3 

Resistant hypertension 

A + C + D + consider 
further diuretic4 or 

a- or ~-blockef 

Consider seeking expert 
advice 

Polytherapy in hypertension: In most of the cases, hypertension is controlled by two or more drugs, each acting 
by a different mechanism. This is called polytherapy. 

Objectives / benefits of polytherapy 
(1;- To achieve optimal BP control. 

2. Low-dose therapy with two drugs may produce fewer unwanted effects than treatment with the maximum 
dose of a single drug. 

/ 

/3 . Some drug combinations have complementary or synergistic actions; for example, thiazides increase 
activity of the renin-angiotensin system while ACE inh ib itors block it. 

(Ref Davidson 's medicine-21"1/612) 

Q. Define hypertensive emergen'cy? ,. ··,: 

Q. Mention the policy/ principles to treat a patient with hypertensive emergency. 
·Q. Outline the rug treatment of hypertensive crisis. (RU-08.J,07M) 
Q. How will ou treat a case of hypertensioh with blood pressure 180/110 mm Hg? (CU-06J; SU-03S) 
Q. Categ 1ze the drugs that can be used for Mrs. Lovely who has a mean blood pressure of 180/100. (SU-

1" ) 

rtensive emer enc nant HTN: 
Hypertensive emergency is a rare but life-threatening situation characterized by severe elevati ons in blood 
pressure (systolic greater than 180 mm Hg or diastolic greater than 120 mm Hg) with evidence of impending 
or progressive target organ damage (for example, stroke, myocard"ia l i11farct ion). 

(Ref Lippincott 's-61"1237) 
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Principles of management of hypertensive eme rge ncy: 

\ . Hypertensive emergencies require timely blood pressure red ucti on with treatment admi nistered 
intravenously to prevent or limit target organ damage. 

2. Parenteral antih)1pertcnsive medications are used to lower blood pressure rap idly (with in a few hours). 
3. As soon as reasonable blood pressure control is achieved, oral antihypertens ive therapy shou ld be 

substituted, because thi s allows smoother long-term management of hypertensio~. . , 
4. The goal of treatment in the first few hours or days is not comp lete nonna l1 zat,on of blood press ure 

because chronic hypertension is assoc iated with autoregulatory changes in . cer~bi:a l_ blood fl ow. Thus, 
rapid normalization of blood pressure may lead to cerebra l hypoperfusion and bra111 1n_J ury. 

5. Rather, blood pressure should be lowered by about 25% , mai ntain ing diastolic blood pressure at no less 
than 100-110 mm Hg. 

6. Parenteral drugs used to treat hypertensive emergencies 
a. Nitric oxide vasodilators: Nitroprusside and nitrnglyceJjn. _ 

( b. Adrenergic receptor antagonists: Phentolamine, esmolo l, and labetalol 
) c. Dopamine agonist: Fenoldopam 

d. Calcium channel blockers: Nicardipine and clevidipine. 
'- e. Vasodilators:Diazoxide, Hydra lazin~, 

(Ref- Katzung-1311,/ 187: Lippincolt 's-61hl23 7) 

Nice to know 
Preferred parenteral drugs for selected hypertensive emergencies: Treatment is directed by the type of target 
organ damage present and/or comorbidities present. 

• Hvvertensive encephalopathy Nitropruss ide , Nicardipine, Labetalol 

• Malignant hypertension (when IV therapy is Labetalol, Nicardipine, Na-nitroprusside, Enalapril 
indicated) 

• Stroke Nicardipine, Labetalol, Na-nitroprusside 

• MI or unstable anf!ina Nitroglycerin, Nicardipine, Labetalol, Esmolol 

• Acute left ventricular failure Nitroglycerin, Enalapril, loop diuretics 

• Postoperative It vpertension Nitroglycerin, Na-nitropruss ide, Labetalol, Nicardipine 

• Pre-eclampsia or eclampsia Hydralazine, Labetalol, Nicardipine 
/// (Ref: Harrison s med1cme-f 8 edwon) 

Hypertensive urgency: A severe elevation in blood pressure without evidence of target organ damage is 
considered a hypertensive urgency. 

(Ref Lippincott 's-6'"12 3 7) 
Resistant hypertension: Resistant hypertension is defined as blood pressure that remains elevated (above goal) 
despite administration of an optimal three-drug regimen that includes a diuretic. lhe most common causes of 
resistant hypertension are poor compliance, excessive ethanol intake, concomitant conditions (diabetes, obesity, 
sleep apnea, hyperaldosteronism, high salt intake, and/or metabolic syndrome), concomitant medications 
(sympathomimetics, NSA!Ds, or antidepressant medications), insufjicient dose and/or drugs , and use of drugs 
with similar mechanisms of action. 

(Ref Lippincoll 's-61"12 3 7) 

Q. Which drug is to be prescribed in a hypertensive patient with BPH? (CU-OSJ) 
Ans. 
Antihypertensive drug for a patient with HTN and BPH: Tamsulosin 
It is_ a a,A recept?r blocker present in the neck of the bladder, urethral sphincter and prostate. a1" receptor 
mediate contr~ct1on of smooth muscle. So, Tamsulosin by blocking a1" receptor med iates smooth musc le 
re laxa on t relieve urinary retention ofa pt. of BPH . 

ist_ e dr~gs used i~ the treatment of hypertension associated with asthma. (SU -09J) 
_ch ant~ hypcrtens~ve agent do you prefer in diabetes mcllitus? (SU-06M) 
1ch anh hypertens1ve agent do you prefer in bronchial asthma? (SU-06M ) 
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An·. 
HTN with other co-morbid conditions: 

Co-morbid conditions I ' ;t.-. ·-~J 
~ . . .. , ... J Antihypertensive therapy,;, h};:;11·:ff Jt-. ~:i 

' 
HTN + Hig 1 coronary disease risk Diuret ics, ~-blockers, J\CE inhibitors, Ca-channe l blockers 

1 -ITN + Heart failure Diuretics, 0-blockers, ACE inhibitors, ARBs, A ldosterone receptor 

antagonist 

:;i:fTN + Diabetes mcllitus Diuretics, ACE inhib itors ARBs Ca-channel blockers 
, / 

. -... "- ' , 

:JfITN + Bronchial asthma Ca2
; channel blockers ARB Diuretics (Ac (~ '; "\ &"--=b1iA. " ' , 

~HTN + Recurrent stroke Diuretics, ACE inhibitors 

HTN + Previous myocardial ~-blockers, ACE inhibitors, Aldosterone receptor antagonist 

infarction 
HTN + Chronic renal disease ACE inhibitors, ARBs 

HTN + Pregnancy a-Methyl dopa, Hydralazine, Ca2
+ channel blockers 

1/1 (Ref' Ltppmcott s-6 122B) 

Q. A male ~ypertensive patient 'Of 40 yea.rs is also suff~r111g from brnnchial 'asth.ma and angina. Select an 
antihypertensive drug from him with justification. Mention its adverse··effects. (RU-13Ju) 

1

Q. A. 40 years old patient suffering from moderate hyperten_sion with bronchial asthma. What are the 
options of .anti-hypertensive to .be u.sed "'.ith justififatioil in such case? (RU-1'2Ju) 

Ans. 
Antihypertcnsive drug for patient with bronchial asthma and angina 

I. Angiotensi n-11 receptor blockers (ARB) 
2. Ca2

; channel blockers (CCB) 
3. Diuretics 

At first, I will start with a ARB. If not controlled, then I wil l add a CCB and/or a diuretic (preferably thiazide / 
indapamide) along with ARB. If not still controlled, then I will add a third drug either CCB or a diuretic. 

Justification: These drugs are not contraindicated in bronchial ast ,ma and angma. 
1. Angiotensin-11 receptor • It has no effect on bradykinin leve l no dry cough. 

blockers (ARB) • First choice in a patient below 55 years. 

2. Diuretic (thiazide) 

3. Ca2
+ channel blockers 

• No postural hypotension. 
• No reflex tachycardia. 
• Lower incidence of angioedema or skin rashes. 
• Do not affect male sexual function. 
• No postura l hypotens ion. 
• No reflex tachycard ia . 
• Inexpensive. 
• Red uces strike in cli nica l trial. 
• Diuretics are usuall y added to combat hyperkalemic effect of ARB. 
• It has no effect on braclykinin level no dry cough . 
• Do not impair renal perfus ion. 
• Do not affect male sexual function. 
• No deleterious effect on serum li pid profil e, electro lyte ba lance & uric 

acid leve l. 
• No I minimal effect on qual ity of life. 
• Additional benefit in 

../ Asthma 

.,; OM 

, -+ 
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I ./ An gina J 
L.. _____ _____ _1.._ ___ ,1_ .:._A:.:.r:..:rh'..l..y.:.:lh.:.:.n:.:.:1i~a ________________ _ 

Na1ne tl e'~lrug of choice that can safely be 11sed to man·age HTN in pregnancy. (SU-07J) 
hat ptions are available for gestational hypertension? Explain the mechanism of action and adverse 

effc s of any drug. (RU-16Ju, l4Ju) 
ady of 27 years is in her 1st trimester of pregnancy. Her BP is 150/100 mmHg. What are the options 

f ~ntihyperteusive 4rugs to be used with justification?. (Rµ-1 OJu) 
Ans. 
Antih · erte-ns\1 ·u s that can be used safely in re 1nanc / Druos for 1estational h ertens ion: 

l ~ thyl do la: Drug of choice 
2. a crnm cliannel blockers (especially nifedipine) are common second- li ne drugs 
3. H ralazine- reserved for emergency reduction of blood pressure in late pregnancy. 
4. -blocke!s (labetalol and atenolol) are often effective and are probably the drugs of choice in the th ird 

tri mester. 
(R~f- Bennet & Bruwn-1 J th) 

Nice to know 
• Diuretics reduce the chance of developing pre-eclampsia, but are avoided in pre-eclampsia itself because 

/ tfrese ~ati:n:s already hav: a co~tracted circulatory volume. . . 
/' ACE mhtbttors and ang10tensm II receptor blockers (A RBs) are bsolutely contramd1cated during 

pregnancy. They cause major malformations after first-trimester exposure anZt jetcd - eat , typlca!ly mid-
trimester. -------- -- --(Ref Bennet & Brown-I J lh) 

~-blockers 

Q. How does P-blockers lower elevated blood pressu re'? (RU-1 SJ) 
Q. Ho,, cardio-selective p blocking drug lowers the BP? (DU-04M, CU-OS J) 
Q. H does atenolol lower BP? (DU-l 4Ju, 11 J, RU-09/08Ju) 

stify the use of atenolol as anti-hypertensive. (SU-1 SJ) 
I . 

echanism of action of J3-blockers / a~fnolol as an anti hypertensive drug: 

~-blockers I Atenolol (3-blockers / Atenolol 

! ! 
Blocks ~1-receptors on heart Blocks ~1-receptors on JG cells of kidney 

! ! 
!Heart rate & Force of contraction !Renin secretion 

! ! 
!Cardiac output Total inhib ition of renin-angiotensin-a ldosterone sys tem 

! ! 
!B lood Pressure Yasodilatation 

! 
!Periphera l Resistance 

! 
! 8 lood Pressure 
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Q. \fri} down the mechanism of action of propranolol. (DU-09Ju) 
~(,anon-selective blocker lowers the BP'/ (CU-03S; RU04.I) 

Mechanism of action of propranolol as an anti hypertensive drug: 

Propranolol 

l 

Drugs acting on CVS 

Propranolol 

l 
Blocks ~1-receptors on heart Blocks ~1-receptors on JG ce lls of kidney 

l l 
tHeart rate & Force of contraction tRen in secretion 

l l 
!Cardiac output Total inhibition of renin-angiotensin-aldosterone system 

l l 
! Blood Pressure Vasodilatation 

l 
!Peripheral Resistance 

t 
!Blood Pressure 

Blocks pre-synaptic ~r receptor Blocks ~r receptor of VMC 

l l 
Negat ive feedback regulation / Autoregulation !Sympathetic & j Parasympathetic discharge 

l l 
!Release of adrenaline/NA from nerve Vasod i latation & l Cardiac output 

terminal 

l 
!Blood Pressure 

B-Adrenoceptor 
blockers 

l 
l BI ood Pressure 

~1 adren oceptors I_. Cardiac I 
Activation of I a---- -----1 

on the he art I output _, 

n Peripherol I,_ .. ....._ .J resistance 1 

.------, a_:·_ Renin 

a Activat ion of ./ 
~1 adrenoceptors / 

on kidney 
----- a Aldoste rone 

J/ a~;diu~, ".'later '---•• 
retention i 

- ~---· --· - I 

t ' 
Angiotensin II 

Blood 
volu me 

Fig. Actions of ~-blockers. 

Thm , utic uses o · 1-blockers as anti-ht 1ertensives 

Decrease in 
blood pressure 

( Ref Lippincott 's-6111/2 3 0) 

These are no longer used as first-line antihyperte11sive therapy, except in patients with another 
indication for the drug (e.g. angina). 

(Ref Davidson 's-22'"1/61 2) 
• The primary therapeutic benefits of /3-blockers are seen in hypertensive patients with concomitant heart 

disease, such as supraventricular tachyarrhythmia (for example, atrial fib rillation), previous myocardial 
infarction, angina pee tor is, and chronic heart fa ilure. 

(Re[' Lippincott 's-6'1'!2 3 J) 

Pharmaculugy-49 
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Q. l tis the role of p blockers in angina/MI'! 
· J stify the use of atcnolol as anti-anginal. (SU-15.1 ) 

xplain the anti-anginal effects of propranolol. (DU- I 6J) 
Ans. 

Role of P blockers (propranolol, atenolol) i1 angina/ Ml: 
l. They reduce the severi ty and frequency of angina I attack. 
2. They improve exercise tolerance in ma1rypatients with angina . 
3. They are particularly effective in patient with MI. Long-term use of timolol, propranolol, or mctoprolol 

in patients who have had a MI prolongs survival. 
4. When combined with nitrate, they increase the exercise durat ion and tolerance. 

Mechanism of anti-angina! action of P-blockers 

~ blockers block ~1 receptors on heart 

! 
!HR and force of contraction 

! 
!Cardiac work 

! 
Reduction of cardiac 0 2 demand 

! 
Relief o anginal pain. 

tare the adverse effects of P-blocking drugs? (C U-08J, RU-I OJu, SU-04M) 

dverse effects of P-blocking drugs/ propranolol: 

CVS adverse effects • Bradycardia 
• Hypotens ion 
• Cardiac conduction abnormalities (cardiac arrhythmias) 
• Cold extremities due to decreased peripheral circul at ion . 

(Ref Katzung-13'"! 163) 

• Exercise intolerance (i 2 blockade impairs vasodi!ation in skeletal muscle::,) 
CNS adverse effects • Sedation 

• Sleep disturbance (Insomnia, Nightmares) 
• Depress ion 
• Su icidal tendency (in case of long term use) 

Others • Bronchoconstriction 
• Dyslipidaemia 
• Prolongation of hypoglycemia 
• Sexual dysfunction in men 

111 , Iii ) (Ref Katzung-13 /165, Goodman & Gt/man s- ll /283,287-288 (Tab le 10-6)) 

/ 

QP'When the use of P-blockers in a patient with HTN is contraindicated? 
s. 

Relative contraindications of P-blockers: 

2-': 
/3. 
K 
-( 

Bradycard ia 
Heart block 
Moderate or severe left ventricular fa ilure 
1-lypotension 
Shock 

,K. Active airways disease such as asth ma. 
/. Severe periphera l vascu lar disease 

(Ref Katz 11ng- J l 1! J 63-16-1,· Lippincott 's-6'"123 f) 



Q. How to withdraw P blockers? 
/\nS . 
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Q.._blocker withdraw phenomenon: ~ blocker should be withdrawn slow ly. Sudden withd rawa l o/' P blockers 
causes severe rebound hypertension which may be dangerous. 

Chronic admi nistrat ion of ~ blockers for hypertension results in up-regu lation of f3
1 

receptor. 
l 

Sudden withdrawal of~ blockers . 
l 

Endogenous catecholamine now can act on more ~
1 
receptor than previous. 

l 
Severe hypertension 

~ blocker withdraw phenomenon is more prominent in ~
1 

selective and least for drugs having partial ago ni st 
property. 

How to withd raw P blockers: Reduce the dose over 10-14 days and then withd raw it. 

Nice to know 
Metoprolol & Atenolol 

/l Metopro lol and atenolol, wh ich are cardioselective, are the most widely used p blockers in the treatment 
~ f hype1tension. 
• Relative cardioselectiv ity is advantageous in treating hype1tensive patients who al so suffer from asthma, 

diabetes, or peripheral vascul ar disease. 
NdY'-.sill_~""(_ =:/ G . 

Bisoprolol ~ "-'<>-:Sec.~~ 

• Bisoprolol are ~ I-se lective blockers that are primarily metabolized in the liver but have long half-lives. 
• Because of these relatively long half-l ives, these drugs can be admin istered once daily. 
• Bisopro lol is usually begun at a dosage of 5 mg/d. 

Labetalol 
• Labetalol blocks both a. and~ ad renoceptors. These drugs have additional vasod ilating effects . 
• Labeta lol has a 3: 1 ratio of ~:a antagonism after oral dosing. 
• Blood pressure is lowered by reduction of system ic vascular res istance (via a blockade) withou t 

signi ficant alteration in heart rate or cardiac output. 
• Because of its combined a- and ~-blocki ng activity, labeta lol is usefu l in treat ing the hypertension of 

pheochromocytoma and hypertensive emergencies. 
• Oral daily doses of labetalo l range from 200 to 2400 mg/d. 
• Labeta lol is given as repeated intravenous bolus injections of 20- 80 mg to treat hypertensive 

emergencies. 

Carvedilol 
• Half- Ii fe is 7- 10 hours. 
• The usual starting dosage of carvedi lol fo r ordinary hypertension is 6.25 mg twice dai ly. 
• Carvedi lol reduces morta li ty in pati ents with heart fa ilure and is therefore particularly useful in patients 

with both heart fai lure and hypertension. 

Esmolol 
• Esmolol is a~ I-se lecti ve blocker that is rap idly metaboli zed vi a hydro ly i by red bl ood ce ll esterases . 
• It has a short half-li fe (9- 10 min utes) and is ad ministered by intravenou · infusion. 
• Esmolol is genera ll y administered as a loading dose (0.5- 1 mg/kg), fo ll owed by a constant infusion. 
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• Esmolol is used for management of intraoperative and postoperative hypertension, and sometimes r; 

hypertensive emergencies. (Ref Katzung-13°'1180) 

Prazosin and other a-blockers 

Q. Expl n the role of prazosin in hypertension. (SU-0SJ) 
Q. tare the pharmacological actions of a-blockers? (SU-04M) 

1S 
chanism of action/ role of Prazosin Terazosin, and Doxazosin in hypertension: 

azosin, terazosin, and doxazosin produce most of their antihypertensive effects _by _selectively ~locking a I 
receptors in arterioles and venules. Alpha blockers reduce arterial pressure by dilatmg both resistance and 

capacitance vessels. 

Prazosin / a-blockers 
! 

Blocks 11 receptor on arteriole, pre-capillary sphincter, so noradrenaline cannot bind with that receptor 

! 
!Phospholipase-C (PLC) 

! 
!DAG & !IP3 & !Ca2

+ influx 
! 

Vasodilatation 
! 

!PR 
! 

!BP 

Nice to know: Information on a-blockers 

(Ref Katzung-J 3°'1180) 

• As expected, blood pressure is reduced more in the upright than in the supine position. 
Retention of salt and water occurs when these drugs are administered without a diuretic. 
The drugs are more effective when used in combination with other agents, such as a fJ blocker and a 
diuretic, than when used alone. 

(Ref Katzung-13°'! 180) 
• These drugs cause only minimal changes in cardiac output, renal blood flow, and glomerular filtration 

rate. Therefore, long-term tachycardia does not occur. 
Reflex tachycardia and postural hypotension often occur at the onset of treatment and with dose 
increases, requiring slow titration of the drug in divided doses . 

. • Due to weaker outcome data and their side effect profile, a-blockers are no longer recommended as 
initial treatment for hypertension, but may be used for refractory cases. 

(Ref Lippincott 's-6'"1235) 

Q. ih tare the adverse effects of a receptor blockers? (CU-04J; RU-14Ju, SU-09Ju,06S) 
Q. ntion the adverse effects of prazosin. (DU-l 3Ju) 

verse effects of a-receptor blockers/ Prazosin: 
I. Cardiac: Postural hypotension, reflex tachycardia (they are less marked in prazosin) 
2. Eye: Miosis 
3. GIT: Diarrhea, vomiting. 
4. Others: Ejaculatory failure, nasal decongestion, flushing, headache, dizziness. 

(Ref Goodman & Gilman 's-12th) 
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~ iva Q._ What is first-t~ose effect? . , . , 
Ans. Ftrst-dose effect. The first dose of the a1 blocker drugs produces an exaggerated ortlwstattc hypoten.Hve 
response that can result in syncope (fainting). This action, termed a .first- dose effect, may be minimized by 
adjusting the first dose to one-third or one-fourth of the normal dose and by giving the drug at bedtime. 

, ~ --m:,-, (Ref Lippincott 's-6
111
189) 

*-12!)'0-,-f V:) .e_ -z\'' ~ - ' .z '->' 

' I . \ - ' K...--, C'.., ~ 
~ _..l _Q ~ 

\' 

ethyl dopa. (DU-17J,15Ju,11Ju) 
e I dopa reduces blood pressure? Mention its adverse effect. (SU-07J) 

n anti hypertensive action of a-methyl dopa. (SU-17 J) 
s. 

a-methyl dopa: Methyldopa is an a2 agonist that is converted to methylnorepinephrine centrally to dimini sh 
adrenergic outflow from the CNS. a-methyl dopa ia an analogue of L-dopa (dopa is the precursor of dopamine 
/N A /adrenaline). 

Pharmacokinetics: 
I. Less than 1/3 of oral dose is absorbed. 
2. Onset: Within 4-6 hours. 
3. Duration: 12-24 hours. Daer~~ 

~ c~~ 
(,) ,.,..__l ~\ <>._, .. ..r 

chanism of action of a-methyl dopa: a-methyl dopa converts into a-methyl NA in the brain, a-methyl NA is 
a false NT & a potent ar agonist. a-methyl NA then binds with the pre-synaptic a2 receptor & causes decreased " 
adrenergic outflow from brain. Ultimately this leads to decreased total penpheral resistance & decreased BP. (NA: 
Nor Adrenaline; NT: Neurotransmitter) 

ommon: Hypotension, persistent mental lassitud i~ paired metal concentration) -) ~~\ 'f'-1::..~ - - __, ~ J 'J 

2. Less common: Nightmares, depression, vertigo, extra-pyramt a symptoms, lactation (both in male & 
female), hypersensitivity. 

3. Positive Coombs test. 
4. Rare: Hemolytic anemia, hepatitis and drug fever. 

Advantage of using: 
I. It can be used in HTN with renal insufficiency, because cardiac output is not decreased & blood flow to 

the vital organ (e.g. kidney) is not diminished. 
2. No Postural hypotension. 

(Ref Katzung-13 th/ 175-176; Rang-Dale-5th/178, 181; Tripathi-611'/547; Lippincott 's-6th/236) 

Clonidine 
Clonidine: rt is a partial ar agonist. 

Mechanism of action: Clonidine inhibits sympathetic vasomotor center - Decrease adrenergic outflow from 
brain . Ultimately this leads to decreased total peripheral resistance & decreased BP. 

Indications: 
I. Occasionally used in combination with diuretics in mild to moderate HTN . 
~ Post-menopausal women: To reduce vasomotor symptoms. 
~ - 1grame. 

Advantage of using: Clonidine does not decrease renal blood flow or glomerular filtration. So, it can be used in 
HTN complicated with renal insufficiency. 

(Rel Lippincott 's-6th) 
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Adverse effects: 

I. Retention ofNa" & H20 .- May causes edema (So, administered a long with diuretics). 
2. Rebound HTN after abrupt withdrawal (So, shou ld be withdrawn slowly). 
3. Postura I hypotens ion 
4. Bradycardia 
5. Dryness or mouth , eyes & nasal mucosa (Due to tcentral action). 
6. Constipation (Due to tintestinal secretion) 

(Ref Rang Dale-5'111179; Tripathi-6'"1546; Lippincott 's -6th) 

.. ··· V d.l t ... · · · · · · - · > "·~ :,:"-,'·,,.,,,,.,:,(··, aso I a ors <.· ·, :,·.,., .. ·· . -/,: ; .. -- ·_ -. . . ~ ' . ., ... ~ . : ·.~:-i\,,.~ ' •/ ,.~ ~ _,,.,_1• • 

Q. Name the vasodilators used to treat hypertension. (RU-09Ju) 
Q. Classify vasodilators . 
Ans. 
Classification of vasodilators: 
A. According to route of administration: 

Parenteral vasodilators 

Oral vasodilators 

B. Accord in to site of action : 

Arterial 

Both arterial & venous 

C. According to nature of action: 

(Ref Katzung-13th/ 180-181) 

Direct vasodilators • Na-nitroprusside, Diazoxide, Hydralazine 
Indirect vasodilators • Ca channel blockers 

• ACE inhibitors 
• Angiotensin-II receptor blockers 
• Renin release inhibitors: ~-blockers 

D. According to mechanism of action: 

Mechanism Vasodilators 
~ elease of nitric oxide from drug or endothelium N itro~russide, hydralazine, nitrates, 

~ histamine, acety lcholine 
Reduction of calcium influx Verapamil, diltiazem, nifedi p ine 
Hyperpolarization of smooth muscle membrane through ~inoxidil, diazoxide 
opening of potassium c hannels -
Activation of dopamine rece ptors Fenoldopam 

(Ref Katzung-13th/ !81) 
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Direct vasodilators 

Na-nitroprusside 
Nitroprussi e is a complex of iron, cyanide groups, and a nitroso moiety. It is rapidly metabolized by uptake into 

re~dlo . ells wit~ liberation ~f cyanide. 

M . msm of action of Na-mtroprusside: 
, Na-nitroprusside 

! 
Nitric oxide (NO) release 

! 
Vascular smooth muscle relaxation 

! 
Dilatation of arterial and venous vessels 

! 
Reduced peripheral vascular resistance and venous return 

! 
Reduction of blood pressure. 

Route of administration: IV 

Indicat~ 
/ · ~ rtensive e~ , 

2. Severe / refractory heart failure 
3. For controlled hypotension during surgery to reduce bleeding. 
4. Aortic dissection (along with~ blocker). 

Adverse effects: 
Y. Profound hypotension 
2. Due to accumulation of cyanide: 

AfJ Severe lactic acidosis 
)j Arrhythmia 
s} Excessive hypotension 
~ Death 

y rhiocyanate toxicity is manifested as -
a) Weakness 
b) Disorientation 
c) Psychosis 
d) Muscle spasm 
e) Convulsion 

4. Hypothyroidism (Rare) 
5. Methemoglobinemia 

Limitations of Na-nitroprusside in emergency hypertension: 

(Ref Katzung-13th/182) 

(Ref Katzung- l 3th/182) 

. Short duration of action . Only 3 minutes. Average 1- l O minutes. (Duration of action of di azoxide 4-1 2 
hours). 

f It requires continuous fY infusion due to its short half-life. 
}-; Due to its thiocyanate toxicity, it requires close monitoring. 
)< Cannot be used in patients with hepatic and renal disease. 
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Diazoxide 
Diazoxide is an effective and relatively long-acting parenterally administered arteriolar dilator. 

Mechanism of action: Opening of K+ channel in smooth muscle membranes of arterioles - Hyperpolarization 
._ stabilization of the membrane potential at the resting level - No depolarization - No vascular smooth 
muscle contraction - Vasodilation - !BP. 

Indication: Hypertensive emergency 

Adverse effects: 
I . Excessive hypotension leading to stroke and myocardial infarction 
2. The reflex sympathetic response can provoke angina, cardiac failure in patients with ischemic hean 

disease. So, should be avoided in such situation. 
3. Hyperglycemia by inhibiting insulin release from the pancreas. 

(Ref Katzung-l 3th/182-183) 

Q. Why diazoxide not Na-nitroprusside is the drug of choice in the management of emergency 
hypertension? 

Ans. 
Advantages of diazoxide over Na-nitroprusside: 

I . Long duration of action ( 4 - 12 hours) 
2. Can be given orally in emergency hypertension. 
3. No chance of thiocyanate toxicity. 
4. Does not require monitoring. 

Disadvantages / limitations of diazoxide 
I. Excessive hypotension (that 's why dose should be started with 50-15 0 mg rather than 300 mg) - leads to 

stroke, MI. ~ 
2. Causes salt and water retention. . 

Mechanism of action: Same as Diazoxide 
Indication: 

inoxidil 

I. Severe to malignant hypertension which don 't respond to other drugs. (Minoxidil must be used m 
combination with afil,!Q_cke~~ & ~I~ <i_iur!!ic) 

2. 1-topecia: To_v ical Minoxiail is now used as a stimulant to hair growth for correction of baldness. 

Adverse effects: 
I. Headache. 
2. Sweating. 
3. Hirsutism in women. 
4. 1 achycardia, palpitations, angina, and edema are observed when doses of ~-blockers and diuretics are 

inadequate. 
(Ref Katzung-l Jth/181 + Lippincott 's-6111/236) 

Hydralazine 
Mechanism of action: Dilate arterioles. But the mechanism of vasorelaxation is unclear. 

Pharmacokinetics: 
,;(' Well absorbed after oral administration 
f. I st pass hepatic metabolism 
,)':Highly tissue binding 



- 4. Metabolism by acetylation 

..__ ---Adverse effects: 
!(° Headache 
~ Nausea 
~ Anorexia 
j. Palpitation 
5.,.- Sweating 
{ 

~ Flushing 

duced hypertension . 
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7. In ~atient~ with _ischemic heart disease, reflex tachycardia and sympathetic stimulation may provoke 
angma or 1schem1c arrhythmias. 

8. SLE like syndrome 
9. Peripheral neuropathy in slow acetylators. 

(Ref Katzung-! Jth/ 181 + Lippincott 's-6'hl236) 

Q. Why the duration of action of hydralazine is 12 hours, though its half-life is 1 hour? 
Ans. Due to its active metabolites. 

Q. How hydralazine causes tachycardia/ tachyphylaxis? 
Ans. 

Hydralazine 
t 

Vasodilation 
t 

tBP - Reflex tachycardia 
t 

JGFR 
t 

jRenin secretion 
t 

j Angiotensin II and aldosterone 
t 

jSalt & water retention 
t 

Tachyphylaxis ~ A ~~c~~ "r ~ v-v-o po-r-t-L-
Treatment of tachycardia: 

Hydralazine + ~ blocker 
Hydralazine causes tachycardia, while p blocker decreases tachycardia. 

Treatme.nt of tachyphylaxis: 
Hydralazine + Diuretics 
Hydralazine causes salt & water retention . 
Diuretics increases salt & water excretion - Tachyphylaxis overcome. 

Q. As a vasodilator, hydralazine does not produce hypotension. Why? 
Ans. 
Hydralazine does not produce hypotension 

I. Due to venous resistance. 
2. Reflex tachycardia 
3. Hydralazine stimulates epinephrine release. 

Pharmacology-SO 
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Fenoldopam 
Fenoldopam is a periphera l arteriolar dilator. It acts primarily as an agonist of dopamine D, receptors, resulting in 
dilation of peripheral arteries and natriuresis. 

Indications: 
I. Hypertensive emergency 
2. Postoperative hypertension 

Adverse effects: 
I. Reflex tachycardia 
2. Headache 
3. Flushing 
4. Increased intraocular pressure 

(Ref Katzung- ! Jth/183) 

Q. Justify combination of direct acting vasodilators and diuretics with p blockers? 
Ans. 
Combination of direct vasodilators & diuretics with p-blockers: Vasodilatation and diuresis will stimulate the 
rennin-angiotensin system, and tum non-renin dependent hypertension into renin-dependent hypertension. 
Addition of beta blockers in these conditions can antagonize the release of rennin, and thus blood pressure wi II be 
controlled properly. 

(Ref Bennett, Brown-I J th) 
Nice to know 
Vasodilators work best in combination with other antihypertensive drugs that oppose the compensatory 
cardiovascular responses. 

(Ref Katzung-13'"1180) 

Q. "Vasodilator therapy does not cause orthostatic hypotension or sexual dysfunction."- Explain. 
Ans. 
Vasodilator therapy does not cause orthostatic hypotension or sexual dysfunction: All the vasodilators that 
are useful in hypertension relax smooth muscle of arterioles, thereby decreasing systemic vascular resistance. 
Sodium nitroprusside and the nitrates also relax veins. Decreased arterial resistance and decreased mean arterial 
blood pressure elicit compensatory responses, mediated by baroreceptors and the sympathetic nervous system, 
as well as renin, angiotensin, and aldosterone. Because sympathetic reflexes are intact, vasodilator therapy does 
not cause orthostatic hypotension or sexual dysfunction. 

/Ref Katzung-13'"1180) 
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Ca2+ channel blockers 
Q. Describe the calcium channels present in the body. (CU-l 6Ju) 
Ans. 
Types of Ca2+-channels: 
A. d' h 2+ Accor mg- tot e ooening duration of Ca channel: 

Type Location 
L-type (L for long lasting) Cardiac, skeletal , smooth muscle, 

neurons, endocrine cells, bone 
T-type (T for transient period) Cardiac muscle, neuron 
N type Neurons, sperm 
P/Q Neurons 
R Neurons, sperm 

• Ca
2
+ channel blockers act mainly by blocking L-type Ca2+ channel 

• Ca
2
+ channel blockers act on arterial end. 

Properties of the Ca2
+ Current 

Long, large, high threshold 

Short, small , low threshold 
Short, high threshold 
Long, high threshold 
Pacemaking 

B. According to opening selectivity of Ca2+ channel: 
r Voltage gated Ca2+ channel: Exclusively blocked by Ca2

+ channel blockers 
V Receptor operated Ca2+ channel: Blocked by p blockers. 

(Ref Katzung-1311
'/ J 99) 

rQ~Classify,Ca:+channelbiockers. , , . , .t'~_'f::
1
'~; -i,·, 

Q. Enumerate Ca2
+ channel-'blockers. (DU-12J, RU-1 6J) - , .. · r· '.:. 

'Q. Enumerate Ca2
+ channel' blockers indicating their sf;lectivity. (SU-l 7M) :/: ' · 
C 2+ ' ( ' J 1Q. Enumerate"fi .e a channel blocker~. DU-14Ju;13 ) • 

iQ. How a2+ annel blockers are catego'rized? (Sµ-1'4-J) . ' · · 
(1. N~ £ . (!hree) iJ!lp_ortant Ca

2
_+_ clia_n!_lel ~lo~kers. (DU- I_6!,l4._J:)__ _! .:., ~,"''·"'.:."'"'". 

Ans 
C ss· 1cation of Ca2+ channel blockers CCB : 

According to chemical structure: 

. Dihydropyridines 

B. Accordinf! to dev ee of selectivity: 
1. CCB acting on both cardiac & vascular 

smooth muscle 
2. CCB acting mainly on vascular smooth muscle 

. 

First generation 
/ Nifedipine 
Second generation 
~ Amlodipine 
1/f elodipine 
. .I"' Nicardipine 
,,,.- Nimodipine 

lsradipine 
• Nisoldipine 
• Nitrendi ine 

/oerapamil 
iltiazem 

,a' Amlodipine 
~ Nifedipine 
• Nicardipine 
• Nimodi pine 

(Ref Lippincott 's-6'h/234) 

', ' (Ref l1ppinco11 s-6111/234; Katzung-l 3th) 
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,Ni{e to know , 

~ I 
1+ • • 1 . u I , . . ·tive ca·· channels (l -type or slow 

; 0 e of Ca channels m vascular smooth muscles a,ul cardtac muse e. r O tage-s enSI d AV d 1 .11 . 
· h l ) d. . , . . h I d . d ' . yocytes and SA) an no a ce s ,n c anne s me ,are the entry of extracellular Ca· into smoot muse e an car ,ac m . . - lb . 

· d . . , . c 2 · is a tngger f or c:ontrac:t,on. a ell 
resp onse to electri cal depolarization. In both smooth muscle and car 1ac myoc:ytes, a 2 , I - . 
b diffi · · ' 2 bl k , · hi bit Ca channe Jun clfon. In 
Y I erent mechanisms. Ca· channel antagonists, also called Ca enl!y oc ers, ,n d . 

vascular smooth muscle, this leads to relax ation, especially in arterial beds. These drugs also m ay pro uce negative 

inotropic and chronotropic effects in the heart. (Ref Goodman & Gilman ·s-1 2',,) 

.... .,!... 

xp in antihypertensi've,actii:Jl ~l.aihioctiJfo~:1 fD1:f.:.df:i2'.r-;:wi<>'Jftt~C0-Q,5M,.~1?'1l l,J,O,~J, ~p-l lJ,09J) 
:: :t,t' ~' \ ~~ _,..Ji~• (1 µ ''->. ~ P< r"I.. " i:"t:i,l ~ r">ll \ '~ I t,r. 'ti_; ' "f ) l _ ..,; " ,.~ • • 

M tion how amJpdipine ,reduces/616od··pr,esstfr ~~.(D~.:j6J;114J,~lJ-:·t5Ju - . , . · ., ·,. · ... : _ 
plain antihyperten:si_ve.·a~ti~-~ ~f tliliiazem:_·,rnu~12JufJ)· '.~ ·.·,". -""'>:- ,.· ;''•' .;' .:? . . ·, 

xplain antihyperte~sive ~.cfio-:n' of nife_ciipine._ (S°U~.1 ;J J,01J~;·,qBJ, RJ] .'.03!) ·. •' 
Explai!) __ antihy_pert~n$.iv~t~ctjo'rr:,9'(dJ!ti~ilm! °(S_µft.i:1Jt, lQi;04'Jf ;:f _; .. t. -. ·-.,_>;. 

ns . 
Mechanism of action / Antihypertensive effect of Ca2

+ channel blockers (CCB): 

1. Action on cardiac muscle: CCBs (Verapamil, diltiazem) decreases heart rate and force of contraction of 
heart muscle. 

Binds with the L-type Ca2
+ channel in cardiac muscle 

t 
Decrease the frequency of opening of voltage gated Ca2+ channel in response to depolarization. 

Decreases Ca2+ influx 

• Decrease in SA pacemaker rate and AV node conduction velocity -+ Jheart rate 
• Inhibition of interaction between actin and myosin -+ !force of contraction of heart 

t 
!Cardiac output 

t 
!Blood pressure. 

2. Action on vascular smooth muscles: All the CCBs cause vasodilation of peripheral vessels. 

Binds with the L-type Ca2+ channel in smooth muscle of blood vessels 

t 
Decrease the frequency of opening of voltage gated Ca2+ channel in response to depolarization 

t 
Decreases Ca2+ influx 

t 
No Ca2+-calmodulin complex 

No actin-myosin coupling 

No muscle contraction 

Vasodilation of peripheral vessels, mainly arterioles . 
t 

!Peripheral resistance 
t 

!Blood pressure. 

(Ref Katzung-l 3'"1201 : Lippincott 's-6'"12 34) 
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Q. Mention the indications of calcium channel blockers. (DU-07Ju, CU-08J ; RU-l lJ , SU-07Ju) 
Q. Mention the indications of 

• Amlodipine. (DU-14J ,10/07Ju) 
• Nifedipine. (DU-07J, CU-08J , SU-09Ju) 
• Diltiazem. (CU-08J , SU-09J) 

Ans . 
Indications of Ca2+ channel blockers: 

~ Hypertension: Amlodipine, isradipine, nicardipine, nifedipine, verapamil 
· Y, Angina: Amlodipine, diltiazem, nicardipine, nifedipine, verapamil 
/ 3,: Migraine 

.4. Prevention of ischemic neurological damage following subarachnoid hemorrhage: Nimodipine (60 
mg every 4 hours). 

X Hemorrhagic stroke with ventricular extension: Nimodipine 
~ Cardiac arrhythmia: Verapamil 

.,,....Y-- Raynau ' henomenon: Nifedipine 
~ Post-M SV Verapamil, Diltiazem. 
~ Hypertrop ic cardiomyopathy ·E) 

(Ref Bennett & Brown-I I th) 

• Hypertensien 
• Angina 
• Migraine 
• Cardiomyopathy 
• Ra naud ' s henomenon 

fedipine • Angina due to coronary arterial .5pasm 
• Hypertension 
• Ra naud's henomenon 

Nimodipine • Subarachnoid hemorrhage 
• Hemorrha ic stroke with ventricular extension 

Felodipine • Hypertension 
• Ra naud ' s henomenon 

Isradi ine 
Nicardipine • Angina 

• H ertension 

Verapamil • Angina 
• Hypertension 
• Arrhythmias 
• Mi raine 
• Angina 
• Hypertension 
• Ra naud's henomenon 

Q. Mention the adverse effects of Ca2
+ channel blockers . (DU-00M,RU-02J ,SU-0SJ) 

Q. Mention the adverse effects of-
• Amlodipine. (DU-I 0/07 Ju; RU-09J ,03J) 
• Nifedipine. (RU-03J ,CU-02M,SU-07Ju) 
• Diltiazem. (CU-02J) 

Ans. 

(Re{ Kat211ng-I 3' '!20UJ 
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I . Excess ive inhibition of calcium influx can ca use serious cardiac de ression, including ca rdiac arrest 
bradycardi a. atrioventri cul ar block, a nd heart failure . T hese effects are rare in clinica l use. ' 

Short-act ing ca~ ium cha11ne l blockers such a~ pro1~pt-re lease nifedipine increase the ri sk of myocardial 
infarction in pati ents w ith hy pe rte ns io n and should be avoided . -

3 . Mi 1101: toxicity (troublesome but no t usua ll y requiring di scontinuance of therapy)­
F lushing 
Dizziness 
Nausea 
Constipation (common with verapamil) 
Peripheral edema (eg, ankle edema) . 

(Ref Katzung-l 3'"1202 + Bennet & Brown) 

Viva Q. Why ankle edema occurs in use of calcium channel blockers? 
Ans. Ankle edema due to CCB is probably due to a rise in intracapillary pressure as a result of the selective 
d ilatation by calcium blockers of the precapillary arterioles. Thus the edema is not a sign of sodium retenlion. It 
is not relieved by a diuretic but disappears afier ly ing flat , e.g. overnig ht. 

(Ref Bennett & Brown- I] th) 

Viva Q. What is the limitation of dihydropyridine derivatives? 
Ans. 
Dihydropyridine derivatives --+ Vasodilation --+ Reflex tachycardia --+ j HR --+ j Myocardial 0 2 demand --+ 

Precipitates angina. So these drugs cannot be used in stable angina. But they can be used in variant angina as 
they can reduce coronary arterial spasm. 

Viva Q. Name the drugs used for Raynaud's phenomenon. 
Ans. 
Drugs used for Raynaud's phenomenon 

1. Nifedipine 
2. Reserpine 
3. a. blocker (sub-hypotensive dose) 
4. epof) ostonol 

n on the contraindications of calcium channel blockers? 

aindications or cautions of Caz+ -channel blockers / Amlodipine / Nifedipine: 
Cardiac depression 

• Cardiac arrest 
• Bradycardia 
• Herat failure . 
• 2 nd & 3rd degree heart block. 
• Sick sinus sy ndrome 
• Wolf-Parkinson-white (WPW) syndrome 

2. During labor of a pregnant mother 
3. Constipation 

(Ref Katz ung- I 3th edition) 

Q. Mention advantages and disadvantages of amlodipine as anti hypertensive drug. (CU -05 M ) 
Ans . 
Advantages of amlodipine: 

1. Do no t compromise he mody na mi c status; no impa irme nt of phys ica l ac ti v ity. 
2 . N o sedatio n o r o the r CN S e ffects . 
3. Cere bral pe rfu s ion is m a in ta ined. 



- -!. Not contraindicated in asthma, angina (espec,·ally v,11.1·,111 l) & · 1 1 1 d' (JJVD) pat,·ent· . . . ' ' , penp 1era vascu ar 1sease , · 
rather may benefit tlllS cond1t1on . 

387 Drugs acting on CVS 

· No adverse fe tal effects. Can be used i11 p1·e•g11a (b t I · · · I b · 
) . . . . • c ncy u can wea <e n uterine contractron during a ou r. 
6. Do not impair renal perfusion. 
7. Do not affect male sexual function. 
8. No deleterious effect ~n. plasma lipid profile, uric acid level & electrolyte balance . 
9. Shown to have no / m1111111al effect on quality of life. 

Disadvantages of amlodipine: See adverse effects of amlodipine. 
(Ref Tripathi-6'1'/543) 

Q. Compare Nifedipine, Verapamil and P- blockers. (CU-l 6Ju) 

Q. Compare Dihydropyridine with Verapamil and P-blockers. (CU-161) 

Ans. 
Comparison of Propranolol, GTN & Diltiazem as anti-angina! drugs 

Blocks L-type Ca channel 111 Blocks L-type ca­
periplierai vessels; .,. '. ,'; 1·•• 'channel -in. cardiac 

3. U~e in .Raynaud's 
.,,Pheµ~~-en?p ,., . 

4. Bronchoc~nstriction Yes 
(aggi:~vates asthma) 

5. Risk of Yes 
'hypoglyc~mia in pt 
takin insulin 

6. Peripheral-edema No 
(eg, ankle ed.ema). 

7. Cold extremities 
,. 

' ' 

8. Sexual dysfunction 
in men · 

9. Flushin· , Dizziness 
10. <;on,stipation 

11. Dyslipidemia 
12. CNS disturbances . 
13. Tolerance 
14. Postural 

h otension 

Yes 

Yes 

No 
No 

May occur 
May occur 
No 
Yes· 

', 'J "'' . ' . ·:':', '~- ;'~. - ~inuscle,&j:,~riphe.fal 

• Angina due to coronary 
' arterial spasm 
• Hypertension 
• Raynaud's phenomenon 
Yes 

No 

No 

Yes 

No 

No 

Yes 
Less common 

No 
No 
No 
Yes 

' ' vessels.' · · }" 

• Angina 
• . Hyp~rte11sion 
~ Raynaud1s· . 

phenomenon' 
Yes 

No 

Yes 

No 

No 

Yes 
Common 

No 
No 
No 
Yes 
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Q. Compare Nifcdipinc and Amlodipinc. (CU-I SJ) 
Ans. 

2. Mechanism of action Acts on blood vessels more 
3. Half life 2 hours 
4. Use . Not emergency condition. 

Used.as antih Jertensive dru s.' 
5. Missed dose . Missed .do.~~ can activate 

Ca2+-channel blockers , 
Acts on blood vessels & heart 
40 hours 
Emergency condition. 
Safe to use in atient with cardiac failure. 
Mis~ed dose is of little consequence 

· -L~_ss adverse effect 

amlodipine is preferred to nifedipine in hypertension with angina? (SU-I 4Ju) 
. Immediate-acting nifedipine increased the risk of myocardial infarction in patients with hypertension. This 

is why amlodipine is preferred to nifedipine in hype1tension with angina. 

Q. Write short notes on amlodipine. (DU-1 SJ, I 0/09Ju) 
Ans. Write mechanism of action + indications+ adverse effects of from above. 

Q. Justify the rationale of amlodipine & atenolol drug combination. (RU-l 4Ju, 10, SU-16J) 
Q. Sho e Ca2

+ channel blockers and ~ blockers be used in combination? (SU- l 4J) 
Q. J i the rationale of nifedipine & atenolol drug combination. (CU-16J) 

nale of drug combination of amlodipine/nifedipine & atenolol: 
1. In combination they have synergistic effect. So they can lower the BP more effectively & at a lower dose 

than single use of each of them. 
2. It is a good combination (acting over two different antihypertensive pathways) for those hypertensive 

patients in which single drug (amlodipine or ateno lol) 1s not enough to control hypertension . 
Arnio ipine is a good drug for isolated s ~ 1c 1y ~_rtensi atenolol is very effective in isolated 
d1asto 1c 1ypertension . 
Ateno o decreases peripheral circulation (cold extremities); on the other hand amlodipine improves 
peripheral circulation-.-.. --- ----

5. Amlod1p111e cause reflex tachycardia whereas atenolol causes bradycardia. Cl. (j -~-.S '/!> 
,Jc>--::s , s c,,..f ec\'--..i"- , · - - - --- f-:} '1 r-J 

Q. Explain the role of nimodipine in subarachnoid hemorrhage. 0 b )e: c v\.-- _J1 J. ~~ 
ARnsl · f · d' · · b h 'd h h C b I d · c · · 1· 'r-1' f o e o mmo 1pme m su arac 001 emorr age: ere ra vasospasm an 1111arct1011 1s a comp 1cat1on o 
subarachnoid hemorrhage. Nimodipine has a high affinity for cerebral blood vessels and prevents vasospasm in 
the cerebral vessels. Thus nimodipine prevents ischemic stroke after a subarachnoid hemorrhage. 

(Ref Katzung- J 3'1'!202) 
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1 rate the functions of Angiotensin-11 . (CU- I 6J , SU-06Ju) 

r\!l S- • • 
Fu . ons of angwtensm-11: 
~- \. Increases peripheral resistance. 

1 Release of aldosterone from adrenal cortex. 
3. Reabsorption of Na+ from proximal convoluted tubule. 
4. Renal vasoconstriction. 
5. Hypertrophy and remodeling of vessels and heart. 

(Ref Goodman & Gilman-J(/11/79t5) 

Q. Enumerate the factors that influence rennin release. (CU-15Ju) 
Ans . 
Factors that influence rennin release 

I. Increased sympathetic activity via renal nerves 
2. Increased circulating catecholamines 
3. Prostaglandins -r ,1::1;- ~·- \£Q_ ' ~ 

(Ref Ganong-24'11 edition) 

Q. Name the antihypertensive drugs which act through Rennin-Angiotensin-Aldosterone System. (DU-
13Ju, 10/08J,06M; CU-08J,05S,04S; RU-l 5Ju, 13Ju, I 1Ju,07J,06M,05M; SU-l 6J,.014Ju, 12Ju/J, I OJ) 

Q. Categorize the inhibitors ofRAAS. (CU-141, RU-08J) 
Q. Enumerate CE inhibitors. (DU-l 7M, 15Ju, I 1Ju,09J, SU-09Ju; RU-13J, 121) 
Q. Enlist (t ree) important ACE inhibitors. (DU-I 4J) 
Q. Enu er te angiotensin-11 receptor blockers. (DU-I 2Ju, CU- I IJ) 
Ans. 

iotensin aldosterone s stem RAAS inhibitors: 

A. Angiotensin converting enzyme inhibitors (ACEi) J:Captopril 
r'"Enalapril 
/ Lisinopril 
-<Ramipril 
• Benazepril 
• Fosinopril 
• Moexipril 
• Perindopril 
• Quinapril 
• Trandolapril 
• Fosino ril 

B. Angiotensin-11 receptor blockers (ARB) ; Losartan 
y Valsartan 
• Candesartan 
• Eprosartan 
• Irbesartan 
• Telmisartan 

lmesartan 
C. Direct renin inhibitor 
D. Drugs that block renin secretion • Propranolol 

• Atenolol 
• Metoprolol 
• Clonidine 

Pharmacology-51 
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Q. Ornw a diagram sho ·ing the sit<.' of action of different antih)1 pcrtcnsivc drugs in Renin-Angiotensin-

Aldostcronc System RAAS). (CU -08.1 ) 
Ans. 
D. . I 

iagram ·h JWI 1g th sites of action of different antihypcrtcnsivc drugs in RAAS: 

Anglotensinogen Kininogen 

Renin 

~ 
Kallikrein 

_____ _,,.., Increased 

~ prostaglandin 

Angiotensin I 
yk' ' Brad mm synthesis 

Angiorensin converting enzy 
(klninase II) 

Angiotensin II 

~ 
ACE 

Inhibitors 

Vasoconstrictio n Aldosterone 

l 
secretion 

l 
Increased peripheral Increased sodium 
vascular resistance and water retention 

~/ 
Increased 

blood pressure 

Spironolactone, 
eplerenone 

Vasodllatlon 

l 
Decreased peripheral 
vascular resistance 

l 
Decreased 

blood pressure 

Fig. Sites of action of drugs that interfere with the renin-angiotensin-aldosterone 5ys1em. ACE, angiotensin-converting 
enzyme; ARBs, angiotensin receplor blockers. 

ACE inhibitors 
ntion the indications of ACE inhibitors. (DU- l 7M, 'RU-l 3J, SU-1 SJu, l SJ) 

rite down the indications of captopril. (CU-02J, RU-0SM) 
Write down the indications of lisinopril. (RU-02M) 

. State.il!_short the indications of ramipril. (DU-12Ju) 
Ans . 
Indic tions of ACEI / rami ril / ca to ril / lisino ril: 

(Ref Katzung-12th edition) 

. Hypertension (highly effective in renovascular, resistant HTN & diabetic pat ient with HTN). 

£ M rdial infarction (MI) : To prevent remodeling of the heart. 

;( Diabetic nephropathy due to vasoconstriction probably caused by angiotens in-11 (hypertensive patient 
wit type-I DM ). 

<. Cardiac hypertrophy 
/ Chronic heart failure . 

(Ref Bennett & Brown-10th) 

I 
I 
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Q. i uss the ro_le of ACE inhibitors iii hypertension with DM. (SU-17M, 13Ju) 

. Why ACE inhibitors are drug of choice iri HTN with DM? 
Q. Jusjify,,preJereuce of ramipril to thiazides in cJiabetes. (SU-1 SJu) 

/\ ll S. 

Role of ACE inhibitors in hypertension with DM: 
1. In patients with type 1 diabetes mellitus and diabetic nephropathy, captopril and li sinopril prevents or 

delays the pro ression of renal disease and decrease albuminuria. 
2. In a 1t1on, ACE inhibitors may decrease retinopathy progression in type I diabetics. 

(Ref Goodman & Gi/man-J l " edition) 

Q. Explain the rationality of using ACE inhibitors in diabetic nephropathy. (CU- l 4Ju) 
Ans. 
Rationality of using ACE inhibitors in diabetic nephropathy: In patients with type I diabetes mellitus and 
diabetic nephropathy, captopril and lisinopril prevents or delays the progression of renal disease and decrease 
albuminuria. 

Mechanisms of renal protection by ACE inhibitors: 
I. Increased glomerular capillary pressure induces glomerular injury, and ACE inhibitors reduce this 

parameter both by decreasing arterial blood pressure and by dilating renal efferent arterioles . 
2. ACE inhibitors inhibit mesangial cell proliferation and matrix production, two processes that contribute to 

expansion of the mesangium in diabetic nephropathy. 
(Ref Goodman & Gilman-12th edition) 

1Q. Exp la.in the antihY.pertensive effect of'A:CE inhibitors~·(tiu~o;i};'ttJ-14.lu~ 11 RtJ: 12J;SU~031) 
:Q, Explain how ACE inhibitors Iow~r BP? (DU-17M, CU-16j, RU-13J,O7J/S,O5M SU-O8Ju,07Ju,O6S) 
:Q. Discuss t~e antihypertensive action ,of capfopril. (DU~15J,·RU~O5/O4M, S~h Q8/O7Ju;O6.S) ' · 
Q. How'do;s.'lisinopriJ lowt:,i::blood pre.ssure? (DU-1 lJu, SU~,09ju,'I{tJ:.b8J,07_.J) · ' . 
Q. Write cl9~n· th~ Iil c~a~is~ of action of Ljs!nqpril i cou-·1 sJu) · .. '. : '' . .! . 

Q. Write··down th echanisnr of :tction'· of'Acipril. (SU~J6.J) ; // ; · ~ · .. · · · · 
·Q. Discus~ hg enalapril lower blood presstirf; ·(ou:'14,J, RU-J7J):, :. ·:f'-\!;;': · 
Q. State · ort the Ml A of ramipril. (Dl!; 12Jli, SU-BJ),> · · · ···/ t,.:,'. ;'_ > 
Q. Wr· .e_ ort note on: RamiprjJ. (DJJ-q);Q9Ju} , . '-., .. Jt:!~,_,:;,d\~: 

,.·. 

Ans. 
Me 
B 

ism of action of ACE inhibitors/ Ramipril / Captopril / Lisinopril / Enalapril: ACE inhibitors lower 
by the following mechanism. \ . .;--, t ~-,::::} b'\ Q.,.....,-S 1--1\ J.l_ 
ACE inhibitors (Ramipril, captopril, lisinopril) 

t 
Inhibit angiotensin converting enzyme (ACE) 

t 
Inhibits convers,ion of Angiotensin-1 into Angiotensin-1 

t 
tAngiotensin-II 

t 
tAngiotensin-1 I-mediated effects 

asodilatation - tPeripheral resistance 

t 
I 

'-

_\ 
!Output of sympathetic nervous system - tAdrenaline / Noradrenaline 
tAidosterone production .. ~ j,.Ret@.Rftefl of Na 1 & 1-1 20 

---f jBradykinin level - Vasodilatation 
J ~l.oc~ 

v o\."' 
. ..__, 

t 
!Blood pressure 

\, 

v c&c- , i J (Ref Lippin ·oil's-6th) 

L ·vl"~~ 

j 

J O~ 
~ 

I 



TM Blueprint Pharmacology 392 
Q. -N-Iention the ad:verse.effects of AOE·i,nhibitor~. (JJlJ-1.0J; CU-141',~ Uu, RU-06M/S, SU-15Ju,15J,08/07Ju) 
Q. H1<>w do A'.CE inhibitor user.s developed cough? (DU-09J, ~U-12J} 
Q. Men . n,the adverse effects of captopril. (DU-15J, R.U-141u), 
Q: · · tion the.adverse efifecfs of lisipbprii. (RU-02M) 

ention 3 adverse effects of-'lisinopril, (DJJ- l5Jl}) . 
: . · ~ntion t,µe 2 coJl!mon adverse eftcts of en,alapriJ. ,(R:l.I-1·7D , 

s. 
Adverse effects of ACE inhibitors / Captopril / Lisinopril / enalapril: 
,,rf. Dry cough: Due to accumulation of bradykinin & substance-P in the lungs. 
~ Angioedema: Due to elev~ted bradykinin & prostaglandin level 

First dose hypotension . . . . . . 
f. Hyperkalemia: Due to decreased aldosterone secretion & more likely m patients with renal impairment 

\ & K+ sparing diuretics, NSAIDs or p blockers. 
5. Acute renal failure due to dilation of efferent arteriole in patients with bilateral renal artery stenosis, 
~ heart failure or volume depletion owing to diarrhea or diuretics. 
6. Skin rash 
7. Teratogenesis. 
8. Fetal renal shut down in case of pregnancy. 

(Ref Lippincott 's-5ht/235; Tripathi-6'hl484) 

/why dry cough occurs with ACE inhibitors? How to reduce it? 
Ans. . 
In 5-20% of patients, ACE inhibitors induce a bothersome, dry cough mediated by the accumulation in the lungs 
of bradykinin, substance P, and/or prostaglandins. Thromboxane antagonism, aspirin, and iron 
supplementation reduce cough induced by ACE inhibitors. ACE dose reduction or switching to an ARB is 
sometimes effective. Once ACE inhibitors are stopped, the cough disappears, usually within 4 days. 

(Ref Goodman & Gilman-I 2'h edition) 

Q. What is first dose hypotension? x.~ ~ \2.._, 
Q. Short note: First dose phenomenon. (RU-16Ju,15Ju) f\,~\ ~ di 
Ans. 
First dose hypotension: A steep fall in blood pressure may occur following the first dose of an ACE inhibitor in 
patients with elevated plasma renin activity (PRA). Care should be exercised in patients who are salt depleted, are 
on multiple antihypertensive drugs, or who have congestive heart failure. 

Mechanism of first dose hypotension: 
1 

ACE inhibitors 
1 

(Ref Goodman & Gilman-I 211
' edition) 

t 
tAngiotensin-11 

t 
Vasodilatation -. tPeripheral resistance 
tOutput of sympathetic nervous system-. !Adrenaline/ Noradrenaline 

t 
First dose hypotension 

Prevention of first dose hypotension: As there is chance of serious drop of blood pressure, therapy should be 
initiated at bed time and patient should be warned. 

Q. W ~ta e the contraindications of ACE inhibitors/ captopril / ramipril/acipril? (CU-1 lJu, SU- I 6J) 
Q. E hst he absolute contraindications of ACE inhibitors. (CU-15Ju) 
A . 

ntraindications or cautions of captopril / ramipril / ACE inhibitors: 
1. Renal failure . 
2. Pregnancy. 
3. Hyperkalemia. 
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4. Bilateral renal artery stenosis. 
(Ref Harrison's medicine-17th edition) 

Q. Why ACE inhibitors are contraindicated in pregnancy? 
Ans. 
ACE ' · itors are contraindicated in 2nd and 3rd trimesters of pregnancy, because it causes­
\ Fetal calvarial hypoplasia 

2. Fetal pulmonary hypoplasia 
3. Fetal growth retardation 
4. Anuria 
5. Fetal death 

Q. Why ACE inhibitors are contraindicated in bilateral renal artery stenosis? 
Ans. 
Angiotensin II, by constricting the efferent arteriole, helps to maintain adequate glomerular filtration when renal 
perfusion pressure is low. Inhibition of ACE by ACE inhibitors can induce acute renal insufficiency in patients 
with bilateral renal artery stenos is, stenos is of the artery to a single remaining kidney. 

(Ref Goodman & Gilman-I l" edition) 
Q. Why ACEi is indicated before meal? 
Ans. 
Orally taken captopril gives 70% bioavailability after fasting, but bioavailability is reduced by 30-40% when drug 
is taken with t od. So it is better to take the drug 1-2 hours before meal. 

interaction 
ACEi + Frusemide 
ACEi causes hyperkalemia. 
Frusemide causes hypokalemia. 

So, one drug compensates the adverse effects of the other. 

2. ACEi + Spironolactone (K+ sparing diuretic) - Hyperkalemia develops. 

3. ACEi + NSAID: Aspirin blocks bradykinin mediated vasodilation, so hypotensive action of ACEi ts 
impaired. 

Advantages of captopril I ramipril I A CE inhibitors: 
J. They have no postural hypotension, electrolyte disturbances.feeling of weakness & CNS effects. 
2. Safe in patients with DM & PVD. 
3. Prevention of secondary hyperaldosteronism & K loss. 
4. Improves renal perfusion. 
5. They reverse LVH & decrease the wall-to-lumen ratio of blood vessels that occurs in HTN. 
6. No effects on uric acid level & plasma lipid profile. 
7. Minimum worsening of quality of life; e.g. work performance, sleep, sexual performance, general well­

being. 
8. Recent evidence shows that long term use of ACEi potentially decreases the incidence of type-!l DM in 

high risk subjects. 
(Ref Tripathi-6'"1486) 

Advantages of ACE inhibitors over p blocker, Ca2
+ channel blocker, diuretic: ACE inhibitors­

!. Do not cause hyperglycemia like diuretics. 
2. Do not aggravate asthma and heart block like beta blocker. 
3. Do not inhibit VMC like Ca2

+ channel blocker and can be used in CCF where Ca2
" channel blocker 

cannot be used . 
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Angiotensin-11 Receptor Blockers (ARB) 

in the mechanism of action of losartan. (SU-09.J,06S) 
do you antagonize the action of angiotensin-11? (SU-06.J) 

1S. 

·hanism of action of ARB/ Losartan / Valsartan : 
ARB / Losar1an / Yalsartan 

t 
Blocks ang iotensin-11 receptor 

l 
Angiotensin-11 cannot bind with the receptor 

l 
l Angiotensin-11-med iated effects 

l 
Vasodilatation--+ !Peripheral resistance 
!Output of sympathetic nervous system--+ tAdrenaline / Noradrenaline 
tAldosterone production--+ !Retention ofNa+ & H20 

~ jBradykinin level--+ Vasodilatation 

'o~«~ l 
e~;:£') tBlood pressure 

' " \ _ ~ ~ (Ref Lippincott '.s-5
1h

/ 235,236) 
~/ V?' ~v-), -e-, C . ~ .. 

Q. M on the indications of angiotensin-11 receptor blockers (ARB). (DU- 13.Ju, CU-11 J) 
Q. e tion the indications of losartan. 
A1 

clications of angiotensin-11 receptor blockers/ losartan: 
I. Hypertension . 
2. Hypertensive patient with bronchial asthma or dry cough . 
3 . Chronic heart failure (valsartan) 
4 . Ml (valsartan) due to absence of reflex tachycardia may be due to downward resetting of the baroreceptor 

or due to enhanced parasympathetic activity. 
5. Diabetic nephropathy (losa1tan) 
6. Prophylaxis of stroke (losartan). 

$.ention the adverse effects o~ angiotensin-11 receptor blockers (ARB). (DU-13.Ju, CU-11 J) 

~ :erse effects of angiotensin-11 Receptor Blockers: 
I. Hypotension 
2. Hyperkalemia 
3 . Acute renal failure (ARF) 
4 . Teratogenic 

Q. What are the contraindications of angiotensin-11 receptor blockers? 
Ans . 
Contraindications or cautions of angiotensin-II receptor blockers/ Losartan: 

I. Renal failure. 
2 . Hyperkalemia . 
3. Pregnancy . 
4 . Bilatera l renal artery stenos is . 

(Ref Harrison 's m edic ine-1 7th edition) 
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Q. Mention the rationale of dru{J comb' , f f I 

0 111
'' 

1011 o osartan & hydrochlorothiaziclc (RU-14Ju 13Ju IOJ') Ans. ' · · · ' ' 
Rationale of drug combination of losartan & h I • 11 · . · 

I ·k I · 0 1 h 
I 

ye I oc I orotluamlc: Losartan is an antihypertensive drug which 
causes 1ype1 a em1a. n t 1e ot er iand hydrochl . ti · - 'd · · . · 

d . 010 11az1 e 1s an ant1hypertens1ve drug ·111d causes hypokalem1a. 
So when these two rugs are used 111 combinat' KI I · . ' . . 

.
1 

. d. _ b' . ' ioi1, 1omeostas1s remains unaltered . That' s why 1t 1s a popular 
anti 1ype1tens1ve lllg com 111at1011 & used commonly if they are indicated . 

Q. What are the advantages of ARBs / losartan over ACE inhibitors? 
Ans. 
Advantages of ARBs / losartan over ACE inhibitors: 

/1. No dry cough. 
7 ~ ower incidence of angioedema. 
;Y Lower incidence of rashes. 

Direct renin inhibitors: Aliskiren 

, iskiren directly inhibits the renin . 

echanism of action: Directly inhibits enzyme activity of rennin and thus acts earlier in the rennin-angiotensin­
aldosterone system then do ACE inhibitors or ARBs .. 
Effects: Reduces angiotensin I and II and aldosterone. 

Jt1C)ication: Hypertension 

~ .rse effects: 
· I. Hyperkalemia 

2. Renal impairment 
3. Potential teratogen . 
4. Cough 
5. Angioedema 
6, Diarrhea at higher dose 

CQ,ntraindication 
1/ I . Pregnancy 

_Advantage over ACE inhibitors or ARBs: ACE inhibitors, ARBs and diuretics increase plasma renin activity. 
' 't\ liskiren not only decreases baseline plasma renin activity in hypertensive subjects but also eliminates the rise 
produced by ACE inhibitors, ARBs, and diuretics and thereby results in a greater antihypertensive effect. Renin 
inhibition has thus proved to be an important new approach to the treatment of hypertension. 

(Ref Katzung-l 3th; Lippincott 's-6th) 
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Q C I 
· · · I -1 .. (Jl(>I as antihypcrtcnsive drugs. (CU-OSM) 

. om pare am contrast ot hydrochlorothrnzH c anc prop• •111 

Ans. 
Differences between hydrochlorothiazidc & 

Non-selective P-blocker 

2
,. 1\1 · -· · · · ·· db , 'By blockage-ofA1 receptors of heart ' 

. _., r .. e~hamsm o~ ...... . Decre~~e~. BP by d~ures1s an Y . : 
1
~ of kidne · ,. 

~, .;anhhype,rtensn;e - · . decreas111g-respons1veness of blood vessel and JG apparatu Y 
.:'. action -, /- ., .· t to catecholainines. ' 

\3. Onsefof action -- Slow· .·· 
' 4; Duration of action Pro Ion ed . 
,S.~Adverse effects · _1 . HypokaJemia · '.i!> · · ~ 1~;:;;~::~~~ycardia 

4. Dyslipidemia 
5. Gout . 
6. Paresthesi~ 
7 .. Muscle paln. · 
• No 'postural _hypotension 

. • Inex en};ive·---· . . .. 
·.• Mild to modetate:HTN 

Ra id 
Short 
I. Bradycardia 
2. 1;-lypoglyce_mi~ 
J. Dyslipidemia · 
4. Pei·iphdal _ ischemia 
5 :· Brorichospasm 

·. ·. 6. Sedatipn, 
· 7. Depre·~sion· 

: • N9.pcistllfal_ hypotens1on 
• ' Inex.. ensive: ,. . 
., . 

... ,' •• ·-l".1 

Q. Compare P-blockers and ACE inhibitors as antihypertensive agents, possible adverse effects and 
clinical indications. (CU-06M/S) 

Ans. 
Comparison between P-blockers & ACE inhibitors: 

Q. Compare and contrast atenolol and losartan as antihypertensive drugs? (CU-OSJ) 
Ans. 
Comparison between atenolol and losartan as antihypertensive drugs: 

9. Effe.c(ive for 
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Q. Write do,vn the diff~rei1~es Qe_twe~J\ .. cap~opi·il & losartan. (DU-1 OJ,u) 
Q. Compare.and contr~st_:'am~?dipine_& losai t~n as antih~per,tensive·~gents? (C8'-07J} . .. 
Q. Com par~ & coiltr~\~t ,en'a!~_pril,, _antlodiW.~~ & ~osart~.n ~s:antihypertensive 'drugs. (CU-09/081 u) 
Q. Compare & contrast ACE ,i_nhibitor.,&:A:~s.-,(CU.S15Ju)'- .. · ~- .. · ·· ·., ,~ , '·. . 
Q. Com~are. & ,_contra~t".! .._~E ' i_nti:jbit~t -~) ~l~Bflt reiJ~ct-' to· ~ e.ch~~ism ~~f ·:acfion arid adv,erse effect' 

· profil~. CFJI.:- ~5))' . _ . ... :.~,-· ,. ~-" ·. • ""'; : .. >, .. ~-:·.~_.: .. : .... ; , ~,~- · r ,__ .t· 
Ans. 
Comparison among enalapril, amlodipine & losartan as antihypertensive drugs 

' . ~ ~· .. 
'\ I 

3. Oral bioavailability 
4. Plasma half life 

Hi oh (>90%} · . ·, · Low. . :''.\; . .:c;' • 

7. ·· Metabolism ·. Extensive metabolism No 
8. Excretion Kidne Kidne Kidne '·I',' 

,· -~ ~·· . 
.' ! :~ r 

9. Adverse effect rofile ... ',-

• · Ankle edema · No Yes · No· .. 
• Flushin ·' No Yes 

· • ~Reflex tach cardia No 
• Occurs No 
• Yes 

• Acute renal failure Yes No 
• First dose· , ... More. severe 

·"· ... -- . 

No ' ; .. , ... 

'f:,;: 1 ~' ''"\;~-.•~I';. , ~ ~:
1 

:, • I 

··,'. 

:·: Contraindicated Safe' . . ., /: ·, )t. · -. · ·,: Contraindicated . l:J.,. 

,All . rades of-HTN .,, .Mildto,moderatr!i·HTNi Mild .to:moderate..HTN , 

Pharmacology-52 
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Antianginal drugs 
Corona . heart disease CHD)/lschemic heart disease (IHD) is the moSl commo_n f~rm of heart disease and 
tll · · - I · · .--, f ti onary arteries 1s almost always dL e smg e most important cause ol· premature deat 1. Disease o 1e cor . ie to 
atherosclerosis and its complications, particularly thrombosis in the coronary arteries. 

Table: Coronary heart disease: clinical manifestations and pathology 
~ 

Clinical Pathology 
problem 
Stable angina Ischemia due to fixed atheromatous stenos is of one or more coronary arteries 

-
Unstable lschemia caused by dynamic obstruction of a coronary artery due to plaque rupture with 
angina superimposed thrombosis and spasm 
Myocardial Myocardial necrosis caused by acute occlusion of a coronary artery due to plaque rupture 

-

infarction and thrombosis 
Heart failure Myocardial dysfunction due to infarction or ischemia 
Arrhythmia Altered conduction due to ischemia or infarction 
Sudden death Ventricular arrhythmia, asvstole or massive myocardial infarction 

Acute coronary syndrome: Acute coronary syndrome is a term that encompasses both unstable angina and Ml 

Angin~ pectoris: Angina pectoris is a characteristic sudden, severe, pressing chest pain radiating to the neck, jaw, 
back, and arms. ft 1s caused by coronary blood flow that 1s insufficient to meet the oxygen demands of the 
myocardium, leading to ischemia. The imbalance between oxygen delivery and utilizafion may result during 
exertion, rom a spasm o the vascular smooth muscle, or from obstruction of blood vessels caused by 
atherosclerotic lesions. These transient episodes (15 seconds to 15 minutes) of myocardial ischemia do not cause 
cellular death, such as occurs in myocardial infarction. 

(Ref Lippincolt 's-6th; 
Types of angina: 
A. Stable angina: Stable angina is the most common form of angina and, therefore, is called pical or classical 

angina pectoris. It is characterized by a burnmg, heavy, or squeezing feeling in the chest. It is cause the 
reduction of coronary perfusion due to a fixed obstruction produced by coronary atherosclerosis. The heart 
bec6 mes vulnerable to ischemia whenever there is increased demand, such as that produced by physical 
activity, emotional excitement, or any other cause of increased cardiac workload. Typical angina pectoris is 
promptly relieved by rest or nitroglycerin (a vasodilator). 

B. Unstable angina: Unstable angina lies between stable angina on the one hand and myocardial infarction on 
the other. In unstable angina, chest pains occur with increase\;! frequency and are precipitated by progressively 
less effort. The symptoms are not relieved by rest or mtroglycerin. Unstabfe angina re uires hospital 
admission and more aggressive therapy to prevent death and progression to myocardial infarction . 

tt.~-\ (\~ ..,...,__ : 

C. Prinzmetal's or variant or vasospastic an ini ,- Prinzmetal's angina is an uncommon pattern of episodic 
angina that occurs at rest anq is due to oronary artery spasm. Symptoms are caused by decreased blood flow 
to the heart muscle due to spasm of the coronary artery. rinzmetal's angina generally responds promptly to 
coronary vasodilators, such as nitroglycerin and calcium-channel blockers. -

A <:..v-::\ C o""-c-r<½ .S ~ , L ,...l ~,_i,.,,,~ .-\ (Ref Lippincott 's -6th) _<:..o/ / I' ' ' ·7J~ °'6Ysa£ 0.:: ~1".o.Sd~~ \ ~ 
e0 minants of M ocardial Ox en Demand: Myocardial 0 2 consumption depends on- ~ r, ~\ /" l(,..l 

I H 
,l,::)o.._.,..._-,,C'\-.. '-

. eart rate: \ i:_ 

• jHeart rate - jMyocardial 0 2 demand - j Angina. '-"' ~bo ~>l):;1/ 
2. Force of contraction: ~7 

• i Force of contraction - jMyocardial 0 2 demand - j Angina. 
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3. Preload: The preload is the degree to which the myocardium is stretched before it contracts. Preload is 

usually considered to be the end-diastolic pressure when the ventricle has become filled: 
• i Preload---+ jMyocardial 0 2 demand---+ j Angina. 

4. After load: Tpe afterload is the resistance against which heart pumps the blood. 
• i Afterload---+ jMyocardial 0 2 demand---+ j Angina. 

Q. Describe the goal of anti-angina) therapy. (CU-l 6Ju) 
Ans. 
Treatment objective of angina or myocardial infarction (Ml): 
A. To decrease myocardial 0 2 demand by-

1. Stopping of provocative exercises (physical/emotional) 
2. Decreasing preload ---+ tend diastolic volume 
3. Decreasing after load 
4. Decreasing heart rate. 
5. Decreasing force of contraction. 
6. Dilating the coronary arteries. 

B. To increase myocardial blood flow by-
! . Revascularization by thrombolytic therapy or coronary artery angioplasty. 
2. Coronary artery bypass surgery. 

Q. Describe peculiarities of coronary circulation. (CU-l 4Ju) 
Ans. 
Peculiarities of coronary circulation: 

I. Sometimes left coronary artery arises from the pulmonary trunk producing cyanotic symptoms 
followed by the left ventricular failure. 

2. On occasions left coronary artery arises from the anterior aortic sinus and undergoes a longer course 
behind the pulmonary trunk before dividing. In this anomaly the trunk of the a11ery may be compressed 
between the aorta and pulmonary trunk after severe exercise, and culminates in sudden cardiac death 
(SCD). 

3. Parasympathetic stimulation has negligible direct effect on coronary vessels . Sympathetic alpha 
receptors (constrictor receptors) are predominant in epicardial coronary vessels; beta receptors (dilator 
receptors) are predominant in intramuscular arteries. Therefore sympathetic stimulation constricts the 
epicardial arteries, and dilates the intra-muscular arteries. 

4. Coronary arteries are the only vessels where the blood flows in diastole. 
5. Coronary artery is a functional end artery. 

(Ref A.K Dalla-9th) 

',(J. Classify anti-angina] drugs. (DU-15Ju,14Ju, CU-08J,06M; RU-16Ju, 15Ju,13J,Q7Ju; SU-Q?/08~u,06S/J)z, 
,Q. Categorize anti-angina) d1·ugs according to their mechanism of action. (CU-12Ju), · ~ 
Q. What are e drugs used in !HD/angina pectoris? (DU-I 7J,13J,1 2J,06J_, R:0:-14J,06J) 
Q. Na me·important anti-anginal drugs. (DU-09Ju) - , ", , 
Q. N th~,drugs for. angina of effort (classical angina). (CU-04S) 
Q. me the nitrates and nitrites used in angina? (RU-05S) 

s. r I\. . " '- vD:? ~~~--y--:!:,·._, .r,_ ~~ :J ()--7':;__r r .,.s-,..r\ ~~ 
Classification of anti-aneinal drues: -t- '~ n r ~_,_ ,-:J--.:. · , 

~ A. Organic nitrates/ nitroglycerin: k> cP--rv 7 ~ ~--""'1'<(\ ·-:- ) 
Short acting y sublingual: Glyceryl-tri-nitrate (GTN), isosorbide dinitrate 

Inhalant: Amyl nitrite · 
Long acting -~ GTN: Slow re lease tablets, 2% ointment, oral sustained action preparation 

v.sosorbide mononitrate: Oral sustained action preparation . 
Isosorbide dinitrate: Chewable oral, oral. 
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B. C i + channel blockers: 

Yerapamil 
~ - iltiazem 

Nifedipine 
• Nicardipine 
' Amlodipine 

C. P-blockers 
Propranolol 
Atenolol 
Metoprolol 

400 -

D N · · · I f · new drugs are actively sought for its . ewer Antiangmal Drugs: Because of the high preva ence o ang111a, 
treatment. 

Metabolic modulators, eg, trimetazidine, ranolazine ~\ \p '\oc...,._ 
Direct bradycardic agents, eg, ivabradine r::::.., t--Jc,-)r t 
Potassium channel activators, eg, nicorandil 
Capsaicin 
Amiloride 

E. Antiplatelet: 
/' Low dose aspirin (75-150 mg) 
,r Clopidogrel (75 mg) 

F. Anticoagulant: 
Heparin 
Low-molecular-weight heparin 

Q. }low :wm managl a ca~,~ .9q~~t~f~1:(~inaj;~aqa~k? ~StJ-07Ju)' t:t ?~~?.:' .·.· .... , 
Q. Outline.therapeutic apptoa~h in ,angiri~ . .:(ST,1~171) ' · .. _·.:. : ', . .- ;'.,;:-:· . -· 
Q. Outline the managem~ri{ of mp·. (Sl( 'lo'Juf ,., · ·· · ':' · · · '·tf'. · ·, ?%+?'·:· :0

• ··: ,., • ·' • • 

Q~ "outline therap,eutic:approa·ch in the.- freatmenf-offscheniic h~a_rt 'dfser(set. (SU- l 2J, 1 OJ) 
Q. "A mar{ aged. 46 years· old had ··severe· .chest paiI{ift~r ~Jin\bing'·.~_everai '.'stairs" . - what . kind . of anti­

an : al · d~ugs will prtiscrib~-to reiieve:· cliest pain? . Explain:1ts·-i1olecular· ~ction & mention adverse 
e_ct~9f ,tµ~grug~. t~.tf-9!t))j !)x~-$[qble apgina) ..... - ----------· : l:;- · : ·"'· '. ,,,.;: ,,. :~:,i . .;.~ ':_:-. _ 

Oxygen inhalation 
Antiplatelet therapy 

ectoris / ischemic heart disease / IHD 

I . Low-dose aspirin (75-150 mg) 
2. Clopidogrel (75 mg daily) 

Antiplatelet drugs reduce the risk of adverse events such as Ml and should be prescribed for all patients 
with coronary artery disease indefinitely. 

D. Anti-angina! drug treatment: Four groups of drugs are used to help relieve or prevent the symptoms of 
angina: nitrates, P-blockers, calcium antagonists and potassium channel activators. 

I. Nitrates: Sublingual glyceryl trinitrate (GTN) will usually relieve an attack of angina in 2-3 minutes. 
When blood pressure of the patient is low, oral 'trimetazidine' can be used instead of nitroglycerine. 

2. Beta-blockers: e.g. Atenolol, metoprolol, bisoprolol. 

3. Calcium channel blocker (CCB): Nifedipine, amlodipine, nicardipine, verapamil, diltiazem 
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4. Potassium channel activators: Nicorandil is the only drug in this class currently available for clinical 

use. 

E. Revascularization should be considered if an appropriate combination of two drugs fails to achieve a 
symptomatic response. 

(Ref Davidson ·s-22nd) 
Nice to know 
Angina with concomitant diseases: 

Co11co111ita11t clise11ses I Dmgs co111111011ly used;,, tr~ati11g a11gi11a , l_·~ > :;~ .. ~:>" · ,:J._,.,:_
1

·;·:'.:;;:.J,:/'.i:::P~~r~·,v,{f,-ti??i; -~~5·J:j~:· 
None Long ac mg m ra es, - oc ers a- -c anne t t /3 bl k & C h I bl k oc ers 
Recent MI Long acting nitrates & /3-blockers. 
COPD, Asthma Long acting nitrates & Ca1 

· -channel blockers 
Diabetes Long acting nitrates & Ca1 

· -channel blockers 
Chronic renal disease Long acting nitrates & Ca1 

· -channel blockers (/3-blockers are less effective) 
Hypertension /3-blockers & Ca1 

• -channel blockers (long acting nitrates are less effective) 

Organic nitrates/ GTN 

M c anism of action of nitroglycerine / role of GTN in IHD / angina/ MI: 
Nitroglycerine (GTN) 

t 
Release of nitric oxide (NO), which is a vasodilator 

t 
Vascular smooth muscle relaxation 

t 

(Ref Lippincolt '.\·-6th) 

G TN <-7 N ',~ \~A;S--;,>- N 0 

~ c_ G f"f - ,>- ~ f''"' OSf \.~~-

0~ ~.»s..._,____ \&~ c:._~,-....r-.._ 

'7 '-.) ~S C vJ'-C!-r- ,$ ..,,.-,---.o o+\,--.._ 

'Y'r'-----~ C'l ..L. "'-. .zt 0-._ 'l<'.'o..., --~ 

• Yenodilatation -+ Decrease venous ret ,l{n -+ Decrease pre load -+ Decrease intraventricular pressure -+ 

Decrease cardiac work-+ Decrease 0 2 ~ ' rt -+ Relief of angina. · 
• Arterial dilat tion -+ ecrease peripheral resistance -+ Decrease afterload -+ Decrease cardiac work -> 

Decrease 0 2 'ee~01*1aptl0n·-+ Relief of angina. · 

f' n_t~G7 t:\, ~ ·7 :\J ,~~e\.o...~rv--. ----4' !\ o.l_ ~'-'ff)- (Ref Katzung-1 2'"/ 197) 

~- G" e arious fo~mulations of glyceryl-tri-nitrate. (DU-08]) )_'!,'{ .- 4'"""-&, ~ ~ 
Formulations of glyceryl-tri-nitrate / GTN: 

1. Oral 
a. Sublingual tablet 
b. Buccal tablet 
c. Slow release tablet (both sublingual & buccal) 
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d. GTN sustained release capsule (in inflammatory bowel disease) 

2. Parenteral 
a. Slow release transdermal patch 
b. rv 

3. Inhalation: Sublingual spray 
4. GTN suppository (in anal fissure) 
5. GTN ointment (in anal fissure) 

Q. Mention various routes of GTN administration. (RU- I 2J) 
ns . 

;\f arious routes of GTN administration 
I. Sublingual 
2. Inhalant 
3. Oral 
4. Transdermal 
5. Rectal (in case ofGTN suppository and ointment in anal fissure) 

Q. Enumerate the indications of GTN. 
Ans. 
Indication of GTN: 

I . Stable angina 
2. Unstable angina. 
3. Prinzmetal's angina. 
4. MI 
5. F 

A 
rite down the beneficial and deleterious effects of nitrates in the. treatment of angina. (CU-I 3Ju) 
ention the beneficial and adverse effects of GTN. (DU-14Ju) . 

. Mention the beneficial effects of nitroglycerin. (CU-I 3Ju, RU-05S)' 
· Ans. 

Beneficial effects of nitroglycerin I Result 
I. Decreased ventricular volume Decreased myocardial oxygen requirement 
2. Decreased arterial pressure 
3. Decreased ejection time 
4. Vasodilation of epicardial coronary arteries Relief of coronary artery spasm 
5. Increased collateral flow Im proved perfusion to ischemic myocardium 
6. Decreased left ventricular diastolic pressure Improved subendocardial perfusion 

(Ref Katzung-l 2th/200) 

Potential deleterious effects of nitro I cerin Result 
Increased myocardial oxygen requirement 

2. Reflex increase in contractili 
3. Dee r. ased diastolic erfusion time due to tach cardia Decreased coronar erfusion 

Ans. 

(Ref Katzzmg-l 2th/200) 

cntion the adverse effects of nitroglycerin/ GTN. (DU-17 J, I IJ ,09Ju,08J; RU- I I J, SU-06S; CU- I 2Ju) 
rite down the side effects of nitroglycerine. (DU-07J,06S;CU-06M/J ;04S) 
ention 2 adverse effects of nitroglycerin/ GTN. (DU-15Ju) 

Adverse effects of nitroglycerine/ GTN: 
I. Throbbing type of headache 
2. Postural hypotension 
3. Tachycardia. 
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4. Nitrate tolerance: 
• 

• 

True tolerance: This is due to functional deficiency of glutathione 'S' transferase . It is mitigated by 
taking nitroglycerine at night in case of classical angina. 
Pseudo tolerance: This is due to reflex tachycardia. It is overcome by taking ~-blockers and Ca

2
' 

channel blockers. 
5. Carcinogenic (there is a strong epidemiologic correlation between the incidence of esophageal & gastric 

carcinoma & the nitrate contents of the food) 
(Ref Katzung-l 2th/J98-200j 

Q. Short note: Nitroglycerine. (DU-141) 
Ans. Write in short from above discussion. 

Q. State and explain throbbing headache after sublingual administration of glyceryl trinitratc? (CU-I SJ) 
Ans . 
Throbbing headache after GTN administration: Throbbing headache is probably due to the stretching of pain­
sensitive tissues around the meningeal arteries resulting from the increased pulsation that accompanies the local 
vasod i latation . 

(Ref Bennett & Brown-11th) 

1 g. Explain the term nitrate tolerance. (CU-17 J) 
·• \;Ans. 

Nitrate tolerance: During long-term treatment, continuous administration of organic nitrate results in complete I 
partial loss of its beneficial effects. It is called nitrate tolerance. ' o -\2 ·, ,..-..S . =-,>- N ·, +..c.....L i~-'<. '- °"_l_,.,..__ ,,7 

Cause of tolerance: It is due to- , N ° · l')'r-,o..\\;,, ) N 1-~~.2..... R--..-. < iL -~ -e ,--..'-,0__\ ~ ?;\ "1..JY-

1. tcGMP activation 2--? 7 C:_o, v-;,....Q___ ..).... :;>___,~ e,,:.o ~ \ 
0

_ Q. 6-,Q.ry--,:,,J -~ 
2. jvolume expansion .z__r,.._J ' l 
3. Neurohormonal activation 1' '2J-f:' ?~, ~u 0 ~ ·0-A. ~~ 2:,-J ·C<-> ~ ::>-.:,~-,. r-

4. Depletion of-SH group. G..--dn ""'- 1tv· ( c_ .""~-c:.~'..,~ <2.9--.~c..'r-o\ec'"'IY"\~ ,s,~'":..t 

. • . . ::fy7-1") J , -:, '2...)-, \. · e ......_~ ';\ ~73-0 \c,J 
Prevention of mtrate tolerance: Tolerance to the actions of nitrates de elops rapidly (tac yphylax,s). T e blood ~ o- . ..)""_ 
vessels become desensitized to vasodilation. Tolerance can be overcome by providing a daily "nitrate-free -i"lu.,, 

interval" to restore sensitivity to the drug. This interval is typically IO to 12 hours, usually at night, because ~"\ 
demand on the heart is decreased at that time. Nitroglycerin patches are worn for 12 hours then removed for 12 
hours. 

(ReJ: Lippincurt 's -511'/222) 
Nice to know 
Procedure of taking GTN: To avoid postural hypotension, GTN should be taken in lying position. Legs should be 
raised above head to restore venous return. 

Advice to the patient: Patient should be warned of the sign of overdose like headache. So that an excess dose can 
be spi;teyut. 

!rf.9MaJ disease: It is the headache and transient dizziness that occurs to the workers in the fcu:to,y of nitrates on each 
Monday. Continuous exposure to high levels of nitrates can occur in the chemical industry, especially where explosives are 
manufactured. When contamination of the workplace with volatile organic nitrate compounds is severe, workers }ind that 
upon starting their work week (Monday), they suffer headache and transient dizziness ("Monday disease''). Ajier a day or so, 
these ~ymptoms disappear owing to the development of tolerance. Over the weekend, when exposure to the chemicals is 
reduced, tolerance disappears, so symptoms recur each Mondcw 

~ ntion the contraindications of nitroglycerin / GTN. 
Ans. 
Contraindications of nitroglycerin / GTN 

1. Angina due to severe anemia 

(Re/ Katzung-l 2'"1200) 
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2. Glaucoma 
3. Intracranial pressure 
4. Migraine headache 
5. A known case of methemoglobinemia / tolerance 

f · · · f bl' I d · · t t' n of nitroglycerin in angina pectoris . Q. l numerate chmcal importance o su mgua a m1111s ra 10 

A s 
N oglycerin is given sublingually, (not orally), because­

!. Rapid onset of action (within 4 min) 
2. Directly go to systemic circulation . 
3. Avoid 1st pass metabolism 
4. Dose requirement is minimum. 
5. Short duration of action (20 min) 
6. Highly lipid soluble and rapidly absorbed . 
7. Less chance of adverse effect due to short duration of action 

Q. Mention the metabolism of GTN. 
Ans. 
Metabolism of GTN: In liver- Glyceryl dinitrate is converted into Glyceryl mononitrate---+ Converted into G.M 
glucuronide which is excreted through kidney. 

hat is nitrovasodilator? 
. 

vasodilator: The organic nitrate and nitrite and several other compounds are capable of denitration to 
release NO (nitric oxide). They are collectively called nitrovasodilators. 

Types: 
I . Organic nitrate: GTN 
2. Nitroprusside 

Q. Why organic nitrate is given rather than inorganic nitrate? 
Ans. 

More Ii 
More tissue selective 

tify glyceryl trinitrate not propranolol is the drug of choice in the treatment of stable angina / acute 
nginal pain. (DU-091; RU-I OJ) 

I. has rapid onset of action (within 4 mins) after giving sublingually and relieves angina! pain effectively. 
2. Decreases coronary artery spasm and thus increases myocardial 0 2 supply. 
3. Redistribution of blood to ischemic region , thus preserve the viable tissue and decreases size of infarct. 
4. !Cardiac load (!preload + ! afterload) ---+ !myocardial 0 2 demand. 

Propranolol 
I. !Cardiac load. 
2. But it has no effect on coronary artery dilation. Rather it causes coronary arterial spasm. 
5. Causes bronchoconstriction which decreases ventilation . 

This is why, glyceryl trinitrate, not propranolol , is the drug of choice in the treatment of stable angina / ac ute 
angina! pain . 
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e advantages & disadvantages of glyceryl-trinitrate as anti-angina! drug. (CU-0 I J) 
Ans. 
Advantages & disadvantages of glyceryl-trinitrate as anti-angina! drug: 
Advantages 

I. Rapid onset of action . So, can be given in acute attack. 
2. Potency is higher than long acting nitrate i.e. isosorbide di/mono nitrate. 

Disadvantages 

I. Short duration (IO - 30 min) of action, so cannot be given for prophylaxis & more sustained effect. 
2. Undergoes significant first pass metabolism. So, it should be given sublingually or in the form of patch. 
3. Adverse effects: Headache, hypotension, tachycardia. 
4. Tolerance develops rapidly·. 

Q. Compare & contrast Isosorbide dinitrate with Isosorbide mononitrate. (CU-17 J, l 4J u) 
Ans. 
Comparison between Isosorbide dinitrate and Isosorbide mononitrate 

Traits Isosorbide dinitrate Isosorbide mononitrate 
1. First pass hepatic Extensive Littler 

metabolism 
2. Oral bioavailability 10-20% 100% 
3. Onset of action Rapid Slow 
4. Duration of action Shorter Longer 
5. Dosage frequency More Less 

re tokinase: In acute ST segment elevated MI, within 12 hours of onset of pain. 
(.Heparin (Enoxaparin): If ST depression & T-inversion or ST-elevation but onset of pain > 12 hrs. 
Nitrovasodilators: GTN. 
Aspmn / Clo idogrel: s anti-platelet. 
Morphine/ Pethidine: To relieve severe pain. 
P- oc ers: Atenolol, Metoprolol. 

Q. Explain the pharmacological basis of using morphine the management of MI. (CU-06M) 
Ans. 
Role of morphine in myocardial infarction: Morphine provides analgesia in Ml. Adequate analgesia is essential 
not only to relieve distress, but also to lower adrenergic drive and thereby reduce vascular resistance, BP, in fa rct 
size and susceptibility to ventricular arrhythmias. IV opiates (initially morphine sulphate 5-10 mg or diamorphine 
2.5-5 mg) and antiemetics (initially metoclopramide 10 mg) should be administered and titrated by giving 
repeated small aliquots until the patient is comfortable. 

(IM injections should be avoided because the clinical effect may be delayed by poor skeletal muscle perf usion, and a pain/iii 
haematoma may form f ollowing thrombolytic or anti-thrombotic therapy.) 

(Ref Davidson 's-2 J''/592) 

Q, Briefly discuss the drugs mentioning their role in minimizing the imbalance between supply and 
demand of 02 to heart. (SU-l 3Ju) 

Pharmacology-53 
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Ans. 

• J Pn.: load 
• l ;\ ftc rload 
• [. '~ ary vasoJ ilalaLion - --;---

:l hanncl blockrrs • lMyocnrdia l co11trnctility 
• Alicrload (N il'ccfipinc} • 

• 
• 

• 

\ i: rapamil 
Di ltiaz m 

• Pro ra nolol 
Antiplatelct drugs 

• Aspi rin 
• Clo idogrel 

• 1Prcload (Ycrapamil , Diltiaze rn) 
• oronar va · · 'I.I ion 
• l Myocardial contracti li ty 
• HR 

• To prevent thrombus formation 

Q. Yi bat is the role of low dose Aspirin on IHD? (SU-06M) 
. Explain rationale of low dose aspirin in the management of unstable angina? (CU-051) 

. .\n . 
ationale of using low dose Aspirin in the management of unstable angina: Activation of platelets is an 

essential process fo r arterial thrombosis . Low dose aspirin (75-150 mg/day) acts as an antiplatelet drug. Unstable 
angi na is associated with a high risk of myocardial infarction and death . Low-dose aspirin prevents platelet 
acti vation and thus prevents development of coronary artery thrombosis and myocardial infarction and death and 
should be prescribed for all patients with coronary artery disease indefinitely. 

(Ref Davidson's medicine-22nd) 
~ . 

C C ~ -:,- 'I?J ~s .\-o C.,g.: "-\.--4.."""'~ \ 7 
Q. Wha re the roles of Ca2+-channel blockers in angina? ~½ -\~ ~~...,..,..r ~ o~.(__~ r"I. · 
Q. E ain the anti-angina! effects of verapamil . (SU-17 J) c...'t--o..~ J,.»-a--.\c d--'f (!)1--~--¾'v--?-\ -? 
I\. . . l~ \ ... ~~ ,....~---~~<l'Y' ·,...,...,_ ~~ 

oles of Ca2+-channel blockers in angina: Ca2+-channel blockers cause the following effects: ~ <i.. """I~~ 

l . Coronary vasodi lation-+ Improves 0 2 supply to the myocardium-+ Relief of angina I pain. J, Po..a-.. ~kt,...:; 
2. Vasodi lation other than coronary arteries -+ lTotal peripheral resistance -+ lAfterload -+ lCardiac .,, 

workload-+ Relief of angina! pain. ~ r,:..,~ .-;""',Q& ~~~- """' 
3. No actin-myos in coupling-+ lForce of contraction of contraction-+ 102 requirement of cardiac "m\i~~~'/ 

-+ Relief of angina! pain. 
4. Deceases hear rate and slows the cardiac conduction-+ lmyocardial 0 2 demand-+ Relief of angina! pain . -v~ ' 

c,'6-r· 

Vessel-selective Ca2+-channel blockers (Amlodipine / Nifedipine) has limited or minimal effect on cardi ac 
conduction or heart rate. , -· 
Cardio-selective Ca2+-channel blockers (Diltiazem / Verapamil) has less peripheral effects. So they hardly 
decreases afterl oad & thereby cardiac worRl oad is uncommonly decreased in case of card io-selective Ca2

' ­

channel blockers. 

Q. Justify the combination of nitrates and P-blockers. 
An s. 
Nitrates + ~-blockers 

I . Com bined action of the two drugs is additive. 
2. One drug minimizes the adverse effects of the other. 
3. ~-b lockers can block the reflex tachycard ia produced by nitrates. 
4. itrate can attenuate the increase in left ven tri cu lar EDY associated with ~-b locker by increas ing venous 

ca pacitance. 
5. The com bination is ve ry useful in exertional angina. 
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Q. Justify the combination of nitrates and Caz+ channel blocker. 
Ans. 
Nitrates+ Caz+ channel blocker: Combined action of the two drugs is additive. 

• Nitrates: Decrease preload and afterload. 
• Caz+ channel blocker: Decrease afterload . 
• Net effect: Reduction of myocardial 0 2 demand . 

Drugs acting on CVS 

So, this combination is effective in vasospastic or exertional angina with cardiac failure. 

Q. Justify the combination of nitrates, Caz+ channel blocker and P-blockers. 
Ans. 
Nitrates + Ca2+ channel blocker+ 6-blockers 

• Nitrates: Decrease preload and afterload . 
• Ca

2
+ channel blocker: Decrease afterload. 

• P-blockers: Decrease heart rate and force of contraction. 

So, this combination is effective in exertional angina not controlled with two types of anti-angina! drugs. 

Q. Compare Propranolol, GTN & Diltiazem as anti-angina( drugs. (CU-l 7M, I 2J,09J) 
Ans. 
Comparison of Propranolol, GTN & Diltiazem as anti-anginal drugs 

:, 

Acts by decreasing Acts by venodilation &.arterial 
hea1t rate & force of dilation 
-contraction 

3', ., .. Use in-acute attack Not suitable GTN sublingual spray & tablets 
, 

are used for acute attack f •'•\.-

4. ,Broµch9spa_sm Occurs; so can't be No 
' used in asthma -.~ "' / 

5. Dyslipidemia Occurs No 
·6. CNS 'disturbances Occurs No 
7. Throbbing No Occurs 

headache 
.. 8. , '· 'rolerance ... No Occurs 
·9, Postural ·. - No Occms 

h otensio'n 
JO. Ankle edema No .No 

Q. Compare p blocker, verapamil and diltiazem as anti-anginal drugs. (C U-1 JJ ) 
Ans. 
Comparison of p blocker, verapamil and diltiazem as anti-angina( drugs 

Traits D blocker Verapamil 
1. l Afterload No No 
2. l Preload No Yes 
3. 1Myocardial contractility Yes Yes 
4. l HR Yes Yes 
5. 10 2 demand Yes Yes 
6. Relief of angina Yes Yes 
7. Use in -acute attack Not suitable Not suitable 
8. Ankle edema No Yes 

No 

No 
Less 
Headache may occur 
but less severe 
No 
No . •· 

Occurs:. 

Diltiazem 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

Not suitable 
Yes 
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\.. Drugs for Heart Failure 
w~~ ~\~ 'I~ IA.'Y""'-& ~ .... ~~ -5vJ?~~ b\o~4o ~ch~~~~ 

Heart failure: Heart failure occurs when cardiac output is inadequate to provide the oxygen needed by the body! 
It is a highly lethal condition, with a 5-year mortality rate conventionally said to be about 50%. The most common 
cause of heart failure is coronary artery disease. Two major types of failure may be distinguished. In s stolic 
failure, the mechanical pumping action ( contractiliiy) and the ejection tracuuli of tile liearfare reduced. In 
dlastolic failure stiffening and loss of adequate relaxation plays a maJor role in reducing cardiac output and 
ejection fraction may be normal. 

(Ref Katzung-1 Jth) 

Types of heart failure: The left side of the hea11 is a term for the functional unit of the left atrium and left 
ventricle, together with the mitral and aortic valves; the right heart comprises the right atrium, right ventricle, 
tricuspid and pulmonary valves. · -

0.,eft-sided lteartfailure (left ventricular failure (LVF). There is a reduction in the left ventricular output 
· and/or an increase in the left atrial or pulmonary venous pressure. An acute increase in left atrial pressure 

may cause pulmonary congestion or pulmonary edema. Patients present with r~spiratory distress. 
Right-sided heart failure. There is a reduction in right ventricular output for any given right atrial 
pressure. Causes of isolated right heart failure include cb,ronic lung disease (cor pulmonale), ~ pie 
pulmonary emboli and pulmonary valvular stenosis. Patients present with leg edema, ascites etc. 

%. Biventricular heart failure. Failure of the left and right heart may develop because the disease process 
( e.g. dila~.d cardiomyopathy or ischemic heart disease) affects both ventricles, or because disease of the 
left art leads t6 chronic elevation of the left atria, pressure, pulmonary hypertension and right heart 
fa ' re. 

(Ref Davidson 's medicine-22nd) 
o-vascular consequences of heart failure: 

Heart failure - Increased venous pressure - Increased capillary filtration - Edema. 
• Heart failure - Decreased cardiac output - JBlood pressure & jsympathetic - (Both of them) 

decreases renal blood flow - jRenin & Angiotensin-11 - j Aldosterone - jSodium & water retention 
- Edema. 

(Ref Lippincolt 's-6th) 

Pathophysiology of Cardiac Performance: Cardiac performance is a function of four primary factors: 
I. Preload: Preload represents the venous return to the ventricles. It is equal to the end diastolic volume. 

Preload is usually increased in heart failure because of increased blood volume and venous tone. 
Venodilator drugs (eg, nitroglycerin) reduce preload by redistributing blood away from the chest into 
peripheral veins. 

2. Afterload: Afterload is the resistance against which the heart must pump blood and is represented by 
aortic impedance and systemic vascular resistance. As cardiac output falls in chronic failure, there is a 
reflex increase in systemic vascular resistance. 

3. Contractility. 
4. Heart rate. 

(Ref Katzung-1 Jth) 
If \J0c~o~ A , ~~ 

Q. Outline the pathophysiology of heart failure. (CU-I 3Ju) ;y- A,C1 .\ -~ l o ~ ,......__\__ 1 ' t.SR 
Ans. -/ C ,__J ~ 
Pathophysiology of heart f~ilure . 1' \}-\ Q (-)y Sf f-'(• 
Almost all form~ of heart d~sease can lead to heart failure. Eg, MI, myocarditis, cardiomyopathy, hypertension, 
valvular heart disease, ventncular septa! defect, arrhythmia. 

The primary signs and symptoms of all types of heart failure include tachycardia, decreased exercise tolerance, 
sh?rtness of breath, and cardiomegaly. Peripheral and pulmonary edema (the congestion of congestive heart 
failure) are often but not always present. 

(Ref Katzung-/Jth) 
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Pathological factors 

t Afterload 

,.,.___.,_·~-

. ACE · 
Inhibitors 

Positive 
inotropes 

Figure. P. 

Q. Des 'j';, the 

hogenesis of heart failure, and the sites of action of some of the drugs used to treat it. 

l~(,i4Ju) 
compensatory mechanisms that operate following congestive cardiac failure. (CU-

Ans. 
Compensatory mechanisms following congestive 
cardiac failure 

1. Myocardial hypertrophy: This increase in 
muscle mass helps maintain cardiac 
performance. However, after an initial 
beneficial effect, hypertrophy can lead to 
ischemic changes, impairment of diastolic 
filling, and alterations m ventricular 
geometry. 

2. Remodeling is the term applied to dilation 
and other slow structural changes that 
occur in the stressed myocardium. 

3. Apoptosis: Ultimately, myocytes in the 
failing heart die at an accelerated rate 
through apoptosis, leaving the remaining 
myocytes subject to even greater stress. 

(Ref Katzung-J 3th) 

Fig. Some compensatory responses 
that occur during congestive heart failure. 

t Carotid sinus firing t Renal blood flow 

! ! _____ ,.. tRenin 
release 

+Force 

+Rate 

tPreload 

+ Cardiac output 
(via compensation) 

! 
~ Angioterisin II 

+ Afterload Remodeling 
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_Q. ,J1s 1hedrugs used in the treatme~1t of heart failure. (DU-10Ju,07J) ·· 
cf.~ me the group of drugs that are \lSed 'for the treatment of cardiac failure. (RU-08Ju) 

nlist the drugs used in CCF/congestive cardiac failure . (DU-16Ju, CU-06J, RV-04M/J; SU-l7J,09/08Ju) 
.Q. Name the drug other thar~ ~igitalis use~. in._C~F JB.1):;Q.311:, ·, . ,. .. 
Ans. 

Classification of drugs for heart failure/ Congestive cardiac failure (CCF): 

A. Accordin° to the efj ect of the dru rr •t, 't, . 

1. Reduction of preload • Diuretics 
• Nitrates 

2. Reduction of afterloacl • Direct acting vasodilators (hydralazine, minoxidil , Na-
nitroprusside, diazoxide) 

3. Reduction of both preload • ACE inhibitors (ramipril , captopril , enalapril , lisinopril) 
and afterload • Angiotensin-II receptor blockers (losartan, valsartan, olmesartan, 

candesartan, telmisartan) 
• Beta blockers (Metoprolol, bisoprolol, carvedilol) 
• Spironolactone 

4. Stimulation of • Digoxin 
myocardium • Digitoxin 

• Phosphodiesterase inhibitors (enoximone and milrinone) 

1. Drugs with positive inotropic effects. ·, · ·. · '..-," .. :1.1·:.·- '.-1!·"· , · · · · · . : ,. • , : · : · · 

• Cardiac glycosides • Digoxin 
• Digitoxin 
• Ouabain 

• P-agonist • Dobutamine 
• Dopamine 

• PDE _inhibitors: Bipyridine 
1N!;~~~~ 

• Inamrinone 
• Milrinone 

2. Drugs without positive inotropic effects ../~ ~. ; t; 

• Diuretics • Frusemide 
• ACE inhibitors • Captopril , Enalapril , Lisinopril , Ramipril 
• Angiotensin-11 receptor • Losartan, Yalsartan, Telmisa,ian 

blockers 
• Aldosterone antagonists • Spironolactone 
• J3-blockers • Bisoprolol, Carvedilol, Metoprolol 
• Vasodilators • Hydralazine and isosorbide dinitrate 

D \-50 ;,U"'Y'\ ,--\- (' C1 \~ .:: ~~_:, (A-c,--y---~ c_ 

e cribe management of heart failure atAciffferent stagei."(.CU-JSj(1) 
utline the treatment of CCF. (RU-05S,04Mj . ' _t , " · !'·1'" ' • . 

(Rej: Katzung-l 3th ediuon) 

~ • ' .. ,, ., ,, ,,i;1-, • ~,. • . ; ' '( • • 

. Outline t.he ther;tpeutic app~o~ch, to ~ong~stive h~arVc~rdiac,f~ilure/ C<;;F. (SU-1.7.tyt,lWu, J'IJu) 
Ans. 

Treatment of acute left ventricular failure {ALVF): This is a common medica l emergency. There are signs of 
low cardiac output and pulmonary edema (severe respiratory distress). 

-~ Oxygen inhalation. 
/ • IV Frusemide 40-80 mg, is the mainstay of therapy and prov ides benefit both by a rapid and powerful 

venodilator effect reducing preload, and by the subsequent diures is. 
• IV morphine or diamorphine, which reli eve anxiety and pain and have a va luable venodilator effect. 

(Ref Bennet! & Brown-I I th) 
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Management of chronic cardiac failure: Experts have classified Hf- into four stages, from least severe to most 
severe. 

Stage of heart failure Treatment options 
STAGE A Risk factor reduction, patient education 
High risk with no symptoms Treat hypertension, diabetes, dyslipidemia; ACE inhibitors or ARBs in 

<;:r,n, p natients 

STAGE B ACE inhibitors or ARBs _0 all patients; P-blocker in selected patients 
Structural heart disease, no 
symptoms 
STAGE C ACE inhibitors and P-blockers in all patients; aldosterone antagonists and 
Structural heart disease, previous FDC HYO/ISDN m select patients 

... 
or current symptoms Dietary sodium restriction; diuretics and digoxin 

~ ' ' //J (Ref L1ppmcot1 s-6 /267) 

STAGE A 
High risk with 
no symptoms 

STAGE( 

ACE in~ll:iltors and ~block~rs In all patients; aldosterone antagonists and FDC HYD/1S DN In select patients 

ACE Inhibitors or ARBs in all patients; ~-blocker in selected patients 

Treat hypertension, diabetes, dyslipidemi~; ACE inhibitors or ARBs in some patients 

Fig. Treatment options for various stages of HF. FDC = fixed dose combination; HYO= hydralazine; ISDN = 
isosorbide dinitrate. Stage D (refractory symptoms requiring special interventions) is not shown. 

Q. - / Gie role of frusemid e in heart failu re/CCF. (SU- I 7 M, 121 u, 09 /0 81u,07 J, 06S) jp intt 
Role of frusemide in heart failure/CCF: Frusemide reduces the accumulation of edema, particularly in the 
lungs. Reduction of pulmonary vascular congestion with diuretics may actually improve oxygenation and thereby 
improve myocardial fonction . Re uct1on o pre oad can reduce the size 'of the heart, allowing it to work at a more 
efficient fiber length. r pharmacological basis of using frusemide in ALVF with pulmonary edema? 

Pharmacological basis of using frusemide in AL VF with pulmonary edema: 
Frusemide 

! 
Inhibition of luminal Na+-K+-2ci- transporter in the thick ascending limb of loop of Henle 

t 
Causes increased NaCl, KC I and water excretion through kidney. 

! 
Decreases volume of body fluid . 

! 
Decreases blood volume 

t 
Edema fluid in the alveolar space returns to the blood vessels 

(Ref Katzung-1 l ) 
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! 
Reduction of pulmonary edema. 

! 
Relief from respiratory distress. 

Cardiac glycosides 

me cardiac glycosides. (RU-S0S,03S/J) 
lassify cardiac glycosides according to source. (RU-0SS,03S/J ;SU-06J) 

ns. 
Cardiac glycosides: Cardiac glycosides are those glycosides which have the specific action on the failing hea1t, 
ie, increase force of contraction and decrease heart rate in a failing heart. 

Classification: 3 types of cardiac glycosides-

I. Plant origin: from the leaves or seeds of plant. • Digoxin 
• Digitoxin 
• Ouabain 
• Gitoxin 

2. Animal origin: Skin glands of toad. • Bufotoxin 
3. Synthetic • Digoxvgenin 

Nice to know 
Chemical structure of cardiac glycoside: Cardiac glycosides consist of -

1. Sugar part (Glycone portion): Connected to carbon 3 of the steroid nucleus. 
2. Non-sugar part (Aglycone portion): 

o A steroid nucleus 
o A lactone ring at the 17 position of steroid nucleus. 

a, 
r.iC=O 

Lactone 

Fig. Structure of cardiac glycoside 

Q. Write down pharmacological properties of digoxin. What factors potentiate its action? (SU-02J) 
Ans. 
Pharmacological properties of digoxin: 
A. Sugar/ glycone part: This portion is responsible for pharmacokinetic properties. 

I. Lipid soluble 
2. Helps in absorption 
3. Increase potency and duration of action of cardiac glycosides 
4. Facilitates the attachment of drug to the cardiac muscles 
5. Protects the other part from enzymatic destruction 

B. Non sugar/ aglycone part: This portion is responsible for pharmacodynamic prope1iies. 
1. Steroid nucleus: Mineralocorticoid effects (hypokalemia & gynecomastia). 
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2. Lactone ring: Essential for cardiotonic action. 
3. OH group: Responsible for prolong cardiotonic action & absorption . 

I ·\.... -> J 1_---,,--\.e.- C' «'.__ \. \ u_ ~ <' 

' ['Src::'f'''-P<cG,_ arr-)._ - 2 ry jlntracellular Na+ concentration 

t - 7 
Inhibits Na+-Ca

2
+ exchanger -l/ Yr-+ l~ 

Reduction of Ca2
' expulsion from the c~ ) 

t k-
j l n trace II u la r Ca2

+ 

~ 
Increased cardiac contractility 

jStroke volume 
t 

jCardiac output 

t 
• jRenal blood flow.- jGFR .- jUrine outflow~ !Edema . . 
• tEDV .- tFiber size .- Length comes within the limit of Frank-Sterlmg law --+ Normal contraction --+ 

tHeart rate 
• Wit drawal of sympathetic activity--+ tHeart rate. 

t 
• Tachycardia will be corrected 
• Edema will be corrected 
• Cardiomegaly will be corrected 
• Respiratory distress will be corrected 

Electrical effect: 
1 . SA node --+ Decrease rate. 
2. Atrial muscle.- Decrease refractory period . . d 
3. AV node.- Decrease conduction velocity, increase refractory peno · 
4. Purkinje system-+ Slight decrease refractory pe_riod. 
S. Ventricular muscles--+ Decrease refractory penod. 
6. Electrocardiogram .- Increase PR interval , decrease QT interval. 

Pharmacology-54 

(Ref Katzung-l 3th) 
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Q. Write the phannacological properties of cardiac glycosides. 
Q. Write the pharmacological effe.cts of digoxin. (DU- 12.fu) 
Q. Write the effects of cardiac glycosiclcs on heart. 
Ans. 
Pharmacodvnamic properties/effects of cardiac glycosides / digoxin: 

, I. inhibits of Na+-K+ ATPase pump 
2. Cardio-selective parasympathomimetic activity 
3. Cardio-selective sympathomimetic activity 
4. Amine neurotransmitter reuptake inhibitors (only for ouabin) 

1. Inhibitors of Na+-K+ ATPase pump: By this action, cardiac glycosides play role in heart failure. 

2. Cardio-selective parasympathomimetic activity: Occurs in normal therapeutic dose. 
• lH.R 
• lContractility 
• lAutomaticity 
• Delayed AV conductivity: Delayed AV conductivity seems . to be interruptio~ or cut up _th~ connect!on 

between atria and ventricle. That is, all atrial impulse cannot reach to the ventricle even atna ·1s generating 
impulse in high rate. For this property, cardiac glycosides can be used in atrial fibrillation or atrial flatter 
(atrial beat: 240-300/mm). 

3. Cardio-selective sympathomimetic activity: Occurs in overdose of cardiac glycosides. 
• jH.R 
• jContractility 
• jRhythmicity (j Atrial depolarization in regular interval) 
• j Automaticity 
• Atrium is controlled by dual nerve supply both sympathetic & parasympathetic. But ventricle is 

controlled almost solely by sympathetic nerve. As a result toxic effect of cardiac glycosides ( e.g. ectopic 
focus) occurs mainly over ventricle which leads to ventricular fibrillation. In ventricular fibrillation , 
ventricle will not be able to fill sufficiently & it will contract as an empty cavity . J_.,__,_,... { ~ 

l~Ro',L.O 
4. Amine neurotransmitter reuptake inhibitors: 

• In autonomic nervous system: Indirectly acting adrenergic drug; e.g. TCA l 
~ 

~ -\- -k-+ ~ 
'--- .J_,, \ '-..,- . '--'--1 

• In cardiovascular system: Ouabain 

Q. Explain e interaction of digoxin with common electrolytes. (DU-07 J) 

1 Y1 l ...::> o,... en ' / 

J7'~tf--°-\, C-e~ °" 
~ es Ca2+ & K+ modify the effects of digoxin? (SU-06S,RU-06J) 

Ans .j, N(.\~ -Co. L<t- ~ ~-

I er ction ?f di_ ox~n w~th c~mm?n elect~ol tes . . . . . I)' <])'i C'XJ*- 0-.. Q+,. 
nteract10n of d1goxm with K : Potassium and d1g1talis mteract m two ways. 'rirst, they inhibit ei ch other's 

binding to Na+-K+ ATPase; therefore, hyperkalemia reduces the enzyme-inhibiting actions of cardiac 
glycosides, whereas hypokalemia facilitates these actions. Second, abnormal cardiac automaticity is inhibited 
by hyperkalemia. Moderately increased extracellular K+ therefore reduces the effects of digitalis, especially 
the toxic effects. 

Hypokalemia (lK+) - jCardiac glycoside activity --t jFrequency & intensity of adverse effects. To 
neutralize/ decrease the adverse effects, potassium supplementation is needed . 

Co-administration of Frusemide & Dioxin: Frusemide causes hypokalemia & potentiate the tox icity of 
digoxin. 

2. lnteracti_on of digoxin with Ca2+: Calcium ion facilitates the toxic actions of cardi ac glycosides by 
accelerating the o~e:loading of intracellular calcium stores that appears to be responsible for digitalis-induced 
abnormal automat1c1ty. Hypercalcemia therefore increases the risk of a digitalis-induced arrhythmia. 

I • -I 
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3. Interaction of digoxin with Mg2+: The effects of magnesium ion appear to be oppos ite to those of calcium . 

These interactions mandate careful evaluation of serum electrolytes in pati ents with digitali s- induced 
arrhythmi . 

Q. hi ·h factors may precipitate digoxin toxicity? (SU-I 4Ju) 
An . 
Factors that may precipitate digoxin toxicity 

I. Hypokalemia 
2. Hypomagnesemia 
3. H ercalcemia 

ich diuretic can be used in the combination with digoxin? (CU-00S) 
iscuss the role of digoxin & frusemide in the management ofCCF. (SU-12Ju) 

Ans. 
Digoxin + Diuretic: 

(Ref Katzung- 13th) 

• K+ loosing diuretics (eg, frusemide, hydrochlorothiazide) will cause hypokalemia which will lead to 
digoxin toxicity. 

• But K+ sparing diuretic, eg, spironolactone will cause hyperkalemia which will reduce toxic effects of 
digoxin. So spironolactone can be used in the combination with digoxin. 

Q. Justify the combination- Hydrochlorothiazide & triamterene in a CCF case treated with digoxin 
Ans. 
When hydrochlorothiazide and triamterene are used together, there is no hypokalemia, because triamterene is a 
potassium sparing drug. So, there is no digitalis toxicity. 

tify the combination of using Digoxin & Lisinopril in the Rx of congestive cardiac failure (CCF) . 
U- l 4J ,09J ,07 J ,06M) 

· Ans. 
Combination of Digoxin & Lisinopril in CCF: Lisinopril is an ACE inhibitor and it causes hyperkalemia. 
Hyper alemia reduces the toxic effects of digoxin. Both drugs help to improve heart failure . 

Q. b scuss the role ofDigoxin & Losartan in the management of CCF. (SU-1 2Ju,08J) 
A s. 
Role of digoxin & losartan in the management of CCF: Losartan cause hyperkalaemia & hyperkalaemia 
reduces the toxic effects of digoxin. Both drugs help to improve heart failure . 

Q. Mention the consequences when digoxin is used along with propranolol. (RU-16J) 
Ans. Digitalis+ P-blocker / propranolol - More bradycardia - Heart block. 

Nice to know 
Other drug interaction: 

1. Digitalis+ Steroids: Steroids cause hypokalemia which potentiates digoxin toxicity. 
2. Digitalis+ Thiazide diuretics: Thiazide diuretics cause hypokalemia which potentiates digoxin toxicity. 
3. Digitalis+ P-blocker - More bradycardia - Heart block. 
4. Digitalis+ Ca2

+ channel blocker - Verapamil & n[fedipine increases.free digitalis in the blood by 
competing for the same binding site ofplasma protein - Digitalis toxicity . 

5. Digitalis + IV infusion of Ca2+: Death ofpt. immediately . 
6. Digitalis+ Quinidine - j conc. ojfree digitalis in the blood due to replacement fro m tissue binding and 

impairment in renal excretion of digitalis - Digitalis toxicity. 

Q. What are the indications ofDigoxin? (SU- I IJ ,06J , RU-15J.1 3J,06J ) 
Ans. 



tion of Diooxin: 
Heart fa ilure / CCF 
Cardiac arrhythmia: 

• Atrial fibrillation 
• Atrial flutter 
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• Paroxysmal Supraventricular Tachycardia (SVT) 

Q. Mention the adverse effects of cardiac'glyc,o.sides .. (SU-07 /06J, CU~Q2~) • ·.']1. ;)t:,_._:, ·: .. ,. ·, . 
Q. Write do,vn the ad~erse effects .. of digoxiri/digitali~. (DU;l2/l OJu, Rq ~~4~,;.·~1t:l!:- l'6J, 131). . ~ 
Q. Write_down the cardiac adverse e!Jects o,f digoxiri."(CU-{5J)' .'..f · · .... ',. ·: .-.: ' , , '· ., .'' .. .. ·. 
Q. Outline~he · ks of digoxin i~ .tHe ~ni~n'ag,ement-9f hear~ fa~,lure. (CU,-13Ju;P~I,t _\:-.:.=i/ .'·. · '; /;· ,.:. t' · .. 
Q. What.are e signs ofDigoxin tp_xicity?, (9U-qf,I6J) ' ; . ._, ... ,,.· ·_', ;f. ,· ·_,:: -·r\· _·.:.:'(,, :_ \· · :; •V. 

~

· Cat g rze. car:dio;.t~xicify.·- ?~ dig~~ali~ ·a_.:·~~~-r-ding·to,_~~rum _d_ig~~al!~ c~-~ce~tr_at~on.: (ClJ-1}/u~-f . " (: 
n two_a~vei:_s~ effects pf_d~g9,~1µ,: '...(Rl-b) 7JL. ·'·-:' ·::. ,, ' I ·. -: ' '·,·::. ·,' "·-'· '· :. t. • . ,,.,-~<!-,,,.!_.,a ,~, 

. 
ffects of Di oxin: 

A. GIT adverse effects: (Most frequent) 
I. Anorexia 
2. Nausea 

~ 3. Vomiting 
l 4. Diarrhea 

8. Cardiac adverse effects: 
/ Bradycardia (earliest adverse effect.) 

5. Bigeminy 
6. Trigeminy 
7. Ectopic focus leading to ventricular fibrillation (in toxic dose) 

C. CNS adverse effects: 
I. Insomnia 
2. Disorientation 
3. Visual hallucination leading to color blindness (due to increased depolarization in rods and cones) 
4. Agitation 
5. Convulsion 
6. Steroid psychosis for chronic use: Hallucination, Delusion 
7. Vomiting: By stimulating vomiting centre at che~oreceptor trigger zone (CTZ) 

D. Miscellaneous: 
I . Hypokalemia 
2. Gynecomastia in male (due to steroid nucleus) 
3. Galactorrhea in female 

Ql Wha are t early adverse effects of digoxin. (RU-I 3J, l lJ, SU-1 lJ) 
Q. W tare he early toxicities of digoxin. (RU-151) 
Ans. 
E a erse effects of digoxin 

.J.· Bradycardia (earliest adverse effect.) 
~ GIT adverse effects (Most frequent) 

3. Ectopic focus 
/ Hypokalemia 

Q. Mention the contraindications of cardiac glycosides / digoxin . (DU-98M,RU-04M ,03J) 
Ans. 
Contraindications of cardiac glycosides / digoxin: 

I. Ventricular fibrillation 



2. Ventricular flutter 
3. A-V heart block 
4. Hypokalemia 
5. Hypercalcemia 
6. Liver failure 
7. Renal failure 
8. Constrictive pericarditis 
9. Sinus tachycardia 
I 0. Perie dial effusion 
11. yp thyroidism 

Q. Co p e digoxin and digitoxin. (SU- I I J) 
AQL 
Comparison between digoxin & digitoxin 

Route of administration 
3. Oral bioavailability 60 - 80 % 
4. Onset of action 15 a 30 minutes 
5. Duration of action 2 - 6 da s 
6. Plasma t112 40 hours 
7. Plasma rotein bindin 25% 
8. Metabolism Medium 
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9. Distribution Wide! distributed includin 
10. Thera eutic index TI Narrow 
11. Excretion Kidne 
12. Enterohepatic recycling Absent 
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>90% 
½ hour - 2 hours 
2 - 3 weeks 
5 - 7 da s 
95% 
Hi h 

CNS Wide! distributed includin CNS 
Narrow 
Liver 
Present 

(Ref Tripathi-6111497) 

Role of ACEI / ARB in heart failure 

tf:·.Discuss. the role of A.€EI in chro.'ffit h"eirt :iailure I CCF. (DU-f (if11;ilvD\ l.6Ju, RU-tSJ t1;-·SU-I6}u) 
, i,, • .r-t ''. ,;. • ·"fi;. - . ... ,-. ., ·1'" • ~ ' ···~~-·- '· ·'..- 'q l 3:_ ½,_ • ' • 

Q. How do.es'captopril co1+ect CCF? (I;>.lJ-08_Ju; ·CU-.0j M, RU- l}t~u;L2Ju, UJ) ' ' · · 
Q. Explain the rationale of usi~g captopril ~n CClfr(ClJJ3J,.Q7N; .R_tl,'.-6~J~06,1\.1) _ . 
Q. ExP,,lain,the be · efits of capto,pril in.the treatfuerit ,qf cc~. (ClJ~_17M,12};09/08Ju; RU-13Ju) · 
Q. Explai ' t rol~ of lisin9pril 'in:~eart failure< ~SU-.l?J, 1 OJut <> · ., ·.'' : 
Q. Out · t,he role of ramip~il:'in-;ctf;gestiv~'~eart fa'ilure. '(SU~-14Ju') 
Q. fy p_refer~nce of olmts~rtan to,verapi mil ,jn CCF. (SU-15:IuL 
A 
Role of ACEI and ARB in the management of CCF / heart failure: ACE! reduces both preload & afterload 
in CCF. Moreover only ACEI & Angiotensin-11 receptor blockers alter the course of pathological changes in 
CCF. They afford symptomatic benefits as well as disease modifying benefits by retarding/ reversing ventricular 
hypertrophy, myocardial cell apoptosis & remodeling. There are prognostic benefits of ACE! & ARBs have 
established in mild to severe CCF as well as in patients with asymptomatic systolic dysfunction. 

ACE inhibitors retard the progression of LY systolic dysfunction & prolong survival of chronic HF patient. So, 
ACE inhibitors are the I 

st 
line drugs in all patients with symptomatic or asymptomatic LY dysfunction unless they 

are contraindicated. A diuretic, ~-blocker with or without digitalis may be added according to need. 

(Ref Tripathi-6th/504, 505) 

Q. Outline the risks of captopril in the treatment of CCF. (CU-17M) 
Ans. Write adverse effects of captopril from above. 
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Q. Describe the mechanism of action of captopril/ ACE inhibitors in CCF. 
11S. 

Mechanism of action of captopril/ ACE inhibitors in CCF: 
ACE inhibitors/ Captopril / Lisinopril / Ramipril 

t 
Inhibi ts angiotensin converting enzyme (ACE) 

t 
Inhibition of conversion of angiotensin-1 into angiotensin-11 

t 
tAngiotensin-11 level 

! 
!Angiotensin-11-mediated effects 

! 
• No direct vasoconstriction - Vasodilation - !Preload 

-

• !Sympathetic outflow - !Heart rate - tCardiac work . 
• tAldosterone production - No retention of Na & H2O - tBlood volume ---t !Edema and !Peripheral 

resistance - tAfterload 
• jBradykinin level - Vasodilatation - tPreload 

! 
When preload and afterload decrease, cardiac workload also decreases and REMODELLING & 
hypertrophy o he heart is prevented. 

(Ref Lippincott 's-6th) 

a of drug combination of losartan & frusemide in CCF: 
• Losartan is an ARB drug which causes hyperkalemia. On the other hand, ~!!ili!e causes ~ypokalemia. 

S6 whenthese two drugs are used in combmanon, K+ homeostasis remains unaltered. --

• Both drugs have beneficial role in CCF. Losartan reduces both preload & afterload in CCF. Frusemide 
reduced pre load. Thus, combination use of these two drugs has synergistic effect in CCF. 

Q. Compare digoxin and captopril as drugs for congestive cardiac failure. (CU-I I J) 
Ans. 
Comparison between digoxin and captopril as drugs for congestive cardiac failure 

L ,Mechanism .,, ·· Jnhibits'an iotensin convertin enz me 
'2. Effects,.on erfusion 'No effect. ·. . · '" 
3. Car:diac r~ipo_deli'ng (N9 effect , .Prevents remodelling & hypertrophy of the 

'heart. · , ,- · . 
4. Cardiac arrh thmia Can· occur which ma be fatat ,Uncommon 
5. Effects on K~ level ,H okale111ia ·! B erkalemia 
·6. Occurs Does not occur-, 
7; ·Common .. i. ~- i.L Uncommon . · 
8. Does,oot occu'r , ~-

' 
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P-blockers in CCF 

Q. D' . USS e role of P-bl<:>ckersJ:n heart faiiure. (S0-r3Ju) . , . , 
Q. u_tr e the role of carvedilo.IJ !! tong~stiye h.e~_rt fililur,e. (SU-17}4, l~Ju) 

s. 
', ole of 6-blockers in heart failure: When initiated in standard doses, ~-blockers may precipitate acute-on-

chronic hea1t failure, but when given in small incremental doses under carefully monitored conditions, they can-
l . Reduce the risk of arrhythmias and sudden death. 
2. Increase ejection fraction, improve symptoms, reduce the frequency of hospitalization and reduce 

mortality in patients with chronic heart failure. 
(Ref Davidson's medicine-22nd) 

Studies with bisoprolol, carvedilol, and metoprolol showed a reduction in mortality in patients with stable 
severe heart failure. The probable mechanism of the beneficial action of~ blockade include-

\ . Reduce the adverse effects of high concentrations of catecholamines (including apoptosis) . 
2. Up-regulation of ~-receptors. 
3. Decreased heart rate. 
4. Reduced remodeling through inhibition of the mitogenic activity of catecholamines. 

(Ref Katzung-J 3th) 
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Types of cardiac tissue· There are broadly two ty1Jes of cardiac tissue . · t· i' ti 
1 ' ' · · ·bl for the pumping ac 1011 01 1e 1ea11. 

I. Ordinary myocardial (atrial and ve_n~~icular) muscl_c, respo,:~' t lse and determines the order in 
2. Specialized conducting tissue that 1n1t1ates the cardiac elect, 1ca impu 

which the muscle cells contract. . . 
. · I · called automaticity and 1s a feature of The important property of be111g able to form impulses spontaneot!s Y is . 

1 
AV) des 

certain P,arts of the conducting tissue, e.g. the sinoatrial (SA) and atnoventncu ar ( (J~e_/:· B~nnet & Brown-] 
1
th) 

c ·on potential of cardiac muscle and conducting tissues: 

Phase 1 Initial ra id re olarization 
Phase 2 Plateau (delay in 

re olarization) 
Phase 3 Late rapid repolarization 

Phase 4 Resting membrane potential 
(For cardiac muscle cell) 
P emaker potential (For 
·onductin tissue.5) 

Phase 1 

Phase o 
ONa) 

-85mV 

. -•- 1 1 d O itflow of K' ions b K channels. Closure oi Na c 1anne s an L 

Caused mainly by a slow influx of Ca_+ through voltage-gated 
ca21 channels ('Ion -o enin 'or L-channels). . 
Closure of the Ca + channels and K+ efflux through various types 
of K+ channels 

Jnflux ofK " and efflux ofNa+ and Ca_+ 

(Ref Bennett & Brown-l lth+Ganong-24th) 

Effective refractory period (ERP) 

Phase 4 (IK,, also I Na• lea ) pacern~2!;.. • 

~-----------------

Sodium 
pump 

Non pacemaker 

> ~ .,..,.. ~ '.::;f\~:-
Ca ··. · Na .Ca ,. K1 

Na/Ca Diastolic currents 
exchanger 

Fig Action potential (AP) in a typical Purkinje or ventricular cardiac cell. In non-pacemaker cells, the outward 
potassium current during phase 4 is sufficient to maintain a stable negative resting potential as shown by the 
solid line at the right end of the tracing In pacemaker cells, however, !he potassium current is smaller and the 
depolarizing currents (sodium, calcium, or both) during phase 4 are large enough to gradually depolarize the cell 
during diastole (dashed line). 

Refractory period: In phases I and 2 the cell is in an absolutely refractory state and is incapable of responding 
further to any stimulus but during phase 3, the relative refractory period, the cell will depolarize again if a 
stimulus is sufficiently strong. 

(Ref Bennet! & Brown-11th) 
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i arrhythmia: Arrhythmia means abnormalities in impulse generation or conduction or both in the 
cond cting tissue of heart. 

Mechanism of arrhythmias: Most cardiac arrhythmias are probably due either to: 
I. Impaired conduction in part of the system leading to the formation of re-entry circuits (> 90% of 

tachycardia) or 
2. Altered rate of spontaneous discharge in conducting tissue. Some ectopic pacemakers appear to depend 

on adrenergic drive. 

(Ref Benne It & Brown- I I th) 
Types of arrhythmia: 

I. Sinus arrhythmia: Sinus bradycardia, Sinus tachycardia 
2. Atrial fibrillation: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. Atria beat 

rapidly, but in an uncoordinated and ineffective manner. The ventricles are activated irregularly at a rate 
determined by conduction through the AV node. This produces the characteristic 'irregularly irregular' 
pulse. The ECG shows normal but irregular QRS complexes; there are no P waves but the baseline may 
show irregular fibrillation waves. 

3. Atrial flutter: The atrial rate is approximately 300/min. It is usually associated with 2:1, 3:1, or 4:1 
atrioventricular block (with corresponding heart rates of 150, 100, 75). 

4. Supraventricular tachycardia (SVT): Tachycardia with narrow QRS complex. 
5. Ventricular ectopic beats 
6. Ventricular tachycardia (VT): Tachycardia with very broad QRS complexes. 
7. Ventricular fibrillation 
8. Torsades De pointes: This form of polymorphic ventricular tachycardia occurs due to prolonged QT 

interval. 
(Ref Davidson's-22nd edition) 

ti-arrhythmic drugs. (CU-08J,06S, RU-08J, SU-l 3Ju, 1 IJ) 
N &..\. / (, / k T) L-4 'L ,L ---y C _-&, 

b ·16 .,___L----

I. Cl Id ass- ruf s: Th ey are vo tage sensitive N + h a -c anne l bl k oc ers. 
Class IA • Prolong the action potential duration (APO) by slowing phase 0 , ,.-' Quinidine 

aepolarization. • Procainamide 
• Increase ventricular effective refractory period. 
• Dissociate from the channel with intermediate kinetics. 

• Disopyramide 

Class 1B • Shorten the APO in some tissues of the heart by shortening phase 3 ,V. Lidocaine 
repolarization. - -

• Mexiletine 
• Dissociate from the channel with rapid kinetics. 

Class IC • Markedly slow phase O depolarization. • Flecainide 
• Cause markea-conduction slowing. --<Bncainide 
• Have minimal effects on the APO and ventricular effective • Moricizine 

refractory period . • Propafenone 
• Dissociate from the channel with slow kinetics. 

2. Class-II drugs: They are p-adrenoceptor blocker. They suppress phase 4 depolarization, thus depressing 
automaticity, prolonging AV conduction, and decreasing heart rate and contractility. 
1. Esmolol 
2. Metoprolol 
3. Propranolol 
4. Pindolol 
5. Sotalol 
6. Atenolol 

3. Class-III drugs: They are voltage sensitive K+ channel blocker and thus diminish efflux of K ; during 
repolarization of cardiac cells. They prolong phase-3 repolarization in ventricular muscle fiber. 

Pharmacology-55 



Blueprint™ Pharmacology 422 -I . Amiodarone 
2. 

4. Dofetilide 
5. lbutilide 

4. Class-IV drugs: They are voltage sensitive Ca2
+ channel blocker. They decrease Ca

2
+ influx, resulting in 

decreased rate of phase 4 spontaneous depolarization . They slow conduction in tissues that are dependent on 

calcium currents , eg, A node, AV node. 
Verapamil 

~ Diltiazem 

5. Miscellaneous Antiarrhythmic Agents : 
/ o· . .c9 1goxm 

• Adenosine 
• Magnesium 
• Potassium (Ref Lippincott 's-5t!'/207-2 l 7, Katzung-l 2th edition) 

__l,f;: fy the use of atenolol as anti-arrhythmic. (SU-151) 

·e of atenolol as anti-arrhythmic: Atenolol suppress phase 4 depolarization, thus depressing automaticity, 
prolonging AV conduction, and decreasing heart rate and contractility. 

Q. Name the commonly used anti-arrhythmic drugs . (RU-081) 
Ans . 
Commonly used anti-arrhythmic drugs: 

I. Amiodarone 
2 . Adenosine 
3. Metoprolol 
4. Lidocaine 
5. Propafenone 
6. Carvedilol 
7. Diltiazem 
8. Verapamil 

Quinidine 
9 -Ji isc/ s the mechanism of action of quinidine. (CU-081) 

~~tla'nism of action of quinidine: 
I. Quinidine - Voltage sensitive Na+ channel blocker - Block rapid inflow of Na+, thus slowing the rapid 

upstroke during phase-0 depolarization - Prolong the action potential duration (APO) and increase 
ventricular effective refractory period - Antiarrhythmic effect. 

2. Quinidine - Membrane stabilizing activity - jThreshold level - Limits the responsiveness to 
excitation of cardiac cells - Antiarrhythmic effect. 

3. Quinidine also decreases the slope of phase 4 spontaneous depolarization . 

Q. Discuss the adverse effects of quinidine. (CU-081) 
Ans. 
Adverse effects of guinidine: 
A. Cardiac Effects 

1. Exacerbation of arrhythmia 

(Ref Lippincott 's-511,/21 I) 
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2. Ventricular tachycardia 
3. SA or AV block or asystole 
4. Excessive QT interval prolongation 
5. Induction of Torsades de pointes arrhythmia. 

B. Extracardiac Effects 
I. GIT side effects of diarrhea, nausea, and vomiting are observed commonly. 
2. A syndrome of headache, dizziness, disorientation, psychosis, and tinnitus (cinchonism) is observed at 

toxic drug concentrations. 
3. Idiosyncratic or immunologic reactions, including thrombocytopenia, hepatitis, angioneurotic edema, and 

fever, are observed rarely. 
(Ref Lippincott 's-51h /212; Katzung-12'"12 3 8-2 3 9) 

Lidocaine 

Q BriH°xplain the anti-arrhythmic action of lidocaine. (SU-02)) 

0 
"1. ., ~ 

«,rhythmic action of lidocaine: 0J 
I. Lidocaine shortens the duration of action potential in some tissues of the heart by shortening phase 3 

repolarization. 
2. Lidocaine suppresses arrhythmias caused by abnormal automaticity. 
3. It abolishes ventricular re-entry. 
4. Lidocaine blocks activated and inactivated sodium channels with rapid kinetics which result in the 

selective depression of conduction in depolarized cells. 

Q. Write down the adverse effects of lidocaine. (RU-08J) 
Ans. 
Adverse effects of lidocaine: 

(Ref Lippincott 's-5'"1213, Katzung-J 2'hl240) 

A. Cardiac: Lidocaine is one of the least cardiotoxic of the currently used sodium channel blockers. 
1. Proarrhythmic effects and ventricular arrhythmias are uncommon with lidocaine use. 
2. In large doses, it may cause hypotension. 

B. Extracardiac: Lidocaine's most common adverse effects-like those of other local anesthetics-are 
neurologic: 
1. Paresthesias 
2. Tremor 
3. Nausea of central origin 
4. Lightheadedness 
5. Hearing disturbances 
6. Slurred speech, and 
7. Convulsions. 

These occur most commonly in elderly or otherwise vulnerable patients or when a bolus of the drug is given too rapidly. The 
effects are dose-related and usually short-lived,· seizures respond to intravenous diazepam. In general, ifp lasma levels above 
9 mcg/ml are avoided, lidocaine is well tolerated. 

Q. Write down mechanism of action of propranolol. (CU-06S) 
Ans. 

(Ref Katzung- 1211,/2-IV) 

Mechanism of action of propranolol as an anti-arrhythmic drug: Propranolol is a non-se lective ~-blocker. It 
suppresses phase 4 depolarization, thus depressing automaticity, prolonging AV conduction, and decreasing hea11 
rate and contractility. 
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Amiodarone 

Q. Write down mechanism of action and adverse effects of amiodarone. 
Ans. 
Mechanism of action of amiodarone: 

I. Amiodarone is a voltage sensitive K+ channel blocker 
! 

Diminish efflux of K+ during repolarization of cardiac cells 

! 
Prolong phase-3 repolarization in ventricular muscle fiber 

! 
Prolongation of refractoriness 

! 
Prevent reentry circuit 

! 
Anti-arrhythmic effect. 

2. Amiodarone also significantly blocks inactivated sodium channels. 
It also has weak adrenergic and calcium channel blocking actions. 

! 
Slowing of the heart rate and AV node conduction. 

The broad spectrum of actions may account for its relatively high efficacy. 
(Ref Lippincott 's-6th; Katzung-l 3th) 

Fig. Schematic diagram of the effects of group 3 
agents (eg, amiodarone). All group 3 drugs prolong 
the AP duration in susceptible cardiac cells by 
reducing the outward (repolarizing) phase 3 
potassium current (h, wavy lines). The main effect is 
to prolong the effective refractory period (ERP). 

Adverse effects of Amiodarone: 
Cardiac: Symptomatic bradycardia and heart block in patients with preexisting sinus or AV nodal disease. 

Extracardiac: Amiodarone accumulates in many tissues, including the heart, lung, liver, and skin, and is 
concentrated in tears. 

I. Interstitial pulmonary fibrosis (most important adverse effect) 
2. Hepatitis 
3. Photodermatitis 
4. Gray-blue skin discoloration in sun-exposed areas, eg, the malar regions. 
5. Asymptomatic corneal microdeposits 
6. Halos develop in the peripheral visual fields of some patients. 
7. Optic neuritis - blindness. 
8. Hypothyroidism 
9. Hyperthyroidism. 
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I 0. Tremor 
11. Ataxia 
12. Neuropathy 
13. Muscle weakness. 

(Ref Lippincoll 's-6th; Katzung-1 Jth) 

Verapamil 
he mechanism of action and adverse effects of verapamil. 

Mee nism o action of verapamil: 
- Verapamil 

t 
Blocks voltage sensitive L-type Ca2

+ channel 
t 

Decrease Ca2
+ influx 

t 
Decreased rate of phase 4 spontaneous depolarization / _;f ~ e.. 2-. 

t 
Prolongs conduction and refractoriness particularly in the SA and AV nodes 

t 
Antiarrhythmic effect. 

(Ref Lippincott 's-6th; Katzung-1 Jth) 

Adverse effects of verapamil: 
Cardiac: Verapamil's cardiotoxic effects are dose-related and usually avoidable. 

1. Hypotension 
2. Bradycardia 
3. Ventricular fibrillation 
4. AV block- in large doses or in patients with AV nodal disease. 
5. Sinus arrest, in patients with sinus node disease. 

Extracardiac: 
1. Constipation 
2. Lassitude 
3. Nervousness, and 
4. Peripheral edema. 

Adenosine 
Adenosine is a nucleoside that occurs naturally throughout the body. 

Mechanism of action: 
Activation of an inward rectifier K+ current and inhibition of calcium current. 

t 
Marked hyperpolarization and suppression of Ca2

+ -dependent action potentials. 

t 
Inhibits AV nodal conduction and increases the AV nodal refractory period . 

Indication: Paroxysmal supraventricular tachycardia. 
Toxicity: 

1. Flushing ( 20% of patients) 

(Ref Katzung-1 Jth) 

2. Shortness of breath or chest burning (perhaps related to bronchospasm) in over 10%. 
3. Induction of high-grade AV block 
4. Atrial fibrillation 
5. Less common toxicities : Headache, hypotension, nausea, and paresthesias. 

(Ref Katzung-12'"1245) 
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MCQ 
Q. Drugs used in angina pectoris are- (DU-171) 

a. adrenaline 
b. atropine 
c. propranolol 
d. morphine 
e. nitroglycerine 

a.-F, b.-F, c.-F, d.-T, e.-T 

Q. ACE inhibitors are- (DU-17J) 
a. nifedipine 
b. ramipril 
c. captopril 
d. amlodipine 
e. enalapril 

a.-F, b.-T, c.-T, d.-F e.-T 

Q. ACE inhibitors- (DU-1 SJu) 
a. are drug of choice in chronic congestive 

heart failure 
b. can be given in COPD patient 
c. reduce preload of heart 
d. are safe in pregnancy 
e. reduce afterload of heart 

a. T, b. F, c. T, d. F, e. T 

Q. Anti-hypertensives safe in pregnancy are- (DU­
I 4Ju) 
a. hydrochlorthiazide 
b. a-methyl dopa 
c. labetalol 
d. captopril 
e. amlodipin 

a. F, b. T, c. T, d. F, e. T 

Q. Following drugs produce peripheral ischemia: 
(CU-14Ju) 
a) Metoprolol. 
b) Propranolol. 
c) Lidocaine 
d) Minoxidil 
e) Phenylephrine 

a. T, b. T, c. T, d. F, e. T 

Q. Following would be the initial treatment of 
choice to manage the hypertension in a black 
woman with a past medical history of gout and 
sever hypokalaemia: (CU-I 4Ju) 
a) Hydrochlorothiazide 
b) Spironolactone 

c) Atenolol 
d) Triamterene 
e) Enalapril 

a. F, b. T, c. T, d. ? F, e. F 

Q. Nifedipine in comparison to Verapamil is more 
likely to: (CU-14Ju) . 
a) Have negative inotroptc effects. 
b) Cause flushing and headache. 
c) Cause diarrhea 
d) Worsen angina 
e) Cause ankle swelling unresponsive to 

diuretics. 
a. F, b. T, c. T, d. T. e. T 

Q. Indications of ramipril include- (DU- I 3Ju) 
a. hypertension. 
b. diabetic nephropathy. 
c. heart failure. 
d. angi na pectoris. 
e. ventricular fi brillation. 

a. T, b. T, c. T, d. F, e. F 

Q. The fo llowing dugs are appropriate for 
hypertension during pregnancy- (DU-I 3Ju) 
a. hydra lazine. 
b. atenolol. 
c. labetalol. 
d. ACR inhi bitor. 
e. alpha methy l dopa. 

a. T, b. T, c. F, d. F, e. T 

Q. Nifedipine- (DU- I 3J) 
a. is indicated in prophylaxis of angi na. 
b. is used to treat hypertension. 
c. is a long acting calcium channel blocker. 
d. can cause bradycardia. 
e. can cause ankle edema. 

a. T, b. T, c. F, d. F, e. T 

Q. Anti-hypertensive role of drugs involve- (SU­
I 3J) 
a) Lisinoprill is Angiotens in II blocker 
b) Labetalol blocks alpha & beta receptor 
c) Diltiazem decreases action of atenolol 
d) Olmesartan inhibits Ang II synthesis 
e) Diazoxide is safe in pregnancy 

a. F, b. T, c. F, d. F, e. F 

Q. Nitroglycerine produces action by- (SU- I 3J) 
a) Decrease platelet aggregations 
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b) Decrease cardiac contractility 
c) Activating adenylyl cyclase 

Q. Regarding Digoxin- (OU- I OJu) . 
a. It inhibits K'/H ' ATPase pump 111 

d) Fom1ing nitric oxide 
e) By increasing cGMP 

a. F, b. F, c. F, d. T, e. T 

myocardium d 
b. It increases the refractory period of AV no _e 
c. Its toxicity is aggravated due to hypokalemia 

Q. Drug(s) exerting both anti-anginal 
arrhythmic action- (SU- l 3J) 

d. It causes tachycardia . 
& anti- e. It is indicated in supraventricular tachycard ia 

a. Propranolol 
b. Clonidine 
c. Nifedipine 
d. Verapamil 
e. Prazosin 

a. T, b. F, c. F, d. T, e. F 

Q. Indications of ACEI are- (DU-l 2Ju) 
a. Hypertension (T) 
b. Cardiac failure (T) 
c. Diabetic neuropathy. (T) 
d. Bronchial asthma. (F) 
e. Acute renal failure. (F) 

Q. Ramipril- (DU- l 2J) 
a. Is an ACE inhibitor. (T) 
b. Is an AT! receptor blocker. (F) 
c. ls contraindicated in heart failure. (F) 
d. ls indicated in pregnancy with hypertension . 

(F) 
e. Commonly causes dry cough. (T) 

Q. The effects of nitroglycerine to relieve angina 
pectoris are- (DU- I 2J) 
a. Decreased preload. (T) 
b. Decreased afterload. (T) 
c. Decreased heart rate. (T) 
d. Increased myocardial contractility. (F) 
e. Increased coronary collateral circulation. (T) 

Q Nifedipine- (DU-11 Ju) 
a. ls indicated in prophylaxis of angina (F) 
b. ls used to treat hypertension (T) 
c. Is a long-acting calcium channel blocker (F) 
d. Can cause bradycardia (T) 
e. Can cause ankle edema. (T) 

Q. The followings are the adverse effects of 
nifedipine- (DU-I OJu) 
a. Cold extremities (F) 
b. Ankle edema (T) 
c. Rebound angina! pain on sudden withdrawal 

(?) 
d. Tachycardia (T) 
e. Bronchospasm (F) 

a. F, b. T, c. T, d. F, e. T 

Q. ACE inhibitors- (DU- I OJ) 
a. inhibit angiotensin I synthesis (F) 
b. reduce pre-load (T) 
c. reduce after-load (T) 
d. may cause dry cough (T) 
e. safe in pregnancy (F) 
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1>iu1etlcs 
Q. De· cc i-t reties . (DU-00S) 
At ' . 

iur ics: Diuretics ;ire the drugs which can increase urinary excretion of sa lt and water by acting over different 

part of nephron . 

(Note: Alcohol. c:a//eine. digoxin, t/Jeophylline and water intake increase urine outpur_ EJut. these are not clc~ssical diuretics 

They are called physiologi~al !!!_uretics.) -- -

Q. Classify diuretics according to 'their,site of action. (DU~ 12J,CU-l 6Ju,15J, RU-06/04M, SU-171, l 6Ju,08Ju) 
Q. Categorize diuretics incorporating their mechanism of action_. (CU~ 12J u, I 1J,08Ju) . 
Q. Classify diuretics incorporating K+ homeostasis, efficacy and th'eir m'echanism of action. (CU-l 1Ju,08Ju) 
Q. Classify diuretics accord fog to their efficacy. (DU-l 6J, 1 SJ, 13J, 1 JJ, CU-10/07J,06S; RU-14J, 1 OJu) 
Q. Classify diuretics accordfng to their efficacy and electrolyte action. (SU-1 SJu) 
Q. Classify diuretics according to their potency. (SU-1 SJ) 
Q. Enumerate clinically useful diuretics according to their efficacy. (DU- l 4J , CU-06M) 
Q. Classify diuretics according to cortical diluting segment of renal tubule. (RU-121 u) 
Q. Name the loop diuretics. (DU-08J_: RU-08Ju,0SM,03M ; SU-07J,06S) 
Q. Name the high-ceiling diuretics. (DU-071,SU-l IJ) 
Q. Name the high-efficacy diuretics. (DU-1 0Ju, RU-17 J, 1 SJ, l lJ) 
Q. Classify/ Name the low-efficacy diuretics. (RU-1 lJu, SU-16J) 
Q. Name a long acting thiazide diuretic. (CU-07Ju) 
Q. Enlist thiazide thiazicle-like diuretics. (RU-16Ju, 15Ju) 
Q. List e osing diuretics . (DU-08Ju,CU-12J,09Ju,RU-06J,03S;SU-07J) 
.Q. ~te potassium sparing diuretics. (DU- lfJu, CU- 12J, RU-14Ju) 

lS 

Classification of diuretics 
A. According to their si te of action and mechanism of action: 

I. Thiazicle & thi~zide-like !liuretics: Inhibit NaCl reabsorption from the early part of distal convoluted 
tubule by blocktng the Na /Cr transporter-

/ Chlorothiazide 
/ Hydrochlorothiazide 

/ Chlorthalidone 
ITnrhn<>mirL ' ' ):..-r'.p --( ,oK-<- f --r\-~n--U -L \ \.._. 
1 u,u.,,..,..~e- .-- N o-r, _,__ __ 

• Metolazone 
• 
• 
• 
• 

Bendrotlumeth iazide 
Hydrotlumeth iazide 
Polythiazide 
Trichlonneth iaz ide 

2 L d' . I I 'b' + + · oop mret1cs: n 11 its Na -K -2Cr transporter at the thick asce r r b 1· 1 
/ Furosem ide / Frusemide ' nc mg tm o oop of Henle-

./ T orsem ide 
1/ Bumetanide 

/ Ethacryn ic acid 

3 K+ · . s arm~ diuretics: Diuretics ac tin o over collectin tubule-
a. Aldosterone receptor an tagonist Sp ironolactone 

• E. lerenone 
b. Na+ channel blockers Amilori de 

• Triamterene 
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4. Carbonic anhydrase inhibitors (rarely used): Inhibit carbonic anhydrnsc located 111 Ilic proximal 
~lar epithelium-

LIi Acetazolamide 
Dorzolamide 

f Methazolamide 
• Brinzolamide 
• Dichlorphenamide 

5. Osmotic diuretics: Diuretics acting over proximal convoluted tubule-
~ Mannitol j1 

~ Inulin ? ~ .,--K'/ -('I _)c~ «-
r Urea ~ 

'
• • /"D lucose. , 6 h, 

/7 (Ref Katzung- J 3th:' lippincoll s- t 11 

Site 1: 
Carbonic 
enhydrase 
inhibitors 

Oes..:endir,g limb of __ ,.... 
too locp oi Henle 

2c r ---• 
Na+ ----

1 ~;+ ---· 

.,. __ _ Na+ 

K-- ----

. Collecti.'Y:I 
1ubule 

Stt.e 4: 
A.ld!ost&rnne­
an,tagonists 

, .....--- Ase: ding limb of 
ihe k:op oi Henle 

I • 

" 
I' 

Sil!e-2: 
Loop 
diuretie:s 

' 

..... 

I 
/ 

\J 

\ 

.I 

( 
Figure. Major locations of ion and water exchange in the nephron, showing sites of action of the diuretic drugs. 
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B. · ccording to ef/icacv I pote11C)': • . · . b . . . . 
I 1.1· h rt· 1· · /I· I ·1· 1· t' c . to 25°1 of f·1ltered sodium to e exc1eted . -.1g c 1cacy c rnrctlcs 11g 1cc1111g c rnrc 1c: an eause up 10 · 

• Loop diuretics 

2. Moderate efficacy diuretics: Can cause 5-10% of filtered sodium load to be excreted. 
/ • Thiazide diuretics 

• Non-thiazide 

J. Low efficacy diuretics: Can cause 5% of the filtered sodium to be excreted. 
• Carbonic anhydrase inhibitors 
• K' sparing diuretics 
• Osmotic diuretics 

(Ref Bennet & Brown & Brown- I /th) 

C. According to Ir sparing capacity: 
1. K+ losing diuretic: 

a. Loop diuretics 
b. Thiazide diuretics 
c. Carbonic anhydrase inhibitors 
d. Osmotic diuretics 

spanng d' rnretic: 
a. Aldosterone receptor antagonist • Spironolactone 

• Eplerenone 
b. Na+ channel blockers • Amiloride 

• Triamterene I 

Q. Classify the drugs used in edematous state. (DU-03M) /) 
Ans. _,,./ 
Drugs used in edematous state: /~ 

I. Diuretics for pulmonary edema caused by LVF: Loop diuretics 
2. Diuretics used in edema caused by cirrhosis of liver, renal diseases: Spironolactone / loop diuretics 
3. Diuretics for cerebral edema: Carbonic anhydrase inhibitors, osmotic diuretic s. 

Q. Name the commonly used diuretics with their indications . (RU-09J) 
Ans. 
Commonly used diuretics: 

I. Frusemide. 
2. Hydrochlorothiazide. 
3. Spironolactone. 
4. Indapamide 

Ind' f ,cations o common 1y use d d' rnrehcs: 
Edematous conditions I. Heart fa ilure 

2. Pulm9nary edema 
3. AGN 
4. Nephrotic syndrome 
5. Liver cirrhosis 
6. Pre-menstrual edema 

Non-edematous conditions I. Hypertension (HTN) 
2. Nephrol ith iasis 
3. Hypercalcaemia 
4. Diabetes insipidus 

(Ref lippinc;oll ·s-6th) 
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Q. Discuss diuretic braking/ compensatory reactions of diuretic therapy . (CU- I 3.Ju ,09.J) 
Ans. 

Diuretics 

Diuretic breaking: Diuretic braking is a process by which the body slowly adapts to and res ists th t: diuretic 
effects of thiazide diuretics. Aller several weeks of thiazide therapy, a noticeable decline in diu resi s occurs. The 
loss of thiazide-induced diuresis is the defining event in the subacute phase or treatment , and it is most I ikcly due 
to the phenomenon known as diuretic braking. 

Mechanism of diuretic braking: It occurs by-
\. increasing the activity of the sympathetic nervous system 
2. increasing the activity of the renin-angiotensin system, and 
3. increasing the release of antidiuretic hormone. 

Despite the reduction in diuresis during the subacute phase of treatment, the BP-lowering effects of these agents 
remain . Although this fact may seem counterintuitive, the decline in BP is most likely due to a deve loping 
reduction in peripheral vascular resistance. 

1i"de (INN) orfrusemide (former BAN) 

Q: ,A~)iil ioop ~diirretics'.}(J'.>m;'osJf l\,it;:('1~'.,,f,,'' ;'''1•
0''-i{:';''!~1 ,,;, • d t. ' ; t ·, '' , 

:.!, • ', • ~ . . ~...... . ·r· .:--.h· ~-.. . .~, , t •·,. , , ~ ,, , , . .. 

.. . Nam·e the_high·-~ejling di1:1retics. (DU~l;0/09Ju,0;7J"; .RU-l U;09/07Ju,J)4J, SB~UJ) 
,Q'<~ain.e_ 41 high'cehing d(ur~tics.' CRV~l}J) . ·_ :·,, ~'. \~,·~--- .<_, ·:>:, .. --:·.· : 
fl·, W°hy'~_re t~ef call~d high c_eiling?:(DU-1.6Ju, 1 0Jw RIT~045J, 'SU:)}} ,02,1, CU-99J) 
lJ,: E} pl~·~ wJi_rl~~s~,iyi~e,!s _c~H~d .~I~b.._cei!_i,ng_~d}ur_~ti~si (~,P:i11v~\: . . . 
Q. M:en 10nJhe lugh effica~y.dmretics with j'ustihcat10n ·of nammg. (RU-lpJ) 
~~ ":hY,,[~.us,;~,iie. is :'liiglf eff1cacious?,P,~U-11J,O~J) .-,:'... · ,, : 
·~Qq/ ~am~ tl~~Jorc~d .. ~iui-e'!ics/ (RU-05¥) ~. ·. t.,; . . _.- , . , '::· . ·. · - : · , 
'Qd\1;~nticm Jµ~-c~¥i:~ctei:i~tics/criteria:of h_igh 'ceiling'dim:etjcs.,.(QlJ-JJM, n)P~-R.P-J 7.JL 
Ans. 
Loop diuretics/ high ceiling diuretics: High ceiling diuretics are those where progressive increase in dose is 
matched by increasing diuresis, i.e. they have a high 'ceiling' of effect. Loop diuretics are called hi gh ceiling 
diuretics. 

I. Frusemide / Furosemide 
2. Torsemide 
3. Bumetanide 
4. Ethacrynic acid 

Loop diuretics are called high ceiling diuretics, because-
! . Progressive increase in dose of these drugs is matched by increasing diuresis, 1.e. they have. a high 

'ceiling' of effect. 
2. They are very potent and can cause up to 25% of filtered sodium to be excreted. 
3. Their action impairs the powerful urine concentrating mechanism (Na ' -K' -2C I' transporter) of the loop or 

Henle and confers higher efficacy compared to other diuretics . 
(Ref Bennet & Brown- I I th) 

mechanism of actiori"'of frusemide. (DU-12J,09Ju,08J ; RU-1 SJ, l 3J ,09/08J u, SU-08J u,06J) 
Exp in e diuretic action of frusemide . (SU-14J,08Ju) 

e he mechanism of action of high ceiling/ high eficacy ·diuretic~ . (RU-1 6J , SU- 1 lJ) 

Mechanism of action of frusemide / loop diuretics : 
I. Frusemide inhibits Na +_K+-2cr transporter (NKCC2) at the thick ascending limb of loop of Henle - > 

Reduce reabsorption of Na ' , K+, er ions - jLoss of these ions along with iso-osmotic volume of water 
leads to dieresis . 
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2. By inhibiting Na' -K '-2C I" trnnspurtcr, fruscmid e also diminish the lumen-positive_ po~ential that comes 

from K · recycling. This positive potential normally drives divalent cati on rcabsorption 111 the loop and by 
reducing this potential, loop diuretics cause an increase in Mg2

' and Ca
21 

excretion . 

3. Loop diuretics induce synthesis of renal prostaglandins, which participate in the renal actions of these 
diuretics. 

4. Furosemide increases renal blood flow -iGFR -tjUrine formation -t Diures is. 
(Ref Katzung- l 3th) 

Loop diuretics 
e.g . furosemide 

Lumen­
urine 

Thick 
ascending 

Umb lnterstitium-
blood l 

__,,~- Na+ (___-) l v-.'Y'l'X """. -~ o 

r~ v-----

\ 
~ 

J, R~ osc.-? (" g_ 
c_L.\-- g__ ~'t_,+ 

Figur : Frusemide inhibits Na+-K-2Cf transporter (NKCC2) at the thick ascending limb of loop of Henle 

'e cribe the dinical uses offrusemide. (DD-151, CU-07Ju; Sff061f 
ite down the:~ndications offruseni_ide': (DU~l 71, CU-06M, RU-14J,13J;07Jn, SU-15Ju, l5J) 

rite down the ·indications of high ceiling diuretics·. (DU-I 0Ju) 
. (!lis( thre_~. fligical ~~es _of frilsemide :with their sp~cific r,,ol_e in_~a~I?, class. (DU~ 17M) ___ . 

(i\ns . 
Indications of frusemide: 

I. Heart failure leading to acute pulmona1 edema and other edematous conditions: Frusemide 
~ .J .J- red ces the accumulation o edema~ articularly in the lungs. Reduction of pulmonary vascular 

1 r · l-< congestion with diuretics may actua lly improve oxygenation and thereby improve myocardial function. 
Reduction of pre load can reduce the size of the heart, allowing it to work at a more efficient fiber length. 

2. Acute hypercalcaemia: Hypercalcemia can be a med ica l emergency. Because loop diuretics reduce Ca2
T 

real5sorption significantly, they can be quite effective in promoting Ca2
+ diuresis. Sal ine must be 

administered simultaneously with loop diuretics if an effecti ve Ca21 diuresis is to be maintained. 

3. Hyperkalaemia: Loop diuretics can significantly enhance urinary excretion of K+. 

4. Acute renal failure: Loop agents can increase the rate of urine fl ow and enhance K' excretion in acute 
renal tadare-:-However, they cannot prevent or shorten the duration of rena l failure. 

5. Anion overdose: Loop diuretics are usefu l in treating toxic ingestions of bromide, fluor ide, and iod ide, 
wh ich are reabsorbed in the thick ascend ing limb. 

The most important indications for the use of the loop diuretics include acute pulmonary edema, other edematous 
conditions, and acute hypercalcem ia. · 

(Ref Katzung- 13th) 

Q. Explain the role of frusemide in CCF. (SU-12fo,08JLl,07J,06S) 
Q! Explain the_ role of frusemide in heart failure . (DU-l3Ju) 
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Q. Explain the role of frusemide in p_ulmonary edema. (DU- I 6J q) . _ . 

1
Q. Describe the role of intravenous Fr:useinidc in left ventricular failure. (CU- I 6Ju) 
Q. Explain ph?rmacologic.::1r basi_s Q{ usigg frus'emide 'ig. A;L V~ ith p1J.lmonar~ edem~?. 
Ans. 
Pharmacological basis of using frusemide in ALVF with pulmonary edema: In acute left ventricular failure 
(L ;'.'.£l_an? congestive cardiac failure (CCF), there is Julmonar con estion & edema which impairs oxygenation 
of blood 111 the lungs and results in severe respiratory drstress . At this pomt, 1uret1c use ecomes necessary to 
reduce the accumulation of edema, particularly in the lungs. Reduction of pulmonary vascular congestion with 
diuretics may actually improve oxygenation and thereby improve myocardial functi on. Reduction of preload can 
reduce the size of the heart, allowing it to work at a more efficient fiber length. Edema assoc iated with heart 
failure is generally managed with loop diuretics (frusemide). In some instances, sa lt and water retention may 
become so severe that a combination ol th1az1des and loop diuretics 1s necessary. 

(Ref Katzzmg- l 3th) 

Q .. Mentio . the .. ad.verse effects of · frusemide. · (DU -1'5J, 12J,09Jti,os1, RU-14J ,09Ju,08Ju,07 Ju, SU-

16J , 5Ju, 15J,07Ju) 
e tion the adverse effects of high ceiling diuretics. (SU-11 J) 
· st, the metabolic .. adverse effe~ts off n1semide. (SU-1_4J) 

- dverse effects of frusemide: 
l. Hypovolemia (in case of massive IV administration) 
2. Hypokalaemia 
3. Hypokalemic metabo\i_c alkalosis . 
4. Reversiblr~ici@ cl ue to inhib ition of symport mechanism in the endolymph) 
5. Hypomagnesaem ia - ----
6. Hypocalcaem ia 
7. Hyperuricemia (leading to gouty attack) 
8. Allergic & otl:9· reactions:Except fo r ethacrynic acid, the loop diuretics are sulfo namides. Therefore skin 

rash, eosino (1 ilia and , less often, interstitial neph riti s are occasional side effects of these drugs. 

Q. How do manage hypokalaemia induced by frusemide? (SU-07J) 

Ans. ' 
Management of frusemide induced hypokalaemia: 

\ I. Stop the drug. 

( 
2. K+ sparing diuretics should be given. 

f /7 3. Correct hypovo lemia and reduce Na' in take. 
' ..... \ ) 4. K+ containing foods_: ~anana_!.. guava, green coconut. 
'J- l_ 5. I/V KCI or K-conta111111g syrup (after meal) 

(Ref Katzung-l 3th) 

6. Regular monitoring: 
/• Vital signs: Pulse, blood pressure, respi ratory rate, urine output, temperature etc. 
/ a 12 lead ECG for hypokalemic change in ECG. 

Q. What are the contraindications of loop diuretics? 
Ans . 
Contraindications of loop diuretics: 

1. Hypersensitivity to loop diureti cs (ve ry rare) . 
2. Overzealous use of any diureti c is dangerous in hepatic cirrhosis, borderline renal failure . or heart 

failure 

Q. Enumerate advantages and disadvantages of frusemide as diuretics . (CU-04S ) 

Ans. 

(Ref Katzung-13th) 
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Advantages of frus<.'midc: 
I. I lighly effi 'llcious Jiurl'tic. 
~- lncrc lSL~ l)f dose is nblc to incrcusc diuresi s. 
3. 1 o t sell' li111itin~. 
-L Remain cffccti,~e c,·cn at GFR or bcl()w I() 111l/i11i11 (ns i11 severe renal and cardi ac foilurc) . 
5. R. np id l)llSCl of action (l '. mcrgl'ncy diurc ·is) : 2-3 mi 11. 

6. Morl' polL'llt. 

Disadrnntagcs of frust'midr: 
I . Rerersible ototo:xicity 
1 Intravenous mass ive dose causes hypovolemic shock 
3. H) pomagncsaemia 
4. Hypokalaemia 
5. Hypokalemic metabolic alkalosis 
6. Hyperuricemia leading to gout 
7. Hyperglycemia 
8. Hypersensitivity 

Q. Write down the cautions of during use of frusemide . (CU-05M) 
Ans. 
Cautions of during use of frusemide: 

I. Close monitoring during frusemide therapy. 
2. Assess state of dehydration 
3. Serum electrolytes estimation (especially K) 
4. Frusemide administration with combination of K sparing diuretics 
5. Frusemide should adm inister at lower doses. 
6. Avoidance of simultaneous administration of other ototoxic agents 
7. Correction of hypovolemia by saline infusion 
8. Monitoring of uric acid level at one week interval 

~ Q. Explain gout after frusemide administration. 
Ans. 
Gout afte frusemide administration: Loop diuretics can cause hyperuricemia and preci pitate attacks of gout. 
This is c 1sed by hypovolemia-associated increase of uric acid reabsorption in the proximal tubule. It may 
be pr v 1ted by using lower doses to avoid development of hypovolemia. 

(Ref Katzung-1 31h) 

xplain hypokalaemia after frusemide administration. 
ns. 

Hypokalemia and Hypokalcmic Metabolic Alkalosis after frusemide administration : By inhibiting salt 
reabsorption in the TAL, loop diuretics increase delivery to the collecting duct. Increased de li very leads to 

aldosterone-induced increased secretion of K+ and 1--1' by the duct, caus ing hypokalem ia and hypo kalemic 
metabolic alkalosis. This toxic ity is a function of the magni tude of the diures is and can be reversed by K' 
replacement and correction of hypovolemia. 

(Rel Ka1:ung-l Jth) 

Q. Explain the antihypertensive effect of thiazidc. (DU-16.l ,15/ llJu, l0/09J , CU -1 3J; RU-07J; SU-
17J,]3J,12Ju) 
Q. How does thiazidc diuretic lower elevated BP? (DU- l 2J u, CU- 17J) 
Q. Enumerate the mechanism of action of thiazide? (DU-06S; CU- l Uu, RU-13.fu,06S; SU-09J) 
Q.-Explain diuretics effect of hydrochlorothiazide. (RU- 1 l J, SU-'17M, 14J, 11 Ju,08J) 
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nism of action of thiazide: 
Th~zid_es inhibit NaCl reabsorption from the luminal side of epithelial cells in the OCT by blocking the 
~a /C_l transporter (C1) - jLoss of Na+, er ions along with iso-osmotic volume of water leads to 
d1ures1s - !Blood volt~me - !BP. ( ·t O - 1 ; &-,s\ 

2. In case of_ long standmg therapy, thiaz1de decreases resp0flsiveness of blood vessels to circulatory 
catecholammes - vasodilation - !peripheral resistance - !BP. 

Q.En 
Q. 
4. · 

Filtrate 
hypo-osmotic 

LUMEN 
Na+ 

' \ 
' ' ' ' 

BASOLATERAL 
'/J MEMBRANE 

BLOOD 

(Ref Katzung-13th) 

Figure. Salt transport in the distal 
convoluted tubule, showing the site of action 
of thiazide diuretics. Sodium and chloride 
ions enter by an eleclroneutral cotransporl 
carrier (C 1). 

rate the indications of thiazide diuretics. (DU- l 3J, I IJ/Ju, CU- I !Ju, RU-16J u, SU- I SJ) 
erate the indications of hydrochlorothiazide. (DU-06S; RU -06J, SU-17M) 

Indications of thiazide diuretics/ hydrochlorothiazide: The major indications for thiazide diuretics are 
I. hypertension 
2. h·eartTai ure 
3. n~ hroltt iasis due to idiopathic hypercalciuria, and 
4. nephrogenic diabetes insipidus. 

(Ref Katzung- l 3th) 

Q. Explain the rol of diuretics in hypertension . (SU-07Ju) 
Q. Why Th' es not Frusemides are used as anti-hypertensive? (SU-16Ju) 

mretics are used in the treatment of hypertension & why? 

e of diuretics in hypertension: 
I. Initially, diuretics reduce blood pressure by reducing blood vo lume and cardiac output . Later diuret ics 

lower blood pressure primarily by ep e mg o y soa 1um stores. -. ·---._, 

2. Diuretics are effective m lowenng blood pressure by I 0- 15 mm Hg in most patien ts, and diu retics alone 

often provide adequate treatment for mild or moderate essent ial hypertension. 

3. In more severe hypertension, diuretics are used in comb inat ion with ympathoplegic and vasodilator 

drugs to control the tendency toward sodium retention caused by these agents. 

4. Thiazide diuretics are appropriate fo r most patients with mild or moderate hypertension and normal renal 

and cardiac function. 

Pharmacology-57 
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(RI!/: Kutzung- 13th; 

Q. Enumer:H<' 'tl1c adwrsc cffocts / toxicities of hydrochlorothiazidc / tbiazitl c? (DU-l4J,l 3J,I0/09J,07Ju ; 

C -0 ):RU- l 6Ju, I 0i06J) 
Q. Wlrnt arc the adv<'rsc t'l'fects of thiazide therapy? (CU-\ \Ju , RU-09J) _ . , c 
Q I i ·t thl' metabolic adverse effects of hydrochlorothiazide / thiazid e. (RU -I 5Ju, SU- I 4.J ,Q9.J) 

1 ist} adverse effects of hydrocblorothiazick (DU-I 5Ju) 
Ans. 
Ad · · · · · · 'd . M t t" the ·1dverse effects in vo lve problems ·1 verse cffe<: ts / tox1c1ties of hydrochlorotl11az1de / thiaz1 c. os o ' n 
fl uid and electrolyte ba lance . 

· · · · bl tered with the thiazide diuretic . I. Hypokalemia: Hypokalemia 1s the most freq uent pto em encoun 

2. Hyponatremia 
3. Hypercalcemia 
4. Metabolic alkalosis . 
5. Hyperu ricemia (preci pi tation of gout). 
6. Hyperglycemia. 
7. Hyperlipidemia (5 -1 5% increase in serum cholesterol as well as increased LDL). 
8. Hypersensitiv ity 
9. Others: Weakness, fatigab il ity, and paresthesia. 

(Ref Lippincoll 's-6th; Katzung-1 Jth) 

Nice to know 
Contraindications of thiazide: 

1. Excess ive use of any di uretic is dangerous in hepatic cirrhosis, border! ine renal fai lure, or heart failure . 
(Ref Katzung-l 31h) 

Viva Q. Why does hyponatremia occur in thiazide therapy? 
Ans. 
It is due to a combination of hypovolemia-induced elevation of ADH, reduction in the diluting capacity of the 
kidney, and i creased thirst. It can be prevented by reducing the dose of the drug or limiting water intake. 

(Ref Katzung-l 3th) 

tis the rationale for combination use of diuretics? (SU- 11 Ju) 
e why spironolactone is used in combination with loop diuretic. (RU-11 Ju) 

~ atio ale for combination use of diuretics 
1. To prevent adverse effect : 

-'Fnrsanide-& t.hiazicle: Produce hypokalemia. 
Spironolactone: Prevents K+ loss. 
So, simultaneous admini stration of frusemide & spironolactone or thiazicle & spironolactone maintain 
K · concentration within normal I imit. 

2. To potentiate the action of each other: 
rgan1c 1i1e'rCLiri al diuretic+ CA inhibi tor -

Mercuri al diuretic is active in acid ic environ men t. Acetazolam ide cau es metabolic ac idos is, thus 
enhances the action or mercuria l diuretic. 
Acctazo lamide is active in alkaline enviro nmen t. Mercurial diu retic causes metabo lic alka los is, thus 
enh ances the action of acetazolami de. 

3. To increase the duration of diuretic therapy: 
Pri111a1·ily ac ting (thiazide) + secondar ily act ing (d igitali alka loid) . 
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4. To obtain pharmacological synergism: Pharmacological synergism can be obtained by sequentially 
blo king more than one site in the nephron by two diuretics. For example, fruscmidc and thiazidc acting 
at different nephron sites exhibit synergy and produce more than an additive diuretic response. 

,l.,'> <;,\_._~ 

5. To avoid ;efractory to single drug: The combination of loop diuretics and thiazidc can mobilize large 
amount of fluid, even in patients who have been refractory to single drug. 

Q. o~·s . ~ e rationale of using thiazide diuretics along with angiotensin II receptor blockm. (CU-
0 SS) 

Q. ationalize the combination oflosartan with hydrochlorothazide. (RU-I 3Ju) 
Ans. 
Rationale of using thiazide along with angiotensin II receptor blockers (losartan) : Angiotensin-11 receptor 

blockers (ARB) cause hyperkalaemia. On the other hand thiazide causes hypokalaemia & thus antagon izes the 

hyperkalemic effect of ARB. Moreover both of them produce antihypertensive effects in diffe rent mechanisms. 

So in combination use there is minimization of adverse effect & pharmacological potentiation occurs. 

~ uss the rationale of using thiazid e di u reties along with Ca,. channel blockers. ( C U-0 SJ . 0 S S) 

Ans. 
Rationale of using thiazide along with Ca2

+ channel blockers (CCB): Both thiazide diuretics and CCB reduce 

blood pressure and are widely used as antihypertensive drugs. When used in combination, these t'vvo drugs can 

reduce more BP by additive effects. Therefore, when monotherapy with one drug fail s to control BP properly, 

combinatil n these two drugs can be used for good control of BP. 

d 
(Ref Adverse drug interactions-page 93) 

Q. Wh ypokalaemia occurs after thiazide diuretics? (CU- I 6J , RU-07.l) 
An 
Mechanism of hypokalaemia after thiazide diuretics: 

Thiazide diuretics inhibit Na+ reabsorption in the early part of OCT 

! 
Increased Na+ delivery to the collecting duct 

! 
This stimulates aldosterone secretion (for the purpose of Na ' reabsorption) 

! 
Increased Na.,. reabsorption at the collecting duct in exchange of increased K' excretion by Na'-K' ATPase 
pump by the action of aldosterone 

! 
Hypokalemia 

Q. Outline the management of thiazide induced hypokalacmia . (CU-06S) 
Q. Which adverse effect of thiazide requires special attention? 
Ans. 
Adverse effects of thiazide diuretics requiring special attention: Hypokalaern ia. 
Management of thiazide induced hypokalemia: Sarne as fru semide induced hypokalaernia. 

Viva Q. Explain gout ajier thiazide administration. 
Ans. 

(RiJ · Ka1:1111g-l 3th) 
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Mechanism of gout ,~fier thiazide administration: Thiazide diuretics are actively secreted hy acidic transport 
protein at p roximal convo/wed tuhule and so, inhibit uric acid secretion al prox11nal convoluted tubule, which 

te1ls tc~hyperurice111ia and gout. ( . _ ) r 

I ( (l )f'r1 J:l:._tl~) J'~ \ /~ --r-c- I , ~- .5 \ ;; 
iva Q. How thiazide produces l,u,,ero/.vcemia? _ ~-/ C 

/ . J/ · () ~ ,,--t', 1'/, ~,~ ~ ,..- A~( 
A1s. - - . \Zi , , , ,~ 1 -r<, ,,- -C' -l (£.., , 

Hyperglycemia by thiazide: 
1. Thiazide~· administration --t Hypokalaemia - !K' concentration ~nto /J cell 0.f pancreas -. Block 

depolarization - !Ca-' transport into fJ cell through voltage-gated Ca channel-. !Insulin release --. 

Hyperg~ycaemia. . 
2. Thiazide administration - Diminished tissue utilization ofglucose --t Hyperglycaemw. 

-~ plain the use of thiazides in diabetes insipid us. 
I ~~ 

se of thiazides in diabetes insipid us: 
Diabetes insipidus is due either to deficient production of ADH (neurogenic or central diabetes insipidus) or 

inadequate responsiveness to ADH (nephrogenic diabetes insipidus). Administration of supplementary ADH or 

one of its analogs is only effective in central diabetes insipidus. 
Thiazide diuretics can reduce polyuria and polydipsia in both types of diabetes insipidus. This seemingly 

paradoxic beneficial effect is mediated through plasma volume reduction, with an associated fall in glomerular 

filtration rate, enhanced proximal reabsorption of NaCl and water, ana decreased delivery of fluid to the 

downstream diluting segments. Thus, the maximum volume of dilute urine that can be produced is lowered and 

thiazides can significantly reduce urine flow in the polyuric patient. 

Q. Explain the use of thiazide diuretics as first line anti hypertensive? 
Q. Explain anti hypertensive action of hydrochlorothiazide. (SU-12J u) t~:::: ::~::::. i:, t;,:,:·l:::::::h:p::::.~.:i::::~.~~ 4)) 
~ ~f t~~~longed duration o f action ( I 0~ 12 hours) 

2. Onset of action is slow; so not need of close monitoring. 
3. Low dose required ~ 

(Ref Katzung-1 Jth) 

4. -- ong-stan mg th1azide therapy decreases responsiveness of blood vessel to circulatory catecholamines. 
5. Th1aziae causes diuresiswithout chai1ging acid 5ase balance. 
6. No ostural h otension 
7. No reflex tachycardia 

Viva Q. Justify use of thiazides in nepltrolithiasis (renal stone). 
A~ . 

~pproxim~te_ly two thi~ds of ~idney stones c?ntain ~a
2 

phosphate or Cc/ oxalate. Many patients with such 
st~ne~ exh~bil ~ defect m prox1ma! tu~u!ar Ca- reabsorption tnat causes hypercalciuria. This can be treated with 
thJzide d~ureflc~·, which e~hance Ccr · reabsorptio,~ in t~e distal convoluted tubule and tints reduce the urinmy 
C co~_ce~~ra~ion. Salt_ intake niust_ be reduced 111 this setting, as excess dieta,y NaCl will overwhelm the 
hypocalcn'.nc effect of th1az,des. Calcium stones may also be caused by increased intestinal absorption of Ca-',. 
In these s1tua110ns, thiazide1· are alrn eflecti , b r -f · I I b d d. · · · ' . • • .1.1• ve, u s wu c e use as a IJlmclm! thercmv with decreased(. cl' 
intake and other measures. 1 

· 

(Ref Katzung-!Jth) 

Q. Name some thiazide like diuretics. (CU-17J) 
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Q. What nrc the thiazidc-likc ana logs'! 
Ans. 
Thinzide-likc analogues : These co111pounds lack th e thi az idc structure, but like the thia1.ick:s , they ha ve the 
unsubstituted sulfonamide group and share their mechanism of ac tion. 

I. Chlorthalidonc: Chlorthalidone behaves pharmaco logical ly like hyclrochlorothi az iclc . It has a vc'!' lon_g 
duration of action and , therefore, is often used to treat hypertens ion. It is give n once per clay for thi s 
indication . 

2. Mctolazone: Metolazone is more potent than the thiaz ides and , un i ike the thi azides, causes Na · excreti on 
in advanced renal failure . 

3.l nda amide. 
1) j. L . . ' 6th) ( \e : ,1pp111cull s- J 

Q. E J ain the antihypertensive action of indapamide. (SU- 121) 
Q. · rt note: lndapamide. (DU-171) 
Ans . 
lndapamide: Indapam ide is a lipid-so luble, nonthiazicle diuretic that has a long duration of action. At low doses. 
it shows significant antihypertensive action with mini111al diuretic effects. Indapamicle is metabo li zed and excreted 
by the gastrointestinal tract and the kidneys. It is therefore less likely to accumulate in pat ients with renal failure 
and may be useful in their treatment. 

(Ref Lippinco/1 's-6th) 

Q~ ~ Coin pare frusemidf &'hydrocblo.rothiazide as antfby'p'ertensive\irug: CGP-09JUJ , 
'Q. Conipare ·and contrast frusemide & tbj~iide dh1retics? (DU-06S; CU-151, 12J,07 J,06J; SU-l 5J,06S) 
1Q.' Compare tbi ide & loop diuretics 'witli · respect to their . efficacy, pattern of electrolyte loss, 

. effective in presence of renal failure & adverse effects. (CU-J 3Ju,04M) 
:Q. Comp diuretic effect of frusemide and indapamide ,~entioni~g site, mechanism of action and 
~ _ad_v s _effefts. (~Q-l4Ju) .. , 

Ans 
Differences between frusemide (loop) & thiazide diuretics : 

Trait I ''-"• ·.' ,·;,;, ·f' ,. 'd '·"·--··,.:.;,,.J;·s;i',,. , .;,;:J,;i·· ·-,•,•., ·--' Th' ·.d •e· ' • 
• a ,':>'····<f"l;.(;,;~·-~~.:- r~~emJ ~ ,i; ,~:-;,,.,,,;·:1!l•t~ '1;i'.;"t:;; ,y~L,'(,,-:~fi1;;.~:§ift~111r ~ai1,_e, ),~~.;.,~;;, .. ;. ·i..:r-. 

1. Site of action Th ick ascending limb of loop of Henle Prox imal pa1i of OCT 

2. Efficacy High (Can cause up to 25% of filtered Moderate (Can cause up to 5-10% of 

sodium to be excreted.) filtered sodium to be excreted .) 

3. Mechanism of action Block luminal Na ' -K ' -2C I" transporter Block lum inal Na ' -Cl" co-transporter 

4. Onset of action Rapid onset in IV route (2-J min) Slow onset (JO min) 

5. Duration of action Short (4 hrs) Long ( 12-14 hrs) 

6. Plasma protein Ex tensive plasma albumi n binding Not so 
binding 

7. Effectiveness Effective even when GFR fal ls be low 10 Ineffective when GF R fa lls be low 30 

ml /min ml/min 

8. Use In emergency In long-term therapy 

In hypertensive emergency Mi Id to moderate hypertension 

Not used Nephrogeni c diabetes insipidus 

9, Adverse effects Ototox icity No 

Electrolyte change Electrolyte change 

• Hypoka la em ia • I lypoka lerni a 

• Hypona tremia • Hyponatremia 

• Hypocalcaemia • Hyperca lcemia 

• Hypomagnesaemia 
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1 K+ sparing diuretics / spironolactone 

I Q. Writr'down the mcchnnism of action ofspironolactonc. (DU-14.lu, CU-16.l , RU -14Ju,I 1Ju,06J, SU- 17J) 

Q. &h<)t·t~y di.scus~ the !ncchanism of action of spironolactonc. (SU-09J) 
Q t plum churchc effect of spironolacto,w. (SU-08.1) 
J\ ns. 
Mechanism of action/ diuretic action of spironolactonc: 
I. Normally aldosterone binds with cytoplasmic receptor. The receptor-hormone comp lex then stimulates 

speci fic gene of the DN A to produce speci fi c protein . These med iator proteins normally stimulate the Na '-K' 
exchange sites of the co llect ing tubules and this leads to Na ' reabsorption and K' and H' secret ion . 

2. Spironolactone antagonizes aldosterone at the receptor level. Spi ronolactone binds with the receptor and the 
spironolactone-receptor complex is inactive and does not stimulate spec ific gene of the DNA to produce 
specific protein. Thus, lack of mediator proteins prevents Na+ reabsorption and, therefore, K"' and H · 
secretion . Spironolactone is weak diuretic because most of the filtered Na" is reabsorbed before reaching the 

CT. 

Lumen­
urine 

· Collecting 
tubule 

1 lnterstitium-
blood 

1---++- Aldosterone 

Intercalated cell 

(Rel lipincott 's-6th) 
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Fig Ion transport pathways in the collecting tubule 
and collecting duct cells. Inward dfffusion of Na · via 
the epithelial sodium channel (ENaC) leaves a lumen­
negative potential, which drives reabsorption of Cl 
and efflux ojK. (R, aldosterone receptor) 

A
Q. Me f n the indications ofspironolactone. (DU-14Ju, RU-14Ju, SU-16J,08Ju) 

ns · 
i tions of s ironolactone: 
l. Hype.raldosteronism: It is the most useful in states of mineralocorticoid excess or hyperald t . · 

due either to- os e1 on1sm, 

a. Primary aldosteronism (Conn 's syndrome) 
b. Secondary aldosteronism, evoked by cirrhosis of liver, heart fa ilure, nephrotic synd rome. 

2. Diuretic: 
a. Used in combination with K

1 
loosing diuretics (loop & thiazide diuretics) to prevent 

hypokalem ia. 
b. Diuretic of choice in cirrhos is of liver. 

3. Heart failure: Spironolactone preven ts ti . d r I failure of the heart. 1e iemo e ing t mt occurs as compensat ion fo r the progressive 

(Ref Katzung-1 Jth: Lippincott 's-6th) 
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n on the adverse effects of spironolactone. (SU-17 J) 

tion the adverse effects of K+ sparing diuretics . (SU-07 J) 

Adverse effects of K+ sparing diuretics/ spironolactone: 

I. Hyperk~lemia: Unli ke other diuretics, K+-sparing diuretics can cause mild , moderate, or even life­
threatenmg hyperkalemia. 

2. Metabolic acidosis (only diu retic that can cause metabolic acidosis): By inhibiting H' secreti on in 
parall~I with K+ secretion. (k + / \-.-4 ~ c,,..r-r--....~ ~ o--....\.______.) 

3. Gastric upset & PUD (due to its steroid nucleus). _,/ 
4. Estrogenic effect of spironolactone: 

• Gynecomastia, im potence & BPH in male. 
• Menstrual irregularity in female. 
• Increases the risk of breast carcinoma fo r ch ronic use. 

5. Acute renal failure: Occurs in combined use of triamterene and indomethaci n. 
6. Kidney stones: Triamterene is only slightly so luble and may precip itate in the urine, causing kidney 

stones. 

Q. Enumerate advantages and disadvantages of spironol&ctone as a diuretic drug . (CU-05J) 
Ans. 
Advantages of spironolactone: 

/Y. Antagonizes aldosterone recepto r. That's why it is used in primary aldosteronism or secondary 
aldosteronism (in CLO). 

2. Low efficacious diuret ic; less chance of vol ume de letion. 
3. Compromise hypokalaemia when used combined wi th K' loosing diuret ics. 

Disadvantages of spironolactone: 
I. Less efficacious. So can not be used in moderate-severe edematous condition. 
2. Due to its steroid nuc leus & estrogenic effects it ca nnot be used in chronic case. 
3. It can cause hyperkalaem ia. So can not be used in renal fa ilure. 
4. It also can cause metabolic acidosis. 

Q. Write down the difference between th iazide & spironolactone. (OU -IOJ) 
Ans. 
Differences between thiazide & spiro nolactone: 

2. Site bf action 
3. Mechanism of action 

4. Onset of action 
5. Efficacy 

6. Effect on K+ level 
7. Effect on bod .lH 
8. Role in CLD 

9. G necomastia 
10. Hyperglycemia 

11. D sli idaemia 
12. Paresthesia 

13. Musde p~in 

Sulfonamide derivative 
Earl art of DCT 
Block luminal Na+-c r transporter at 
earl art of DCT. 
Relative] faster (30 min) 
Moderate (Can cause 5-1 0% of fi ltered 
sodium load to be excreted.) 
Hv okalemia 
Metabo li c alkalosis 
No ro le (even cause/ exacerbate 
secondar aldosteronism) 
No 
May occur 

May occur 

. Antagonizes aldosterone receptor at 
co llecti n tubule 

Low (Can cause 5% of fi ltered sodium 
load to be excreted.) 
H erkalernia 
Metabo li c acidosis 
Diuret ic of choice in CLO. 

Ma occur 
No 

No 
No 
No 
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Q. Rationalize the combination of spironolactonc with loop diuretics/ frusemidc / thiazides. (RU-14J) 
Q. Justify the combination of hydrochlorothiazidc and amiloride. (CU-04M, SU-0 I.I) 
Ans. · 

-
Combination of spironolactonc & fruscmidc / thiazidcs: Frusemide & thiazides are K ' -loosing diuretics (i.e. 
ca~ise hypokalaernia). On the other hand spironolactone is a K 1 -sparing diuretic (i .e . cause hyper~al~emia) . So, ii' 
spironolactone is used in combination with frusemide / thi azides, it can oppose the hypokalcmic 11nbalance & 

there is less or no chance of hypokalaemia. 

·., . ····. :- · Carbonic anhydrase· inhibitors· acetazolamide·t~f:{i:~~(·i=~lt :;-.. -· ·::·~ 

Functions of carbonic anhydrase enzyme: 
I. Aqueous humor formation 
2. CSF formation 
3. HCI formation in gastric cell 
4. Relation with RBC 

~ Mechanism of action carbonic anhydrase \nhibit~rs / acetazolamide: 

H+ + HC03- - H2C03 Carbonic anhydrase ) H20 + CO2 

Sodium bicarbonate reabsorption by the PCT is initiated by the action of a Na '/H
1 

exchanger (NHE3) located in 
the luminal membrane of the proximal tubule epithelial cell 

! 
Carbonic anhydrase inhibitors inhibit carbonic anhydrase in the luminal membrane and 
breakdown of carbonic acid into H2O & CO2. 

so there is less 

! 
Accumulation of H1 in the lumen which impairs the transport action of Na · /H+ exchanger 

! 
Decreased reabsorption of Na+ and bicarbonate (HC03") 

! 
Diuresis. 
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(Ref Katzung-13th) 
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Figure: Apical membrane N,//Jr exchange (via NHE3) and bicarbonate reabsorption in the proximal 
convoluted tubule cell. Carbonic anhydrase (CA) is found in other locations in addition to rhe brush border of the 
luminal membrane. 

(Rel Katzung-13th) 
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Q. Write tfu , 7tinical uses of acetazolamidc. 
Ans. 

445 

Clin · uses acctazolamide / carbonic anh drasc inhibitors: 

Diuretics 

I. ~laucoma: The reduction of aqueous humor formation by ca rbonic anliydrasc in hi bitors decreases the 
intraocular pressure. It is the most common indication for use of carbonic an hydrasc in hibitors. 

2. Urina~ alkalin_ization: By increasing urinary pH, carbonic anhydrase inhi bitors can increase renal 
excretion of cystme (in cystinuria) and other weak acids. 

3. Metabolic alkalosis : Due to excessive use of diuretics in patients with severe heart fai lure. 

4. Acute mountain sickness: In more serious cases of mountai n sickness, rapid ly progress ing pu lmonary or 
cerebral edema can be life-threatening. By decreasing CS F format ion and by decreasing the pH of the 
CSF and brain, acetazolam ide can increase ventilation and diminish symptoms of mounta in sickness . 

/5. Other uses: 
a. As adjuvants in the treatment of epilepsy. 
b. In some fo rms of hypokalemic periodic para lys is. 
c. To increase urinary phosphate excretion during severe hyperphosphatemia. 

/ 
te the adverse effects of acetazolamide. 

(Ref Katzung- l 3th) 

Adverse effects of acetazolamide / carbonic anhydrase inhibitors: 
I. Hyperchloremic metabolic acidosis: Results fro m chronic reduction of body HC0 3 stores 
2. Renal potassium wastmg - Ryp -1ra1emia 

./. Renal stone: Calcium salts are relatively insoluble at alkali ne pH - renal stone formation . 
4. Other toxicities: 

a. Drowsiness and paresthesias (in large doses) 
b. Nervous system toxic ity (in renal fai lure) 
c. Hypersensitivity reactions (fever, rashes, bone marrow suppression, and interstitial nephritis) 

(Ref Katzung- l 3th) 

Contraindication of acetazolamide 
I. Liver cirrhosis 

Q. Why carbonic anhydrase inhibitors are self limiting diuretics? 
Ans. 

(Ref Katzung-J 3th) 

Carbonic anhydrase inhibition causes significant HCO,- losses and hyperchloremic metabo lic acidosis. Becau e 
of reduced HC03- in the glomerular fil trate and the fact that HC0 3- depletion leads to enhanced aC I 
reabsorption by the remainder of the nephron, the di uretic effi cacy of acetazo lam ide decreases significant ly with 
use over several days. This is why, carbon ic anhydrase enzyme inh ibitors are called "se lt'-li miting diuretics": 

wn the mechanism of action of mannitol. (SU- I I Ju, RU-OSM) 
down the diuretic action of mannitol. (SU- I 7M ) 

echanism of action of mannitol: 

\ 

(Ref Kat:::ung- l 3th) 

) 

• Osmotic diuretics have their major effect in the proxima l tu bu le and the descending li mb of Henle's loop. 
Through osmotic effects, they also oppose the action of AD I-I in the collecting tubule . 

. Pharmacology-58 
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• The presence of a nonreabsorbable solute such as mannitol prevents the normal absorption of water by 
interposing a countervailing osmotic force. As a result , urine volume increases. 
The increase in urine flow rate decreases the contact time between fluid and the tubular epithelium, thus • 

• 
reducing Na" as well as water reabsorption. 
The resulting natriuresis is of lesser magnitude than the water diuresis, leading eventually to excessive 

water loss and hypernatremia. 

~- o/1tion the uses of mannitol in special situations. (SU- I 7M) 

~nical uses of mannitol : 

(Ref Katzung- l 3th) 

l. To increase urine volume: In acute renal failure due to shock, drug toxicities, and trauma. 
2. Reduction of intracranial pressure in cerebral edema 
3. Reduction of intraocular pressure before ophthalmologic procedures . 

(Ref Katzung-J 3th: lippincolt '.s -6th) 

Adverse effects of mannitol: 
1. Extracellular volume expansion: Mannitol is rapidly distributed in the extracellular compartment and 

extracts water from cells. Prior to the diuresis, this leads to expansion of the extracellular volume and 
hyponatremia. This effect can complicate heart failure and may produce florid pulmonary edema. 
Headache, nausea, anci'vomiting are commonly observed in patients treated with osmotic diuretics. 

2. Dehydration, Hyperkalemia, and Hypernatremia: Excessive use of mannitol without adequate water 
rep lacement can ultimately lead to severe dehydration, free water losses , and hypernatremia. As water is 
extracted from cells, intracellular K+ concentration rises, leading to cellular losses and hyperka lemia. 

3. Hyponatremia: When used in patients with diminished renal function , parenterally administered 
mannitol is retained intravenously and causes osmotic extraction of water from cells, leading to 
hyponatrem ia. 

Q. What is the role of osmotic diuretics in acute renal failure? 
Ans. 

(Ref Katzung-l 3th) 

Role of osmotic diuretics in acute renal failure: In acute renal failure, there is decreased GFR & increased total 
fluid reabsorption in PCT. This causes dryness of OCT & CT which leads to acute tubu lar necros is . Diuretics 
catch up H20 and maintain urine flow through the whole part of nephron & make them wet. Thus osmotic 
diuretics preserve long-term kidney function and may save the patient from dialys is . 

(Ref Katzung- J 3th; Lippincott 's-6th) 

Q. Write down the indications of low-efficacy diuretics. (SU- I 6J) 
Ans. Write down the indications of Carbonic anhydrase inhibitors, K sparing diuretics and Osmotic diuretics 
from above. 

Q. What are the precautions to be taken during prolonged diu retics therapy? 
Ans . 
Precautions to be taken during prolonged diuretic therapy: 

l. Asses state of dehydration 
2. Serum electrolytes estimation 
3. Monitoring of uric acid level at one week internal. 
4. Correction of hypovolemia by saline infusion 
5. Combination use of K+ sparing diuretics with K+ loos ing diuretics. 
6. Close monitoring during fru semide therapy 
7. Avoidance of simultaneous administration of other ototoxic agents wi th loop diureti cs. 
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MCQ 
Q. The adverse effects of thiazide includes­

(DU- l 7M) 
a) hyperglycaemia 
b) hyper-uricaemia 
c) ototoxicity 
d) hypokalaemia 
e) hypo-magnesaem ia 

a. T, b. T, c. F, d. T, e. T 

Q. Adverse effects of thiazide are- (DU-171) 
a. hyperglycaemia 
b. hypercalcaemia 
c. hyperuricaemia 
d. hypovolemia 
e. hyperkalaemia 

a. T, b. T, c. T, d. T, e. F 

Q. Thiazide diuretics are associated with- (DU-
16J) 
a) hypoglycaem ia 
b) hyponatraemia 
c) hypocalcaemia 
d) hyperuricaemia 
e) hyperglycaemia 

a. F, b. T, c. F, d. T, e. T 

Q. The adverse effect of thiazide when used as 
antihypertensive include- (DU-15J u) 
a. hyperglycemia 
b. hyperuricemia 
c. ototoxic ity 
d. hypokalemia 
e. hypomagnesemia 

a. T, b. T, c. F, d. T, e. T 

Q. Frusemide- (DU- I 4J) 
a. acts on distal convo luted tubule 
b. accelerates calcium loss from the body 
c. can cause hyperuricemia 
d. can cause hypermagnesemia 
e. is effective in acute renal fai lure. 

a. F, b. T, c. T, d. F, e. T 

Q. Thiazide diuretic- (DU- I 3Ju) 
a. acts by blocking Na+/K+ 2cr transporter. 
b. enhances Ca2+ reabsorption. 
c. relieves acute pulmonary edema. 
d. causes impaired carbohydrate tolerance. 
e. causes hyperuricemia. 

a. F, b. T, c. F, d. T, e. T 

Q. Diuretics:- (SU- I 3J) 
a) Acetazolamide is used in the treatment of 

glaucoma 
b) Frusemide is indicated in pulmonary edema 
c) . Thiazides can cause hyperglycemia 
d) Amiloride block aldosterone receptors 
e) F rusem ide can cause ototoxic ity 

a. T, b. T, c. T, d. F, e. T 

Q. Spironolactone- (DU- I 2Ju) 
a. Is an agonist drug. (F) 
b. Act at loop of Henle. (F) 
c. Causes hyperkalem ia. (T) 
d. Inhibits Na+/K'"-co-transport. (F) 
e. Is a weak diuretic. (T) 

Q. Adverse effects of thiazide diuretics are­
(DU- l 2J) 
a. Ototoxicity (F) 
b. Hyperglycemia (T) 
c. Hyperuricemia (T) 
d. Hypermagnesemia (F) 
e. Hypokalemia (T) 

Q. Frusemide- (DU-1 !Ju) 
a. Is the drug of choice in acute rena l failure. 

b. Induces hypercalcemia. 

c. Is contraindicated when there is pulmonary 

edema. 

d. Acts on PCT. 

e. Is ototoxic. 

a. T, b. F, c. F, d. F, e. T 

Q. Spironolactone- (DU- 11 J) 

a. Is a high efficacy diuretic (F) 

b. Causes hyperkalemia (TO 

c. ls a steroid (T) 

cl . Acts on PCT (F) 

e. ls drug of choice in acute rena l failure (F) 

Q. Spironolactone- (DU- I OJ) 

a. Is an agonist drug. (F) 

b. Acts at loop of Henle (F) 

c. Causes hyperkalemia (T) 

d. Inhibits Na '"-Cr co-transport (F) 

e. Is a weak diuretic. (T) 
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Q. Thiazide- (DU- l OJu) c. causes hyperkalaemia (F) 

a. is a high-ceiling diuretic (F) d. causes hypercalcaemia (T) 
b. acts on OCT (T) e. causes hyperuricemia(T) 
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Basic principles of chemotherapy Ao'Y'rro_:; ("~ 

Q. Define antimicrobial agents. ~ r, S 1 ---r- , l--.-: 
Q. Classify antimicrobial drugs. (SU-I 2Ju ) 
Q. ·what do you mean by antibiotics & chemotherapeutic agents? (SU-08.l) --"7 ::>«~ u~~ 
Q. Enumerate different categories of antimicrobial drugs . (CU-05J) t---.JO .,_ q·c. _1 c , CJ .,._) 

Q. I_?,efi ne antibiotics . (DU-04J ; RU-05S,03M , SU-13 .Ju,08.J) ~v--
1-\n . ;'(C•u -
Antimicrobial agents: Drugs that are used to kill or inhibit the growth and multiplication of microorganisms are 
called antimicrobial agen ts / drugs. 

Classification of antimicrobial drugs: 
A. On the basis of source: 

I. Antibiotics: Antibiotics are antibacterial substances produced by various species of microorganisms 
(bacteria, fungi , and actinomycetes) that suppress the growth of other microorganisms. _ 

11 (Ref Goodman & Gtlman-12 1 edition) 

2. Chemotherapeutics: Chemotherapeutic agents then, are chemicals that are intended to be toxic for the 
pathogenic organism (or cancer cells) but innocuous to the host. 

B. According to the type of organism against which they are active: 
1. Antibacterial drugs 
2. Antiprotozoal drugs 
3. Anthelminthic drugs 
4. Antifungal drugs 
5. Antiviral drugs 

C. According to spectrum of activity: 
I. Board spectrum antimicrobial drugs 
2. Narrow spectrum antimicrobial drugs 

(Ref Rang & Dale 's-8th) 

(Ref Bennett & Brown-I !th) 

(Note: Common usage ofien extends the term antibiotics to include synthetic antimicrobial agents, such as sulfonamides and 
quino/ones.) 

(Ref Goodman & Gilman-/ 21
1, edition) 

Q)'J- ntion the sources of antibiotics. 

' Jfr;s. 
Sources of antibiotics: 

Organisms I Antibiotic's};,::r.1Ji.i 
1. Actinomycetes (58%) 

2. Fungi (18%) 

3. Higher plants and bacteria (9 %) 

4. Aleae, animal, lichens (3%) 

I. Actinomycin 
2. Chloramphen icol 
3. Macrolides 
4. Aminoglycosides 
5. Tetracycline 

I. Penicillin 
2. Cephalosporins 
3. Griseofu lvin 
J. Bacitrac in 
2. Polymyx in 



'2 Q. W)at do you mean by chemotherapy? 
Ane 
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Chemotherapy: Chemotherapy mea11s Li se of cl,e ti . · 1 · · · - · · 11 
. . ' 1110 1erapeut1c c rugs to treat microbial 1nfect1ons or cancer ce s 

without tox ic effect on the host tissue. 

(Ref Rung&Dule ·s-8th) 

Q~ 9ifferentiate between antibiotic and chemotherapeutics. 
Ans . 

Difference between antibiotic and chemotherapeutics· 
Antibiotic I I. atural 1. Synthetic N 

Chemotherapeutics .:. 
• ~" <" .. 

2. All antibiotics are chemotherapeutics. 2. All chemotherapeuti cs are not antibiotics 
3. ~ntibiotics are active against microorganisms except 3. Chemotherapeutics are act ive aga inst all 

virus & cancer cells microorgani sms and cancer cell s. 

Q. Mention: · pes of antimicrobial therapy. 
Anv.,, 
Types of antimicrobial therapy: 2 types -

1. Empirical / presumptive/ best guess therapy: It is defined as the use of antim icrobia l agents before the 
pathogen responsible for a particular illness or the susceptibi lity of the pathogen to a particular 
antimicrobial agent is known. \y- r t _( ~ 

2. Specific/ definitive therapy: Administration of an antimicrobial drug after confirming the sensi tivity of 
the pathogen to that drug by cul ture and sensitivity (C/S) test is ca lled spec ifi c therapy. 

r ' \ .- , .. , c ( c_ (Ref Katzzmg-l 3th) 

Q. What do you mean by empiric antimicrobia l therapy? (RU- I 3Ju) 
Q. Write short note on: Empirical or best guess therapy. 
Ans. 
Empirical/ best guess therapy: Antimicrob ial agents are frequently used before the pathogen responsible for a 
particular illness or the susceptibility to a particu lar ant imicrobial agent is known . This use of antimicrobia l agents 
is called empirical (or presumptive) therapy. 

(Ref Katzung-l 3th) 
Approach to empiric therapy 

.. ) ": Formulate a clinical diagnosis of microbial infection : (eg, pneumonia, cellulitis, sinusitis) . 
2 . .. Obtain specimens for laboratory examination 
3. Formulate a microbiologic diagnos is 
4. Determine the necessity for em piric thera py 
5. Institute treatment: se lection of empiric therapy may be based on the microbiologic diagnosis or a 

clinical diagnos is without avai lable microbiologic clues. if no microbiologic info rmation is avai lable, the 
antimicrobial spectrum of the agent or agents chosen must n-ecessarily be broader, taking into account the 
most il<el y pathogens responsibl e fo r the patient's illness. 

(Ref Kat::ung- I 3th) 

Indication of empirical / best guess therapy: 
I . Community acquired pneumonia, in which it is di fficult to identify a spec ifi c pathoge n. 
2. Treatment of febrile episodes in neutro penic cancer pat ients. 
3. Bacteremia . 
4. Critically ill pati ent. 

(Ref Katzung- !3th -t Benne// & Brown-I Ith) 

lf CI3:ssify a.ntimicrobi_al _agents on the basis of mechanism / mod e of action. (DU-14J, CU- 14J, RU-04M, 
SU-l7M/J, 12Ju,11J,09Ju) 

(Q. : Cl~ssify 'antibiotics according to their site of action on bacteria. (DU- I I J) 
'Q; , List t_he bacJerial/microbial cell wall synthesis inhibitors . (DU- I 7M, l 6Ju, 1 SJ, CU-09Ju) 
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.Q:. List the a11timicrobials 'that irliibit: protein synthesis. (DU-IT( 'CO-·l SJ,- SU-'J OJ) 
Q. List the barterial nuclei~ acid synU1esis inhibitors. ( .U-09J , SU-09J) · , . 

1
Q. Classify antibacterial drugs. ( .U-OSS, Rl)-04.1 , SU-16Ju) 
Q'. -Classify antibiotics. (SU-01J) : .t I 

, . · ow autimi~robiaJs are .grouped'? (SU- l 2Ju) J • li. t.,, 

ns. 
Classification of anti-bacterial drugs : 
A. According to mechanism/ mode of action/ site of action: (! his c:lassi/icatio1111.rna /ly comes in the wriuen exams; 

a. A ntibacterial activi(F 
• Inhibition of cross-linking 

(transpeptidati on) of peptidoglycan 

• Inhib it ion of others steps in 
e tido0 lyca n synthesis 

b. A ntifungal activity 
• Inhibition of B-glucan synthesis 

B. According to effect on bacteria: 

r:~.~~ illins, _cephalosporin s, imipenem, aztreonam, 
va nocom y_c1_!] 

Cyclo_s_e~·ine, bacitracin 

Isoniazid"" metroni_dazo le, ethambutal, pyrazinamide 

Gri seoful vin , Jentamid ine 
(Ref Review-Medical microbiology- 12th) 

I . Bacteriostatic: Bacteri ostatic drugs arrest the growth and replication of bacteria at serum levels 
achievable in the pat ient, thus limit ing the spread of infection while the body's immune system attacks, 
immobilizes, and eliminates the pathogens. For example, su lphonami des. tetracyc li nes and 
chloramphenico l. If the drug is removed befo re the immune system has scave nged the organisms, enough 
viable organi sms may remain to beg in a second cycle of infection . 

2 . Bactericidal: Bacteri cidal drugs kill bacteri a at drug se rum levels achievable in the pat ient. Because of 
their more aggressive ant imicrobia l act ion, these agents are oft en the dru gs of choice in seriously ill 
patients. For example, penic ill in s, cephalosporins, aminoglycos ides, isoniazid and rifamp ici n. 

(Ref Lippincott 's-6th) 
C. According to spectrum of activity : 

I. Broad-spectrum : An ant ibiotic that is effective against a wide range or microorgani sms which includes 
both Gram positive and Gram negative bacteri a is called as a broad spectrum ant ib iotic Eg, 
fluroqu1110 one,cephalosporin~ etracycline, chloramphenicol etc. 

2. Narrow spectrum : Chemotherapeutic agents actin g onl y on s ingle or a limited group of microorgani sms 
are said to have a narrow spectrum. Eg, i 'oniazid is acti ve only again st mycobacteria. Narrow spectrum 
antib iotics are active aga inst either Gram positi ve or Gra m negati ve bacteri a. 

(r 
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3. Extended spectrum: Extended spectrum is a term applied to antibiotic · that an: effec ti ve against Gram 
positive organisms and also against a significant number of' Gram-negative bacteria . Extended 5_P~ctrum 
antibiotics are effective againstpseudomonas aeruginosu. Eg, anti -psc udo111 ona l pcnicillin,u:ftazidi.mt:. 

- · (Rej: /,1pptncof/ s-oth) 

Q. Enlist the bactericidal antibiotics. (CU- I 6J) 

Ans. Write from the table below. 

Nice to know 

It is possible for an antibiotic to be bacteriostatic for one organism and b<3ctericidal for another. For example. 
chloramphenicol is bacteriostatic against grarn-negative rods and is bactericidal against other orgamsms, such 
ass. pneumoniae. -

(Ref Lippincoll 's-6th) 

Bacteriostatic drugs: Antimicrobials that inhibit 
microbial growth are called bacteriostatic drugs. In 
general protein Jynthesis inhibitors are 
bacteriostatic. 

Bactericidal drugs: Antimicrobials that kill microbia!s 
are called bactericidal drugs. In general cell wall active 
agents are bactericidal. 

I . Macro/ides 
2. Clindamycin 
3. Ethambutol 
4. Tetracyclines 

.J. Sulfonamides 
6. Trimethoprim 
7. Nitrofurantoin 
8. Chloramphenicol 
9. Novobiocin 
I 0. Oxazolidinones 

/. Beta-lactam antibiotics. 
...2-: Quinolones 
, J. Aminoglycosides 

4. Metronidazole 
5: Isoniazid 

-6. Rifampicin 
7. Pyrazinamide 

--8~ Vancomycin 
9. Keto/ides 
JO. Bacitracin 

(Ref Katzung-1 Jth) 

Q. What do you mean by broad spectrum antibiotics? Why they are called so? (SU-08Jan) 
Q. 6~{e broad spectrum antibiotics with example. (CU-03S,RU-04S,03S ,SU-03M) 

;,:Q. Shortly discuss the adverse effects associated with the use of broad spectrum antibiotics. (SU-13 Ju ,09J) 
· Q. Give the advantages and disadvantages of broad spectrum antibiotics . 

Ans. 
Broad spectrum antibiotics: An antibiotic that is effective aga inst a wide range of microorganisms which 
includes both Gram positive and Gram negative bacteria is ailed as a broad spectrum antibiotic Eg, 

I. Penicillin : Ampicillin, amoxicillin 
-Z: Fluoroquinolone 
,a. Cephalosporin 
4. Tetracycline 
5. Chloramphenicol etc. 

Advantages of broad spectrum antibiotics: 
,,1,: Coverage of wide range of microorganisms 
Y No need to apply combination therapy. 

Disadvan~ages / adverse effects of broad spectrum antibiotics : 
· Risk of development of drug resistance 

2,:-- Superinfection 
/ J:" Chance of treatment failure 
,K.' Masking of infection 
?~ Hypersensitivity to antimicrobial or their metabolic product 

Pharmacology-59 
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6. Recurrence of infection 
7. C hance of cross resistance. 

Q. Classify bactericidal antibiotics. 
Q. Define time-de pendent and concentration-dependent killing of bacteria. (C U- I 5Ju) 
A ns. 
B~ -ctericidal antibiotics : Bactericidal agents can be divided into two.groups : 
I. Agents that exhibit concentration-dependent killing: For drugs whose kil~ing action is concentration-

dependent, the rate and extent of killing increase with increasing drug concentration s. 

Drugs showing concentration-dependent killing: 
a: Aminoglycos ides 
,b. Fluoroquinolones 
c. Carbapenems 

Importance: Concentration-dependent killing is responsible for the efficacy of once-daily dosing of 
aminoglycosides . 

2. Agents that exhibit time-dependent killing: For drugs whose killing action is time-dependent, bactericida l 
activ ity continues as long as serum concentrations are greater than the MBC . 

Drugs showing time-dependent killing: 
a: 13-Iactams 
)'".' Yancomycin 
c. Glycopeptides 
d . Macrolides 
e . Clindamyc in 
f. Linezolid 

(Ref Katz ung -13th: L ipp incott 's-6th) 

/ A· efine MIC and MBC? (CU-05M) 
Ans. 
Minimum inhibitory concentration (MIC): It is the lowest concentration of drug that inh ibits the growth of the 
microorganisms . 
Importance: To guide the phys ic ian to choose both the drug and dose. 

Minimum bactericidal concentration (MBC): Jt is the lowest concentrat ion of drug that k ill s bacte ria o r inhib its 
at least 99.9% of bacteri a l co lonies . 

(Ref LANGE lvl icrobiology-12th edition) 
Relation between MIC and MBC: 

/ •i n case of bactericida l drugs : MBC is equa l or very s imi lar to MIC. 
; In case of bacteriostatic drugs : M BC is 2 to 8 t imes higher than MIC. 

Q /D fine post-antibiotic effect? (RU- I OJ u, C U- 1 SJ ,07 J) 
Q. ~1scuss the concept of post antibiotic effect w ith examples? (CU-06M , S U- 11 J) 

~ Short note: Post-antibiotic effect. (DU-I SJ, RU- l 6Ju) 
Ans. 
Post-antibiotic effect or PAE : Persi stent suppress ion of bacter ial growth after lim ited exposure to an 
anti microbial agent is known as the postantibiotic effect (PAE). The PAE refl ects the time req u ired fo r bacte ria to 
return to logari thmic growth. 

Calculation: The PA E can be expressed mathe matica lly as fo ll ows : 
PA E = T - C 

T- lime required for the viable count to increase tenfold aft er drug removal. 
C - time required f or the count in an untreated culture to increase tenfo ld 
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Proposed mechanisms inc lude 
1. slow recoverr at\er reversible non lethal damage to ce ll structures; 
2. pe·r~is!ence of the drug at a binding site or within the periplasmic space; and 
3. the need to synthesize new enzymes before growth can resume. 

Exa mp c: 
PAE against 2ram '+ve' cocci PAE against gram '-vc' bacill i 
Arninoglycosides Aminoglycosides 
Cephalosporins Carbapenems 
Penicillin Tetracycline 
Fluoroquinolones Rifampicin 
Macrolides 
Carbapenems 

(Ref Katzung-l 3th) 

Q. Write down the principles of anti-microbial drug therapy. (DU-16J, CU-17J , RU-1 7J, SU-
14 13JuJ ,11J,09J) 

Q. 'Enumerate general principles of antimicrobial prescribing? (CU-I 4J u,04S) 
Ans. 
General principles of antimicrobials prescribing: The following principles are a guide to good practice with 
antimicrobial agents. 

I. Making a diagnosis: Make a diagnosis as precisely as is possible and define the site of infection, the 
organism(s) responsible and their sensitivity to drugs. 

2. Removal of barrier to cure, e.g. drainage of abscess, removal of obstruction in urinary or respiratory 
tract. 

3. Decide whether chemotherapy is really necessary or not. As a general rule, acute infect ions require 
chemotherapy whilst other measures may be more impo1i ant fo r reso lution of chronic infections, eg, 
surgery for chronic abscess or empyema under antibiotic coverage. 

4. Selection of the best drug, depending on spec ificity, pharmacokinetic factor and the patient. 

5. Administration of the drug in optimal dose and frequency. 

6. Continue therapy until apparent cure has been ach ieved ; most acute infections are treated fo r 5-10 days. 
There are many exceptions to this, such as typhoid fever, tuberculosis and infective endocard itis, in which 
relapse is possible long after apparent clinical cure and so the drugs are continued fo r a longer time. 

7. Test for cure. In some infections (eg, UT! in pregnancy), microb io logical proof of cure is des irable 
because disappearance of symptoms and signs occurs before the organisms are eradicated . 
Microbiological culture must be done, of course, after withdrawal of chemotherapy. 

8. Prophylactic chemotherapy fo r surgical and dental procedures should be of very limi ted duration, often 
only a single large dose being given. 

9. Carriers of pathogenic or resistant organisms, in general, should not routinely be treated to remove the 
organisms for it may be better to allow natural re-establi shment of a no rmal fl ora. 

~ (Ref Bennett & Brown-I I th) 

\ Q. What do you mean by rational use of antibiotics? (RU-04S) 
Q. Discuss rational use of antibiotics? (CU- I I Ju) 
Q. Describe principles of rational use of antibiotics. (CU- 16.1) 
Q. How can you use antimicrobials rationally'? (DU- I I Ju) 
Q. Write a short note on: Rational use of antibiotics . (CU-06S) 
Ans. 
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Rntional use of nntibiotics: Rational usl: of antibiotics means prescribing the drugs by considering their 
therapeutic efficacy & suitability. 

Criteria / factors of rational use of antibiotic: 
l. Appropriate diagnosis 
' Appropriate antibiotic with adequate bacteriological information 
3. Adequate dosage. frequency and route of administration 
4. Adequate duration 
5. No indiscriminate use of broad spectrum antibiotics 
6. Consideration of patient's condition during· antibiotic selection 
7. Restriction of antimicrobial combination to appropriate circumstances e.g. tuberculosis . 
8. Constant monitoring of resistance pattern. 
9. Limit the use of new drug. 

,I 

Q. Enumerate the important criteria for selecting right antimicrobial drug for a patient or diseases. (DU-
09Ju, CU-08J, SU-14Ju) 

9. Discuss the factors governing the choice of antimicrobials in the treatment of specific infections. Give 
examples to illustrate your points. (CU-11J,09J,08Ju) 

Ans. 
Important criteria for selecting right antimicrobial drug: 
A. Host factors : 

I. Concomitant disease status e.g. AIDS, severe chronic liver disease, chronic renal failure (CRF) 
2. Prior adverse drug reactions 
3. Impaired elim ination or detoxification of the drug 
4. Age of the patient 
5. Pregnancy status 
6. Epidemiologic exposure. 

8. Pharmacologic factors : 
I. Pharmacokinetics factors: Absorption, distribution & elimination. 
2. Drug interactions: Both pharmacodynam ic & pharmacokinetic interactions. 
3. The ability of the drug to be delivered at the site of action 
4. The potential tox icity of the drug 

C. Other factors: 
I. Susceptibility of an organism 
2. Spectrum of activity 
3. Dosing interval of drug 
4. Cost-effective ratio of the drug 
5. Benefit ri sk ratio 

Q. Deshibe the factors on which dose frequency of antibiotics depends. (CU-1 SJu) 
~s . 

- Factors affecting dose frequency of antibiotics 
I. Halflife of drugs 

• i Half life --. t dose freq uency. 
• tHa lf life--. T dose frequency. 

2. Severity of clinical illness: iSeverity --. i dose frequency. 
3. Post-antibiotic effect (PAE): Presence of PAE--. l dose frequency. 

Q. Explain the general hazards of antimicrobial therapy. 
Q. Describe the hazards of indiscriminate use of antibiotic? (DU-06/0SM, CU-08J) 
Q. Mention the limitations of using of antimicrobials. (DU-I 4Ju) 

(Ref Katzung- 1 Jth) 
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Ans. 
Hazards of indiscriminate use of antibiotics: 

I. Risk of development of drug res istance 
2. Super infection 
3. Failure of antibiotic therapy 
4. Chance of cross resistance 
5. Recurrence of infection 
6. Severe toxic effects 

/ ' 

Q. Wb~ factors may be responsible for the failure of antimicrobial drug therapy (DU-13 Ju, I I / IO.Ju . ClJ -
07J,t1 ,05M, SU-12Ju,11Ju,10Ju) 

Q. Write the reasons of treatment failure. (SU-16J) 
.. Q. Outline antimicrobial treatment failure in brief. (SU-17M) 
Ans. 
Causes of failure of antimicrobial drug therapy: 

I . Development of drug resistance 
2. Failure of selection of right antimicrobial drug 
3. Suboptimal use of antibiotic: 

• Inadequate dose 
• Prolong dosing interval 
• Short duration of therapy 
• Unsu itable route 

4. Presence of abscesses or foreign bodies 
5. Low immune status of patient: Malnutrition, malignancy, HIV infect ion . 
6. Inadequate culture and sensitivity test 
7. Super infection by other pathogens 

Q. Name the antimicrobial agents which can be prescribed in pregnancy safely. (DU-08J) 
Q. List the antimicrobials that are safe in pregnancy. (CU-I 5J ,07Ja, SU-1 2Ju) 
Q. Outline rational use antimicrobials in pregnancy and lactation. (SU- l 4J u) 
Ans. ----Safe antimicrobials ir pregnancy· 

J,, ~ Penicillins -
~ Cephalosporins 

3. Monobactam 
4. Carbapenems 

. . Vancomycin 
6. Fosfomycin 

_,,..,7~ Macrolides 
8. Clindamycin 
9. Quinolone (Not the fluoroqu inolones) 
I 0. Pr guanil 

(Ref Katzung-13th) 

/ (Ref Kutzung- / Jth) 
Q. S o t note: Chemoprophylaxis . (DU-I 4Ju, I OJ) 
Q. at is chemoprophylaxis? Give example. (CU-03S; RU-1 1 J,06S) 
Q Define chemoprophylaxis with examples where this phenomenon is exploited. (RU-I 6J) 
Ans. 
Chemoprophylaxis: Chemoprophylaxis means admi nistra ti on of drugs to prevent in!'cction or to prevent 
development of clin ical attacks. 

( Ref Rang & Dale's-8th) 
Example: 

) / Benzathine penicillin G is used for prophylaxis or rheumatic fever: 
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,~mpi ·illi11 is us ·d t'or prophylaxi s or 11co11nt;d sepsis and 111c11ingiti s in children born or rnoth c..: rs carry ing 
.Vrt'p fo ·occus pyoge11es . 

_1. 

-I . 
'\. 
) . 

<. 'd~1m lin is llSL'd tor pwphylaxis of' staphylococcal surgical wound i11fecti o11 s. 
Cdtriaxonc is llSL'd for prophylaxis of' gonorrhoea in those exposed to Neisseriu gonorrheue. 
Ciprullo:\acin is used for prophylaxis of meningiti s 111 those exposed to Neisseria menini itidis and 
pr ~vcntion infection in neutropenic patients. 

(Rel LANGE Microbiology- If' edition) 

Antimicrobial combination & synergism 

'Q. ~What do you m·can by· combination~of chemotherapeuti.cs? G
1

ive· tb'e advantages & disaclvan.tages of it_: 
(RU-03S, SU-14Ju) . - .. ·' . ·: .' ·, · · . · · : . ·. . · 

:Q. Jusµfy an'timicrobial corribin.ation with :examples. '(DU-I 7M; l4Ju,12Ju, 1 OJ , RU~ 13Ju,12Ju, J OJu) 
~Q. Mention the objectives of antimicrobial _combinatio;1 wi,tll examp.les._ (RU-14J,. SU-15J) 
·Q. Outline the p'rinciples o(combined _' use of a:ritiiri)c'robialst (RU:15Ji.i) ·, .. 
Q. What are the a<;Ivantages of combination o"r che~ot~e1;apyT(.QJJ-lO~u, RU-03S) . 
Q. E?£plain with ex~mple: Ch_emothent'peutic potent~a,tfon: (RU-04M) 
;Q. Short-note: Antimici-obial combination. (OU-"f 1Jt1) . · · . . 
Q. ·~S!Jefrt !l!>J:~: .. Airn.s 4.n!l. obj£!ctb:_e~ Qf_) !_htinp_s.i:gpi~(~pmbi~atio~: (SU.:: l6l., ~5JJ!t ,_::, _ .. 
Ans/ 
<;:,ombination of chemotherapeutics: It means administration of two or more chemotherapeutics at the same time 
for a particular infectious disease . 

Advantages/ justification/ Aims and objectives of combination of chemotherapeutics: 
I. To provide broad-spectrum empiric therapy in seriously ill patients. 
2. To treat polymicrobial infections such as i~tra-abdominal abscesses. 
3. To decrease the emergence of resistant strains, eg, treatment of tuberculosis. 
4. To de-crease dose-related toxicity by using reduced doses of one or more components of the drug regimen. 
5. To obtarn enhanced inhibition or killing. 
6. To obtain potentiation or syne_rgisn~. 

(Ref Katzung-l 3th) 

Disadvantages of combination of chemotherapeutics : 
I. Increased risk of super infections. 
2. Wide range of adverse effects. Toxicity of one agent may be enhanced by another; e.g. Vancomycin + 

To_bramycin & Gentamicin + Cephalothin produces exaggerated kidney failure. 
3. An!ibiotic antagonism. 
4. Increased cost burden to the pat ient. 
5. Riskof development of cross-resistance . 

(Ref Tr ipathi- 611,/ 678) 

Q. Wh~ chemotherapeutic synergism? (RU-1 OJ) 
Q. What is chemotherapeutic synergism & how it can be exploited in therapeutics? (RU-OSM) 
~fiat do you mean by chemotherapeutic potentiation? How does it help in therapeutics? (RU-04S) 

- Chemotherapeutic synergism : When the inhibiting or killing effects of two or more ant imicrob ials used together 
are significantly greater than expected from the ir effects when used indi vidually, then it i ca lled 
chemotherapeutic synergism . 

(Ref Katzung-l 3th) 

Mechanisms of Synergistic Action: There are 3 maj or mechanisms: 
I . Blockade of sequential steps in a metabolic sequence: Trimethoprim-sul fa methoxazo le is th e best­

known example of this mechani sm of synergy. Blockade of the two sequential steps in the folic acid 
pathway by trimethoprim-sulfamethoxazo le results in a much more complete in hibition of growth than 
achieved by either component alone. 
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2. Inhibition of enzymatic inactivation: Enzymatic inacti vation of ~-lactam anti bioti cs is a major 
mechani sm of antibiotic res istance. Inhibition of ~-lactamase by ~-lactamase inhibitor drugs (eg, 
sulbactam) results in synergi sm. 

3. Enhancement of antimicrobial agent uptake: Penicillins and other ce ll wa ll -act ive agents can increase 
the uptake of aminoglycosides by a number of bacteria, includ ing sta phylococci, enterococci , 
streptococci , and P aeruginosa. Enterococci are thought to be in tr insica lly resistant to aminoglycosides 
because of permeabili ty barriers. Similarly, amphoteri cin B is thought to enhance the uptake of 
flu cytos ine by fun gi. 

(Ref' Katzung-! 3th) 
Advantages of chemotherapeutic synergism 

l . Broaden the spectrum of antimicrobial acti vity. 
2. Decrease the emergence of resistance. 
3. Decrease dose related tox icity. 
4. To obtain enhanced inhibition or killing. 

(Ref Katzung-l 3th + Bennett & Brown-I I th) 

Q. Give with example some disease condition where chemotherapeutic synergism is helpful. (RU- I OJ) 
Q. What are the indications of combination of chemotherapeutics? 
Ans. 
Indications/ examples of combination of chemotherapeutics: 

l . Treatment of mixed bacterial infect ions (e.g. peritonitis): 
• Metronidazo le + 2nd

/ 3rd generation cephalosporins (cefoxiti n / cefmetazo le / cefotetan / ceftizoxime / 
moxalactam) 

2. Treatment of highly resistant strains of microorganism (e.g. meningitis caused by highly penicillin 
resistant strains of pneumococci : 
• 3rd generation cephalosporins (ceftriaxone or cefotax ime) + gentamici n / vancomycin 

3. Therapy of severe infections (e.a. hospital acquired pneumonia) : 
• Cefuroxime + tlucloxacillin 

4. Extended coverage of antibacterial activity (e.g. Staphylococcal endocarditis): 
• Gentam icin + nafci ll in 

5. Prevention of emergency of resistant strains of microorganisms (e.g. pulmo nary tuberculosis): 
• Isoniazid 
• Rifampicin 
• Pyrazinam ide 
• Ethambutol 
• Streptomycin 

6. For pseuclomonas infected orthopedic prosthesis: 
• 3rd generation cephalosporin (ceftazid irne / Ce foperazone) + ciprofloxacin 

Q. Expla in with example: Antibiotic antago nism . (RU-04M) 
Ans. 

_Ant ibiotic antagonism: Combination of bacteriostatic and bactericidal dru gs may protect the microorganism 
frb-r?i bactericidal effect of bactericida l drug. Th is is known as anti biot; c antagon ism. 

Examples: In pneumococcal meningit is , patients who were treated with the combi nation of penicillin and 
chlortetracycline had a mortali ty rate of 79% compared with a mortality rate of 2 1 % in pati ents who received 
penicillin monotherapy. 

Mee anism of antibiotic anta onism: There are 2 major mechanisms of antim icro bial antagonism: 
Inhibition of ciclal activity by static agents: Bacteriostatic agents such as tetracyc lines and 
chloramphenico l can antagonize the action of bactericidal ce ll wall -acti ve agents because ce ll wall-ac ti ve 
agents require that the bacteria be act ive ly grow ing and dividing. 
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.., Induction of enzymatic inactivation: Beta-lactam antibiotics such_ as imipe_nem, c~foxitin_, anct 

arnpicillin are potent inducers of 13- lac tamase production . If an inducn~g agent is combined With an 
intrinsically active but hydrolyzable µ-lactam such as piperacillin , antagonism may result . . · 

(Ref: Katzung-13th) 

Bacterial resistance to antibiotics 

Q. What is meant by bacterial resistance to antibiotics? (RU-04M) 
Q. Outline the mechanism of microbial resistance development against antimicrobials. (CU-I IJ ,09/08Ju, 

SU-lSJ) 
Q. How 1does microorganism develop resistance against antibiotics? (DU- I I J,07M) 
Q. Ho',Y microbes develop resistance to antimicrobials? (DU-041, CU-07J,06S, SU-17 J, 16Ju, 13Ju, 11 J) 
Q/ Short note: Mechanism of non-genetic drug resistance. (S U-1 SJu) 
Ans. 
Bae erial resistance: When an inhibitory or killing effect of antibiotics cannot be achieved without tox ic effects 

' to) 10st cell , it is called bacterial resistance. ·('A \ C.:.. ·, .s \0 ~ ,-y'Y'ov-c ' 

.,, Mechanism of drug resistance · 
~ --('"K. 
:.).:,--

G-.er-01L~c:_ -+ c """-~a.s. ""~ -' C_'YY''-""'"~ .,~) J Fl.,.._s ~ Q__ Cf<_~ .. 
..-r,:-; r cc•,...... i;.p-,.sc,....,. 

Mechanism Example Drugs commonly 
affected 

1. Production of enzymes ~-lactamase produced by Gram-negative bacteria ~-lactam drugs such as 
which inactivate drug penicillins, cephalosporins 

etc. 

2. Modification of target a. Mutation in penici llin-binding proteins . Penicillins 
site of drug action b. Mutation in protein in 30S ribosomal subun it. Aminoglycosides 

C. Replace alanine with lactate in peptidoglycan. Vancomycin 

d. Mutation in DNA gyrase. Quinolones 
e. Mutation in RNA polymerase. Rifampicin 
f. Mutation in catalase-peroxidase. lsoniazid 

3. Reduction of Mutation in porin proteins Penic illins, ami noglycosides 
permeability of drug etc. 

4. Pumping out of drug Multidrug resistance pump Tetracyclines, sulfonamides 
from bacterial cell etc. 

(Ref Revie w-Medical microbiology-I 2th) 

~ note: Bacterial beta lactamase. (SU-l2Ju) 
, /A . . 

Bacterial beta lactamase: ~-lactamase is an enzyme produced by staphylococci, gram-negat ive bacteria, 
haemoph ili , gonococci , and others. More than 50 different~ -lactamases are known, most of them produced under 
the control of bacterial plasmids . Some~ -lactamases are inducible by the newer cephalospori ns. 

Function: P-lactamase produces resistance against ~-lactam drugs by hydro lyzing the f3-lactam ring. 

P-Iactamase inhibitors: Clavulanic acid and sulbactam bind strongly to ~-lactamases and inacti vate them . 
Com binations of these inhibitors and penicillins, e.g., c lavu lanic acid and amoxicillin , can overcome res istance. 

(R 1 '.> • 2th I ' 1 - 1/, I e : l\ ev1ew- I : JC/Wetz s- .c J ; 
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Q. Write down about transfe'r t· . ,· t ~s. 0 1 esrs ance genes among bacteria. 

,. I '\ n-', ' r'\ ( 

Transfer of resistance eenes· A t'b' · . · · · ~-=---":=~=:-..;~.!!;:?· n t 1ot1c 1es1stance m bacteria spreads at three level s: 
A. By tran~fe~ of bactena between people 
B. Transm~ss~on of resistance genes between genetic elements within the bacterium hy transposons. 
C. !ransm1ss1~n of resistance genes between bacteria of same or different species: It is of fundamental 

importance 111 the spread of resistance to antibiotics. There are three mechani sms for gene transfer: 
I. Conjugation 
2. Transduction 
3. Transformation 

Tra~sposons: Segments of DNA containing resistance genes are called transposons. Transposons can _be fairly 
'.eadily transferred (transposed) from one plasmid to another and also from plasmid to chromosome or vice versa 
111 the same bacteria. 

Conjugation: Conjugation involves cell-to-cell contact during which chromosomal or extrachromosomal DNA is 
transferred from one bacterium to another. ft is the main mechanism for the spread of resistance. Many Gram­
negative and some Gram-positive bacteria can conjugate. 

Transduction: Transduction is a process by which plasmid DNA is enclosed in a bacterial virus (or phage) and 
transferred to another bacterium of the same species. It is a relatively ineffective means of transfer of genetic 
material. 
Transformation: In a few species, a bacterium can, under natural conditions, undergo transformation by taking 
up naked DNA from its environment and incorporating it into its genome through the normal cross-over 
mechanism. Transformation is probably not of importance in the cl inical problem of drug resistance. 

Q. What do you mean by selection pressure? 
Ans. 

(Ref· Rang & Dale 's-8th) 

Selection pressure/ natural selection: When anti biotic is administered, susceptible strains are killed but resistant 
strains caused by mutation, still survive and multiply. This process of emergence of resistant strains is referred to 
as selection pressure; e.g. Staphylococcus aureus possesses selection pressure by producing penicillinase through 
resistant strains. 

Q. How can you limit antimicrobial resistance? (DU-l 7M, I 2Ju, I OJ , RU- l 6J, I 2Ju, I I Ju) 
Q. Short note: Prevention of non-genetic drug resistance. (SU-I 5Ju) 
Q. How drug resistance is overcome? (SU -1 7J) 
Ans. · 
Ho o limit drug resistance: 

I. Avoidance of indiscriminate use of antibiotic. 
2. Use o combination of antimicrobials, eg, in the treatment of tuberculosis. 
3. Avoidance of unnecessary use of combination therapy to prevent cross resistance . 
4. Constant monitoring of resistance pattern in hosp ital or community. 
5. Res nc 1011 o u of the newest member of antimicrobial s. 

(Ref Bennett & Brown-} I th) 

Superinfection 
Q. )VJ}at is superinfection? How does it occur? How could you limit it? (DU-OJJ/S, RU-14.l, SU- 11 J) 
2,rOJJtline the management of superinfection? (CU-07J) 

-.. y..Short note: Superinfection. (DU-I SJ , 13J, l 2J,07M, SU- 1 SJ) 
Ans. 

Superinfection: Clinical evidence of new infection during antimicrobial therapy for one infection is called 
superinfection. 

Pharmacology-60 
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Mechanism of superinfcctfon: 
- __,, Broad spectrum antibiotic 

l 
Destroys normal microbial flora 

l 
Pathogenic bacteria get free 

l 
Secondary infection by pathogenic bacteri a 

l 
Superinfection 

Drugs causing superinfection: 
I. Broad spectrum penicillin: Ampicillin & Amoxicillin 
2. Cephalosporins 
3. Chloramphenicol 
4. Aminoglycosides 
5. Tetracycline 

Conditions predisposing to superinfection: 
I . Co1ticosteroid therapy 
2. Leukemia & other malignancies 
3. Anticancer drugs. 
4. AIDS 
5. Agranulocytosis 
6. Diabetes mellitus 
7. SLE etc. 

Sites of superinfection: 
( I. Oropharynx 
;2· Intestine 
Y. Respiratory tract 
,4. Genitourinary tract 
5.n Skin 

Ma,nagement of superinfection: 
I I 

_ IA . General management: 
1. Immediate discontinuation of drug 
2. Culture and sensitivity test 
3. Vitamin-B complex can be given if there is stomatitis, cheilosis 

B. Specific management: 

Organism I Clinical sign 1-·, ,'- ' )' . .--:''. -"-t-r~atlJ)erit 
Candida albicans Monilial diarrhea, thrush, er_,_,_' ·\ ·r ~ -i. ) • Nystatin or clotrirnazole 

v1fl vovag1111IB' - - ~ - - -
Resistant S. aureus Gas1roenteriti s(_ A'o ~ \ c.:f'·, [1"l\ d ~, n r,\,:, . ') • Cloxa_cillln, fl ucloxac illi n 
Ciostridium dfficil e Pseudomernbranous colitis Metronidazo le & vancomycin ~ 
Proteus --- U]I, enteritis Cephalosporins or gentamicin 
PseudQmQnas UTI, enteritis Carbenici ll in, ti carci ll in or gentamicin. 

Ill (Ref Tr1path1-6 /672, 673) 
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Miscel laneous 

Q. Write short note on: Opportunistic infection. 
Ans. 

Opportunistic infection· Tl · . f' · . . . . . d .. 1 

l . . · 1e 111 ect1on that ari ses 111 patients with comprom1sed 11r1munc system or re uccu 
P 1a 0 ocyt1c cellu lar defenses d b d. . . . ( · . 

b . cause Y 1sease (AIDS leukemia hypogammaglobulmernia) or drugs cytotox1cs. 
adrenal steroids). ' ' 

Some opportunistic organisms and diseases: 
Pneumocvstis carinii Pneumonia 
E. coil and Klebs ielfa Primary septicemia 
Staphvlococcus eoidermidis Infection of intravenous catheters 

(Ref Bennett & Brown-I I th) 

Q. Mention the drugs used in anaerobic infection. (CU-17M, SU-07Ju) 
Q. Explain the action of drugs used in anaerobic infection. (SU-07Ju) 
Q. Enumerate the drugs that are effective against anaerobic microbes. (CU-I 3Ju) 
Ans. 
Drugs used in anaerobic infection 

Anaerobic bacteria I 1st choice I 2nd choice 
Gram +ve (Clostridia, Peplococcus, Penicillin Vancornycin , Carbapenems. 
Actinomyces, Peotostreptococcus) Clindamycin -- --, 

Clostridium difficile ~roJ:i.idazole VEncomycin, Bacitracin 
Bacteroides fragilis Metronidazole Car.papenems, Clindamycin, Co-amoxiclav 

(Re}: Katzung-l 3th) 

Q. Enlist the anti-pseudomonal antibiotics. (CU-l 5Ju, SU-I 7M) 
Q. Categorize antimicrobials that are effective against pseudomonas aeruginosa. (CU-04S) 
Q. Name the drugs used in the treatment of pseudomonas infection . (DU-07M) 
Ans. 
Anti-pseudomonal drugs: 

I . Extended spectrum penicillins: Ticarcill in, Piperaci ll in, Mezloci ll in, Azlocillin 
2. 3 rd generation cephalosporins: Cefoperazone, CeTtazidi me (Other members don ' t act against 

pseudomonas) 
3. 4th generation cephalosporin: Cefepime 
4. Monobactam: Aztreonam 
5. Carbapenem: Imipenem, Meropenem 
6. Aminoglycosides: Tobramycin, Gentamicin, Amikac in, Netilmicin 
7. Azithromycin 
8. Fluoroquinolones except Norfloxacin: Ciprofloxacin, Lomefloxacin, Levofloxacin 

(Ref Katzung- 1 Jth) 

Q. Name the drugs used in rickettsial infection . (RU - I OJ) 
Ans. 
Anti-rickettsial drugs: 

I. Tetracyclines. 
2. Chloramphen icol. 
3. In tetracyc line & chloramphenicol res istance strains (in Thailand): Ri fam picin . 

(Ref Davidson 's medicine-22'"
1 
edition) 
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Q. E7 me 1hte the anti-staphylococcal antimicrobials. (SU- I 7M) 
Ans. 
Anh- aphylococcal drugs: 

l. Penicillins: Nafcillin, Methicillin, Oxacillin, Cloxacillin, Flucloxacillin. 
2. Combined Penicillin: Co-amoxiclav 
3. Cephalosporins : I st generation cephalosporins (cephradine, cefazolin) 
4. Vancomycin (Methicillin Resistant Staphylococcus aureus, MRSA) 
5. Others: Co-trimoxazole, Minocycline (MRSA). 

Q. Name the drugs that can be used for treating Gram -ve infections. 
Ans. 
Antimicrobial drugs effective against Gram -ve bacteria: 

l. Broad spectrum penicillins: Ampicillin, Amoxicillin 
2. Extended spectrum penicillins: Ticarcillin, Piperacillin, Mezlocillin, Azlocillin 
3. 3rd & 4th generation cephalosporins: Ceftazidime, Cefoperazone, Cefepime. 
4. Monobactam: Aztreonam 
5. Carbapenems: E11apenem, lmipenem, Meropenem 
6. Aminoglycosides: Clindamycin 
7. Tetracycline 
8. Folate antagonists: Co-trimoxazole, Sulfonamides, Trimethoprim 
9. Fluoroquinolones: Ciprofloxac in, Levofloxacin, Lomefloxacin. 

Q. Name the antimicrobial drugs that are effective against Gram +ve microorganisms. 
Ans. 
Antimicrobial drugs effective against Gram +ve bacteria: 

(Ref Katzung-l 3th) 

1. Penicillins: Benzylpenicillin, Phenoxymethylpenicillin, Ticarcillin, Flucloxacillin, Dicloxacillin. 
2. 1st & 2nd generation cephalosporins: Cephradine, Cephalexin, Cephazolin, Cefuroxime. 
3. Macrolides: Erythromyc in, Azithromycin, Clarithromycin 
4. Carbapenem 
5. Vancomycin 
6. Chloramphenicol 
7. Aminoglycosides: Clindamycin, Gentamycin 
8. Folate antagonist: Co-trimoxazole, Sulfonamides, Trimethoprirn 
9. Fluoroquinolones: Moxifloxacin, Trovafl oxacin. 

Q. Name four chemotherapeutic agents which should not be used in children. (DU- I 3Ju) 
Ans. 
Four chemotherapeutic agents which should not be used in children 

I. Tetracycline: In children below l O years of age- Chance of dental caries. 
2. Fluroquinolones / ciprofloxacin: Arthropathy 
3. Chloramphenicol : Gray baby syndrome in newborn infants. 
4. Pyrantel pamoate: Ch ildren under age of 2 years. 
5. Praziquantel: Children under age of 4 years. 
6. Sulfonamides: Newborn baby-. Kernicterus . 

Q. Enlist five antibiotics which cannot cross blood-brain barrier? (CU-1 SJ u) 
Ans. 
Antibiotics which cannot cross blood-brain barrier 

I. Gentamicin 
2. Amikacin 
3. Streptomycin 
4. Erythromycin 
5. Fusidic acid 

(Ref Katzung-13th) 



465 
Antimicrobial drugs 

Nice to know: 
Anti-microbial dose adjustnu·nt in disease condition: 
A. D d' ose a 1.1ustment 111 liver diseases: 

Require dose reduction I. Mctronidazu lc 
2. Clindamyc in 
3. Ison iazicl 
4. Ri!'ampicin 
5. Chloramphenicol 

Should be avoided in any liver I. Erythromyc in cstolate 
disease 2. Pyrazinamide 

3. Talampicillin 
4. Tetracyclines 
5. Nalidixic acid 
6. Pefloxacin 

B. D d' t ose a 11us ment m rena l d' 1seases: 
Require dose reduction (even in I. Aminoglycosides 
mild renal impairment) 2. Cephalosporins 

3. Vancomycin 
4. Amphotericin B 
5. Ethambutol 
6. Flucytosine 

Should reduce dose (only in I. Metronidazole 
moderate to severe renal 2. Cotrimoxazole 

failure) 
,.., Aztreonam _,. 
4. Meropenem 
5. Imipenem 
6. Clarithromycin 
7. Carbenicillin 
8. Fluoroquinolones 

Antimicrobials should be 1. Cephalothin 

avoided 2. Nalidixic acid 
3. Talampicillin 
4. Tetracyclines (expect Doxycycline) 
5. Nitrofurantoin 

(Ref Tripathi-6°'!67 3& 67-1) 
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/ 
Cell wall synthesis inhibitors 

C "-' ,--c..\ \ 
c \ c, '-- ,0•.,_, ~';~ 

Q.Ljs 13-lactam antibiotics . (OU-l5.Ju.06S; CU-l 1J,08Ju; SU-IJJ,I0J ,08.1 , RU-l7J,l3J) 

· ~/~ .-,Why f3-lactam drugs arc calkcl so? (RU-17.1, 13.1) 

-~ - 3 C- \ 

Ans. · · 
6-lactam antibiotics: These antibiotics have a 13-lactarn ring structure and ex~rt a bactericidal ac tion by 

disrupt in g cell wall synth es is in rapidly dividing o rganisms. They arc classified into eight g ro ups : 
l. natural penicillins : bcnzy lpenicillin , phenoxymeth I )eni c illin 
2. penicillinase-rcsistant penicillins: metic1 in, flucloxacillin _j) ~ \ 
3. aminopcnicillins: amricillin amox1c il l111 - .- .- __.:,;.. ~\r.s-e1.- c-o--r-
4. carboxy- and urcidopenicillins: ticarcillin, piperac1ll111 
5. cephalosporins: first-fourth-generation conipcmr,crs--
6. monobactams: aztreonam 
7. carbapenems: _imipenem, meropenem 
8. f3-lactamase inhibitors, e.g. clavulanic acid. 

(Ref Davidson 's medicine-22nd) 

Penicillins 
, ___s.fot.rct"ur-e of penicillin: All penicillins have the basic structure shown in Figure below. A thiazolidine ring (A) 

is attached to a f3-lactam ring (B) that carries a secondary amino group (RNH-). Structural integrity of the 6-
aminopenicillanic acid nucleus is essential for the biologic activity of these compounds. Hydrolysis of the ~­
lactam ring by bacterial f3-lactamases yields penicilloic acid, which lacks antibacterial activity . 

(Ref Katzung-13th) 

A ·d H H H m1 as.a, I 
1 

, S 
T . , l / "-.. / CH3 

R- N-C-C C 
I B . j .. A, j :~H3 PENICILLIN 

0-1/c,N--- c......_COOH 
'-La ctainase 

Substituted l>-amln,openiclllanlc acid 

Q. Classify penicillins. (CU-05J, SU-06S) 
Q. Classify penicillins according to their spectrum of activity. (DU-1 SJ) 
i ~ broad spectrum penicillins. (SU-0JM , RU-02J) 

_ ~ ""',. the extended spectrum. (RU- I SJ) 

Classification of penicillins : 

I. According to source Natural penicillins Benzylpenicillin / penicillin G , 

Phenoxvmethvloenicil lin / pen icillin V 

Semisynthetic penicillin Amoicillin arnoxicil lin, c loxacillin 
2. According to Narrow spectrum Penicillin G ,_Eeni ci llin V 

spectrum coverage Broad spectrum Ampicillin, amoxicillin , pivampic illin , 

talampicillin , bacam pic illin 

Extended spectrum _I icarci llin , pipe rac illin , mez loc illi n , az loc illi n 
3. According to (3- (3- lactamase sensitive Benzylpenicillin 

lactamasc sensitivity Amox icillin 

Arnpic illin 

Ticarci llin 

r ..,; 
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ll-Iactamasc resistant Nafcillin 
~Cfox aetllin-

Mcthicilli11 

Dicloxac illin 

Oxac illin 

Flucloxacillin 
4. According to Long-acting Benzathine penicillin (7-3 0 days) 

duration of action Proca tne penh;i·llin ( 12-24 hours) 

Short-acting Ampicillin , af!lox ici llin, pen ici llin V 

5. According to gastric Acid labile (Can't be Penicillin G 
acid sensitivity given orally, always in Procaine peni ci llin 

parenteral route) -- Benzathine oenicillin 
-

Acid stable (Can be Penicillin V 
given orally) -~ Ampicillin amoxicillin, cloxacillin 

(Ref Katzung-13th + Bennett & Brown-I Ith) 

Q. Name some important penicillin . (DU-09Ju) 
Q. Name the penicillin preparations. (SU-06J,RU-0 I J) 
Q. Name the parenteral penicillin preparations . (Du-00S) 
Ans . 

I Parenteral Oral 
Natural Penici ll in G Penici ll in V 
Semi-synthetic Procaine Qenici llin Ampic ill in 

Methicill in Amoxici llin 
.t:Jafcil!in Cioxacil lin 
Ticarcill in Flucloxacil lin 
Piperacill in 
Flucloxaci 11 in 

(Ref Katzung- f 3th + Bennell & Brown- fl th) 

Q. :Mention the mechanism of action·ot penicillin."(DU-09Ju,06S, RU-11J, SU-1 2/09J u,0SJ) 
Q. Write down the mechanism of action <;>f amoxicillin. (DU-17M, 16J u, 14J) 
Q'.11;~~ P-lactain antibiotics act? (CU~06S, RU-07J) 
Q. E~ . plain ant'n,icrobial action of P-Iactam. (SU-14J,) · 
Q. G' e t echanism of action of cloxacillin? (CU-07S, SU-07J) 
Ar -. 

e ianism of action of amoxicillin / cloxacillin / penicill in / P-Iactam antibiotics: Peni ci llins 
cephalosporins kill bacteria l cells by inhibiting cell wall synthesis in actively growing bacteria. 

I . Inhibition of the trans peptidase enzyme: 
Penicillin / cloxaci lli n / ~-lactam antibiotics inh ibit transpeptidase enzyme 

t 
Inhi bition of cross- linking (transpeptidation) of peptidoglycan 

t 
Ce ll wall becomes porous due to absence or lack of peptidoglycan 

t 
Water enters the porous ce ll wa ll bacteria due to high osmotic pressure ins ide the bacteria 

t 
Bacteria swel l & burst out 

t 
Bacteria are k i I led 

and 

(Ref Katzung- l 3th + Lippinco/t '.1·-6th) 
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2. Binding with penicillin-binding proteins (PBP): Penicillin binds with and inactivates some PBPs present 011 
the bacterial cell membrane and thus alters the morphology of bacteria & also kill them. 

(Ref Lippincol/ ·s-6th) 

3. Production of autolysins: Many bacteria produce degradative enzymes (autolysins) that participate in the 
normal remodeling of the bacterial cell wall. In the presence of penicillins, the degradative action of the 
autolysins proceeds in the absence of cell wall synthesis. 

Thus, the anti-bacterial effect of penicillin is the result of both inhibition of cell wall synthesis and destruction of 
existing cell wall by autolysins. 

~- f n)'on the limitations of penicillin-G / benzylpenicillin. (DU-06M, RU-08/07]) 
fl(v can you overcome these limitations? (CU-04M, SU-04M) 

Limitation of penicillin G: 
I. Narrow spectrum penicillin- only acts on Gram +ve bacteria. 
2. Acid labile- so, cannot be given orally. Should be given parenterally. 
3. Short duration of action ( 4-6 hours) 
4. High degree of drug resistance 
5. Hypersensitivity reaction 
6. Parenteral administration is painful 
7. Destroyed by ~-lactamase 
8. Cannot act on pseudomonas. 

Processes to overcome the limitation of penicillin G: 
I. Administration of broad spectrum penicillins 
2. Administration of acid stable (orally active) penicillins 
3. Prolongation of duration of action of penicillins 

Intermediate acting penicillin: Procaine penicillin 
Long acting penicillin: Benzathine penicillin 

4. Administration of penicillinase resistant penicillins 
5. Administration of extended spectrum penicillins 
6. Administration of combined penicillins 

Q. Mention the ilidications of penidllinase ~esistant penicillin. (RU~06S) 
Q. Mention the. indications of anti-staphylococcal penici_llins. (RU- l 2J) 
rQ. Mention the absolu.te indi~ations of penicjllins: (CU-14J) . 
Q;,Giv~ the indicatio~s of amoxicillin. (RU:03 M) · 
Q:.Write d n the indication of amoxicillin ~( clavulanic acid combination. (SU-l 3J) 
:~~a · re the prophylactic _u~e~ of benia. thipe penicillin? (RU-08J)_ /n(" /e ~ short note on: Pemcilhn. (CU-OQJ:) · . , • _ • ,, 

Indications of different penicillins: 
Benzyl penicillin/ penicillin G: It is always given in parenteral route . 

(Ref Lippinc:ou 's-6/h) 

I. Prophylactic use(Rheumatic fever,ibacteri~I endocarditis & in patient with ag~ locytosis . 
2. Streptococcal infections: Pharyng1t1s, otitis media, scarlet fever, rheumatic fever. -
3. Tetanus 
4. Gas an rene 
5. Sub-acute bacterial endocarditis (SABE) caused by Streptococcus viridans or faecal is. 
6. Primary & secondary syphilis (not in neu rosyphilis as penici llin cannot enter CN S) 
7. Gonorrhoea 
8. Pneumococcal infection 
9. eningococca m 'ection: Meningococcal meningiti s. 
I 0. Dru of choice m so ~ rare diseases: Anthrax, actinomycosis, trench mouth, rat bite fever, 
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Phenoxymethylpenicillin / penicillin V: 

.lj I. Slrepto~occal infections: Acute & chronic tonsillitis, pharyngitis, si nu siti s, otiti s medi<t & prevention of 
rheumatic feve r. 

2. Less serious pneumococcal infection . 
3. Trench mouth 

Anipicillin: 
II R . 1 

I. espt~atory tract infections: Bronchiolitis, pneumonia, sinusitis, oti ti s 111cdia. 
2

· Neonatal ~nfect~o1~ (:S 28 da~s baby): R.TI , septicemia, menin gi ti s, septicemia & mi xed inl'ccti ons (high 
dose offe1~ along with gentamicin & 3rd generation cephalosporins). 

3. In SABE with gentamicin. 

4. Acute cholecystitis (it is a good drug because high concentrations are at1ained in bile) 
5. Shigellosis. 

6. ~/rfiea. 

Amo..licidin: 

'

7

1. ~Child infecti_o-;;-s U.Sdasbao ): Bronchitis, bronchiolitis, pneumonia (usual dose) & septicemia, 
menmgitis & other mixed infections (high dose with gentamicin or cephalosporins). . 

2. Streptococcal infections: Acute & chronic tonsillitis, pharyngitis, sinusitis, otitis media & prevention of 
rlieumatic fever. 

3. Urinary tract infection 
4. Gonorr oea m combination with probenecid) 

J..tj{'nc1ed spectrum penicillins: 
_,/-

• UTI, Pneumonia (caused by Pseudomonas) / 
~ 

_ ~st:phylococcal penicillins/ penicillin~se resistant penicillins/ Flucloxacillin: 
I . Skin and soft tissue infections 
2. Bum to prevent secondary infection. 
3. Respiratory tract infection 
4. Urinary tract infection 
5. Meningitis 

Q. What are the adverse effects of penicillins? (DU-15J,09Ju, CU-03J, RU-03M) 
Q. What are the limitations of benzathine penicillin? (RU-08J) 
Ans. 
Adverse effects of penicillins: 

y. Hypersensitivity reaction: 
· • Anaphylactic shock 

• Stevens-Johnson syndrome (SJS) 
/ Superinfection 
/. GIT upset: Nausea, vomiting, diarrhea 
/4, Hemolytic anem ia 
---s·. Eosinophilia 
6. Vasculitis 

/7 . Thrombocytopenia 
8. Methicillin: Causes interstitial nephritis 
9. afcillm: Causes neutropen 1a 

-)<,_ ' 

l.,. ' 

IO. Oxacillin, flucloxacillin, co-amoxiclav: Causes hepatiti s 
11 . Ampicillin: Associated with pseudomembranous colitis. 

Q. Give the Management of penicillin induced anaphylactic shock. (RU- I SJ) 

-------­l '° c: ,~ _( \__ / ·-s Tt.: 

(Ref Kar:::ung- /3th) 

Q. Outline the drug therapy of penicillin induced hypersensitivity reacti?n . (CU-07 Jan) 

Pharmacology-61 
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Ans. Management of penicillin induced anaphylactic shock: See ANS chapter. 

Q. Name the antimicrobials that can be used in penicillin hypersensitive individuals. 
Ans. 
An m'{ici:obials used in penicillin hypersensitive individuals: 

1. Macrolides 
2. Metronidazole 
3. Var1co~ iri 
4. Aztreonam 

,Q'., Name th~ drugs that are effective againsfstaphylococca!_,info_c!ipns. (PV-07fo, RU-071) 
.Q •. Lists -the p:.Jactamase./ penicilfi1iase resis.tiut ·penicillins: ,(DU-;l,~J,Q7J; ClJ.:04S; RU-06S) 
Q' .. List the penicillins that Call be us·e·d iri ,'i~fections' caused''by )p·::1actama'se producing s. aureus. (CU-

'o6M 05S) . : . - ·· -· · -:. :-· · : · . . .· . .. . · . ·· . . . · .. . . . 
' ' ' ~ • ~ > ' ' 1

,Q. Li~t_the ant_i-sfap_hy\qcqccal p'e11iciHil!s_ with th~ir: ij1:d~~-ations .. (RQ-141.J~J) · 
Ans. 
Anti-staphylococcal penicillins/ Drugs effective in p-lactamase producing S. aureus infection : 

1. Methicillin 
2. Cloxaci llin 
.., Nafcillin J. 

4. Dicloxacillin 
5. Oxacillin 
6. Flucloxacillin 

Q. Me ion the P-lactamase inhibitors. (DU-I 7M) 

A rite short note on: P-lactamase inhibitors . (CU-061, SU- l5Ju,15J) 
s. 

lactamase inhibitors: 
~ Clavulanic acid 
.X Sulbactam 
Y,Tazobactam 

Combination of P-lactamase inhibitors & penicillins: ~-lactamase inhib itors are used in combination with ~­
lactamase sensitive pen icillin to provide chemotherapeutic synergisms. 

1. Amoxicillin & clavulanic acid (Co-amoxiclav) 
2. Ampicillin & sulbactam 
3. Piperac1ll111 & I azobactam 

Q. Justify the combination of amoxicillin & clavulanic acid. (DU-161, CU- I 6J, l 3Ju, SU-03S, RU-I 5Ju, 11 J) 
Q. own the mechanism of action of amoxicillin & clavulanic acid. (SU- 131) 

s. 
mbination of amoxicillin & clavulanic acid : Amoxicillin is a broad spectrum penicillin & is destroyed by~ 

lactamase /penicillinase. On the other hand, clavulanic acid is a pen ici ll inase enzyme inhibitor. So, there is 
chemotherapeutic potentiation of action occurs. When both are given together, clavulanic acid inhibits the enzyme 
p lactamase. So, amoxicillin is not destroyed by the enzyme ~ lactamase and the action of amox icillin is 
prolonged . 

Q. What may be the drawbacks of using P-lactam antibiotic? (RU-05M) 
Ans. 
Drawbacks of using P-lactam antibiotics: 

1. Hypersensitivity reaction 
2. Super infection 
3. Nephrotoxic ity 
4. Neutropenia in case of nafc illin 
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5. Hepatitis in case of cloxacillin 
6. Pseu ~nembranous colitis in case of' ampicillin. 

Q. D)-ct s the resistance to penicillin & other ~-lactam antibiotics. (SU-I 3J,07Ju) 
Qfe~ ss the microbial resistance to penicillin . (SU-03M) 

,A11s. 

Mechanisms of bacterial resistance to penicillin : Resistance to penicillins and other ~-lactarns is due to one of 
four general mechanisms: 

I. Inactivation of antibiotic by P-lactamase 
2. Modification of target penicillin-binding-proteins (PBPs) 
3. Impaired penetration of drug to target PBPs 
4. Efflux of drug. 

1. Inactivation of antibiotic by P-lactamase: P-Lactamase production is the most common mec han ism of 
resistance. Bacteria producing P-lactamase include- Staphylococcus aureus, J-Jaemuphilus sp, E. coli, 
Pseudomonas aeruginosa and Enterobacter sp. 

2. Modification of target PBPs: Altered target PBPs are the basis of methicillin resistance in staphylococci and 
of penicillin resistance in pneumococci and enterococci. These resistant organisms produce PBPs that have 
low affinity for binding P-lactam antibiotics, and consequently they are not inhibited . 

3. Impaired penetration of drug to target PBPs: It occurs only in gram-negative species. P-Lactam 
antibiotics cross the outer membrane and enter gram-negative organisms via outer membrane protein 
channels (porins). Absence of the proper channel or down-regulation of its production can greatly impair 
drug entry into the cell. 

4. Efflux of drug: Gram-negative organisms also may produce an efflux pump that effi ciently transports some 
P-Iactam antibiotics from the periplasm back across the outer membrane. · 

(Ref Katzung-l 3th) 

Q: How .the''duratiori of a ction 'o[penicillin can be prolong.ed? (DU-11)) · ""' t -
1Q. Discuss ~ p~ able outcome of using penicillin with proben~cid concomitantly. (DU- l §J u) 
t~ .. Jus· · · inatioh of p~nicfllin and probenecid. · 
Ans 
Prolongation of duration of action of penicillin: 
1. By decreasing excretion of penicillin b adding_p_robenecid: Penicil lin is rap idly excreted by the kidneys; 

small amounts are excreted by other routes. About 10% of renal excretion is by glomendar fi ltration and 90% 
by tubular secretion. 
• Penicillin is a weakly acidic drug. It needs a carrier fo r active tubu lar secretion. 
• Probenecid is also a weakly ac id ic drug which competes with penic iilin fo r the same carrier protein for 

active tubular secretion. 
• ProbenecTct has got 6ettF-r affini ty for the_c£lrrier protein than penici ll in. 
• When penicillin and probenecid are given in combination, probenecid wi ll be secreted into the tubular 

lumen and penicillin remains in the circul at ion and increase the duration of action. 
• Eg, in dental surgery, 3 gm ampici llin + 1 gm probenecid is used for pro phylactic purpose. 

2. By decreasing absorption of penicillin by adding less soluble substances: 
• Penicill in G + Benzathine - Benzathine Penici lli n ( 1 mon th action) 
• Perncdlin G + Procaine -Procaine penicillin (10 days action) 
• When pemcil lm 1s used for prophylaxis o n eumatic feve r - I benzathine penicilli n/month ( 1.2 million 

unit IM) 

Q. Mention the advantages of semi-synthetic penicillin over penicillin-G. (DU-98M) 
Ans . 
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Advantages of semi-S)1nthetic penicillin over pcnicillin-G: 
I. Broad spectrum penicillin 
2. More plasma half life 
3. Acid resistant, so suitable for oral administration 
4. Less pot nt against gram (+ve) cocci 
5. Less allergic reactions 

re and contrast ampicillin & amoxicillin . (DU-12Ju, CU-\SJ, RU-08Jan, SU-16J , \5Ju,lSJ,l 2Ju) 

1. Oral bioavailability 75 % 
2. Risk of druo- induced diarrhea More Less 

4 times/da 3 times/da 

4. Interference of absor tion b , food Yes No 

More Less 

6. Use in shigellosis More effective; as more drug (25%) 
remains unabsorbed 

Less effective. 

mpare and contrast ampicillin & cloxacillin . (SU-l 7J , 14Ju) 
Ans. 
Comparison between ampicillin & cloxacillin: 

Traits I , 

I. Route of administration Oral/N Oral/TV 
2. Risk of drug induced diarrhea More Less 
3. Frequency of administration 4 times/day 4 times/day 
4. Interference of absorption by food Yes Yes 
5. Chance of superinfection More Less 
6. Anti-staphylococcal activity No Yes 
7. Pseudomembranous colitis Yes No 

Q. Compare & contrast Flucloxacilllin, Co-amoxiclav & Ceftriaxone with respect to their spectrum of 
activity . (CU-11J ,08Ju) 

Ans. 

2. Route of 
administration 

Anti-staphylococcal 
enicillin 

Oral/ IV 

3. Absor tion Interfered b food 
4. Dosin 6 houri 
5. Anti-staphylococcal Yes 

activi 
6. Gram -ve activity Much inferior to 

7. Gram +ve activity 

8. Bactericidal activi 
9. Adverse effects 

Amoxicillin + clavulanic 
acid 
Oral/ TV 

Not interfered b food 
8 houri 
Yes 

Much inferior to 
ceftriaxone 
Superior to any 
ce halos orins 

• Hypersensitivity 
• GIT upset 
• Su erinfection 

Not interfered b food 
Sin le cl ail 
Less / No 

Much superior to any 
enici llin 

Inferior to any penicillin 

Time de Jendent 
• Hypersens itivity 
• Nephrotoxicity 
• Su erinfection 
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Q. Compare Cloxacillin, Co-amoxiclav & Ciprofloxacin with respect to their spectrum of activity . (CU-

09Ju) 
Ans. 
Comparison among Cloxacillin, Co-amoxiclav & Ciprofloxacin: 

Traits I · Cloxacillin I Co-amoxiclav I I • Ci rofloxacin ''.:!Mt'e'. · 

1. Group Anti-staphylococcal Arnoxicillin + genera 10 11 

penicillin clavulanic acid lluoroqu inolones 

2. Route of administration Oral/IV Oral/IV Oral/IV 

3. Anti staphylococcal High High Moderate 
activity 

4. Gram +ve activity Excellent Excellent Good 
5. Gram -ve activity Poor Poor Excellent 
6. Bactericidal activity Time dependent Time dependent Cone. dependent 
7. Clinical uses Mostly Gram +ve Mostly Gram +ve Mostly Gram -ve in fections & 

infection. infection. some Gram +ve infection. 

8. Arthropathy in children No No Occurs; so contraindicated in 
<I 8 years 

9. Hypersensitivity More common More common Less common 
10. CNS toxicity Less Less Can occur 

Ge~ nsideration - - Cephalosporins - -
· / • Cephalosponns are s11rnlar to pen1cill111s, but more stable to many bacterial ~-lactamases and therefore 

have a broader spectrum of activity. 
• However, strains of E coli and Klebsielfa species expressing extended-spectrum ~-lactamases that can 

hydrolyze most cephalosporins are becom ing a problem. 
• The nucleus of the cephalosporins is 7-aminocephalosporanic acid. 
• Bactericidal in action. 
• Relatively acid stable, so can be given orally. 
• Source: Cephalosporiurn (fungus) 

·Q.·, Classify cephalospo1:ihs~'.(bU-l 7J, CU~05J; RU-06M) 
:Q. Name the different ceph~losporins according to their generations. Discuss how different generations 
, · differfromoneanother.(DU-16J,14Ju,1 3Ju , SU-17J) 
Q. 0 List the 3rd generation cephalosporins with preferred routes of administration . (CU- l 4Ju) 
Q._ Classify cep~alosporins according to their antimicrobial spectrum. ( U-10Ju,08/07Ju) 
·Q. Categorize cephalosporins in accordance to their properties. (DU -12.lu) 
:Q, Discuss the criteria on which cephalosporins are categorized in generations . (CU-07 Ju) 
i,Q, .- Explain antimicrobial spectrum of ce1>halosporin. (SU-14J, 131) 
Q_) Mention the characteristic,s/properties of3 .. generation cephalosporins. (DU-l 7J, CU-15.fu, 14Ju, 12Ju) 
Ans. 
Classification of cephalosporins: Cephalosporins can be class ified into four major groups or generations, 
depending mainly on the spectrum of an timicrobial activity. 
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generation 
Oral: 
{'cphradinc
Cefadroxil 
Ccphalexin 

/ 

Parenteral: 
Cephalothin 

� Cephradinc 
Ccfazolin -
Ce"Tiafrin 

2" Oral: 
generation ,,Cefaclor 

3r 

efurox1me axetil 
Cefprozil 
Loracarbef 

Parenteral: 
efuroxime 

Cetamandole 
-Cefotetan 

generation efixime 

411 
generation 

,£efdinir 
Ceftibuten 

efpodoxime proxetil 

eftriaxone 
�azidime 
Cefoperazone 
Cefotaxime 
Moxalactam 
Ceftizoxime 
Only parenteral: 

efepime 
Cetp1rome 

• Resistant to P-lactamnsc enzyme. . . 
,r:::-:::-:-: • , 1 G m +vc cocci- Pncumococcr, strcptococcr,• v c.;ry active agams ra 
stap�iylococcf (except enterococcl & MRSA) 

. . G d" eg PhK: Proteus• Moderately active against ram -vc/o ... , ' -
niTraliiTls 7!. coil Klebsie/la pneumonwe. 

A h·. .' (eg pept·ococcus peptoslreptococcus) are usually• nacro IC COCCI ' 

sens1t1ve. 
· b t d• Activity against p aeruginosa, enterobactcr, cit� ac er, an 

acinetobacter is poor. 

• More resistant to P-lactamase enzyme.
. . d d I ss active against Gram +ve • More active agamst Gram -ve ro s an e 

bacteria. 
• They have extended gram-negative coverage.
• Spectrum of Gram -ve bacteria: PEcK + HEN (H influenzae,

Enterobacter aerogenes, and some Neisseria.
• As with first-generation agents, none is active against enterococci or P

aeruginosa.

• Less active against Gram +ve bacteria
• They have expanded gram-negative coverage.
• Spectrum of Gram -ve bacteria: HENPEcK + PSC ._ Providencia,

Serratia marcescens, citrobacter.
• Ceftazidime and cefoperazone are the only two drugs active against P

aeruginosa.

• Ceftizoxime and moxalactam are active against B fragilis.

• Cefixime and ceftibuten are much less active against pneumococci and
S aureus.

• More resistant to �-lactamases.
• Cetepime has good activity against P aeruginosa, Enterobacteriaceae, S

aureus, and S pneumoniae.

• Unlike cefta�idime, cel'epime has good activity against most penicillin­
resistant strains of streptococci.

• It is highly active against hacmophilus and neisseria.
• It penetrates well into CSF.

(Ref Katzung-12' '/797-800; Lippincott 's-5th/387) 

Nice to know 

5
11

' generation cephalosporin
• Ceftohiprole has been described as ''fifth-generation" cephalosporin, though acceptance for thrs· terminology is nvl

universal. It has powerful antipseudomonal activity and is less susceptible to development uf res1s·tance.
• Ceftaroline has also been described as ''fifth-generation" cephalosporin, but does not have the anti-pseudomonal

coverage.

(Ref Internet) 
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Cefazolin is the on~y firs t-generation parenteral cephalosporin still in general use. 
II I I · . h'/d "- 1 . & hence ure used A cep ?a o:;ponns are safe III pregnancy & well tolerated hy c 1. ren c.'< neona e.\ 

common~y in neonatal & children rnjecnon invariably. ~-- -

Q. Name some important cephalosporins . (DU-I OJ) 
Q. Enumerate commonly used cephalosporins. 
Ans. 

Cephradine. I. Ceftriaxone. 
Cefixime 2. Cefuroxime 

.., 
Cefuroxime axetil 3. Ceftazidime -' · 

4. Cef podoxime proxetil 4. Cephradine. 
5. Cefaclor 5. Cefepime 
6. Cefdinir 6. Cefotaxime 
7. Cephalexin 7. Cefazolin 
8. Cefadroxil 8. Cefoxitin 

Balded cephalosporins are 
used more commonly in 
Bangladesh. 

(Ref Katzung-l 3th) 

(Ref- Katzung-l 3th) 

·Q. Briefly · cuss the a'nti\Jacterial mechanism ot'actlon o'r'cep,lfifosgorins:'(DU-f6J,f5Ju,10J, SU-14Ju,13J) 
Q. Write own the ~echanism of action of 3 rd 'generation cepha1~sporin~-- (D,U-08J) .. 

~

. P, in the mechanism of'action Qf cefti:i~xone in enteric fever. (RU_.:09J) . . 
. lain the mechanism of a~~'tio,!L6'J/ep~radine. (RU-13]) . , 

· . Gi".:e the Qtechanis~ of af tio_n of ceftriax~ne. CRU-06tv'I, S:L)-12h1)c . ,~. · ., ,,1. 
A 

11 
S. Same a.,· penicillin 

Mechanism of action of cephalosporins / ceftriaxone / 3 rd generation cephalosporins: Cephalosporins kill 
bacterial cells by inhibiting cell wall synthesis in actively growing bacteria. 

I . Inhibition of the trans peptidase enzyme: 
Cephalosporins/ ceftriaxone inhibit transpeptidase enzyme 

! 
Inhibition of cross-linking (transpeptidation) of peptidoglycan 

! 
Cell wall becomes porous due to absence or lack of peptidoglycan 

! 
Water enters the porous cell wall bacteria due to high osmotic pressure inside the bacteria 

t 
Bacteria swell & burst out 

t 
Bacteria are killed 

(Ref Katzung-l 3th+ Lippincoll 's-6th) 

2. Binding with penicillin-binding proteins (PBP): Cephalosporins binds with and inactivates some PBPs 
present on the bacterial cell membrane and thus alters the morphology of bacteria & also ki II them . 

(Ref Lippincott 's-5th/3382) 
3. Production of ~utolysins: Man~ bacteria produce degradative enzymes (autolys ins) that participate in the 

normal remodeling of the bacterial ce ll wall. In the presence of cephalosporins the degradative action of the 
autolysins proceeds in the absence of cell wall synthesis. ' 

Q. List the indications of 1 sr generation cephalosporins. 
Q. List the indications of cephradine. 
Ans . 

(Ref Lippincott 's-6th 
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·1/ l. Cellulitis ~~.1z. ~ 

2. Soft tissue infection. ~ ero½ \ -o 
3. Any skin infection. \ ~ 0- ~ 
4. Sinusitis. ~ -e. ~ .n _,, ,, ~ l)'t' \ 
5 u , • fP • u Q-~ I._.\......,..,-, 

. nnary tract m vCtlOn f · ·11· h 'f 't 
6. Cefazolin is an alternative to anti-staphylococcal penicillin in case o pentct 111 ypersenst !Vt y. 
7. Surgical chemoprophylaxis of lower abdominal use. 
8. Can be used in the place where ampicillin & amoxicillin are used. 

(Ref Katzung-l 3th) 

Q. List the indications of 2nd generation cephalosporins. 

* ions/ Clinical uses of 2nd ,generation cephalosporins: 
I. Sinusitis 
2. Otitis media 
3. Lower respiratory tract infection 
4. Mixed anaerobic infection: Peritonitis, diverticulitis (Cefoxitin, Cefmetazole & Cefotetan). 
5. Community .acquired pneumontae (Cefurox1me) caused by ~ lactamase producing H influenza or 

Klebsiella pneumoniae. 
6. Pyelonephritis (Cefuroxime) 
7. Septicemia (Cefuroxime) 
8. Urinary tract infection . ~\ S \J-...,,,.--::J~ 
9. Cellulitis, Soft tissue infection. /"t" ~ ' tl,.L Q.: 

10. §__urgical chemoprophylaxis of lower abdominal use ( especially in gynecological & obstetrical use). 
11. Can be used in the place where ampicillin & amoxicillin are used. 

-~CP.r-f' C:.. ~ o½ ~G13 
Q. List t e indications of ceftriaxone. (DU-14Ju, l 2Ju,07J, RU- I 0Ju,06M) 
Q. i the clinical uses o~" generation cephalosporins. (RU-06J ,0SS,04M) ____, 

l uses of 3rd /4th eneration ce 
Enteric fever 
Meningitis 

b-Osteomyelitis 

ime: 

(Ref Katzung-l 3th) 

~ Respiratory tract infections (pneumonia, lung abscess, secondary infection in COPD patients etc.) 
5. Septicemia 
6. Aspiration pneumonia 
7. Pyelonephritis (ceftriaxone) . . u ·,\ 

rR<" Urinary tract infection (UT!) -'(lo-o \-:-:,+ e-~ 

Y. Complicated acute suppurative otitis media (ASOM) & chronic suppurative otitis media (CSOM). 
I 0. Biliary tract infection 
11 . Intra-abdominal infections 
12 . Pelvic infections (especially in pregnancy & postpartum period) 
13. Surgical chemoprophylaxis during intra-abdominal & pelvic surgeries. 
14. Prostatitis 
Is/ Synovitis ~ !:) c.H\O"f- (\. 'r.o-'-LI........__ 
~ Gonorrhoea - i l,.e;rf:t 

17. In pregnancy, childhood infections it is safe & well tolerated. 
18. Ceftazidime is effective against hospital acquired infections usually caused by Pseudomonas aeruginosa. 
19. Cefepime has good activity against most penicillin resistant strains of streptococci and in the treatment of 

enterobacter infections. 

(Ref - Katzung-13 th) 
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Q. Will the 3rd generation cephalosporins be useful in infections caused by P-lactamase producing S. 
aureus? (CU-06M,05S) 

Ans. 
3rd generation cephalosporins in P-lactamase producing S. aureus: Effective. 

Q. What are the toxic/ adverse effects of cephalosporins? (CU-03M, SU-I 4J) 
Q. Mention the adverse effects of ceftriaxone. (DU-l 4Ju, 10/06J, RU-09J) 
Q. Mention the adverse effects of 3rd & 4th generation cephalosporins? (RU-0SS) 
Q. Write down the 2 important adverse effects of cephalosporins? (DU-16J) 
Ans. 

llergy: Cephalosporins may cause hypersensitivity reactions that are identical to those of penicillins, 
including anaphylaxis, fever, skin rashes, nephritis, granulocytopenia, and hemolytic anemia'. Patients 
with a history of anaphylaxis to penicillins should not receive cephalosporins due to the presence of 
cross-allergenicity. 

/. Renal toxicity: Interstitial nephritis and tubular necrosis. 
Y. Bleeding: Cefamandole, cefmetazole, cefotetan, cefoperazone frequently cause hypoprothrombinemia 

and bleeding disorders. Administration of vitamin K1, 10 mg twice weekly, can prevent this . 
j l" Hemolytic anemia. 
Y. Granulocytopenia. 

/ Super infection: With methicillin resistant staphylococci & Enterococci 
7. GIT upset: Nausea, vomiting, diarrhea, abdominal pain. 
8. Thrombo-phlebitis: In case of IV injection. 
9. Local pain: In case of IM injection 
I 0. Disulfiram like action: When cefamandole, cefotetan or cefoperazone is ingested with alcohol or 

alcohol-containing medications, a disulfiram-like effect is seen. 
(Ref Katzung-13th + Bennett & Brown-J J1" ed + Lippincott 's-6th) 

Q. Short note: Ceftriaxone. (DU-121) 
Ans. Write MIA, indication, adverse effects from above. 

Nice to know: 
• Meningitis caused by pneumococci, meningococci, H influenzae should treat with 3rd generation 

cephalosporins. 
• Meningitis caused by P. aeruginosa should be treated with ceftazidime. 
• Meningitis caused by highly penicillin-resistant strains of pneumococci should be treated with 3rd 

generation cephalosporins (ceftriaxone or cefotaxime) + Aminoglycosides + Vancomycin. 
• Gonorrhoea should be treated with ceftriaxone or cefixime. 
• Biliary tract infection should be treated with ceftriaxone or cefoperazone. 

(Ref Katzung-J 3th) 

rit own the advantages of 3rd generation cephalosporins over 1st & 2nd generation cephalosporins . 
-081, CU-06M) ~~ ~ G,c_rro<t_~~Q_,;,.__ , ~~ UTT__ 

Advaytages of 3rd generation cephalosporins over 1st & 2nd generation cephalosporins: 
--r. Gram -ve activity is more than 1st & 2nd generation cephalosporins. -------==,-----,.......- --
..2./ Can produce therapeutic concentration in pharmacological sanctuarJ\.(in CNS, bone, prostat J_·oint cavity) J 
J/ Much resistant to ~-lactamase enzyme. , - - --
4. Cefoperazone & Ceftazidime are effective against P. aeruginosa. 
5. Ceftriaxone and Cefixime are effective against Neisseria gonorrhoea. 

Meningitis caused by high ly penicillin resistant-strains of pneumococci should be treated with 3rd 
generation ~ephalosporins + Amino I cosides + V~ancomycin. ----

Pharmacology-62 
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Q. ition the advantages of cephalosporins over natural penicillin. (DU-OOM) 

An . . 'II' 
~ ntages of cephalosporins over natural pemc1 111: 

I . Broad spectrum of activity . . . 
2. Much stable to P-lactamase enzyme than natural pen1cill111. . 
3. 3rd & 4th generation cephalosporins can reach to pharmacological sanctuary 
4. Less hypersensitivity reaction. 
5. Relatively stable to temperature and pH changes. 

mpare Cephalexin and Ceftriaxone. (SU-I 3Ju) 

Comparison between Cephalexin and Ceftriaxone 

Traits 
,. 

Cephalexin · 
1. Generation First 
2. Route of administration Oral 
3. Resistance to B-lactamase enzvme. Present 
4. Activity aeainst Gram +ve bacteria. Very active 
5. Spectrum of Gram -ve bacteria Moderately active against 

Gram -ve rods. 

PEcK: Proteus mirabilis, 
E. coil, Klebsiella 
pneumoniae 

Monobactams 

Ceftriaxone 
Third 
Parenteral 
More 
Less active 
They have expanded gram-negative 
coverage. 

• PEcK 

• HEN.- H injluenzae, Enterobacter 

aerogenes, and some Neisseria. 

• PSC .- Providencia, Serratia 

marcescens, citrobacter. 

Drug: Aztreonam is the only currently available monobactam & structurally similar to ceftazidime. 
Group: Monobactams are drugs with a monocyclic P-lactam ring. They are relatively resistant to P-lactamases. 
Mechanism of action: Same as penicillin 

Antibacterial activity: 

I . Aztreonam is active against gram-negative rods (includingpseudomonas and serratia). 
2. No activity against Gram +ve bacteria or anaerobes. 
3. It resembles aminoglycosides in its spectrum of activity. 
4. It penetrates well into CSF. 
5. Penicillin allergic patient tolerate aztreonam without reaction. 

lndi~at!~ns: Pe_nicil!in hypersensitive patients with serious Gram -ve bacterial infections; such as pneumonia, 
menmg1t1s, sept1cem1a etc. . 

Adverse effects: 
I. Skin rashes 
2. Elevation of serum aminotransferase. 

(Re}: Katzung-l 3th) 



Group: P-lactam antibiotics 

Drugs of the carbapenem group: 
I. Meropenem 
2. Imipenem 
3. ~ 
4. Ertapenem 

479 

Carbapenems 

Mechanism of action of carbapenems: Same as penicillin 

Antibacterial activities of individual carbapenems: 
Imipenem: 

Antimicrobial drugs 

I. Susceptible microorganisms: Imipenem has a wide spectrum with good activity. against many gram­
negative rods, including P aeruginosa, gram-positive organisms, and anaerobes. It is resistant to most 

/ P-lactamases but not metallo-p-Iactamases. MRSA, Clostridium difficile are resistant. 
2. Inactivation of imipenem: Imipenem is inactivated by dehydropeptidases in renal tubules, resulting in 

low urinary concentrations. Consequently, it is administered together with an inhibitor of renal 
dehydropeptidase, cilastatin, for clinical use. 

Meropenem: 
I. Meropenem is not destroyed by dehydropeptidase & thus does not require an inhibitor. 
2. It is similar to imipenem but has slightly greater activity against Gram -ve aerobes & slightly less activity 

against Gram +ve organisms. 

Ertapenem: 
I . Ertapenem is less active than imipenem or meropenem in P. aeruginosa & acinetobacter species. 
2. It is not degraded by renal dehydropeptidase. 
3. It has the longest half-life ( 4 hours) & is administered as a once-daily dose. Intramuscular Ertapenem is 

irritating so formulated with I% Lidocaine 

Indications of carbapenems: 
I . Pseudomonas infection. 
2. Mixed aerobic & anaerobic infection (septicemia) 
3. Penicillin resistant pneumococcal infection (pneumonia). 
4. Enterobacter infections which are resistant to other P-lactam antibiotics due to production of P-lactamase. 
5. In febrile neutropenic patient carbapenems are used along with aminoglycosides. 

Adverse effects: 
I. GIT upset: Nausea, vomiting, diarrhea (most common adverse effects) 
2. Skin rashes 
3. Reactions at the infusion sites 
4. Allergic reactions. 
5. In case of renal failure high dose carbapenem can cause seizures. 

(Ref Katzung-J 3th) 
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Non P-lactam cell wall synthesis inhibitors 

Non ~-lactam bacterial cell wall synthesis inhibitors: 

Glycopeptide Antibiotics 

Other cell wall or membrane active agents 

~- /. ,/ ,~ort note on: Vancomycin. j£:::~ .. 

ancomycin 
Teicoplanin 
Dalbavancin 

lavancin 
aptomycin 

Bacitracin 
Cycloserine 
Fosfom cin 

Mechanism of action: Vancomycin inhibits cell wall synthesis by-

(Ref Katzung-13th) 

1. Binding firmly to the D-Ala-O-Ala side chain of nascent peptidoglycan pentapeptide. 
2. Inhibiting the trans lc osylase and preventing further elongation of peptidoglycan and cross-linking. 
3. Cell membrane I also damaged, which contributes to the antibacterial effect. 

(Ref Katzung-13th) 

Paren ral vancom cin: 
. Sepsis or endocarditis caused by MRSA. 

2. Enterococcal endocarditis in a patient with serious penicillin allergy (in combination with gentamicin). 
y Meningitis caused by a highly penicillin-resistant pneumococcus (in combination with cefotaxime. 

cejtrzaxone, or rifampin). 

Oral vancomycin: 
I. Antibiotic-associated enterocolitis caused by C difficile. (metronidazole is preferred as initial therapy.) 

Adverse effects: Adverse reactions are encountered in about l 0% of cases. Most reactions are minor. 
1. Phlebitis at the site of injection. 
2. Chills and fever 
3. Ototoxicity and nephrotoxicity are uncommon with current preparations. (However, administration with 

another ototoxic or nephrotoxic drug, such as an aminoglycoside, increases the risk of these toxicities.) 
4. "Red man" or "red neck" syndrome: This infusion-related flushing is caused by release of histamine. 

It can be largely prevented by prolonging the infusion period to 1-2 hours. 
(Ref Katzung-l 3th) 
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Protein synthesis inhibitors 
cterial Protein synthesis inhibitors. (DU-17 J, CU-12J, 11 Ju, RU-14J, I 2J, SU-1 OJu/J) 

Protein synthesis inhibitors: 

• Action on 30S ribosomal subunit: Aminoglycosides & Tetracyclines. 
• Action on SOS ribosomal subunit: Chloramphenicol & Macrolides. 

(Ref- Katzung-13/h) 

Aminoglycosides- l'-.h- 0«--.,.._r 
Q. W~~~ inoglycosides? (RU-03S) 5£_--zQ , 
9.~ <1~.you m_ea? by ~minoglycosides? (CU-03S) ~ S)_?\ bv- o°'--e_\ 
J::'~thne the antim1crob1al spectrum of aminoglycosides? (SU-l 4Ju, I OJ) 
Ans. · 
Aminoglycosides: Aminoglycosides are a group of drugs that have a hexose ring, either streptidine (in 
streptomycin) or 2-deoxystreptamine (other inoglycosides), to which various ammo sugars are attached by 
glycosidic linkages. The drugs are actericidal inhibitors of protein synthesis. r hese agents a~e useful mainly 
agamst aerobic gram-negative microorganisms. · \ 

Q E 1lrsUminoglycosides. (DU-14Ju,13J,12J, CU-14J,08Ju; RU-091; SU-16J,08J) 
£sify aminoglycosides. 

. s. ' 

Classification of aminoglycosides 
A. Accordin 

B. 

I . Derived from Si re tom ces: 
(" Streptomycin 

Neomycin 
/ Kanamycin 

• Tobramycin 
2. Derived from Micromonospora: (having 'micin ' suffix) 

r Gentamicin 
~ Sisomicin 

_...-.- Netilmicin 
Semisynthetic /4mikacin 

etilmicin 

Systemic 

?a -."Qr-("-\~\ 

Topical 

Gentamicin 
Amikacin 
Streptomycin 
Tobramycin 
Sisomicin 
Netilmicin 
Kanam cin 
Neomycin ~ O u-..z_ ~ 
Fram cetin 
Ne ;x.c,in 
Paromom cin 

(Ref Katzung-l 3th) 

(Ref Lippincott 's-6th) 

-4 ½ W >-' f' l)1~.__ 

0 h)__?>- q b <:,. ~ ::z... 'l~ 

(Ref Katzung- l 3th) 
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Q. Name the Aminoglycosides derived from micromonosporn. (CU-17 J) 
Ans. 
Aminoglycosidl's d<.'riud from micromonospora: Various spec ies or micrornonosr ora are sources or 
amin eJycc side antibioti 'S, whi h spcllin ~s olic11 ends with - rnicin . They incluclc-

1. ,cntami -in 
Si ' Ot11i in 

J. Muta111ici11 
4. Netilmicin 

Q. What arc the common properties/ characteristics of aminoglycosiclcs? (DU-17M/J ,14.Ju,13J ,12J , CU-
14J,07J (Y .1. RU- 17J,m10Ju,07Ju, SU-l6J ,15Ju,15J,13Ju,08Ju) 

Q. Write down the pharmacokinetic properties of aminoglycosides. (RU-I SJ) 
Q. Write down six common properties of aminoglycosides. (RU-I 3J) 

hort note: Pharmacokinetic properties of gentamicin. (RU-16J) 
ns. 

Common properties of aminoglvcosides: 
A. Physical and Chemical Properties 

I. They have a hexose ring, to which various amino sugars are attached by glycosidic linkages. 
2. They are water-soluble, and more active at alkaline pH. 

B. Mechanism of Action: Irreversible inhibition of protein synthesis. 
~-6,- __s O l v\-, 'Ui'..._ 

C. Pharmacokinetics: r"7 ~°'-' 
1. Not absorbed from the gut due to the highly polar, polycationic structure. They must be given 

parenterally. ~ 0 -~ 
2. A single daily dose is effective. r R..:.\-0 -\o:.-\~ ~ , 
3. Excretion: By kidney. 
4. They can cross blood- lacental barrier (so teratogenic), but cannot pass blood-brain barrier ( except · 

inflamed menin es). ~ ->- ('~~ · . . . -
5. They do not reach to pharmaco ogical sanctuary: CNS, prostate, testes, JOmt cavity, and ovary. 
6. Dosage adjustments mustbe made to prevent accumulation of drug and toxicity in patients with renal 

insufficiency. 

D. Pharmacodynamics: 
1. Adverse effects from aminoglycoside are both time- and concentration-dependent. 
2. All show common toxicities (nephrotoxicity, ototoxicity). 
3. Narrow therapeutic index. 

(Ref- Katzung-l 3th; Lippincott 's-6th) 

Q. Justify- once-daily dosing of gentamicin. (DU- l 7M) 
Q. Justify- once-daily dosing of aminoglycoside. 
Q. Ou).line the advantage & disadvantage of single dose daily gentamicin administration compared to 

~ltiple dose daily administration. (CU-I OJu) 
ns . 

../ Once-daily dosing of aminoglycoside / gentamicin: Traditionally, aminoglycosides have been administered in 
two or three equally divided daily doses for patients with normal renal function. However, once-daily 
aminoglycoside dosing may be preferred in certain clinical situations. 

1. More efficacy: Aminoglycosides have concentration-dependent killing and significant postantibiotic 
effect. Because of these properties, a given total amount of aminoglycoside may have better efficacy 
when administered as a single large dose than when administered as multiple smaller doses. 

2. Less adverse effects: Numerous clinical studies demonstrate that a single daily dose of aminoglycoside is 
just as effective-and no more (and often less) toxic-than multiple smaller doses. 

3. Once-daily dosing is less expensive to administer. 
4. Less nursing time is required. 
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5. Once-a-day dosing lends itself to outpatient therapy. . 
6. Repeated determinations of serum concentrations are probably unnecessary unless aminoglycoside is 

given for more than 3 days. 

The exceptions of once-daily dosing are pregnancy, neonatal infections, and bacterial endocarditis, in which these 
agents are administered in divided doses every 8 hours. 

(Rel Katzung-1 Jth; Lippincoll ·s-6th) 

Q. Me t" n how aminoglycosides produce antimicrobial/bactericidal effect. (RU-09Ju, SU-I 7M) 
Q. H - v gentamicin acts as antibacterial agents? (DU-16Ju, CU-07J,06M; SU-08J; RU-07J) 
Q. r: te down the anti-tubercular action of kanamycin. (SU-l 2Ju) 
As. 

echanism of action of aminoglycosides / gentamicin: Aminoglycosides are irreversible inhibitors of protein 
synthesis. 

Steps: 
1. Passive diffusion of the drug via porin channels across the outer membrane. 
2. Drug 1s then actively transported across the cellmembrane into the cytoplasm by an oxygen-dependent 

process. 
3. Bmdmg to specific 30S-subunit ribosomal proteins (S 12 in the case of streptomycin). 
4. Protem synt 1esis is inhi ited y aminoglycosides in at least three ways: 

Prevents binding of mRN A with 30S ribosomal subunit. 
Misreading of mRNA, resulting in formation of nonfunctional or toxic protein. 

------13reakup of polysomes into nonfunctional monosomes. 
These activities occur more or less simultaneously, and the overall effect is irr.eversible and lethal for the cell 
(bactericidal). 

Q. Name the factors that inhibit transport of aminoglycosides into bacterial cell. 
Ans. 

1
• Low extracellular pH 

/2. Anaerobic conditions. 

Q~IN'fue the factors that inhibit transport of aminoglycosides into bacterial cell. 

(Rel Katzung-1 Jth) 

/lrl ___ _ 
Transport of aminoglycosides into bacterial cell may be enhanced by cell wall-active drugs such as penicillin 
or vancomycin; this enhancement may be the basis of the synergism of these antibiotics with aminoglycosides. 

Q. How aminoglycosides develop resistance? 
ns. 

Mechanism of resistance against aminoglycosides / gentamicin: Three principal mechanisms have been 
established: 

1. Production of a transferase enzyme which inactivates the aminoglycoside by adenylylation, acetylation, 
or phosphorylation. 

2. Impaired entry of aminoglycoside into the cell. This may be-
a. genotypic, ie, mutation or deletion of a porin protein. 
b. phenotypic, eg, where oxygen-dependent transport process is not functional. 

3. Receptor protein on the 30S ribosomal subunit may be deleted or altered as a result of a mutation. 

Q. What are the indications of aminoglycosides? (SU-08Ju) 
Q. Mention the clinical uses of gentamicin. (DU-07Ju; RU-03S) 
Q. What are the indications of gentamicin? (DU-14Ju, I 3J, l 2J , CU-03S; RU-17 J, I SJ , l 3J) 
Q. Mention the specific uses of aminoglycosides. (SU-1 SJu) 

(Rel Karzung-1 Jth) 
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Indications of aminoglycosides / gentamicin/ amikacin: Aminoglycosides are moSt Y use against grarn-

negative enteric bacteria. 

A. Parenteral (IM, IV) : . 
I . ( Gentamicin ·s used mainly in severe infections e ,. sepsis and pneum_0?1~) caused ?Y gram-negative 

6ac ena m combination with asecond agent, eg, cephalosporins or pentcdlm). . . . 
2. Endocarditis caused by Viridans streptococci & Enterococcus f aecal is (In combmat,on with penicillin 

er 
3. Staphylococcal endocarditis (In combination with Naf cillin) . 
4. Meningitis caused by Gram -ve bacilli (in combination with 3

rd 
generation cephalo.\porms.) 

5. TB (Streptomycin)- . 
6. In plague, tularemia, and brucellosis, streptomycin is given fM with an oral tetracyclme. 

B. Topical: Topical gentamicin is used in infected burns, wounds, or skin lesio~s an_d the prevention of 
intravenous catheter infections. IO mg can be injected subconjunctivally for ocular mfect1ons. 

C. Intrathecal administration: Meningitis caused by gram-negative bacteria. 

Q. What are the indications of neomycin? 
Ans. 

(Ref Katzung-l 3th) 

Indications of neomycin: Neomycin (and kanamycin) is now limited to topical and oral use. Neomycin is too 
toxic for parenteral use, so it is not given parenterally. 

1. Topical: Treatment (during dressing) of burn, skin lesion, wound, rv catheter induced infection where 
pseu~omonas is suspected or where there 1s greems pus presenr 

2. _Oral: "tieomycin is used orally in-
• Preparation of the bowel rior to sur ery: I g neomycin every 6-8 hours for 1-2 days, plus I g 

eryt 1romycm ase. 1is reduces the aerobic bowel flora with little effect on anaerobes. 
• He. · failure: Neomycin suppresses coliform flora and reduces ammonia intoxication. (Use of 

neomycin f or hepatic coma has been almost entirely supplanted by lactulose, which is much less tox ic.) 

(Ref Katzung-l 3th) 

Q. Write 9-0wn the adverse effects of aminoglycosides. (SU-I 7M) 
Q.,.te'down the adverse effects ofgentamicin. (DU-07M; RU-ISJ,13J) . 

Adverse effects of aminoglycosides / gentamicin: 
I. Ototoxicity: Largely irreversible. 

- .- -Vesllbular dysfunction: Caused by streptomycin, gentamicin. Manifested by vertigo, ataxia, and loss 
o a an . 

• Cochlear d s fJmJ::1.ion: Caused by amikacin, kanamycin, neomycin. Manifested by tinnitus and hioh-
frequenc~ .----

0 

2. _Nephrotoxicity: Neomycin, tobramycin and gentamicin are most nephrotoxic. 
~ 1~ ,c~ . ~ muscular_ blockade: _Occurs in very high doses and results in respiratory paralysis. (This paralysis 

ts usually reverS1ble-by calcLUm gluconate (given promptly) or neostigmine.) 
4. Hypersen~ ity occurs infrequently. 

(Ref Katzung-l 3th) 

Q. Wh~t--pr;;cautions are to be taken during gentamicin therapy? (DU-03M) 
__A,Q. )Yhat are the precautions of using aminoglycosides? 

~ s. 

Precautions of using aminoglycosides / gentamicin: 
I. Should avoid with fru semide (both of them cause ototoxicity) 
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2. Should avoid in pregnancy, because there is risk of fetal ototoxicity. 
3. Should avoid concurrent use-of other nephrotoxic rugs (e.g. NSAIDs, vancomycin, ACE inhibitors, 

eye osponne, cisplatin etc.) 
4. Should avoid 7 use cautiously in patient with compromised renal function or chronic kidney diseases. 
5. Cautious use o muscle relaxants inp atient with aminoglycoside therapy. 
6. Shoul not mix aminoglycosides with any drug in the same syringe I infusion set. 

(Ref Tripathi-6'"!722) 

Q. Write down the limitations of aminoglycosides. (CU-171) 
Ans. 
Limitations of aminoglycosides: 

I. Always parenteral administration. 
2. Toxic effect on both kidney and 8th cranial nerve (ototoxicity & nephrotoxicity) 
3. Selective activity against aerobic microorganisms as they are transported by Oi-dependent active 

transport process. 
4. Poorly penetrate spinal fluid so must be given intrathecally in meningitis. 
5. Reduced activity at acid pH & hyperosmolar urine. 

Q. Explain drug interaction with aminoglycosides-
• Aminoglycosides with loop diuretics 
:/ ~ ·og ycosides with cephalosporins 

d/'A&aaanoglycosides with neuromuscular blockade. 

Drug interaction with aminoglycosides 
• Aminoglycosides + Loop diuretics: 

Result: Pharmacological potentiation jototoxici ). 
Explanation: Aminoglycosides cause irreversible ototoxicity. Loop diuretics (frusemide) also cause 
reversible ototoxicity. So both drugs are ototoxic leading to pharmacological potentiation. 

• Aminoglycosides + Cephalosporins: 
Results: Pharmacological potentiation (jnephrotoxicity) 
Explanation: Aminoglycosides cause reversible- nephrotoxicity. Cephalosporins cause reversible 
nephrotoxicity. So, both drugs are nephrotoxic leading to pharmacological potentiation. 

• Aminoglycosides + Neuromuscular blocker: 
Results: Pharmacological potentiation 
Explanation: Aminoglycosides cause neuromuscular blockade, so simultaneous administration of 
neuromuscular blocker will enhance paralysis. 

Q. Justify combination of penicillin & gentamicin. What are the advantages of it? 
Ans. 
Combination of penicillin & gentamicin: Combination provides chemotherapeutic potentiation. 

1. To increase anti-bacterial spectrum: 
• Penicillin: Extend antibacterial coverage against Gram +ve pathogens. 
• Gentamicin: Gram -ve coverage by gentamicin. 
In combination their spectrum of activity increase & microbial coverage is excellent. 

2. To increase uptake of gentamicin: Penicillin inhibits cell wall synthesis which enhances uptake of 
gentamicin into the cell. 

3. To achieve bactericidal activity. 
4. To reduce duration of therapy. 

(NB: Combination of penicillin & gentamicin is very effective & safe & thus widely used in pediatric including neonates) 

Pharmacology-63 
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J<iva Q. Why amiuoglycosides are respousiblefor organ toxicity? . . . 
Ans. Aminogl)icosides are polJ-cationic substances. So they bind with anionic membrane phosphol,pid lead,ng to organ 
toxiciry. · ---- - - -

Q. \Vby aminoglycosides are ineffective against anaerobic bacteria? (CU-07J) 
Q. Explain selective activity of aminoglycosides against aerobic microorganisms. 

ns. 
Selective activity of aminoglycosides / gentamicin against aerobic bacteria: Aminoglycosides a:e actively 
transported across the cell membrane into the cytoplasm by an oxygen-depend~nt process. So 111_ case of 
anaerobic microorganisms, aminoglycosides cannot enter into bacteria due to d~ficiency ?f 0 ~. For tlm_ reason 
aminoglycosides are ineffective against anaerobic bacteria/ selectively active aga111st aerobic mtcroorgantsms. 

Nice to know 
Gentamicin 
Gentamicin is an aminoglycoside isolated from Micromonospora purpurea. 

Antimicrobial Activity: It is effective against both aerobic gram-positive and gram-negative organisms. 

Resistance: Streptococci and enterococci are relatively resistant to gentamicin owing to failure of the drug to 
penetrate into the cell. 

Tobramycin 
1. 2 - 4 times more active against P. aeruginosa & proteus than gentamicin. 
2. More expensive than gentamicin 
3. Less ototoxicity & nephrotoxicity than gentamicin. 
4. Almost always used in combination with ~ lactam antibiotics to extend coverage and to take advantage of 

synergism 
5. Clinical use: Reserve alternative to gentamicin for serious pseudomonal & proteus infection. 

Streptomycin 
1. Mainly used as a second-line agent for treatment of tuberculosis. 
2. It is used to treat brucellosis in combination with an oral tetracycline. 
3. Active against enterococcal infections as enterococcal enzyme doesn't modify streptomycin. 
4. Contraindication: Pregnant women because of deafness in the newborn 

Amikacin 
1. Amikacin is a semisynthetic derivative of kanamycin; it is less toxic than the parent molecule. 
2. Resistant to many enzymes that inactivate gentamicin and tobramycin. 
3. Active against many gram-negative enteric bacteria, including proteus, pseudomonas, enterobacter, and 

serratia. 
4. Multidrug-resistant Mycobacterium tuberculosis (MOR TB) including streptomycin-resistant strains, are 

usually susceptible to amikacin. 
5. Kanamycin-resistant strains may be cross-resistant to amikacin. 
6. It is nephrotoxic and ototoxic. Serum concentrations should be monitored. 

Netilmicin 
I. Netilmicin may not be inactivated by many gentamicin and tobramycin resistant bacteria. 
2. Completely therapeutically interchangeable with gentamicin or tobramycin and has similar toxicities. 

(Ref Katzung-1 Jth) 
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Tetracyclines 
.Q. at are tetracyclines? (DU-07J ,CU-99J ,SU-99J) 
Q. What are the antimicrobial spectrums of tetracyclines? 
Ans. 

Antimicrobial drugs 

Tetracyclines are broad-spectrum bacteriostatic antibiotics that inhibit protein synthesis. They are active 
against many gram-_pos1 1ve nd gram-negative bacteria, including anaerobes, ric~ettsiae, chlam d~ 
mycoplasmas, an rorms ·-_and against some pro 020-a- (eg, amebas). fie anti ac erial activities of most 
tetracyc mes are similar except that tetracycline-reSIS ant strams may be susceptible to doxycycline, minocycline, 
and tigecycline. 

(Ref Katzung-13th) 

Q. Clas · etracyclines. (RU-04J, SU-031) 
A1;1s 
Classification of tetracyclines: 
A. A d' ccor mg to source: 

Natural tetracyclines ,/'' Chlortetracycline 
/ Oxytetracycline 
--' Tetracycline 
.-Demeclocycline 

Semisynthetic tetracyclines .1• · Doxycycline ('V\(_,.\ y ('rd''(Y'-.e 
.,. -Minocycline 
• Demeclocycline 

B. 

C. Accordin to bioavailabili : 
Low bioavailabili (30%) Chlortetrac cl ine 
Intermediate bioavailability ( 60-70%) Oxytetracycline, Tetracycline, Demecloc cline & 

Methac cline 
Hi h bioavailabili (95-100%) 

Q, Mentimi' fotibacterial mechanism of tetracycline. (D U-07 J, RU-021) 
~- ! 1(aifthe mechanism of action of tetracyclines. (RU- l 4J,09J) 
~a1n the antimicrobial action of tetracyclines. (SU-08Ju; RU-06S) 

Mechanism of action of tetracyclines: 

(Ref- Katzung-1 Jth) 

Tetracyclines enter microorganisms in part by passive diffusion and in part by an energy-dependent process of 
active transport. 

t 
Susceptible cells concentrate the drug intracellularly. 

t 
Once inside the cell, tetracyclines bind reversibly to the 30S subunit of the bacterial ribosome, blocking the 
binding of aminoacyl-tRNA to the acceptor site on the mRNA-ribosome complex. 

t 
This prevents addition of amino acids to the growing peptide. 

t 
Protein synthesis is inhibited. 
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L 
No growth & multiplication of bacteria (bacteriostatic). - (Re.f Katzung-lJ1h) 

Q. Discuss the mechanism of bacterial resistance against tetracycline. (SU-07Ju) 
Ans. 
Mechanisms of resistance to tetracycline: Three mechanisms of res istance to tetracycline analogs have been 
described : 

;:I. In!paired influx or increased efl!ux by ~n active tran~port prot~in pump; . 
/ R1 osome protec 1011 . ue to production of proteins that 111terfere with tetracycline binding lo the 

ribosome. 
J. · Enzymatic inactivation of the drug. 

The most important of these are production of an efflux pump and ribosomal protection . Efflux p_urnps rapidly 
remove the drug from the cell and the drug cannot accumulate in the bacteria in sufficient concentration. 

(Ref Katzung- /Jth) 

Importance of tetracycline resistance: Tetracycline resistance is a marker of rnultidrug resistance lo 
aminoglycosides, sulfonamides & chloramphenicol as efflux pump encoded on a plasmid encodes resistance 
genes for other drugs which is transmissible by transduction or by conjugation. 

Nice to know 
• Tet(AE) efflux pump-expressing gram-negative species are resislant to the older tetracyclines, doxycycline, and 

minocyc/ine but not tigecycline 
• Tet(K) efflux pump of staphylococci confers resistance to tetracyclines, but not to doxycycline, minocycline, or 

tigecycline. 
• Tet(M) ribosomal protection protein expressed by gram-posilives produces resistance to the tetracyclines, 

doxycycline, and minocycline, but not to tigecycline. 

Q. What are the indications of tetracyclines? (RU-04J, SU-06M) 
Q. Mention the important uses of tetracyclines? (SU-12J) 

. Jiention the uses of doxycyclines? (SU-I 6J) 
Ans. 
ndications of tetracyclines: . 

1. A tetrac:yc · is the drug of c .o· e in- ( \,S+ c \--c'IC' .9 

, ,,... ickettsial I fection ~typhus~ ocky mountain fever, Q fever etc.) 
6 tjYcoplas .a pneumoniae infection (atypical pneumoniae) 

(Ref Katzung-1 Jth) 

~ ho/era infection (cholera) / ST\) 

6 Y\,~ M Chlamydia! infections, including sexually transmitted diseases " ' 
~(l{)\' ,..--- Some spirochetes. ) ) 

Plague, tularemia, and brucellosis-usually in combination with an aminoglycoside. 
3. Other ~ de treatment of-

• Acne 
• exacerbations of bronchitis \ 

/4 Lyme disease, re apsmg fever - 0 6 0- N - 'c.._ 
----------

• Leptospirosis, and 
• S~ me nontube~culous m cobacterial infections (eg, Mycobacterium man~·nu 

4. Peptic ulcer disease (PUD) :.. Used in combination regimen to treat PUD caused b H tori. 
5. As _ant!malaria_l dru_g: Dox~cyclin~ & Minocycline (As they are slowly acting boo sc 11zonticide). 
6. As anti-amoebic: It 1s effective agamst Entamoeba histolytica. 
7. Top,~ally in the ophthalmic infection: Chlortetracycline, Oxytetracycline, Demeclocycline. 
8- Aty~•.c~I I uncommon use: UT!, community acquired pneumonia etc. in selective cases after culture & 

sens1t1v1ty. 
9. Eradication of mcnin ococcal carrier state: Minocycline. 
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10. Demecloc cline inhibits the action of ADI-I in the renal tubule and has been used in the treatment of 
inappropriate secretion of ADH . c) r S \' 

11. J igecycline: Its spectrum is very broad . MRSA, vancomycin-resistant staphylococci ; penicillin-resiStant 
strept~cci; vancomycin-resistant enterococc i; gram-=positive rods; Enterobacteriaceae; anaerobes, ~0th 

gran1-positive and gram-negative; atyp ica l agents, ricketts iac, chlamydia, and legione lla; and rapidly 
growing mycobacteria all are susceptible. Proteus and P aeruginosa are intrinsically res istant. 

(Ref Katzung-! 3th) 

Q. Mention the adverse effects of tetracyclines . (SU-09J , RU- I 4J,09J) 
Q. Mention the adverse effects oflong-acting tetracyclines. (SU-1 IJ) 
Q. Mention t side effects of doxycyclines? (SU-16J) 
Ans. / 
Advetie/effects of tetrac clines: Hypersensitivity reactions (drug fever, skin rashes) to tetracyclines are 
~n mon. Most adverse effects are due to direct toxicity of the drug or to alteration of microbial flora . ,..., , 0 ,. 

-·~ ;:r-s--,h) 
1. GIT upset: Nausea, vomiting, and diarrhea. 4 C:. \--.i2.~~ ~-:b,,____J,.__ 6 rrc :,-

2. In bony struc! ur~s__§t teeth: Tetracyclines are readily bound to calcium deposited in newl_y fo~med bone 
or teeth 1n young children. When a tetracycline is given during p.r.egnancy, it can be depos1te? m !he fetal 
teeth, leading to fluorescence, discoloration, and enamel dysplasia; it can also be dep~s,ted m bt nel 
where it may cause deformity or growth inhibition. D\..!:. cs::,\o,~(r(' t,. '-"·tf 0 f o...sv:·,.__ u 

3. }!~patotoxici!)'.:_ especially in pregnancy, m patients with pre-existing hepatic insufficiency and in high 
dose.--

4. Nephrotoxicity: Renal tubular acidosis and other renal injury resulting in nitrogen retention. 

5. Local tissue toxicity: IV injection can lead to venous thrombosis. IM injection produces painful local 
irfi at1on and should be avoided. 

6. Photosensitization: Induce sensitivity to sunlight or UV light, particularly in fair-skinned persons 
espec,a y emeclocycline). 

7. Vestibular reaction: Dizziness, vertigo, nausea, vomiting etc ., particularly with doxycycline. ,yv----' rr--0·'--..- c.\-,,, 
,I ' ·- -- -

8. Super infection: Tetracyclines modify the normal flora, with suppression of susceptible coliform and 
overgrowth of pseudomonas, proteus, staphylococci, resistant coliforms, clostridia, and candida. This can 
result in intestinal functional disturbances, anal pruritus, vaginal or oral candidiasis, or enterocolitis with 
shock and death. 

, \- ~p-e~---r-,c.-.~v1)7 (Ref Kalzung-13th) 

Q. Mention the contraindication of tetracyclines. (RU-06S; SU-03J) 
Ans. 
Contraindications of tetracyclines: 

1. Children below 10 years of age- Chance of dental caries. 
2. Pregnant women: Chance of live damage of mother due to fat deposition . Fetal growth retardation . 
3. ursing mothers: Growth retardation of children, chance of dental caries. 
4. Renal failure 

Q. Discuss the probable outcome of using tetracycline below eight years of age. (DU-17M, 16Ju, I SJu) 
Ans. 
Probable outcome of using tetracycline below eight years of age: Tetracyclines are readily bound to calc ium 
deposited in newly formed bone or teeth in young children. If the drug is given for long periods to children 
younger than 8 years, it can be deposited in the teeth, leading to fluorescence, discoloration, and enamel 
dysplasia. It can also be deposited in bone, where it may cause deformity or growth inhibition. 

(Ref Katzung-J 1°11791 ) 
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Nice tQ' know: 
Pl rf,wcolo 0 ical m> erties o tetrac 1c/i11es: 

1. Absorption: Absorption is impaired by -
• J•ood (Except Doxycycline & Minocycline) 
• Divalent cations (Ca2 ', Mg2 

·, Fe2 ') or A/'
1 
· 

• Dairy products 
• Antacids which contains multivalent cations. 
• Alkaline pH. 

2. Bioavailability: Low, intermediate & high bioavailability. 
3. Plasma protein binding: 40 - 80% bound to plasma proteins. 
4. Distribution: Distributed widely to tissues & body fluids· except CSF. Minocycline remains high cone. in 

tears & saliva. 
5. Excretion: Mainly through bile & urine. There is entero-hepatic circulation. 

Q. Conware & contrast oxytetracycline & doxycycline. (CU-121, RU-l 2J,08J) · 
Q it'i tion the difference between oxytetracycline & doxycycline. (RU-06M) 
• 11 mpare & contrast tetracycline with doxycycline. (RU- I OJ, SU-17 J, J 6Ju, I 5Ju, 151, 141 u/J, I JJu/ J, 12Ju) 

r parison between oxytetracycline / tetracycline & doxycycline: 
~;, I 

Traits I Oxy ... u " .. 1 ..... 

n Source ---
2. Potency Low 
3. Bioavailabili Moderate ( 60-70%) 
4. T112 6-8 hours 
5. Plasma rotein bindin Low 
6. Excretion Rapid renal excretion 

7. Enterohe atic recyclin No 
8. Alteration of intestinal flora Marked 
9. Incidence of diarrhea Hi h 
10. Phototoxici Low 
11. Doses 250-500 m 

Q. Compare azithromycin with tetracycline. (RU-I OJ) 
Q. Compare azithromycin, doxycycline and gentamycin. (CU-121) 
Ans. 
Comparison between azithr?mycin & tetracycline: 

Traits I Azithromycin 
1. Group Macro I ides 
2. Mechanism of action Inhibit protein synthesis by binding 

with SOS ribosomal subunit 
3. Absorption Good & not impaired by food 

4. Volume of distribution More 
5. Tissue penetration More 
6. Dosin!! interval Once daily 
7. Use in community Excellent 

acquired pneumonia 
8. Use in STDs Good choice 

I 

16-18 hours 
Hi h 
Primarily excreted in faeces as 
conjugate 

Yes 
Less 
Low 
Hi h 
I 00-200 m dail 

(Ref Tripathi-611/ 713) 

Tetrac cline 
Tetracyclines 
Inhibit protein synthesis by binding 
with J0S ribosomal subunit 
Less & impaired by food, divalent 
cations, dairy products, antacid etc. 
Less 
Less 
3 times /4 times daily 
Not a good choice 

It is a good alternative choice 
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9. In case of penicillin Good alternative & used commonly Not used. 
hypersensitivity cases in penici II in hypersensitive cases 

10. M. pneumoniae Not a good choice I 51 choice 
infection 

11. Use in rickettsial fever Not used I st choice 
12. Use in pregnancy Unsafe Contraindicated ( deposits in fetal teeth & 

bone) 
13. GIT adverse effects Less marked Intense nausea & vomiting 

14. Superinfection Not occur Occurs 

Q. What are the precautions of tetracycline therapy? 
Ans. 
Precautions of tetracycline therapy: 

1. Contraindication in: Pregnancy, lactation & children(~ 10 years) 
2. Should be avoided in patients with diuretic therapy ( chance of raised blood urea). 
3. Should be used cautiously in patient with renal & hepatic insufficiency. 
4. Should not mix tetracycline & penicillin in same syringe (inactivation occurs). 
5. Should not inject intrathecally. 

Chloramphenicol 

(Ref Tripathi-6111/ 714) 

Chloramphenicol is a bacteriostatic broad-spectrum antibiotic that is active against both aerobic and anaerobic 
gram- ositive and gram-negative orgamsms. t 1s active also againg rickettsiae bu~ cfflamya1a-e-:-H 
in uenzae · ilidis, and some strains of bacteroides are highly susceptible, and for them chloramphenico'I 
may' be bactericidat - ~ -z~ c.,-;:&.i.) J 

~~~ s~~ (Ref Katzung-13th) 

'Q. rn_,( ~ chanism of action of chloramphenicol. Apneme 

Mechanism of action of chloramphenicol: Chloramphenicol is a potent inhibitor of microbial protein synthesis. 
It binds reversibly to the SOS subunit of the bacterial ribosome and inhibits the peptidyl transferase step of protein 
synthesis. 

(Ref Katzung-13th) 

Q. Mention the indications/clinical uses of chloramphenicol. (SU-I 6Ju) 
Ans. 
Indications of chloramphenicol: Because of potential toxicity, bacterial resistance, and the availability of many 

II 

other effective alternatives, chloramphenicol is rarely used . ,. \7' ~ ..z. ~o...- c-., _svfvv <;>·;"''7 c.l q+2c <¼> .z"'°'--
. Topical use: Used topically in eye infections because of its broad spectrum and its penetration of ocular 

tissues and the aqueous humor. + e..et..n._ ~ Q '--'·S'\ __ n...u---._\.- l... 

~ Rickettsial infections: Typhus and Rocky Mountain spotted fever. / ~ 
A ~ Bacterial meningitis: It is an alternative to a P-Iactam antibiotic for-

• Meningococcal meningitis in patients with penicillin-hypersensitivity. 
• Bacterial meningitis caused by penicillin-resistant pneumococci. 

(Ref Katzung-l 3th) 

Q. Write down the adverse effects of chloramphenicol. (DU-09J, SU-I 6Ju) 
Q. Which drug can produce gray baby syndrome? (CU-03S) 
Ans. 
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Adverse effects of chloram phenicol: . . . . 
, )'- .1 I. Gastrointestinal disturb~ncc: ~ause~, vomiting, and diarrhea. Oral or vaginal candrd,as ,s may occur as 

LX(.-e Zf"'Y' '2 u,-J-.,,--. , a resul o a terat1on o normal microbial flora. ~ 

. -.£\ ~ {'JO"'-~ 2. Bone marrow disturbance: ~ . . 
Dose dependent: Dose-related eversible suppression of red cell production at dosages 
exceedingSO mg/kg/dafter 1- 2 weeks. 
Dose independent: Aplastic anemia by idiosyncratic reaction . It is irreversible and fatal. 

3. Interaction with other drugs: . 
. <' Chloramphenicol inhibits hepatic microsomal enzymes and prolongs the action of phenytoin, 

tolbutamide, chlorpropamide, and warfarin. 
/i As it is bacteriostatic, chloramphenicol can antagonize bactericidal drugs such as penicillins or 

aminoglycosides. 

G:)Gray baby syndrome: Occurs in newborn infants which is characterized by gray color of the baby, 
vomiting, diarrhea, shock, flaccidity, collapse, hypothermia. 

Q. Write the contraindications of chloramphenicol. 
Ans. 
Contraindications of chloramphenicol: 

1. Newborn infants 
2. Pregnant women 
3. Impaired liver function 
4. Haemopoietic disorders 

(Ref Katzung-13th) 

Q.,NL.te the mechanism of gray baby syndrome. (CU-03S, RU-03S/01M) 
J;!iscuss the probable outcome of chloramphenicol used in premature baby. (DU-16Ju) 

. Mes~hanism of grey baby syndrome: Chloramphenicol causes gray baby syndrome in newborn infants as they 
lack an effective glucuronic acid conjugation mechanism for the degradation and detoxification of 
chloramphenicol. 

Newborn infants lack an effective glucuronic acid conjugation mechanism for the degradation and 
detoxification of chloramphenicol. 

! 
Consequently, when infants are given dosages above 50 mg/kg/d 

! 
No degradation & detoxification of chloramphenicol 

! 
The drug may accumulate in the body 

! 
The drug goes to the CNS through premature and relatively permeable blood-brain barrier 

! 
The drug acts on cardio-respiratory center of the brain 

! 
Cardio-respiratory collapse leading to vomiting, flaccidity, hypothermia, gray color, shock, and collapse 

! . 
Gray baby syndrome -

To avoid this toxic effect, chloramphenicol should be used with caution in infants and the dosage limited to 50 
mg/kg/d or less (during the first week of life) in full-term infants more than I week old and 25 mg/kg/d in 
premature-infants. 

(Ref Katw ng-! Jth) 
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Macro Ii des 
The macrolides are a group of closely related compounds characterized by a macrocyclic lactone rin g (usually containing 14 

or 16 atoms) to which deoxy sugars are attached. 

o N~ macrolides. (DU-ISJ,13Ju,11Ju,09J,08J; CU-ISJ, RU-ISJ, SU-16Ju) ,g ··· ... ...... 
Macrolides: 

Erythromycin 
;r. Clarithromycin 
~ Azithromycin 
4. Roxithromycin 
y. Ketolides (Telithromycin) 

Q. Explain the antibacterial mechanism of macrolides. (DU-13Ju, RU-I SJ, 1 lJ) 
Q. Write the mechanism of action of erythromycin. (DU-1 OJu, RU-l 6Ju, SU-09Ju) 
? ~~t¥mechanism of action of azithromycin. (RU-07Jti,05M,04M) 

'~ ~ ism of action of macrolides / azithromycin / clarithromycin / erythromycin: 
Macrolides / Azithromycin / Clarithromycin I Erythromycin 

! 
Bind with the SOS-ribosomal subunit 

! 
Block aminoacyl translocation reaction & formation of initiation complex 

! 
Inhibition of protein synthesis 

(Ref Katzung-I 3th) 

(Ref Katzung-l 3th) 

The antibacterial action of erythromycin may be inhibitory or bactericidal, particularly at higher concentrations, 
for susceptible organisms. Activity is enhanced at alkaline pH. 

.9 1/w-;ite the antimicrobial spectrum of erythromycin. 
Kns. 
Antimicrobial spectrum of activity of erythromycin: 

(Ref Katzung-l 3th) 

I. Gram +ve organisms: Erythromycin is effective against gram-positive organisms, especially 
neumococci, s reptococci, staphylococci, and corynebacteria. 

2. Gram -ve organisms: Gram-negative organisms such as Neisseria, Bordetella pertussis, Bartone/la 
henselae, and-B quintana (etiologic agents of cat-scratch disease and bacillary angiomatosis), some 
Rickettsia species, Treponema pallidum, and Campylobacter species are susceptible. Haemophilus 
injluenzae is somewhat less susceptible. 

3. Mycoplasma, legionella, Chlamydia achomatis, C psittaci, C pneumoniae, helicobacter, listeria, and 
certam mycobactena (Mycooacterium kansasii, M scrofulaceum) are also susceptible. 

Q. Write down the clinical uses of macrolides. (DU-l 3Ju,09J) 
Q. Give the indications of erythromycin. (DU-ISJ,I IJu, RU-I IJ,OSM,04M) 
Q. Give the indications azithromycin. (DU-1 SJ, l lJu, RU-07 J, SU-16Ju) 
Q. Write down the clinical uses of erythromycin. (DU-08]; CU-07J) 
Ans. 

Pharmacology-64 

(Ref Katzung-l 3th) 



...... 

Blu p mt™ Pharmacology 494 
I · ations of macrolides / azithromycin / erythromycin / clarithromycin: . . . . . 

· · · · · ·11 ·t· I ·yngitis sinus1t1s ot1t1s media etc. I. Upper respiratory tract mfect1ons: Pharyng1t1s, ton st 1 ts , at , ' ~ _,~ 1) ''t:) e8- c~ 
2. Community acquired neumoniae e.rur-~ c~ ,.... 
3. ca pneum,.9niae ((Ylycoplasma pneumoniae) r ~~ .+ T~p~ X::\.-.t,,ofYl 
4. Acute exacerbation of chronic bronchitis. ....J 
5. In triple therapy to eradicate H pylori infection in PUD. 
6. As an alternative to penicillins in rheumatic fever & SABE. 
7. Penicillin allergic individuals as penicillin substitute. 
8. Acne 
9. Cholera ( I gm single dose as per guideline of ICDDRB) 
I 0. Chlamydia I & rickettsial infections. 
11. Pelvic inflammatory diseases. 
12. Skin & soft tissue infections 
13 . Diphtheria. 
14. Whooping cough. . . . 

r 

15 . Clarithromycin and Azithromycin are highly active against STDs / STis (syphilis, chancrotd) 
(Ref Katzung-13th) 

Q. wr.te down the adverse effects of azithromycin? (RU-16Ju, SU-00M) 
Q: f rite down the adverse effects of erythromycin? (RU-16Ju, SU-00M) 

s . 
Adverse effects of erythromycin / azithromycin: 

I. GIT upset: Anorexia, nausea, vomiting, and diarrhea. 
2. Liver toxicity: Acute cholestatic hepatitis (fever, jaundice, impaired liver function), probably as a 

hypersensitivity reaction. Most patients recover from this . 
3. Allergic reactions include fever, eosinophilia, and~r~as~h~e~s·=--- -=-----=-=-=----7 
4. Drug interactions: Erythromycin metabolites can inhibit c tochrome P450 enzyme · and thus increase 

the serum concentrations of numerous drugs, including theophylline, oral anticoagu ants, cyclosporine, 
and methylprednisolone. Erythromycin increases serum concentrations of oral digoxin by increasing its 
bioavailability. 

(Ref Katzung-13th) 

~ umerate the mechanisms of developing resistance to macrolides I erythromycin. 

Mechanisms of resistance to erythromycin / macrolides: Resistance to erythromycin is usually plasmid­
encoded. Three mechanisms have been identified: 

1. Reduced permeability of the cell membrane or active efflux; 
2. Production (by Enterobacteriaceae) of esterases that hydrolyze macro I ides; 
3. Modification of the ribosomal binding site (so-called ribosomal protection) by chromosomal mutation or 

by a macrolide-inducible or constitutive methylase. 

Efflux and methylase production are by far the most important resistance mechanisms in gram-positive 
organisms. Cross-resistance is complete between erythromycin and the other macrolides. 

Q. Short note: Azithromycin. (RU-17 J) 
Ans. Write from above discussion. 

(Ref Katzung-13th) 

Q. What are the advantages of azithromycin over erythromycin? (CU-07 J/Ju,06J, RU-151) 
-A S. 

Advantages of azithromycin over erythromycin: 
I. Azith~omycin is rapidly absorbed and well-tolerated orally. 
2. Alt_1m111um and magnesium antacids do not alter bioavailability. 
3. Azithromycin penetrates into most tissues (except CSF) & phagocytic cells extremely well. 
4. Prolong duration of action. 
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5. Azithromycin has once daily dosing rather 4 times/day dose of erythromycin. 
6. Short duration of therapy. 
7. Because azithromycin has a 15-member (not 14-member) lactone ring, azithromycin does not inactiva~e 

cytochrome P450 enzymes and therefore is free of the drug interactions that occur with erythromycin 
and clarithromycin. 

8. Slightly more active against H influenza and highly active against Chlamydia. 
(Ref Katzung-1 Jth) 

Viv/4 Justify once-daily dosing of azithromycin. i4£ a;.· 

Once-daily dosing of azithromycin: A 500-mg dose of azithromycin produces relatively low serum 
concentrations of approximately 0.4 mcglml. However, azithromycin penetrates into most tissues (except CSF) 
and phagocytic cells extremely well, with tissue concentrations exceeding serum concentrations by I 0- to I 00-,.. 
fold. The drug is slowly released from tissues (tissue half-life of 2-4 days) to produce an elimination half-life 
approaching 3 days. These unique properties permit once-daily dosing and shortening of the duration °f 
treatment in many cases. For example, a single J-g dose of azithromycin is as effective as a 7-day course of 
doxycycline for chlamydia! cervicitis and urethritis. Community-acquired pneumonia can be treated with 
azithromycin given as a 500-mg loading dose, followed by a 250-mg single daily dose for the next 4 days. . 

(Ref Katzung-l 3th) 

Q. Compve among macrolides. (DU-l 6Ju) 
Q. )V(te' down the differences between erythromycin and azithromycin. (DU-12Ju, SU-12Ju) 
Y,/,~mpare and contrast between erythromycin and azithromycin. (DU-I SJ, I I Ju, I 0Ju,09J,08J, 

16J,15J, RU-08Ju; SU-17J,15Ju,14Ju/J,13Ju/J,12Ju) 
Ans. 

CU-

Comparison between erythromycin and azithromycin: 

Traits I Erythromycin I Clarithromycin I Azithromycin 
1. Volume of Low Large Larger 

distribution 
2. Tissue penetration Less More More 
3. Acid stability Acid labile Acid stable Acid stable 
4. Duration of action Short Prolonged More prolonged 
5. Half life 1.5 hours 6 hours 3 days 
6. Absorption Delayed Rapid Rapid 
7. Food interferes Yes No, rather increases absorption. Yes 

with the 
absorption 

8. Excretion Bile Kidney & bile Bile 
9. Dose interval 6 hourly 12 hourly Once daily 
10. Duration of Longer L.ong Short 

theraov 
11. Tolerability Less tolerated Well tolerated Well tolerated 
12. Antibacterial Gram +ve & -ve Virtually identical to that of Virtually identical to that of 

spectrum erythromycin except that clarithromycin. More active 
clarithromycin is more active against H injluenzae. Highly 
against Mycobacterium avium active against chlamydia. 
complex. 
Active against M leprae and 
Toxoplasma ~ondii. 

13. Drug interactions Inhibit metabolism Inhibit metabolism of a number of No drug interactions 
of a number of drugs drugs 

14. Resistance Common Show cross-resistance with Show cross-resistance with 
erythromycin erythromycin 
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15. Contraindication Hepatic fa ilure Renal failure Hepati c fa ilure 

16. Cost Costly Costl y Cheap , 
(Ref Lrppmcoll .\-6th, Katzung- l 3Lh) 

Q. Compare azithromycin, doxycycline, and gcntamicin with respect to their spectrum of activity. (CU- I 2J) 
Ans. 
Comparison among azithromycin, doxycycline, and gentamicin with respect to their spectrum of activity 

Drug Spectrum of activity 
Azithromycin Both Gram positive & Gram negative 
Doxycycline Good Gram negative activity but much less Gram positive activi ty 

Broad spectrum- active against many Gram positive and Gram negative bacte_ria, Gentamicin 
including anaerobes, rickettsiae, chlamydiae, mycoplasmas, and L forms and aga inst 
some protozoa (eg, amebas). 

Clindamycin 

Group: Protein synthesis inhibitor 

Mechanism of action: Clindamycin binds with the SOS ribosomal subunit (like macrolides) & inhibits protein 
synthesis by-

1. Interfering with the formation of initiation complexes 
2. Interfering with aminoacyl translocation reactions 

Pharmacokinetics 
1. Route: Oral and IV . 
2. PPB: The drug is abo.ut 90% protein-bound. 
3. Clindamycin penetrates well into most tissues, except brain and CSF. It penetrates well into abscesses and 

is actively taken ttp and concentrated by phagocytic cells. 
4. Metabolism: Liver 
5. Excretion: Bile and urine. 
6. Half-life is 2.5 hours in normal individuals, increasing to 6 hours in patients with anuria. 
7. No dosage adjustment is required for renal failure . · 

Antibacterial activity: 
I. Active against Gram '+ve' cocci including streptococci, staphylococci, and pneumococci . 
2. Enterococci and gram-negative aerobes are resistant (in contrast to their susceptibility to erythromycin). 
3. Anaerobic infections including bacteroides. 

Resistance to clind·amycin, which generally confers cross-resistance to macrolides, is due to 
I. mutation of the ribosomal receptor site; 
2. modification of the receptor by a constitutively expressed methylase; and 
3. Enzymatic inactivation of clindamycin. 

Gram-negative aerobic species are intrinsically resistant because of poor permeability of the outer membrane. 

Clinical Uses 
I. Anaerobic infection caused by bacteroides and other anaerobes . 
2. Penetrating wounds of the abdomen and the gut; infections originating in the female genital tract. eg, 

septic abortion and pelvic abscesses; and aspiration pneumonia. 

II 
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3. Prophylaxis of endocarditis in patients with valvular heart disease who are undergo ing ce rtain dental 
procedures. 

4. Pneumocystisjiroveci pneumonia in AIDS patients (Clindamycin plus primaquine). 
5. AIDS-related toxoplasmosis of the brain (in combination with pyrimethamine). 
6. Staphylococcal infections of bones and joints. 
7. Staphylococcal conjunctivitis as eye drops. 

Adverse Effects 
I. Common: Diarrhea, nausea, and skin rashes. 
2. Impaired liver function (with or without jaundice) 
3. Neutropenia (sometimes) 
4. Severe diarrhea and enterocolitis. 

(Ref Katzung-l 3th) 

· · . Nucleic acid synth~SiS inhibitOtSf~1~~ 
Q. List the a~ icrobials that affect microbial nucleic acid. (SU-I IJ,091) 
Q. Lis" tlre . acterial nucleic acid synthesis inhibitors. (CU-091) 
Ans. / 
~t!J,eation of nucleic acid synthesis inhibitors: 

B. Indirect 

RNA synthesis inhibitor Rifampicin 
• Rifam cin 

Anti-folate drugs /"--Sulfonamide 
!'"lrimethoprim 
• ~ rimethamine 

Antif olate drugs 

Sulfonamides: They are- .S cJ, <1-0-.. - .,,,,,, .... >-->-'\S 
,___, 

),:' Anti-microbial agents: Broad spectrum & Bacteriostatic 
'l. Diuretics 
J:- Oral hypoglycemic agents 
y. Anti-leprosy agents (Dapsone) 

Structure of sulfonamides: 

< Sulfonamides have structural similarity to p­
aminobenzoic acid (PABA). 

~ -:- NH2 group is responsible for pharmacodynamic 
property of drug. 

} · SOrNH2 group is responsible for 
pharmacokinetic property of drug. 

A c.,~ b---~ - s~ '-'.z \r--.... 

0\.>-.\,S:~-~ o , .-.::::_-.-"-

NH2 

Sulfanilamlde 

- --\;-1._ 0 f' u>--\_ ~ 

COOH 

NH 2 

/>'Amioobenzoic acid {PABA) 
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Q. Classify sulfonamides. 
Ans. 
Classification of sulfonamides based on pharmacokinetics: Sulfonamides can be divided into three major 

groups: (I) oral , absorbable; (2) oral , nonabsorbab le; and (3) topical. 

T ) e 

1. Oral, absorbable: Short acting 
(Classified on rhe basis 
of their half-lives t1 2) 

2. Oral, nonabsorbablc 
3. Topical (not absorbed 

in systemic circulation) 

Intermediate acting 

Dru s 
,,,• Sulfisoxazole (t 112 = 6 hours) 

ulfamethizole (t 112 = 9 hours) 
Sulfac tine 
Sulfadiazine (t112 = I 0-17 hours) 

,...,,.Sulfamethoxazole (t 112 = I 0-12 hours) 
/'Sulfa n 111e 112 = 17 hours) 

Sulfadoxine (t112 = 7-9 da s 
Sulfasalazine 
Silver sulfadiazine (less toxic) ~~("\._ "&\ 

0 odium sulfacetamide 
• Mafenide acetate 

(Ref Katzung-1 Jth) 

Q. Write down mechanism of action of co-trimoxazole. (DU-14J,12J,10Ju,09J, CU-071; RU-06M, SU­

I 7J ,07Ju) 
Q. Explain antimicrobial action of co-trimoxazole. (SU-08Ju) 
Q. What is the pharmacological basis of combination of sulfonamide with trimethoprim? 2: ~ he mechanism of action of sulfonamides. (DU-981) 

~ c--~nalize combination of Su lfamethoxazole and Tri me tho prim. (R U-1 7 J) 

~ Mechanism of action of cotrimoxazole/ sulfonamide: Sulfonamide-susceptible organisms, unlike mammals, 
cannot use exogenous folate but must synthesize it from PABA. This pathway is thus essential for production of 

purines and nucleic acid synthesis. 

Para-aminobenzoic acid (PABA) + Pteridine 

D ihydropteroate synthase l (-) S ulfo nam ides (compete with PA BA) 

Dihydrofolic acid (folate) 

0 

Dihydrofolate reductase l (-) Trimethoprim / /-J?r~'\-o--o,-. '-'-

Tetrahydrofolate 
t 

Synthesis of purines (adenine, guanine) 
t 

DNA synthesis 
t 

Protein synthesis 

t 
Growth & multiplication of bacteria 

Mechanism of action of Sulfonamide: 
• Sulfonam!des are structur~l analogue of Para-aminobenzoic acid (PABA). PABA is a precursor of folic acid . 
• Sulfon~m,des compete with PABA for the enzyme dihydropteroate synthase and inhibit folate synthesis. 

Folate 1s necessary for synthesis of bacterial DNA or RNA. Thereby sulfonamide inhibits bacterial growth. 
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Mechanism of action of Trimetho .· . 

1 ·b· pnm. 
• In 11 it enzyme dihydrofolate reductase which is responsible for conversion of folic acid to active folate. 

Thereby trimetl · · h'b· · 1opnm 111 1 its bacterial growth . 

Com_bination of a sulfonamide with an inhibitor of dihydrofolate reductase (trimethoprim or pyrimethamine) 
provides synergistic activity because of sequential inhibition of folate synthesis. 

/, - (Ref Katzung-1 Jth) 

Viv/4. Wlty sulfonamides cannot inltibit nucleic acid syntltesis in ltuman cells? 
ns. 

Sulfonamide act against those who synthesize their Jo/ate from PABA by the enzyme dihydropteroate synthase. 
Human cells (& other mammalian cells) lack the enzymes requiredforfo/ate !!.ynthesisjiwn PABA and depend on 
exogenous sources of folate ; therefore, they are not susceptible to sulfonamides. 

~ rimethoprim cannot inhibit nucleic acid synthesis in human cells? 
Ans. 

(Ref Katzung-1 Jth) 

Trimethoprim selectively inhibits bacterial dihydrofolate reductase. Human cells have dihydrofo/ate reductase 
which converts exogenous folate to tetrahydrofolate. Trimethoprim is about 50,000 times less efficient in 
inhibition of human dihydrofolate reductase. This is why,· Trimethoprim cannot inhibit nucleic acid !!.ynthesis in 
human cells. 

(Ref Katzung-1 Jth) 

Q. What are the fixed drug dose combinations of sulfonamide? (DU-02J) 
Ans. 
Fixed drug dose combinations of sulfonamide: 

. Co-trimoxazole = Trimethoprim (80 mg)+ Sulfamethoxazole (400 mg) 
Y Fansidar = Sulfadoxine (500 mg) + Pyrimethamine (25 mg) 
/3, Sulfadiazine (1 gm 4 times daily)+ Pyrimethamine (25 mg daily)-+ Used for acute toxoplasmosis. 

~ e spectrum of activity of sulfonamides? 

Spectrum of activity of sulfonamides: Sulfonamides inhibit both gra_m-positive and gram-negative bacteria, 
nocardia, Chlamydia trachomatis, and some protozoa. Some enteric bacteria, such as E co/i;--klebsiella, 
salmonella, shigella, and enterobacter, are also i1lll61tea-:--1c is interesting that rickettsiae are not inhibited by 
sulfonamides but are actually stimulated in their growth. Activity is poor against anaerobes. 

- - - - - (Ref Katzung-13th) 

Q. What is co-trimoxazole? (DU-17 J, I 2J ,09J; RU-06M,04S) 
Q. What are the constituents of co-trimoxazole? (DU-14J) 
Ans. 
Co-trimoxazole: 

• Co : for combination 
• Trim : for trimethoprim [)::J~ 

• Oxazole: for sulfamethoxazole. (~ao~ 
So co-trimoxazole means com 111at1on of trimethoprim & sulfamethoxazole at the ratio of I :5 . 

Q. Explain with example cheinother:apeutic potentiation? (DU-05M,04J) 
Q. What is chemotherapeutic potentiation? How does Co-trimoxazole exhibit an Ideal example of it? (DU-

03J) 
Q. What are the advantages of combination of sulfamethoxazole and trimethoprim? (CU-02M, SU-021) 
Q. Justify combination of sulfonamide & trimethoprim. (CU-04S, SU-02J, RU-1 lJ) 
Q. Justify/rationalize the combination of sulfamethoxazole & trimethoprim. (DU-16J,, CU-13Ju) 
Ans. 
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f1emothcrapcutic potcntiation : When two or more chemotherapeutic agents arc used together, their effects ar; 
more than the sum of indiv idual drug effects. This is ca lled chemotherapeutic potentiation . e.g. 

Sulfonamide (400 mg)+ Trimcthoprim (80 mg) (5: 1) 

• Broad spectrum • Narrows )ectrum • Narrow s ectrum 

• Delayed resistance • Bacteria can develop resistance 
easi ly 

• Bacteria can develop resistance easily 

• Cotrim 480 mg .­
Antimicrobial effect 

• 400 x 10 mg .- Same amount of 
antimicrobial effect. 

• 80 x IO mg .- Same amount of 
antimicrobial effect. 

• i.e, to achieve the effect of cotrim, we have to increase the dose of individual drug for IO times, at least. Still 
we do not et the same effect. 

• Cotrim 480 mg.- Less • 4000 mg.- more toxic effect. • 800 mg.- more toxic effect. 
toxic effects. 

• i.e, combined thera has less toxic effects. Individual thera has more toxic effects. 

Q. Write down clinical uses of co-trimoxazole. (DU-I 7J,12J,10Ju,09J) U~ \ (_~) 
Q. What are_Jhe indications of sulfonamides? ( _ ._s.:, h.1 J2..r-.:t0~ 
Q. W at are the indications of co-trimoxazole? (RU-04S) 1>-,c.JA- Bt>--"-~ "'""'-~ 
A . .,,, 

n i{ ations of sulfonamides/ co-trimoxazole: 

Oral absorbable sulfonamides 
,V Urinary tract infection (UTl) 
2. AcLLt:e_toxoplasmosis (Sulfadiazine + 

pyrimetham ine) 
3. 2nd line therapy of malaria: Sulfadoxine + 

P rimethamine (Fansidar) 
Oral non-absorbable: Sulfasalazine is widely used in­

T Ulcerative colitis 
2. 
3. tor bowel disease. 
Topical: 
1. Bacterial conjunctivitis and adjunctive therapy for 

trac 1oma (Na Sulfacetamide). 
2. Prevention of infection of burn wounds (Silver 

sulfadiazine ). 

. UTI 
r, Community acquired pneumonia (CAP) 

Otitis media 
,k.' Respiratory tract infections (RTI), eg, 

pneumococcus, Haemophilus species, Moraxella 
catarrhalis, and Klebsiel!a pneumonia. r s aureus strains, both methicillin-susceptible and 
methicil I in-resistant. 

/. Double strength tablet: Is used for -
• Pneumocystis jiroveci (carinii) pneumonia 
• Shigellosis (bacillary dysentery) 
• Enteric fever 
• Prostatitis 
• Non-tubercular mycobacterial infection . 

Indications of trimethoprim: Urinary tract infection ( I 00 mg twice daily). 

Q. L~ antimicrobial spectrum of activity of co-trimoxazole. (SU-07 Ju) 

~ crobial spectrum of activity of co-trimoxazole: 
I. Most S. aureus strains (both methicillin susceptible & methicillin resistant) 
2. Pneumococcus 
3. E. coli 
4. H. influenza 
5. Salmonella & Shigella 
6. Klebsiella pneumoniae 

(Ref Katzung- l 3th) 

~~tJ s7:-;le0 ··<.... 

tr;S--c ~ ~ ?_J'l~ ~r--
~ ~ & ,A-
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7. Pneumocystis carinii (P. jiroveci) 
8. Non-tuberculous mycobacterium 

(Ref Karzung-l 3th) 

Q. Enumerate advantages and disadvantages of co-trimoxazole as anti enteric fever drug. (CU04S) 
Ans. 
Advantages of co-trimoxazole: 

I . Bactericidal effect 
2. Broad spectrum antibiotic 
3. Less dose requirement 
4. Less adverse effect 
5. Delayed drug resistance 

Disadvantages of co-trimoxazole: \\/ rite adverse effects of co-trimoxazole. 

Q. Mention the adverse effects of sulfonamides. 
Q. Mention the adverse effects of co-trimoxazole. (DU -17 J, l 4J ,05S, RU-06M,04S, SU-0SJ, CU-08J) 
Ans. __..,--
Adverse effects of co-trimoxazole / sulfonamides 

t 
./ ,_., 

Sulfonamides Trimethoprim 
1. Sulfonamide hypersensitivity : Trimethoprim 

• Fever produces the 
• Skin rashes pred ictab le 

,.-' Urticaria adverse effects of 
~ Photosensiti vity an ant ifo late drug. 
/ • Exfoliative dermatiti s espec ially 
• Steven Johnson syndrome (Rare bw a f!le threatening I. Mega loblast ic 

adverse effect) anem ia 
2. Urinary tract disturbances : Crystallu ria, haematuria 2. Leucopenia 

or even obstruction due to precipitat ion of 3. Granulocyto pe 
sulfonamides at neutra l or acid pH of urine. (Pa1ien1s ure n1 a. 
advised to_intake 3 litres of water /day). 

?· GIT upset: Nausea, Vomiting 
4. Haematopoietic disturbances: 

• Hemolytic or aplast ic anem ia 
• Granulocytopenia 
• Thrombocytopenia 
• Leukaemoid reaction 

,;i( Others: 
• Arthritis 
• Hepatitis 
• Polya11eritis nodosa (PAN) 
• Psychosis 

Q. How bacterial resistance occurred against sulfonamides? 
Ans. 

Co-trimoxazole 
1-. Crystalluria 
2. Rena l stone 
,., Allergic reactions- Fever, .) . 

sk in rashes, urticaria, 
photosensitivity, exfoliative 
dermatitis, Steven Johnson 
syndrome 

4. Megaloblastic anemia 
5. Hemolytic anemia 
6. Leukopenia 
7. Gra nu locytopeni a 
8. Nausea, vomi ting. 
9. Centra l nervous system 

di sturbances 

(Ref Kalzung-13Lh) 

Mechanisms of resistance to sulfonamides: Sulfonamide resistance may occur as a resul t of mutations that 
I. Cause overproduction of PABA. 
2. Cause production of a folic acid-synthesizing enzyme (plasmid mediated) that has \ow affinity for 

sulfonamides. 
3. Impair permeability to the sulfonamide. 

(Ref Katzung-13th) 

Pharmacology-65 
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Q. Write down the contraindications of sulfonamides. 
Q. Write down the contraindications of co-trimoxazolc. 
Ans. 
Contraindications of sulfonamides & co-trimoxazole: 

Sulfonamides / Co-trimoxazole · 
I. Hypersensitivity to sulfonamides 
2. Renal & hepatic failure 
3. Haemopoietic disorders 
4. Pregnancy (cross placental barrier - Kernicterus of f etus) 
5. Lactation 
6. Premature baby (Sulfonamides replace bilirubinfi·om plasma 

rote in - CNS - Kernicterus 

Nice to know: 

J. Hypersens1t1v1ty to co-tnmoxazole 
2. Renal fai lure 
3. Pregnancy & lactation 

• Trimetltoprim: Inhibit dihydrofolate reductase of bacteria - Antibacterial action 
• Pyrimethamine: Inhibit dihydrofolate reductase ofprotozoa - Antiprotozoa/ action 
• Metltotrexate: inhibit dihydrofolate reductase of human - Anticancer action 

Fluoroquinolones / DNA-gyrase inhibitors 

Quinolones are antibiotics obtained by chemical synthesis. They derive from quinoline. One of the first active 
molecules was nalidixic acid. Quinolones with a fl uorine atom are called fluoroqu inolones. Qumolones and 
fluoroquinol5nes inf1ioittop_0somerase II) l:!lso callee! DNA-gyrase. 

Q. WJiat are the quinolone derivatives/ preparation? (DU-1 IJ ,06S; RU-071,041) 
Ans: 

uinolone derivatives: 
l . Nalidixic acid 
2. Fluoroquinolones: See below 

Q. Classify fluoroquinolones. (DU-041 ,CU-08J,04S; SU-031, RU-041) 
Q. Enlist fluoroquinolones according to their generation. (SU-171) 
Q. Mention the fluoroquinolones available in Bangladesh. (CU-04M) 
Q. Mention the antimicrobial spectrum of flu oroq uinolones. (DU-06S, SU-I SJ u, I 4Ju/J ,08/07 Ju) 
Q. Describe the antibacterial spectrum of second generation Fluroquinolones. (CU-161) 
Ans. 
Classification of fluoroguinolon es: 

A. fassification based on generation : Generations of drugs are based on their antimicrobial targets. 

Generations I Drugs I Antibacterial spectru_.. 
1. 1 s generation • Nalidixic ac id • Le~t active aga inst Gram -ve and Gram +ve bacteria 

• Narrow spectrum usually confi ned to the urinary tract . 
2. 2"d . generatwn _1/8 Ciprofloxacin • Exce llent Gram -ve activ ity and moderate to good activ ity 

• Lometloxacin against Gram +ve bacteria. 
,,,,. Ofl oxacin • Active against aero bic Gram - ve bacteria and intracel lular 
•' Norfloxacin organisms eg, chlamydia, mycop/asma, legionel/a. 

_. Pefl oxac in 

• Enoxacin ' 

3. 3rd . generation .)',...,levonoxacin • fmproved activi ty aga inst Gram-positive bacteria . 
• Gatitloxacin 
• Gemifloxac in 

,,,. Sparfloxacin 
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4. 4th generation • Moxifloxacin • Active against many anaerobic as well as Gram +ve 
• Trovafloxacin organisms . 

(Re}: Lippincott 's-6th) 

B. According to half life: 

l. Shorter half life (3-5 hours) Ciprofloxacin, Norfloxacin 
2. Intermediate half life (5-7 hrs) Levofloxacin, Ofloxacin 
3. Longer half life (>7 hours) Gatifloxacin, Gemifloxacin, Lometloxacin, Moxifloxacin 

C. According to bioavailability : 

l. Shorter bioavailability (70-90%) Ciprofloxacin, gemifloxacin, moxifloxacin, norfloxacin 
2. Longer bioavailability (> 90%) Levofloxacin, gatifloxacin, lomefloxac in, ofl oxacin 

~ rst Generatio-n 

_,r--[2 
1· 1 V\. J Flrtt•gcmor.ition q11jl.nolon11$, whidi 

1 ~ .are used less often today, have 
. ,1,~~ . m_oderate gram-n-e,gatlYe actlvily, 

<it:lltriir«M Thoy achi[)VO minim.ii $1iJrum 
,,:/1~ concentrations and are re~trlcted 

I< _ to th1111r~tm,mt of uncomplk-1tqo 
' ~ - urinary tract 11\f~ctlons. 

Second Generation 

Chlamydia 

,.., 
1 1/\ '- i 1 ' Socond,ggn«:ttion fluoroqu lnolon~s I;.'\/, - ~1 

r 
~; have ex:panded gra.rn-negatlv.e actlYlty 

,;///\ ~ and also ha Ye some c1ctivlt'y a-!lalns.t ~.ds gr.im•posltlv<t and atypic:il org,ml$m$, 
s.uch as Mycoplas.ma pn~umonla!! 

· ~ ;:sndChJ;:,mydl3 pnvumonlo:sCJ. 
M)-<~mil ..... ~ ---=---,,-----,,----,,,----,,....,...,.,--' 

(Rel Katzung-l 3th) 

Third Gen~ration 

Fourth Generat:ion 

'----- -------- -· ---· ·-- -----·-·-·--- ---------~--
Figure. Summary of antimicrobial spectrum of quinolones. 

Viva Q. Which jluoroquinolones are most active against Gram negative organisms? 
Ans. 2nd generation fluoroquin olones are most active against Gram negative organisms. 

Q. Enumerate common characteristics of fluoroquinolones . (CU -04S) 
Q. De~cribe the pharmacokinetic profile of Fluroquinolone. (CU-16Ju) 
Ans. 
,Common characteristics of fluoroquinolones : 

I. Synthetic fluorinated compound of nalidixic acid 
2. Both lipid soluble and water soluble 
3. Pharmacokinetic profile: 

• Oral absorption is impaired by divalent cat ions, milk , food , an tacid 
• Oral bioavailability is 80-95% 
• Distribution: Widely distributed in body fluids and tissues 
• Metabolism: Liver 
• Excretion: Kidney- by tubular secretion & glomerular secretion 

(Rel Kat::. ung-J 3th) 
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4 . 
5. 
6. 

Act on urinary tract and gastrointestinal tract 
Extensively used- Broad spectrum bactericidal 
Less prone to develop resistance 

Q. Write down the mechanism of action of ciprofloxacin/ fluoroquinolones I Sparfloxacin. (DU-
16J, l 2Ju , I I J, CU-17M ,08.I , SU-17M,13.l,12Ju,l 1Ju,08J , RU-16J , 13Ju, IOJ) 

Q. What is the function of topoisomerase IV? (CU- l 6J) 
~Wharare the functions of topoisomerase II and topoisomerase IV? (CU- l 6Ju) 

Me~hanism of action of ciprofloxacin/ fluoroquinolones: Quinolones block bacterial DNA synthesis by 
inhibiting bacterial topoisomerase II (DNA gyrase) and topoisomerase IV . 

l 
\ - (' 

l . Inhibition of topoisomerase-11 (DNA gyrase): ; ' 
Fluoroquinolones inhibit DNA gyrase (topoisomerase-II) enzyme 

1 
Prevents relaxation of positively super-coiled DNA 

- - 1 -
Inhibits transcription and replication 

1 
Inhibition of protein and DNA synthesis in bacteria 

1 
Bacterial cell death 

) 

r -v 
\_ ( . - .-, ' \ 

2. Inhibition of topoisomerase-IV: Inhibition of topoisomerase fV by fluoroquinolones interferes with 
~ . separation of replicated chromosomal DNA into the respective daughter cells dur ing cell divis1_on . 

\~~ ~ ~-----_-_-=-=---~------, (Ref: Katz ung-13th) 

Quinolones 

Fig. Schemalic diagram of (leji) the double helix and (r ight) !he do uble helix in supercoiled form. In essence, !he 
DNA gy rase unw inds the RNA -induced posilive supercoil (not shown) and introduces a negative supercoil. 

Q. M n1ion the antimicrobial spectrum of ciprotloxacin . (SU- l 3J, l 2J, 1 OJ, C U- I OJu) 

~ s . 
..,,___,, Antimicrobial spectra of ciprofloxacin : C iprofl oxac in has exce llent Gram -ve act iv ity and moderate to good 

activity against Gram +ve bacteria . ~k 
-" -<- \ ~ 

, t 

I r, V l • / 

Highly susceptible I Moderately susceptible · I Low / variable susceptibility 
1. Enterobacteriaceae: E coil, 1. Pseudomonas aeruginosa 1. Slrep tococcus pyog en es 

Salmonella, Shigel!a, Proteus, 2. Staphylococcus aureus (including 2. Strepl. faecalis 
2. Klebs iella, Enterobacter Methicillin resistant S. aureus) 3. Strep!. p neum oniae 
3. H influenzae 3. S taphylococcus epidermid is 4. Mycoplasma 
4. N gonorrheae 4. lvl tub erculosis 5. Chlamy dia 
5. N meningitidis 5. Legionel/a 6. Opportunistic 
6. V. cholerae 6. Bruce /la myco bacte ri um 
7 . C. jejuni 7. Lis leria 

8. B. anthracis 
(Ref Tripathi-611'/ 688-689) 
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Q. Write down the indications/ uses of ciprofloxacin. (DU-14.1 , CU-08J,04M; RU-07 J, SU- I 6J, I SJ) 
Q. Write down the four (04) indications/ uses of ciprofloxacin . (DU-16.lu) 
Q. Write do,vn the indications of fluoroquinolones. (DU-16.1 , CU-10/08Ju , SU-03S) 
Q. Write down the indications of norfloxacin. (CU-0 IS) 
Q. Write down the indications of pefloxacin. (SU-0 IM) 
A ns . 
Indications of ciprofloxacin/ fluoroquinolones/ pefloxacin: 

,,(.' Urinary tract infection (UT!). 
Bacterial causes of diarrhea (shigella, salmonella, toxigenic E.coli & campylobacter) 
Soft tissues, bonesai1d joints infections. 
Intra-abdominal infections such as peritonitis, diverticulitis, appendicitis etc. 

5. Enteric fever. -
6. Gonococcal infections (gonorrhoea). 
7. Chlamydia! urethritis ana cervicitis. 

Respiratory tract infections. - ---.... 
Prophylaxis & treatment of anthrax $ rug of choice~ 

. Second line agents in TB & atypical mycobacterium infection. 
11. Eradication of meningococci from carrier state. 
12. Chemoprophylaxis of infection in neutropenic patients. 
13. Atypical pneumonia 
14. Eradication of Salmonella typhi from carrier state. 
15. Chronic bacterial prostatifi~ 

Q. Name the respiratory quinolones with justification. (RU-16.1 , 12.lu, I OJ) 
Ans. 
Respiratory quinolones / fluoroquinolones having excellent activity in RTI: 

I . Levofloxacin 
2. Gatifloxacin 
3. Gemifloxacin 
4. Spartloxacin 
5. Moxifloxacin 

( ; ) ,~ 

(Ref Katzung-l 3th) 

(Ref Tripathi-6'"1690-693) 
Justification: These drugs have enhanced gram-positive activity and act1v1ty against atypical pneumonia 
agents (eg, chlamydia, mycoplasma, and legionell a) and are effect ive and used increas ingly fo r treatment of 
upper and lower respiratory tract infections. So, they are called respiratory quinolones. 

(Ref Katzung-l 3th) 

Q. Write down the adverse effects of fluoroquinolones . (DU-16J /Ju, I IJ, CU-17 J; RU -07 Jan, SU- I 7M, I 4J) 
Q. Write own the adverse effects of ciprofloxacin . (DU-1 4J, I 2Ju , CU-I 3J , SU-16.1 , I SJ ,06M; RU- l 3Ju) 
Q. Writ down the adverse effects of norfloxacin. (CU-01 S) 
Ans 
Ad,ve se effects of ci rofloxacin / fluoro uinolones/ norfloxacin: Fluoroquinolones are extremely well 
to4 ted . 

"-I 
I. GIT upset : Nausea, vomiting, diarrhea. 
2. CNS disturbances: Headache, dizziness, insomnia, seizure, confusion . . \) \ \ \ ,, , v I, 1 ~ \. 
3. Photosensitivity : Lomefloxacin , pefloxacin. 
4. Hepatotoxicity (acute hepatitis & hepatic fa ilure) by Trova fl oxac in 
5. Prolonged QT interval : Gatifloxacin , gemifloxacin, levo fl oxacin, moxifloxac in . 
6. Gatifloxacin causes h~perglycemia in diabetic patients and with hypoglycemia in patients al so receiving 

oral hypoglycemic agents. 
CJ} Arthropathy in children: Arthriti s, fever, effusion (Fluoroquinolones may damage growing cartilages & 

can cause an arthropathy). 
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&. Tendinitis in adult & tendon rupture (in advanced age, renal insufficiency & co-administration of 
STeroids). 

Q. Short note: Ciprofloxacin. (DU-l 7J) 
Ans. Write in brieffi-om above. 

(Ref Katzung-13th) 

Q. Justify the use of ciprofloxacin in the management of salmonella infection . 
Q. Enumerate advantages & disadvantages of ciprofloxacin as anti-enteric fever drug. (CU-05J) 
Ans. 
Advantages of ciprofloxacin as a drug of enteric fever: 

I . Bactericidal effect 
2. Broad spectrum activity 
3. Rapid onset of act ion 
4. Prolonged duration of action, so less dose is required . 
5. Short duration of therapy (7 days) 
6. Less prone to develop resistance among anti-enteric fever drugs . 
7. Less chance of toxicity 
8. Eradication of Salmonella typhi from carrier state 
9. Does not produce super infection 
l 0. Does not produce serious adverse effects like aplastic anemia, GBS, nephrotoxicity, crystal luria, 

hematuria etc. 
11. Patient's compliance is better. 

Disadvantages of ciprofloxacin as anti-enteric fever drug: 
1. Skin: Rash , pruritus, photosensitivity 
2. CNS: Headache, dizziness, insomnia 
3. Contraindicated in children below 18 years . 

Q. What are the contraindications of ciprofloxacin? 
/ 

Ans. 
Contraindications of ciprofloxacin /fluoroquinolones: 

I . Known hypersensitivity to ciprofloxacin 
2. Pregnancy 
3. Lactation 
4. Children below 18 yrs 
5. History of epilepsy 
6. Psychosis 
7. Tendinitis (athletes) 

Q. ~ciprofloxacin is not used in children? (RU-04J) 

, / Discuss the probable outcome of using ciprofloxacin in children below 5 years of age. (DU- I 7M) 
Ans . 

Limitations of using ciprofloxacin in children below 18 years: Fluoroquinolones / Ciprofloxac in may damage 

growing cartilage and cause an arthropathy. Thus, these drugs are not routinely recommended fo r patients under 

18 years of age. However, the arthropathy is reversible, and there is a growing consensus that flu oroqu inolones 

may be used in children in some cases (eg, for treatment of pseudomonal infec tions in pati ents with cystic 
fibrosis) . 

(Ref Katzung-1 Jth) 
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Q. Compare Fluoroquinolone with Nalidixic acid. (CU-17 J) 
Ans. 
Comparison between Fluoroguinolone with Naliclixic acid 

Traits I Nalidixic acid I Fluoroquinolone ·· 
1. Structure It is the first synthetic quinolone Quinolones with a fluorine atom are 

antibiotics derive from quinoline. called fluoroquin olones. 
2. Antibacterial spectrum Gram-negative organisms (but not Both Gram negati ve & pos iti ve bacteri a 

Pseudomonas species) 
3. Uses Uncomplicated urinary tract Wide clinical uses. 

infections 
4. Activity against No Excellent 

pseudomonas 
5. Use in systemic No Yes 

infections 
6. Route of Oral Oral , IV 

administration 
7. Excretion Kidney Kidney 
8. Dose adjustment in Required Required 

renal failure 
9. Current uses Rarely used Widely used 

Q. Compare and contrast ceftriaxone, gentamicin & ciprofloxacin as antimicrobial drugs. 
Ans. 
Comparison among ceftriaxone, gentamicin & ciprofloxacin as antimicrobial drugs 

Traits I Ceftriaxone · I Gentamicin ·· :'- : .·-~· .> · .. I Ciprofloxacin ' 
I. roup . generation m1nog ycos1 es uoroqumo ones G 3 A d Fl 

cephalosporin 
2. Mechanism of action Inhibits bacteri al cell wall Inhibits bacterial protei n Inhibits bacteri al DN A 

synthesis synthesis synthesis 
3. Gram -ve activity Good Good Excellent 
4. Gram +ve activity Good Much less Good 
5. Activity against No activity Less than ciprofloxacin Exce llent 

pseudomonas 
6. Bactericidal activity Time dependent Cone. dependent Cone. dependent 
7. Arthropathy in <18 No No Yes 

years 
8. Neurotoxicity No Yes No 
9. Oto toxicity No Yes (reversible) No 
10. Nephrotoxicity No Yes No 
11 . Excretion Liver Kidney Kidney 
12. Dose adjustment in Not req uired Required Requ ired 

renal failure 
13. Solubility Lipid soluble Water solu ble Lipid so luble 
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Q. Compare Ciprotloxacin, Levofloxacin & Co-trimoxazolc in respect to their spectrum of activity . (CU-

09J) 
A ns. 

Comparison among Ciprofloxacin, Levofloxacin & Co-trimoxazolc 

2n generation 2'" generation 
fluoro uinolone fluoro uinolone trimetho nm 

2. Gram +ve activity Good Good Less 
3. Gram -ve activity Excellent Excellent Good but less than 

fluoro uinolones 
4. Post-an ti biotic effect Against both gram Against both gram +ve Only against gram +ve 

+ve & -ve orcranisms & -ve or anisms orcranisms 
5. Use in enteric fever Excellent & effective Excellent & effective Less effective than 

fluoro uinolones 
6. Pneumocystis carinii Not used Not used Used in AIDS patients 

infection in AIDS atient 
7. Haem o poietic No No Yes 

SU ression 
8. Hypersensitivity Less frequent Less frequent More frequent (as a 

sul hur containincr dru ) 
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t11m,_ 
Enteric fever 

Q. Write down the treatment of enteric fever. (CU- l 3Ju) 
Q. What are the drugs used in enteric fever? (OU-08J, SU-I I J, CU- I 3J, RU-16Ju, I 2/09J) 
Q. Name the antimicrobials used in the treatment of enteric fever. (OU-I 5J,08Ju, RU-09J) 
Q. Which are the drugs used in enteric fever? Which one you prefer and why? (RU-03/0 I J, SU-0JM) 
Ans. 
Dru gs use m en enc ever: d. t . t 

Drugs Dose 
1. Ciprofloxacin (1 st choice) 500 mg 12 hourly for 2 weeks 
2. Ceftriaxone I .2 gm IV 12 hourly 14 days 
3. Azithromycin I gm daily for 5-7 days 

4. Amoxicillin 750 mg 6 hourly for 2 weeks 
5. Co-trimoxazole 960 mg 12 hourly for 2 weeks 
6. Chloramphenicol 500 mg 6 hourly for 2 weeks 

Choice of antibiotic: 
• Antibiotic therapy must be guided by in vitro sensitivity testing. 
• Fluoroquinolones are the drugs of choice (e.g. ciprofloxacin) if the organism is susceptible, but 

resistance is common, especia y mt e Indian subcontinent. 
• Extended-spectrum cee_halos orins_(ceftriaxone_ and cefotaxime) are useful alternatives but have a 

slight y increased treatment failure rate. - - -
• Azithromycm (500 mg once daily) is an alternative where tluoroquinolone resistance is present but has 

n_ot been validated in severe disease. Treatment shou e continued for 14 days. 

• Chloramphenicol, ampicillin and co-trimoxazole are losing their effect due to resistance in many areas of 
the world, especially South-east Asia. 

Pyrexia may persist for up to 5 days after the start of specific therapy. Even with effective chemotherapy there is 
still a danger of complications, recrudescence of the disease and the development of a carrier state. Chronic 
carriers are treated for 4 weeks with ciprotloxacin; cholecystectomy may be necessary. 

(Ref Davidson 's-22nd) 

Q. Name the preferred drug to a pregnant mother suffering from enteric fever . (DU-1 2Ju) 
Ans. 
Drug to a pregnant mother suffering from enteric fever 

1. Cephalosporins (2nd & 3rd generation), eg, cefuroxime, cefixime, ceftriaxone 
2. Amoxicillin 

Pharmacology-66 



TI\I B lueprint Pharnrnco logy 510 

Urinary b"'act infectio n (UTI) 

Q. Mention the drugs used in UTI. (DU-09.1 ,07.1 , RU-15.Ju , 14.Ju) 
Ans . 
Antibiotics used in case of UTI: 

UTI Antibiotics 
Upper UTI (including .. " Trimethoprim 
pyelonephritis) . N itrofuranto in 

~ Co-am ox iclav 
,J' C iprofloxaci n . Norfloxaci n . Cefuroxime 
• Gentamicin 
• Cephalexin 

Lower UTI 1" Trimethoprim 
/ . Ciprofloxacin 
• Norfloxacin 

Prophylactic or / Trimethoprim 
suppressive therapy )' Co-amoxiclav . Cephalexin 

Choice of antibiotics 

(Ref Davidson 's medic ine-22nd) 

• ff urine cu lture has been performed, treatment may be sta,ted while awa it in g the resu lt . 
• Treatment for 3 days is the norm. 

Trimethoprim is the usual choice for initia l treatment. 
• Nitrofurantoin, quinolone antibiotics such as ci profloxac in and norfl oxac in, and cephalex in are also 

genera lly effective. 
• Co-amoxic lav or amoxici llin should only be used when the o rgan is m is known to be sens itive . 
• Pen ic illins and __c_e.p.halosp_orin s a~ sa~ to use in pregnancy but trimetho prim , sul fo namides, quino lones 

and tetracyclines should be avoided. - -- -
(Ref Davidson 's medicine-22nd) 

Q. Enlist drugs used for UTI in pregnancy. (RU- I 3Ju, I 2J) 
Q. Name one drug of choice to treat UTI in pregnancy. Explain its mechanism of action. (RU- 12/08J) 
Q. A 30 yrs aged pregnant mother is suffering from UTI. Select two a nti bio ti cs fo r her s ta ting their 

mechanism of action & toxic effect. (CU-071, R U-06M, SU- 1 IJ) 
Ans. 
Drug of choice to treat UTI in pregnancy: 

_// Cephalosporins: Cephradine, Cefi x ime, Cefurox ime, Ce phalexin, Ceftriaxo ne . 
/4 Penicillins: Amoxicillin , Ampicilin, Coamox ic lav . 

Q. A pregnant lady complains of urinary hesitancy. H e r physic ian prescribed he r erythromycin and 
dicyclomine. Comment on selection of drugs and explain their role. (SU-141) 

*Ans. 
Erythromycin treats urinary tract infection. Its pregnancy category is B. 
Dicyclomine is an antispasmodic and anticho linerg ic (antimuscarinic) agent. Its pregnancy category is 8 . it 
relieves urinary hesi tancy. 
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Infective diarrhea 

Causes I organisms of infective bacterial diarrhea: Shigella, Salmonella, enterotoxic E. coli (E7 EC) , 
enteropathogenic E. coli (EPEC). 

Drugs used in cholera (caused by V. cholera): Tetracycline or Ciprofl oxac in . 

Q. List the antimicrobials that may be used in infective diarrhea caused by Shigella. 
Q. Outline the management of shigellosis. (CU-17M) 
Q. Select P-drug in this case and justify your choice? (CU-17 M,06M) 
Ans. 
Management of shigellosis 

• Oral rehydration therapy or, if diarrhoea is severe, intravenous replacement of water and electro lyte 
loss is necessary. 

• Antibiotics-. 
o Ciprofloxac in (500 mg twice daily fo r 3 days) 
o Ampicillin 
o 3rd and 4th generation cephalosporins 
o Co-trimoxazole 

• Use of antidiarrhoeal medication should be avo ided. 

Ciprofloxacin is the P-drug of infective diarrhea caused by shigella because of 
I . Bactericidal effect 
2. Rapid onset of action 
3. Pro long duration of action 
4. Short du ration of therapy 
5. Less prone to develop resistance 
6. Less change of toxicity 

Respiratory tract infection (RTI) 

Community • Streptococcus pneumoniae Y, Cap. Amoxici ll in or, 

(Ref Davidson 's-22"J) 

acquired • Chlamydia pneumoniae Clari th romycin / Erythromyc in (penicillin 
pneumonia (CAP) • Mycoplasma pneumoniae hypersensitive cases) 

• Haemophilus influenzae • Flucloxacillin / Clarithromycin (in case of S. aureus) 

Hospital acquired • E. coil 
pneumonia • Pseudomonas aeruginosa 

• S. aureus 
• Klebsiella 

• Clarithromycin / Erythrornyci n (Mycoplasma 
neumoniae) 

3rd generation cephalosporin (e.g. Cefotaxime / 
Ceftazidime) + Gentamicin or, 

• Meropenem or, 
• Aztreonam + Flucloxacil lin 

(Ref Davidson 's medicine-22nd) 

Q. A patient aged 16 years, came to you with sore throat & fever. Outline the initial best treatment. Give 
rationale of each drug mentioned . (SU-09]) 

Ans. 
Diagnosis: The common cause of sore throat & feve r in a 16 years aged patient is acute tonsillitis. 

Initial treatment: Tablet phenoxymethylpenicill in (500 mg, 6 hourly), Cap. Amoxici ll in 500 mg 3 hou rly. 
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Rationale of the drugs: Sore throat & fever due to acute tonsillitis is due to streptococcal infection. 
Phenoxymethylpenicillin is a narrow spectrum antibiotic drug & sill now very much effective against 
streptococcal !nfections. Moreover it is very cheap (3 taka per 500 mg tablet) in_ com~arison to other drugs used in 
streptococcal infection. Amoxicillin is also very effective against streptococcal mfect1ons. 

Meningitis 
Common bacterial causes: 

1. N. meningitidis 
2. E. coli 
3. S. pneumoniae 
4. H injluenzae 
5. Proteus 

Antibiotic treatment: 
• Benzyl penicillin IV (pt with a typical meningococcal rash) 
• Cefotaxime I Ceftriaxone IV (pt without a typical meningococcal rash) 
• Vancomycin / Rifampicin (pt with penicillin resistant pneumococcal pneumonia) 

(Ref Davidson 's medicine-22nd) 
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Mycohacteria are intrinsically resistant to most antibiotics. Because they gruw slowly compared with other bacteria, 
ant 1 /O l/Cs t 10 are most adive against growing cells re relatively inejfecti;e. tvfyc:uhacterial cells c:an alsu be dormant und 
thus completely resistant lo many drugs or killed only vetJ1 slowly. The lipid-rich mycubac:terial cell wall is impermeable tu 
many agents. Mycobacterial species are intracellular pathogens, and organisms residing within macrophages are 
inaccessible to drugs that penetrate these cells poorly. Finally, mycobacteria are notorious f or their ability to develop 
resistance. Combinations of two or more drugs are required to overcome these obstacles and tu prevent emergence of 
resistance during the course of therapy. The response of mycobacterial infections to chemotherapy is slow, and treatment 
must be administered for months to years, depending on which drugs are used. 

(Ref Katzung- 1 Jth) 
Anti-mycobacterial drugs: 

.Y Anti-tubercular drugs 
y Anti-leprosy drugs 

Q. Categorize the anti-tubercular drugs on the basis of their preference. (CU-11 Ju, RU-16Ju) 
Q. Write down the category wise anti-tubercular regimens. (DU-13Ju) 

jLi t~e tuberculocidal drugs. (CU-l 7J) 
Q. '...i_1ts the 1st line anti-tubercular drugs. (DU-17 J, 15/l 3J , CU-12/1 1J ,09Ju; RU-14/13] u, 12J ,08Ju , SU-09Ju) 
, . lists the 2nd line anti-tubercular drugs. (CU- l 7M, \ SJ) 

Ans . 
Aftb Id n 1- u ercu ar rugs: 

First line drugs: (in approximate order of preference)- These drugs have high antitubercular efficacy as 
well as low toxicity & are used routinely. 

1. Isoniazid (H) 
2. Rifampicin (R) 
3. Pyrazinamide (Z) 
4. Ethambutol (E) 
5. Streptomycin (S) 

Second line drugs: These drugs have either low antitubercular efficacy or high toxicity or both & are used 
in special circumstances. 

,,,,I-:' Amikacin 
2. Aminosalicylic acid 
3. Capreomycin 
4. Ciprofloxacin 
5. Clofazimine 

-~ Cycloserine 
7. Ethionamide 
8. Levofloxacin , tY L~,J\cyc-

9. Rifabutin 
10. Rifapentine 

(Rej- Karzung- I 3th) 

Nice~ ow 
DH' erence between 1st line & 2nd line anti-tubercular drugs: 

1st line anti-tubercular dru2s I ,1_. ... ,. 2nd line anti-tubercular dru2s ' ' 
.. 

1T ~ ,- , ' 

1. More potent l . Less potent 
2. Less toxic 2. More toxic 
3. More chance to develop res istance on monotherapy 3. Less chance to deve lop res istance 
4. High therapeutic index (Tl) 4. Low th erapeuti c index 
5. Given initi ally 5. Reserve drugs 
6. <;:an be given by a graduate doctor or maintenance by 6. Always need specialized opinion . Cannot be given 

a health worker by a graduate doctor 
7. More convenient 7. Less conveni ent 
8. Less expens ive 8. More expensive 
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Ora l/ Parcntl:ra l O ral 
administration 
Absorption Well absorbed 

from GIT 
W e ll absorbed from 

GIT 

We ll absorbed fro m 
GIT 

We ll absorbed fro m Not abso rbed o rally 
GIT 

Distribution a ll body fluids all body fluid s and Wide ly di s tributed Wid e ly di s tributed ma in ly extrace ll ular 

and tissues tissues 
Metabolism Liver Liver 
Excretion Liver Kidney 

Anti-bacterial Bactericida l Bacteri c idal 
action 
Intracellular Intracel lular & Intracellul ar & 

extracellular extrace ll ular 

Drug resistance Develops rapidly Deve lops rapidly 

Q. Mention the indications of isoniazid. (DU-091) 
Q. Mention the indications of rifampicin . (CU-021) 
Ans . 
Indications of anti-tubercular drugs: 

Liver 

Kidney (50%), liver 
(20%) 
Bacte riostati c Bac te ri c i da I 

Intracellul ar 

Deve lops rapidly 

Bac te ricidal 

Ex tracellular 

Drugs I Indications . ' ' •• _l • ~ • • ~ • -,. • ..,. :· r· · .. ' ', . :·,. "·; .... ;;~-~ .. ,: .·:.i .,:, .1~~:-1.,;.'~_-";r"'?r-,: ·~ ~;,, 

Isoniazid . TB . Latent TB 
Rifampicin . TB 

• Leprosy . To eliminate meningococcal & staphy lococcal carriage . 
• As prophylax is in contacts of children with Haemophilus injluenzae ty pe b disease . . Serious staphy lococcal infections such as osteomye litis a nd prosthetic valve e ndoca rdi tis . 

Pyrazinamide . TB 
Ethambutol . TB 
Streptomycin . Life-threatenin g forms of TB, eg, menin g itis a nd d isseminated di sease. . MDR TB . 

,Q. Lists the 1st line anti-tubercular drugs with tlieir co'mmon adverse effects . (DU- l 7J) 
Q. Mention the important side effects of each anti-tubercular d rug. (DU-l 7M, l 6J, 14J) 

(Ref- Katzung-1 Jth) 

'Q.Mention one toxic effect of each anti-tubercular drugs . (DU-13J, 12J, l 1Ju , CU-13J, SU-08Ju, RU-121) 
_Q. Write down the important adverse effects of INH. (DU-13Ju,10/09J ,RU-08J,04S ;CU-06M;SU-09J u) 
Q. Write .d n the adverse effects of rifampicin. (DU-1 JJu , 1 OJ;SU-09J u;RU -1 OJu,OJS) 

pl ·u the adverse/toxic effects of pyrazinamide /PZA. (RU- l 6Ju ,08J) 
tjon th~ adverse effects of et.hambut_ol. (RU-14Ju,05S) 

-~ 
Adverse effects of the anti-tubercular drugs : 

I - I I < , 

l' -l > 
I-\ -r 

7 
ruJ 

,Y.~ 
4 . 
5. 

He patitis: Thi s is th e most comm o n major toxic effec t. 
Peripheral neur-opathy : In I 0-20% pa ti ents. It is mo re like ly to occur 111 s low 
accty lators. 
Immunolog ica l reactions : Fever and skin ra s hes, S LL. 
G IT upset: Nausea, vo miting 
Hematolo ,jc abnormalities 
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6. CNS disturbances: 

• Con vu ls ion 
• Hallucination 
• Memory loss 

Rifampicin 
· • Psychosis (Ref Katzung-1 Jth) 

, ,Y' Causes harmless orange/red coloration of sa liva, urine, sweat, tears, and contact lenses . 
,Y. Hepatitis & cholestatic jaundice. 

3. Light chain proteinuria. 
JV Flu-like syndrome. 

5. Induction of drug metabolizing enzymes. (Rel' Katzun ~-1 Jth) 
Pyrazinamide _),.-.J. Hepatotoxicity (in 1-5% patients) 

2 H 
. , .sr 

· yperuncemia leading to acute gouty arthritis -cscd 
3. GIT upset: Nausea, vomiting - 'V~,......__--0 .)-
4. Drug fever ~ (Ref: Katzunf!,-13th) 

Ethambutol /1,:-- Retro bu I bar neuritis, resulting in loss of visual acui ty and r'ed-green color blindness. 
Streptomycin / 1--:- -Ototoxicity 

} / Nephrotoxicity 

Q. Mention the hepatotoxic anti-tubercular drugs. (RU -13J) 
Ans. 
Hepatotoxic anti-tubercular drugs 

1. Isoniazid 
2. Rifampicin 
3. Pyrazinamide 

lsoniazid / INH 

Q. ~ the mechanism of action of INH. (DU- I0J; CU-14Ju, SU-09Ju; RU-16Ju) 
Q . plain the anti-tubercular mechanism of ison iazid. (RU-08J, CU-12Ju) 

ns . 

(Rel Katzunr.-1 Jth) 

Mechanism of action of INH: Isoniazid inh ibits synthes is of mycol ic acids, which are essential components of 
mycobacterial ce ll walls. 

Isoniazid is a prodrug that is act ivated by KatG, the mycobacteri al catalase-peroxidase. 
l -

The activated form of isoniazid forms a covalent complex with an acyl carrier protein (AcpM) and KasA, a 
beta-ketoacyl carrier prot~n synthetase. __ _ 

l ' f v- P 
his complex blocks mycol ic ac id synthes is. (:-, 'r (\(_rs '---+ uff,..,.."-

1 ----- 1-' 

Cell wall of mycobacteria is disrupted. 
t 

Bacterial cell death. 

Q. Discuss the mechanism of bacterial resistance against INH. (SU-07 Ju) 
Ans. 
M :ch)-rf1sm of bacterial resistance against INH: Res istance to isoniazid is assoc iated with 

(Rel Katzung-13th) 

-( mutations resulting in overexpression of inhA, wh ich encodes an NADH-dependent acy l carrier prote in 
reductase; 

2. mu at1on or deletion of the katG gene; 
3. promoter mutations resul ting in overexpression of ahpC, a pu tative virulence gene involved in protection 

of the ce ll fro m oxidative stress; and ( A C \' 
) 
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-f4 . mut·'ltions in kasA. 

Overproducers of inhA express low-level isoniazid resistance and cross-resistance to ethionamide. KatG mutants 
express high-level isoniazid resistance and often are not cross-resistant to ethionamide. 

(Ref: Katzung-13th) 

Nice to know: 

Metabolism of INH: INH is metabolized in the liver first by acctylation and then b~ _!lydroly2_i~. INH - Acetyl 
fNH (by ace 1 latio i:Q_ - Isonicoti.nic acid_ -t acetyl hydrazine (by hydrolysis). _Acetyl hydrazine produce as a 
metabolite of INI-1 is highly hepatotoxic. Metabolism of isoniazid, espec1ar y acety afion by liver N­
acetyltraiisferase, is genetically determined . The average plasma concentration of isoniazid in rapid acctyfators 
is a out one third to one half of that in slow acetylators , and average half-lives are less than I hour and 3 hours, 
respectively. 

!NH administration in rapid acetylators 

t 
More metabolism in liver by rapid acetylation 

More accumulation of hepatotoxic acetyl 
hydrazine 

t 
More hepatotoxicity 

More excretion of INH by kidney 

t 
Less plasma concentration of INH 

t 
Less pyridoxine excretion due to less fN H 

t 
Sufficient plasma level of pyridoxine 

t 
Less peripheral neuropathy. 

~~es INH produce peripheral ncuropathy? (CU-14Ju) 

~ azid induced peripheral neuropathy: Peripheral neuropathy is observed in 10- 20% of patients given 
dosages greater than 5 mg/kg/d but is infrequently seen with the standard 300 mg adult dose. It is more likely to 
occur in slow acety a ors and atients with red is _osing_ ~gndi!ions such as malnutrition , alcoho ism, drahetes, 
AID , an uremia . Neuropathy is due to a relative pyridoxine deficiency. T hi s tox icity is readily reversed by 
p:9naoxine in a dosage as ow as 1 Omg1a . 

(Ref: Katzung-1 Jth) 
Pathogenesis of INH induced peripheral ncuropathy 

INH administration in slow acetylators 

t 
Less metabolism occurs in liver by slow acetylation - JAcetyl hydrazine - JI-Iepatotoxicity 

t 
Less excretion of INH by kidney 

t 
More plasma concentration of INH 

t 
fNH promotes excretion of pyridoxine 

t 
Pyridox ine deficiency in peripheral ne rvous system 

t 
Peripheral neuropathy. 

(Ref- Katzung-1 Jth) 
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Q. Suggest the measures to avoid the adverse effects of INH. (CU-06M) 
Q. Justify the use of pyridoxine with INH. (RU-l 5Ju, J 3Ju) 
~:,J6nalize combination of INH and Vit B6. (RU-17 J) 

~/sures to avoid adverse effects of INH: 

Antimicrobial drugs 

I. To avoid p~ripheral neuropathy: Peripheral neuropathy is due to a relative pyridoxine deficiency. lsoni~zid 
promotes excretion of pyridoxine, and this toxicity is readily reversed by administration of pyridoxinc 111 a 
dosage as low as IO mg/day. 

2. To avoid hepatotoxicity: Liver function test should be carried out before therapy and shou ld be monitored at 

2-4 months interval. If SGPT level is 5 times normal, discontinuation of !NH is recommended. 

Q~ )Yhy isoniazid is a must in antitubercular regimen? 
Ans. · 
Rationale of using INH in anti-tubercular drug regimen: The lipid rich mycobacterial cell wall is impermeable 
to many antibacterial drugs . lsoniazid disrupts mycobacterial cell wall by blocking rnycolic acid synthesis . So, 
other antitubercular drugs can enter readily through disrupted mycobacterial cell wal l & thus !NH provides a 
chemotherapeutic synergism. For this reason, Isoniazid is a must in antitubercular regimen . 

Q. Write d n advantages and disadvantages of isoniazid as anti-tubercular drug. 
Q. o/-cu the role of INH as anti-tubercular drug. (CU- l 6J, 13Ju) 
Any. 
Advantages of INH: 

1. Isoniazid is the most active drug for the treatment of tuberculosis caused by susceptible strains. 
2. It penetrates into macrophage & is active against both intracellular and extrace llular tubercle bacilli . 
3. It has bactericidal effect for actively growing tubercle bacilli . 
4. Responsible for chemotherapeutic potentiation by enhancing entry of other antitubercular drugs into the 

cytoplasm of tubercle bacilli. 

Disadvantages of INH: 
I . Less active against slowly multiplying tubercle bacilli 
2. Hepatitis 
3. Peripheral neuropathy 
4. CNS disturbances 
5. GIT upset 

Rifampicin 

Q. Wri~ n the mechanism of action of rifampicin . (OU-I0J ; SU-09J.u; RU-I !Ju) 
~~anti-tubercular action of rifampicin. (CU- 12Ju, SU-14J , 12Ju,08Ju) 
Ans. 
Anti-mycobacterial action/ mechanism of action of rifampicin: 

Rifampicin binds to the P-subunit of bacterial DNA-dependent RNA polymerase 

! 
Inh ibits RNA synthesis 

! 
No protein synthesis 

! 
No growth & multiplication of bacteria 

! 
Rifampin is bactericidal. 

Human RNA polymerase does not bind rifampin and is not inhibited by it. 

Pharmacology-67 

( Re}: Katzung-l 3th) 
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Nice to know 
Drug interaction of rifampicin : 

Rifampicin 

1 
Induction of drug metabolizing enzymes by rifampicin 

1 
jDrug metabo li sm 

1 
1 Plasma concentration of drugs 

1 
Therapeu ti c fa ilure 

Dru2s · :: Results · 

Aiifampicin + Anticoagulants 

.,.. Rifam icin + Anticonvulsants 

Anticoagulant failure - Increased 
thromboembolic disorders, ea, MI, ischemic stroke . 
Anticonvu lsant failure - Convu lsion 

resulting 111 

(Ref Katzung- 1 Jth) 

Q. Write down advantages and disadvantages of rifampicin as anti-tubercular drug . (CU-1 2/ 1 IJ ,09Ju) 
Q. Outli e role of rifampicin in tuberculosis. (CU-17J,16J,15Ju, SU-12Ju) 
Q. D"sc 1ss the role of rifampicin as anti-tubercular drug. (CU-I 3Ju) 
Ans. 
A 

- '-./' 
ntages of rifampicin : 

I. Rifampin is Qactericidal fo r mycobacteria . 
2. It readily penetrates mosttissues and into phagocytic cells. 
3. It can kill organisms that are poorly accessible to many other drugs, such as intracellular organisms and 

those sequestered in abscesses and lung cavi ties. -~ i , 

4. Active against both intracellular and extracellu lar tubercle bacilli. 
5. There is no cross-resistance to other c lasses of antimicrobial drugs . 
6. Excreted mainly through the li ver into the bile . Dosage adjustment fo r renal or hepatic insufficiency is not 

necessary. 
(Ref- Katzung-1 Jth) 

Disadvantages of rifampicin: See adverse effects of rifampicin . 

Q. What advice will you give to the patient when you prescribe rifampicin? 
Ans. 
Advice to a patient taking rifampicin: 

1. Rifampicin causes harml ess orange/red coloration of saliva, urine, sweat, tears, and contact lenses. So 
don' t worry about thi s. 

2. Monitor li ver functions regularly. 
3. Avoid other drugs without physician's consultation, because there may be drug interaction. 
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Pyrazinamide 

Q. E) p{ aj_t e antitubercular mechanism of pyrazinamide. (CU-i 6J , RU-08J) 
Q. )"'~t is the role of pyrazmamide in tuberculosis'! (CU-l 5Ju, SU- I 4J) 
Ans . ' . 

Anti-tubercular mechanism of pyrazinamide: 
Pyrazinamide is taken up by macrophages. 

! 

Antimicrobial drugs 

The drug is conve11ed to pyrazinoic acid-the active form of the drug-by mycobacterial pyrazinam idase. 

! 
The drug target and mechanism of action are unknown. It exerts its activity against mycobacteri a res iding 
withm the acidic environment of lysosomes. 

(Ref - Katzung-l 3th) 

Q. Discuss the advantages of anti-tubercular regimen of 4 drugs including Pyrazinamide over that of 3 
drugs without Pyrazinamide. (CU-07J) 

Q. Wz::ite own advantages and disadvantages of pyrazinamide. 
Q. J ri down role of pyrazinamide in the treatment of TB. (CU- 12Ju) 
An.t 
Ad~ ntages of pyrazinamide in the treatment of TB: 

1. It is much more active against dormant tubercle bacilli than the other anti -tubercular drugs. 
2. Prevention of relapse: yrazmami- e ki lls intrac~llular dormant bac ill i. So, it prevents relapse of the TB 

which may be flared up by the dormant baci ll i. 
3. Shortening of the duration: An lNH-Rifampicin combination take 9 months fo r cure. But the addition 

of pyrazinamide with the combination in the l st 2 months reduce the total du ration by 3 months (i .e. take 
6 months fo r cure) . 

4. It is widely distributed over bone, avascular structures, men inges, so it is used to treat tubercular 
osteomyelitis and tubercular meningit is 

5. There is no cross resistance to other antimicrobial drugs. 

Disadvantages : Write the adverse effects of pyrazinamide. 
(Ref Katzung-1 3th) 

\--.::--r·~ 

Ethambutol -;r ~-:~_:, ·'~Y (tc ,__~,, 1 

,,.,.r"- , -~ ) - (: •• , ~'c~- ~ . 
~ e mechanism of action of Ethambutol. (CU- I 6Ju) ___./ 

Mechanism of action of Ethambutol : Ethambutol inhib its mycobacteria\ arabinosyl transferases, which are 
invo lved in the polymerization reaction o arabino l can,i(n essential component of the mycobacteria l ce ll wa ll. 

~" (Ref- Katwng-13 th) 

~ precaution is required to presc,;be ethambutol? ( CU-07 J) r Y ' ''"' ;c · "~ , _ i · ,'7 -.{; 
Ans. 
Precaution of using ethambutol: The most common serious adverse event of ethambuto l is retrobulbar 
neuritis, resulting in loss of visual acuity and red-green color blindness. Thi dose-related side effect is more 
likely to occur at doses of 25 mg/kg/d continued for severa l months. Periodic visual acuity te ting is des irable if 
the 25 mg/kg/d dosage is used. Ethambutol is relati ve ly contra indicated 111 children too young to permit 
assessment of vi sual acuity and red-green color di scrimi nation. 

(Ref Kat::: ung- l 3th) 
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Streptomycin 

Q. Write down advantages ... ~ disadvantages of streptomycin. 
Ans. 
Advantages of streptomycin: . 

I . It is used to treat tubercular meningitis and miliary tuberculosis . . d . . 
. · 1· ti er antitubercular 1ugs. , It is used to treat tubercul osis caused by resi stant strams o o 1 

Disad, antages of streptomycin: 
I. Active against only extracellular tubercle bacilli. 

,., Always parenteral administration. bl k d 

.... 

3. Serious adverse effects, eg, ototoxicity, nephrotoxicity, neuromuscular oc a e. 
(Rel Katzung-l 3th) 

Q. Outline role of ofloxacin and kanamycin in tuberculosis. (SU-12Ju) 

Ans I · · · · b d fi t eatment of tubercu os1s caused by Role of kanamycin in tuberculosis: Kanamycm has een use or r . . . 
· · · · · · f I · It t· s (eg capreomycm and am1kac111) has streptomycm-res1stant stra111s, but the availab1hty o ess toxic a erna 1ve , 

rendered it obsolete. 

Role of ofloxacin in tuberculosis 
I. Inhibit strains of M tuberculosis at concentrations less than 2 mcg/mL. 
2. They are also active against atypical mycobacteria. 
3. Can be used for strains that are resistant to first-line agents. 

Treatment of TB 
(S'rx <-\) 

Principles of anti-tubercular therapy: The basic principles of good TB treatment are­
!. Right combination of drugs to kill different bacterial populations. 
2. Drugs are given for the right duration to kill the bacilli. 
3. Drugs are given in the right dosage to achieve therapeutic but not toxic effect. 

Aim of treatment 
I. To cure the patient of TB 
2. To prevent death from active TB or its late effects 
3. To prevent relapse of TB 
4. To decrease transmiss ion of TB to others 
5. To prevent the development of acquired drug resistance. 
6. To kill a large number of act ively multiplying bacilli (isoniazid achieves this). 

(Rel Katzung-l 3th) 

7. To treat persisters i.e. semidormant bacilli that metabolize slowly or intermittently. Rifampici n and 
yrazinamide are most effi cacious. 

(Ref' National guideline & operational manual for TB control-5th) 

r atment bases: Effective chemotherapy consists of 2 phases: 
Initial or intensive phase: In this phase, drugs are administered daily for 2 months in new cases and 3 
months in re-treatment cases. The aim of this phase is to rapidly reduce and eliminate the multiplying 
bacilli without allowing the development of acquired resistance to the prescribed drugs. During the 
in tensive phase, the tubercle bacilli are killed rapidly. The infec tious patients quickly become non-infectious 
(within approximately 2 weeks). 

2. Continuation phase: It is essential to eliminate the remaining bacterial population. Drugs are 
administered daily for the rest of the treatment duration according to category. 
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Q. How will you treat a ·case of pulmonary tuberculosis by 6 months regimen? (DU-04J , CU-07/06J,05M, 
' .' RU-0SS, $U'-03S) .. _- .. 
Q. Name the d'rugs used in a 6 mont,i antitube,;cular regimen. (DU-17M, 14J, I 2J) 
Q. Outline the 6 months regimen of°lmlmonary tuberculosis. (SU-l 7J) 
Q .. _. Write down the category i treat~ent i·egimen of pulmonary tuberculosis/ PTB. (RU-05S, SU-16J, 15J) 
Q. Explain the short course r,_egimen for tuberculosis . (DU-07M, CU- l 4J) 
Q .. Outline the freatmeht of category i tuberculosis. (DU-15J) 
Q . .. Stat_e·category I treatmenJregimen of tub.erculosis. (RU-14Ju, SU-l 6Ju) 
_Q'. .'\yh ·initially four drtigs·a·re used for two months? (CU- 141) 
Q~· ·. _y _ti-TB tlJ..erapy reql!ires PXQ,Q!!g~d-dur~!!Ql}_of_treatment? JRU-l 5J_u) 
An. 
T, 

I 

II 

tuberculosis: 

Patient category 

• New smear positive PTB 
• New smear negative PTB 2 months HRZE 4 months HR 
• New extrapulmonary TB 
• New concomitant/associated HIV/AIDS 
• Sputum smear positive PTB with history 

of treatment of more than one month 
• Relapse 2 months (HRZE)S + 5 months (HR)E 
• Treatment failure after category I I month HRZE 
• After loss to follow-up 
• Others 

H = isoniazid; R = rifampicin; Z = pyrazinamide; E = ethambutol; S = streptom ycin. 

(Ref· National guideline & operational manual for TB contro/-5//'121) 

Nice to know 
Dose of anti-TB drugs in 6 month-regimen: 
Intensive hase r·1 2 months): 

Drugs 

Ri am icin 

Children 
Adult 

<50 k a 
450111 

\--\ c \i:_ 
l L \ '~ 

'--'~' -:so-c:, 
sc:-c- '°I~' 

_:) 

Isoniazid s \:J_ .... "1.L' ]_.') 
1. T ~ 1" --f 

~ 

P razinamide 
Etlwmbutol 

½ 

Continuation hase: last 4 months : 

Drugs Children 

Ri am icin 
Isoniazid JO mg/k 

Q. Mi·. Salamat hailing frorn. Kanaigliat aged_ about 55 years having a body weight of 55 kg attending you 
:with the complaints of evening rise of fever, productive cough & gradual wt. reduction for several months. 
His i putum ,is -z-N stain positive and CXR shows apical patchy opacity. Make your diagnosis ancl give him 
t_rea_t_ml n.t. Write o_ne adverse effect of each drug used in this regimen. (SU-13J u) 
Ans. 
Diagnosis: Pulmonary tubercu los is (category-I) 

Treatment: 
Intensive phase (Daily): 2 months HRZE 
Continuation phase (Daily): 4 months HR 
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Adverse effect of each drug: Write Jiw 11 ohove . 
.,--

Nice1o, now 
Fi\ ,( do.,·e combinatiom· (FD() : J,'/)(, is L·uml, illt'd tuh/et crmluining ,/ 01· 2 anti-t11herrnlar clru;,!;S. I-DC tuhll!t.1· ure 
c 11poseJ as fu /10\1 s. 

• 4-FDC: lsonia:.id 75mg 1- N/fi.11111; ici11 150mg + /'vrn:. in11 111ide ./()0 111 ,i.:. 1 J,;t/u11nh11tol 27 5mg 
• 2- FDC: lsonia:.id : 5mg I N1jr1111pici11 I 5(h11,1:, 

Tlt e doses o( FDC tah/et.,· (<>r adults are 11.,· (<>flo w,·. 
Cate0 orv / · ~ 

Jutensive plwse Continuation phase 

Pre-treatm l:! 11! weigltt (kg) Daill' (!'' 2 111011tln) Dail)' (Next 4 montlis) 

Numher of'4-FDC tablet.,· Number o/'2-FDC tablets 

30 ' 7 2 2 
J t 

38 54 3 3 

55 70 4 4 

> 70 5 5 

Cate0 orv I/ · ·,', 

Intensive phase Continuation phase 

Pre-treatment Dai/Ji (t'1 3 months) Dail)' (1'·1 2 months) Dailv (Next 5 mouths) 
weight (kg) Number of 4-FDC tablets Inj. Streptomycin Number of 2-FDC Etlwmbutol 400 mg 

tablets (No. of' tablet!J) 

30-37 2 500 mg 2 2 

38- 54 3 750 mg 3 3 

55 - 70 4 I gm* 4 3 

> 70 5 1 gm* 5 · 4 

*The dose of streptomycin should not exceed 750 mg daily cifier the age of 50 years. 
(Ref National guideline & operational manual for TB control-511'/22) 

Q. Justify the rationale for multi-drug ilierap:f and initial intensive phase in the management of 
pulmonary tuberculosis. (CU-06M,RU-09Ju,04S) . 

:Q. Jµ$tify the .. use of combination therapy in tuberculosis. (DU-l7J,13J,J 2J,08J; RU-12J,08Ju, SU-1 'lM) 
Q. Justify adminis tration of 4 drugs in the in itial phase of 6 month anti-tubercular therapy. (CU-

· 16Ju) · · 
Q. Explain how th·e phenomenon of chemotherapeutic synergism has been exploited in the Rx of TB. (RU­

Q4M) 
An . 
J stification of usin multidru y / combination thera) , in tuberculosis: 
l To broaden the spectrum coverage: 

• Mycobacteria are intrinsically res istant to most antibiotics . Because they grow slowly compared with 
other bacteria, anti biotics that are most act ive against growing cells are relat ively ineffective. 

• Mycobacteria l cells can also be dormant and thus complete ly resi stant to many drugs or killed only very 
slowly. 

• The li pid-rich mycobacterial ce ll wall is impermeable to many agents. Mycobacteria l species are 
in tracellular pathogens, and organi sms residing withi n macrophages are inaccess ible to drugs that 
penetrate these cells poorly. 

• These Jrob lems are solved b usina combination of dru ,s, eo, 
l. Ri fa mpicin ,...,-~ts on intracellu lar and extrace llular bacteria . 'v 

YCan kill oroanisms that are se uestere_(j_il1 ~bscesses and luncr cav ities. 
2. Isoniazicl Acts on !ntr_ace llul a~_and _ extrac~ll ~1 ~a r ?acter ia. . ~ L,\ v,j ~~ 

~cts on r~p1 y mu t1p ly1ng baci_llI 11: ti ssue:~ even 111 CS F. IX +-
• Least active a a1nst slowl multi 1I 111 0 bac1ll1 . Doru 

3. Stre ptomycin 
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4. Pyrazinamide • iVluch more acti ve against dormant tubercle bacilli than the other anti -

-
t ibcrcular drugs. - -

,.,,. ,,,Acts on 0 tracellular bacteri a. 
,,- Acts on slowly multi plying bacilli . 

5. Ethambutol YDelays and prevents development of res istance. 

To _rrevent development of resistance: Mycobacteria are notorious for their ability to deve lop res istancc 
aga inst dru gs_. C~mbinations of two or more drugs are required to overcome these ob ·taclcs and to prevent 

,,.emergence of res istance during the course of therapy. 

}( !0 ~h~rte_n du~·ation of treatment: Combination therapy reduces the tota l duration of treatment. An 
1somazid-nfampm combination administered fo r 9 months will cure 95- 98% of cases of tu berculos is caused 
by susceptible strains. The addi tion of pyrazinamide to an isoniazicl-rifampin combination for the fi rst 2 
months allows the total duration of therapy to be reduced to 6 months without loss of effi cacy. 

To reduce individual toxic effect of a large close of a single drug. Eg, retrobulbar neuritis is a close-related 
adverse effect of ethambutol. Thi s dose-related side effect is more like ly to occur at doses of 25 mg/kg/d 

.---6 continued fo r severa l months. At 15 111 g/kg/d or less, visual dis turbances are ve ry rare. 

To increase chemotherapeutic potentiation: One drug potentiates the other dru g. Eg. 
• Ethambutol enhances the activity of ri fa mpicin. 
• Pyrazinam ide enhances the sterili zing ab ility of ri fa mpicin. 

(Rel Katzung-l 3th) 

Q. Discuss DOTs for treatment of TB. (CU-17M) 
Q. What is DOTs and w hy it has been implemented? (RU-1 3Ju) 
Q. List the dr gs used in DOTs fo r the treatment of tuberculosis . (DU-16J,l lJu,lOJ, RU-10Ju) 
Q. Co 1e ts on DOTs therapy. (SU-14Ju) 
Q. S o_te: DOTs. (SU~l 7J_,1 6Ju/J, 15Ju,15J) 

Directly observed therapy (DOT): Poor adherence to therapy is a major facto r in pro longed infectious il lness, 
ri sk of relapse, and the emergence of res istance. Directly observed therapy, in which supervised therapy is 
administered two or three times each week, has been advocated as a method of improvi ng adherence and has 
become particu larly impmiant as a means of improvi ng the contro l of TB in resource-poor nat ions. 

(Ref Davidson ·s-22nd) 
Drugs used in DOTs for the treatment of tuberculosis: 

I. Ri fampi cin 
2. lsoniazid 
3. Pyrazinam ide 
4. Ethambutol 
5. Streptomyc in 

Q. w./n we consider/ use the 2'"1 line drugs fo r TB? A"//._ .. 
Cond itions fo r using 2nd line anti-tubercular drugs: These dru gs are usually considered only-

1. In case of res istance to 1s1 line anti-tubercular dru gs 
2. In case of failu re of clinica l response to conventional the rapy 
3. In case of serious treatment- li mit ing adverse drug reactions 
4. When expert gu idance is avai lab le to deal with the toxic effects. 

Q. Write down the disadvantages of second line antitubercular drugs. (CU-1 7 J) 

Ans. 

(Ref Kat::: 11ng- l 3th) 
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Disadvantages of second line antitubcrcular drugs 

I . Less potent 
2. More toxic 
3. Lo,v therapeut i~ indt'X 
4. Always need specia li zed op i11i o11 . Cannot be given by a graduate doc tor 
5. Less convcn ient 
6. More expensive 

Q. What arc the indications of steroid along with anti-TB drugs'! 
Ans. 
Indications of steroid along with anti-TB drugs: Corticosteroids should not be ordinarily used in tubercul ar 
patient. Co11icostero ids reduce inflammation and limit ti ssue damage. 

1. Absolute indication: Bilateral adrenal tuberculosis (replacement therapy). 
2. Relatiye indication: 

a. Tubercular meningitis (to prevent adhesion). 
b. Tubercu lar pleural effusion (to prevent adhesion). 
c. Tubercular peritonitis (to prevent adhesion). 
d. Tubercular pericarditis (to prevent adhesion). 
e. TB of ureter (to prevent adhesion). 
f. Renal TB 
g. Seriously ill patients such as in miliary TB, severe pulmonary TB to buy time for drugs to act. 
h. In AIDS patients with severe manifestations of TB. 
1. When hypersensitivity reactions occur to anti-tubercular drugs. 

Corticosteroids are contraind icated in intestinal TB (silent perforation can occur). Corticosteroids, if given, 
shou ld be gradually withdrawn when the general condition of the patient improves. 

(Ref Davidson's-22nd+ Tripathi-l1!747-749) 

Q. What are the causes of therapeutic failure in the management of TB? (CU- I SJ) 
Ans. 
Causes of therapeutic failure in the management of TB 

I. Inadequate dose of drugs 
2. Inadequate duration of treatment 
3. Development of drug resistance 
4. Poor patient compliance 
5. Presence of co-infect ion, such as HIV. 

Q. What is the anti-tubercular treatment in pregnancy? 
Ans. 
Anti tubercular treatment in pregnancy: -~ 

' -\~R-
I -

I. Isoniazid , rifampicin and ethambutol are the drug of choice. 
2. Streptomycin is contraindicated th rough the pregnancy period, as it causes damage of 8th cranial nerve in 

fetUS:-- 'I 
3. Pyrazinamide can be given in li fe th reatening conditi on like tubercular meningitis. 

~ - ·'f.-
~ efi DR-TB. (SU- I OJu) J '-Afk rite the drug treatment of MDR-TB. (SU -1 7M,14Ju,13J ,11Ju) 

Multi drug resistant tuberculosis (MDR-TB): MOR-TB is defin ed as resistance to at least iso niazid (!NH) & 
rifampicin . 

Treatment of MDR-TB: All MOR-TB regimens consist of two phases: 
• Intensive phase: The period in which injectable agent is used. 
• Continuation phase: It starts after the initia l phase. 
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Recommended standard MDR TB regimen: 
8 { Km - Z - Lrx (Of\:) - Eto - Cs} / 12 t I Jx (Ofx) - Etn - Cs - 7.) 

Phases Duration Drw•s _____ .ti:_ _ 

Intensive phase 8 months I. Kanamyc in (Km) 

---- 2. Pyra z. inarniclc (Z) Remember: 
3. Levotloxacin (I Jx) / Oflox:icin (Ol'x) _K PLEC 
4. Ethionamidc (Eto) 
S. Cycloserine (Cs) 

Continuation phase 12 months 1. Pyrazinarnidc (Z) --- 2. Levofloxacin (Lfx) / Ofloxacin (Ofx) 
Remember: 

3. Ethionamide (Eto) 
PLEC 

4. Cyc loserine (Cs) I 

(Ref· National guideline & operational 111{11111al f or TB umtrol-5 "154) 

Nicet<YJ ·now: 
Monoresistance: Resistance to one anti-TB drug. 
Polyresistance: Resistance to more 1hcm one anti-TB dug other than isonia:id and rifampicin. 
MDR-TB is defined as resistance to at least isoniazid (!NH) & r(fompicin 
Extensive drug resistance tuberculosis ()(DR-TB): XDR TB is defined as resisrance 10 at least 4 most ejfeclive 
bac/ericida/ drugs, i.e. !NH, rifampicin, a Jluoroquinolone, one of three injectable second-line drugs (kanamycin I 
amikacin I capreomycin). The XD R TB is virtually unlreatable; mortality is high. 
Treatment failure case of TB: Patienls who remain or again become smeur positive 5 monlhs or /mer after commencing 
treatment are the treatmenlfailure cases. Also one who was smear negative al start o/ therap.J' & becomes smeur positive 

ajier t_he 2nd month. 

Relapse of tuberculosis: A patient declared cured ji·om any form of' TD in the past afier r<:'ceiving one Jill! course of 
chemotherapy & now has become sputum positive. 

Treatment after interruption (default) : A patient who interrupts rhe anti-tubercular 1ret1t111ent ./<Jr 2 months or more & 
returns with sputum positive or clin ically active TB. These patients may have resistant bacilli & are at greater risk of 

developing MDR-TB. 

Ch emoprophylaxis of TB : The purpose is to prevenl progression of'/atenl 1ubercular infect ion to active dis eases. This is 

indicated only in-
1. Contacts of open cases that show recent Mantoux conversat ion. 
2. Children with positive Mantoux & a TB patient in the.family. 
3. Neonate of tubercular mother. 
4. Patient of leukemia, DM, cirrhosis or those who are HI V positive but ar<:' not onergic, or are on corticosteroid 

therapy who show a positive Man/aux. 
5. Patients with old inactive diseases who are assessed 10 have received in inadequate therapy. 

Pharmacology-68 
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nti-Ie rosy dru s 

Leprosy: Leprosy (Hansen's disease) is a chronic granulomatous disease affecting skin and ne':e; it is caused 
by Mycobacterium leprae. The medical complications of leprosy are due to nerv_e damage, _1m':1unological 
reactions and bacillary infiltration. Nerve damage accompanying leprosy is a serious complication causing 
considerable morbidity. 

(Ref Davidrnn 's-22nd) 

Clinical features: Patients commonly present with skin lesions or the effects of a periphera l nerve lesion, 
weakness or an ulcer in an anesthetic hand or foot. 

.,•,,.. Skin lesions: Macules or plaques. 
/ Anaesthesia: Loss of sensation in the area of skin supplied by a peripheral nerve. 

/ Peripheral neuropathy. Damage to peripheral nerve produces regional sensory loss and dysfunction of 
muscles supplied by that peripheral nerve. The CNS is not affected . 

c-' Eye involvement. Blindness. 

Cardinal features of leprosy 
• Skin lesions, typically anesthetic at tuberculoid end of spectrum 
• Thickened peripheral nerves 
• Acid-fast bacilli on sk in smears or biopsy. 

Q. Write down the treatment of leprosy. 
Q. Name the drugs used in leprosy. (RU-04S) 
Ans. 
Principles of leprosy treatment 

• Stop the infection with chemotherapy 
• Treat reactions 
• Educate the patient about leprosy 
• Prevent disabil ity 

Modified WHO-recommended multidrug therapy regimens in leprosy: 

Type of leprosy I Monthly supervised drug j Daily self-administered drug_ . 
treatment · treatment · 

Paucibacillary Rifampicin 600 mg Dapsone I 00 mg_ 
-

Multi bacillary Rifampicin 600 mg Clofazimine 50 _mg 
~lofazimineJ Q0 mg Dapsone I 00 mg 

Paucibacillary Ofloxacin 400 mg 
single-lesion Rifampicin 600 mg 

Kit mocvclme ro-n1ng 

Paucibacillary single-lesion leprosy (one skin lesion) 
,.---Y.aucibacillary (2-5 skin lesions) 
/ Multibacillary (more than 5 skin lesions). 

(Ref Davidson 's-22nd) 

(Ref Davidson's-22nd) 

(Ref Davidson's-22nd) 

I Duratfon of 
treatment 
6 months 

12 months 

-
Single dose 

..__ -

In this field classification WHO recommends treatment of mu ltibac illary patients for 12 months only. 
(Ref Davidson 's-22nd) 
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Dapsone 
Chemic~I name: ~iamin_odiphenylsulfone, a bact~ i9static sulfone (related to sulfonamides). 
Mechamsm of action: Like the ~ulfonamides, dapsone inhibits folate synthesis. 
Pharmacokinetics: 

• Well absorbed from the gut 
• Widely distributed throughout body fiuids and tissues 
• Plasma half life 1-2 days 
• Enterohepatic recycling 
• Excreted through urine . 

Resistance: Resistance against dapsone can emerge in large populations of M leprae, eg, in lepromatous leprosy, 
if very low doses are given. Therefore, the combination of dapsone, rifampin, and clofazimine is recommended 
for initial therapy. 

Indications: Leprosy 
I. To prevent and treat Pneumocystis jiroveci pneumonia in AIDS patients. 
2. Dermatitis herpetiformis. 

Q. Mention the adverse effects of dapsone . (DU-09J) 
Ans. 
Adverse effects: 

1. Hemolytic anemia 
2. Methemoglobinemia 
3. GIT upset 
4. Pruritus 
5. Erythema nodosum leprosum 
6. Anorexia 
7. Fever 
8. Allergic dermatitis 
9. Neuropathy 

Clof azimine 

(Ref Katzung-l 3th) 

(Ref Katzung-131h) 

Mechanism of action: Its mechan ism of action is unknown but may involve DNA binding. It has a leprostatic 
action. ---------_, 

Indications : Clofazimine is given for-
/ ] . Sulfone-resistant leprosy or 
'2. When leprosy patients are intolerant to sulfones (dapsone). 

Adverse effects: 
I. Skin di scoloration ranging from red-brown to nearly black. 
1. GIT upset 
3. Headache 

Pharmacokinetics: 
1. Oral administration 
2. Prolonged plasma half li fe (2 months) 
}: Distributed over reticulo-endothelial (RE) ti ssues and skin . 

(Ref Katzung-l 3th) 
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,~ i a, I ; , E j § j ; ttt ii I ; ! ,m 
Q. Classif_, anti- malarial dru )_!s anonling io thc~i.- cli11kal use. 
Q. Name anti - m ala l"i a l drugs . (S l 1. I J .111 , IZU - 12.Ju) 

Q. Nanu.' the tissue s d1i 1:011 licidcs. . . _ . 06S/M) 
Q. Name thl' ctruos that a ,·c usl'd to ln'a( malana . (DU- I J .lu, RU o7.Ju , J · RU-l

7
J 09J 07.Ju) 

Q. Namt' the bloo"'d sc bizout iddc·s . ( ULJ - 1 Ci.Ju , C U - I 7M, I 6.I , 15.1 , 14.lu , SU-09 , ' ' 

Q. Nl1111_ the g amctocicta l d~·ugs. ( ~--' L_J -0 IM ) . . . . . . , .·. 'SU-l 5Ju) 
,Q.1 6uthne role of ch lo roqumc, qu mmc and pnmaqumc 111 m.11,u 13• ( 

Ans . 

t lassification of antimalaria l drugs : 
' ' D I.:.' i· .:-,.,....,.::· Classes 1 ' · ' .;•·i;' : :<-'' ,, efinition ·< '. : '\' ··<"• ,' I ." • • • • •, ·,'' rugs " • '" 

I) ... , . , "'I ··"'' I' · -.. ,t cle·v"e,·l·o···ping or Primary tissue schizontiddes: I . Tissue 
schizonticides 

• ru gs t m t i.:: 11111111:t e 
do rmant live r fo rms. prophy,!.9,x is I chemoprophy laxrs. 

Drugs fo r causa l 

2. Blood 
schizonticides 

3. Gametocides 

4 . .Caus-aJ. 
f)F0f)hylacti_c 
drugs 
( r r 

, ,' ' ,...} 

• T hey cause a radica l cure by act ing ~ E.m.~ 
· · 1· ,,,..- M efloq u111 e o n th e paras ites rn th e 1ver. ,,, . 

1 
. 

· ,.,.,.,,.- Pynmet 1am111e • These druo s a lso destroy gametocytes . 
and thus° reduce the spread of " Poxvcvc lme 
infecti on. 

• Drugs that act o n erythrocytic 
parasites. 

• They a re used to treat the acute 
attack. 

• They a re al so know n as drugs for 
suppress ive or clinica l clire. 

• Drugs tha t k ill sexua l stages and 
prevent tra nsm issio n to m osquitoes . 

• Dru gs that a re capa ble of preventing 
erythrocytic infecti o n. 

• Dapsone 

Latent tissue schizonticides: Drugs for radica l 
cure 

/ Primaquine 
• Tafenoauine 

Highly 
si ng ly. 

/ 

/ 
,./ 

• 
• 
• 

efficacious: fast act in g & can be used 

C h loroquine 
M efloquine 
Quinine 
Quinid ine 
Atovaquone 
A rte mi s inins 
Lumefantrine 
Ha lofantrine 

Less efficacious: s low act ing & al ways use d 111 

comb ination. 
Pyrimethamine 

• Sulfadoxine 
• Prog uan il 

__._... Primaquine : For P . fa/ciparum 
/ •- C hl o roqui ne: Fo r P. vzvax, P m alariae, P. 

ova le. - -- -
/ Ch iaro tune 
/ Metl oqui ne 
!!' Proguani l 
• Pyrimethamine 

• They b loc k the lin k betwee n the 
exocrythrocyt ic s tage an d th e 
e rythrocy t ic s tage and thu s pre vent 

.__ _______ _,___t_h_c_..:c.cl_c v~I~ -, rncnt o f mal a rial a ttac ks. 
• Dapso ne 
• Doxycyc l ine 

Q. 
Q. 

(R ef.'· Katz ung- J 3th: Rang & Dale 's-8th) r r 0 
C C 

How w~J I you treat a case of P/asmodium vivrc-, infection? (DU-05M,RU-03M,SU-06J) 
How will you approach ph ~rmacologica lly for the tl·eatm ent of P. vivax? (DU-01 S) 

( •i> 
r' 
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Q. How do you treat a casr of uncomplicakd Vivnx malaria? (SU-09.1) 
Q. How will you treat a case of chloroquine sensitive malaria '? (Rlf-06S) . . . DU 
Q. Writl' down the treatment n'gimen of uncomplica ktl malaria. Explain wh y pnmaquinc is add ed. ( · 

.l 6J / 
Ans . 
Trc.'at rlll' lll of Vivax malaria / Non-fakiparum ('hl·nign') malarias: Thcsl' arc usual ly due to t>l_a\ l!wdium 

.. ,·h7<'iY or less co111111 () t1 ly to /! /o.1·11 wtli 11111 uvulc or J'/us111ud111111 111uloriue: the drug of chu 1cc is ch loroq II me, wh ,ch 
shou ld be given by mouth as follows: 

• 
• 

l si day : Chloroquine 10mg/kg(4 tahsforadult.s) '. ~c ; 
2nd day: Chloroquine 10 m~g ( tabs for adults) l 
3n1 day: Chloroquine 2 mg/kg (2 t; bs fo r adu lts) _ j 

For eradication of the hepat ic paras ites : 

• 4 111 day: Primaquinc, 15 111 0 _daily foJ 14 days for ad ults ( I tab = 15 mg). 
For children, 0.3 mg/kg daily for 14 days. 

(Ref Nat iuna/ guideline, 20 11 ; Benne/I & Brown-// I h) 

Q.- How will you treat a case of uncom licated chloroquine resistant falciparum malaria'! (DU­
l 4Ju, 13Ju,10Ju,08/07Ju; RU-15J,13Ju,l 0Ju,06/05M, ·su:07/05/04J) - - - - -

Q. Write down the treatment of a case of falciirnrum malaria. (DU-06M, SU- l 4J, CU-04.l ) 
Q. List the drugs that a,;e effective against chloroquine resistant plasmodium . (DU-l 2Ju, I !Ju, CU-

10Ju,09J) 
Q. Out!in~ the dr11g treatment of multi-cl.rug resistant malaria. (SU-14Ju) 
Ans. 
Uncomplicated chloroquine resistant P. (alciparum malaria : P. falc:iporu111 is now res istant to chloroqui ne 
almost world-wide, so quinine is the drug of choice. If the patient can swallow and there are no serious 
complications such as impairment of consciousness treatment options are as fol lows· 

.~~ 3..c~~- .,_,""" · Q =~""- . ·, Cc e -f..-
~i~ reatment: Artemether + Lumefantrine combmatwn therapy (ACT)- 6 doses over 3 clays. 

Drug Day No. of dose Time of Number of tablets per dose 
dose 5- <1 5kg 15- <25 kg 25- <35 kg > 35 kg 

Artemether + Day I I st 0 hour I 2 3 4 
Lumefantnne 211 (1 8 hour I 2 

,., 
4 .) 

com binatwn Day 2 3,ct 24 hour I 2 3 4 
(ACT) 4111 36 hour I 2 3 4 

G , a.r-0 ~ Day 3 5111 48 hour I 2 ,., 
4 .) 

6"' 60 hour I 2 
,., 

4 .) 

Alternative treatment: 
• Qu in ine 7 days + Tetracycline 7 days 
• Q'uinine7 C:iays + Doxycycl ine Taays 
• Qui nine 7 days + CiTncfamycin7 days 
• Or other WHO recommendecr artesunate combi nat ion thei'ap ies, eg, artes unate-menoqu in e. artesunate­

amodiaquine. 

Dose: 
• Quinine: IO mg/kg 8 hourly for 7 days 
• Tetracycline: 250 mg 6 hou rly fo r 7 days 
• Doxycycline: I 00 mg once dail y for 7 days 
• Clindamyc in: IO mg/kg twice dail y fo r 7 cl ays 

A single oral close of Primaquine 0.75 mg/kg (45 mg base / 3 tabs for adult) shoul d be added to kil l gametocytcs 
to reduce transm iss io1i alter the end of7 clays course. 

(Re{' National guitfeline, +f)J 1) 
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Q. Short note: Coartcm. (DU-17.f) 

Ans. . . . . /"antrine combination. The combination came into 
Coartem: Coartem 1s the trade name of A1temether and Lume 
medical use in 1992. 

Route of administration: Oral 
Indication: Chloroquine resistant P.falciparz1111 malaria 

Common side effects include-
!. Muscle and joint pains 
2. Fever 
3. Loss of appetite 
4. Headache 

Serious side effects include 
1. Prolonged QT syndrome. 
2. Anaphylaxis 

Pregnancy cattgory: C 

,/,,/ down the treatment ofsevei'e malaria/cerebral m~laria/co'."plicated mal~ria. (CV-071, SU-09J) 
., .Me:~~ibe the treatment of a case of acute.severe unconscwus falc1parum malana. (C~-161 u, l 5Ju) 

Ans. d' I 
Treatment of cerebral malaria/ severe malaria/ complicated malaria: Severe malaria is a me tea emergency 
and cerebral malaria is the most common presentation and cause of death in adul ts with malaria. The management 

at, _>..J)'c ~) ___,,..,\...,.\.. 
of severe malaria should include- j .3 ("C.>7 """ , ' · . \ ; 

• A t' t t f I" at'o1s C,.. v...\---<"--r"- · , 

• Early and appropriate antimalarial chemotherapy ( ~ D f4, '; - u 
c rve trea men o comp re 1 1 

0 
r---,. 

Q "-A • Correction of fluid, electrolyte and acid-base balance ., , \ ~ c , t'-~ .:,-Yr-tc.., n,...,"?Uv 
\ 0 " '-,,,- \ L ' , ") - 7 cY..;, /2 

2 c... 'n. . 
1. IV Artesunate is preferred for severe malaria / cerebral malaria when available. D , ·\.- ~, ,{> s c:1 ""--2-

~ Dose: 2.4 mg/kg IV stat fo llowed by 2.4 mg/kg daily until the patient can take oral medication. 

2. IV Quinine salt is alternative if N artesunate is not avai lable. 
• Loading dose: 20 mg/kg as a loading dose (maximum 1.4 g) in fused IV over 4 h. 
• Maintenance dose: IO mg/kg 8 hourly. 

3. IM Artemether: 
• Loading dose: 3.2 mg/kg fM. 
• Maintenance dose: 1.6 mg/kg IM daily until the patient can take oral medication. 

C ~ c,--\ After paren~eral treatm~nt, once tl~e pati_e~t c~n take oral med ication, it is ~ssential to continue and complete 

\ 

treatment with an effective oral ant1malanal usmg Ar~ lt1s Lumefantnne or Artesunate (plus clindamycin 

{ 

or doxycycline) or Quinine (plus clindamycin or doxycycline). 

A si~gle oral i!9se of Primaquine 0. 75 mg/kg ( 45 mg base / 3 tabs for adult) should be added to kill gametocytes 
to reduce transmission after the end of 7 cays course. 

- (Ref- National guideline f or malaria, 201 I) 
Q. Write down the chemoprophylaxis against malaria. (DU-05M, CU-07Ju,05M) 
Q. Describe chemoprophylaxis for P. vivax and P. falciparum malaria. (CU- 14.1) 
Q. Discuss the drugs used in chemoprophylaxis against malaria. (SU- ! 6J u, 16.1 ) 
Ans. 

Chemoprophvlaxis against malaria: The fo llowing general principles apply: 

I. Chemopro1~hylaxis is part .of a broader regimen and on ly ever gives re lative protection; travelers should 
protect agamst mosquito bites 
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2. Effective chemoprophylaxis requires that there be a plasmodicida l concentration of drug in the blood 
when the first infected mosquito bites, and that ii be sustained safe ly for long periods. 

3. Chemoprophylaxis is begun l week before entering the malarious area and should continue for at least 4 
weeks after leav ing an endemic area to kill parasites that arc acquired about the time of departure, are sti ll 
incubating in the liver and will deve lop into the erythrocyte phase. 

4. Chloroquine and prog,uani l may be used for periods of up to 5 years, and mclloquinc for up to I or 2 
years. 

Drugs for chemoprophylaxis: 

Area I Antimalarial tablets I Adult prophylactic dose I Regimen 

Chlor<Lqy_ine_ _Metloquine or 2~ mg One tablet weekly 
resistance high Doxycyc line or 100 mg Daily 

Malarone 1 tablet from 1-2 days before Daily 
travelling to l week after return 

Chloroquine Chloroquine 
-

150 mg base Two tabl ets weekly 
resistance moderate ' -

~ · ~ro2.uanil ~00 mg Two tab lets daily 

Chloroquine Chloroquine 150 mg base wo tablets weekly v-J< -
p.,,...._ ~/ resistance absent ~ P ro 0 u.aniL( 1 00 mg One or two tablets daily 

~\,,;-' J _,, ..... 

( (Ref: Davidson :,, -22nd) (;..,_. -

\.., ~ fine causal prophylaxis. 
Ans. 
Casual prophylaxis of malaria: Causal prophylaxis is preventing erythrocytic infection . Combination of 
Proguanil (200mg daily) with chloroquine (500mg weekly) is used. So, Proguanil should start before 1

st 
week 

then weekly addition of chloroquine up to 4 wks even after leaving the endemic zone. 

Nice to know 
Clinical attacks of malaria may be preven1able with drugs such as proguanil which attack the pre-erythrocytic form, and also 
by drugs such as atovaquone 250 mg plus proguanil 100 mg (Malarone), doxycycline, chloroquine or mejloquine ajier !he 
parasite has en1ered the erythrocyte ('suppression'). 

(Ref Davidson's-22nd) 

Q. Name the anti-malarial drugs which can be prescribed in pregnancy safely. (DU-08Ju) 
Ans. .---
Anti-malarial dru s in 

All trimesters 

2nd 
/ 3rd trimesters 

Chloroquine 
Qu111111e _ ".;:. ---~ 

Second line 
• Artemether 
• Artesunate 
• Fansidar 

.,,-,,r Meflo uine 

Q. What do you mean by radical cure of malaria and name the drugs to perform this cure? (RU-

17 , 16 Ju , 10Ju,09J) 
radical cure could be achieved? (RU-1 7 J ,09J) 

ive the radical treatment of malaria . (RU -04J) 
Q. Short note: Radical cure of malaria? (RU- l 4Ju) 
Ans. 
Radical cure of malaria: Radical cure is eliminating both hepatic & erythrocytic state of malari al paras ite. A 
radical cure is needed to prevent relapse of malaria. Drugs which attack the exoeryth rocytic stage (hypnozo ites) 

can be used for radical cure of malaria. 



Drug for radical cure in ma laria: Primaquinc ( 15 mg/clay fo r 14 days). - k <..d> -:::_ -Sivo.,.,c, g,_ o--..._.,~ -

Quinine & Quinidine 

Pharmacokiuctics of quinine'"~ quinidin c: 
I . Quinine is rapidl y absorbed alit:r oral ad mini strati on and is wid e ly 

d istri but ed in body tissue . Qu ini d inc is much mo re water so lt 1b lc than 
quinine. 

2 . Q uin idi ne has a shorter half life than q uinin e. 
3. Q uinidine has a lower plasma leve l tha n quinine due to decreased protein 

binding. 
4 . Q uinine is primarily metabo lized in the li ve r 
5 . Quinine is e:--:crcted in the uri ne . 

Q. Mention the source of quinine. (CU - I 7.1) 
A ns. 
Source of quinine 
Natural Source: T he bark of C inchona T ree . T he a lka loid quinine was 
purified in 1820, 

Q. What are the pharmacodynamic effects of quinine? (DU-06M) 
W?"hat are the pharmacological effects of quinine? (S U-1 6Ju ) 

ns. 
Pharmacological / Pharmacodvnamic effects of quinine & guin id ine: 

Cinc hona Bark 

I . Anti-malarial effect: Qu inine is a rapidly ac ting, highly effe ctive blood schi zontic ide against the four 
species of human ma laria paras ites. The drug is gametocida l aga inst P vivax and P ovale but not p 
jalciparum. It is not acti ve against li ver stage paras ites. 

2. Voltage gated Na+ chan nel blocker: 
• Antiepileptic effect 
• Anti-arrhythmic effect 

3. Muscarinic antagonist property or vago lytic property: 
• Tachycardia 
• Urinary retent ion 
• Constipati o n 
• Dry mouth & skin 
• Dry ey e 

4. a-antagonistic property: 
• Postural hypote ns ion 
• Tachycardi a 

5. Oxytocic property: Having ability to contract uterus 
6. Increased insu lin release in mass ive dose: Hypoglycemic coma 

.r ite down the mechanism of action of quinine . ( DU-99S, C U- I 7M/J , 16.l u/J, 14.lu) 

Mechanism of action of quinine: Quinine and its ste reoi some r, quin id ine, interfere with he me po ly merizati on, 
resu ltin g in death o f the e rythrocyti c fo rm of the pl asmodi a l paras ite . 

Nice to know 
(Ref Lippincott ·s-6th) 

Mechanism of action of quinine: It bindv to plasmodial DNA ro prevent protein .1ynthesis but its exact mode of action 
remains uncertain. 

(Ref Bennett & Brown- / Ith) 

Q. Write the indications/ uses of·quininc . (C U-02J, SU - 15.J) 
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An~/L 
_ I~ i~~s of qui~ine: . 
· I. Severe falc1parum malana, eg, cerebral malaria. Used in parenteral route. 

2. Uncomplicated chloroquine resistant falciparum malaria, used orally. 
3. As anti-epileptic drug. 
4. As anti-arrhythmic drug. 
5. Babesiosis: Quinine is first-line therapy, in combination with clindamycin. 

(Ref Katzung- 1 Jth) 

Q. Mention the adverse effects of quinine. (CU-04J, SU-l 6Ju, I 5J) 
Q. ~ u, efate the adverse effects of IV quinine administration. (CU- I 5J u) 

A t / ~ ~:LD---->2>-0>_;--
Adverse effects of Quinine and Ouinidine: 

I. GIT upset: Nausea, vomiting, diarrhea, abdominal cramp. 
2. CNS disturbances: Cinchonism 

f 
• Ataxia · 
• Tinnitus 
• Blurring of vision P .QF-D -~ 

J : ~~~:~~ blindness 

L • Headache 
• Dizziness 

3. Hematological abnormalities: Haemolysis, leucopenia, agranulocytosis & thrombocytopenia. 
4. Chance of arrhythmia 
5. Severe hypotension 
6. Hypoglycemia. 
7. Hypersensitivity: Skin rash, urticaria, angioedema & bronchospasm. 
8. Black water fever (rare but severe). 

Q. Write the contraindications of quinine & quinidine. 
Ans. 
Contraindications of quinine & quinidine: 

Y, Pregnancy 

(Ref Katzung-13th) 

2. Should be discontinued if signs of severe cinchonism, hemolysis, or hypersensitivity occur. 
3. Should be avoided if possible in patients with underlying visual or auditory problems. 
4. Must be used with great caution in those with underly ing cardiac abnorma lities. 
5. Should not be given concurrently with mefloqu ine. 
6. Dosage must be reduced in renal insufficiency. 

(Ref Katzung- 13th) 

Chloroquine 
Pharmacokinetic properties of chloroquine: 

I. Oral administration 
2. Rapidly and almost completely absorbed from GIT 
3. Large volume of distribution 
4. Anti-diarrheal agent kaolin and antacids interfe re with the absorpt ion of ch loroquine. 

(Rel Katzung-13th) 

Q. WhaJ--a'r~ e pharmacological effects of chloroquine? (SU- l 6Ju) 

A~ . 
Pharmacological effects of chloroquine 

I. Chloroquine is a highly effective blood schizonticide. 

Pharmacology-69 
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2. It is also moderately effective against gametocytes of P vivax, P ovate, and P malariae but not agai;; 

those of Pfalciparum . 
3. Chloroquine is not active aga in st liver stage parasites. 

Q. Writ - the indications of chloroquine . (DU-10Ju ,05M, RU-06M,04S/J) 
Q. Outlme three indications of chloroqu

0

ine. (RU- I 6J) 
~t\ . 

(Ref Kalzung-13'"188?) 

Indications of chloroquine: . 
1. Drug of choice for non-falciparum malaria & sensitive falciparum ~alaria. . . 
2. Preferred chemoprophylactic agent in malarious regions _withou~ ~es1stant fa lciparum malana. 
3. Anti-inflammatory to treat moderate degree ofrheumato1d artlmt1s & SLE. 
4. Anti-amoebic drugs in amoebic liver abscess. (Ref· Katzung- l 3thJ 

vn the mechanism of action of chloroquine. (CU-151, RU-07Ju,06S, SU-131) Q. Write 
A . 

eJ.ilianism of action of chloro uine: It has a complex mechanism of action that is not fully understood . 

Chloroquine is uncharged at neutral pH and can, therefore, diffuse freely into the parasite lysosome. 

t 
At the acid pH of the lysosome, it is converted to a protonated, membrane-impermeable form and is 'trapped' 

inside the parasite. 
t 

Chloroquine prevents digestion of hemoglobin by the parasite and thus reducing the supply of amino 

acids necessary for parasite viabd1ty. 
It also inhibits heme polymerase, which polymerizes toxic free heme to non-toxic hemozoin. 

The increased pH and accumulation of toxic heme result in oxidative damage to the membranes, leading to 
lysis of both the parasite and the red blood cells. 

The binding to heme and prevention of its polymerization appear to be a crucial step in the drug's anti-p lasmodial 
activity. 

(Ref Rang & Dale's-8th; Lippincott 's -6th) 

Nice to know 
Mechanism of action of chloroquine: The druf!pprobably acts by concentrating in parasite food vac-uoles, 
preventing the biocrystallization of the hemoglobin -breakdown product, heme, into hemozoin, and thus eliciting 
parasite toxicity due to the buildup of free heme. 

(Ref Katzung-l 3'"1887) 

Q: ;~e adverse effects of chloroquine. (DU-06M; CU-15J,07Ju,06S; RU-07Ju, SU-16Ju) 
Qz..s:•,:

1

th ree adverse effects of chloroquine. (RU- l 6J) 

· · M rse effects of chloroquine: Chloroquine is very well tolerated. Dosing after meal may reduce some adverse 
effects. 

I. 
2. 
3. 

Hypersensitivity: Pruritus, urticaria. 
GIT upsets: Anorexia, nausea, vomiting, diarrhea, abdominal cramping pain. 
Long term & high dose administration (in case of rheumatic disease): 

• Irreversible ototoxicity (impaired hearing) 
• Retinopathy 
• Myopathy 
• Periphera l neuropathy 



4. Others: 
• 
• 

Headache 
Blurring of vision 
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• 
• 

Rare ly haemo lysis in patients with glucose-6-phosphate dehydrogcnase deficiency . 
Psychosis 

• Confusion 
• Se izure 
• Agranulocytosis 
• Exfoliative dermatitis 
• Hypotension 
• ECG change- QRS widening and T-wave abnormality . 

Nice to know 

• Chloroquine is considered safe in pregnancy and for young children. 

Q. Write the contraindications of chloroquine. 
Ans. 
Contraindications of chloroquine: 

I. Psoriasis or porphyria 
2 . Retinal or visual field abnormalities 
3. Myopathy 

(R e_/ Kutzung-l 3th) 

4. Should be used with caution in patients with a history of liver disease or neurologic or hemato logic 
disorders. 

Q. Short note: Chloroquine. (SU- 17J) 
Ans. Write in short.from above discussion. 

Q. How does fansidar act? (CU-08J) 
Ans. 
Mechanism of action of fansidar: 
Fansidar is a fixed combination of-

Fansidar 

/ _:/ Sulfonamide sulfadoxine (500 mg per tablet) & 
-.z. Pyrimethamine (25 mg per tablet) 

Mechanism of action of Sulfonamide: 

(Ref Katzung-l 3th) 

·1) I 1 (fi_ef' Karzung-/ 3th) 

• Sulfonamides are structural ana logue of para-aminobenzoic acid (PABA). PABA is a precursor offolic acid . 
• Sulfonamides compete with PABA for the enzyme dihydropteroate synthase and inhibit fol ate synthe 1s . 

Folate is necessary for synthesis of bacterial DNA or RNA. Thereby su lfo namide inhibit bac teria l growth. 

Mechanism of action of Pyrimethamine: 0.\--' r- c 
• Inhibit enzyme di hydrofolate reductase of protozoa whi ch is responsible for conversion of fo lic ac id to active 

fo ate . There by pyrimetham ine inhibits protozoa) growth. 

Combination of a sulfonamide with pyrimetham ine provides synergistic activity because of sequentia l inh ibit ion 
of fol ate synthesis. 

(Ref Kutzung- l 3th) 

Q. What are the indications of fansidar'? 
Ans. 
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Indications of fansidar: -

l. Chloroquine-resistant falciparum malaria . . 
2 . Presumptive treatme nt for travelers who develop fever while traveling in endemic reg10ns 
3. Toxoplasmosis 
4 . Pneumocystis carinii infection 

(Ref Katzung- l 3th) 

Q. Meytiou the adverse effects of fansidar . (CU-08J) 
Ans. 
Adverse effects of fansidar: 

1. Uncommon but severe cutaneous reactions, including erythema multiforme, Stevens-Johnson syndrome, 
and toxic epidermal necrolysis. 

2. Hematologic , gastrointestinal, central nervous system, dermatologic, and ren~I toxicity . . 
3. Folate antagonists should be used cautiously in the presence of renal or hepatic dysfunction . 

(Ref Katzung-13th) 

Primaquine 

~ am-the role of primaquine in the treatment of malaria. (CU-05J, RU-151) 

Antimalarial action of primaquine: Primaquine is active against hepatic stages of all human malaria parasites . It 
is the only available agent active against the dormant hypnozoite stages of P vivax and P o va/e. Primaquine is 
also gametocidal against the four human malaria species. Pnmaquine acts againsterythrocytic stage parasites, but 
this activity is too weak to play an important role. The mechanism of antimalarial action is unknown. 

Q. What are the indications of primaquine? 
Q. Rationalize the use of primaquine in P. vivax malaria. (RU-121) 
Ans. 
Indica.tt'°'~ of rima uine: 

(Ref Katzung-13th) 

of acute · _ax. & ovale malaria: Primaquine eradicates li ver hy pnozoites and prevents 
re apse. 

2. Terminal prophylaxis of vivax & ovale malaria 
3. Cfiemoprop y axis o -falc 1pm-um-&orivax _f!1alaria (0 .5 mg/kg/day) . 
4. Gametocidal action : A single dose of primaquine (45 mg base) rende r P f a/ciparum gametocytes 

nonm ective to m osquitoes . This the rapy is of no clinica l benefit to the patient but w ill disrupt 
transmission . 

5. Pneumocystis jiroveci pneumonia. 

Q. Enlist four (04) adverse effects of primaquine. (DU-16Ju) 
Ans. 
Adverse effects of primaquine: 

1. GIT upset 
2 . Leukopenia 
3 . Agranulocytos is 
4 . Leukocytos is 
5 . Cardiac arrhythmia 
6. Hemolytic anemia in g lucose 6 phosphate dehydrogenase deficiency 

Q. What are the contraindications of primaquine? 
Ans. 

(R ef: Katz ung-1 Jth) 
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Contraindications of primaquine: 
,Y. Pregnant women as fetus is relatively G6PD deficient 
J:: Glucose-6-Phosphate Dehydrogenase (G6PD) deficient patient 
/. Granulocytopenia or Methemoglobinemia 

Antimicrobial drugs 

Q. W~e olytic anemia occurs after primaquine in a patient with G-6PD deficiency? (CU-.04S) 

Ans/ / 
Pr' uine-induced hemol tic anemia in lucose 6- hos Jhate deh dro enase G6PD dcficicnc : Free 

'- adicals destroy cell membrane. G6PD is used in I-IMP shunt to produce NADPH. NADPH produces reduced 
glutathione (GSH) which destroys free radicals (such as H2O2) & maintains integr ity of red cell membrane. 

Mechanism of Primaquine-induced hemolytic anemia. 
• Primaquine oxidizes reduced glutathione (GSH) to oxidized 

glutathione (GSSG)---+ LGSH level. 
• In case of G6PD deficiency---+ lProduction of NADPH---+ l GSI-1 

level. 
l 

When primaquine is given to patients with G6PD deficiency-
l 

GSH level is greatly decreased 
l 

Oxidative free radicals are not properly destroyed 
l 

More damage of red cell membrane by the free radicals 
l 

Hemolytic anemia. 

Figure. Mechanism of primaquine-induced hemolytic anemia. GSH = 
reduced glutathione,· GSSG = oxidized glutathione. 

(Ref Lippincott 's-6th) 

Mefloquine 
Pharmacokinetics of mefloquine: 

I. Oral administration 
2. Highly protein bound 
3. Widely distributed in tissues 
4. Plasma half li fe is about 20 days 

Q. Write down the indications of mefloquine. 
Ans. 
Indications of mefloguine: 

Glucose 6-P-dehydrogenase 
deficiency results in a decrease 
in NADPH and GSH synthesis, 
making the cell more sensitive 
to oxidative agents, such as 
primaquine. This causes hemolysis. 

Glucose 6-P 
dehydrogenase 

Glucose6-P ~RiboseS-P 

NADP' NADPH 
+ H+ 

2 GSH GSSG 

__/21\__/ 

Primaquine oxidizes GSH 
to GSSG. Therefore, less 
GSH is available to neutralize 
to xic compounds. 

(Ref Katzung- l 3th) 

I. Chemoprophylaxis: Mefloquine is effective in prophylaxi s aga inst most strains of p falciparum and 
probably all other human malarial species as well. · 
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2 T M fl · · · · · c I · alaria The drug is not appropriate for · reatment: e oqume 1s effective 111 treatmg most 1a c1parum m · ___ 

severe or complicated malaria. - - • ........... ~ •, i::f<-"j:. -ej~._c;K 
M 'D (2_..:rr, "?_ -j'>"-- · · , ___.. (Re : atzung-13th) 

Q. Write down the contraindications of mefloquine. 
Ans. 
Contraindications of mefloquine: 

1. Epilepsy 
2. Psychiatric disorders 
3. Cardiac arrhythmia & conductive defect. 
4. Hypersensitivity. 

(Ref Katzung-l 3th) 

Nice to know · 
fl · · · · · A ·1 bl d t gest that mefloquin e use 1s safe throughout Me oqume 1s also now considered safe m young children . va1 a e a a sug 

pregnancy . 
(Ref Katzung-l 3th) 

Atovaquone 
Mechanism of action of atovaquone: 

Atovaquone inhibits mitochondrial electron transport of malarial parasite 
t 

No metabolism of food of malarial parasite 
t 

No energy production 
t 

Death of parasitic cells. 

Indications of atovaquone: 
1. Chloroquine resistant P. falciparum malaria (as malarone) 
2. Chemoprophylaxis of chloroquine-resistant P. falciparum malaria (as malarone) 
3. Pneumocystis car in ii pneumonia 
4. Toxoplasmosis 

Adverse effects of atovaquone: 
I. GIT upset: Nausea, vomiting, diarrhea. 
2. CNS: Seizure, confusion, vertigo, diplopia. 
3. QT prolongation 

Contraindications of atovaquone: 
I. Psychiatric patient 
2. Cardiac arrhythmia 
3. Pregnant women 

Malarone: It is a fixed combination of atovaquone (250 mg) and proguan il (100 mg). it is highly effective for both 
the treatment and chemoprophylaxis offalciparwn malaria.) 

Malarone = Atovaquone (250 mg) + Proguanil (LOO mg)juj 
(Ref Katzung- l 3th) 

Proguanil 
Mechanism of action: Same as Fansidar 

Indications of proguanil : 
I . Causal prophylaxis 
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2. To treat chloroquine resistant falciparum malaria 
3. Toxoplasmosis 
4. Pneumocystis carinii pneumonia 

Adverse effects of proguanil: 
1. GIT upset 
2. Mouth ulcers 
3. Alopecia 
4. Megaloblastic anemia 

Contraindications of proguanil: Renal & hepatic dysfunction . 

Artesunate & Artemether 
Ph armaco ki f ne 1c properties o f artemisinins: 

Artesunate Artemcther 

Solubility Water soluble 
Route of administration Oral, IV, IM & and rectal 
Absorption from eut Rapid 
Half life Short(45 minutes) 
Distribution Wide 

Q. Mention the mechanism of action of artesunate / artemether . 
. Ans. 
Mechanism of action of artesunate / artemether: 

Artemisinins (artesunate / artemether) 

t 

Lipid soluble 
Oral, IM and rectal 
Rapid 
Long (4- 11 hours) 
Wide 

Iron-catalyzed cleavage of the artemisinin endoperoxide bridge in the paras ite food vacuole 
t - --

Production of free radicals and inhibition of a parasite calcium ATPase 

t 
Free radical induced injury to the plasmodium species 

t 
Antimalarial effect 

Q. What are the indications of artemisinins? 
Ans. 
Indications of artemisinins / artesunate / artemether: 

I. Multidrug-resistant P falciparum malaria. 
2. Quinine-resistant malaria. 
3. Uncomplicated & severe falc iparum malaria. 

Adverse effects of artemisinins derivatives: 
1. GIT upset 
2. Irreversible neurotoxicity 

Contraindications of artemisinins: Pregnancy 

(Ref Katzung- l 3ih) 

(Ref Katzung- l 3th) 

Q. Mention the advantages & disadvantages of artemisinins as anti-malarial drugs. (DU- I 2Ju, 11 Ju, CU-09J ) 

Ans. 
Advantages of artemisinins : 

I. Artemisinins- in particular artesunate and artemether- are play ing an increas ingly important role in the 
treatment of multidrug-res istant P falciparum malari a. 
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3. They are used fo r the trea tment of uncomplica ted & severe falciparum malaria. 

(Ref Katzung- l 3th) 

Disadvantages of artcmisinins : 
I. Irrevers ible neurotox ic iry 
2 . Contra indicated in pregnancy 
3. ·can causes G IT upset 

. Dru s for kala-azar · · · ·_· · · · 
Types of Ieishmaniasis: 3 types- . . 

l. · Viscera l leishmaniasis (Kala-azar): Caused by l. donuvanr 
- Cutaneous leis hm aniasis (Ori enta l sore) : Caused by l. tropica 

3. Mucocutaneous leishmaniasis (Espundia): Caused by L. braziliensis 
(Ref LANGE Microbiology-12'" edit ion) 

Q. What are the anti-leishmanial / leishmanicidal drugs? n 
Q. Name two important drugs used clinically for Kala-azar. Mention two important side e ects of each 

drug. (DU-081) 
Ans. 
Anti-Ieishmanial drugs: 

Leishmaniasis I Drug of choice · I Alternative drugs . , ,. . •. - . '' • . 

Visceral leishmaniasis Sodium stibogluconate • Miltefosine 
• A mphotericin B 
• Parornomycin 
• Meglumine anti monite 
• Pentamidine 

Cutaneous leishmaniasis Sodium stibogluconate • Meglumine antimonite . Amphotericin 
• Pentamidine 
• Topical or intralesional therapies 
• Ketoconazole 
• Itraconazole 

, 111 (Ref Katz ung- 1 J + Davidson .s Medrczne-22nd) 

Q. Write down the treatment of visceral leishmaniasis (kala-azar). 
Ans. 
Treatment of visceral leishmaniasis kala-azar: 
1. Treatment-A (Oral miltefosine): First line of treatment for kala-azar patients. 

• Dose: 2.5 mg/kg body weight, in two divided doses by mouth after meal for 28 days. 
• For> 12 years of age and weight ~25 kg: 50 mg capsule twice dai ly fo r 28 days . 

2 . Treatment-B (Sodium stibogluconate) : For kala-azar treatment failure cases with mi ltefosine and when 
miltefosi ne is not available. 

• Dose: 20 mg/kg body weight, daily IM or IV injection for 28 days. 

3. Treatment-C (Amphotericin-8 deoxycholate or liposomal amphotericin-B) : Second line of treatmen t for 
ka la-azar. 

• Dose: I mg/kg body weight, da il y in the form of IV infusion ( in 5% DA) for 20 days . 
(Ref National guideline of ka/a-azar) 
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Q. Name two important drugs used clinically for Kala-azar. Mention two important side effects of each 
drug. (DU-08J) 

Ans. 
Two important drugs used clinically in Kala-azar: 

1. Sodium Stibogluconate 
2. Miltefosine 

Q. Mention the treatment.of PKDL. 
Ans. 
Treatment of PKDL:'Sodium stibogluconate. 
Dose: 

:, Total 6 cycles. 
:, Each cycle consists of 20 mg/kg body weight, daily IM injection for 20 days, and there should be an 

interval of 10 days in between two cycles. 
(Ref National guideline ufkala-azar) 

Sodium stibogluconate 

Route of administration: Parenteral (IM or fV). 
Dose: Treatment is given once daily at a dosage of 20 mg/kg/day IM or IV for 20 days in cutaneous lei shmaniasis 
and 28 days in visceral and mucocutaneous disease. 

(Ref Katzung-l 3th) 
Mechanism of action: 

Relatively nontoxic pentavalent antimonials act as prodrugs. 

t 
These compounds are reduced to the more toxic Sb3

+ species. 

t 
Sb3

+ kills amastigotes within the phagolysosomes of macrophages . 
(Ref Goodman & Gilman-} lh edition) 

Adverse effects of Na-stibogluconate: Few adverse effects occur initially, but the toxicity of stibogluconate 

increases over the course of therapy. 

I. Pain at the injection site & lead to sterile abscess. 

2. GIT symptoms: Nausea, vomiting, diarrhea, abdominal pain. 

3. Cardiac: Arrhythmia, prolongation of QT interval & T inversion. 

4. Other: Fever, headache, myalgia, arthralgia. 

5. Rarely: Hemolytic anemia, liver & renal insufficiency. 

Monitoring of Na-stibogluconate toxicity: By ECG, hepatic & rena l function 

Pharmacokinetics: 
1. Routes: Always IM or Slow IV injection 
2. Rapid absorption after administration. 
3. Eliminated in two phases with short initial and much longer term inal half-lives. 

(R ~[' Rang Dale-8th & Kat:cung-l 3th) 

Pharmacology-70 



Btu .· Ti\l p cp1 mt harmacology 542 

Miltef osine 

Miltefosinc is an alkylphosphocholine analog that is the first e ffective oral drug for visceral le ishmanias is. It has 
recently shown exce llent efficacy in the trea tment o f visceral le ishmanias is. 

Dose: 2. 5 mg/kg/d for 28 days. 

Route of administration: Oral 

Adverse effects of miltefosinc: 
I. GIT upsets: Mild to moderate vomiting, diarrhea 
2. In pregnancy: Teratogenicity 
3. Rare ly Nephrotoxicity or skin allergy. 

Contraindication of miltefosine: 
I . Pregnancy 
2. Women who may become pregnant within 2 months of treatment. 

(Ref Katzung-13th) 
Caution of miltefosine therapy: Female patients are advised not to become pregnant for the duration of 
treatment & another 2 months, because its half life of nearly I week. 

(Ref Davidson's medicine-22nd) 

Q. Write down the superiority of miltefosine over other leishmanicidal drugs. 
Q. Why should miltefosine become the treatment of choice for leishmaniasis? 
Ans. 
Superioritv of miltefosine: 

I. Oral administration. 
2 . Short-lived toxicities: Nausea, vomiting, diarrhea 
3. No evidence of resistance . 

Amphotericin- B 
This is an anti-fungal drug. 

Dose: Once daily or on alternate days at a dose of 0. 75 - 1.00 mg/kg for 15 to 20 doses . 

Indications: 
I . Na-stibogluconate failure 
2. Na-stibogluconate resistant area 
3. Kala-azar with pregnancy 

Advantages: 
I . C ure rate is nearly 100% 
2. Only drug for kala-azar with pregnancy 

Side effects / adverse effects : 
1. Infusion-related side effects: High fever with ri gor, thrombophlebitis, diarrhea & vomit ing. 
2. Renal toxicity. 
3. Hepatic toxicity. 
4. Hypokalemia. 
5. Thrombocytopenia. 
6. Myocarditis 
7. Occasional death . 
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and have been tested widely for the treatment of VL. . . 22 di 
(Ref Davidson's medicine- n 1 

Pentamidine 

Mechanism of action: Pentamidine binds to the parasite's DNA and interferes in the synthesis of RNA, DNA, 
phospholipid and protein of the parasite. 

Indications: 
1. Trypanosomiasis except caused by T. cruzi 
2. Pneumocystis carinii infection in case of failure of co-trimoxazole or individuals who are allergic to 

sulfonamides. . 
3. Alternative drug to sodium stibogluconate in the treatment of leishmaniasis. 

Adverse effects: 
1. Reversible renal dysfunction. 
2. Pancreatic toxicity may lead to hypoglycemia due to inappropriate insulin release. 
3. Due to rapid IV administration: Severe hypotension, tachycardia, dizziness, dyspnea. 
4. Due to IM administration: Pain at the site o injection, sterile abscess 
5. Inhaled pentamidine: Cough, dyspnea, bronchospasm 
6. Others: 

• Metallic taste 
• Fever 
• Rash 
• GI upset 
• Abnormal liver function test 
• Hypocalcemia 
• Throm bocytopen ia 
• Hallucination 

Pharmacokinetics: 
• Routes: IM or TV or aerosol 
• The drug is concentrated and stored in the liver and kidney fo r a long period of time. 
• Because it does not enter the CSF, it is ineffective against the meningo-encephal itic stage of 

trypanosomiasis. 
• The drug is not metabolized and is excreted very slowly into urine. Its half I ife is about 5 days. 

(Ref Katzung-l 3th & Lippincott 's-6th) 

Q. What are the anti-protozoa! drugs? (SU-l 6Ju) 
Ans. 
Anti-protozoa( drugs 

1. Anti-malarial drugs 
2. Anti-amebic drugs 

· 3. Drugs for Leishmaniasis, Pneumocystis jiroveci, Toxoplasma gondii, Trichomonas vagina/is, Trypanosomiasis, etc. 

(Ref Katzung-13th) 
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Anti-amoebic dru s 
, . . when mature cysts are ingested and pass into the 

Amoebiasis is caused by E111w11oeha histolytica. lnlection occurs . e"'orm cysts Amoebiasis occ 
. . . - - · I . ter the tissues or r 11 • urs colon where they d1v1de 111to rop 10zo1tes; these forms e1t 1e1 en 

in two forms, both of which need treatment: . . . 
. . I , ·1 (noninfoctive) and cysts (infective) are 

l . Bowel lumen amoebiasis is asymptomatic and trop 1ozo1 es 
passed into the faeces. d 1· b s 

2 . . . . . . . d I tic amoebiasis an iver a sees . 
. T1s.rne-111vad111g amoebwsts gives rise to . ysentery, iepa (Ref Benne/I & Brown-] 1th) 

Q. Classify anti-amoebic drugs . (CU-08J; SU-15Ju,09Ju,08J,06M, RU-03M) 
Q. Enumerate the drugs used in amebiasis. (DU-14J, 13J, 1 IJ, SU-09Ju, RU-OSS) 

Q. Outline pharmacotherapy for amebiasis. (RU-1 SJu) 

Q. List the drugs that are effective against E. histolytica. (CU-0SS) 

~ the treatment of a case of amebic dysentery. (DU-1 SJu) 

assification of anti-amoebic drugs: ,;:; 
1. Luminal amoebicides in large gut: Act on the ameba (cyst) in ther n of 

the bowel 

2. Systemic/ Tissue amoebicides: Effective against ameba (trophozoite) in the 
intestinal wall and tissues eg, liver. These drugs are useful for treating liver 
abscesses or intestinal wall infections caused by amebas. 

3. Mixed type of amoebicides: Effective against both luminal (cyst) and 

systemic forms (trophozoite) of the disease. 

Drug of choice for amoebiasis: 

r:;_;('7 ~ 
• Diloxanide furoate 

.,?:doquinol . 
/II Paromomycm 

, • Chloroquine 

y Dehydroemetine 

1~ etronidazole 
· • Tinidazole 

• Nitazoxanide 

• Secnidazole 

• Omidazole 

(Ref Lippincott 's-6th) 

Mild to moderate intestinal infection Metronidazole or Tinidazole + Luminal aoent 
Severe intestinal infection Metronidazole or Tinidazole + Luminal a ent 
Hepatic abscess, amoeboma & other Metronidazole or Tinidazole + Lum inal agent 
extra-intestinal disease 

(Ref Katzung-l 3th) 

Q. Explain the management of a case of amoebic dysentery. (DU-07Ju) 
Q. Write down the treatment of intestinal amoebiasis. 
Ans. 
Treatment of intestinal amoebiasis/ amoebic dysentery: 

• Intestinal amoebiasis responds quickly to oral metronidazole (800 mg 8-hourly for S days) or tinidazole 
(2 g daily for 3 days) . 

• Diloxanide furoate 500 mg should be given orally 8-hourly for IO days after treatment to eliminate 
luminal cysts. 

(Ref Davidson-22nd) 
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Q. Outline the treatment of hepatic amoebiasis / amoehic liver ahsccss. (RLJ -03.1 ,SU-0}S) 
Q. Name the drugs used in amoebic liver abscess . (RU-04S) 
Ans. 
Treatment of hepatic amocbiasis / amoebic liver abscess: 
Medical treatment : 

• Early hepatic amoebiasis responds promptly to treatment with rnetronidaz.o lc (800 mg 8-hourly fo r 5 

days) or tinidazole (2 g daily for 3 days) . 
• The luminal amoebicidc diloxanide furoate (500 mg 8-hourly for 10 days) is given to eliminate the 

intestinal infection. 

Surgical treatment: 
• If the abscess is large or threatens to burst, or if the response to chemotherapy is not prompt, aspiration is 

required and repeated if necessary under ultrasonography guidance. . . 
• Rupture of an abscess into the pleural cavity, pericardia! sac or peritoneal cavity necess itates immediate 

aspiration or surgical drainage. 
• Small serous effusions resolve without drainage. 

(Ref Davidwn-22nd) 

Metronidazole 
Q. Write down mechanism of action metronidazole? (CU-I 3J,09J , RLJ-031 , SU-16Ju, l SJu, l 3J) 
Q. Write down the role of metronidazole? (SU-1 0Ju) 
Q. Discuss ph macodynamics of metronidazole. (CU-12J,09Ju) 
Q. Explafu e pharmacological basis of using metronidazole in amoebiasis. (CU-06J) 
Q. Kat~ the role of anti-amoebic drugs? (SU-081) 
Ans. 
Mechanism of action of metronidazole: 

Metronidazole 

Enters into anaerobic bacteria and sensitive protozoans ( eg, ameba) -
The nitro group of metronidazole is chem ically reduced by accept ing electron 

Reduced cytotoxic compounds of metronidazole bind with proteins and DNA 

Cell death 
(Ref Katzung-1 Jth + Lippincott 's-6th) 

xplain selective toxicity of metronidazole towards anaerobic bacteria. 
Ans. Selective toxicity of metronidazo/e: In the presence of oxygen, metronidazole is not reduced, rather oxygen 
is reduced. So, there is no production of reduced cytotoxic compounds of metronidazo!e .- No toxic effec t of 
metronidazole. This is why metronidazo!e is selectively toxic towards anaerob ic bacteria. 

Q~ y-Oine the spectrum of activity of metronidazole. (CU-091) 
~y. 

Spectrum of activity of metronidazole: 
1. Protozoa) infection: Active against 3 protozoa! infections ; such as -

• E. histolytica 
• r vagina/is 
• C. lamblia 

2. Bacterial infection : Metronidazole is active agai nst anaerobic bacteria, including 
• Bacteroides 
• C/ostridium 
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• Fusoha teri11111 
• 
• 
• 

Peptococcus 
Peprostreptococc:11s 
Eubacteri11111, and 
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• I l<!licobacter . 
(Re/ Goodman & Gilman-I 2'" ediNonJ 

Q. lVknt:on the anti-bacterial indications of mctronidazole. (DU-07J) 
Q. ,Vyite down the uses / indications of metronidazole. (DU-I 5Ju, I 4J, I JJ , 1 IJ , C U- J 7M ,06 S; SU-

J , 15.lu, I SJ , 13.J . I 0J ,09Ju ; RU -06.J) 
ns. 

Indications of metronidazole: 
A. Anaerobic bacterial infection 

I . Post surgica l infection: Abdominal surgery, pelvic surgery, rectal surgery. 
2. Intra-abdo minal septicemia--=--
>: ' PUD- Tri le / qua ruple therapy for H. pylori. 

A. Endocarditis by B. fragilis 
5. Pe l ic infection 
6 :- Brain abscess & lung abscess 
7. Gingival & dental infection 
8. - Diabetic gangrene 

... 9 . Pseudomembranous colitis (caused by C. difficile) 
I 0 . Tetanus. 
!J- Sus~ec~ed acute abd~men of GIT origin. 
·12 . Asp1rat1on pneumo111a. 
13. Prophylaxis of surgery- 2 days before & 2 days after. 

/ 

B. Protozoa) infection: 
I . Lesions produced by E. histolytica: 

• Acute & chronic amoebic ysentery 
• Amoebic I iver abscess 

2. Trichomoniasis (vaginitis caused by Trichomonas vagina/is) 
3. Giardiasis (Qiarrhea caused by G. Lamblia). 

Q. Mention the adverse effects of metronidazole. (DU-15Ju, 14J , 1 J J, 1 I J ,08/07Ju; CU- 10/09J, RU-05S, SU-
16Ju, l 6J, 15J,09Ju) 

Q. What are the adverse effects of anti-amoebic drugs? (SU-08J) 
Q. Me ~ ion adverse effects of any one drug that is effective against E. histolytica. (CU-05S) 

~ rse effects of metronidazole: 
1. Metallic taste 

,):': Dry mouth · 
) . 'GIT upset: Nausea, vomiting, diarrhea. Taking the drug with meals lessens gastro intestina l irritation. 
J· CNS intoxication: Headache, dizz iness, insomnia, vertigo, paresthes ia, ataxia. 
5. Thrush , rash, dysuria, dark urine, and neutro penia. 
6. 1su iram I e effect: Metronidazole has a disulfiram-like effect, so that nausea and vomiting can occur 

I a CO 10 I 111ge sted during therapy. 

~ contraindications of of metronidazole. (SU-16Ju) 

Relative contraindications of metronidazole: 
I. Pregnant women 
2. Lactating mother 

(Ref Katzung- l 3th) 
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J. Young children 
4. Liver insufficiency 

Nice to know 
Drugs producing metallic taste: 

1. Metronidazole 
2. Tetracycline 
3. Rifampicin 
4. Pentamidine isothionate 

Drugs possessing disuljirmn like action: 
1. Metronidazo!e 
2. Cefotetan 
3. Trimethoprim 

Q. Short note: Metronidazole. (DU- l 2J) 
Ans. Write MIA , indication, adverse effects, contraindicationsfrom above. 

Q. Name two important drugs used clinically for giardiasis. (DU-081) 
Ans. 
Drugs used to treat giardiasis: 

Antimicrobial drugs 

-" Metronidazole (treatment of choice for giardiasis): 2 g once daily for 3 days or 400 mg 8-hourly for I 0 
"' days. 

/ 

/ . Tinidazole: 2 g single dose. 

Q. Write the treatment of T. vagina/is infection/trichomoniasis. 
Ans. 

(Ref Davidson-22nd) 

Treatment of T. vagina/is infection/Trichomoniasis: Metronidazole is the treatment of choice. A single dose of 
2 g is effective. Metronidazole-resistant organisms can lead to treatment failures . Tinidazole may be effecti ve 
against some of these resistant organisms. 

Q. What is the role of chloroquine in the treatment of hepatic amoebiasis? (CU-031) 
Ans. 

(Ref Katzung-l 3th) 

Role of chloroquine in the treatment of hepatic amoebiasis: Chloroquine is used in combination with 
metronidazole and diloxanide furoate to treat and prevent amoebic liver abscesses. It eliminates trophozo ites in 
liver abscesses. 

~- ~la' disulfiram-Iike action of metronidazole. 

~/ e down the a: ~~ er~ of alcoholic patient? 

Disulfiram-like action of metronidazole: 
Ethanol 

j,A !coho! dehydrogenase 
Acetaldehyde 

lnhihu.,· t Aldehyde dehydrogenase ---- Disulfirarn I Metronidazole 
Acetate 

(Ref Lippincott 's -6th) 

Oxidation of acetaldehyde is inhibited by disulfi ram by inhibiting aldehyde dehydrogena e in the li ver. When 
ethanol is consumed in the presence of di sulfiram, acetaldehyde accumulates and causes an unpleasant reaction of 
facial flushing, nausea, vomiting, dizziness and headache. Metronidazole also inhibits aldehyde dehydrogenase 
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and can cause a disulfiram-like action if taken with ethanol. l_n the treatment of alcoholic patients, they are gi~ 
alcohol along with metronidazole. As a result, they expenence disulfiram-like effects of metronidazole and 

promise not to take alcohol again. This is called avulsive therapy. 

Diloxanide furoate 
In the gut, diloxanide furoate is split into diloxanide and furoic acid; about 90% of the diloxanide is rapid! 
a~sorbed and then conjugated to form the glucuronide, wh!d1 is .?ro1:1ptly e~crete~ in the urin_e. The unabsorbe~ 
dlloxanide is the active antiamebic substance. The mechanism of action of diloxarnde furoate 1s unknown. 

Indications: It is an effective luminal amoebicide but is not active against tissue trophozoites. It is used for 
complete eradication of cystic form of E. histoly tica. 

I . Drug of choice for asymptomatic luminal infections 
2. Used with a tissue amebicide, usually metronidazole, to treat serious intestinal and extraintestinal 

infections. 

Adverse effects of diloxanide furoate: 
1. Flatulence- common 
2. Nausea and abdominal cramps are infrequent and rashes are rare 

Contraindications: 
1 . Pregnant women 
2. Children under 2 years of age. 

(Ref Katzung-l 3th) 

Nitazoxanide 
It is rap!dly absorbed and converted to tizoxanide and ti zoxanide conjugates, which are subsequently excreted in 
both unne and feces . The active metabolite, tizoxanide, inh ibits the pyruvate : ferred oxin oxidoreductase 
pathway. 

Spectrum of activity: 
1. Giardia lamblia 
2. Cryptosporidium parvum 
3. Metronidazole-resistant protozoa I strains 
4. E histoly tica 
5. Helicobacter pylori 
6. Ascaris lumbricoides 
7. Several tapeworms, and 
8. Fascia/a hepatica. 

Dose: The recommended adult dosage is 500 mg twice da ily fo r 3 days. 
(Ref Katzung-1 Jth) 
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Q. Name the common intestinal helminthic infections in Bangladesh. (CU- I 7M) 
Ans. 
Common intestinal helminthic infections in Bangladesh 
Small intestine only 

• Ascaris lumbricoides (Common round worm) 

• Ancylostoma duodenale (Old world hookworm) 

• Strongyloides stercoralis 

• Trichinella spiralis (Trichina worm) 

Cecum & vermiform appendix 

• Enrerobius vermicularis (Thread/pin worm) 

• Trichuris trichiura (Whipworm) 

Antimicrobial drugs 
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Q. Classify anthelmintic drugs . (DU-15Ju, CU-17M; RU-031/S) N ·, c..\o c. e1 ~ - r · '---
Q. Name some anthelmintic drugs of clinical importance. (RU-04M) 
Q. Describe the treatment of ankylostomiasis / hookworm . (RU-05S,04M) 
Q. Name the common intestinal helminthes & the drugs used against the helminthes you've listed . (CU-081) 
Ans. 
Anthelmintic drugs 

Antltelmintic drugs according tu mode of action: 

1. Inhibits ATP synthesis by inhibiting glucose uptake • Albendazole 
• Mebendazole 
• Thiabendazole 

2. Paralysis of worm and expel in feces ··~ (' ' i 

Neuromuscular blocker • Pyrantel pamoate- -
_,...._. 

• 
• Increased influx of er by activating GABA receptor • Ivermectin 
• Increased permeability of cell membrane of worm to Ca2+ • Praziquantel 

3. Destroy scolex • Niclosamide 
(Ref Lippincott 's-6th + Katzung-1 3th + Rang & Dale's- fl') 

Nice to know: 
Broad spectrum antltelmintic drugs: 

1. Albendazole 
2. Mebendazof e 
3. Pyrantel pamoate 
4. Praziquantel 

Albendazole & Mebendazole 

Q. e ibe the mechanism of action/ anthelmintic action albendazole. (DU-1 SJu, CU- l 7M, RU-OSS) 
iscuss the mechanism of action/ anthelmintic ofmebendazole . (DU-07Ju; RU-04S) 

Ans. 
Mechanism of action/ anthelmintic action of albendazole / mebendazole: Mebendazole / Albendazole acts by 
binding to and interfering with the assembly of the parasites' microtubules and also by decreasing glucose uptake. 
Affected parasites are expelled with the feces. ------

Pharmacology-71 
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•/ Albendazole / mebendazo le inhibits microtubule synthes is in nematodes. 

/ ri-;·eve rsibly impair glucose uptake by the worm . 

1 
!ATP synthesis required for surviva l 

! 
Parasites are immobiliz~d or die slowly 

j, 
\eared out from intestine within 2-3 days. 

Q. Write down the indications of albendazole. (CU-07 J,OSJ) 
Q. Write down the indications of mebendazolc. (RU-04S) 
Q. Write a short note on albendazole . (DU-13Ju; RU-06M) 
Ans. 
Indications of albendazole / mebendazole: 

1 . Round worm 
2. Hook worm 
3. Whip worm 
4. Pin wonn 
5. Thread worm 
6. Combined infection 
7. Hydatid disease 
8. Neurocysticercosis 
9. Cutaneous & visceral larva migrans 

Q. Mention the adverse effects of albendazole . (DU-OSS, CU-OSJ; RU-05/04/03S) 
Ans. 
Adverse effects of albendazole / mebendazole: 
In short term use: 

--

(Ref Lippincou 's-6th) 

(Ref Katzung-13th) 

• When used for 1-3 days, albendazole/ mebendazole is nearly free of significant adverse effects. 
• Mild and transient epigastric distress, diarrhea, headache, nausea, dizziness, lassi tude, and insomnia can 

occur. 
• High-dose therapy of mebendazole may cause hypersensitivity reactions (rash, urticaria), agranulocytosis, 

alopecia, and elevation of liver enzymes. 

In long-term use for hydatid disease: 
• Albendazole is we ll tolerated, but it can cause abdominal distress, headaches, fever, fati gue, alopecia, 

increases in li ver enzymes, and pancytopenia. 

Viva Q. What investigations should be carried out during long term therapy of albendazole? 
Ans. 
In vestigations during long term th erapy of albendazole (in hydatid disease5) : 

• Complete blood counts: To see pancytopenia. 
• liver function tests: To see liver damage by the drug. 

Q. Mention the contraindications of albendazole. (DU-l 5Ju) 
Ans. 
Contraindications of albendazole 

1. Known hypersensitivity to the drug 
2. Cirrhos is of liver 
/. Pregnancy 
4. Children younger than 2 years of age 

(Ref Katzung-13th) 

(Ref Katzung- 1 Jth) 

(Ref Katzung- 1 Jth) 
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Q. 'horc note: Albcndnolc. (DlJ . l 7J,l ,l.lu.1 1I.I ) 
t\ n;,;. ll'n tl' fr o111 uhove d1 .,·c11ss1011 . 

,\'ice tu A11011· 

Pharma ,oliinetic.\· 11/ alb<'mlazole: 
1. )rol od111i11istr 11io11 
) 

/11( 'r<'t1.,·e I absor11tio11 with a (01111 meal 
3. Rapidly undergoes /'1 /Jass l;epc;tic metabulis111 
./. Active met 1hulite alhendo::o/e su(/<Jxide is pruducecl i11 the liver 

Widt1!y distributed over bile, CSF and hydatid cysts. 
6. Alhenda::ole 111etaholites are excreted i11 the urine 

Poli y of albeudazole administration: Alhendazu/e is administered on an empty swmuch when used agaim , 
intra/11mi11al parasites. Alhendazo/e is administered with a fa tty meul when used against tissue pllrllsiles 

Dose of alhendazole: 
• V!iual dose (ascariasis, trichuriasis, hookworm and pin worm infestation): 400 mg tablet, single dose. 
• In hydatid cyst: 400 mg 12 hourly with meal for J month or longer. c__ 1 • ; r , '\'\ 
• In cysticercosis: 400 m 12 hourly for 21 days. - / 
• Cutaneous larva migrans: 400 mg daily for 3 days. 
• Visceral larva migrans: 400 mg daily for 5 days. 

Dose of mehendazole: 
• Usual dose ( ascariasis, Irie!, uriasi.li, hookworm infestation) : 100 mg tablet, I tablet 12 hourly, for 3 

aays. 
• Pin worm infestation: I 00 mg once. Repeated at two weeks. 

Pyrantel pamoate 

Q. Write down the anthclmintic action of pyrantcl pamoatc. (DU-07 Ju ;CU-08Ju) 
Ans. 

(Ref Katzung- I 3th) 

Mechanism of action of pyrantcl pamoatc: Pyrantel is effective against mature and immature f'orms of 
susceptible helminths wi thin the intestinal tract but not aga inst migratory stages in the tis ues or aga inst ova . The 
drug is a neur muscul ar blocki ng agent that causes release of acetylcholine and inhibition of chol inestera ; this 
results in paralysis, which is foll owed by expulsion of worm s. 

Depolarizes parasi te nicotinic 
receptors ( ie, act as 
neuromusc ular blockrrl 

(Ref Katzung-1 Jth) 
Pyrantel pamoate 

Inhibits cholinc~tcrasc 

t 
i /\cety lcholine concentration 

Persistent activation of nicotinic receptors 

t 
Spastic typ of paralysis 

i 
Expulsion or worms 

(N,f f. alzung- l 3tli. Rw1g <~ I de 's-81/i, lippincott 's-6 /h) 
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Q. '\\'rite down the clinical uses pynrntcl pamoate. 
Ans . 
Indications/ clinical uses of pyrantel pamoate: 

1. Round worm 
2 . Hook, rm 
3 . Pin worm 

Q. \Vrite down the adverse effects of pyrantel pamoate. (CU-08J) 
Ans. 
Adverse effects of pyrantel pamoate: 

l . G IT upset 
2 . CNS adverse effects: Dizziness, drowsiness, headache, insomnia. 

3. Rash 
4 . Fever 
5. W eakness 

Q. Mention the contraindications of pyrantel pamoate. 
Ans. 
Contraindications of pyrantel pamoate: 

I. Pregnant women 
2. Children under age of 2 years 

Praziquantel 

Q. Discuss the mechanism of action of praziquantel. 
Ans . 

-

(R ef K a tzung ~l 3th) 

Mechanism of action of praziquantel: 
Praziquantel increases the permeability of the trematode and cestode cell membranes to C a

2
+ 

,j, 
j lntracellular Ca2

+ concentration 
,j, 

Contraction of musculature 
,j, 

Spastic paralysis 
,j, 

Dis lodgment 
,j, 

Death of the parasites 

Q. What are the indications of praziquantel? 
Ans. 
Indications of praziq uantel: 

I. Schistosomias is 
2 . Clono rchiasis 
3 . Opi sthorchias is 
4 . Paragonimiasis 
5. Taeniasis 
6. Diphyllobothriasis 
7. Neurocysti cercosis 
8. Hymenolepis nana 

(Ref Katz ung-l 3th) 



9. Hydatid Disease 
I 0. Other Parasites-

• Fasciolopsiasis 
• Metagonimiasis 
• Heterophyiasis 
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Q. Mention the adverse effects and contraindications of praziquantel? 
Ans. 
Adverse effects of praziquantel: 

I. GIT upset 
2. Pruritus 
3. Urticaria 
4. Arthralgia 
S. Myalgia 
6. Low grade fever 
7. Eosinophilia 
8. Dizziness 

Contraindications of praziquantel: 
1. Ocular cysticercosis 
2. Spinal Neurocysticercosis 
3. Children under age of 4 years 
4. Pregnant women 

Q. Name the anthelmintic drugs that are contraindicated in pregnancy? 
Ans. 
Anthelmintic drugs contraindicated in pregnancy: 

1. Albendazole 
2. Mebendazole 
3. Ivermectin 

Q. What is the treatment of filariasis? 
Ans. 

Antimicrobial drugs 

(Ref Kutzung-13th) 

(Ref Katzung- 13th) 

(Ref Katzung- /3th) 

(Ref Lippincott 's-6th) 

Treatment of filariasis : Treatment of the individual is ai med at reversing and halting disease progression. 

I. Diethylcarbamazine (DEC) kills microfilariae and adult worms. The dose is 6 mg/kg daily orally in 

three divided doses for 12 days. The full dose must be reached slowly, sta11ing with 50 mg and doubling 

daily unless serious allergic reactions ensue. 

2. Antihistamines or corticosteroids may be required to control these allergic phenomena. 

3. Tight bandaging, massage and bed rest with elevation of the affected limb may help to control the 

lymphedema. 
4. To prevent secondary infection: Prompt diagnosis and antibiotic therapy. 

S. Plastic surgery may be indicated in established elephantiasis . Great relief can be obtained by removal of 

excess tissue but recurrences are probab le unless new lym phatic drainage is established. 

6. Surgery: Hydroceles can be repaired surgically; chyluria can al so be corrected surgica lly. 

(Ref Davidson's-22nd) 
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-
Q. Classify the antifungal drugs? (DU-I 5J,07M, CU-16.lu, 13.lu ,08.I) 
Q. Name the local nntifungnl drugs . (RU-06M) 
Q. Enumerate systemic antifungal drugs. (DU-17.1 , RU - 16.lu) 
Q. Name the drugs used in systemic fungal infection . (DU-07M) 
Q. Nmae topical antifungal drugs? (RU- I SJ) 
Q. Name 2 clinically used important drugs for oral candidiasis . (DU-0S S) 
Ans. 
Antifungal drugs 
A. 011 the basis of site of administration: 

Site of administration I Drugs 

I . Systemic antifungal drugs for • Amphotericin-B 
systemic infections (oral or • Flucytosine 
parenteral) • Echinocandins: 

:> Caspofungin 
:> M icafungin 
:> Anidulafungin 

• Azoles: 
:> Imidazole groups: Ketoconazole 
:> Triazole groups: Itraconazole, Fluconazole, 

Voriconazole & Posaconazole. 
2. Systemic antifungal drugs for • Griseoful vin 

mucocutaneous infections (oral) • Terbinafine 
3. Topical antifungal drugs for • Nystatin 

mucocutaneous infections • Amphotericin-B 
• Topical azoles: Miconazole, Clotrimazole & Ketoconazole . 
• Topical allylamines: Terbinafine, Naftifine . 

-

(Ref Katzung-1 Jth) 

B. On the basis of mechanism of action: 

Mechanism of action I Drugs · .• .,'1~ '·.:~::· ·?~ ~- -~· .. < . 
I . Drugs that disrupt the fungal cell • Polyenes: e.g. amphoteric in 

membrane • Azoles: imidazo les, e.g. ketoconazo le, fl uconazo le 
• Allvlamines: terbinafi ne 

2. Drug that inhibits mitosis • Gr iseofu lvin 
3. Drug that inhibits DNA synthesis • Flucytosine 

Q. Name the azole anti-fungal drugs . (DU-09Ju) 
Q. Name the azole antibiotics . (DU- I 4Ju) 
Q. Name the azoles that can be used to treat fungal infections . (CU-06M) 
Ans. 

(Ref Bennet & Brown-11th) 

Azole anti-fungal drugs: The azo les are a group of synthetic fungistat ic agents wi th nitrogen-containing fi ve­
membered azo le ri ng and a broad spectrum of activity. 

R 
I 

(

N-......._ 

N 11 

T riazole nucleus 

X"" C, imidazole 
X .:e N, triazole 

(Ref Rang & Dale's-8th: Katzung- 1 Jlh) 
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Classification of azole anti-fungal drugs: 

A. According to site of administration-

1. Systemic antifungal azoles for • Ketoconazole 
systemic infections • ltraconazole 

• Fluconazole 
• Voriconazole 

2. Topical antifungal azoles for • Miconazo le 
mucocutaneous infections • Clotrimazole 

• Ketoconazole 
• Econazole 
• Oxiconazole 
• Sulconazole 

B. Accordinf! to the number of nitrof!en atoms in the five-membered azole rim:: 
• Imidazoles l. Ketoconazole 

(contain 2 nitrogen atoms in the azole ring) 2. Miconazole 
3. Fenticonazole 
4 . Clotrimazole 
5. lsoconazole 
6. Tioconazole 

• Triazoles I. Fluconazole 
(contain 3 nitrogen atoms in the azole ring) 2. ltraconazole 

3 . Voriconazole 

Q. Name the mechanism of action of azole group. (DU-09Ju ; CU- I 6J, RU-08Ju,06M) 
Q. Describe the mechanism of action of econazole . (CU-l 3Ju ) 
Q. Mention the mechanism of action of miconazole. (CU -08J) 
Q. How fluconazole produces its antifungal effects. (DU -07 J, RU- l 2J) 
Q. W~i t e mechanism of action of ketoconazole. (CU- l 6J u) 
Ans 

' · e anism of action of azole drugs: Azoles are predominantly fun g istatic . 

Azole drugs 

t 
Inhibit fungal cytochrome P450 enzyme 

t 

Antimicrobial drugs 

(Ref Katzung-l 3th) 

Inhibit conversion of lanostero l into ergosterol- the principal stero l of fungal ce ll membrane 

t 
Reduction of ergosterol synthesis 

t 
Disrupt membrane structure and functi on 

t 
Inhibit fungal cell growth. 

The specificity of azo le drugs results from their greater affinity for fungal than for human cytochrome P450 
enzymes. 

(Ref Katzung- 13th; Lippincott 's-6th) 

Q. What are the advantages of fl uconazole over ketoconazole? (DU-07/06J ; CU-04M; RU- 16Ju, J2Ju ,06M) 
Q. Write down the differences between fluconazole & ketoconazole. (DU- l 2Ju) 
Q. Compare & contrast between fluconazole & ketoconazolc. (RU- I SJ,\ 1Ju,08J) 
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Ans. 
Differences between fluconazole & kctoconazole: 

( · · t I 4 5 7, 8. 9, I 0, JI) 
Or, Advantages of fluconazole over ketoconazolc: write pom 5 , , • 

Route of administration 
3. Half life 
4. Fre( uency of dosino 
S. CSF penetration 

6. Renal excretion 
7. Interaction with other 

druos 
8. Inhibition of mammalian 

sterol synthesis 
9. Gastrointestinal side effects 
I 0. Endocrinological side 

effects 

More 
No 

No 
Frequent, can increase tox ic it ies of 
dru s, eo, c clos orine, warfarin . 
Dose-dependent inh ibitory effect, thus 
inhibits mammal and ro 7en s nthesis 
More 
Gynecomastia, decreased li bido, 
im otence, menstrual irre 0 ularit ies 
Lower than fl uconazo le 

most t 
Yes 
Occasional 

No inhibition 

Less 
No 

Hiohest amon° the azo les 11 . Thcra eutic index 
(Ref lippincoll 's-6th; Katzung-1 Y I 

edit ion) 

Q. What are the adverse effects of azole? (DU-09Ju) 
Q. What are the adverse effects of ketoconazole? (DU-03M , CU-I 6Ju/J, SU-02S) 
Q. What are the adverse effects of miconazole? (C U-08J) 
Q. What are the adverse effects of griseofu lvin? (D U-0 l M, CU -02 M, SU -04S) 
Q. What arc the adverse drug reactions of Econazole? ( U- l 6J) 

Ans. 
Adverse effects of azo le 

Ketoconazole 

Fluconazole 
(it is generally 
very well 
tolerated.) 

Miconazole 

Econazolc 

1. Liver damage (rare but l'atal) 
2. GIT upset: ausea, anorexia, vomiting 
3. Headache 
4. Pruritus 
S. Photophobia 
6. Endocrine effects such a gynecoma ' tia, decreased libido in m~n . impotence, 

menstrual irregularities results from blocking of andr gen and ste ro id synthesi 
7. Can increase toxicities of drugs, eg, cyc losporine, warfarin. 
8. Teratogenes is 
Unwanted effects, which are genera lly mild, include 
I . Nausea 
2. Headache 
3. abdominal pa in 
4. e levation of liver enzymes and 
5. Allergic rash 
Adverse effects are uncommon, but include 

• Transient hepatitis and hypokalemia. 
• Pro longed use may lead to cardiac fai lure, especially in those with preexisting 

cardiac disease. 
Top ical use may cause-

• Contact dermatitis, vulvar irritation, edema 
1 . Local erythema 
2. Burning 
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I!: Stinging I 
Itching 
(Ref: Lippincott's-6tlt, Bennett & Brown-I /tit, Rang&Dale's-8'"; Goodman & Gil/man-llllt) 

Q. Short note: Fluconazole. (DU-14J) 
Ans. Write from above discussion. 

Q. Write down the mechanism of action of griseofulvin. 
Ans. 
Mechanism of action of griseofulvin: Griseofulvin's mechanism of action at the cellular level is unclear, but it is 
deposited in newly forming skin where it binds to keratin, protecting the skin from new infection . Because its 
action is to prevent infection of these new skin structures, griseofulvin must be administered for 2--6 weeks for 
skin and hair infections to allow the replacement of infected keratin by the resistant structures. Nail infections 
may require therapy for months to allow regrowth of the new protected nail and is often foll owed by relapse. 

. (Ref Katzung-1 Jth) 

Q. Mention the mechanism of action of amphotericin B. (DU- I SJ) 
Ans. 
Mechanism of action of amphotericin B: Amphotericin B is selective in its fungicidal effect because it binds to 
ergosterol of fun gal cell membrane. It cannot bind to human cell membrane, which contains cholesterol , not 
ergostero I. 

Amphotericin B binds to ergosterol 
t 

Alters the permeability of the ce ll by forming pores in the fun gal ce ll membrane. 
t 

The pore allows the leakage of intrace ll ular ions and macromolecules 
t 

Cell death . 

Q. Mention the clinical uses of amphotericin B. (DU- I SJ) 
Ans. 
Clinical uses of amphotericin B 

I. Loca lized and systemic candidem ia 
2. Cryptococcus 
3. Histoplasma 
4. Blastomyces 
5. Coccidioides 
6. Asp ergillus 

Viva Q. Why is amplwtericin B selective f or fungal cells? 

(Ref Katzung- 1 Jth) 

(Ref Katzung- 1 Jth) 

Ans. Amphotericin B binds to ergosterol. It does not bind to cholesterol foun d in bacteria and human cells. This 
is why; it is selective for fimgal cells. 

Nice to know 
Adverse effects of Griseofulvin and Amphotericin B: 

Griseofulvin 1. Allergic syndrome much like serum sickness 
2. hepatitis 
3. gastro intestinal upsets 
4. headache 
5. photosensitiv ity 
6. Drug interactions with warfarin and phenobarbital. 

Pharmacology-72 
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Am photericin B Infusion-related toxicity: These infusion-related reactions are nearly universal and 

consist of-
• Fever 
• Chills 
• Muscle spasms 
• Vomiting 
• Headache, and 
• Hypotension. 

(Thev can be ameliorated by slowing the infusion rate or decreasing the da ily dose. 
Pre,~edication with anlipyretics, antihistamines, meperidine, or corticosteroids can be helpf ul.) 

Cumulative toxicity 
• Renal damage is the most significant toxic reaction . 
• Live damage 
• Anemia (due to reduced erythropoietin production by damaged renal tubular 

cells) 
• Seizures (after intrathecal therapy) 

Q. Briefly write down the pharmacological properties of nystatin. 
Ans. 
Pharmacological properties of nystatin 

1. Chemistry: Nystatin is a polyene macrolide much like amphoter ic in B . 

(Ref Katzung -13th) 

2. Route of administration : It is too toxic fo r parenteral admini stration and is on ly used top ically . 
3. Preparations: Creams, ointments, suppos itori es, and other forms for app licat ion to sk in and mucous 

membranes . 
4. Toxicity: It is not a bsorbed to a significant degree from sk in, mucous membranes, G fT . As a result, 

nystatin has little tox icity . 
5. Indications: 

a. Oropharyngeal thrush 
b. Vag inal candidiasis 
c. lntertri g inous candidal infect ions. 

(Ref Katz ung-1 Jth) 
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fflllDfflfflffl 
Viruses are obligate intracellular parasites; their replication depends primari~y on !iynthetic processes of the host cell. 
Therefore, to be effective, antiviral agents must either block viral entry into or exit from the cell or be active inside the host 
cell. As a corollary, nonselective inhibitors of virus replication may inte,fere with host cell function and produce tox1c1ty. 

(Ref Katzung-! 3th) 

Q. Classify antiviral drugs according to mechanism of action. 
Ans. 

I. Viral entry inhibitors/ fusion inhibitor • Enfuvirtide 
2. Viral uncoating inhibitors • Amantadine 

• Rimantadine 
B. Viral nucleic acid s nthesis inhibitors 

1. Inhibitors of her es viruses HS 
• Nucleoside viral DNA polymerase inhibitors • Acyclovir 

• Ganciclovir 
• Famciclovir 
• Valacyclovir 
• Cidofovir 
• V idarabine 
• Iododeoxyuridine 
• Trifluoroth midine 

• Non-nucleoside viral DNA polymerase inhibitors • Foscarnet 
2. Inhibitors of retroviruses 

• Nucleoside reverse transcriptase inhibitors • Azidothymidine 
• Dideoxyinosine 
• Dideoxycytidine 
• Lamivudine 
• Stavudine 
• Abacavir 
• Tenofovir 

• Non-nucleoside reverse transcriptase inhibitors • Nevirapine 
• Delavirdine 
• Efavi renz 

3. Inhibitors of other viruses • Ribavirin 
• Adefovir 

C. Protease inhibitors • Saquinav ir 
• Nelfinavir 
• Indinavir 
• Arnprenavir 
• Ritonavir 
• Atazanavir 

D. Viral protein synthesis inhibitors • Interferon 
• Fomivirsen 
• Methisazone 

E. Viral release inhibitors/ neuraminidase inhibitor • Zanamivir 
• Oseltamivir 

(Ref LANGE Microbiology-12th; Katzung-1 Jth) 
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Blocked by 
neuraminidase 

inhibitors 
(influenza) 

Blockod by 
enfuvlrtlde (HIV), 
maraviroc (HIV); 
docosanol (HSV), 
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Blocked by 
_,,,..._~ amantadine, 
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(influenza) 
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Blocked by 
protease inhibitors 

(HIV) 

Figure: The major sites of antiviral drug action. (Ref Katzung-l 3
th 

edition) 

Anti-hepatitis agent 
Drugs used to treat chronic hepatitis B: 

Drugs Route 
I. Lam ivudine Oral 
2. Adefovir 
3. Entecav ir 
4. Tenofovir 
5. Telbivud ine 

6. Interferon alfa-2b Subcutaneous or intramuscular 
7. Pegylated interfero n alfa-2a Subcutaneous 

(Ref Katzung-13th) 

Drugs used to treat hepatitis C virus: 

Indication Drugs Ro ute 
Chronic hepatitis C Pegylated interfero n alfa-2a Subcutaneous 

Pegy lated interferon alfa-2b Subcutaneous 
Ribavirin Oral 
r nterferon alfa-2a Subcutaneous or intramuscular 
Interferon alfa-2 b Subcutaneous or intramuscular 
Interferon alfaco n-1 Subcutaneous 

Acute hepatitis C Interferon alfa-26 Subcutaneous or intramuscular 

(Ref Katzung- 13th) 
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Treatment of AIDS / HAART 

.. ••••• Blocked by CCR5 receplor antagonists 

// 
Host cell membrane 

Chemokine receptors 

~ Fusionand 

_ ____ ,.//,< @oallog 

Blocked by -·········~ l Reverse 
NRTls, NNRTls transcription 

~DNA 

lotegrallo~ 
,. •••••••••• Blocked by lrrtegrase inhibitors 

~ Transc,ipHoo \J\N 
~ RNA 

Translation 

Antimicrobial drugs 

I Virion 
t ass~mbty 

~ Buddingan 
~ maturation 

:::--.._ ----~ ·, Blocked by protease and maturation inhibitors········• ~ . / 

:---_ . ------

Figure: Life cycle of HIV Binding of viral glycoproteins to host cell CD4 and chemokine receptors precedes 
fusion and entry into the cell. After uncoating, reverse transcription copies the single·stranded HIV RNA genome 
into double-stranded DNA, which is integrated into the host cell genome. Gene transcription by host cell enzymes 
produces messenger RNA, which is translated into proteins that assemble into immature noninfectious virions 
that bud from the host cell membrane. Maturation into fully infectious virions is through proteolytic cleavage. 
NNRT!s, nonnucleoside reverse transcriptase inhibitors: NRT!s, nucleoside/nuc/eotide reverse transcriptase 
inhibUors. 

Antiretroviral agents: Six classes of antiretroviral agents are currently available fo r use : 
I. Nucleoside/nucleotide reverse transcriptase inhibitors (N RTis) 
2. Nonnucleoside reverse transcriptase in hibitors (NNRT!s) 
3. Protease inhibitors (Pis) 
4. Fusion inhibitors 
5. CCRS receptor antagonists, and 
6. lntegrase inhibitors. 

( Ref Katzung-1 Jth) 



TM Blueprint Pharmacology 562 

I. Nucleoside/nucleotidc reverse • Abacavir 

transcriptase inhibitors (NRTis) • Delavirdine 

• Didanosine (ddl) 

• Efavirenz 

• Emtric itabine 

• Etravirine 

• Lamivudine 

• Stavudine 

• Tenofovir 

• Zalcitabine 

• Zidovudine 
2. Nonnucleoside reverse transcriptase • Etravirine 

inhibitors (NNRTls) • Nevirapine 
3 . Protease inhibitors (Pis) • Atazanavir 

• Darunavir 

• Fosamprenavir 

• Indinavir 

• Lopinav ir/ritonavir 

4 . Fusion inhibitors 
5. CCRS inhibitor 
6. Integrase inhibitor 

Q. Short note: HAART. 
Ans. 
HAART: 

• 
• 
• 
• 
• 
• 
• 

Nelfinavir 
Ritonav ir 
Saquinavi r 
Tipranavir 
Enfuvirt ide 
Maraviroc 
Ra ltegrav ir 

(Ref Katzung-l 3th) 

Definition : Combination therapy w ith maximally efficacious and potent antivira l agents reduces v ira l rep licat ion 
to the lowest possible leve l, restores the number of CD4+ cells and immunocompetency to the host and decreases 
the likelihood of emergence of res istance. Thi s mul ti drug regimen is common ly referred to as highly active 
antiretroviral therapy, or HAA RT. HAART typically consists of 3-4 antiretroviral agents and has become the 
standard of care. 

Component drugs of HAART: The current recommendation for 
primary therapy is-

l . Two NRTis plus 
2. A protease inhibitor or an NNRT I. 

Goals of HAART: The goals of therapy are-
!. To max ima lly and durably suppress viral load 

replication. 
2. To restore and preserve immuno logic fun ction . 
3 . To reduce HIV-re lated morbidity and mortali ty. 
4. To improve qual ity of li fe . 

(Ref Lippincott 's-6th) 
Disadvantages of HAART: 

1. The reg imen is complex, has many unwanted effects. 

(Ref Katzung-l 3th; Lippincott 's-6th) 

m· combination·therapy 
~ -

Two.n~cleo'side/-_tide reverse 
' tr!1nscrip~se·inhibitors 

plus 
'. 0.ne-prot~s~ inhibitor. .' 
: . .- . <+I- rtionavir> 

·· Two nudeoside/-tide revei:-se 
",tnmscriptase inhibitors 

plus 

A nonnucleoside teverse 
tran.scri t.ase inhibitor 
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1 I . 1·ty-: I JI · · b I IIV ·11 I I· ·1w been cmclicatcd. - · t 1s l I ,,cut to ac ·1l'rc to and may wcll have Ill bc l1tdmg ccausc w1 no 1• . , , . 8 1, (Ref: Runi & Dale.\- I 7) 

Anti-influenza agent 
Drugs for influenza virus: 

I. Oseltamivir 
2. Amantadine 
3. Rimantadine 
-l . Zanamivir 

It is a prodrug ( activated by hepatic esterase ). 

• Route: Oral 

Oseltamivir 

• Absorption: Taking oseltamivir with food does not interfere with absorption and may decrease nausea 

and vomiting. 

• 
• 
• 
• 
• 

• 
• 
• 

Dosage: 75 mg twice daily for treatment and 75 mg once daily for prevention 
Half life: 6-10 hours 

Distribution: Widely distributed throughout the body 

Excretion: Kidney (So dosage must be modified in renal insuffic iency) 

Mechanism of action: The neuraminidase inh ibitors oseltamivir interfere with re lease of progeny 

influenza virus from infected to new host eel Is, thus halti ng the spread of infection withi n the respi ratory 

tract. Early administration is crucial because rep lication of infl uenza virus peaks at 24- 72 hours after the 

onset of illness. 

Indication: Influenza A and influenza B (Bird flu, Swine flu) . 

Adverse effects: Nausea, vomiting, headache, fa tigue, diarrhea . 

Resistance: In adults, resistance during therapy is rare but may cause fatal di sease . 

(Ref Katzung-l 3th) 
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M CQ 
Q. Advantage of combination therapy in 

tuberculosis are to- (DU- I 7M) 
a) avoid drug resistance 
b) obtain bette r therapeutic efficacy 
c) reduce the toxicity of drug 
d) reduce the spectrum 
e) increase duration of action of drug 

a. T, b. T, c. T, d. F, e. F 

Q. P-lactam antibiotics are- (DU-l 7M) 
a) penicillin 
b) cepha losporin 
c) vancomycin 
d) meropenem 
e) cilastatin 

a. T, b. T, c. F, d. T, e. F 

Q. Nephrotoxic drugs are- (DU-l 7M) 
a) ampicillin 
b) azithromycin 
c) amphotericin 
d) rifampicin 
e) tobramycin 

a. F, b. F, c. T, d. F, e. T 

Q. Chloroquine may cause- (DU-l 7M) 
a) pruritus 
b) hypertension 
c) impaired hearing 
d) peptic ulcer 
e) hypotension 

a. T, b. F, c. T, d. F, e. T 

Q. Drugs safe in children below 05 years old 
are- (DU-l 7M) 
a) erythromycin 
b) cloxacillin 
c) ciprofloxacin 
d) tetracycline 
e) streptomyc in 

a. T, b. T, c. F, d. F, e. F 

Q. Chemoprophylaxis of malaria is done by­
(DU-17M) 
a) proguanil 
b) mefloquine 
c) quinine 
d) doxycycline 
e) chloroquine 

a. T; b. T, c. F, d. T, e. T 

Q. Bacterial protein synthesis inhibitors are­
(DU-17 J) 
a. azithromycin 
b. tlucloxac illin 
c. tetracycline 
d. gentamicin 
e . cotrimoxazole 

a. T, b. F, c. T, d. T, e. F 

Q. The following are anthelmintics- (DU- l 6J) 
a) albendazole 
b) metronidazole 
c) clotrimazole 
d) pyrantal pamoate 
e) piperazine 

a. T, b. F, c. F, d. T, e. F 

Q. Drug induced ototoxicity is produced by­
(DU- I 5Ju) 
a. furosemide 
b. bromocriptine 
c. lithium carbonate 
d . streptomycin 
e . chloroquine 

a. T, b. F , c. F, d. T, e. T 

Q. Topical sulphonamides are- (DU-l 5Ju) 
a. sulfisoxazole 
b. sodium sulfacetamide 
c. ma fen ide acetate 
d. sulfamethoxazole 
e. s il ver sulfadiazine 

a. F, b. 1~ c. T. d., Fe. F 

Q. Antibacterial drugs useful against 
pseudomonas aeruginosa are- (DU - l 5Ju) 
a. Carbenicillin 
b. cephradine 
c. erythromyc in 
d. gentamycin 
e. ciprofloxacin 

a. F , b. F, c. F, d. T, e. T 

Q . Drugs used for eradication of He/icobacter 
pylori are- (DU- l 5Ju) 
a. c larithromyc in 
b. tetracycline 
c . quinolone 
d . antacid 
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e. metronidazole 

a. T, b. F, c. F, d. F, e. T 

Q. Advantages of combination therapy m TB is 
to- (DU-1 SJu) 
a. avoid drug resistance 
b. have better therapeutic etlicacy 
c. reduce drug toxicity 
d. reduce spectrum of activity 
e. increase duration of action of drug 

a. T, b. 1~ c. T, d. F, e. F 

Q. Chemoprophylaxis of malaria is done by­
(DU- l 4Ju) 
a. proguanil 
b. mefloquine 
c. quinine 
d. doxycycline 
e. chloroquine 

a. T. b. T, c. F, d. T, e. T 

Q. Rifampicin- (DU-14Ju) 
a. is a bactericidal drug 
b. is a protein synthesis inhibitor 
c. inhibits DNA gyrase enzyme 
d. can cause hepatitis 
e. can cause enzyme induction 

a. T, b. T, c. F, d. T, e. T 

Q. Highly active anti retroviral therapy 
(HAART) includes- (DU-14Ju) 
a. didarosine 
b. ganciclovir 
c. acyclovir 
d. lamivudine 
e. ritonavir 

a. T, b. F, c. F, d. T, e. T 

Q, The following are systemic anti-fungal drugs­
(DU-14Ju) 
a. clotrimazole 
b. cotrimoxazole 
c. tluconazole 
d. miconazole 
e. itraconazole 

a. F, b. F, c. T, d. F, e. T 

Q. Tinnitus, dizziness, blurred vision and 
headache are indicative of toxicity of 
following drugs: (CU-14Ju) 
a) primaquine 
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b) Quinine 
c) Pyrimethamine 
d) Quinidinc 
e) Sulfadoxine 

a. F, h. T, c. F, d. T, e. F 

Q. First generation Ccphalosporin ineffective 
against: (CU-I 4Ju) 
a) Bacteroids 
b) Neisseria 
c) Haemophilus 
d) E.coli 
e) Klebsiella 

a. F, b. T, c. T, d. F, e. F 

Q. Following statements about Antimicrobial 
drug therapy are: (CU-I 4Ju) 
a) Should be based exclusively on in vitro 

sensitivity tests. 
b) Surgical chemoprophylaxis is best done by 

combination of drugs . 
c.) In mycobacterial infections combination of 

drugs is used primarily to increase efficacy. 
d) Narrow-spectrum one 1s preferred in 

definitive therapy. 
e) Pseudomembranous colitis is the common 

risk with broad-spectrum antibacterial 
drugs. 
a. F, b. F, c. F, d. T, e. T 

Q, ~-lactam antibiotics are- (DU- l 4J) 
a. cephradine 
b. erythromycin 
c. tlucloxacillin 
d. amoxicillin 
e. streptomycin. 

a. T, b. F, c. T, d. T, e. F 

Q. Tetracycline- (DU-14J) 
a. binds to 50s subunit of bacterial ribosome. 
b. inhibits nucleic acid synthesis. 
c. produces brown discoloration of teeth in 

children. 
d. is a drugs of choice in rickettsial infection. 
e. chelates divalent cations. 

a. F, b. F, c. T, d. T, e. T 

Q. The followings are protein synthesis 
inhibitors- (DU- I 4J) 
a. chloramphenicol 
b. amoxici llin 
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d. levofloxacine e. erythromycin . 
e. streptomycin a. F, b. F, c. T, d. T, e. T 

1. T, b. F, c. T, d. F, e. T 

Q. Gentamicin- (DU-14.J) 

Q. 

Q. 

Q. 

Q. 

Q. 

a. is effective when used topically 
b. is poorly absorbed from the gut 
c . can easily penetrate into CSF. 
d. Can cause irreversible 8th nerve damage 
e. Acts by inhibiting cell wall synthesis. 

a. T, b. T, c. F, d. T, e. F 

Chloroquine may cause- (DU-141, 13Ju) 

a. Pruritus. 
b. hypotension. 
C. impaired hearing. 
d. peptic ulcer. 
e. hypertension. 

a. T, b. T, c. T, d. F, e. F 

Antibiotics which act against beta-lactamase 
are- (DU-13Ju) 
a. vancomycm. 
b. penicillin. 
C. cefixime. 
d. tlucloxacillin. 
e. sulbactum. 

a. T, b. F, c. T, d. T, e. T 

The following are antifungal drugs- (DU- l 3J) 
a. tluconazole. 
b. metronidazole. 
C. clotrimazole. 
d. cotrimoxazole. 
e. albendazole. 

a. T, b. F, c. T, d. F, e. F 

Penicillin G- (DU-131) 
a. is a natural penicillin . 
b. alters cell membrane permeability. 
C. is a penicillinase resistant antibiotic. 
d. is effective in treating gas gangrene. 
e . can cause hypersensitivity. 

a. T, b. F, c. F, d. T, e. T 

The following antibiotic are bacteriostatic-
(DU-131) 
a. isoniazide. 
b. co-trimoxazole. 
c. tetracycline. 

Q. Bacterial 30s ribosomal subunit inhibito 
are- (SU-131) ts 
a. Amikacin 
b. Streptomycin 
c. Erythromycin 
d. Doxycyclin 
e. Chloramphenicol 

a. T, b. T, c. F, d. T, e. F 

Q. Adverse effects of antimicrobials- (SU- I 3J) 
a. Chloramphenicol causes bone deformity 
b. fNH causes neuropathy 
C. Ceftriaxone may cause cross allergic 

reaction with penicillin 
d. Sulfonamides causes crystaluria 

e. Erythromycin is teratogenic 
a. F, b. T, c. T, d. T, e. T 

Q. Antimicrobial spectrum of gentamicin- (SU-
131) 
a. Effective in pneumococcal infection 
b. Not crosses meningial membrane 

C. Exert time-dependent killing 
d. Causes vestibular damage 
e. Active against anaerobes 

a. F, b. T, c. T, d. T, e. F 

Q. Systemic antifungal agents include- (DU-
12Ju) 
a. Griseofulvin (F) 
b. Nystatin (F) 
C. Amphotericin (T) 
d. Fluconazole (T) 
e. Clotrimazo le (F) 

Q. Following drugs are protein synthesis 
inhibitor- (DU- l 2Ju) 
a. Rifampicin (T) 
b. Ciprofloxacin (F) 
c. Cefuroxime (F) 
d. Erythromycin (T) 
e. Gentamic in (T) 

Q. HAART includes- (OU-12Ju) 
a. Zidovudine (T) 
b. Lam ivudine (T) 
C. Oseltamivir (F) 
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d. Rimantadine (F) 
e. Acyclovir (F) 

Q. Drugs not safe in children below 5 years old­
(DU- l 2Ju) 
a. E1ythromycin (F) 
b. Cloxacillin (F) 
c. Ciprotloxacin (T) 
d. Tetracycline (T) 
e. Streptomycin (T) 

Q. Following drugs are commonly effective in 
staphylococcal infection- (DU-12J) 
a. Ampicillin (F) 
b. Coamoxiclav (T) 
c. Ciprofloxacin (F) 
d. Flucloxacillin (T) 
e. Metronidazole (F) 

Q. Tetracycline- (DU-12J) 
a. Binds to 5OS subunit of bacterial ribosome. 

(F) 
b. Inhibits nucleic acid synthesis. (F) 
C. Produces brown discoloration of teeth in 

children. (T) 
d. Is a drug of choice in rickettsial infection. 

(T) 
e. Chelates divalent cation. (T) 

Q. Gentamicin- (DU-11 Ju) 
a. Is effective in pneumococcal pneumonia (F) 
b. Is poorly absorbed from gut (T) 
C. Can easily penetrate into CSF (F) 
d. Can cause irreversible 8th nerve damage. (T) 
e. Acts by inhibiting cell wall synthesis. (F) 

Q. Rifampicin- (DU-1 lJu) 
a. Inhibits bacterial DNA gyrase . (F) 
b. ls highly protein bound (?) 

C. Is excreted mainly through the liver into 
bile. (T) 

d. Inhibits cytochrome P45O enzyme (F) 
e. Common ly causes hepatitis and cholestati c 

jaundice. (T) 

Q. The following drugs are bactericidal-
(DU-1 IJ) 
a. Sulfonamides (F) 
b. Tetracycline (F) 

Antimicrobial drugs 

c. Aminoglycosides (T) 
d. Ch loramphenicol (F) 
e. Rifampicin (T) 

Q. Erythromycin- (DU-1 1 J) 
a. Inhibits cell wall synthesis (F) 
b. Is a quinolone preparation (F) 
c. Is a broad spectrum antibiotic (F) 
d. Can cause enzyme inhibition (T) 
e. Is indicated in pertussis (T) 

Q. The following are anti-protozoa! cJrugs­
(DU-l lJ) 
a. Chloroquine (T) 
b. Metronidazole (T) 
c. Flucloxacillin (F) 
d. Ciprotloxacin (F) 
e. Azithromycin (F) 

Q. Penicillin G- (DU-I OJu) 
a. is a natural penicillin (T) 
b. alters call membrane permeability (F) 
C. is a penicillinase resistant antibiotic (F) 
d. is effective in treating gas gangrene (T) 
e. can cause hypersensitivity (T) 

Q. The followings are antifungal drugs-
(DU- I OJu) 
a. Fluconazo le (T) 
b. Metronidazole (F) 
C. Clotrimazole(T) 
d. Cotrimoxazo le (F) 
e. Albendazole (F) 

Q. Ciprofloxacin- (DU-1 OJ) 
a. is a DNA synthes is inhibitor (T) 
b. is wide ly distributed in body fluids (T) 
C. can cause enzyme inducti on (F) 
d. is safe in children (F) 
e. can cause convu lsion along with aspirin (T) 

Q. The followings are antimalarial drugs-
(DU- I OJ) 
a. chloroquine (T) 
b. dapsone (F) 
C. sulfadoxine-pyrimethamine combination 

(T) 
d. primaquine (T) 
e. metronidazo le (F) 
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Q. Define the autacoids . (DU -141, I 2Ju , 11 J/Ju ,08J; CU-08J ,06M; RU-09/08Ju;SU-09/07J) 
Q. Name the lipid derived autacoids . (RU- I 3Ju,08J) 
Q. Classify autacoids . (DU-I 2Ju , RU-09Ju ,08Ju,06S, SU- I 3J ,09/08J,07J) 
Q. _,Na1ne some autacoids. (CU- I SJ) 
Q. What are eicosanoids? (DU-09J) 

ns. 

-

Autacoids: Autacoids means se lf remedy. Autaco ids are biological factors which act like local hormones, have a 
brief duration, act near the site of synthes is to protect from local injuries and then decay or are destroyed 
enzymatica lly and are not blood born e. ---
Classification of autacoids: 

1. Eicosanoids / lipid-derived autacoids • Prostaglandins (PGs) 
• Thromboxanes (TXs) 
• Leukotrienes (L Ts) 

2. Decarboxylated amino acids ( =.:) • Histamine 
C~"l°' 

• Serotonin 
3. Vasoactive peptides Vasoconstrictor 

• Angiotensin 
• Neuropeptide Y 
• Endothelin 
• Eurotensin 

Vasodilator 
• Vasoacti ve Intestinal Peptides (VIP) 
• Kini ns: (Bradyki nin & kallidin) 
• Substance P 
• Nitric oxide 

Histamine 

Q. ~ e the synthesis, storage & release of histamine. (CU-00M) 
/ ns. 

' Synthesis of histamine: Histamine is formed by decarboxylation of the amino acid L-histidine, a reaction 
catalyzed in mammalian ti ssues by the enzyme histidine decarboxylase. Once formed , histamine is either stored or 
rap idly inactivated. 

L-Histidine 
Histidine decarboxylase 

Histamine 
Storage of histamine: 

I. Mast cell 
2. Basophil 
3. Epiderm is of skin 
4. Ce lls in the gastric mucosa 
5. Neurons in the CNS 

Sites of storage of histamine: 
A. Mast cell histamine: Mast cel ls are especially ri ch at sites of potential tissue injury, eg-

1. Nose 
2. Mouth 
3. Feet 
4. Internal body surfaces 
5. Blood vessels, pa1ticularly at pressure poin ts and bifurcations. 
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B. Non-mast cell histamine is found in several tissues, including- . 
I. Brain, where it functions as a neurotransmitter. Endogenous neurotransmitter histamine may play a ro le 111 

many brain functions such as 
• Neuroendocrine control 
• Cardiovascular regulation 
• Thermal and body weight regu lation, and 
• Arousal. 

2. Enterochromaffin-like (ECL) cells of the stomach . ECL cells rel ease histamine which stimulates parietal 
cells to secrete HCI. 

Release of histamine: 

I. Immunologic release: IgE mediated histamine release in type I hypersensitivity. This type of release also 
requires energy and calcium. 

2. Physical factors: Scratch, burn, soap, exposure to sun, radiation . 
3. Chemical factors: Dextran, polysaccharide, bi le salts, lecithin, radio-contrast media . 
c_ f=''-c-ci ::> \ , \,_ c ½, \. c.,'o ,~-\..- r ). (Ref Katzung-13th) 

Q. Name the histamine releasing drugs/agents . (RU-12Ju,09Ju,07J) 
Q. ,E6umerate the agents that can cause the release of histamine. (RU-1 71, 151, I IJ , I OJ) 
Ans. · 

Drugs causing histamine release: 
I. Chemotherapeutic agents: Chlortetracycline, polymyxin B, pentamidine. 
2. Spasmolytic agents: Atropine. 

,- ' 
I ,,.· ·1 .~-

\ \ ).. , 

3. Vasodilators: Hydralazine, tolazoline 
4. Centrally acting drugs : Morphine, pethidine 
5. Sympathomimetic agents: Amphetamine, Phenylethylamine 
6. Neuro-muscular blocking agents: O-tubocurarine, Gallamine 
7. Others: 

• Succinylcholine 
• Codeine 
• Penic ill in 

(Ref Katzung-l 3th & Tripathi-6thl l 55) 

Other substances causing histamine release: 
4. Immunologic release: IgE mediated histamine release in type I hypersensitivity. 
5. Physical factors: Scratch, burn, soap, exposure to sun, rad iation, 
6. Chemical factors: Dextran, polysaccharide, bile salts, lecithin , radio-contrast media. 
7. Foods like crabs, lobster etc. 

,/ 

. Q_ 0. Ny- e the histamine rece~tors with their location. (RU-04S) 
X"n( -~ r ,-, _,.,...__ , (,~~ ~__L, --; • r c 
Histam'ine receptors with their location: .,, 

Receptor Distribution 
' (·I• 

Postreceptor mechanism 
subtype ,,--, r,( r• '( ~ :;I , l). 

I 

H1 ~mooth muscle, eru.lothelium, brain (post synaptic) Gq, j lP3, DAG 
H2 Gastric mucosa, cardiac musc le, mast ce ll s, brain (12.ost synapti c) Gs, j cAMP 
HJ Presvnaptic: brain , myenteric plexus, other neurons Gi, l cA MP 
H4 Eosinophils neutrophils, CD4 T cells -c i, TcAMP 

(Ref Ku1::11ng-l Jth) 
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Q. 1 mcrntc the agonists & antagonists of H 1-rcccptors . (RU-09.1) 
A 

nists & antagonists of histamine rccq>tors: 

2-Methyl histamine 

Anta ,onists 
See in the anti-histamine drugs. 

• 2-Pyridylethyl amine 
• 2-Thiazo lylcthvl amine 

Hi-receptors 4-methyl histamine 
See drugs.for peptic ulcer in the GIT chapter. 

• Dirnaprit 
• Im romidine 

H3-rcce tors a-M eth I- histamine 

Q. Write down the physiological roles of histamine. (RU-16.1, 13J,08Ju,07Ju) 
Q. What are the pharmacological effects of histamine? (CU-06M; RU-091,07 .I) 
Ans. 

,Pharmacological effects of histamine: 

I • Cardiovascular effects of histamine: 

I
, • Decrease in systolic and diastolic blood pressure: Caused by the direct vasodilator action of histamine 

on arterioles and precapillary sphincters. . . . 
\.,..,...... • Histamine induced edema: Results from the HI receptor-mediated increased permeabli1ty in the 

postcapillary vessels . · 
• Effect of histamine on heart: Direct cardiac effects of histamine via H2 receptors include both increased 

force of contraction and increased hea11 rate. ~ 

2. Nervous svstem effect: 
• Histamine stimulates sensory nerve endings via H1 receptors and produce pain and itching. This effect is 

an important component of urticaria and reactions to insect and nettle stings. 
• H, agonists reduce the release of ACh, amine & peptide transmitters in the brain and peripheral nerves. 

3. Bronchiolar smooth muscle: Histamine causes bronchoconstriction mediated by H, receptors. Patients with 
asthma are very sensitive to histamine. An allergTc reaction 1s a pred isposing factor of acute asthmatic attack. 

4. GIT Smooth Muscle: Histamine causes contraction of intestinal smooth musc le (v ia H I receptor contraction), 
leading to diarrhea . ~ 

5. Genitourinary smooth muscle: In pregnant women with anaphylactic shock histam ine induced uterine 
contraction may lead to abortion . 

6. Secretory effect: (via H2-receptor) 
Gastric acid secretion . 

• Gastric pepsin and intrinsic factor of castle production to a lesser extent. 

@ T r,jr!~ response: Intradermal inj ection of hi stamine causes a characterist ic l~~sp~t, edema, and~ 
response. 

8. Other effects: 
Local stimulation of peripheral nerve endings (H3 & H1 receptor) 
Nociception in the CNS. 

Q. What is the triple response of histamine? (RU-0 I J) 

(Ref Katzung-13th) 

Q. Discuss the "triple response of wheal" caused by insect bite and write down the drug management of it. 
(DU-02J) 

Ans. 
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Triple response of histamine/ triple response of whc,il: Intradcrmal injection or hi stam ine c~uses _a 
characteristic red spot, edema, and Oare response that was lirst ckscribccl over 60 years ago by Lewis . This 
phenomenon is called the triple response/ triple response of wheal. The effect in vo lves three separate cel l types: 

l. smooth muscle in the microcirculation 
2. capillary or venular endothelium, and 
3. sensory nerve endings. 

Mechanisms of the 3 responses: 
) : Redness : At the site of injection, a reddening appears due to clin.:ct vasodi lation effect or histamine on the 

small vessels. 
2. Edema: An edematous wheal at the injection site clue to increased cap ill ary r crrneab ili ty. 
3. Flare: A red irregular flare surrounding the wheal occurs due to histamine induced axon re fl ex that causes 

vasodilation indirectly. 
A sensation of itching may accompany these effects. 

Drug management of the triple response: Antihistamine. 

Q. What are the manifestations of histamine release? How it can be managed? (CU-06M) 
Q. Name ROSsible consequences of histamine release. (RU- I OJ) 
Q. Mention the adverse effects of histamine. 

· txfi s. 
Manifestations/ consequences/ adverse effects of histamine release: 

l . Itching 
2. Flushing 
3. Hypotension 
4. Tachycardia 
5. Bronchoconstriction (dyspnea) 
6. Diarrhea 
7. Gastric acid secretion (hyperacidity) 

(Ref Kutzung- l 3th) 

8. Peripheral edema 
9. Anaphylactic shock (severe hypotension & bronchoconstriction due to mass ive histamine rel ease). 

Management: · 
I . Anti-histamines (chlorpheniramine, promethazine etc.) 
2. Adrenaline (in anaphylactic shock) 
3. Mast cell stabilizer 
4. Supportive care: Care of the oral cavity, skin, eye & other orifices. 

Q. Mention the clinical uses of histamine. 

Ans. 
Clinical uses of histamine: In pulmonary funct ion laboratories, histamine aeroso l has been used as a provocative 
test of bronchial hyper-reactivity. H istarn ine has no other current cl inical app licat ions. 

( ,, 
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Anti -histamine 

(). C lt,ss i f~ a n ti h is1 11 mitH's . (S L - I l .1 ,0 1).lu .O .I) 
Q . \\ rift.' d o" n n houc hi s cnmitH' anlagoni s t . (C LJ-0(1M) 
(). H ), ' '-' ~"' ~·u u n 11t ago 11 iH · lhl.· l'f'frcls of hi s lami,u·'! ( R LJ - 1.:U . I IJ) 
·\ n , . 
. \ nti- h i.· tam ilH' ' llis lnminl' u 111 11goni s t : 

• /\drc1rn I inc A. Ph~·sio lngk a l 
a nc ag 111 isc 

(.·I drt·na/ine acrs uver adrenoceprors which uppo ·es rhe action ufhistarn ine) 
11i.Hamine: VI oJilatation, bronchospasm. 

B. Histamine release 
inhibito rs 

A dre11 ali11e: Vasoconstricr ion, bronchodi /at ion. 
In d ication of lt )lsio/o ic anta onis t: Ana h lactic shock 

• Cro mo ly n, edocromi l-sodiu m 
• Jh -agonist : Salbutamo l, Terbuta line 

/Jragonists (salbutarnol, terbwalin) - Degranulation of mast cell ---> Decrease 
h istam·ine release. 

C. Hi tamine receptor 
antagonists 

• H 1 -receptor antagon ists 
• H r receptor antagonists 
• H3 & H 4 -rece tor anta 0 onist 

Q. Clas ify H1 receptor blockers/ antagonists . (RU-J2/l 1 J,091, SU- l 7J,16Ju/J,09Ju) 
Q. Classify H1 receptor antagonists according to generation. (RU-14J) 
Q . Lists clinically useful antihistamines. (CU-12/l 1J,09/09Ju,04M) 
Q. l'\ame the 2nd & 3rd generation antih istamine with indications. (RU- l0J) 
Q. List the 2nd generation antihistamine with their' advantage and use . (RU-17J,15J) 
Q. List the 1st & 2nd generation H 1 ·receptor antagonists. (DU-09/08Ju, SU-12J) 
Q. List the 2nd generation H 1 receptor antagonists·. (RU-161) 
Q. Enumerate non sedative H 1 receptor antagonjsts. (CU-QS M) 
Q. List the non sedative antih istam ines (Hl blockers). (CU- 17 J ) 
Q. Enlist the classical antihistamines. (DU-16Ju). . 
Ans. 
Clinical cla ification of H 1 receptor antagonists: 

A. According to thei r generation : 
...,.. 

- 1 1. 1st generation H 1-receptor Ethanolamines 
antagon ists • C arbinoxami ne ,,. 

Dimenhydrinate _.,, 
Diphenhydrami ne 

Piperazine derivatives 

• Hydroxyzine 

1• Cyc li z ine \ ) ., 
\ I ). ) ;,-

, • M ec li z ine J 
I A lky lamines ,. Bromphe n iramine 

\ 

-

.,,, C hlorph enira mine t I l \ ~ \, .... 

Phcnothiazinc de riva tive 

I 

_,,!* Prome th azi ne 

Misce ll aneo us 

• C ypro hc ptadine -- -

(R ef Ka tzung -13th) 

< 

'' ' \ 
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2"cl . 2. generatwn H 1-receptor Piperidine 
antagonists Fexofenadine 

Miscellaneous 

/ Loratadine 
{>. \ \o.. ~ ((/ \ ,,,,.- Cetirizine -..:...; 

(Ref Katzung-l 3th) 

B. According to degree of sedative effect: 

1. Highly sedative t ·/ Diphenhydramine , Dimenhydrinate 
• Promethazine 
• Hydroxyzine 

2. Moderately sedative • Pheni ramine 
• Cyproheptad ine 
• .,, Meclizine 
• Buclizine 

3. Mildly sedative • Chlorpheniramine 
• Dexch lorphenirami ne 
• Cyclizine 
• Dimethindene 
• Triprolidine 

4. Least or non-sedative • Cetirizine 
• Levocetirizine 
t Fexofenadine 
• Loratadine 
• Des I oratad ine 
• Aze lastine 
• Mizo lastine 
• Ebastine 

( 1. ,-,- [ 0,_ C ; -:hz_ fY1 r 
,-.... f • Rupatadinc -

/ 

ML ---- - (Ref Tripathi-611'/ J 56) 

RU-Q. ~ii 
Ani "' 

the pharmacological action of clinically useful antihistam ines. (CU -12/1 lJ,09/08Ju,SU-09J , 
0 u) 

Pharmacological action of clinically useful antih istamines: 

1. Antihistamine action: By 
H1-receptor blockade 

2. Anticholinergic actions 
(By M2 receptor blockade. 
Many firs t-generation 
agents, especially 
diphenhydramine and 
promethazi ne) 

3. Anti-adrenergic actions: 
By a-receptor blockade 

• Decreases allergic in flam mation, itching, sneezing & rhinorrhoea. 
• Inc reased sedation (A com111on effect ofjtrst-generation H, antagonists) 
• Decreases cognitive & psychomotor performance 
• Increases appetite 
• An ti na usea & emesi 
• Ant i-parkinsonian effect 
• Dry mouth & skin 
~s,..,......,,1 m~u-s .,,_ta--c....,hy,,...._ c-a-rd,..r-a 

• Urine retention 
• Constipation 
• Blurred vision & mydriasis 

• Postural hypotension 
• Dizziness 
• Refl ex tachycardia 
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4. Scrotonin-blockino action 
"' 

• ln L: renscs appetite 
( mainly cnrohc )tad inc) - -1------- - - ------~----.~-:--.::-::-::-i--:---;-

5. Local Anes thesia: Hy Na ' • Several first-generation 1-1 1 antagonists are potent local anesthetics. 
channel blockade. · Diphcnhydraminc and prornethazine are actually more potent than procaine 

as loca l anesthetics. 
(Ref Katzung- 1 Jth; lippincu11 's-6th; 

Nice to know 
Antihistamines with actions not caused bv histamine receptor blockade 

l. Anti-histamines with strono·sedative effect: Doxylamine, Hydroxyzine, Promethazine. 
2. Anti-histamin('S with anttnausea & anti-emetic action: Diphenhydramine, Mec lizinc, Cyclizine, 

Promerhazine, Doxylamine. 
3. Anti-histamines with anti-parkinsonian effect: Promethazine, Diphenhydramine. 
4. Anti-histamines with anti-cholinergic effect: Promethazine, Diphenhydramine, Dimenhyd rinate 
5. Anti-histamines with a-adrenoceptor blocking activity: Promethazine 
6. Anti-histamines with additional anti-5HT receptor blocking activity: Cyproheptadine 
7. Anti-histamines with local anesthetic activity: Diphenhydramine, Promethazine (They are more potent 

than proca ine & they block Na+ channel). 
8. Others: Cetirizine is used in allergic rhinitis as it inhibits histamine release from mast cell & inh ibits to 

release inflammatory mediators but this action is not due to H1-receptor blockade. 
(Ref Katzung-1 Jth) 

Q. Mention the indications of H1-blocker. (DU-09Ju,07Ju; CU-13J,07J, RU-141, 1 OJ ,06/0SS, SU-17 J, I IJ,09Ju) 
Q. Mention the indications of chlorpheniramine. (DU-14Ju) 
Q. Mention the indications of promethazine. (RU-12/1 IJ,09Ju) 
Q. List the uses of antihistamines. (S U-141) 
Q. Mention,the common uses of 2nd generation H1-receptor blockers. (RU-161) 
Ans. 
Inf cafrons of H1-blocker: 

lndl·cat1·ons / c11·01·cal uses · ··:·: ··- '' , I D ' · , -- · ·.··- ·' ... :_ ..... :.:,::, ;,. -:-- ~ ·· ·· · .. ··' · · . , ~ ~ . ~ rugs . , .. . : ~) ": .;;-~ .--.. · . -= ~-,t~ ... ,...., l :::-(;;:..,._ ... .,., ... ·" -- .... , .. ~. • • 

1 I. Allergic conditions: 
< • Itch111g. 

• Urticaria . 
• Allergic rhinitis 
• Chronic urticaria 
• Atopic dermatitis 
• Seasonal hay fever 
• Drug hypersensitivity 

2. Motion sickness or vestib ular 
disturbances 

3. Nausea and vomiting in 
pregnancy (mornrng sickness) 

4. For sedation 
5. Parkinsonism 
6 . .Non-aller!!ic rhinorrhoca 
7. Local anesthetic 

(:'\r ,-r- ~ f' \, L>-

• Cetirizine 
• Levocetirizine 
• Fexofenad ine 
• Loratad ine 
• Desloratadine 

• Diohenhvdramine 
• Promethazine 
• Dimenhydrinate 
• Cyclizine 
• Meclizine 
• Cyclizine 
• Mec li zine 
• Doxylamine 
• Promethazine 

• Diphenhydramine 
• Promethazine 

(Th? t'.re occasionally used lo produce local anesthesia in patients 
ulle, {? IC tu conventwnal local anesthetic dru5;s.) 
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Autacoids 

8. Pre-anesthetic medication 7·o I · 1·e/er1.1·e d111·1·1·1g· Yllf'O'er.Y and subsequent prevenl 1isla111111e " -' b 

com J/ica/ion 
(Ref Kutzung-12th/279,280 + Triputhi-6' '!159-161) 

Q. Mention the adverse effects of clinically useful antihistamine. (CU- I I J,09Ju) 
Q. Write down the adverse effects of H1-receptor antagonists . (SU- I 6Ju/J , I I J, CU-OSS ;RU-06S) 
Q. List the adverse effects of new generation H1 receptor antagonists? (RU-OSS) 
Ans. 
Adverse effect of antihistamine/ H1-receptor antagonists: 

I . Sedation 
2. Dizziness 
3. Fatigue 
4. Tinnitus 
5. Dry mouth & skin 
6. Tachycardia 
7. Urine retention 
8. Constipation 
9. Blurred vision 
I 0. Postural hypotension 
11. Reflex tachycardia 
12. Excitation in children 
13. Convulsions (at toxic doses). 

(Ref Katzung-13'\ Lippincott 's-6th) 

,Q. Dit:fe·renti~te between 1st
' & 2nd

' genenitio'n llj-rec~ptor antagon:ists. (Dl]-09/08Ju) . 
p·. :ny;ret<tia~~JJ~twekn older (classical) & new generation an.,tihistaminei. (DU-07Ju; CU-04M) 
,Q .. Hi)oes promethazine differ from lq_ratadine? (DU-14J, SU-08Ju) 
1-!iCam~~re promethaz!ne _;rnd fexof~_I!~.~ine as ~nti -!tistamine/ (SU-17M) , 
Ans. 
Difference between older & new generation/ 1st & 2nd generation antihistamines : 

Traits I Older/ Clas.sica~/ ~s!.ge·n~r.~~!<!~.:.1-~,;;~.· ._;_::"· ~ew / 2nd 
generat~on ,·, .. ·' 

I • • • "< ,r ,• J >•"<it:-~,J '. ' :'O , .. .._,\i ~ • • • L \ 

· antah1st3m1~es '{~1~~,;k ;_: ::,r4~}:. ·,.::,- ·. · antah1stammes · · ,. , ·· · · 
1. Lipid solubility More Less 
2. CNS penetration Marked Less or not at all 
3. Duration of action Short (4 - 6 hrs) Long (1 2 - 24 hrs) 
4. Sedation Marked Less o i:fiiQfara 111 

Anti muscarinic effects Present Less i(N o i) -5. 
6. a2-receptor blockade Present Less/ No 
7. 5 HT receptor blockade Present Less / No 
8. Therapeutic efficacy More effective Less effective 

1/1 u IT "f~ v' ,x: (Ref Katzung-13th & Tripath1-6 /158) 
l-+t j~ .ut c:. h..__ ~ ,.... \-+.,_ r-..a.c 'i'~·v-.. \./"' "" 

~c. ~ fXi r--1-<.<"'."<1.,~ . i,. .,.- x 
.\- 'Y'!"-o+;L..-.1 A .__, <"TY'- ,.\v··::5- -.,--- 'I' 

Q. hat is the commonest a verse effect of older H1-receptor antagonists? Name 3 H1 antagonists which 
are free from that adverse effect. (CU-07J) 

Ans. 
Sedation is the commonest adverse effect of older (first generation) 1-1 1-receptor antagonists. Loratadine, 
cetirizine & fexofenadine are non-sedative. 

Q. Mention the expected advantages of 2nd & 3"" generation antihistamines over 1st generation 
antihistamines? (RU-I OJ) 
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Q. What arc the advantages of t 111 g(~ncration antihistamine over f' generation? (DU-I 6.Ju , RU-

I6J . I5J.09Ju. SU-14.lu.I2.l. CU- 13.l) .. 
Q. What are the :u.lvanh1gcs of loratadine over promethazine (older)? (DU- I I J,S_U~09Ju,_RU - l I .I) 
Q. Mention few advantagrs of new generation H-blockers over conventional antilustammes. (DU-O? J) 
Ans. 
Advantages of t 111 ge11rratio11 antihistamines (loratadine) over Is' generation antihiSfamincs 
(prnnu.'thazine): '2nd generation antihistamine dru gs have-

!. Less / no sedation 
2. Less systemic effects, cg, less anti-nwscarinic , anti -adrenergic, anti-serolonin effects. 
3. Less lipid so lubili ty 
4. Less CNS penetration 
5. Long duration of action 

(Ref Katzung-/3th & Tripalhi-61111158) 

Q. Name two most important drugs that can be used for prophylaxis of motion sickness. (DU-07 J) 
Q. Enlist the anti-emetic drugs used for motion sickness. (OU-I SJu) 
Ans. wr,,e !mm hetm .. 

Motion sickness: It is a condition of sickness of motion characterized by vertigo, nausea, vomiting due to 
vestibu lar disturbances. It is due chiefly to overstimulation of the ves tibular apparatus (and does not occur if 
the labyrinth is destroyed). Motion sickness is more easi ly prevented than cured. 

Drugs that are used for mot ion sickness include the antimuscarinic agents-
). Cinnarizine 
2. Cyclizine 
). Meclizine 
4. Dimenhydrinate 
,..,, Hyoscine 
~- Promethazine. 

For prophylaxis an antiemetic is best taken I h before exposure to the motion. About 70% protection may be 
expected by the right dose given at the right tim e. Once motion sickness has started, oral adm inistration of drugs 
may fail , and the i.m. , s.c. or rectal routes are required. 

(Ref Bennett & Brown-1 1th) 

) 
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Autacoids 

// 
Serotonin/ 5-hydroxytryptamine / 5-HT 

Sy~heris of serotonin/ 5-HT: 
Tryptophan 

! Hydroxylase 
5-hydroxytryptophan 

! Decarboxylase 
5-hydroxytryptamine (5-HT) 

Hydroxylation by hydroxylase is the rate-limiting step. 

Serotonin receptors subtypes and their distribution 
S-HT1 CNS, Enteric nervous system, choroid plexus, adrenergic nerve terminal 
S-HT2 Platelets, smooth muscle, CNS, stomach fundus , choroid 
S-HT3 PNS (Sensory and enteric nerves) 
S-HT4 CNS and myenteric neurons, smooth muscle 
5-HTs Brain 

/ Brain 

/ 

(Ref Katzung-J 3th) 

S-HT6. 11 
I/ . _ . . / (Ref: Katzung-13th) 

Ph // l . l f" t· . l':-;.,0-\ =, w•"""'- ~~"C:.. .>"'"lc"L c::='\\2-_t;rn n - r C\ · --,._~ a,rmaco og1ca e 1ects o serotonm: t - :..,1 nr-o..o-7 c.c .--<.> '-~ ..J" · , - 0 
A 

1 Nervou· s Svste (_ " 1 • • '-'C>-JSc ... --~ \,--. c~ ;,,,... . m l"'-c,,'-l<2""l'-l. ..,,.,, / IH:'..\--o.., \ c1 r , ~ol/ r.pq.tl-<-,, s) .-<-f _.1 ~·.,_/ 5...t ,.._~l .J~ 
l . Vomitin reflex: 5-HT3 receptors in the gastro in testinal tract and in the vom1t111g ce!), er of the medulla 

participate in the vomiting reflex. They are particul arly important in vomiting caused by chem ical triggers 
such as cancer chemotherapy drugs. 

2. Pain and itch : Like histamine, serotonin is a potent stimulant of pain and itch sensory nerve endings and 
is responsible for se of the symptoms caused by insect and plant stings . 

3. Bradycardia & h otension: By 5-HT3 receptor (present on the afferent vagal nerve endings) mediated 
c emoreceptor reflex, seroton in causes marked bradycardia & hypotension. 

B. Respiratory System 
l. Bronchoconstrict ion 
2. Hyperventilation as a result of the chemoreceptor reflex or stimu lation of bronchial sensory nerve 

endings. 

C. Cardiovascular System 
l . Vasoconstriction by 5-HT2 receptors: In humans. serotonin 1 · a powerfu l vasoconstrictor except 111 

s keletal muscle and heart, where it dilates blood vessels. 
2. Platelet a gITgation by 5-HT2 recepto rs 
3. A triphasic blood pressure response is often seen fol lowing rnJection of serotonin in experimenta l 

animals . Ini tially, there is a decrease in heart rate, cardiac output, and blood pressure caused by the 
chemoreceptor response. Fo llowing th is decrease, blood pressure increases as a resu lt of vasoconstriction . 
The third phase is again a decrease in blood pressure attributed to va odilation in vesse ls supplying 
skeletal musc le. 

D. Gastrointestinal Tract 
I. Causes contraction of gastrointestinal smooth muscle and increases tone by 5-HT2 smooth muscle 

receptors . This faci litates peristalsis . 
2. Activation of 5-HT.1 receptors in the enteri c nervous system causes increased acetylchol ine release and 

thereby mediates a motil ity-enhancing or "prokinetic" effect of selective seroton in agonists such as 
cisapride. 

E. Skeletal Muscle: 5-HT2 receptors are present on skeletal musc le membranes, but their physiologic role is not 
understood. 

(Ref Katzung- 13th) 
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Q. Mention the 3 serotonin receptor agonist with their clinical utility. (DU- I 2Ju) 
Q. Name two serotonin agonists with their clinical indications. (DU- I 4J, 11 Ju) 
Ans. 
Serotonin agonists: Serotonin has no clinical applications as a drug. However, several receptor subtype-selecti 

. I d Ve agonists rnve prove to be of value. 

Receptor Agonist Clinical uses 
S-HT1A agonist Busnirone Non-benzodiazepine. an-xiolytic ---I 

5-HT2c Dexfenfluramine Was widely used as an ppefile suppressant but was withdrawn becal~ 
toxicity. 

5-HTID/IB Sumatriptan Effective in the treatment of~ migraine and cl uster headache attack~ 
agonists -

5-HT4 agonist Cisapride Was used Ill the treatment of gastroesophageal 
- disorders. ·, ci i:<:'Cb.'i.-;~ 

Newer 5-HT~ Tegascrod Irri tab le bowel syndrome with constipation 
partial agonist 

Q. ~hJfare the indications of drugs acting on 5-HT receptors? (SU-06S) 
Q. W/ ite down the clinical uses of serotonin agonists. 

t1r-
-~ 1lndications of serotonin a onists: 

I ' 

reflux and motility 
- \ I • ... 

c.- "''·7 I ~ 

-(Ref: Katzung- I 3th) 

. , As a non-benzodiazepine anxiolytic: Buspirone, Gepirone, Ipsapirone (5-HT1A partial agonist). 
Anti-depressant: Fluoxet111e & other SSRJ (selective serotonin reuptake inhibitor). 
Appetite sup...nre~ant: Dexfenfluramine (5-HT2c agonist) 

{!) Acute migraine: Sumatriptan (5-HTrn agonist) & other 5-HT 18110 receptor selective agonists constrict 
~

1 

cerebral blood vesse ls & are used in the treatment of acute migraine headache. 
~ .);/ In irritable bowels ndrome with constipation: Prokinetic drugs. 

• Cisapride (5-HT4 agonist) 
• Tegaserod (5-HT4 pattial agonist) 
• Metoclopramide (5-HT4 agonist). 

(Ref Katzung-l 3th: Tripathi-6thl166) 

Q. Write down the adverse effects of serotonin agonists. 
Ans. 
Adverse effects of serotonin agonists: 

I . Flushing 
2. Tingling 
3. Dizziness 
4. Chest discomfort 
5. Muscle weakness 
6. Neck pain 
7. Vomiting 
8. Bradycardia 
9. Hypotension 
I 0. Bronchoconstriction 
I I. Diarrhea 
I ; •Ii gnant hypertherm i a 

Q. What are indications of serotonin antagonists? 
,Q. Mention the 3 serotonin receptor antagonist with their clinical utility. (DU- I 2Ju) 

., / Q. Name two serotonin antagonists with their clinical indications. (DU- I 4J, 11 Ju) 

Ans. 

(Ref Katzung-13th) 
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Indications of serotonin antagonists: 
I. Carcinoid tumors: The carcinoid tumors produce massive amount of 5-HT. Cyproheptadine, ketan_serin 

& methYsergide are the 5-HT2 receptor blockers & used for relaxation of smooth muscle in carcmoia 
tumor. 

2. Cold-induced urticaria C mroheptadine) 
3. Ast~ma:4<.et tifen is a 5-HT? ' ecegtor blocker & used in the prophylaxis of bronchial asthma. . . 
4. Antl-eme •c n ansetron, granisetroni& tropisetron are the 5-HT3 antagonists & used as anti- emetic in 

cancer chemotherapy. · 
5. Post-gastrectomy dumping syndrome (Cyproheptadine) 
6. Anti platelet drug (ketanserin) for the treatment of hypertension and vasospastic conditions. 

/ (Ref Rang & Dale's-8th & Katzung-l 3th) 

I 
Q. )'7j3t are the triptans? Mention their uses. 
AAS. 

I 

Triptans: Triptans are the selective 5-HT10118 agonists. They are -
1. Sumatriptan 
2. Rizatriptan 
3. Zolmitriptan 
4. Almotriptan 
5. Eletriptan 
6. Frovatriptan 
7. Naratriptan 

Indications of triptans: Triptans are exclusively used in the treatment of acute migraine headache. Sumatriptan 
and its congeners are currently first-line therapy for acute severe migraine attacks in most patients. 

Mechanism of action in migraine: The mechanisms of action of drugs used in migraine are poorly understood. 
Two primary hypotheses have been proposed to explain the actions of these drugs. 

• First, the triptans activate 5-HT1011 8 receptors on presynaptic trigem inal nerve endings to inhibit the 
release of vasodi lating peptides. 

• Second, the vasoconstrictor actions of the triptans may prevent vasodilation and stretching of the pain 
endings. 

It is possible that both mechanisms contribute in the case of some drugs. 

Adverse effects: Most adverse effects are mild and include-
!. Altered sensations (tingling, warmth, etc) 
2. Dizziness 
3. Muscle weakness 
4. Neck pain 
5. Injection site reactions (for parenteral sumatriptan) 
6. Chest discomfort 
7. Rare but serious cardiac events : Coronary artery vasospasm, transient myocardial ischemia, atrial and 

ventricular arrhythmias, and myocard ial infarction, predominantly in patients with risk factors for 
coronary artery disease. 

(Ref Katzung-l 3th) 
Contraindication: 

1. Coronary artery disease, eg, angina. 

2. Cerebrovascular vascular disease, eg, stroke. 

3. Peripheral vascular disease. 

4. Uncontrolled hypertension 

5. Naratriptan is contraindicated in patients with severe renal or hepatic impairment. 

(Ref Goodman & Gilman-] 2'" edition) 

Pharmacology-75 
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Eicosanoids 

The eicosanoids, so called because of their derivation from a 20-carbon un_saturated fatty a~id, ar~chidonic acid 
are obtained from membrane phospholipids and synthesized de novo at the time of cellular_stimulat,on. ' 

~ (Ref Modern pharmacology with clm1cal applu:ation-6'1,;425) 

// 
~ What are eicosanoids? (DU-09J) 
~ ns. 
Eicosanoids / lipid-derived autacoids: 

• Prostaglandins (PGs) 
• Thromboxanes (TXs) 
• Leukotrienes (L Ts) 

Q. ivhat are the prostanoids? 
------A6s·.· 

Prostanoids: 
I. Prostaglandins 
2. Prostacyclin 
3. Thromboxane 

Prin cipal Inflammatory Actions of Arachidonic Acid Metabolites (Eicosanoids) 
Action Eicosanoid 
Vasodilation PGh (prostacyclin), PGE1, PGE2, PGO2 
Vasoconstriction Thromboxane A,, leukotrienes C4, 04, E4 
Increased vascular permeability Leukotrienes C4, 0 4, E4 
Chemotaxis, leukocyte adhesion Leukotriene B4 , HETE 

(Ref Robbins & Cotran-9th edition) 
I I 

fi · What are the drugs which inhibit PG synthesis with their mechanism of action? (OU-13J, I0J, RU-13Ju; 
SU-09J/Ju) 

Ans. 
Drugs that inhibit prostaglandin synthesis: 

I. Corticosteroids. 
2. Non-steroidal anti inflammatory drugs (NSAIOs). 

Nice to know 
Pro t 'd b s ano1 mem rane receptors: 

Endo!!enous a!!onist Receptor type 
PGD2 DP 
PGE2 EPI , EP2, EP3 , EP4 
PGI2 IP 
PGE2a FP 
TXA2 TP 

(Ref Katzung-1 Jth) 

Q. Outline the biosynthesis of eicosanoids with drugs on different steps inhibiting synthesis. (RU-14Ju) 
Q. Describe the cyclooxygenase pathway of arachidonic acid metabolism . (CU-04M) 
Q E ~.T ate the steps of synthesis of prostaglandins. (RU-1 0J,05M; SU-06M) 

'{ a diagram showing the site of action of NSAIDs in the pathway of prostaglandin synthesis. (CU-

Ans. 
line the synthesis of leukotrienes. (SU-07 J) 
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Steps of synthesis of eicosanoids / prostaglandins: 

Cell membrane phospholiplds 

4iij.j@jj,j,f+;-).c·*-- Steroids inhibn 

Other l 
HETEs-4---HPETEs ~----- ARACHIDONIC ACID 

lipoxygenases 

5-Llpoxygenase 

5--HETE +-----

1. ~+~--1 ! 12-Lipoxygenas, 

Leukotriene 84 ._ Leukotrlene ~(LT~) 

+ 
Leukotrlene C4 {L TC4) 

~ 
Leukotriene D4 (L TD4) 

+ 
Leukotriene E4 {l TE~) 

Upoxin A4 
(LXA.,} 

l 
Lipoxin 84 

(LX84) 

.V£tSodi!Eitfon · 

Prostaglandln G2 (PGG2) 

! 
Prostaglandln H2 (PGH2) 

Prostacyc tin 
PGl2 

· Causes 
vasodllaUon, 

inhiQits pl:atelet 
·, aggre~tio;n 

Thromboxane A2 
TXA2 

CaUS9s 
vasooonstrlctlon, 
promotes platelet 
, .agsr.egafion 

.lnlllb.lt: ~utJ'op~I I ·c.hemotaxlS . 
-~ulaurmonocyte adhesion .• 

Vasodilatlon 
Potentiate edema· 

Autacoids 

Fig. Eicosanoid synthesis pathway. COX, cyclooxygenase; HETE, hydroxyeicosatetraenoic acid; HPETE, 
hydroperoxyeicosatetraenoic acid. 

(Ref Robbins & Cotran-9th edition) 

Q. What is the physiological role of prostaglandin in our body? (DU-09/08J , CU-08J; RU- l 5Ju,08J ,06J,05M) 
Q. Mention he J!}l«rmacological effects of eicosanoids. 
Q. Men ·. n t epharmacological effects of Prostaglandins. (CU-17 J) 
Ans. 
Physio ogical role of prostaglandin /Pharmacological effects of prostaglandins / eicosanoids: 
A. Smooth muscle: 

I. Vascular: 
• Vasodilatation: PGE2, & PGI2 

• Vasoconstriction: P~ XA2, LTs 
• Platelet aggregation : TXA2 

l - ) 

2. Airway: - - -
• Bronchodilatation: PGE2, PGI2 
• Bronchoconstriction : PGF2a, PGD·2, TXA2, LTs 

3. Gastrointestinal tract: 
• Contraction 
• Cytoprotection: 

\_) l. ~-, 2 -:>-t (r,iGFe£tSed HCI secretion ( 
~ 0 eGreased-HCO3. secretion ">: 
:> Increased mucous secretion I 

; ?c, 1 ~ 1 ~ 'c 1 \ 2, 

:> Increased water and electrolyte in large gut 

T-x ·\ 
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B. Reproductive organs: 
I, Female reproductive organs: 

a) Contraction of uterine smooth muscles: TXA , PGF2a, PG 2 (low conc,)-
b) Re laxation of uterine smooth muscle: PGh, PGE2 (high_ cone.) 

2. Malereproductive organs: - - -
.--' Penile erection : PGE 1 

• Fertile men contain PGE & PGF in their semen, 

C. Kidney: 
• Increased GFR , 
• Increased sodium & H2O excretion GE2, PGI2 (By vasodilation) 
• Increased renin release 
• Increased intra-renal vasoconstriction - Hypertension (TXA2) 

D, Central and peripheral nervous system: 
• Fever : .fQ.fu.~ PGh, PGF2a 
• Sleep : PGD2 
• Decrease release of NE from postganglionic sympathetic nerve endings: PGE 

E. Eyi~: Increased outflow of aqueous humor - Decreased IOP (PGE & PGF derivat ives) 

F, Inflammation & immunity: 
11 ncreased vascular permeability & leukocyte infiltration : PGE2, PGii 
• Chemo-attraction, lymphocyte migration : PGD2 

G. Neuro-endocrine: 
• Release of GH, Prolactin, TSH, ACTH, FSH & LH: PG E 
• LHRH, LH : L TC4, L TO4 

H. Bone metabolism: Stimulation of bone resorption & formation: PGE2 

Q. What do you mean by "house-keeping" action of prostaglandin? (RU-091) 
Ans. 

(Ref Katzung-1 Jth) 

Housekeeping ac1tion of prostaglandin: COX-I is respons ible for the production of prostaglandins that are 
involved in both nntlammation and homeostatic functions ( e.g. , fl uid and electrolyte balance in the kidneys, 
cytoprotection in the gastrointestinal tract). These homeostatic functions of prostaglandins are called "house­
keeping" effect of prostaglandin. 

Nik o know 
·,Pcfu, siological role of prostaglandins in our body: 

Y, Cytoprotection of GIT 
2. Parturition 

\ ,\ ,I.--, 
< "" I 

3. Patency of neonate's ductus arteriosus during surgery. 
/" Rena perfusion 

5, e iators of inflammatory reactions: Vasodilatation, pain, pyrexia, platelet infiltration, chemotaxis. 

Q. uss the clinically used prostaglandin analogues with !their indication. (DU-I 6J, I 4Ju , I 3J, I 2J, I 0/081, 
SU-I 7M, l 6Ju, I SJ , 13Ju/J, 12J, 1 1Ju,09/06J , CU-13J,09Ju, RU-l 6Ju, 15Ju, I 2Ju, I 0Ju) 

Q. Write down about clinical pharmacology/ therapeutics of prostaglandins. (DU-07 J) 
Q. What are the therapeutic approach/uses of prostaglandin in gynecology? (RU- I 4Ju,08/06J) 
Q. Briefly outline the role of different prostaglandins in pharmacotherapy. (DU-09Ju; CU-04M; SU-

09Ju,06M) 
Q. State the therapeutic uses of synthetic prostaglandins in eye and gynecology? (RU-13Ju, I !Ju) 
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Q. Discuss the prostaglandions used clinically. (SU-\ 6J) 
Ans. 
Indications of prostaglandins and prostaglandin analogues: 

Au taco ids 

Induction of abortion: Dinoprostone (PGE2), Mifepristone + Misoprostol (PGE I) & CarboproSl 

tromethamine (These drugs can terminate pregnancy at any stage by promoting uterine contractions. The 

drugs are used for first- and second-trimester abortion and for priming or ripening the cervix before 

/ abortion.) 

-· Induction of labour: Dinoprostone (PGE2} & PGF2a (Initiate & stimulate labour) 

. Cytoprotection of GIT-: Misoprostol (PGE I) 

14-: ( Erectile dysfunction: Alprostadil (PGEl) 

y. Maintenance of patency of the neonate's ductus arteriosus during surgery: Alprostadil (PG E I) 

· 6. Pulmonary hypertension: Epoprostenol (PGI2), Iloprost & Treprostinil. 

7. Thromboembolic disorder: Epoprostenol (PGI2) 

V Glaucoma: Latanoprost (PGF2a), Bimatoprost, Travoprost, Unoprostone. 

Q. Write down the adverse effects of prostaglandins / prostaglandin analogues. (DU- l 6J) 
Ans. 
Adverse effects of prostaglandins and prostaglandin analogues: 

A. When used in abortion & labour: 
yC:£2_ 

(Ref Katzung-l 3th) 

I. Prolonged vaginal bleeding rD\ .. \ ~ /:,.,p o~_,., 
- .LA-r<J rre_s-Ki 

2. Severe menstrual cramp 
3. Cardiovascular: Hypotension &/or hypertension, syncope. \G £) 
4. GIT upsets: Diarrhea, Vomiting 
5. Fever M ,s·f n .. c s-\-c \ - ~ y-\.c,T,~'.\ <:._~'-----.. 

6. Bronchospasm A \ (>-.os\e-dl, \ _ £ rs12_~..\--.\ t. ~ .. ;-f-0-- c .. 
7. Hypersensitivity reaction 'ro-' " -rt..) , c~i ?-0 P--
8. Dizziness "?(; r"'i_ -J........... 
9. Flushing Lux. ,c,.~ .:> ,---u~"\ _ C\~c..o"("'I~· . 

B. In erectile dysfunction: Penile pain, priapism (painful persistent erection of penis). · 

C. GIT: Abdominal discomfort, diarrhea. 

D. Cardiac: Bradycardia, hypotension, hyperpyrexia, apnea. 

E. Others: 
1. Bone Pain 
2. Hyperostosis 
3. Kidney stones 

Q. What are the contraindications of prostaglandins? 
Ans. 
Cont_raindications of prostaglandins 

I . Active cardiac/ renal /hepatic/ pulmonary diseases 
2. Active pelvic inflammatory di seases 
3. Hypertension (PGF20 increases BP) 
4. Hypotension (PGE2 decreases BP) 
5. Asthma 
6. Epilepsy 

Q. Short note: Misoprostol. (DU-15J) 
Ans. Write indication, adverse effects, contraindication from above. 
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Ergot alkaloids 
Ergot alkaloids are produced by Claviceps purpurea, a fungus that infects grain-es1:ecially rye- u~der danip 

growing or storage conditions. This Jungus synthesizes histamine, acetylcholine, tyram.me, and other b10logica//y 
active products in addition to a score or more of unique ergot alkaloid\·. These a/kal01ds affect a-adrenoceptors, 
dopamine receptors, 5-HT receptors. 

Q. Classify ergot alkaloids'? 
Ans. 
Classification of ergot alkaloids: 
A. Natural ergot alkaloids: . 

I. Amine alkaloids: Ergometrine (ergonovine) which is oxytoc1c. 
2. Amino acid alkaloids: They are vasoconstrictor & a-adrenoceptor blockers. 

• Ergotamine 
• Ergotoxine (mixture of ergocristine, ergocornine & ergocryptine). 

B. Semi-synthetic ergot alkaloids: 
I. Anti-adrenergic, cerebra-protective: Dihydroergotamine (DHE). Dihydroergotoxine. 
2. Dopaminergic agonist: Bromocriptine 
3. Anti-serotonergic: Methysergide 

C. Synthetic non-Iysergic acid derivative: They pharmacologically resemble ergot alkaloids. 
1. Pergolide. 
2. Lergotrile 
3. Metergoline 
4. Lisuride 

(Ref Katzung-1 Jth) 

(Ref Tripathi-61hl f 67) 

&ho know 
~ Mechanism of action of ergot alkaloids: The ergot alkaloids act on several types of receptors. Their effects 

include agonist, partial agonist, and antagonist actions at a-adrenoceptors and serotonin receptors (especially 5-
HT1 ,1 and 5-HTm,· less for 5-HT2, and 5-HTJ),· and agonist or partial agonist actions at CNS dopamine receptors. 
Ther~ is a powerful stimulant effect on t~ us that seems to be most closely associated with agonist or partial 
agomst effects at 5-HT2 receptors. 

· (Ref Katzung-1 Jth) 

Q. Write dowfithe pharmacological effects of ergot derivatives. 
~~i-6uterine action of ergometrine. (SU-06M) 

~ m,in the role of ergometrine on uterine dysfunction. (SU-12Ju) 

Pharmacological effects of ergot derivatives: 
A. Central nervous system: Drreceptor mediated (e.g. Bromocriptine, pergolide, cabergoline)-

• Hallucination 
• Bromocriptine plays important roles in extrapyramidal motor control by acting on Dopamine 

receptors in the CNS. 
• Bromocriptine, cabergoline, and pergolide directly suppress prolactin secretion from pituitary cells by 

activating regulatory dopamine receptors. 

B. Vascular smooth muscle: Vasoconstriction --t Sustained rise in BP (due to partial agonistic effects mainly 
over a-adrenoceptor & partly over 5-HT receptors). 

@ Uterin~ smooth muscle: Ergot alkaloids cause contraction of the uterus by acting on a-adrenoceptor, 
serotonin and other receptors. The sensitivity of the uterus to the stimulant effects of ergot increases 
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dramatically during pregnancy, perhaps because of increasing dominance of a
1 

receptors as pregnancy 
progresses. As a result, the uterus at term is more sensitive to ergot th"n earlier in pregn"nlJ and far more 
sensitive than the nonpregna11t organ. 

• In very small doses of ergot: Rhythmic contraction and relaxation of the uterus. 
• ~t hi~her doses of ergot: Powerful and prolonged contracture. . . 

Ergonovme is more selective than other ergot alkaloids in affecting the uterus and is the agent of choice 111 

obstetric applications of these drugs. 

D. GIT: Ergots cause contraction of intestinal smooth muscle via serotonin receptors - Nausea, vomiting & 
diarrhea. 

(Ref Katzung- 1 Jth) 

Q. Briefly mention the clinical uses of ergometrine with reasoning. (DU-09Ju) 
Ans. 
Clinical uses of ergometrine: 

l. Migraine: 
a. Ergotamine can be effective during the prodrome of an attack. 
b. IV Dihydroergotamine - For intractable migraine. 
c. Intranasal dihydroergotamine may also be effective. 

2. Hyperprolactinemia: Bromocriptine, cabergoline. 
3. Parkinsonism: Bromocriptine 
4. In postpartum hemorrhage (PPH): Ergonovine rnaleate (It is given at the time of delivery of the 

placenta or immediately afterward if bleeding is significant.) 

5. Diagnosis of Variant Angina: IV Ergonovine. 

6. Senile Cerebral Insufficiency: Dihydroergotoxine is used for senility and Alzheimer's dementia . 
7. Carcinoid syndrome: Methysergide. 

In spite of their significant toxicities, ergot alkaloids are still widely used in patients with migraine headache or 
pituitary dysfunction, and occasionally in the postpartum patient. 

Q. Mention the adverse effects of ergometrine. 
Ans. 
Adverse effects of ergometrine: 

(Ref Katzung-13th) 

I. GIT: Diarrhea, nausea, vomiting (most common) & bowel infarction rarely. 
2. CNS: Drowsiness 
3. CVS: lschemic chest pain, arrhythmias. 
4. Vascular ischemia (due to prolong vasospasm) & gangrene. 
5. Chronic use of methysergide: Connective tissue proliferation in the retroperitoneal space, pleural cavity 

& endocardial tissue & hallucination. 
6. Hydronephrosis. 

Q. What are the contraindications of ergot alkaloids? 
Ans. 
Contraindications of ergot alkaloids: 

1. Obstructive vascular diseases/ peripheral vascular diseases. 
2. Collagen diseases. 
3. Ischemic heart diseases. 
4. Hypertension. 
5. Pregnancy. 
6. Renal & hepatic failure. 

(Ref Katzung-1 Jth) 

(Ref Katzung- 1 Jth; Tripathi-611
'/ 168) 
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Drugs causing uterine contraction 
/ 

~

~.t.hrec important receptors present in uterus. (CU-I 5Ju) 
· · th e receptors. (CU-17 J I SJ) ame the receptors present m the uterus and drugs actmg on es ' , 

Ans. 
Receptors present in uterus . . 

· · A2 d tors inhibits uterme contraction I. P2 adrenoceptors: adrenal me, actmg on ,_, a renocep , - _ . ' 
2. a:,a renoce to~: no.radrenaline, acting ?n a-adrenoceptors, st1~tilates co~tract,on. )'- fr_,.0.- -
3. Serotonin receptors (5-hydroxytryptamme receptors) / 

Q. What are ecbolics? (CU-02M) 
Q. What are t e oxy ocrcs? (DU-091/Ju; RU-I 31, I OJ, SU-I 6Ju) 
Q. Name the drugraffecHng motility of uterus. (RU-091) 
Q. Name the ugs causing contraction of the uterus. (RU-1 IJu) 
gzme drugs that act on pregnant uterus. (CU- l 4J) 
~~ e drugs that act on pregnant uterus. (SU-17 J) 

Ecbolics or oxytocics: The agents that cause the contraction of the gravid uterus and help the expulsion of its 
contents are called oxytocics or ecbolics. 

Oxytocic / ecbolics in obstetrics: 
I. Oxytocin 
2. Ergot derivatives 
3. Prostaglandins (E & F) 

Q. List the tocolytics. (DU-09Ju, SU-16Ju) 
Q. Name the tocolytics with their indications in different purposes. (RU- 13J) 
Ans. / 
~}1~: The agents that inhibit ut_erine contraction are called tocolytics . 
..z;;r- (Ref Dutta Obstetrics-6'hl498) 
Tocolytic agents 

~ 2 agonist: Terbutaline, Ritodrine, Fenoterol, Salbutamol 
• Calcium-channel blocker: <.N,ifedip~ It is one of the most commonly used tocolytic agent. 
~ Oxytocin antagonist: Atosiban. ---

,...... NSAIDs: lndomethacin, Sulindac. 
• Magnesium sulp ate 

~ tric oxide (NO) donors: Glyceryl trinitrate (GTN) 
(Ref Dutta Obstetrics-6111/508) 

Indication: Tocolytics are used to suppress preterm labor and delivery in order to improve the perinatal 
outcome. The therapy also buys time for the administration of betamethasone, a glucocort icoid drug which greatly 
accelerates fetal lung maturity, but takes one to two days to work. 

(Ref Dulta Obstetrics-61"1507) 

Q. Compare & contrast oxytocic drugs. (SU-16Ju) 
Q. Compare & contrast oxytocin, ergometrine & prostaglandins with respect to their effects on uterus and 

clinical uses. (RU-l 5Ju) 
Q. Compare & contrast oxytocin, ergometrine & prostaglandins as uterine stimulant / ecbolics. (DU-

10Ju,09J; RU-1 0J ,09J, CU- I 6J,09J,06M/S) 
Q. Compare & contrast oxytocin & ergometrine. (CU-17J, RU-16Ju) 
Q. Compare & contrast oxytocin & ergometrine as ecbolics. (CU-l 5J, l 2Ju,09Ju, RU-I 1Ju,09Ju; SU-I 6J,08J) 
Q. Compare the MIA & effects of ergometrine & oxytocin on uterine contractility. (SU-07 J) 
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Q. EnliSt the ~lin_icul_ly use~ uterotonic & compnrc their actiom1 with cnth other. (SlJ-06J ,05S) 
Q. N~1mc the mdtcnhons ol o~ytocics in different purposes. (RU-1 JJ) 
Q. Discuss the role of ~xytocm on uterus. ( U-14J) 
Q. Short note: Oxytocm & crgomctrinc. (DU-l 3J) 
Ans. 
Com Jlll'ISOn among oxytodn, crgometrine & prostnglanclins 

2. Nature 
3. Route of 

administration 
4. Effect on non­

re nant uterus 
5. Effect on gravid 

uterus 

6. Indications / 
clinical uses 

7. Side effects 

8. Contraindication 

9. Milk ejection 

Animal- Para-ventricular nucleus 
of hy othalamus 

IV, IM 

Immature uterus o act101 
Mature uterus- SI a ntraction 
-mall doses: Intermittent 
rhythmic & forceful uteri;,e 
contraction. 

,-High doses: Produces Sustained 
µterine contraction. 
• Active management of 3 r stage 

of labor 
• Induction of labor. 
• Augmentation o labor 
• Management of postpartum 

hemorrhage_ PPH 
• Inevitable abortion 

y Placental abruption. 
· • Uterine rupture. 
• Hypotens ion. 
• Excessive fluid retention or 

water intoxication leading to 
hyponatremia, heart failure, 
convulsion & death . 

• Grand multiparity 
• Contracted pelvis/ CPD. 
• Malpresentation. 
• Having scarred uterus, 
• Cardiac disease. 
• Obstructed labor. 
• Uncoordinated uterine action. 

Eje.c milk 

Amine. 
Oral, IV, IM, Aerosol 

Contraction 

Very small doses: 
B.h thmic contraction & 
relaxation of the uterus. 

A:ligh doses: Sustained 
uterine co11tr.acticm 
• Management of PPH. 
• After evacuation o 

product of conception. 
• After evacuation of 

molar tissue. 

• Nausea. 
• Vomiting. 
• Sudden rise of BP. 

• Cardiac disease. 
·• Hypertension. 
• Rh negative women 

having Rh positive 
husband. 

• After delivery of I st 

twin . 
• Migraine 

Not so. 

Q. Name the drugs used for induction of labour. (CU-07 J) 
Q. Name the drugs used in the management of labour. (CU-12Ju) 

· Ans. 

Eicosanoid 
Vaginal, Oral , IV . 

Contraction 
- -

'trongJ!!erine 
contraction. 

• Induction of labor at or 
near term. 

• Induction of abortion . 

• 'f' symptoms (with 
oral route). 

• Fever. 
• Uterine hyper­

stimulation. 

Hypersensitivities 
• Glaucoma. 
• Bronchial asthma 

(relative 
contraindication). 

• Patients in whom 
oxytoc in is 
contraindicated. 

• Mal resentation. 
Not so . 

Induction of labour: Induction of labor means the initiation of uterine contractions (after the period of viability) 
by any method (medical , surgical or combined) for the purpose of vaginal delivery. 

Pharmacology-76 
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Drugs used for medical induction: 
1. Prostaglandins: 

590 

• Dinoprostone (PGE2): Intra-cervical application of dinoprostone (PGE2) gel is the gold standard 
for cervical ripening. 

• Misoprosto l (PGEI) 
• Dinoprost (PGF2a). 

2. Oxytocin 
3. Steroid receptor antagonist: 

• Mi fepri stone 
• Onapristone 

4. Rel ax in 
(Ref Duua Obstetrics-6th/520, 52 J) 

Q. Name the effective drugs used to prevent postpartum hemorrhage. (CU-06M) 
Ans. 
Post-partum hemorrhage (PPID: Any amount of bleeding from or into the genital tract fo llowing birth of the 
baby upto the end of puerperium which adversely affects the general condition of the pat ient evidenced by rise in 
pulse rate and falling blood pressure is called post-partum hemorrhage (PPH). 

Effective drugs in post-partum hemorrhage (PPH): 
1 . Ergometrine. 
2. Oxytocin. 

(Ref Dutta Obstetrics-611'/ 41 J) 

Q. Compare & contrast oxytocin, ergometrine & prostaglandins as oxytocic agents. Briefly me ntion their 
clinical use with reasoning. (DU-09Ju) 

Q. What is the role of ergometrine in labour/uterine dysfunction? (RU-1 2Ju/J) 
Ans. 
Oxytocin: 

• For induction of labour & abortion: Oxytocin produces, a lmost immed iate ly, rhythmic contractions 
with relaxation between, i.e. it mimics normal uterine acti vity . So, oxytoc in is used lV in the induction of 
labour & abortion. 

• For postpartum hemorrhage (PPH): Oxytocin is used to control PPH after vaginal or cesarean deli very . 

Ergometrine: 
• For postpartum hemorrhage (PPH): The uterus at term is extremely sensitive to the stimulant action of 

e rgometrine, and even moderate doses produce a pro longed and powerful spasm of the muscle quite 
unlike natural labor. Therefore, ergot derivatives should be used only for control of postpartum 
hemorrhage (PPH) and should never be given before delivery. 

(Ref Katzung-1 Jth) 
Prostaglandins: 

• For induction of labour & a bortion: Prostaglandin effect ively initiates and stimulates labor. So it is 
used in the induction of labor. Prostaglandin can terminate pregnancy at any stage by promoting uterine 
contractions. So it is used to terminate pregnancy, inc lud ing m issed or partial abortion . The drugs are 
used fo r first- and second-trimester abortion and for priming or ripening the cervix before abortion . 

(Ref Katzung + Benett & Brown) 
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Drugs for Migraine 
Mi~rainc is a triad of paroxysmal headache, nausea and/or vomiting, and an 'aura' of' focal neurologi cal events 
(usC.ally visual). Patients with all three of these features arc said to have migraine with aura ('classical' migraine). 
Those with paroxysmal headache (with or without vomiting) but no 'aurn' arc said to havc mi gra in e without aura 
('common' migraine). Typically, a classical migraine attack i tarts with a non-s pecific prodrome of mal~i sc a~d 
irritability followed by the 'aura' of a focal neurological event, and then a severe, throhbing, hcmicranial 
headache with photophobia and vomiting. During the headache phase, patients prefer to be in a quiet, da rkened 
room and to sleep. The headache may persist for several clays. 

(Ref Duvidwn 's medicine,-22ndJ 
Patho-physiology of migraine: The acute migraine attack appears to begin in serot<2_nerg ic (5-HT) and 

noradrcnergic_ neurons in the brain. These rnonoamines affect the cerebral and extracerebral vasculature and 

al so cause release of further vasoactivc substances such as hi stamine, prostaglandins and neuropept ides in volved 
in pain, i.e. there is neurogenic inflammation that can be inhibited by specific antimigraine drugs. 

The throbbing headache is due to dilatation of pain-sensitive arteries outside the brain, including scalp arteri es. 

Precipitating factors : 
I. Stress (exertion, excitement, anxiety, fa tigue, anger) 
2. Food containing vasoactive amines (chocolate, cheese) 
3. Food allergy 
4. Bright lights and loud noise 
5. H.ormonal changes (menstruation and oral contraceptives) 
6. Hypoglycemia. 

These precipitants may initiate release of vasoactive substances stored in nerve end ings and blood platelets. Many 
attacks, however, have no obvious tr igger. 

Q. Mention the drugs used in migraine? (D U-1 6.J u) 
Q. Mention the drugs used in acute attack and prophylaxis of migraine headache? (DU- 14J u) 
Q. Enlist four drugs used in migraine. (D U-1 SJu) 
Ans. 
Drugs used in the treatment of migraine: 
A. Drugs for acute migraine headache: 

I. 5-HT 1 agonists: Triptans (Sumatriptan, ri zatriptan, zol mitr iptan, almotriptan, frovatriptan). 

2. NSAIDs: Paracetamol, Aspirin, Diclo fenac, Ibuprofe n, Naproxen. 

3. Anti-emetic: Domperidone, Metoclopramide . 

4. Ergot alkaloid : Ergotamine (uncommonly used now) 

B. Drugs for prophvlaxis of migraine: 

l . Anti-histamine & serotonin (5-HT) antagonist : Pizotifen 

2. ~-blocker : Propranolol 

3. Tricyclic anti-depressant: Amitriptyli ne . 

4. Both Ca2+ & Na+-channel blocker: Flunari zine. 

5. Other drugs: Less common ly used. 
:) Se lective serotonin reu ptake inh ibi tors (SSR!s). 

:, Ca2 '-channel bl ockers: Verapam il , Nifed ipine. 

:> Valproic acid . 

:, Methysergide. 

:> Gabapent in. 
(Ref Tripathi-6tl'IJ69-170: Kumar & Clark-6th/ J248) 
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Agents used to treat an acute attack 

,------------·--------
TRIPTANS 

• Tn tans rapldfY and effectively abort or markedly reduce the 
se!.rtty ot migraine headache5 In about 80% of pauents. 

; 

, • Tnptanis are se<rotonln agonlsts, .actln,g .at 5-HT 10 re<.eptors. 
~ , "nl.T"i''~-',•,.t{lf1'Jffr.Y,rr,~,...~ tr" ~J ~~n""'~,..,.. •. 

Agents used In prophylaxl s. 

,. . _... ···--·_., --·-· ......... ..... -... ,"""' ___ ,.,._,.,. __ ._.., __ ..,, __ .,.,. 

l 
l 
J 

,-----------~l 1 DfHYDRO- 1·' 

ERGOTAMJNE A fl t d {, • ntHn .cc1mrna ory rugs, 
:, such as mp-Inn , ttapraxen, 

ANALGESICS 

Sever.al ol~ of d:rug-s are effective 
In reductng the frequency and severtt)' 
of mlg-,o'ln.e attac.k.s: 

y 1 . 
• Dlhydro,,ergotomrne 15 a 

va.soconstrtct-0r, '.~ and (ooprofe-n, are- ~tul 
- In relieving migraine attadts.. 
( 

• fl-300~ Propranofoi mnd nadok>J. 

• Trtcydic anth:iepr·essaint:Am~me 

• Antl<.onvul~rrt: DivaJpro& 

• Ca.'ldum d!ia..nnel h1ocker: VeraptimII 

; 1· , • Most effective wftffl: g~ven 
' ' dllflllg Ure prodromili1 phase. 

: ., • C.Ontralndk:.ate-d In. 

wttih pertph.eral vascula1 
disease or co-ronary arte-ry 
disease. 

~ vere pain may rEqul re 
• adm:lnlstration of oplolds, 

9uch as rnde.rne sulfme 
or f1'/<ep€IIOI11e , 

' . \ > -~½- . 
··\,t· 

'.. 

·\ ._ '·.·._. pregnancy and tn pattents 

'"·"~~,,, .. ,,"""'"""""'"""""" \ . :I\ c··"" "~· 
·1 ,. ) 

t . ' 
,, 

'.Z,s/ ~ 
Ttm·e . -:· ;.r,_-v-,,-;jj:~::r~·.:'fitr~~~ ~ 

/\ .. 

~~-_;' · 
/"L1''. . . . 

Asymptomatic phase 
• Between attacks, no 

sYmj,toms or p.athologk 
featur~ ,He e-v~ent. 

Startof · 
attack · 

----·~------
( !\' /\ f r ~~r 

I ~ 
ll,~---------.. ''--·---------. 

ProdromaI p-hase Headache phase 
• Visuail disturbances • Pam, n3usea and 

that precede- the 'o'omltiln.g. 
aictual headladu~. 

• Ass.octaied W1th a,rterit al 
V<lSOCOOStrdcUon and 
release of serotonin. 

• As50ct.ated WJth, cerebral 
vasodrJatoon .md lower­
tha.n-norrnal lew~ of 
Sffotonln, 

Figure. Drugs useful in the treatment and prophylaxis of migraine headaches. 

Mechanism of action/ Role of different drugs in migraine: 

Anti-migraine drugs I Mechanism of action 
1. Triptans (Rizatriptan, They selectively activate 5-HT 18110 receptor - Constri ct ion of dilated 

Zolmitriptan, Sumatriptan) cranial extra-cerebral blood vessels - Relief of headache 

2. Ergot alkaloid (En?:otamine) Same as triptans 
3. NSAIDS Inhibit release of prostaglandins (which is a vasodilator) -
4. Pizotif'en Block Hi & S-HT1 receptors - Prevent cerebral vasoconstriction -

Prevent migraine attack. -
5. ~-blockers beta-adrenoceptor blockade -

,. 
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6. Tricyclic antidepressant Acts on 5-HT
10 

receptors which are located on pre-~ynaptic trigeminal 
nerve endings - inhibit the release of vasodilating peptides. (TCA) 

7. SSRI Same to TCA 
8. Flunarizine Cerebra-selective vascular Ci' channel 

vasoconstriction - Prevents migraine attack 

Q. How propranolol improves migraine? (DU-OSJ) 
Ans. 
Prevention of migraine by propranolol: 

Propranolol 

t 

blockade 

Membrane stabilizing effect (inhibits release of serotonin, substance P, PG, histamine) 
t 

Vasoconstriction & weak serotonin an tag on istic effect 
t 

Prevents migraine attack. 

Q. Explain the mode of action of pizotifen in migrainous headache. (DU-02M) 
Ans. 

- Prevention of 

Mode of action of pizotifen in migrainous headache: Pizotifen is a serotonin antagonist acting mainly at the 5-
HT, , 5-HT2A and 5HT2c receptors. lt also has some activity as an antihistamine as we ll as some anticholinergic 
activity 

Pizotifen - Block H, & 5-HT 1 receptors - Prevent cerebral vasoconstriction - Prevents migra ine attack. 

Q. Justify the role of pizotifen in acute migraine. (DU-l 5Ju) 
Ans. 
Role of pizotifen in acute migraine: Pizotifen prevents migra ine attack.by preventing cerebral vasoconstriction. 
But pizoti fen cannot relieve acute migraine attack. 
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Drugs used in vertigo 
Vertigo: Vertigo is defined as an abnormal perception of movement of the environment and occurs because of an 
abnormality in sensory information from the eyes, limb proprioception and the vestibular system about a person's 
position in space. Vertigo commonly arises from inappropriate input from the labyrinthine apparatus. Vertigo 
caus~d by labyrinthine disorders is usually short-lived, /hough it may recur, whilst vertigo arising from central 
(brmn-stem) disorders is ofien persistent and accompanied by other signs of brain-stem dy!,function. A careful 
analysis of the history will reveal the likely cause in most patients. 

Q. What are the drugs used in vertigo? 
Ans. 
Drugs used for vertigo: 

(Ref Davidson ·s-22nd) 

A. Lab_yrinthine suppressants: They suppress end organ receptors or inhibit central cholinergic pathway (in 
vestibular nuclei). 

Antihistamines • Cinnarizine 

• Cyclizine 

• Dimenhydrinate 

• Diphenhvdramine 
An ti-emetic phenothiazine • Prochlorperazine: Parenteral Prochlorperazine is the most 

effective drug to control violent vertigo & vomiting. 

• Thiethylperazine 
Anticholinergics • Atropine 

• Hyoscine 

B. Vasodilators: They improve blood flow to labyrinth & brainstem. 
I. Betahistine 
2. Codergocrine 
3. Nicotinic acid 
4. Naftidrofuryl 

C. Anxiolytics & anti-depressants: They appear to modify the sense of vertigo. 
I. Diazepam 
2. Amitriptyline 

D. Diuretics: They decrease labyrinthine fluid pressure. 
I. Acetazolamide 
2. Thiazide 
3. Frusemide 

E. Corticosteroids: They suppress intra-labyrinthine edema due to viral infection or other cause. 
I . Dexamethasone 
2. Hydrocortisone 

(Ref Tripathi-6th/ 160) 
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MCQ 

Q. 1st generation antihistamines include- (DU-
17 J) 
a. cetirizine 
b. chlorpheniramine 
c. promethazine 
d. loratadine 
e. fexofenadine 

a. F, b. T, c. T, d. F, e. F 

Q. Pharmacological antagonist of histamine 
H1 receptors are- (DU-15Ju) 
a. epinephrine 
b. fexofenadin 
c. chlorpheniramine 
d. promethazine 
e. salbutamol 

a. F, b. T, c. T, d. T, e. F 

Q. Following drugs have antihistamine with 
antiemetic property: (CU-14Ju) 
a) Orphenedrine. 
b) Meclizine 
c) Cyproheptadine. 
d) Promethazine. 
e) Diphenhydramine. 

a. F, b. T, c. F, d. T, e. T 

Q. Pharmacological effects of classical 
antihistamines (Ill-receptor antagonists) 
include: (CU-14Ju) 
a) Sedation with low doses. 
b) Convulsion with low doses 
c) Prevention of motion sickness. 
d) Inhibition of gastric acid secretion 
e) An anti pruritic effect. 

a. T, b. F, c. T, d. T, e. T 

Q. Clinically used prostaglandins are- (DU- 141) 
a. dinoprostone 
b. metoprolol 
c. misoprostol 
d. buspirone 
e. epoprostenol 

a. T, b. F, c. T, d. F, e. T 

Q. Less-sedative antihistamine are- (DU-I }Ju) 
a. diphenhydramine. 
b. cetrizine. 
c. promethazine. 

d. loratid ine. 
e. terfenadine. 

a. F, b. T, c. F, d. T, e. T 

Q. Statements related to eicosanoids- (SU-I 3J) 
a. COX-I is absent in gastric mucosa 
b. COX-2 is absent in site of in0ammation 
c. Arachidonic acid forms both PGs & L Ts 
d. Leukotrienes cause bronchoconstriction 
e. NSAIDs inhibits cyclooxygenase only 

a. F, b. F, c. T, d. T, e. T 

Q. Actions of classical antihistamines- (SU-13J) 
a. Sedation is common 
b. 2nd generations are more sedative 
c. Increase salivation 
d. Some have anti-emetic action 
e. Beneficial for heart failure 

a. T, b. F, c. F, d. T, e. F 

Q. Clinically useful prostaglandins are- (DU-I 2Ju) 
a. Dinoprostone (T) 
b. Epoprostenol (T) 
c. Misoprostol (T) 
d. Buspirone (F) 
e. Metoprolol (F) 

Q. Prostaglandin pathway inhibitor is- (DU-12J) 
a. Corticosteroids (T) 
b. Aspirin (T) 
c. Montelukast (F) 
d. Misoprostol (F) 
e. PPI (F) 

Q. Ht-blockers are useful in treatment of- (DU­
l 2J) 
a. Urticaria (T) 
b. Motion sickness (T) 
c. Bronchial asthma (F) 
d. Urinary retention (F) 
e. Common cold (T) 

Q. Loratadine- (DU- I 0Ju) 

a. Is a H1-blocker (T) 

b. Can easily cross the BBB (F) 

c. Is used in allergic rhinitis (T) 

d. Can be used in treating EPS (T) 

e. Is a muscle relaxant (F) 
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Q. Followings arc bronchodilators- (DU- l OJ) 

a. salmeterol (T) 

b. prednisolone (F) 

c. cromoglycate (F) 

d. ipratropium (T) 

e. aminophylline (T) 
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N'SA1Ds 

Main crikria of non-steroidal anti-inflammatory drugs/ NSA IDs: 
I. NS/\ IDs arc n chc111icnlly 111..: tcrogcncous group of compounds, often chemica lly unrelated (a lthough most 

uf thc111 arc L rga nic a ids). which ncvcrtheles share certain therapeutic actions and adverse effect . 
" They act pri111aril. b inhibiting th cyc looxygenase enzymes that catalyze the first step in prostano id 

bi o:;, ·nthcsis. This leads to decreased prostag landin synthes is with both bcndicial and unwanted effects. 
~ All · IDs. includ ing the subcla s of se l ctive OX-2 inhibit rs, have three main therape utic effects-

• an a11ti- in/la111mato1y effect: modification of the innammatory reaction. 
• an analg~sic effect: reduction of certain types of ( espec ially inAammatory) pain . 
• an antipyretic effec t: lowering of body temperature when this is raised in disease (i .e. fever) . 

A. In additio n, all the, SA!Ds share, to a greater or lesser degree, the same types of mechanism-based side 
effects. These include: 

• gastric irritation, which may range fro m simple discomfort to ulcer formation. 
• an effect on renal blood flow in the compromised kidney. 
• a tendency to prolong bleeding through inhibition of platelet function. 
• controvers ially, it is argued that they may also all-but especial ly COX-2 selective drugs-increase 

the likelihood of thrombotic events such as myocardial infarction by inhibiting prostaglandin 
(PG) h synthesis. 

5. They don't produce narcosis . 
6. They have peripheral effect. 
7. They have least central effect. 
8. They are given orally, because they do not undergo hepatic first pass metabolism. 
9. They ave high therapeufic in ex (TI). -

(Ref Goodman & Gilman-/ l h edition; Lippinjcott 's-6th; Rang & Dale's-8th) 

Q. ClassifyNSAIDs. (CU-(5Ju,06S1M; RU-07J; SU- i'7J, 16Ju,09J,09.Ju) 
Q. Enumerate the NSAIDs according to _;ffi_cacy. (DU-lliu) -. :· .. 
Q. Enumerate the NSAIDs accor~ing to anti-~nfl~mmatory .effici~y.',(DU-17M) . ~. . 
Q .. Na_me 4 NSAIDs belonging_ to ' different,. chemical.· groupings with principal pharmacological effects. 

(RU-IOJ) . , ' , , .,_ / · ;., . . . . · '.. , 

Q. What are the cycloo~yg:e~ase ~'iihibi~orsJ.(DU--06MJ / ~on-.selective COX inhibitors; (RU-12Ju) 
'Q. Name the NSAIDs with _strong anti-inflammatory effects. (DU-·l?Ju,llJ, RU-16Ju,15J, 141, 11Ju,06M) 
Q. Name 4 NSAIDs with strong anti-inflammatory effects. (DU-16J, 14J) _ - . 
Q. Classify NSAIDs according to COX selectivity with 4 common example of ea·ch group. (CU-16Ju, RU-

l 6J,08Ju,07J u) .. 
Q. Enlist selective COX-2 inhibitors·:·(DU-09J, su~ l6Ju,10J, CU-17J,13J) · 
Q. Name the anti-pyretic drugs used commonly. (CU-14Ju, RU-14Ju,13J,04J) · 
Q. Name the D:On-nar~otic/non-opioid analgesics. · 
Ans. 
Classifica tion of NSADs: 

A. According to their chemical nature & structure: 
I. Salicylates: Aspirin 
2. Propionic acid derivatives: Ibuprofen, Naproxen, fenoprofen, ketoprofen, Aurbiprofen and oxaprozin. 
3. Acetic acid derivatives: Jndomethacin, sulindac, and etodolac. 
4. Fenamic acid derivatives: Mefenamic acid and meclofenamate. 
5. Heteroaryl acetic acids: Diclofenac, aceclofenac and tolmetin. 
6. Oxicam derivatives: Piroxicam, tenoxicam and meloxicam. 
7. Nabumetone 
8. Pyrrolo-pyrrolo derivative: Ketoro lac . 
9. Pyrazolonc derivatives: Phenylbutazone, xyphenbutazone. 
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I 0. Benzoxazocine derivatives: Nefopam. 
11. COX-2 inhibitors: Celecoxib, Rofccoxib. 
12. P~ a-aminophenol derivative: Paracetamol (acetaminophen) 

8 . lccording to efficacy/ degree o(anti-i11/1ammatorv e((ect: 
(Ref- Lippincott '.\·-6th: Tripadti-6

11
'! 184) 

- \ '· ') I ~1)1 I • ' ~ -,-/ \_...), _ 

\ , ' (' ·v-<- .._ ? 

1 1. Weak anti-inflammatory/ • Para-aminophenol derivative: Paracetamol 
--. Low efficacious - - - - --1 c<{;(' ' 

I 
2. Moderate anti-inflammatory/ • Propionic acid derivatives: Ibuprofen, Naproxen, ketoprofen, 

Moderate efficacious tlurbiprofen . - - ~ - - -
• Fenami~cid derivatives: Mefenamic acid. 

1

~, ( ~~ --" ' · ' :.._ ;1"-C--

3. Strong anti-inflammatory/ 
High efficacious 

• Salicylates: Aspirin 
• eteroaryrac_e..,..,ti_c_a._,c1.-.... s: Diclofenac, Aceclofenac. 

~ - • Oxicam derivatives:-Piroxicam, Tenoxicam. 
• y rro o-pyrro o ilerivative: Ketoro~ c. , ., ·i=,") P., 
• Acetic actdclerivatives: Indo~ethacin. ~ Gov / \l fl-; 
• P razolone cnva ives: Pfieilf6utazone, Oxyphenbutazone. 

{:: . cordin to COX isoenz me selectivit : 
1. COX-2 selective NSAIDs, whose selectivity for inhibiting COX-2 is at least S times that for COX-I. The 

group includes 
,(' Rofecoxib r \ - · ,- > Cc fLO..., C-\0-S... ,c. 
1{ Celecoxib --- -

f Meloxicam 
• Etodolac and 
• Nabumetone 

Y Non-COX-2 selective NSAIDs, wh ich comprise all other NSA IDs. These drugs in hib it COX-I as much 
as, or even more than, COX-2. 

Clrccording to plasma half-life: 

I. Short acting NSAIDs (t 112 <6 hrs) 

2. fotermediate acting NSAIDs (t\/2 6-26 hours) 

3. Long acting NSAIDs (t112 >26 hours) 

Q. Enlist the NSAIDs of clinical importance. (DU-I SJu) 
Q. Name some important NSAIDs. (DU-09Ju) 
Ans. 

• 
" 
.. 
• 
• 
• 
• 
• 
• 
ID 

• 
• 
• 
• 

(Re/:· Bennett & Brown-It'" edition) 

Aspirin 
Diclofcnac 
lbuprofen 
Fenoprofen 
li1domethacin 
Ketoprofen 
Celecoxib 
Rofecoxib 
Naproxen 
Ketorolac 
Etodolac 
Nabumetone 
Piroxicam 
Oxaproz in 

Some clinically important NSAIDs: Following drugs are commonly used clinical ly­
]. Diclofenac. 
2. Aceclofenac 
3. Ketorolac. 
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4. lndomethacin. 
5. Naproxen . 
6. Aspirin 
7. fbuprofen 
8. Ketoprofen 
9. Mefenamic acid 
10. Etoricoxib 

Ni / to know 
. armacokinetics of NSA/Ds: 

600 

1. Chemical nature: All NSAIDs except nabumetone are weak organic acids. 
2. Absorption: Most of the drugs are well absorbed &foods cannot change their bioavailability. 

-

3. Metabolism: Most of the NSAIDs are highly metabolized by CYP 3A or CYP2C families of P450 enzymes 
in the liver. 

4. Distribution: Most of the NSAIDs are highly protein bounds (98%) & usually with albumin. 
5. Excretion: Renal excretion is most important route of final excretion of NSAIDs. In spite of that nearly 

all NSAIDs undergo varying degree of biliary excretion & reabsorption (possesses entero-hepatic 
circulation). 

6. Drugs with short half lives remain in the joints longer while drugs with longer half lives disappear from 
the synovial fluid relatively quickly. 

(Ref Katzung-1 Jth) 
Q. Write down the mechanism of action of NSAIDs. 
Q. Draw a diagram showing t!he site of action of NSAIDs in the pathway of prostaglandin synthesis. (CU­

/ 07Jy · 
<o/6umne the cyclooxygenas,e pathway along with drugs that inhibit the pathway. (RU-l 6Ju) 

Ans. 

Mechanism of action of NSAIDs: The single common mode of action of NSAIDs is to block prostaglandin 
synthesis b),:' inhibiting cyclooxygenase (COX) enzyme. Nonselective NSAIDs inhibit both COX-\ and COX-2 
enzyme~i whereas COX-2 selective NSAIDs selectivity inhibit only COX-2 enzyme. 

Cell membrane 
L 

Phospholipids 
Inhibits L Pltospholipase ----Steroid 

Arachidonic acid 
Inhibits 

LCyclooxygenase e,,zyme (COX) ---- NSAID 
Prostaglandins 

.\ 

L T 

(Ref Bennett & Brown-I / 11 edition) 

I Arachidonic Acid I 

-J \\- \ 
C?.__ ")\.., A, c-. ( 

Inhibited b}' 
Nonselective 
NSAID 

Inhibited by 
COX-2 selective 
NSAID & 
Nonselective 
NSAID 

.If' \ )..i c, c~- , _ e_.., ,~.,.'Qti \ ·1/ 

'Fig. Mechanism of actio~ of NSA/Ds. 
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Nice to know 
Regarding mechanism of action or N,S' "ID .. v · Jiff . , · b twe ,n 

. 'J ,.. s. cmous NSA!Ds have other actions that may contribute to &.1 erence.i e t 
the drugs and these tnclude · the inh ·b ·t · J/ · . . . · I / ·t · n I . . . · 1 1 /On °1 1poxygenases (d1c/ojenac. indomethacin); s11perox1de rad1cu proc. uc wn a c 
superox1de scavengtng; eif}ects on neutro h ·1 · . . . · b t · · P I aggregation and adhesion, cytok111e product/On and cartilage meta O '7i:n. . . 

Q. D c i e the mechanism of action of aspirin. (DU-I 4J,09Ju, RU-I 2Ju) 
A'r . 
Mechanism of action of aspirin: 

Aspirin 

t 
Inhibits cyclooxygenase (COX) enzyme irreversibly 

t ~-- - -~ 
No production of different prostaglandins from arachidonic acid 

t 
Anti-inflammatory action 

(NB: NSA!Ds other than aspirin are competitive & reversible inhibitor of COX) 

(Ref Bennell & Brown-! I ed,twn) 

Q. Name principal pharmacological effects of NSAIDs. (RU-I I /1 OJ) 
Q. What are the pharmacological effects of aspirin? (DU-OOM,OIJ) 
Q. Write do n the pharmacological actions of non-narcotic/ non-opioid analgesics . (SU-09J, CU-06M/J) 
Q. Wri n the pharmacological effects of ibuprofen. (DU-I 3Ju, SU-I 4J) 
Any. 
Pfia macological effects of NSAIDs/ Aspirin / Ibuprofen: 

U
r Anti-inflammatory effects 
r. Analgesic effect 
K Anti-pyretic effect. 
;k- Anti-platelet effects. 
%. Closure of the ductus arteriosus in newborn. 

:~}:i~~ p.laJ~,J~e-:a~a~gesic. effects ofrl'icI_d'feii'ac;_ (RU:) 6J u) ' . -
,Q.f Explah_t' flie .analgesic effects o_f ketorolac. (DU-09J,07Ju) 
~ ~;1 f,ro_~:· ci'~es diclofenac· r~duce v.ain?°(RU-081u,06M) · 
Q; ~}:~piaf , hi ·an~lgesic e{fect of NSAIDs. , · · · 
~ ~j,~ p1 ·:n jhe a'iu~lgesic mechanism o_f aspirin. (~U-ll J, RU-11 J) 

(Ref Katzung-1 Jth edition) 

-Qf ;p-j · _tfori b(j~ paracet,amol relieves pain. (DU-17 D ;: . 
-·.,:[ -J~'fuaf'e, patient" complains of large joint pain and is being treated with indomethacin. How does 
'r/ J.~.<fiii~thacfo h~Jp.her?·(Sl}-12Ju) .. · . , ., ·'"- , - : i.. . ~ . . ,. . . ·-- . 
Ans. 
Analgesic effect of ketorolac / diclofenac / ibuprofen /naproxen / other NSAIDs: 

NSAIDs / aspirin/ ketorolac/ diclofenac /ibuprofen /naproxen inhibit cyclooxygenase enzyme 

t 
Decreased production of prostaglandin E2 (PGE2) 

t 
Decreased level of bradykinin, histamine, interleukins, TNF-a & other chemical mediators at the sie of 
inflammation (They are released at the nerve ending in response to inflammatory process) 

t 
No stimulation of' A8' & 'C' nerve fibre 

t 
No transmission of pain, 

t 
Relief of pain/ the sensation of pain. 
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,\ u : SA I D .\· u-c thet"Lfhn : more eflectiVt' oga i11st pain associated with i1~/la111mation. 
(Ref Uppincolt 's-6th: Tripathi-61"11&5) 

Vice to know 
• . t111iplatelet do.\·e of mpiri11 (low do.\·e a.\piri11): 

o ~5 - 150 mg p er duv (R!!_f Benne/I & Brown-JO'" edition) 
o 75 -- I 50 mg/ day (R1:f Davidson 's-2 I'' edition) 

• A.111i-illjlammalory dose of aspirin: > 350 mg 
• Analgesic dose of aspirin: 300-900 mg every 4:6 h 
• · ~'o op eration within 1 week of administration of aspirin ---. ff done, more bleeding. 

. . . . th 
(Ref- Bennell & Brown-I I edition) 

'Q: Explain the anti-piatelet .eff~cis dii s] i\:_10. €D.ff~i6.J1oef< ~~tr; t1:r; strt) ;7}~lMti,0Q;J). ,-.·.· "·1 /·
1
' /··;. :.:-

• • -~ ._ :,~ • J. ;"!j.l,J ') ~/.'"'.::_,.~ ,-~'\· ... •. _. <•' _ •I~,,. · ••.:;J:' .4 - j_ ._ ol. 

·Q. ow does:Iow·dose aspirin acfas "an_ti:-"platelft~dicfn-?;(DU-:,09J~·-RU~l0J)"' ~""- .::/_:·. :~. .· . ., . 
. ~ ·• -· .... .,, ~-'"' l-. -~- --~,("-.-- , ~-··, .~ ........ ::. ,- -,.. " ~ •. ,,.. ... \ ... ·- . • 

,Q . . ExplaiiLtlie me·chanism of ailtiplatelef a'ction.oflow :d·ose ·as~pfrini\(DU¼08J; SU-:06.l) · · . .. · 
~ ;Q; Justify' ~he_:-~s~ ·or fo~ -dose ' aspiii~:i ii .t~~.- 1\i1ri-~~,~~JiiJfoi:-ti!i~o~ b9eD)·r~~i'~';,d°i~e~~-et ·cc_U:~l ~},08J, .~b: 

·, 03S) _ ' ,. '"-' ~ .. .,.:.;·:.,.: . ..,;.~-~tt~:~/-~ .. :<~~<.:·'~--;~;'..:Jf,'.~'.!',iit}:;J-:§(tt'·<. ~~_;.:·_:::~'.""~"-~·· ... ·· . , . ,,:~~'-.··,.:.,b .. -~ 
Ans. 
Mechanism of antiplatelet action of low dose aspirin: Low dose aspirin inhibits platelet aggregation by 
inhibiting thromboxane A 2 formation. ; .....I)..._J c:9c-s.,e__ 0---s ~,,,c---:~.......--(_ n-Y"'"' b ,b ~ -

Aspirin lacetylsalic~lic a~id) L//)fl c..,.\ ..__\~ \7-,<y 
Acetylates and thus mact1vates cyclooxygenase (COX) irreversibly \ ( o :x ~. 

L c " ~ c-'- ·~, ,._ 

The platelets are unable to synthesize new enzyme 
L 

COX activity is lost for the platelet life time (8 - IO days) 

! 
Prevention of formation of both thromboxane A2 and prostacyclin . 

! 
Thromboxane A2 causes platelet aggregation but prostacyclin inhibits platelet aggregation . Low dose aspirin 
(75 to 150 mg/day by mouth) will abolish synthesis of thromboxane A2 w ithout significant impairment of 
prostacyclin formation. --;::r-,::,.:., ;;,..;(, , -hc..----r- S l < i c , ~ 

! d-- /'-<') , 

Thus low dose aspirin Inhibits platelet aggregation. 

By preventing platelet aggregation, low dose aspirin prevents format ion of thrombus. This is how aspirin 
prevents thromboembolic diseases, eg, Ml, stroke, deep vein thrombosis, etc. I (Ref Bennett & Brown-I J'h edition) 

~ aspirin is stopped one week before surgery? (SU-14Ju) 
. 

Aspirin is stopped one week before surgery: Antiplate let effect is due to permanent inactivatio n of COX in 
platelets , preventing synthesis of thromboxane. Being non-nucleated , platelets cannot regene rate the enzyme as 
can nucleated cells, and the resumption of thromboxane production is dependent on the entry of new plate lets into 
the circulation (platelet life-span is 8 days) . If aspirin is stopped one week before surgery, the pla te lets inhibited 
by the aspirin are removed from the c irculation by this time and then new platelets co me to the circul ation, which 
can co ntrol bleeding during surge ry. 

(Ref Bennet & Brown-1 l'h) 

Nice to know 
Inflammation: A normal inflammatory response is essential to fig ht infections and is part of the repair 
mechanism and removal of debris following tissue damage. Inflammation can also cause disease, due to damage 



603 NSAID 

of healthy tissue. This may occur if the response is overvigorous, or persists longer them is necessary. Anti­
inflammat01y drugs reduce inflammation and relieve us.from unwanted e.f/ecls of inflammation. 

Aclivated leukocytes at a site of inflammation release compounds which enhance the i11flammatory response. 
These inflammatory mediators include eicosanoids (eg, prostaglandins, thromboxanes, /eukotriene!i), cytokines, 
complement products. 

(Ref Benne II & Brown-I I th) 

'Qt iiow. do·es di~lofena.c pr<icl~~':~~t!i:inflanfinftory.effectftR i c.07J· SU-06M)' ., ·, 
" \ . i ' -~: •• • ,,.. .... """ l -, ....... ;., .. • ·, ·\,1·' . 1} . • ~· ...... :.,1 '1,:. I 11',t· I}:, ~ ' 

,~·_-E-~P,la~.~ th~ ant~-~-nfl~~ f~t?f): effe,~t~.~f ~_sp'~ri~-/ ~y:co_&M.;,,SlJ.-1:7 J) 
:Q: Explam.the antMnfla~matocy effects of-ke'toprofen.JSU-09/06])~. ,,. 

, ', ••.• T' •'i~ tI, '•.
1 

,'~•:",~t'?}.•_-'•, •• ,,..,,.(,,/ .~.~~~,r·.;,., ,:21~~t,,,.,?,1 : 1 frt'., •• J~ ·.·~li-~ ,· 

Q~H9w_1_1,ap1_;~~.en produces ,an~i'mflam·matory effec~~?'.(D:Q;Oo,M}., ~-.,:>~ ... , .. , ... 
12:.;gtye:tij~rnii~hani~_Jl!. 9! an1f)1i~.a~¥a.Jo&:ert~as'o1~f~!PJJI}tr-I5JJJ ~l)" ·,. ... ;;~ / : -: . 
Ans. ( 

."1 .. ,1 

Anti-, nflammatory effects of aspirin/ ketoprofen / other NSAIDs: 
y . The anti-inflammatory activity of the NSAIDs is mediated chiefly through inhibition of biosynthesis of 

prostaglandins by inhibiting cyclooxygenase. 
2. Various NSAIDs have additional possible mechanisms of action, including-. 

• Inhibition of chemotaxis 
• Down-regulation of interleukin-1 production 
• Decreased production of free radicals and superoxide, and 
• Interference with calcium-mediated intracellular events. 
• Decreased the sensitivity of vessels to bradykinin and histamine 
• Decreased lymphokine production from T lymphocytes. 

(Ref Katzung-13th) 

The NSAIDs reduce mainly those components of the inflammatory and immune response in which 
prostaglandins, mainly derived from COX-2, play a significant part. These include: 

I. vasod i latation 
2. edema 
3. pam. 

'7 
Q. Outline the pa tho-physiology of fever. (DU-04J) i~...____, 

Ans. 

(Ref Rang & Dale's-8th) 

Patho-physiology of fever 
Substances that cause fever are called pyrogens. For example, bacterial products such as lipopolysaccharide 
(exogenous pyrogen), IL-1 & TNF (endogenous pyrogen). 

t 
Exogenous pyrogens stimulate leukocytes to release cytokines such as IL- I & TNF 

Cyt;kines stimulate cyclooxygenase enzyme to produce prostaglandin E2 in the hypothalamus 

t 
Increased prostaglandin E2 (PGE2) in the hypothalamus 

t 
In hypothalamus, PGE2 stimulates production of neurotransmitters such as cAMP, which functio n to reset the 
temperature set point at a higher level 

t b . All the mechanisms for increasing body temperature are rought mto play 

t 
Fever 

Q. Name the commonly used anti-pyretics? (RU-15Ju) 
Ans. 

(Ref Guyton- I J°'/898: Robbins & Cotran-9th) 
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orumonly usl'd nnti-pyrl'tics 
I. Paracetamo l 
-, Diclofenac 
3. Aspirin 

604 

Q. How do the anti-pyretic drugs reduce fever? (RU-1 SJu , l JJ , 12J) 
Q. Exph~ifi anti-pyrctic action of paracetamol. (DU- I 7M, I 6J , I 3Ju, CU- l 4Ju , I 4J, SU- I 0.J) 
Q. Ho, docs paracetamol reduce fever? (DU-12.Ju,11.J, C U-06J; RU - 14Ju,I0/09Ju) 
Q. H 6w does aspirin reduce fever? (DU-08.J , RU-07 J, SU- I l .J) 

, _ r~s . 
Anti-pyretic action of paracetamol / diclofenac / aspirin: 

Paracetamol/ diclofenac /aspirin/other NSAIDs 
L 

Inhibits cyclooxygenase enzyme in the hypothalamus 
L 

Decreased production of prostaglandin E 2 (PGE2) in the hypothalamus 
L 

The temperature set point in the hypothalamus is reset at a normal level 
L . . 

All the mechanisms for loosing heat from the body (eg, vasodilation, sweatmg) are activated 
L 

Body temperature is decreased 
L 

Fever is reduced. 

-

(Ref Katzung-13th: Bennett & Brown-11th) 

Q. lV!etition the indications/uses of aspirin. (DU-09Ju,08J,07J; RU- l 7J) 
/ ~ M:ention the indications of low dose aspirin with justification. (RU-1 SJ , 14J, 12Ju) 

. ~ - Give 3 indications of low dose aspirin. (DU-1 SJu) 
' Ans . 

Indications of aspirin: 
I. Thromboembolic disorder (only low close aspirin): 

• Myocardial infarction_ (MI) 
• Unstable angina (UA). 
• Ischem ic stroke. 
• Transient ischemic attack (TIA) . 
• Deep vein thrombosis (DVT) 

2. Musculoskeletal disorders (in high dose): 
• Rheumatoid arthritis (RA) 
• Arthritis of rheumatic fever (RF) 
• Osteoarthritis 
• Acute gouty arthritis 
• Ankylosing spondylitis 
• Other acute musculoskeletal pain 

3 . Mild to moderate somatic or inflammatory pain 
4 . Preeclampsia-eclampsia 
5. Colonic and rectal carcinoma 

r be the role of mefenamic acid in the management of dysmenorrhca, 

Role of mefenamic acid in the management of dysmenorrhea: Dysmenorrhea means painful menstruation . In 
dysmenorrhea, prostag landins cause uterine hypercontractility and pam . Mefenamic ac id is used to ;:-educe ·the 
·production of PGs by the uteru s, thus mefenami c acid reduces pain during menstruation . 

(Ref Bennet! & Brown-11th) 

s CL' c.. ') 
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Q. Mention the indications of NSAID . 
~ Lists the clinical indications of non-opioid analgesics. (CU-06M) 
Ans. 
Indications of NSAID 

NSAID 

l. Analgesia: NSAlDs are effective for pain of mild to moderate intensity including rnusculoskeletal ~nd 

postoperative pain, and osteo- and inflammatory arthritis; they have the advantage or not causmg 
dependence, unlike opioids. · 

2. Anti-inflammatory action: 
• All types of arthritis 
• Musculoskeletal conditions and 
• Pericarditis. 

~ ~· Antipyretic action 
4. Antiplatelet function: Aspirin is indicated for the treatment and/or prevention of myocardial infarction, 

transient ischemic attacks and embolic strokes. 
} ( Prolongation of gestation and labour: inhibition of PG synthesis by the uterus durrng labour by 

indomethacin will prolong labour. 
/rf: Patency of the ductus arteriosus: as PGs maintain the patency, indomethacin given to a new-born child 

ns. 

with a patent ductus can result in closure, avoiding the alternative of surgical ligation. . 
Primary dysmenorrhea: Mefenamic acid is used to reduce the production of PGs by the uterus which 
causes uterine hypercontract! iity ana pain. 

(Ref Bennett & Brown-11th) 

Adverse effects of NSAIDs/ diclofenac/ ketoprofen/aspirin: 
1. GIT adverse effects: These are caused by inhibition of prostaglandin synthesis which play cytoprotective 

role in the GI tract. 
• Indigestion ~ " \ ( . -: ,, ,( 

I 

• gastro-esophageal reflux ~ 1 _ /" .. r.--

• Nausea, vomiting, abdominal pain. · \> ' 1 2.. 
7 

• Erosions r--, I r 
• Peptic ulcer />-- ~r \-Y,C t\ .;.J \ J, __,) :: ' I ,. I I 

• Gastrointestinal hemorrhage eg, hematemesis and malena . 
• perforation LJ I '- \ > • " 

*i \ 
I 

• Small and large bowel ulceration .r· i 
2. Renal effects: Renal blood flow is reduced because the synthesis of vasodilator renal prostaglandins is 

inhibited; the result issodlum and-fTuid retention and arterial hypertension. Renal fa ilure may occur. 
- 7 ( r, 

3. Salicylism: With higher doses of aspirin, patients may 'e'xperience sa/icy/ism-vomiting, tinnitus, decreased 
hearing, headache, dizziness and vertigo- reversible by reducing the dosage. 

4. Hepatic: Abnormal liver functions, liver failure & hepatic encephalopathy (in case oqoxic overdose). 

6. Pulmonary: Bronchoconstriction by reducing bronchodilator prostaglandin synthes is . Thus aspirin & other 
NSAIDs aggravate bronchial asthma. f. f\ 

Pharmacology-78 
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7. Hematological: Bleeding tendency & rarely thrombocytopenia, neutropenia, agranulocytosis or even aplastic 
anemia. 

8. Cutaneous effects: Urticaria, sever~ rhi i · and_a_sthm~ occur in susceptible individuals, e.g. with nasal 
polyposis, who are exposed to NSAIDs, notably aspirin, 

9. Reye syndrome: Aspirin given to children for viral infection has been associated with Reye syndrome 
charac erize oyfafal, fulminating hepatitis with cerebral edema. 

I 0. Teratogenesis. 
(Ref Katzung-l 3th,· Bennett & Brown-11th, Lippincott 's-6th) 

Adverse effects of individual NSAIDs: 

Diclofenac • Gastrointestinal distress 
• Occult gastrointestinal bleeding 
• Gastric ulceration 
• Diclofenac at a dosage of 150 mg/d appears to impair renal blood flow and GFR. 
• Elevation of serum aminotransferases. 

Naproxen • Incidence of upper GI bleeding is low. 
Rare side effects include-
• Allergic pneumonitis 
• Leukocytoclastic vasculitis 
• Pseudoporphyria 

Ketorolac • Toxicities are similar to those of other NSAIDs, although renal toxicity may be more 
common with chronic use. 

Ibuprofen • Gastrointestinal irritation 
• Rash 
• Pruritus 
• Tinnitus 
• Dizziness 
• Headache 
• Aseptic meningitis (pa1ticularly in patients with SLE) 
• Fluid retention 
• Ibuprofen antagonizes the irreversible platelet inh ibi ti on induced by aspirin . Thus, 

treatment with ibuprofen in patients with increased cardiovascular risk may limit the 
cardioprotective effects of aspirin. 

Rare side effects are-
• Hematologic: Agranulocytosis, aplastic anemia 
• Renal: Acute renal failure, interstitial nephritis, nephrotic syndrome 
• Hepatitis 

Keto prof en • GIT: Nausea, vomiting, diarrhea 
• CNS: Headache, dizziness, vertigo, confusion 

Indomethacin • GIT: Abdominal pain, diarrhea, GI hemorrhage, pancreatitis 
• CNS: Headache, dizziness, confusion, depression, 
• Psychosis with hallucinations (Rare) 
• Hepatic abnormalities (Rare) 
• Hematologic: Thrombocytopenia, aplastic anemia 
• Hyperkalemia 
• Renal papillary necrosis 
• At higher dosages, at least a third of patients have reactions to indomethacin requiring 

discontinuance. 
(Ref Katzung-l 3th edition) 
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Nice to know . 
• J / M· · d ofien irreverstbf e Analgesic nep iropat ty: 1xtures of NSA!Ds (rather than single agents) taken repeatedly cause grave an .. 

renal damage, n~tably cltro11ic interstitial nephritis, renal papillary necrosis and acute renal j,1ilure; these ejfects app~ar to 
be due at least tn part to ischemia through inhibition of formation of locally produced vasodilator prostagland1m · The 
condition is most common in people who take high doses over years, e.g. for severe chronic rheumalism and patients wllh 
personality disorder. 

(Ref Bennet/ & Brown-I I 1h) 

Q. Write down the limitations of using aspirin . (DU-07 J) 
~:~ntion the contraindications of aspirin. (CU-01 M) 

~traindications of NSAIDs / aspirin: 
1. Active bleeding peptic ulcer 
2. Chronic peptic ulcer disease (PUD) 
3. Chronic liver disease (CLO) 
4. During elective surgery (should stop 1 week before surgery, otherwise there is chance of bleeding) 
5. Bronchial asthma 
6. Immediately after burn (after bum there may be curling ulcer. So NSAIDs are contraindicated) 
7. Undiagnosed acute abdominal pain . 
8. In influenza & swine flu (due to risk of Reye's syndrome) 
9. Gout 

Q. Short note: Reye's 
Ans. 
Reye's syndrome: 

mong NSA!Ds). 

Reye's syndrome is a rare but serious condition that causes swelling in the liver and brain . Reye's syndrome most 
often affects children and teenagers recovering from a viral infection, most commonly the flu or chickenpox. 

Causes: The exact cause of Reye's syndrome is unknown, although several factors may play a role in its 
development. 

1. Using aspirin to treat a viral infection, such as flu, ch ickenpox or an upper respiratory infection. 
2. Having an underlying fatty acid oxidation disorder. 

Clinical features: 
1. Rash on hands and feet 
2. Persistent, heavy vomiting 
3. Confusion 
4. Fatty liver 
5. Cerebral edema 
6. Coma 
7. Seizures 
8. Multiple organ failure 
9. Death 

Q. What precautions you should take before prescribing NSAIDs? (RU-1 OJ, SU -I 7M) 
Q. ~ :2-"'~Ir'the adverse effects of indomethacin be reduced? (SU-12Ju) 
Q;/;r"rate the prevention of NSAID induced gastric mucosal damager. (CU-1 SJu) 

recautions before prescribing NSAIDs: 
A. Prevention of GIT irritation: 

,y-\, 'P' '-'4"'/-<>- (Y y 

5~ '\ ~ ~~J s \ -<-

- " ~Y- ~, 

• An anti-ulcerant drug (preferably a proton pump inhibitor, eg, omeprazol~ should be added to prevent 

GIT irritation . . ,. ' I C, '--' r f\ (_ '-., +-c, 
• The drug should be taken after meal. 0r ~ c""'.., , \ 

\ I , 
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B. Caution in case of comorbid conditions: The comorbid conditions may be aggravated by NSAIOs. So in 
these cases, NSA IDs should be avoided or used with caution. 
• Asthma, COPD or any sort of obstructive airway diseases 
• Signs or hi story of hepatic impairment 
• Signs or history of re11al imp ·rr ent . . 
• History of present active bleeding or any type of.!!_eed111g d'.so~ders . . 
• In case of edema, HTN, or CNS disorder (headache, t111n1tus, d1zz1~ess) decision should be taken 

according to the severity of the diseases & need for analgesia & other options . 

C. Any history of hypersensitivity reaction to any NSAIDs should be taken . 
D. In pregnancy, the NSAIDs except paracetamol should be avoided. - --

Q. Name 2 effective NSAIDs preferred in postoperative pain management. (CU-09Ju) 
Ans. 

"-.../ '-.NSAIDs in postoperative pain management: 
. I. Diclofenac* 
~ . Ketorolac* 
3. Ibuprofen 
4. Naproxen 

Note * indicates most commonly used 
drug in postoperative pain management 
in our country. 

5. Indomethac in 
6. Etodolac 

Q. hat are the advantages of propionic acid derivatives over aspirin? (DU-0 l J) 
, A ns. 

Advantages of propionic acid derivatives over aspirin 
I. Very potent 
2. Low toxicity 
3. Can enter into synovial space & may retain in high concentration, even though plasma concentration 

declines. That is why it is the drug of cho ice in in flammatory musculoske letal pain. 

Q. Short note: Diclofenac. (CU-1 41) 
. Ans. Write in MIA, indication, adverse effects, contraindications in brief from above. 

Ketorolac h-- ( ) 

Ketorolac is an NSAID promoted for system ic use mainly as an--=-ana~gesicJ not as an anti-inflammatory drug 
(although it has typical NSAID properties). The drug is an effective analgesic and has been used successfully to 
replace morphine in some situations involving mild to moderate postsurgica l pain . It is most often given IM or IV, 
but an oral dose formulation is available. When used wi th an opioid, it may decrease the opioid requirement by 
25-50%. An ophthalmic preparation is avai lable for ocular inflammatory conditions. Toxic ities are simi lar to 
those of other NSAIDs, although renal toxicity may be more common with chronic use. 

(Ref Katzung- 1 Jth) 

Paracetamol (Acetaminophen) 
Paracetamol is a domestic drug. It has weak anti inflammatory effect. For this reason, most of the 
pharmacologists do not consider it to be an NSAID. ft may be better named as non-narcotic analgesic­
antipyretic drug. 

Pharmacological effects 
I. It has analgesic and anti-pyretic effect. 
2. It has little or no anti-inflammatory effect. 
3. It has no anti-platelet effect. 
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Paracetamol has less effect on cyclooxygenase enzyme in the peripheral tissues, w 11c 1 acco 
inflammatory effect. . . . . , . 6th) 

(Ref: Ltppincoll s-

I 
Q. Write down the indications of paracetamol. (DU-17 J) 

, / ~ 
Ans. 
Indications of paracetamol: 

I. Fever 
2. Mild to moderate pain 

a. Migraine headache 
b. Myalgia 
c. Dysmenorrhea 
d. Postpartum pain 

3. Analgesic adjunct to anti-inflammatory therapy. 

Adverse effects of paracetamol: 
I. With normal therapeutic doses, paracetamol is virtually free of any significant adverse effects. 
2. Allergic reactions and skin rash. 
3. Heavy, long-term daily use-+ chronic kidney disease (CKD). 

(Ref Bennett & Brown-It" + Lippincott 's-6th) 

Dose. The oral dose is 0.5 to 1 g every 4 to 6 h, maximum daily dose 4 g. 

Q. Name the formulations of paracetamol. (RU-12J) 
Ans. 
Formulations of paracetamol 

1. Tablet 
2. Syrup 
3. Pediatric drop ·].____('(U~ 
4. Suppository c-' 
5. In combination with other drugs: 

• Paracetamol + Caffeine 
• Paracetamol + Tramadol 
• Paracetamol + Methionine 

.. ,.v, v ... oes poisoning occur due to paracetamol overdose? (CU-08J) 
· w paracetamol is biotransformed? 

Ans. 
Poisoning due to paracetamol overdose/biotransformation of paracetamol: Under normal conditions, 

paracetamol is conjugated in the liver to form inactive glucuronidated and sulfated metabolites. A portion of 

paracetamol is hydroxylated to form N-acetylbenzoiminoquinone (NABIQ) - a highly reactive and potentially 

dangerous metabolite that reacts with sultl,ydryl groups. At normal doses of paracetamol, the NABIQ reacts with 

the sulfhydryl groups of glutathione, forming a non-toxic substance. With large doses, the available glutathione in 

the liver becomes depletecC ancnhe NABIQ reacts with the sultl1yclryl groups of hepatic proteins (eg, key 

enzymes of liver), forming covalent bonds. H~atic ~ crosis, a very serious and li fe-threatening condition, can 

result. Renal tubular necrosis can also occur. 

(Ref Lippincott 's-6th) 
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Q. Mention the management of paracetamol overdose. (CU-l 7J,08J) 

Ans. 
Management of acute paracetamol overdose . 
Acute overdose. Severe hepatocellular damage and renal tubular necros is can resu lt from taking 150 mg/kg 

(about IO or 20 tablets) in one dose 

Clinical features: 
l. Jau ndice, abdomina l pain, hepatic tenderness do not become apparent for 24- 18 h 
2. Li ver failure occurs between 2 and 7 days after the overdose. 

Investigations 
I. Blood fo r paracetamol leve l h uld be taken im mediately. 
2. Monitoring of the therapy and li ver and kidney damage by-

• Proth ro mbi n tirn l: (l R) 
• Serum creatini ne. 
• Bio d pH 

Treatment : Tr atm nt d pend on the in t ' rva l bet e<.: 11 o rdose and pre ntation and on the pla ma 
concent ration of para t m I. 

I . astric I age (within 4 hour · r ing st ion) 
2. Antidote: 

1. -acetylcy t ine ( ) by I route . 
b. M thionin if C i not avail ble. 

3. I stero id and antihi tami ne t ·ombat pseudoall rg1c read1ons of '-acetylcysteine. 

If patient present after 16 h urs of erd 
l . Mai nt ain fluid el trol t bal n e. 
2. Mai ntai n blood glu e lev I 
3. Hemorrhage hould be tr ted ,~ ith fr h rozen plasm· 
4. Hemoperfu ion or Ii\ er transplant tion (in h patt ' failure) . 

Q. How N-acetylc st ine ( AC) and methionine i 'ng . 

Ans. 
N-acet lcysteine ( AC) and m thionine are effecti e as the) are precursors for the :,) nthesis of glu tathione. 
NAC is mor ffe ri e b au e its con r ion into gl utathione require:, th.er 11Z) 1nes; also, it is ad min istered by 
IV infusion , hich is an advantage if the p ti nt is omiting. Methionine al ne ma:, be used to ini tiate treatment 
when faci lities fo r infusing are not immediately available. 

Q. Write differences between a ·pirin and para t mo!. ( ' - I SJ) 
ns. 

Differences between a pirin and parac t mol 

Traits AsDirin 
1. Anti-platelet effects. Yes 

2. Anti-inflammatory effects y 

3. GIT adverse effects More 
4. Sal icvlism Yes 
5. A!!!.!ravate bronchial asthma Yes 
6. Increases bleedinf! tendency Yes 
7. Reye syndrome Yes 

8. Tcrato!.!enesis Yes 

(Ref BenneH & Brown- 11th) 

Paracetamol 
0 

Little or no 

Less 
No 

0 

0 

0 

0 



61 J 
Q. "hat are the hepatotoxic drugs'! (CU-14J) 
Ans. 
Hepatotoxic druos ,., 

Pattern of hepatotoxicity Drug 
Cholestasis • Chlorpromazine 

• High-dose estrogens 
Cholestatic hepatitis • NSA!Ds 

• Co-amoxiclav 

• Statins 
Acute hepatitis • Rifampicin 

• lsoniazid 

t, ) ( ~ . 
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Non-alcoholic steatohepatitis • Amiodarone 
Venous outflow obstruction 

; I \) ·"'Y1(_ \ \ ,----,---- 7 ~ c.,' v --:;, ~ -
• Busulfan 

• Azathioprine 
Fibrosis • Methotrexate 

/ / 

/; 

Selective COX- 2 inhibitors / Coxibs 

COX-1 and COX-2: 
The COX enzyme exists in at least two isoforms. COX-1 is a constitutive or "housekeep ing" isoform that is 
responsible for the basal production of prostaglandins, prostacyclins, and thromboxanes. COX-2 is inducible by 
cytokines and other inflammatory stimuli and is bel ieved to predominate during chron ic inflammation. 

(Ref Modern pharmacology with clinical application-611'!425) 

Difference between COX-1 & COX-2 isoenzymes: 

Traits I COX-1 . · · ·· -· I - .'. COX-2 
1. T e PGH S nthase-1 PGH S nthase-2 
2. Expression It is a constitutive enzyme present in most COX-2 enzyme normal ly present 111 

cells (i.e. its activi ty is not changed once the insignificant amount. It is ind uced by 
cell is fully grown) cytokines, growth factors & other fac tors of 

inflammator res onse. 
3. Distribution GIT, kidne & latelets. Kidne , inflammator and immune cells 
4. Stimulatory Following humoral stimulation, 

effect isoenzyme increases 2-4 folds . 
COX-I Following stimulation by growth fac tors, 

tumor promoters, cytokines & endotoxin , 
COX-2 isoenz me increases l 0- \ 8 fo lds . 

5. Function Eicosanoids produced by COX-I enzyme 
participate in physiological (house keeping) 
functions..; such as-

Eicosanoids produced by COX-2 enzyme 
play ro le 111 inflammatory & pathological 
changes. 

• Secretion of mucous fo r protection of ) 
astric mucosa 

• Homeostasis. r ( 
• Maintenance of renal function . 

r ) i ~· , - ;, 

Q. Enlist selective COX-II inhibitors . (DU-09Ju , CU-17 J, SU- I 6Ju) DI 

' . 'I 

I 

Q. Name the COXIBs. (RU-17 J) . v\ \ / 
Ans. , , \ 1 

COX-2 inhibitors/ Coxibs 
,,Y. Celecoxib 
, 7/ Etoricoxib 

.., ) ( -
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3 . lVkloxicnm 
-L Lumiraco:xib 
5. Parcco:xib 

612 

Rvfrl.'.oxib and valdcco:xib have been withdrawn from the market due to their increas ing C VS ri sk. 

Q. Characterize selective COX-II inhibitors. (SU- I OJ) 
A ns. 

' Ch;.1racteristics of selecti,,e COX-II inhibitors: 

(Rel Katzung- llth) 

t ,\ r- '(__' 

I . COX-2 inhibitors have analgesic, antipyretic, and anti-inflammatory e ffects similar to those of 
nonselective NSA!Ds. 

2. They have no anti-platelet effect. 
3. They have limited or no GIT bleeding. 

_3:-. They don 't precipitate bronchial asthma. . 0 T hey have increased chance of renal injury & cardiovascular thrombotic events, eg, Ml. 
(Ref Katzung-1 JthJ 

Q. Mention the advantages of COXIBs over traditional NSAIDs. (RU-17 J, SU-16Ju) 
Ans. 

·- Advantages of COXIBs over traditional NSAIDs 
1. They have limited or no GIT bleeding. 
2. They don ' t precipitate bronchial asthma. 
3. They do not cause gastric mucosa I damage. 

Q. What are the adverse effects of selective COX-II inhibitors? (CU-16Ju, SU-16Ju) 
Ans. -

\...Adverse effects of selective COX-II inhibitors 
I. Increased chance of renal injury 
2 . Increased risk of cardiovascular thrombotic ~ e~ ts, ~ g, ~l. 

- --
Q. Describe the mechanism of action of COX-II inhibitors. (CU-04J) 
Ans. 
Mechanism of action of COX-II inhibitors: COX-2 selective inhibitors or coxibs inhibit prostaglandin synthesis 
by the COX-2 isoenzyme induced at sites of inflammation without affecting the act ion of the constitutively active 
"housekeeping" COX- I isoenzyme found in the gastrointestinal tract, kidneys, and platelets. COXibs se lectively 
bind to and block the active site of the COX-2 enzyme much more effectively than that of COX- I . Thus COX-2 
inhib itors show analgesic, antipyretic, and anti-inflammatory effects similar to those of nonselective NSA!Ds but 
they have no anti-platelet effect and minimum G I bleeding. 

/' 
Q. ~ omment on present therapeutic status of selective COX-2 inhibitors. (SU-I 4Ju) 

. What are the risks of using COX-II inhibitors in CVS patients? (CU- I 3J) 
Ans. 

(Ref Katzung-13th) 

COX-JI inhibitors may increase the risk of thromboembolic comp lications, such as Ml , stroke. Such 
complications caused w ithdrawal of rofecoxib and valdecoxib from the market. 
This is why, selective COX-2 inhibitors should be used on ly in patients at high risk of peptic ulce r, perforation or 
bleeding. They should be used in the lowest dose for the shortest period of time. · 

Q. Mention the contraindications of COX-2 selective drugs . 
Ans. 

(Ref Katzung-13th) 
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CoQ,t'ijaindications of COX-2 selective drugs: 
v1( lschemic heart disease, eg, Ml. 

2. Hypertension 
3. Cardiac failure 
4. Cerebra-vascular diseases (CVD), eg, ischemic stroke. 

(Re/ Tripathi-6
1
"! 197) 

Q. How do traditional NSAIDs vary with coxibs? (RU-10) 
Q. Compare non-selective & selective inhibitors of COX enzymes as non steroidal anti- inflammatory 

effects . (CU-09J) 
Q. Coiypare rofecoxib with diclofenac with regard to mechanism of action and adverse effect profile. (RU­

L3Ju) 
Ans. 

, Differences between non-selective COX inhibitor & selective COX inhibitors: 

Traits I Non-selective COX inhibitors / I Selective COX inhibitors/ 
diclof enac rofecoxib 

1. Mechanism of action 

2. Analgesic, antipyretic, and 
anti-inflammatory effects 

3. Antiplatelet effect 
4. Precipitation of asthma 
5. Gastric mucosal damage 

6. Incidence of GI bleeding 

7. Renal injury 
8. Cardiovascular risk 

Inhibit prostaglandin synthesis by the 
inhibiting cyclooxygenase (COX) 
enzyme 

Yes 

Yes 
Yes 
Yes 

More 
Less 
Less 

Inhibit prostaglandin synthesis by 
the inhibiting COX-2 isoenzyme. 

Yes 

No 
No 
No 
Less 
More 
More 

(Ref Katzung- l 3th edition + Trzpathz-61hl l 86-1 87) 

Dru s used in rh'e:um~foid arthritis RA · · · . 

A. Non-steroidal anti inflammatory drugs (NSAIDs) 

B. Disease modifying anti-rheumatic drugs/ DMARDs: 
I. Immunosuppressants: 

• Methotrexate 
• Azathioprine 
• Cyclosporine 

2. Su lfasa lazine 
3. Lefiunomide 
4. Chloroquine & hydroxychloroquine 
5. Cyclophosphamide 
6. D-Penicillamine 
7. Gold 
8. Auranofin 

C. Biologic response modifiers: 
I. TNF-a inhibitors : 

a. Etanercept 
b. lnfi iximab 
c. Adalimumab 

2. Interleukin- I antagonist: Anakinra 

Pharmacology-79 
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D. Adjuvant drugs: Corticosteroids (Prednisolone & others) 
(Ref Tripathi-611,/202-203) 

Disease modifying anti-rheumatic drugs/ DMARDs 

Drugs Mechanism of action Adverse effects -
Methotrexate Direct inhibitory effects on proliferation & stimulates Nausea, stomatitis & mucosa! 

apoptosis in immune-inflammatory cells . ulcer (most common), 
At low dose it inhibits "amino imidazole carboxamide hepatotoxicity, rash, alopecia, 
ribonucleotide" (AICAR) transformylase & acute pneumonitis. 
thymidylate synthetase with secondary effects on 
neutrophil chemotaxis. 
Inhibit dihydro-folate reductase enzvme. 

Azathioprine Converts into metabolite 6-thioguanine which Bone marrow suppress ion, 
suppresses inosinic acid synthesis, B-cell & T-cell GIT upset, stomatitis, 
function, lg production & IL-2 secretion. hepati t is . 

Cyclosporine Inhibits IL-I & IL-2 receptor production & secondarily Significant nephrotoxicity, 
inhibits macrophage-T cell interaction and T cell HTN, hyperka laemia, 
responsiveness. T cell dependent B cell fun ction is also hepatotoxicity, gingival 
affected. hyperplasia & hirsutism . 

Sulfasalazine Sulfasalazine is metabolized into sulfapyridine & 5- GIT upset is commonest 
amino-salicylic acid_. Inhibit the release of (nausea, vomi ting), headache, 
inflammatory cytokines; such as IL-I , 6, 12 & TNF-a. neutropen ia, 

thrombocytopenia, hepatitis & 
rash. 

Leflunomide Converts into active metabolite_. Inhibits Diarrhea (25%), nausea, 
dihydroorotate dehydrogenase _. !ribonucl eotide hepatotoxicity, HTN, weight 
synthesis_. !Cell growth, inhib its T-cell pro li ferat ion gain, a lopecia 
& production of auto-antibodies by B- cells. 

Chloroquine Suppression of T-lymphocyte responses to mitogens, Irreversib le ototoxici ty, 
& !leukocyte chemotax is, stabilization of lysosomal retinopathy, myopathy, 
hydroxychloroquine enzymes, inhibition of DN A & RNA synthesis & periphera l neuropathy, GIT 

trapping of free radicals upset (dyspepsia, nausea, 
vomit ing, abdominal pain), 
rash. 

Cyclophosphamide Converts into active metabolite (phosphoramide Nausea, GIT upset alopec ia, 
mustard)_. Cross-links with DNA_. Prevents cel l cysti tis , bone marrow 
replication and suppress T-cell & B-cell functio n. suppression, azoospermia & 

anovu lation. 

(Ref Katzung- 13th; Davidson 's medicine-22nd) 
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Dru s used in out · 
Drugs causing hypcruricemia: 

J. Pyrazinamide 
2. Thiazide diuretics (hydrochlorothiazide) 
3. Loop diuretics (furosemide) 
4. Cyclosporine 

(Ref Davidson-22nd) 
Pathogenesis of gout: 

Precipitation of urate crystals in the synovial fluid 
t 

Chemotactic factors are produced & granulocyte migration into the joint 
t 

Granulocytes phagocytose the urate crystals & release a glycoprotein which aggravates the inflammatory 
processes 

• Increase lactic acid production from the inflammatory cells - tLocal pH - More urate crystals are 
precipitated in the affected joint 

• Release of lysosomal enzymes - Joint destruction 

Dru f lS or 2:out: 
Drugs for acute gout 1. NSAIDs -

2. c ofchicine 
- r ~f,--L; (. ,- .Yv----, 

3. Corticosteroids (intra-articular) 
Drugs for chronic gout Uricosuric drugs: 

1. Probenecid 
2. Su lfi npyrazone 
3. Benzbromarone 

Uric acid synthesis inhibitors: 
l. Allopurinol. 

Allopurinol 
Role of allopurinol in gout: 

Allopurinol inhibits xanthine oxidase 

t 
No oxidation of xanth ine and hypoxanthi ne 

t 
No production of uric acid 

t 
Decreased uric acid level 

t 
Decreased uric acid crystal fo rmation 

Adverse effects of allopurinol : 
1. Hypersensitivity (rash, fever , malaise, muscle pain etc) 
2. Steven Johnson syndrome (rare but serious) 
3. Gastric irritation, nausea. 
4. Headache, dizziness . 

(Ref Tripathi-6
th

/206) 

--~ 
\ '\ \ ,.I)' C ' 

.J n 

(Ref Tripathi-6'"1205) 

(Ref Tripathi-6111/209) 

(Ref Tripathi-611'/ 209) 
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MCQ 
Q. Pharmacological actions of diclofenac arc­

(DU- l 7M) 
a) antiplatelet 
b) antianginal 
c) analgesic 
d) antiinflammatory 
e) antipyretic 

a. T, b. F, c. T, d. T, e. T 

Q. Low dose aspirin- (DU-171) 
a. inhibits TxA2 formation in platelet 
b. is indicated in MI 
c. inhibits PG Ii formation 
d. may cause GIT bleeding 
e. is useful in rheumatoid arthritis 

a. T, b. T, c. T, d. T, e. F 

Q. Aspirin-(DU-14Ju) 
a. inhibits cyclooxygenase irreversibly 
b. causes bronchoconstriction 
c. depresses the respiratory centre 
d. has a long plasma half life 
e. exhibits first order kinetics at high close 

a. T, b. T, c. F, d. T, e. F 

Q. Aspirin- (DU-l 3Ju) 
a. irreversibly block the cyclooxygenase enzyme. 
b. has a long plasma half life. 
c. can cause bronchoconstriction. 
d . can protect vascular occlusion. 
e. depress the respiratory centre. 

a. T, b. T, c. T, d. T, e. F 

Q. Aspirin- (DU- I I J) 
a. Non-selectively inhibits COX enzyme (T) 
b. Not contraindicated in asthma (F) 
c. Causes PUD (T) 
d. Has no effect on bleeding time (F) 
e. Stimulates the respiratory center (F) 
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Anti-thrombotic dru s 
Hemostasis: Hemostasis is the process of forming clots in the walls of damaged blood vessels and preventing 

blood loss while maintaining blood in a fluid state within the vascular system. 

(Ref Ganong-24th) 
Steps of hemostasis: When a small blood vessel is ruptured or severed, hemostas is is achieved by the followi ng 
steps: 

I. Vascular spasm (or vasoconstriction) 

2. Formation of platelet plug 

3. Blood coagulation 

4. Fibrous organization or dissolution of blood clot. 

Formation of platelet plug: 

Platelet adhesion: When the endothelium is injured, platelets adhere to the subendothel ial co llagen by von 

Willebrand factor (vWF). ·----

Platelet activation: After adhesion, platelets undergo morphol9gic changes and become activated and then 

release granules containing adenosine diphosphate (ADP), hromboxane A2 serotonin, platelet-activation 
factor (P AF), and thrombin. ?G 

l 
Platelet aggregation: ADP, thromboxane A2, serotonin, and PAF bind to the resting platelets circulating 
nearby and activate them. Intrace llular Ca-+ mcreases in these acti vated plate lets. 

l 
Increased cytosolic Ca2+ leads to 

~ Release of platelet granu les containing ADP and serotonin that activate other platelets . 

/ Activation of thromboxane A2 synthesis. 

/4Activation of the glycoprotein (GP) IIb/IIIa receptors. 

l 
Activated GP fib/IIIa receptor binds with fib rinogen 

One fibrinogen molecule binds to GP llb/Illa receptors 0~1 two se~_!ate platelets, resul ting in platelet-cross­
link ing and platelet aggregation. ( R,n.~(T"{"-- oQ.._ r~~~\~ p\'-0 

:} (Ref Lippincolf 's-6th) 
Importance of platelet plug for closing vascular holes: If the hole in the vessel is small, the platelet plug by 

itself can stop blood loss, but if there is a large hole, a blood clot in add ition to the plate let plug is required to stop 
the bleeding. 
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Woll delOCI 

Fibrin l ~ Throm• , ---- Prolhrombln 

A Fibrinogen 

Figure: Thrombus formation at the site of the damaged vascular wall (EC, endothelial cell) and the role of 
platelets and clotting factors . Platelet membrane receptors include the glycoprotein (GP) Ia receptor. binding to 
collagen (CJ,· GP lb receptor binding von Willebrandfactor (vWF), and GP J!b/I!!a, which binds }lbrinogen and 
other macromolecules. Aggregating substances released from the degranulating platelet include A DP, 
thromboxane A2 (IXAi), and serotonin (5-HT). 

(Ref Katzung-13th) 
Anti-thrombotic drugs include-

• Anti-platelet drugs 
• Anti-coagulant drugs 

ntiplatelet dru s 

Q. List e anti-platelet drugs. (DU-l 7M, 16J, I 1Ju,09J,08Ju; CU-I 6Ju,08Ju; RU-I 3J, I 0J,05M; SU-09/06J ) 
egorize anti-platelet drugs. (CU- l 4J) 

ssification of anti-platelet drugs: 

I. landin s nthes is 
2. ADP receptor inhibitors : Inhib ition of ADP induced plate let aggregation. 

3. Inhibitor of glycoprotein lib/Illa receptors on platelets (intravenous use 
only) 

4. latelet-directed dru 1s 

• 
• Inhibitor of adenosine u take and cGMJ> Jhos Jhodiesterase 

~ 3 cl inically useful antiplatclet drugs . (CU-07Ju) 

3 clinically useful anti-platelet drugs: 
I . Low dose aspir in (75 - l 50 mg per cl ay) 

Abcixi mab 
• Epti fi batide 
• Tiro fiban 

Dipyridarnole 
(Ref Katz1111g- l 3th) 
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2. Clopidogrel 
3. Abciximab 

How does low dose aspirin. act as anti-platelet"action? (DU- l 7M,09J) 
Explain ie mechanism of antiplatelet action of low dose aspirin . (DU-I I Ju,0807/J;RU-05M,SU-09J,08J) 
Justif the use oflow dose aspirin in the management of thromboembolic diseases. (CU-08J,SU-03S) 
°' does aspirin produce antiplatelet effect? (DU-16J,07J; RU-05M,04M; SU-091,0JS/J) 

G · e explanation of anti-platelet effect low dose aspirin. (RU-1 OJ) 
xplain the role of low dose aspirin in heart clisease/IHD. (SU-1 JJ, 12Ju) 

S4ort nqte: Lo-vy (Jose aspirjn. CQ1J.-n.1t,j1)) .. 
Ans. · 
Mechanism of antiplatelet action of low dose aspirin : Low dose aspirin inhibits platelet aggregation by 
inhibiting thromboxane A 2 formation. 

Aspirin (acetylsalicylic acid) 
l 

Acetylates and thus inactivates cyclooxygenase enzyme (COX) irreversibfv 
l 

The platelets are unable to synthesize new enzyme 
l 

COX activity is lost for the platelet life time (8 - 10 days) 
l 

Prevention of formation of both thromboxane A2 and prostacyclin. 
l 

Thromboxane A2 causes platelet aggregation but prostacyclin inhibi ts platelet aggregation. Low dose aspirin 
(75 to 150 mg/day by mouth) will abolish synthes is of thromboxane A2 without significant impairment of 
prostacyclin formation . 

l 
Thus low dose aspirin Inhibits platelet aggregation. 

By preventing platelet aggregation, low dose aspirin prevents formati on of thromb us. This is how aspirin 
prevents thromboembolic diseases, eg, myocardial infarction , stroke, deep ve in thrombos is, etc. 

(Rej: Bennett & Brown-11th) 

lain the mechanism of action of clopidogrel as anti platelet drug. (C U- l 6Ju , SU- I 7M ,06/05J) 

chanism of action of Clopidogrel / Ticlopidine: Clop idogre l and t ic lopid ine red uce plate let aggregat ion by 
inhibiting the ADP pathway of platelets . 

Clopidogrel I Ticlopidine 

l 
Irreversi bly blocks the ADP receptor on pl.atelet mem brane 

l 
No binding of ADP wi th ADP receptor 

l 
No activation of the g lycoprotein lib/ Illa receptors required for plate lets to bind to fibrinogen and to each 
other 

l 
No plate let aggregation (antiplatelet effect). 

By preventing platelet aggregation, c lopidogrel prevents formatio n of thrombus . This is how clopidogrel 
prevents thromboembolic diseases, eg, Ml, stroke, deep ve in thrombosis, etc. 

(Ref Katzung- I 3th + Lippincott 's-6lh) 
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Q. W 61110 you mcnn by low dosl' aspirin'! (CU-1 SJu) 

ti -1 1· scases of Blood Drugs used to treat 1c u -

Q~'kfly discuss ahout low dosl' aspirin with clinical importance. (SU- I JJu) 

1 ns. I ·b· 
Low dosl' nspirin: A dnily lost' or 75 - 150 mg or aspirin is ca lkd low dos1: asp irin . I ,ow dose a'ipi rin in 1 1 its 
platelet aggregat ion by inhibiting thrc m oxanc A2 to rmati on. 

Clinic.11 importance: Write i11dicotio 11sji·o111 below. 

Nici! to know 
Reference of low dose aspirin 

• 75 - 150 mg pa day (Ref- Bennell & Brown-JOtl' edit ion) 
• 75 - I 50 mg! day (Ref Davidson 's-2 }"' edition) 

Q. Mention the indications of low dose aspirin with justification. (DU -08J , RU- l 4J, 12J u) 
Q. Name 4 indications of aspirin for anti-platelet effect. (RU- l OJ) 
Ans. 
Indications of low dose aspirin / clopidogrel: 

J; Myocardial infa rction (MI) 
-~ Unstable angina (UA) 
/-, lschemic stroke 
;{ Transient ischemic attacks (TIA) 
,¥. Peripheral vascular di seases (PVD) ·v Following coronary artery angioplasty & bypass grafting. 
7,_ Patient with prosthetic valve. 

1
~ Deep vein thrombosis. 

Atria l fi brillation. 

Clopidogrel is used either alone or in combination with aspirin . It is given to patients who cannot tolerate aspirin 
such as patients with peptic ulcer disease (PUD) with active bleeding, severe bronchial asthma; because aspirin 
aggravates PUD and asthma. 

Q. Rationalize the use of antiplatelet drugs in a patient with cerebro-vascular accident. (RU-13J) 
Ans. 
Antiplate let drugs prevent platelet aggregation and thus prevent formation of thrombus. If a patient of cerebra­
vascular accident (ischemic stroke) receives anti platelet drugs, these drugs prevent further attack of cerebra­
vascular accident. 

Q. Mention the adverse effects of low dose aspirin? (DU-11 Ju,SU-06M) 
Ans. 
Adverse effects of aspirin : 

/.: Gastric irritation 
f Gastric hemorrhage 
1, Gastric perforation (drug induced peptic ulcer perforation) 
f. Precipitation of asthma. 

Q. Mention the contraindications of aspirin? 
Ans. 
Cont91indications of aspirin: 

X. Peptic ulcer disease/ act ive bleeding PUD 
.,,2:. Coagulation disorder 
A. Asth ma 
y Chronic obstructi ve pulmonary di sease (COPD) 
Y. Pregnancy ( I si trimester). 

Pharmacology-80 
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Ans . 
A1h l rsl' d'frcts of tido pill in l·: 

l . N:1us~·:1 
I)> sprps i:1 

J. l i:mh~::1 
-L l k nll,rrh:11.:c 
5. Ti\·l\,pidine ( !ll tsl;s lik thrcatcn in, blood abnormalitic · such a · ncutropcnia, agran~lo~ytos i ·, thrombotic 

tlm)mbocylOp 'n ic purpura ('17'P) & aplastic anemia . For these adverse effects ll I re ·crvcd for the 
patients who are not uitable for a pirin / clopidogrel therapy. 

Q. Mention the adverse effects of clopiclogrel. 
Ans. 

dverse effects of clopidogrel 
Thrombotic thrornbocytopenic purpura 

2. Clopidogrel is rarely associated with neutropenia. 

Viva Q. Which one is preferred- ticlopidine or clopidogrel? 
Ans. 

(Ref Lippincoll 's -6th; Katzung- l ]thJ 

Because of its superior side effect profile and dosing requirements, clopidogre/ is preferred over tic/opidine. The 
antithrombotic effects o} clop1dogrel are dose-dependent; within 5 hours after an oral loadTng dose of 300 mg, 

0% of platelet activity will be inhibited. The maintenance dose of clopidogrel is 75 mgld, which achieves 
maximum platelet inhib ition. The duration of the antiplatelet effect is 7-10 days. 

(Ref Katzung-l 3thJ 

Q. Compare the mechanism of antip!atelet action ofaspirin & clopidogrel. (DU-08Ju) 
Q. Compare the mechanism ·or action.& adverse effects of aspirin & clopidogrel when used as antiplatele1 

drug. (CU-08Ju) . .· , 
Q. Write own differenc~s between aspiri~ an~ clopidogrel. (SU-03M/S/J; RU-OSM) 
Ans/ 
D' ences between Aspirin & Clopiclogrel: 

2. Anti-inflammatory effect 
3. Anti- Jyretic effect 
4. Effectiveness 
5. Cost 
6. 
7. 
8. 

Inhibits thrornboxane A2 

s nthes is 
Present 
Present 
Less effective 

Yes 
No 

Q. Short note: Aspirin & clopidogrel as antiplatelet drugs. (RU- 14J u) 
Q. hort note: Clopidogrel. (RU-16J) 
Ans. Write in brief from above. 

Block ADP receptor on 
latelet membrane 

Absent 
Absent 
More effective 
Ex ensive 
Yes 
No 
Yes 

Viva Q. Which anti-platelet drug will you prefer for a patient of Ml who ltas history of bronclt ial astltma? 
Ans. 
C/opidogrel. 
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,4, a. tk·Ei4i, P., az; ;; rm 
Blood coagulation : 

TFPI 

@)+TF 
Thrombomodulln 

Vila -TF Endothelial cells 

Xia Protein C~ct 

j1xa I 
(Villa) 

[fil 

D Inhibited by heparin 
® 

0 Inhibited by oral Prothrombin II ~Thrombln 
anticoagulant drugs (\ C) Down-regulated 
by protein Cact la 

Fibrinogen Fibrin clot 

Fig. A model of blood coagulation. With tissue factor (TF),factor VII forms an activated complex (VI Ia-TF) that 
catalyzes the activation of factor IX to factor IXa. Activated factor XI a also catalyzes this reaction. Tissue factor 
pathway inhibitor (TFPI) inhibits the catalytic action of the VIIa-TF complex. The cascade proceeds as shown, 
resulting ultimately in the conversion of fibrinogen to fibrin, an essential component of a functional clot. The two 
major anticoagulant drugs, heparin and warfarin (an oral anticoagulant), have very different actions. Heparin, 
acting in the blood, directly activates anticlotting factors, specifically antithrombin, which inactivates the factors 
enclosed in rectangles. Warfcirin, acting in the liver, inhibits the synthesis of the factors enclosed in circles. 
Proteins C and S exert anticlotting effects by inactivating activated factors Va and VIJia. 

(Ref Katzung-l 3th) 

Q. How fluidity of blood is maintained in vivo? (CU-16Ju) 
ry-- Ans. 
°'-. Fluidity of blood is maintained in vivo by preventing intravascular coagulation by the fo llowing factors-

1. Endothelial surface factor: Probably the most imp01tant factors for preventing clotting in the normal vesse l 
are-

/4 Smoothness of the endothelial surface prevents contact activation of the intrinsic pathway. 
p. Glycocalyx layer on the endothelial surface repels the platelets & clotting factors and thereby prevents 

activation of clotting. 
/4 Thrombomodulin, a thrombin-binding protein, is produced by endothelial cells. It acts by two ways-

• It binds with thrombin ~ tthrombin ~ tclotting. 
• Thrombomodulin-thrombin complex activates protein C. 

2. Speed of blood flow: This prevents intra vascular clotting of blood. 

3. Presence of natural anticoagulants: 
a. Heparin: Secreted by basophil & mast cell. It acts as a co-factor fo r antithrombin Ill. 

b. Antithrombin III: It combines with the thrombin and thus, blocks the effect of thrombin on the 
fibrinogen . The complex of antithrombin lll & hepar in inhibits the activated factors IX, X, XI and XII. 
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c. r1hrin: It has antithrombin action. When a c lot is fo rming, about 85 - 90 % o f thrombin bccornes 
absorbed to the fibrin fibers as they deve lop. This prevents the spread of thrombin into the remaining 
blood and, the refore, prevents excess ive spread of the clot. 

cl. Protein C: Activa ted protein C (APC), along with its cofactor prote in S, inactivates fac tors V and YIIJ 
and inactivates an inhibit or of tissue plasminogen activato r, increasi ng the formation of plasm in . 

e. Protein S: Acts as cofactor for prote in C. 

f. llepari11 sulfate 

g. a2 macroglobuli11 : Binds some clotting factors & prevents their action. 

4 . Plasmin (Fibrinolysin) : This enzyme lyses fibrin and fibrinogen, with the production of fibrin ogen 
de,5radatio n products (FDP) that inhibit thrombin. 

(Ref Guyton-I 3th; Ganong -25th; Concise-6'hl72, 73) 

'Q. f..: lassify 'a·o.ticoa·gula1i.ts . .(RU~06S, SU..'. J3J;08~,iCQ::"12J;O$>Jti) . 
Q · tion the different anticoagulants. '(DU~ 16Ju)'4J) : · 

umerate in-vivo anticoagulants: (DU-05S) · . 
ame the orally acting anticoagulants: (CU--;06S)' 

1----£. ame the lo'Y,.!PQl~c~ta_r.weig_h( heP,_arili (]LMW),p~~pa_r~tjons. (DU-1 0/_08/Q7J; CU-06l'yf, RU-12J) 
_/ ·:ns. 

' Anticoagulant drugs: Anticoagulants are the drugs which are used to prevent unwanted coagulatio n. 

A. Anticoagulants acting in vitro: r~~) 
I. Heparin 
2. Ca chelating agents 

• 3.8% Na ci trate 
• Na+-oxalate 

B. Anticoagulants acting in vivo: (__ ~-2) 
1. Parenteral anticoagulant drue:s ./ 

• Indirect thrombin inhibitors 1. Unfractionated heparin (UFH) / standard hepari n / 
regu lar heparin 

2:. Low-molecular weight (LMW) hepa rin I 
fract ionated heparin / irregular heparin: 
, .,,.. Enoxaparin 

/- I . ,• ' Da tepann 
- · 

• T inzapa rin 
3. Synthetic pentasaccharide 

• Fondaparinux 

• Parenteral direct thrombin y Hirudin 
inhibitors / Lepi rudi n ,, 

• Bivali rudin 

• Argatroban 

2. Oral anticoagulant drue:s 
• Coumarin anticoagulants .• Warfarin 

• Dicumarol 

• Oral direct th rombin inhibi tors • X ime lagatran (1111 ithdrawn from th<' market because of 
hepatic toxicity) 

• Dabi gatran 

C. Anticoagulants acting in vivo & vitro : Hepar in . 
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Heparin 

Heparin is a hetcro 0 cneous 111 ·1v t11·, 1· . If' I · · I 1· I II - -1·· c ·s ·-111 d ·1 . _ _ ::-- ' ·' 1 
1: Ll ll atcc mucopolysacc harniL:s. It bi nds to cndot 1e 1a cc su 1 d c_ ' c vanety ol plasma protein s. 

Viva Q. Why heparin is not admini.,·tered orally? 
Ans. 

Heparin is not administered orally, because- ~ o , C'•-

1. Di~ on of heparin b I am lase as it is 11111cupulysacc:haricle. \~ ,~ \.._,. .----\ _ ,. rr....:. ' ' ~ 
2. Le s a surpt,on due to negative charge. &,-, 'f "\ 

. . . L ', C, f -y-\ \ ,.., .\ I ( -,. .J.µ? .,.f.__ 1 ~) 
Viva Q. Wiry lr eparm 1s not administered intramuscularly ? 

1
.,.. Q '-'.. =. •. -r ... 

A,,~ - - ' 
Heparin is not administered intramuscularly because there will be /r ematoma f ormation at the site of injecdon. 
1:\1 inj~ction of heparin - Bleeding - !Coagulation due to act1611 of heparin - More bleeding -, Hematomu 
fo rmat 10 11. 

Q. What do you mean by LMW hepai·in? (RU-071,06S) 
Q. N~me the low molecular weight heparin (LMWH)., (RU-13Ju) 
Q. Briefl iscuss about low molecular weight heparin with clinical importance. (SU- l 3J u) 
Q. S o note: Low molecularweigh( heparin. (DU-13J, 12J,SU- 15Ju,1 2.l u) 
A s. 

-,..,_ -~ --=='"'~.r weight heparin (LMWH): The LMWHs are heterogeneous compounds (one-th ird the size of 
unfractionated heparin) produced by the chemical or enzymatic depolymerization of unfract1onated heparin. 
Because they are free of some of the drawbacRs associated wi th the polymer, they are replac ing the use of heparin 
in many clinical situations. 

(Ref Lippinco!! 's-6th) 
Q. Explain t~han itoagulant mechanism of heparin. (DU-13Ju,1 Uu, CU-13Ju,07J; RU-07J, SU-07S) 
Q. How does I H acts? (SU-09J) 
Q. Exp!?i'n) e anticoagulant action of enoxaparin. (SU-l 7M, 11 Ju) 
Q. Shory<ote: Enoxaparin. (SU-14Ju) 
Ans:Z.- · -

· Ahticoagulant mechanism of heparin: Its biologic activ ity is dependent upon the endogenous ant icoagu lant 
antithrombin III (AT-III). 

• 

• 

Active heparin binds tightly wi th AT-III 
! 

Conformational change in AT- lll mo lecul e 
! 

More rapid interaction of AT-III with the serine proteases (activated clotting factors Ila, IXa, Xa). 
t 

Formation of AT-III-Serine protease complex. 

! 
Heparin functions as a cofactor fo r the ·AT- Ill -Seri ne protease comp lex' react ion wit hout being co1n 1med. 
It actually potentiates the action of AT-Ill by 1000 times. 

! 
Inactivation of serine proteases (Ila, IXa, Xa) by the AT-I II. 

High-molecular-weight fractions of heparin with high affinity fo r antithromb in 
coagu lat ion by inh ibi ti ng all three factors, especiall y thrombin (Ila) and fac tor / a. 
In contrast, LMW heparin inhibit factor Xa but have less effect on thrombin . --

ma rked ly inhibit bl ood 

(Ref Kat::ung-13th) 
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J 'ji, a Q. H l,y LMW Heparin inhibits 011~) ' Xa hy AT-Ill? 

. Ins. 

7iJ inhibit jhctors other th<III factor Xa, 2: 18 1110110.rnccharide units are required But LM~ he1:~rin has only J 5 
111011u.wcclwrid11. 1111 i1s. Sv. J,/1/1 /1 heparin produces w1 anticoagulant e/ject m ainly throug h tnh1ht1wn vj Xa hy AT .. 
Ill. 

(Re/ Goochnan u ilman-1 21
1, edition) 

Q. i'\-tent.ion fht' indications of heparin . (DU-07 J,04S, SU- l 5J, U -021, RU -04M ) 
Q. l\'fo 1fio11 the therapeutic/clinical uses of heparin. (CU- 1 JJu; ' SU- 10) 
Q. Mentio n fhe important indications of LMW heparfo . (DU-07J, R U-13 .lu, l 2J) 
Q. 1ention the clini~al uses of ~noxaparin. (.QU-l 6Ju) 
:\11s . 
Indications / clinica l uses of Heparin/ LMW heparin/ Enoxaparin : 

I . Acute Ml 
2. Unstable angina 
3. Deep vein thrombosis (DVT) 
4. Pulmonary embolism 
5. Angiogram 

,, \ C C 

, (l.;. ;f°r-:;_ <., ~ ~---y- / 

6. Prophy lax is of deep vei n thrombosis (DVT) & pulmonary embolism in high risk patie nt unde rgo ing 
surgery I stroke or other immobilized patients 

7. To maintain the patency of cannula & shunts in dialysis patients & in extra-corporal circu lation. 
8 . Dissem inated intravascular coagulat ion (DIC) 
9. Cerebral infarction 
10. Thoracic surgery 

(Ref Lippincott 's-6th) 

Q )Vhat are the adverse effects of heparin ? (DU-I !Ju, CU-02J, RU-04M) 
~ S . 

J averse effects of heparin: 
I . Hemorrhage. 

2. Hypersensitivity reactions (chills, fever, urticari a or anaphy lactic shock) 
3 . Thrombosis (due to reduct ion of antithrombin-III). 
4. Throm bocytopenia. 
5. Osteoporosis leading to pathological fracture. 
6. 1/ansient aJopecia. 

Q. ~/ntion the contraindications of heparin. (SU-151) 
Aris / 
C ~ traindications of heparin: 

I . Hypersens iti vity reaction 
2. Bleeding disorders: Hemophilia, thrombocytopenia, purpura . 
3. Preexisting hemorrhagic state: Chronic liver di sease (CLO), hepatic failure, renal fa ilu re. 
4 . Active bleeding peptic ulcer disease. 
5. Recent cerebral hemorrhage / intracranial hemorrhage. 
6 . Uncontro ll ed hypertens ion 
7 . Subacute bacterial endocarditis 
8. Active tuberculos is 
9 . T hreatened abortion 
10. Large viscera l carci noma 
11 . Recent surge ri es especially to eye or CNS . 
12 . Lumbar puncture or regiona l anesthetic b lock. 
13. Heparin sho uld be used in pregnant worn n only w hen c learly indi ca ted. 

(Ref Kalzung- l 3th) 
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, 

1 

Of treatment with heparin is /11()/litored? c ·l)\::.. \- ; ~ ~ r~ 7 (._ -~ C 

.+ /,\. ~ ,_...-v-,__,._,~ p 
Monitoring heparin therapy: ( ...:;::,.--,-. · . · , . .,.._s ~ '\ ...--r- ~ -.5. CL .(~\ 

1 · Control 0f srandard heparin therapy is by the activated partial thromhoplastin timp(APTT), the optimum 
therapeutic range being 1.5-2.5 times the control (which is preferably the patient's own pretreatment 
APIT). 

2. ~n alternative method is lo measure the plasma concentration of heparin using an anti-Xa assay aiming 
jar a therapeutic concentration of 0.1-1.0 Ulm/. 

(Ref Bennett & Brown-! I th) 

Monitoring LMW heparin therapy: Therapeutic doses of LMW heparin do not prolong the APTT and, h~ving 
predictable pharmacokinetics, they can be administere usmg a O yweig t a uusled algorithn1 w//hout 
laborato,y monitoring. If necessary an anti-Xa assay can be used to measure the heparin level. 

(Ref Benne ti & Brown- ! l th) 

Q. Mention the advantages of' ~Mw,' liepafin therapy over CO~':_e·ntional 7 unfr~ctionated /standard 
h~pari~? (DU- _10/Q8/07J, Cp -07):,0.6Ni!, Rtfll l2J,l'bJu,07J,06S, SU-1$},JOJu) 

Q. Mention the advantages of~.nox~parin over·· unfractionate'd heparin'! (DU- 16Ju, RU-16Ju,14Ju) 
:Q, What ar the advantages & i:li~advantages of reguiar hepari~ c_ompared to LMWH in the management 

oft o boembolic disorder? (CU-13J,09~ ·· .,· 
Q:_ W. are th.e ad,vanj ag~s ~ disadvant~g~ o_f Lfy!)VJ ep~_Iif!. as, a!!.!!f.oagula1't? (CU-05M). 

tages of LMW heparin over unfractionatecl heparin (UFH): 
Better subcutaneous bioavai lab ility (70-90 %) compared to UFH (20-30 %): Variability in response is 
minimized. 

2. Longer & more cons istent monoexponential half life: Since APTT is not prolonged, laboratory 
monitoring of LMW heparin therapy is not required. Dose is calculated on body weight basis. 

3. Small effect on APTT & whole blood clotting ti me. 
4. Thrombocytopenia is less frequent 
5. A foWerhTci-ctence of hemorrhagic complications compared to UFJ-I. 
6. More convenient to use. 
7. Less frequent dosing (once or twice a day) 
8. Suitab lefor ou door patient. 
9. Less aclverse e fects. 

(Ref Tripathi-61"1599) 
Disadvantages of regular heparin compared to LMWH: Write adverse effects from above. 

Q. What do you mean by low dose heparin? (CU-I 5J u) 
Q. "Low dose heparin is used for prophylaxis & high dose for treatment of established thrombosis"-

justify'. (DU- I OJ) 
Ans. 
For treatment of established thrombosis, (eg, acute pulmonary emboli, Ml, DVT), larger doses of h parin are 
often required during the first few days because of binding to a variety of acute phase proteins, such as factor VI II 
and von Willebrand factor, and increased hepari n clearance. La rger doses of heparin also prov ide immediate 
anticoagulation . 

For prophylaxis of thrombosis, immediate anticoagu lation is not requ ired. So, low dose heparin is used for 
prophylaxis. Low-dose prophylaxis is achieved with subcutaneous adm inistrati on of heparin , 5000 un its every 8-
12 hours . 

(Ref Kutzung- 1 Jth C'dition) 

Q. Compare & contrast LMWH and traditional/conventional/unfractionated heparin. (RU- 1 SJu, l3Ju, SU-
l 4J, 12J) / 

Q. · ~om pare & contrast standard & low molecular weight heparin as anticoagulant. (CU-1 SJ u, RU-091) 
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Q. Differentiate between'LMWH and UFH (unfractionated heparin), (CU-0~M; SU-08J) . " 
-Q. Co~unGe t~~.cl~nica,I status of low molecular w~ight heparin with unfract10nated heparm. (DU-1 JJu) 
An's./ 
I)ifferences between LMWH and traditional/conventional/unfractionated heparin 

/ 

Traits • ,: \I I· ·. ' LMWHeparin I Unfractionated heparin .;,,..: 
1. Molecular weight 45 00 Dalton l 2 000 n;.i ltnn -
2. Monosaccharide unit 15 40 
3. Effect on APTT No Prolonged 
4. Plasma protein binding Less More 
5. Pharmacokinetics More pred ictable Unpredictable 
6. Plasma t112 _ Longer Shorter -
7. Bioavaila bility More Less 
8. Activity Inhibits factor Xa Inhibits factor Ila, !Xa, Xa 
9. Dosing interval Less freq uent (Once or twice a day) More frequen t 
10. Monitoring Not requ ired Required (by APTT) 
11. Use More convenient to use Less convenient 
12. Suitability Su itable fo r outpatient. Not suitable for outpat ient 
13. Thrombocytopenia Less frequent More freq uent 
14. Hemorrhagic complications Lower incidence Higher incidence 

Q. How would you manage a case of bleedi ng from excessiv an ticoagulant action of heparin? (RU-l 5Ju) 
Ans. 

Management of bleeding from excessive anticoagulant i:i ction of heparin: 
1. Stop heparin 
2. Inj. protamine sulfate: 

• When infused slowly, it comb ines ionically with heparin to form a stable. I : I inactive complex. 

-
-

-

• Dose of protamine sulfate: I mg fo r every I 00 units of hepar in administered . 
3. Close monitoring of the activated partial thromboplastin time (A PTT) is necessary in patients rece ivi ng 

heparin . 

(Ref Lippincolt 's-61"!3 0 J) 

Warfarin 

Q. Explayt' mechanism of action of warfari n. (DU-17.1 , RU-1 6.l u, 14Ju,05S, CU-04J, SU-08J u,07J) 
Q. l)iscuss how warfarin acts as anticoagulant. (DU- ! 4J) 
Q ~7{uss the mechanism of action of clicumarol? (RU-03S, SU-03 J) 
Q. 70w does orally acting anticoagulant produce their action? (CU-06S) 
'.A.9'S, 

echanism of action of warfarin/ clicumarol/ oral anticoagulant: The vi tam inj$-~peQ~ent factors 11, VII , IX 
and X are produced as inactive proteins. These fac tors are rich in glutam ic acid (Gia) res idues, which must be 
further carboxy lated to enable the proteins to maintain an act ive tertiary structure. The carboxylase enzyme 
responsible for th is in the liver requires vitamin K as a co-factor. Vitamin K is converted to an epoxide in this 
reaction and must be regenerated to its active form by a reductase enzyme. This reductase is inhib ited by warfarin/ 
dicumarol, which res ul ts in inhibit ion of the carboxylation cyc le and is the basis of the anticoagulant effect of 
coumarins . 

Warfarin / dicumaro l - inhib its vitam in-K epox ide reductase - Inhibition of convers ion of vitamin-K epoxide to 
its active form - Inhibits carboxylation of glutamic acid residues in fac tors II , Vil, IX & X - No activation of 
facto rs II , YI I, IX & X - Anticoagulant effect. 
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Inactive factors 11, VII , 
IX and X 

& 

!e 
I Warlarfn I 

·. , GI ~ -- GI 

~ ca1
• c;;~~ 

ca:')-, 
~---------
Ac 1I va t EJ d factors II, V II , 

IX and X 

Figure. The role of vitamin Kin clotting and the mechanism of action ofwarfarin. 
(Ref Davidson's medicine-22nd) 

Q. Why are oral anti-coagulants indirectly acting? (DU-09Ju) 
Ans. 
Warfarin exerts its anticoagulant effect by inhibiting vitamin-K epoxide reductase enzyme wh ich resu lts in 
decreased synthesis of vitamin K dependent clotting fac tors. As warfa rin / ora l anticoagulants do not exert their 
action by direct interference in the coagulation cascade, they are also call ed indirect acting anti-coagu lants. 

Q. Why there is a delay in the mechanism of action ofwarfarin? (SU-071) 
Ans. 
Delay in anticoagulant action of warfarin: Warfarin inhib its vitarnin-K epoxide reductase enzyme. As a result, 
the synthesis of vitamin K dependent clotti ng factors (factors ll, VII , IX & X) is decreased. There is an 8- to 12-
hour delay in the action of warfarin . Its anticoagulant effect results from a balance between paitially inh ibited 
synthesis and unaltered degradation of the four vi tamin K-dependent clotting fac tors. The resulting 
anticoagulation is dependent on their degradation half-lives in the circulation . These half-lives are 6, 24, 40, and 
60 hours for factorsV T("lX; x ; and fl, respective ly. Larger initial doses of warfa rin hasten the onset of the 
anticoagulant effect. 

(Ref Katzung- 13th) 

pharmacokinetics of warfarin. (SU-07 J) 

l>harmacokinetic properties of warfarin: 
1. Route: Oral 
2. Bioavailability: I 00% 
3. Onset of action: At least 8-12 hours after adm inistration . 
4. Duration of action: 3 - 6 days. 
5. Plasma Protei n Binding: 99 % is bound to al bum in 
6. Volume of distribution: Low 
7. Plasma half life (t 112): 36 - 48 hours 
8. Metabolism: Liver 
9. Excretion: Kidney 
I 0. Others: It crosses pl acenta & it may secrete in breast mi lk. 

(Ref Katzung- 13th: friplllhi-6'"160 1) 

Q. Write down the indications of oral anticoagulants. (DU-09Ju) 

Pharmacology-8 1 
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91 ~cntion t.hc indications of warfarin. (RU-05S, SU-031) 
A r)). 

Indications of oral anticoagulants/ warfarin: 
I. Myocardial infarction (Ml). 
2. Deep vein thrombosis 
3. Hip arthroplasty 
4. Fractured femur operation 
5. Pulmonary embolism 
6. Systemic embolism 
7. Mitra! stenosis with embolism 
8. Transient ischemic attacks 
9. Atrial fibrillation 
10. Heart failure. 

Q. Wf te down the adverse effects of oral anticoagulants. (DU-09Ju) 
Q. »'hy warfarin is not suitable in pregnancy? (DU-1 IJu) 
Q<Write down adverse effects of warfarin therapy. (DU-171, CU-141, RU-0JS; SU-031) 
Ans. 

'Xdverse effects of warfarin: 

(Ref Katzung-1 JthJ 

-..........; I. Bleeding disorders: Bleeding is the commonest complication of warfarin therapy. Hemorrhage is most 
likely to occur in the alimentary and renal tracts, and in the brain in those wi th cerebrovascular disease. 

2. Skin reactions: purpura, ecchymoses, hypersensitivity, rash and alopecia. 
3. Skin necrosis due to a mixture of hemorrhage and thrombosis occurs rarely where induction of warfarin 

therapy is over-abrupt and/or the patient has a deficiency of protein C or protein S. 
4. Infarction of the breast, fatty tissues, intestine, and extremities. 
5. Hemorrhagic infarction in venous thrombosis is caused by warfarin-induced depression of protein C 

synthesis. 
6. eratogenests: 

·arm crosses the placenta readily and can cause a hemorrhagic disorder in the fetus. 
• The drug can cause a serious birth defect characterized by-

:, Skeletal disorders (5%) (bossed forehead, sunken nose, foci of calcification in the epiphyses). 
:, Absence of the spleen. 
:, CNS abnormalities (microcephaly, cranial nerve palsies). 

Thus, warfarin shou ld never be administered during pregnancy. 

(Ref Bennett & Brown-1 l ' + Katzung-1 Jth) 

Q. How will you manage warfarin toxicity? 
Q. What is the antidote of warfarin toxicity? (RU-03S; SU-03J) 

I 
Ans. 

Management of warfarin toxicity: Excessive anticoagu lant effect and bleecling from warfarin can be reversed 
by-

!. Stopping the drug 
2. Antidote: Oral or parenteral vitamin K

1 
(phytonad ione) 

3. Fresh-frozen plasma 
4. Prothrombin complex concentrates 
5. Recombinant factor Vila (rFVIIa). 

(Ref Kar:ung- 1 Jth) 
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Q. Write down monitoring of warfarin therapy. (RU-0JS; SU-0JJ) 
Ans. . 

) Drugs used to treat t c 1s ' 

Moni~oring of wa~farin ~herapy: Monitoring of therapy is by the prothrombin time. Usuall y the tcs t_ is carried 
out with a standardized th1omboplast111 anatne result is expressed ast ie ntcrnation al Norm~11iscd Ratio (INR). 
Normal range of INR: 

( fo r a healthy person is 0.9-1.3. 
, fo r people on warfarin therapy, 2.0-3.0. 
• higher in patients with a mechanical heart valve. 

(Ref Bennett & Brown- I I th) 

Nice to know 

lntemational normalized ratio (INR): It is the ratio of the prothrombin time in the patient to that in a normal (non­
anticoagulated) ~~rson- takmg account of the sensitivity of the thromboplastin used. INR reliably re.fleets the degree of 
prothrombm act1vily. 

The result (in seconds) for a prothrombin time performed on a normal individual will vaty depending on what type of 
analytical syStern it is performed. The INR was devised to standardize the results. The INR is the ratio of a patient 's 
prothrombin time to a normal (control) sample, raised to the power of the ISi (International Sensitivity Index) value for the 
analytical system used 

( 
PT test J ISi 

INR= 
PT normal 

Interpretation: A high INR level such as INR=5 indicates that there is a high chance of bleeding, whereas if the INR=0. 5 
then there is a high chance of having a clot. 

Q. Mention the contraindications of anticoagulants. 
Ans. 
Contraindications of anticoagulants 

I. Hematological: Pre- existing bleeding tendency li ke 
• Hemophilia 
• Purpura 
• Thrombocytopenia 
• Active bleeding 

2. Cardiovascular: 
• Long standing hypertension 
• Infective endocarditis . 

3. Neurological : 
• Stroke due to intracranial hemorrhage (within 3 wks) 
• Recent surgery: Brain or eye surgery 
• Lumbar puncture or regional block 

4. Renal impairment 
5. Pregnancy (Oral anticoagulant crosses the placental barrier - Dicumaro l syndrome) 
6. Hypersensi tivity reaction (Heparin) 
7. Alcohol dependence . 
8. Active pulmonary TB 
9. Ulcerati ve les ions of GIT 
l 0. Threatened abortion. 

Q. How does heparin differ from warfa rin? (DU-07 Ju,SU-08Ju,CU -0 l S) 
Q. Compare the mechanism of action & possible adverse effects of warfarin & heparin. (CU- I 2J,09Ju ) 
Q. Compare & contrast heparin & warfarin as anticoagu lant. (DU-07Ju/J , - I 6Ju; RU-061; SU-09Ju) 
Ans. 
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ces between heparin & warfarin: 

. { 

5. ··Plasma ti~,, Shorter 
-6 . . PPB . Less 

Hinh 
Ra id within-5.:-10 inin . 

- 1 O; Placental :barrier Cannot cross 
Absent .... ·' .· 

of No ne.ed · .. 

Renal 

Q. Mention the drug interaction of oral anticoagulant (warfarin). 
Ans. 
Drug interaction of warfarin : 

A. Drugs that potentiate warfarin action : 

1. Drugs that inhi bit hepatic drug • Cimetidi ne 
metabolism • Chloramphenicol 

• Ciprotloxacin 

• Metronidazole 

• Amiodarone 

• Ketoconazole 

• Fluconazole 
2. Drugs that inhibit platelet • NSA!Ds (aspirin) 

functions • Carbenici ll in 

• Moxalactam 
3. Drugs that displace warfarin • NSA!Ds (aspiri n) 

from albumin • Ch loral hydrate 
4. Drugs that inhibit red uction of • Cephalosporins 

vitamin K 

Only in vivo . 
Larger . 

Low 

·can cross 
Pre.sent 

;N'eede~ .' 
-. •' .,, ' r' l > •y' • 

(Ref Tripathi-611/604; 

5. Drugs that decrease • Broad spectrum antibiotics- (ciprofl oxac in, sul fo namides, 
availability of vitamin K tetracyclines, amox, icill in, ampic illin) 
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8. Drugs that inhibit warfarin action 

1. Physiological / disease state • Pregnancy 

• I lypoth yro id ism 
2. Vitamin K 
3. Drugs that induce drug • Rifampicin 

metabolizing enzymes • Carbamazepine 

• Ba rbitu rates 

• Griseoful vin 
4. Drugs that decrease absorption • Colestyramine 

(Ref Rang & Dale 's-Hth) 

Fibrinolytic Thrombolytic dru s 

Q. Mention the 1brinolytic / thrombolytic drugs. (DU-1 6Ju ,07Ju; CU- l 4Ju, RU -1 41, l 2Ju, I IJ ,08Ju ) 
Q. Short ot . Fibrinolytics. (SU- 15Ju) 
Ans. 
Fibr' o tic I thrombolytic drugs: Acute thromboembol ic disease may be treated by the admi nistration of agents 
tfi: activate the convers ion of plasm inogen to plasmin- a serine protease that hydro lyzes fi brin and , thus, 
dissolves clots. 
~ Streptokinase 

"2 . Alteplase 
3. Urokinase 

.A:-:" Tissue plasminogen activator (t-PA) 
Reteplase 

6. Tenecteplase 

' First generation: Streptokinase 
_ Second generation: Alteplase 
l Third generation: Reteplase 

Q. Explain the mechanism of action ofstreptokinase. (RU -14J,12Ju,1 IJ ,08Ju) 
Q. Explain he role of streptokinase in acute ischemia. (SU-141) 
Q. Explayi the pharmacological basis of the use of streptokinase in the management of acute myocardial 

iofa ction. Enumerate the alternative to streptokinase in this clinical condition. (CU-06M) 
I 

Q. ;Sh rt note: Streptokinase. (DU-1 2J, RU-I SJ) 
rfs. 
echanism of action of streptokinase: 

Streptokinase combines with plasminogen 

t 
Streptokinase-plasminogen complex 

t 
Conversion of plasminogen to plasm in 

t 
Degradation of fi brinogen, fibrin , clott ing facto rs V & VII by plasmin 

t 
Dissolution of clot in the embolus or th rombus 

t 
Re-opening of the blood vessel. 
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l 
Increased blood flow to the myocard ium . 

l 
Relief of myocardial ischemia / infarction. 

Plasminogen 

Activation Inh ibi tion 

Various stimuli 

er 
Blood ----. Blood -©-~ Antlactivators 

proactlvator activator 

t-PA, urokinase -e.-~ Amino c_aproic 
ac id 

Streptokinase 

~ -0-
Proactivator 

~ J Plasmin I 

Deg,adatlon + [Thtombln I \ Fibdn split 
products .-Fibrinogen __ ....,_. Fibrin -- products 

(Ref Lippincou 's-6thJ 

Fig. Schematic rep resentation of th e fibrinolytic system . Plasmin is the active jibrinolytic enzyme. Several 
clinically usefu l activators are shown on the leji in bold. Anistrep lase is a combination of streptokinase and the 
proactivator plasminogen. Aminocaproic acid (right) inhibits the activation of plasminogen to plasmin and is 
useful in some bleeding disorders. (t-PA , tissue plasminogen activator.) 

(Ref Katzung-l 3th edition) 

Q. Men on the indications of streptokinase? (RU- l 2Ju) ?;t,; tion the indications of thrombolytic/fibrinolytic drugs. (RU-I 41, 1 I J) 

~ ~ cations of streptoki nase: 
I . Acute myocard ial infarction (ST e levated M I, w ith in 12 hours of onset of pa in) 
2. Acute pul monary emboli sm 
3 . Severe deep venous thrombos is: 

• S uperior venacaval synd rome 
• Ascending thrombophleb it is 

4. Periphera l vascular disease 
5. Occluded arterio-venous shunts. 

(Ref Lippinco/1 's-6th) 
Q. Mention the role of streptokinase in lliD . (SU-1 JJ) 

Q. Explain the pharmacological basis fo r the use of Streptoki nase in th e ma nagement o f acute Ml. 
Enumerate the alternatives to Streptoki nase in th is clinical cond ition. (CU-06M) 

Ans. 

Use of streptokinase In MI: Idea lly strepto kinase (thrombo lyt ics) should be admi n istered as soon as possib le 
after the onset of sympto ms. They ac t to d isso lve the thro mbus, salvage the myocardi um, and lim it the ex tent of 
damage. 

Alternate to streptokinase: 
• Alte plase 
• Reteplase 
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• Tissue plasminogen activator (tPA) 
• Trecteplase 
• Recombinant prourokinase 

Q. Wr!te down) he ~dv_ers~ effects of streptokinase. (RU-I 2Ju,08Ju, SU-05M) 
Q. Wnte & V11 the hm1tahons of fibrinolytic drugs . (RU- I 4J) 
Ans. 
Adv 

I. 
2. 

effects of stre tokinase: 

Bleeding disorders: due to dissolution of haemostatic plugs by elevated levels of plasm in . 
Hypersensitivity reaction : Streptokinase is a foreign protein and is antigenic. Fever, 
anaphylaxis occur. 

3. GIT: Nausea, vomiting 
4. Multiple micro-emboli 

rash & rarely 

5. Cardiac arrhythmias from reperfusion of ischemic areas. 
(Ref Katzung-1 Jth) 

/ 

Q. Meytion the contraindications of streptokinase? 
Ans. 
Cmfi raindications of strep to kinase: 

) . Recent trauma.· 
t ,,,2/ Recent surgery (within 6 months). 
y Hemorrhagic stroke. 
4. Severe hypertension. 
5. Active bleeding peptic ulcer di sease . 
./ 

Y Aneurysm. 

1r: Bleeding disorder. 
8. Acute pancreatitis. 
9. Diabetes mellitus. 

(Ref Tripathi-6t11/ 607 & 608) 

Fibrinol tic 'inhibitors··: _:j:iru. ··s ·used to sto· bleedin 
., . . . ~ . 

Q. ~~e f e drugs used to stop bleeding. 
Q. 73i'e the anti-fibrinolytic drugs. 

Dru~ ~ used _to stop ~lee~in g/ Fi_b rinol~tic inhi~itor~/ Anti-fibrino~.yt~c .~r~~s: ~ J\~ 
./-1. Ammocapro 1c ac id / epsilon ammocapro1c ac id (EACA) - ..., --:. 6 \..,__,.), 
;;:;;;, Tranexamic acid (an analog ofaminocaproic acid). __ ..:::>-r -' t O j 1. '~">' '-~ 
"3 ._/Protami ne sulfate (antidote of heparin) , -, . . 9.- , ~ -""' 
.4. Vitami n K1 / phytonadione (antidote of warf arin) _ ~ · , -,.,. 't ": c, c~ ." < '"'J:_.~ i => ~ 0

' -~ - \.'. 

5. Aprotinin (serine protease inhibitor) . -. ~ ,-v - . . : 7- _ _:_ . ~ ,,..,. ~,-,- '-"--
f ' .\ ·..---.. t.J '::::r -:'l- '° l) 

1 
(Ref Lippinco fl 's -6th) 

Q. W/ ite down the mechanism of action of aminocaproic acid/ tranexa mic acid . 
A,1;{ 
Mechanism of action of aminocaproic acid / tranexamic acid : Arni nocaproic ac id and tranexamic ac id are 
synthetic inhibitors of fibrinolysis. 

Aminocaproic acid/ Tranexamic acid 

l 
Competitively inhibits the bind ing of plasm inogen and t-PA to fi brin 

l 
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Thus inhibits plasminogen activation 

! 
No plasmin 

! 

636 

No degradation of fibrinogen , fibrin, clotting factors V & VII. 
! 

Bleeding is stopped by the action of these clotting factors and fibrin . 
/3 /1, (Ref Katzung- + Bennet & Brown-// th) 

Q. What are the indications of aminocaproic acid/ tranexamic acid? 
iy11s. 

r-Ly+t-vJ _ 0 ~Lr~ J' \ 

l4:idications of aminocaproic acid / tranexamic acid: 
I . Adjunctive therapy in hemophilia 
2. Overdose of fibrinolytic drugs (streptokinase / urokinase / alteplase) 
3. Prophylaxis for rebleeding from intracranial aneurysms 
4. Postsurgical gastrointestinal bleeding and postprostatectomy bleeding, after tonsill ectomy, tooth 

extraction in hemophilic patient, uterine cervical conisation. 
5. Bladder hemorrhage secondary to radiation- and drug-induced cystitis 
6. Gynecological: Abruptio placenta, post-pa1ium hemorrhage (PPH) & ce1iain cases of menorrhagia. 
7. After cardio-pulmonary bypass surgery. 
8. Recurrent epistaxis, ocular trauma & bleeding peptic ulcer disease. 
9. Thrombocytopenia: To reduce the risk of hemorrhage. 

/ (Ref Katzung-13th; Bennett & Brown-l /1h) 

J; 2Yntion the adverse effects of aminocaproic acid/ tranexamic acid. 

~ erse effects of aminocaproic acid / tranexamic acid: 
I. Intra-vascular thrombosis. 
2. CVS: Hypotension, bradycardia & arrhythmia. 
3. GIT: Nausea, diarrhea, abdominal discomfort. 
4. Headache, giddiness. 
5. Myopathy 
6. Nasal stuffiness. 

(R~f Katzung-13th) 
Contraindication of aminocaproic acid/ tranexamic acid : The drug should not be used in patients with-

]. Disseminated intravascular coagulation 
2. Genitourinary bleeding of the upper tract, eg, kidney and ureters, because of the potential for excessive 

clotting. 

(Ref Katzung-1 Jth) 
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·_," -// lil .fo I W.ll@ilfli@ ii§ 
Lipoproteins: Four major groups of plasma lipoproteins have been identified : 

"-- '· Chylomicrons: Transport dietary TG, cholesterol and cho lestery l esters from intes tine to th e peri phera l ti ss ue. 

2. Very low density lipoproteins (VLDL): Transport TG from liver to periphera l ti ssue. 

3. Low-density lipoproteins (LDL): Transport cholesterol from liver to periphera l ti ssue: 
4. High-density lipoproteins (HDL): Transport cholesterol from periphe~al ti ssues ui the li ver (Reverse choleSlerol 

transport). · 

Classification of Hyperlipidemia / Dyslipidaemia · 

Disease Elevated lipid results Elevated CHO risk 

lipoprotein 
Predominant hypercholesterolaemia TC±TG LDL ± VLDL + 

• Familial hypercholesterolaemia TC ±TG LDL± VLDL +++ 

• Hyperalphalipoproteinaemia TC HDL - -

Predominant hypertriglyceridaemia TG VLDL ± LDL Vari able 

• Lipoprotein lipase deficiency TG >TC Chylomicron ? 

• Fami li al hypertriglyceridaemia TG +TC VLDL + Chylo '.) 

Mixed hyperlipidem ia TC+TG VLDL + LDL Variab le 

• Familial combined hyperlipidemia TC and/or TG LDL and VLDL ++ 

• Dysbetalipoproteinaem ia TC and/or TG IDL ++ + 

(Ref Davidson 's medicine-22nd) 

Desirable Borderline to High 
mg/dL (mmol/L) mg/dL (mmol/L) 

J6tal cholesterol < 200 (5.2) 200-239 (5.2-6.2) 
/4DL cholesterol < 13 0 (3.4) 130- 159 (3.4-4 .1 ) 
HDL cholestero l 
/ Men > 40(1.04) 
Women > 50(1.30) 

y(iglycerides < 120(1 .4) 120- 199(1 .4-2.3) 
/ 

Q Enl'st t~ lipid lowering agents. (DU-I 6Ju , RU-l 3Ju, 11.!u, CU- l 4J, l 2Ju) 
st,important /clin ica lly used lipid lowering agents. ( DU- l 4J , l 2/ l OJ u) 
egorize drugs used in hyperlip idemia/dyslipidemia. (C U-l 2J, RU-I 2J u) 

iJ. Jia me the statin preparations used as hypolip idem ic agent. (RU-07J) 
Q:'Name four lipid lowering agents. (DU-l 7M) 
Ans. 
Lipid lowering agents: 

A. Predominantly cholesterol lowering agents: 

l . HMG-CoA reductase inhibito rs (Statins): • Lovastat in 
(lcholeslerol .1ynlhesis & j LDL ca7crbolisrn • Atorvastatin . Flu vastatin 

• Pravastatin 
• Sim vastatin 
• Rosuvastatin 

2. Cholesterol absorption inhibitors , Ezetimibc 

Pharmacology-82 

High 

> 240 (6.2 ) 
> 160(4. 1) 
> 60 (1.55) 

>?00(2.3) 
(Ref Kca::ung-1 Jrh) 
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,, J. ~Bile acid-binding resin!--_ v( Co lestipol -- - • Cholestyramine 
~ • Colesevelam 

A. fNiacin (Vit-B3) 
-

B . Predominantly TG lowering agents: 
~ 

I . r ibrates· / fibric acid derivatives • Gemfibroz il 
I 1.,-, Fenofibrate 

•_,,,. Bezafibrate 
2. Highly poly-unsaturated long- • -- Eicosapentanoic acid 

chain n-3 fatty acids • Docosahexanoic acid 
(Ref Davidson 's m edicine-22nd; Lippincott 's-6th) 

Blood Gut 

Acetyl-CoA 

i 

I 
Resins 

Fig. Sites of action <~( HMG-CoA reductase inhibitors, niacin , ezetimibe, an d resins used in treating 
hyperlipidemias. LDL receptors (R) are increased by treatmenl 1vi1h res ins and Hlvf G -CoA recluc/ase inhibitors. 

(Ref Ka tz ung- 13th) 

Atorvastatin 

Q. Short note: Atorvastatin . ( DU- l 4 Ju, 11 Ju, l OJ) 
Q. Short note: Statin . (RU- I SJ) 
A ns. Write in brief from below. 

Q. How does statins decrease serum cholesterol leve l? (DU-1 7 M , RU -1 2J u, l l Ju) 
Q. Write down the mechanism of action of statin. (DU-1 6Ju , l 4J) 
Q. Write down the mechanism of action & indications of ator·vastatin . (DU- l 2/ 1 OJ u) 
Q. Write down the mechanism of action fluvastatin. ( RU - l 3Ju) 
Q. Write down the mechanism of action simvastatin. (C U- l 4 J ) 
Q. Explain the role of atorvastatin in heart disease/IHD . (SU- l 3J . l 2Ju) 
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An;(/ . 
Mechanism of action of Atorvastatin / Fluvastatin / Simvastatin /HMG CoA rcdu ctasc inhibitors I statms: 

• Inhibition of HMG CoA reductase: All Stati ns have strong affi nity for HMG CoA reductase enzyme. 50
1 they c01_npete effectively to inhibit HMG CoA reductase enzyme - Block the rate li miting step of cho leStero 

synthes is-> !Cholesterol synthes is - t VLDL - tLDL. 

• Increase in LDL receptors: Depletion of intra-cellular cho lesterol due to decrease in its synthesis - jCe ll 
surface LDL-receptor-> j Binding of LDL with its receptor & jlnternalization occurs - jCatabo li sm LDL 
- tPlasma cho lestero l. 

(Ref Lippincoll 's-6th) 

Nice to know 
Tlterapeutic Uses & Dosage: HMG CoA reductase inhibitors (atorvastatin) are usefitl in lowering plaSma 
cholesterol levels in all types of hyper/ipidemia. 

Q. Why statins are preferred to administer in the evening? (RU- I 3Ju) 
Ans. 
Statins are preferred to administer in the evening: Because cholestero l synthesis occurs predominantly _at 
night, reductase inhibitors- except atorvastatin and rosuvastatin-should be given in the evening if a single daily 
dose is used. Absorption generally (with the exception of pravastatin) is enhanced by food. 

(Ref Katzung-13/h) 

Q. Wrzz·te dz:t adverse effects of statin. (DU-14J) ~ I , o:-~..\--o-:. -, c >~ ;1 ~(_ \ ~ 

Q. What e e adverse effects of atorvastatin? (DU -I OJ u) 
Ans. 
Adve11s e fects of statins/ atorvastatin: Serious side effects are rare (we ll below 2%) 

I . Liver fu nction: Biochemical abnormalitie of li ve function may occur. So, li ve funct ion should be 
eval uated periodically. 

2. Muscle: Myopathy, mya lgia, myositis & rhabdomyolys is (rare ly). 
3. Drug interaction: May increase warfarin level, th us increasing bleeding tendency. So, it is important to 

evaluate prothrombin time frequent ly. 
(Ref Lippincott 's-6th) 

Q. Mentio e contraindications of statins / atorvastatin. 
Ans/ 

\C~ rhindications of statins: 
f I. Pregnancy or women who are likely to become pregnant 

2 
2. Nursing mother. 
3. Children & teenagers. 

(Ref Lippinco/1 's-6/h) 

Fenofibrate 
Mechanism of Action: These agents func tion primarily as li gands fo r the nuclear transcript ion receptor, 
peroxisome pro liferator-activated receptor-a lpha (PPAR-a). They increase lipo lysis of li poprotein triglyceride vi a 
lipoprotein lipase (LPL) resul ting in decrease in triglyce ri de in plasma. Intracell ular lipolysis in ad ipose ti ssue is 
decreased. Levels of VLDL decrease . Only modest reductions of LDL occur in most pat ient . HDL cholestero l 
increases moderately. 

Indication: 
I. Hypertriglyceridemias in which VLDL predominate 
2. Dysbetalipoprotei nem ia 
3. Hypertriglyceridemia th at resu lts from treatment with viral protea e inh ibi to rs 

(Ref Katzung-l 3rh) 
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Q. What are the adverse effects of fibrates/fenofibrates'! 

Ans. 
Adverse effects of fibrates / fenofibrates: 

I. GIT: Mild GIT disturbances. 
2. Muscle: Myalgia, myopathy, myositis. 
3. Biliary tree: Increases risk of gall stone formation 
4. Abnormal liver function tests 
5. Drug interaction: Increase warfarin level, thus increasing bleeding tendency . 

(Ref lippincou 's-6th) 

Q. What are the contraindications of fibrates/fenofibrates? 
Ans. 
Contraindications of fibrates/fenofibrates: 

I . Pregnancy 
2. Lactation 
6. Renal failure 
7. Hepatic failure 
8. Pre-existing gall bladder pathology. 

Nice to know 
Characteristics of antihyperlipidemic drug families 

Type of drug I Effect on LDL I 
Statins 1111 
Fibrates 1 
Niacin 11 
Bile acid-binding resins !H 
(Cholestyramine) 
Cholesterol absorption inhibitors l 
(Ezetimibe) 

(Ref Lippincoll 's-6th) 

Effect on HDL I Effect on .triacylglycerols 
it ll 
iti JJJJ 
iiii Hl 

1' Minimal 

1' l 

(Ref Lippincott 's-6th) 
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Hematinics (Fe, Vit-B12, Folic Acid) 

Ei·yt~~·opoiesis: Erythropoiesis means the process of formation of erythrocyte under normal physiological 
cond1t1ons. It starts in the 3rd week of intrauterine life. 

Essential nutrients and factors required for normal erythropoiesis: They are as fol lows: 
I. Iron 
2. Vitamin 8 12 

3. Folic acid 

4. Hemopoietic growth factors, eg, erythropoietin. 

Anemia: Anemia means a deficiency of hemoglobin, which can be caused by either too few red blood cells or too 
little hemoglobin in the cells . 

(Ref Guyton-l 2thl -120) 

Q. List hem at' nics. (DU-15J , RU-I I J, SU-09J) 
Q. Lis o monly used hematinics. (CU-14J) 
Q. s ematinic drugs. (DU- I I J,09Ju) 

rite anti-anemic drugs. (CU- I I Ju; RU-12J) 
Ans: 
Hematinic drugs: Hematinics are the drugs which increase erythropoiesis resu lti ng in increase in the number of 
R8C or hemoglobin content or both and ultimately correction of anemia. 

List of hematinics / anti-anemic drugs: 
I. Iron preparations 
2. Vitamin B12-preparations 
3. Folic acid preparations 
4. Hematopoietic growth factors, eg, Erythropoietin 

. ""( "!--1 7:)-~• 

Q. Name the hematinics used during pregnancy. (RU-1 OJ) "> 
Ans. ......_ __ 
Hematinics safe during pregnancy: 

I. Iron preparations: lron salts ( oral) & iron dextran (IV or IM) both are safe. 
2. Folic acid. 
3. Vitam in 812-

I I 
IRON 

Total body iron is 3-5 g (40-50 mg/kg) (male > female). 

• 
• 
• 

e pharmacokinetics of iron. (CU- I I Ju) 

Average dietary iron contents: 10 - 15 mg/day (Dietary iron remain · in the fe rric rorm (Fc1
' ) 

Amount of daily absorption: About 5-10% o.r dietary contents (0 .5-1 mg/clay) 

Form of absorption: Iron i · exclus ively absorbed in ferrous (Fc2
· ) fo rm . 

Iron transport: re is transported in the plasma by bi nding with tra11sfc rrin (an a-globulin) that specifica lly binds 

with two molecules of Fe2' . 
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Stora0 c of iron-

~ 

Forms of storage iron )".' Fcrrit in 
/ Hacmos icl crin 

Site of storage / · Reticulo-encl othclial ce ll s: Sp leen, li ver, bone marrow . 
,._/ Hepati c parenchymal ce ll s 

,,-3·_ Skeleta l muscles . 

Impo rtance of ferritin level: Ferriti n is detectab le in serum . Since the ferr it in present in serum is in equilibr iu m 
wi th storage fe rritin in RE ti ssues, the ·'seru m ferri ti n leve l" can be used to estimate total body Fe stores. 

Elimination of Iron: 
/ There is no mechanism fo r Fe excretion. 
';,----- small amo'tints are lost in the faeces by exfol iation of intestinal mucosa! cell s. 

• Trace amou nts are excreted 111 btle, unne & sweat. 
1H (Ref Katzung-J 3th + de Gruchy-5 138-40) 

Q. How ?r~ ron preparations are absorbed from GIT? (DU -06M ; RU - I 4Ju,09Ju,06/05S) 
Q. HO\ r,n is absorbed from GIT? (CU-l 6Ju, 14J) 
Q. D s ribe mechanism of Iron absorption. (CU-l 6J) 
Ai · 

bsorption of oral iron preparations: Oral iron preparations contain iron in the ferrous (Fe2+) fo rm. Fe2
' 1s 

solub le and is readily absorbed. Iron crosses the luminal membrane of the intestina l mucosa! cel l by two 

mechanisms: active transpo11 of ferrous iron and absorption of iron complexed with heme. The divalent metal 

transporter, DMTI , effi ciently transpo1i s ferrous iron across the lum inal membrane of the intestinal enterocyte. 

Together with iron spl it from absorbed heme, the newly absorbed iron can be ac ti ve ly transported into the blood 

across the basolateral membrane, probably by the transporter IREG I, also known as f~1-ropo~~ . Excess iron can 

be stored in the mucosa! cell as ferr itin, a water-soluble complex consisting of a core of fer ric hydroxide covered 

by a shell of a specialized storage protein called apoferrit in. 

Intestinal 
lumen 

Brush 
border 

Heme ---

Enterocyte 

~ \ 
~ 2 ~ 

Fe2+ --> Fe2+ 

---­/2+ 
Fe3+ -ferrilin 

Jshed 

Blood 

, Fe2+ 

i 
fe3+ 

I i 
Fe3"'-TF 

Fig. Absorption qf ora/ iron (Ref Ganoni-2-lth edition) 

(R~f' Katzung-13th) 
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s. 
Factors affecting iron absorption : 

Factors/conditions incrcasin!! absorntion Factors/conditions dccrcasin!! absorption 
I . Iron defi ciency anemia & other anemia l . Malabsorption syndrome 2. Pregnancy 

2. Partial or total gastrectorny 3. Growino aoe 
b b 3. Tannin (in tea) 

4. Vitamin-C 
4. A hi gh phosphorus di et (bread, ce reals & milk) 

5. Meat 5. Salts of phosphate, bicarbonate. phytates 
6. Citric acid 6. Phytic acid (cereals) 
7. Sugar 7. Drugs: Antacid, tetracycline, L-dopa, cipronoxaci n, 
8. Am ino acid desferrioxam ine. 
9. A low phosphorus diet 

Q. Name the different iron preparations. (RU-\6J,13 ,1 JJ ,09Ju, SU-121) 
Q. Name the or I iron preparations. (DU-16Ju,10J,06M; CU-11J ,09/09Ju,06M; RU-17J,14J , 10J ,06S) 
Q. Name 3 or iron preparations. (DU-16J) 
Q. Enu e te the parental iron preparations. (RU-14Ju) 
Q. N he drugs in microcytic hypochromic anemia. (RU-061) 

A. 

B. 

Ans. 

o t note: Oral iron preparations. (SU-15Ju) 

Oral iron Tablet form ~ Ferrous sulfate 
preparations \ • Ferrous fumarate 

/" Ferrous gluconate 
~ Ferrous succinate 

• Ferrous glyci ne-S04 

Liquid form T FeS0 4 pediatr ic mi xture 
,,,.-- Polysaccharide iron complex 

Sustained release form y Slow-Fe 
',/sytron 

• Na-Fe edetate 
Parenteral iron IV iron / Iron dextran • 
preparations ,.. Iron sucrose 

IM iron > Iron dextran 

• Jron sorbito l citric acid 
(Ref Katzung-J 2th/585) 

te own the advantages & disadvantages of oral iron preparations . (DU-1 OJ ) 
ention the advantages of different formulations of iron. (DU-03J) 

Advantages & disadvantages of di ffe rent for mulations of iron : Ora l tab let, IV and lM inj ec tions. 

Oral iron 
preparations: 
Tablet 

I . Advan~age~~ .. ~--E·t'.': <,· .• ' Disadvantages •',_! . '\ . ' 

l . Easy to adm inister 
2. Good pat ient compli ance 
3. No pain & scar mark. 

I. Daily admin istration needed 
2. Blackeni ng of stool may confuse / 

mi sguide as black tarry tool. 
3. Anemia recovers slowly. o, can' t be given 

to establi h the quick recovery of Fe store. 
4. Can ' t be stored. 
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Eli. · I . Can be oivL:n in small children and 0 

f. It stains the tee th . 

adults who prefer thi s. I 

Parenternl iron l. '' Daily administration is not needed f ,,,.. Not easy to ad mini ster. 
pre pa rations . y., Quick recovery from anemia is ·,5.. Pain & blackening or th e inj ection site . 

poss ible. / /J . Patient 's compliance is not good . 

l),(' Gi en to pati~nts ~or wl~om iron can' t 4. Haemopo ietic response is not quicker th an 
be absorbed trom 111test1n e. that of oral preparation . 

4. Can be given to patients who can't be 5. Ionized salts are unsu itable for parenteral 
relied on to take it. preparations . 

5. Patients with intolerable gut 
symptoms. 

6. No blackening of stool. 

; ote: E/irix is the sweetened aromatic solution of alcohol and water, serving as u vehicle for medicine. 

Q. What are the indications of iron therapy? (DU-01 J,CU-06M/S, RU-06S,SU-05S) 
Q. Mefon the indications of oral iron therapy? (RU-13J) 

j~Wliere is iron therapy needed? (DU-06M) 
hat are the indications of parenteral iron therapy? (RU-1 4Ju) 

s: 

dications of iron therapy: Iron therapy is indicated in the treatment or prevention of iron deficiency anemia. 
Iron deficiency anemia occurs in the following cond itions where iron therapy is needed-

Inadequate intake I. Nutrit ional deficiency: 

• Ignorance & poverty 

• Repeated pregnancy 

• Milk injury & improper feed ing of the baby 
2. Gastrectomy 
3. Coeliac disease 
4. Tropical sprue 

Increased demand I. In chi ldhood: Duri ng the peri od of growth, mostly between 6-24 months. 
2. Menstruation. 
3. Pregnancy. 
4. Lactation. 

Excessive blood loss I. Hookworm infestation 
2. Hemorrhage: Acc idental & surgical 
3. Peptic ulcer disease 
4. Bleeding hemorrhoids 
5. Ruptured esophageal varices 
6. Ca stomach 
7. Ca co lon 

Defective utilization I . Malabsorption syndrome 
2. Parti al or total gastrectomy 
3. Gastrojejunostomy 
4. Chronic diarrhea 
5. Ach lorhydria 

!ndicatio~s of Parenteral Iron Therapy: Parentera l therapy should be reserved for patients with doc umented 
iron defic1en? \~ho are_ unable _to tolerate or absorb ora l iron and for patien ts wit h ex tensi ve chron ic anemia who 
cann~be mamta1ned with ora l iron alone. Thi inc ludes pat ient with-

1/ Ad ~anced ~hronic renal di_seas~_rcqu ir ing he1~odia lys is and treatment with crythropoiet in 
;2. Vanous postgastrectomy cond1t1ons and previous small bowe l resection 
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_. 3. Inflammatory bowel disease involving the proximal small bowel , and 4: Malabsorption syndromes. 
(Re/' KutzunY,-l 2th/5H5) 

Q. How woJld you treat a case of iron deficiency anemia? (DU-I SJ, 11 J,09Ju , RU-06J , U- 11 Ju ) 
Q. EnumCfate the principles of Iron therapy. (CU-I 6Ju) 

Ans. / /__ . . . 
Trea · ent of a case of 1ro~ d Clf.Jl~ anemta IDA / rinci >les of Iron thera : 
:_j:- Orally administered errous sulfate ·s the treatment of choice for iron deficiency. 

2. Ferrous sulphate 20 mg · -10urly ( 195 mg of elementa l iron per day) is more than adequate and should 
be contmue or 3-6 months to rep ete iron stores. 

3. lf ferrous sulphate causes yspepsia an a tered bowel habit, its dose can be reduced to 200 mg I 2-h_9 urly 
or a switch to ferrous luconate 300 mg 12-hourly (70 mg of elemental iron per day). -

yttaemoglobin should rise by 1 g/dL everfi-=-rn days and a reticulocyte count will be increased within a 
.: week. 

5. A failure to respond adequately may be due to non-compliance, continued blood loss, malabsorpt ion or an 
incorrect diagnosis. 

6. Patients with malabsorption or chronic gut disease may need parenteral iron therapy with single or 
multiple doses of intravenous iron dextran or iron sucrose. Doses required can be calculated based on the 
patient's starting Hb and body weight. Observation for anaphylaxis fol lowing an initial test dose is 
recommended 

(Ref Davidson's-22nd
; Goodman & Gillman-I 2'h) 

Q. Describe the total dose infusion for parenteral Iron therapy. (CU-161) 
Ans. 
Total dose infusion for parenteral Iron therapy: Doses required for total dose infusion for parenteral iron 
therapy can be calculated based on the patient's starting Hb and body weight. 

Iron to be injected (mg) = Total iron deficit 
=Bodyweight [kg] x (Target Hb - Actual Hb) [g/dL] x 2.4 + 500mg 

500 mg is added to replenish the iron store if body weight> 3 5kg. 
Most adult patients require a cumulative dose of elemental Fe of at least 1 g. 

Q. A 26 year old woman came to the OPD with the comkplaint of rapid heart rates and easy fatigabili ty, 
laboratory workup reveals low hemoglobin and microcytic red cells. Discuss your diagnosis; write 
causes & treatment of this clinical condition. (SU-13 Ju) 

Ans. 
Diagnosis: Iron deficiency anemia (IDA). 

Cause: Most common causes of IDA in this young woman are­
! . Menstruation. 
2. Pregnancy. 
3. Lactation. 

Treatment: Oral iron therapy. 

Q. Mention the side effects of iron therapy? (DU-09Ju) 
Q. What are e adverse/toxic effects of oral iron therapy? (RU-17 J, I 4J, I 3J ,06S/J,04J; SU-0SS) 
Q. enti the adverse effects of parenteral Fe therapy. (CU-06S; RU-04S,03J) 
Q tion the adverse effects of ferrous sulphate. (RU-16J) 

Adverse effects of iron therapy: 
A. Adverse effects of oral iron therapy: 

1. Nausea & vomiting (sometimes causes intense nausea & vomiting). 

Pharmacology-83 
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2. Epigastric discomfort 
3. Abdominal cramps 
4. Constipation 
5. Diarrhea 
6. Black stoo l: This has no clinical significance, but it may obscure the diagnos is of continued GIT blood 

loss. 

B. Adverse effects o(parenteral iron therapy: 
• Intra-muscular iron therapy: 

I . Local pain 
2. Tissue stain ing around the injection site 

• Intra-venous iron therapy: 
I. Headache 
2. Light-headedness 
3. Fever 
4. Arthra lgia 
5. Nausea & vomiting 
6. Back pain 
7. Flushing 
8. Bronchospasm 
9. Urticaria 
I 0. Anaphylaxis (rarely). 

(Ref Katzung-13th) 

Q. Mention how long time ferrous sulphate is to be used to correct anemia and why. (RU-161) 
Q. Why oral Fe therapy should be continued for more than 3 months? (CU-091) 
Ans: 
Treatment with oral iron should be continued for 3-6 months after correction of the cause of the iron loss. This 
corrects the anemia and replenishes iron stores. 

(Ref Katzung- l 3th) 

Q. How you assess the effective iron therapy? (DU-161, 1 OJ) 
Ans. 
As ment of effective iron thera : 

I . Clinical assessment: Clinically effective iron therapy is assessed by improvement of anemia and the 
patient's complaints such as weakness, tiredness, appetite, lethargic condition etc. 

2. Biochemical assessment: 
• Hemoglobin percentage (Hb %) will be increased. 
• Serum iron and serum ferritin level will be increased 

• Serum iron binding capacity will be decreased . 

3. Increase in reticulocyte count 

ns: 

t are the manifestations of acute iron toxicity? How do you manage the condition? (DU-05J, RU­

J, I IJ, CU-06M) 

Acute iron toxicity: Acute iron toxicity is seen almost exclusively in yo ung children who accidentally ingest iron 
tablets. Although adults are able to tolerate large doses of oral iron w1 ou senous consequences, as few as 10 
tablets of any of the commonly avai lable oral iron preparations can be lethal in young ch ildren . _____. 
Clinical features of acute iron toxicity: 

I. Necroti zing gastroenteri tis 
2. Vomit ing 
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4. Bloody diarrhea 

5. Shock 

6. Lethargy 

7. Dyspnea 

8. Metabolic acidosis 

9. Coma and death. 

Management: Urgent treatment is necessary. 

I. Whole bowel irrigation should be performed to flush out unabsorbed pill s. 

2. De eroxamme, a potent iron-chelating compound, can be given systemically to bind iro n that has already 
been absorbed and to promote its exc1 etio11 in urine and feces. 

3. Appropriate supportive therapy for gastrointestinal bleeding, metabolic acidosis, and shoc.:k must al so be 
provided. 

(Rel Katzung- 13th) 
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Vitamin B12 
V · · . /:". . I sential biochemical reactions in humans. Althougl 1tam111 B 12 (cobalamm) serves as a cofactor ,or severa es . . . . 1 

deficiency of vitamin 8 12 due to an inadequate supply i~ the d1_e t is_ unus~al , defic~ency of B1 2 1~ adults:­
especially older adults-due to inadequate absorption of dietary v1tarnm B1 2 1s a rel atively common and easily 

treated disorder. 

Active forms of vitamin B12 : 

1. Deoxyadenosylcobalamin 
2. Methylcobalamin 

Q .. What are the causes of vitamin B12 deficiency? 
Ans: 

, Common causes of vitamin B12 deficiency: 
1. Pernicious anemia 
2. Partial or total gastrectomy 
3. Malabsorption syndrome 
4. Inflammatory bowel disease 
5. Small bowel resection. 

/ 
ft What are the diseases caused by vitamin B 12 deficiency? 
Ans: 
Diseases caused by vitamin B 12 deficiency: 

1. Megaloblastic anemia. 

(Ref Katzung-l 3th) 

2. Combined degeneration of spinal cord (Demyelination of large nerve fib ers of the spinal cord especially 
of lateral column). 

3. Gastrointestinal symptoms. 

Q. Name the drugs used in megaloblastic anemia. (RU-05M) 
Ans: 
Drugs used in megaloblastic anemia: 

I . Vitamin B 12 

2. Folic acid 

Q. Name the vitamin B 12 preparations. 
A 

Route 
I/Mor SIC 

(Ref Katzung-l 3th) 

1. Parenteral vitamin B 12 , anocobalamin -~--------+------+-----~~----------, 
droxocobalamin 

2. Oral vitamin B 12 anocobalamin Oral! I 000 mc o/ml/day 

Q. "Folic acid should be administered only after exclusion of Vit-8 12 deficiency anemia"- Explain. (CU-091) 
Q. A physician has treated with folic acid of a megaloblastic anemic patient due to vitamin B 12 deficiency. 

What will be the hazards? (RU-06J) 
Ans : 
Rationale of using Folic acid after confirming the diagnosis: People with mega lob last ic anemia clue to vitam in 
B12 deficiency are usually identified because of signs and symptoms of anemia, which typica lly occur befo re 
neurologic symptoms. So if this anemia is corrected by administration of fo lic acid, vi tamin 8 12 defi ciency will 
remain undiagnosed and will be more and more severe. The most dangerous hazards of thi s defi ciency-
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:;iernyelination o~ nerv_e fibers: ' & "combined degeneration of spinal cord" may develop. But folic ac id does no! 
prevent the potentially irreversible neurologic damage caused by vitamin B

12 
deficiency. 

So, before treatm~nt the exact cause of megaloblastic anemia should be detected- whether it is due to vitamin 812 
or folic acid deficiency. 

Folic acid 
RDA: 100-200 µg/day 
Source: Green leafy vegetables, whole grains, cereals, liver, kidney, yeast and eggs. 
Active from: Tetrahydrofolate 

Functions of folic acid: 

(Ref Kalzung-I ]!h) 

1. Tetrahydrofolate (THF) can carry one-carbon units attached to N-5 (formyl, formimino, or methyl 
groups), N-10 (formyl group), or bridging N-5 to N-10 (methylene or methenyl groups) for the 
biosynthesis of a variety of bio-molecules ( eg, methionine. serine etc). 

2. It is ·nvolved in tyrosine metabolism and formation of RBC. 

C e of folic acid deficiency: 
Inadequate dietary intake 

2. Defective absorption 
3. Use of anticonvulsant drugs (phenobarbitone, phenytoin) 
4. Increased demand eg, in pregnancy. 

Q. Briefly d'sc ssthe deficiency feature of folic acid. 
Ans. 

(Ref Harper 's-26'hl493) 

D fie' n 7 feature of folic acid: Fol ic acid deficiency 1s probably the most common vitamin deficiency, 
observed primarily in the pregnant women. 

1. Megaloblastic anemia. 
2. Growth failure 
3. Neural tube defect in the fetus eg, spina bifi da, anencephaly (when deficiency in pregnant mother) 
4. Glossitis 
5. Gastrointestinal disturbances 

Indications of folic acid: 
1. Megaloblastic anemia due to fo lic acid deficiency 
2. Pregnancy 
3. Hemolytic anemia 
4. Live diseases 
5. Spina bifida 
6. Skin diseases 
7. Alcoholic 

Contra-indication: 
I. Megaloblastic anemia due to vitamin B 12 deficiency 
2. Folate dependant cancer. 
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Erythropoietin therapy 

Erythropoietin: It is a 34-39 kDa glycoprotein & is a human hematopoietic growth factor & produced by the 
peritubular cells of kidney . 

Function: Erythropoietin stimulates erythroid proliferation & differentiation by interacting w ith erythropoietin 
receptors on red cell progenitors and thus increases red cell production. 

Recombinant human erythropoietin 
/. Epoetin alfa (administered three times a week) 
2. Darbepoetin alfa (administered weekly) 

3. Methoxy polyethylene glycol epoetin beta (administered as a single IV or SC dose at 2-week or monthly 
intervals) 

Indications: Erythropoietin is useful for the treatment of anemia in the following cases-
1. Chronic renal failure. 
2. Cancer patients treated with myelosuppressive cancer chemotherapy 
3 . Primary bone marrow disorder (eg, aplastic anemia, myeloproliferative and mye lodysplastic disorders, 

multiple myeloma and perhaps other chronic bone marrow ma lignancies). 
4. HIV-infected patients treated with zidovudine 
5. Patients scheduled to undergo elective, noncardiac, nonvascular surgery: It red uces the need fo r 

transfusion in these pat ients. 

Adverse effects: Hypertension, thrombotic complications (most serious), flu- li ke syndro me, hypersensitivity. 
(Ref Katzung- 13th) 

Nice to know 
Blood doping: Highly competitive athletes have used epoetin a/fa to increase their hemoglobin levels ("blood 
doping ") on the hope that this will increase oxygen delivery to m uscles and improve p erformance. Unfortunately, 
this misuse of the drug has been implicated in the deaths of several athletes and is strongly discouraged 
Erythropoietin is one of the drugs banned by the International Olympic Committee. 

(Ref Katz ung-131
1, edition: Goodman & Gilman- I 21

1, edition) 

Plasma volume expander 

Q. Enlist the plasma vo lume expander. 
Ans. 
Plasma volume expanders: 

1. Human albumin 
2. Dextran 
3 . Degraded gelatin polymer (polyge line) 
4 . Hydroxyethyl starch (HES) 
5. Polyvinylpyrro lidone (PVP) 

· -1dications: 
1 . Severe bum 
2. Severe hypovolemic shock including severe hemorrhage. 
3. Severe trauma. 
4. Extensive tissue damage. 

Contraindications: Severe anemia, cardiac failure, pulmonary edema, renal failure . 
(Ref Tripathi-6r1'/ 622-623) 
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Q. 

Q. 

Low dose aspirin- (DU-I 6J) 
a) binds with COX enzyme reversibly 
b) inhibits TXA2 formation in platelet 
c) may c use GIT bleeding 
d) inhibits PGl2 formation 
e) blocks platelet ADP receptors 

a. F, b. T, c. T. d. T, e. F 

Adverse effect of heparin includes- (DU-15Ju) 
a. alopecia 
b. hemorrhage 
C. DIC 
d. osteoporosis 
e. myopathy 

a. T, b. T, c. F, d. T, e. F 

Q. Following are the manifestations of Folic acid 
deficiency: (CU-l 4Ju) 
a) Enteritis. 
b) Spina bifida in the offspring. 
c) Loss of ankle reflex 
d) Hallucination 
e) Glossitis 

a. T, b. T, c. F, d. F, e. T 

Q. Drugs preventing platelet aggregation are-
(DU-141) 
a. clopidogrel 
b. streptokinase 
C. ticlopidine 
d. warfarin 
e. dipyridamol. 

a. T, b. F, c. T, d. F, e. T 

Q. Following are the fibrinolytic agents- (DU-
13Ju) 

a. alteplase. 
b. streptokinase. 
C. clop idogrel. 
d. tranaxaemic acid. 
e. abciximab. 

a. T, b. T, c. F, d. F, e. F 

Q. Enoxaparin- (DU-13Ju) 
a. is a LMWH. 
b. is injected subcutaneously. 
C. requires intense monitoring. 
d. bioavai lability is less then HMW one. 
e. can cross the placental barrier. 

a. T, b. T, c. F, d. F, e. F 

Q. Warfarin is used in the following clinical 
situations- (DU - I J.lu) 
a. angina pectoris. 
b. implant prosthdic valve . 
c. chronic atri al fibrill ation. 
d. venous th romboe mbolism. 
e. cerebrovascular stroke. 

a. F, b. T, c. T, d 7~ e. F 

Q. The following dugs prevent platelet 
aggregation- (DU- I JJ) 
a. clopidogrel. 
b. ticlopid ine 
c. warfarin. 
d. low dose heparin. 
e. streptokinase. 

a. T, b. T, c. F, d. T, e. F 

Q. The following are adverse effects of heparin 
therapy- (DU-I 3J) 
a. osteoporosis. 

' b. alopec ia. 

Q. 

Q. 

Q. 

c. thrombocytopen ia. 
d. diarrhea. 
e. fetal cleft palate. 

a. T, b. F, c. T, d. F, e. T 

The advantages of LMWH include- (DU- 11 J) 
a. No need of monitori ng (T) 
b. Low ri sk of bleeding (T) 
c. High plasma protein binding drug (F) 
d. Admini stered IV (T) 
e. Less bioavai labil ity (F) 

The follo~ing drugs prevent platelet 
aggregation- (DU-I0Ju) 
a. Clopidogrel (T) 
b. Ticlopidine (T) 
c. Warfa rin (F) 
d. Low dose aspirin (T) 
e. Streptoki nase (F) 

Regarding warfarin- (DU- \ 0Ju) 
a. It is given orally (T) 
b. It can cause bleeding (T) 
c. It acts within 24 hours of admin istration (T) 
d. Its effect can be antagoni zed by pro tam i ne 

sul fate (F) 
e. It causes fibr inolysis (F) 
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Q. Heparin- (DU- I OJ) 

a. is effective if given orally (F) 
b. can cause osteoporosis (T) 
c. acts by inhibiting vit K dependent coagulation 

factors (F) 
d. may cause thrombocytopenia (T) 

Q. Aspirin- (DU- I OJ) 
a. inhibits PGs synthesis (T) 
b. inhibits L Ts synthesis (F) 
c. can cause sodium retention & edema (T) 
d. excretion can be enhanced by giving 

ammonium chloride (F) 
e. can cause premature closure of the ductus 

arteriosus if given in late pregnancy (F) 
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( (). . . . . 
It) Qi i4Ji t!J, 11 f J;IM r; ii 1.1:J 11i cj, 1 tifflti41 

Acid-peptic diseases include-
!. Peptic ulcer diseases (PUD) 
2. Gastro-esophageal reflux diseases (GERD) 
3. Stress-related ulcer. 

Q. Define peptic ulcer diseases and mention the sites of peptic ulcer formation. 
Ans. 
Peptic ulcer diseases (PUD): Peptic ulcer diseases are chronic, most often solitary lesions that occur in any 
portion of the gastrointestinal tract exposed to aggressive action of acid peptic juices. 

Common sites of peptic ulcer 
I. First part of duodenum. 
2. Stomach (usually antrum). 
3. Gastro-esophageal junction. 
4. Within the margins of a gastro-jejunostomy. 

(Ref Robbins and Cotran-9th) 

5. Throughout the GIT in Zollinger-Ellison syndrome. 
6. Within or adjacent to an ilea) Meckel's di ve1iiculum that contains ectopic gastric mucosa. 

Nice to know 
(Ref Robbins and Cotran-9th) 

Defense mechanisms of gastro-duodenal mucosa: 
1. Surface mucous secretion 
2. Bicarbonate secretion into mucous. 
3. Increased mucosal blood flow that washes out H+. 
4. Apical surface membrane transport. 
5. Quick regenerative capacity of lining epithelium. 
6. Elaboration of prostaglandin that increases mucus secretion, blood flow & epi thel ia l regenerat ion. 

Pathogenesis of peptic ulcer: Peptic ulcer is produced by an imbalance between -
I . Gastro-duodenal mucosal defense mechanism & 
2. Damaging force. 

1. Impairment of defense mechanism: By the followin gs -
• l Mucus secretion . 
• l Bicarbonate secretion in mucus. 
• ! Mucosal blood flow, 
• ! Prostaglandin elaboration. 
• !Apical surface membrane transport. 
• ! Epithel ial regenerative capacity. 

Caused by- lschemia, shock, 
delayed gastric emptying (gastric 
ulcer), rap id gastric emptying 
( duodenal ulcer), psycholog ical. 

2. Increased damaging force : 
• jGastric acidity . 
• NSA!Ds. 
• Steroid . 
• Cigarette, alcohol. 
• Duodenal gastric reflux . 
• Helicobacter pylori. 

Complications of peptic ulcer: (Ref Robbins and Cotran-91/,) 

1. Bleeding: Occurs in 15 - 20% patients, may be life-threatening. 
2. Perforation : Occurs in about 5% of patients, accounts for two thirds of ulcer death s. 
3. Obstruction from edema and scarring: Occurs in about 2% of patients. 
4. Acquired pyloric stenosis. 

(Ref Robbins and Cotran- Yth) 
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Q. Discuss the role of fl. pylori in the pathogcnrsis of peptic. ulcer disenst· 'l (CU- i 6J, 15.1 , 14.lu, I JJu) 
Ans. 
Role of H. pylori in the pathogenesis of peptic ulcer: 

I. Peptic ulc i.'ation _is st rongly lss )c ia ted with If. /J)llori inlc ·ti on. Around 90'1/,> ol' duotkna l ulcer ratic11h 
and 70% of ga

st rrc ulcer putirnts arc infockd wi1i1 fl pylori ; the remaining 30% or g,1.., tri c ul cer·, 'trc du l: 
to NSAIDs. 

,, Four features are linki..:d to H. PJ lori virulence: 

a. Flagella, which allow the bacteria to be motile in vi scous mucus. 
b. Ur~as~, wh ich generates ammonia from endogenous urea and thereby ck:vatcs local ga tri c r 1 I. 
c. A~hcs1!1

S that enhance their bacterial adherence to surface foveolar ee l Is. 
d. To!_ins such as cytotoxin-associated gene A (CagA) may be involved in ulcer dc vc lorment. 

3. H. pyl~ri infect ioi: results in increased acid production and disruption of norma l gas tri c and duodenal 
protective mechanisms. 

4. H. pylori gastritis is, therefore, the result of an imbalance between gastroduodenal mucosa! defen cs and 
damaging forces that overcome those defenses . 

(Rel Robbins and Cotran-9th) 

Q. Name the drugs used· in PU])/ peptic nice~ (OU--1'6J,13.J,}2'J:0"9J/Ju; CU-13J,) 2J~ _SU-l 7J, 16J,09J/Ju;RU-
l OJ) . . · . '" . . . "· ,' · ' i .. · a.,:· • . · •. . , . ., · • 

~ • ' . • •• • •• ,. "'i; ~ t .. 
Q. Lists the.drugs used in the trea!i:tjeJJt of hyperaci~ity. (DU-09Juj 
Q. Enlist the drugs tha\ !n'hibit _gastric acid s.ecret~oK fDU-06M) 
Q. Listsanti-ulc~r~r11g~, (~U~09J\1): '·.·.· ,. · .. ,·, _.,· ... ···,· ;. , .· , . .J\ . · . . 

Q. Name the anti-secret_ory :d~~gs u.s~·cl, !n the '!lan·ag~m~n,t ot:, 'PUD.. '(GU-16J,15J, SU-llJ, RU-
17J 15J 13J,09Ju/:J) ' .: .. ' : •·· · · ,,.; ' .. :-· .l . ·.>;: . :'·. - · ... , · " ' 

Q. Lis~s the p~pt~c ulcer-heal~~~ ci-~~.i;s) su,12:{CB{o1'M( ,, ·i, i'; '.,;,:· .. , .. : ... J 
Q.~ Mnti th~ cyto_pl'.otect,~vd1~e~_~s ~s~~d i_n\(>BD:~(PU~r4Jut~·~: < ·t -~··,·. J · 
Q. · e · on t4e gastr~p,rote~!ivt:. ag~nt§'used:J!l. P,.!Jll. ·IBU-:.tq,Jb }.:.J·::: · "'· ·· ::.· --~---·---
A s. 
Jikugs for peptic ulcer diseases (PUD): 

Types of anti-ulcerant drugs I Name of drugs 
A. Acid neutralizers 

1. Antacids ;'..- Sodium bicarbonate, NaHC03 
,.r Calcium carbonate, CaC03 
_,.,.,,,.-Magnesium hydroxide, Mg(OH)2 

I 

-.,.,,.-Aluminium hydroxide, Al(OH)3 

B. Antisecretory: Agents that reduce HCI secretion 

1. H2-receptor blockers /. Ranitidine 

• Famotidine 

• Nizatidine 

' Cimetidine 

2. Proton pump inhibitors (PPI) • Omeprazole 

• Esomeprazole 

• Pantoprazole 

• Lansoprazole 

• Rabeprazole 

3. Anti-muscarinic drugs • Oicyclomine 

• Pirenzepine 

• Telenzepi ne 
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C. Agents that kill the causative bacteria (He/icobacter pylori) 
1. Antibiotics • Metronidazole 

• Amoxicillin 
/ 

• _Tetracycline ,. Clarithromycin 
D. Agents that enhance mucosal .. Sucralfate 

resistance (ulcer healing drugs)/ .. Prostaglandin analog (Misoprostol) 
gastroprotective Colloidal bismuth compounds. ( D> fr~.__ Ir ( ..... • ' 

0-0 . ' (Ref Katzung-13th & Goodman & Gilman .s-12th) 
_) 

Q. Discuss the approaches of treatment of peptic ulcer. (CU-09Ju) 
Q. Outline the therapeutic approaches in the treatment of a case of acute peptic ulcer. (SU-061) 
Q. Write down the management of PUD. (SU-16Ju) 
Ans. 
Principles / approaches of treatment of PUD: 

1. Eradication of H. pylori infection 
2. Decrease in gastric acidity: by Hz-receptor blockers, PPL 
3. Increase in mucosa! protections: by sucralfate, misoprostol. 
4. Avoidance of risk factors (smoking, stress, spicy food etc.). 

Q. List the drugs used to treat NSAID induced peptic ulcer. (CU-06M) 
Ans. 
Drugs used to treat NSAID induced peptic ulcer 

I. Stop the drug (NSAID). 
2. Hz-receptor blockers 
3. Proton pump inhibitors (PPis) 
4. Increasing the mucosa! resistance by Prostaglandins / Sucralfate / Colloidal bismuth compound. 

Q. Classify antacids. (RU-061) 
A~s. 

ntacids 

'-/'Antacids: 

., r {' r ,. ... 

l 
( L f' 

(~· 

Antacids 
Non-systemic antacids: • 

1. Calcium carbonate, CaC03 • 
'-z.- -2. Magnesium hydroxide, Mg(OHh • 

3. Magnesium trisilicate • 
- 4. Aluminium hydroxide, Al(OH)3 

Systemic antacids: • 
I. Sodium bicarbonate, NaHC03 • 
2. Sodium carbonate, Na2C03 • 

• 

Q. What is the mechanism of action of antacids? 
Q. What is the role of antacids in PUD? (SU-I 6Ju) 
Ans. 
Mechanism of action of antacids: 

Properties 
Not absorbed into the system ic circulation. 
Inso lu ble 
Produces no acid-base abnormal ity . 
Diarrhea, constipation are common side effects . 

Absorbed into the systemic circulation . 
Soluble 
Produces ac id-base abno rmality . 
Quick onset of action . 

(Ref Katzung- 13th) 

I. As antacids are weak base, they directly neutralize gastric acidity . 
2. They may also promote mucosa! defense by stimulation of mucosa I PG production. 
3. Cannot prevent secretion of gastric acid . 

(Ref Katzung- ! 3th) 
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~ Mention the indications antacids. g Describe the therapeutic profile of antacids. (CU- I 7M) 

in;ications of antacids: Now-a-days, antacids are uncommonly prescribed. 
n I . Intermittent heartburn 

z. Dys e sia 
3. Peptic ulcer ~is~a~e (to reduce quick reduction of intra-gastric acidity) 

Q. What are the advantages of combined antacids? (SU-09J) 

Ans/7 · 
Advantages of using combined Mg(OH)2 & Al(OH)3 antacids: 

' • Mg(OH)2 + 2HCI - MgCl2 + + 2H2O (Unabsorbed MgCl2 - Osmotic diarrhea) 
• Al(OH)J+ 3HCI ---t AICl3 + 3H2O (Unabsorbed AIC'3---t Constipation) 

(Ref Katzung-1 Jth) 

So if we use Mg(OH)2 & Al(OH)3 in the same preparation, osmotic diarrhea by MgCb is antagon ized by 
constipating effect of AIC'3. So combined use of Mg(OH)2 & Al(OH)3 minimize the GIT adverse effects. 

Q. Write down the limitations of using systemic antacids . (RU-06J;SU-07Ju) 
Q. What are the disadvantages of NaHC03? (RU-06J) 
Q. What are the consequences of long-term use of antacids? (SU-1 lJ) 
Ans. 

(Ref Katzung-1 Jth) 

Systemic antacids: The antacids which are completely absorbed into the systemic circulation are called systemic 
antacids. These antacids cause systemic alkalosis. 

, ~L effects of s stemic antacids: 

1. NaHC03: 
NaHCO3 + HCI - NaCl + CO2 + H2O 

1. Gastric di stention & belching (CO2) 
2. Metabolic alkalosis 
3.~aCI absorption: Can exacerbate HF, HTN & renal 

insufficiency (rarely) 

,, 2. CaC03 I. Belching 

i 

CaCO3 + 2HCI ---t CO2 + CaCh + H2O 

3. Mg(OH)2 & AI(OH)3: 
Mg(OH)2 + 2HCI - MgCl2 + + 2H2O 
Al(OH)3+ 3HCI ---t AICl3 + 3H2O 

Nice to know 

2. Metabolic alkalos is (mi lk-alkali syndrome) 
3. hypercalcemia (in hign doses) 
4. Renal insufficienc . 
I. Unabsorbed MgCl2 - Osmotic diarrhea 
2. Unabsorbed AICb - Constipation 
3. Renal insufficiency. 
4. Metabolic alkalosis & belchin are uncommon. 

(Ref K 

Drug interactions of antacids: All antacids may affect the absorption of other medications by bi1 
(reducing its absorption) or by increasing intragastric pH so that the drug's di sso lut ion or solubil i,) , . 
weakly basic or acidic drugs) is altered . Therefore, antacids shou ld not be given within 2 hours of doses v , 

tetracyclines, fluoroquinolones, itraconazole, and iron. Most drug interactions can be avoided by taking 
Antacids 2 hours before or after ingesti on of other drugs. 

(Ref Katzung-13th) 
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Regulation of gastric HCI secretion 

Q. D(•scribc the mechanism of gastric HCI secretion from parietal cell and dictate the sites of drug 
intcrnntion. (CU-1 5Ju) 

Q. Dr tw a schematic diagram to show the regulation of acid secretion in parietal cells & the targets fo r 
pharmacologic modification. (CU- I 2J, 11 J,09Ju) 

Ans. 

Regulat ion of gastric HCI secretion 

• The parietal cell contains receptors fo r gastrin , histamine (H2) , and acetylcholine (muscarin ic, M
3

) 

(See fi gure). 

• When acetylchol ine or gastrin bind to the parietal cell receptors, they increasesn cytosolic calcium. 
• i Ca

2
+ stimu lates protein kinases that stimulate acid secretion from a H+/K+ ATPase (the proton pum p) 

on the canalicular surface. 

• In close proxim ity to the parietal cells are gut endocrine ce ll s called enterochromaffin-like (ECL) cells. 
• ECL cells have receptors fo r gastrin and acetylcholine and are the major source for histamine release. 

Histamine binds to the H2 receptor on the parietal ce ll, resu lting in activation of adenylyl cyclase, wh ich 
increases intracellular cAMP. cAM P activates protein kinases that stimu late acid secretion by the H'/K. 
ATPase. 

(Ref Katzung-13th) 

Targets for pharmacologic modification 
I. H2 receptor: Blocked by H2-blockers. 
2. H+/K+ ATPase (The proton pump): Blocked by proton pump in hi bi tors. 
3. M3 muscarinic receptor: Blocked by anti-muscarin ic drugs . 

~chematic diagram to show the regulation of acid secretion in parietal cells: 

Vagus G cells ECL cells 

~ l i 
ACh Gastrin Histamine Somatostat in Prostaglandins 
+Atropine l + Cimetidine 

H2 
J 

receptor 

G, ~ ~ 8 

cAMP 

f 
H+,K+·ATPase 

Lumen 
Omeprazole 

W secretion 

Gastric 
parietal 
cell 

, 1,:. Schematic dia,:ram of ltydro,:en ion secretion hy the 1-:astric parietal cell. I Ch == acetvlcho/ine: CCK == 

cholecystokinin: f CL entr:ruchrn111afji11-/ike: IP 3 - inositol triphosphate: M O 111 usairinic. · 
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Q. List the clinically useful H2-rcccptor blockers. (CU -09J) 
Ans. 

J;Ji-reccptor antagonists: Four H2 antagonists are in clinical use : 
\. Ranitidine 
2. Famotidine 
3. Nizatidine 
4. Cimetidine 

Nice to know 
Important properties of H:rhlockers /Ranitidine: 

(Rel Katzung-1 Jth) 

/. Ranitidine exhibit competitive reversible inhibition of acid secretion at the parietal cell H2 receptor. 
2. Suppress 70% of 24 hour acid secretion, both basal & meal stimulated. 
3. Predominantly inhibit basal acid secretion which is efficacious for suppression of nocturnal acid secretion So, an 

evening dose is necessa,y in PUD, especially in duodenal ulcer. 
(Ref Goodman & Gilman '.1·-/ !'h 197 ! ) 

Q. Mention the mechanism of acti~n of H~:recepfor- blockers· drugs_. (RU-l 7J). 
Q. Explain the mechanism of action ofRanitidi~~'in PUD. (RU-09J) 
Q. Explain the mechanism of action ·'of famoticline in PUD. (RU-l 5J) 
Q.·Explain the anti-ulcer role ~f ra~itidine in 'peptic ulcer. (SU-17J, 12Ju) 
Q. Explain the anti-ulcer role offamotidine iii pep~c uicer. '(SU-13J u) 
Q. Explain) he mechanism of action of cimetidine in FUD. (RU-13J) . 

i·.M nti6n the pharmacological action of clinically useful H2-receptor blockers. (CU-09J) 
.Q. is(uss th~ r_9le of Ral!itidjne in PUD. (SU-Q9J) . . .• . : 

ns. 
Mechanism of action of Hz-receptor blockers / ranitidine / cimetidine: 1-h antagonists reduce acid secretion 
stimulated by histamine as well as by gastrin and cholinomimetic agents through two mechanisms. 

\. First, Hi-receptor blockers/ Ranitidine /Famotidine competitively block Hi-receptors on parietal cell 

! 
Histamine released from ECL cells by gastrin or vagal stimulation cannot bind to parietal cell l-{i-receptors 

! 
No acid secretion from the parietal ce lls. 

! 
Healing of ulcer. 

2. Second, direct stimulation of the parietal ce ll by gastrin or acetylcholine results in dimini shed acid secretion 
in the presence of H2-receptor blockade. 

Q. What are the indications of Hi-receptor blockers? 
Q. Wnte cro'wn the indications of famotidine . (DU-02M) 
A_p. 
Indications of H2-receptor blockers / famoticline: 

l. Gastro-esophageal refl ux disease (GERO). 
2. Peptic ulcer diseases (PUD). 
3. Non-ulcer dyspepsia 
4. Prevention of bleeding from stress related gastritis . 
5. Stress ulcer 
6. Zollinger Ellison syndrome 
7. Systemic mastocytosis 

( 

(Ref Katzung-l 3th) 
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8. Pre-anesthetic use in emergency operation 
(Ref Katzung-13th) 

Q. Mention the adverse effects of clinically useful H2-receptor blockers. (CU-091) 
Q. Mention the adverse effects of cimetidine. (RU-131) 
Ans. 

Adverse effects of H2-receptor blockers: Hi-receptor blockers are extremely safe drugs. Adverse effects occur in 
fewer than 3% of patients. They are as follows -

I . Diarrhea & constipation 
2. Headache 
3. Myalgia 
4. Fatigue 

Other adverse effects include -
I . CNS: Mental status changes (confusion, hallucinations, agitation) may occur with admi~istration o'. JV H

2 
antagonists, especially in patients in the ICU who are elderly or who have renal or hepatic dysfunction . 

2. Endocrine: Cimetidine causes-
a. Gynecomastia or impotence in men 
b. Galactorrhea in women 

3. Pregnancy & nursing mothers: 
a. They should not be used in pregnancy 
b. Secreted into breast milk & thus affects infants. 

4. CVS: Rapid l/V infusion may causes bradycardia & hypotension due to blockade of cardiac H2-receptors. 
5. Others: 

a. Rare ly causes blood dyscrasias 
b. Rarely cause reversible abnormalities in liver chemistry. 

(Ref Katzung-13th) 

Q. What treatment will you prefer if Ranitidine fails? (RU-03 M) 

Ans. Ranitidine fai led peptic ul cer is most probab ly due to H pylori infection & treatment of choice is triple or 
quadruple therapy. 

Q. Mention the drug interactions of cimetidine. (RU-04J) 
Ans. 

Drug interactions of cimetidine: Cimetidine inhibits cytochrome-P450 enzymes . So, it decreases the metabolism 
of other drugs & causes prolonged half life of other drugs. That's why, its use is restricted. As for example, 

Warfarin + Cimetidine 

In this drug interaction, cimetidine increases the plasma concentration of warfarin wh ich resul ts in warfarin 
toxicity, eg, bleeding. 

Proton um inhibitors PPis 

Q. Name the proton pump inhibitors. (DU-081; RU-08J,06S; SU-071) 
Q: What are the PPis used now-a-days? - / 
Ans. 

Proton pump inhibitors (PPI): Five proton pump inhib itors are ava ilab le fo r clinical use : 
I. Omeprazo le 
2. Esomeprazole 
3. Pantoprazole 
4. Lansoprazo le 
5. Rabeprazole 

(Ref Katzung-!Jth) 

(Ref Katzung- 1 Jlh) 
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Nice to know 
p,01011 pump inhibitors are administered as inactive prodrug.\·. To protect the acicl-lahile proclru}!, from rapid 
destruction wilfiin rhe gasrric lumen, oral products are formulated.fur delayed release us acid-resistunr, enteric-

' coated caps~de or_ tab/er formulations . Ajier passing through the stomach into rhe alkaline intestinal lumen, the 
~ enteric coat111gs d1ssolv~ and the prodrug is absorbed. 

After intest,nal abso?t,on, the PP Is diffuse readily across lipid membranes into ucicl!fied compartments such us 
rhe parietal cell canahculus. There, ii is rapidly converted into the active, reactive thiophilic .rnlfonamide cation. 

(Ref Katzung-1 Jth) 

·Q. Ex~lain_~he mecl!~nis~ ?f.-~~titin ~(pr9,tonj1~mp inh~fiit&s?' (DU-"~8:(RU-09J~,06S, SU-07J; CU-09J) 
Q., Wr~te d?w~ th~,m<:c,h~~~~~:.of'a_~ti()n: ~a_qtopr:~ole . .- (DU-.14J). ·, · . 
'Q. Write.down th~_mt:cha~,s~,o_f:~.c!ion,,~aJ}sopr~zole: (DU-J 3J,12J,09Ju; RU-08J) 
Q .. £xpla~~ the rol~ ~f;?ni1p.f~-~.~le ~# .!the ifeht 1!.!,~J1ji~ipe11Jt~· ulc~r. (SU_-17 J)3J,_09J ,06M) 
'Q. Expla1~ the anti-ulcer~role of panto_praz9le .inpepti'c 'ulcei,:'. (SJ.Fl2Ju) . ·. . 
!Q. _ ,,phiin thr anti:11Ic~r, rol~j>f esoin~praio!,.ej nipep{i~·~uict r:;r~JJ.:;1:J1Yi.~'.;. L.,~ .. J~;:,i ~.i,;~.I,, ~--~~-· ~ _ . 

AI s. 
~ echanism of action of proton pump inhibitors (PPis): 

Proton pump inhibitors are administered as inactive prodrugs. Then they are converted into active form 
thiophilic sulfonamide cation in the parietal cell 

t 
The sulfonamide reacts with the H+/K" ATPase (the proton pump), forms a covalent disulfide linkage 

t 
Irreversible inactivation of the proton pump 

t 
Counter-transport of WIK+ ions via the proton pump is blocked 

t 
No secretion of H+ by the parietal cell. 

(Ref Katzung-1 Jth) 

Q. Mention the clinical uses/ indications of PPis. (DU-09Ju,08J;RU-06S; SU-071) 
Q. Menti~_9,'the clinical conditions where we can use omeprazole. (DU-06S) 
Q. ~ e1town the indications of pantoprazole/lansoprazole. (RU-09Ju,05M) 
Ans. 
Indications of PPis/ omeprazole/ pantoprazole/ lansoprazole/ esomeprazole: 

1. Peptic ulcer diseases (PUD). 
• H. pylori associated PUD. 
• NSAID associated PUD. 
• Perforation of bleeding PUD. 
• Prevention of rebreedi ng from PUD: Loading dose: 80 mg IV followed by maintenance dose: 8 

mg/h in N infusion for 3-5 days is commonly recommended. 
2. Gastro-esophageal reflux disease (GERO). 
3. Non-ulcer dyspepsia 
4. Prevention of stress-related mucosa! bleeding 
5. Stress ulcer 
6. Zollinger Ellison syndrome: Typical doses ofomeprazole are 60-120 mg/d. 

(Ref Katzung-l 3th) 

Q. What do you mean by triple therapy in the management of peptic ulcer? (DU-09Ju; CU-06S/J, RU-12Ju) 
Q .. Explain the pharmacological basis of using 'Triple Therapy' in peptic ulcer disease. (CU-07 J) 
Q. Discuss the principles. of triple therapy. (CU-06S) 
Q. Mention the treatment plans or drug regimens in a H. pylori induced PUD. (DU-161, CU-071, RU-07J) 
Q. Explain the role of each component of "triple therapy" in PUD. (DU-09J; RU- l2Ju, l OJ, SU-1 ~) 
R, "Discuss .the role o,f "triple therapy in· peptic ulcer d~sease. (SU-09Ju) 

Plrnrmacology-85 
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·(}. How can you eradicate the 'il. .pylori? (CU-17M, 14Ju,13Ju) 
·Q. · E~list the drugs used in H. pylori induced peptic ulcer. (DU- I 4J) 
'Q! . Short nQ_~: 'f1~ipleJl~erapy. ( U-l6J)4J, SU-I (?J, 1 ~Ju,1 S_I) -.· 

,._ 

Ans. 
Management of H. pylori induced PUD: The aims of management are to reli~ve symptom s, _indu_ce healing _and 
prevent recurrence. H. pylori eradication is the cornerstone of therapy f~r peptic _ulcers, as this will success full y 
prevent relapse and eliminate the need for long-term therapy in the majority of patients. 

H. pylori eradication: All patients with proven acute or chronic duodenal ulcer disease and those with gastric 
ulcers who are H. pylori-positive should be offered eradication as primary therapy. 

Triple therapy: Triple therapy is based upon a proton pump inhibitor taken simultan~ously_ with ~wo antibiotics 
\. ' -(from amoxicillin, clarithromycin and metronidazole) for 7 days. H. pylori eradication . 1s achieved 111_ over 90% of 

patients . After completion of triple therapy, the proton pump inhibitor should be contmued once daily for a total 
of 4-6 weeks to ensure complete ulcer healing. 

( ' Drugs for triple therapy 
A proton pump inhibitor (12-hourly) for 7 days 
Clarithromycin 500 mg 12-hourly for 7 days 
Arnoxicillin I 12-hourl or metronidazole 400 ma 12-hourl , for 7 da s. 

(Ref Davidson 's- medicine-22nd) 

Nice to know 
Triple therapy: The best treatment regimen consists of a 14-day regimen of "triple therapy": a proton pump 
inhibitor twice daily; clarithromycin, 500 mg twice daily; and either amoxicillin, 1 g twice daily, or 
metronidazole, 500 mg twice daily. After completion of triple therapy, the proton pump inhibitor should be 
continued once daily for a total of 4- 6 weeks to ensure complete ulcer healing. 

(Ref Katzung-l 3th) 
Quadruple therapy: Quadruple therapy should be offered to those patients who remain infected after initial triple 
therapy once the reasons / or failure of first-line therapy have been established 

Drugs.for quadruple tl,erapy ' ' 
1. A proton pump inhibitor (12-hourly) 
2. Bismuth 120 mg 6-hourly 
3. Metronidazole 400 mg 12-hourly, and 
4. Tetrac cline 500 m 6-hourl , fo r 7 days 

For those who are still colonised with H pylori aj ier two treatments, the choice lies between a third attempt with 
quadruple therapy or long-term maintenance therapy with acid suppression. 

(Ref Davidson 's- medicine-22nd) 

Q. Discuss the role of clarithromycin in the management of peptic ulcer disease. (CU-l 3J) 
Ans. 
Role of clarithromycin in the management of peptic ulcer disease: Clarithromycin kills and eradicated H. 
pylori and thus helps in pennanent healing of peptic ulcer disease. 

Q. Discuss the role of amoxicillin in peptic ulcer disease. (SU-09J) 
Ans. 
Role of amoxicillin in peptic ulcer disease: 

I. Amoxicill in kills H pylori by inhibiting cell wall synthes is of the bacteri a. 
2. Amoxicillin potentiates the action of other antibiotics used in triple or quadrup le the rapy. 

Q. A man aged 32 years had epigastric pain for few months. Endoscopy confirmed duodenal ulcer. Write 
his treatment with mechanism of drug used. (RU-I I Ju) 

Ans. 
Trea_tment: Triple therapy 



G.1stroi11tc !-! linal Pharrn acolog · 
Mcchnnism of dru~s llSl'd : IVrikji-0 111 respe ·fil'c <lisrnssion. 

Q. !\'Ir. X suffers from upprr ahclominal discomfort with NSAIDs. llow ii can ht ovcn ·o111 c'! (\ l !- 1 l l) 
,\nS. 
Treatment of NSAID induced PUD: 

I. Antiulcernnt: 
a. 1-1 ~ blocker 
b. PP\ 

c. To_!ncr~ase mucosa! resistance : Sucralfatc, Prostaglandins / co ll oidal hi'> n1uth com rour1 
2. S~op the otfendmg ~SAID. Use alternative analgesic such as opio id analgesic (cg, tramadul) . 
3. It NSAID therapy is mandatory, then it must be given at full stomach with PP! covc ragc 3(J rn inut<.: , 

before meal. 

Q. Compare & contrast Ranitidine & omeprazole as anti-peptic ulcer drugs. (DU-6M ; C -07J) 
Q Compare & contrast Hi-receptor antagonists & PPis as ulcer healing drugs. (CU-06M) 

--. Q Compare the status of PPis and Hi-receptor antagonists as inhibitor of HCI secretion . ( RU -1 SJuJ 
Ans. 
Comparison between Hi-receptor blockers & PPis: 

Traits .. I .. H2-blockers /Ranitidine I PPls / Omeprazole · . ' ,. 

1. Nature Active drug It is an Lnactive prodrug and requires 

.. - activation. 
2. Mechanism of action Reversiblely block the H2 Irre·versibly block H+/K+ ATPase (the 

receptor on parietal cell proton pump) on the parietal cell 
3. Duration of action . Relatively sho1ier Longer 
4. Development of tolerance Yes No . 

5. Suppression of 24 hrs HCI 70% 90 - 98% 

secretion .. 

6. Efficacy Less More 

7. Predominant i_nhibition Suppress predominantly basal Suppress both basal + meal 

acid secretion stimulated acid secretion 

8. Drug interaction No (Cimetidine inhibits Cyt- Significant drug interaction occurs 

P45 0) 

9. Dose 150 mg,12 hourly 
~ ' 20-40 mg 12 hourly 

Q. Mention the adverse effects of proton pump inhibitors. (DU-08J; SU-07J) 
Q. Explain the adverse effects of lansoprazole. (DU-09Ju; RU-08J) 
Q. Mention the adverse effects of omeprazole. (RU-07 Ju , CU -1 0/09J) 
An s. 
AcWerse effects of PPI / omeprazole / lansoprazole: 
0 

.. ·-

A. General: PP!s are extremely safe dru g. In only 1-5% cases the fo llowing adverse effects are reported-

• Diarrhea 
• Headache 
• Abdominal pain 
• Safety during pregnancy is not established . 

B. Nutritional: Prolonged PP! therapy causes subnormal vitamin 81 2 level. 

C. Respiratory & coterie infection: 
• Increased ri sk of enteri c infection (Clostridium dijjicile infecti on) 
• Increased ri sk of community acquired pneumonia & nosocorn ial pneumonia (unc lear) . 

e• " 
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D. Pot<'ntial problems due to incrc11scd scrum gastrin lcvl'l : 

• 1 minoid tumor le rmulion has not been cl cumcn!ed . 

• 
• 

No risk of co lonic carcinogenesis. . . 
\), at present routine .crum gastrin level monitoring is not recommended in PPI tak1n ¥ patient. 

Q. ~hort not,:: Puntoprazolc. (DU-15.lu) 
An . Wrilt ji-u111 al O\ 'l' . (, I_. J I 

Sucralfate 

Q. What is the mechanism of action of sucralfate? (CU-03J) 
Q. List the role of sucralfate in peptic ulcer. (SU-l 6Ju, 13J) 
Ans. 
Mechanism of action of Sucralfate: 

(Re.f: Katzung- 13th) 

' l r 
/ \ ( I r,r 

I. Sucralfate is a salt of sucrose complexed to sulfated aluminium hydroxide, Al(OH)3. Negatively charged 
sucrose sulfate binds to positively charged proteins in the base of ulcers or erosion. In this way, it fo rms a 
physical barrier that restricts further caustic damage. 

2. Sucralfate also stimulates mucosa! PG & HC03- secretion. 

Indications of Sucralfate: At present its clinical uses are limited. 
I. Peptic ulcer disease (PUD). 
2. Prevention of stress related bleeding (As PPls, H2-blockers, antacids may increase the risk of nosocomial 

pneumonia, many physician uses Sucralfate in stress related bleeding prevention). 

Adverse effects of Sucralfate: 
I. Constipation due to Al salt. 
2. As small Al can be absorbed, it should be avoided in pts with renal failure . 
3. The viscous layer, formed by Sucralfate may inhibit the absorption of phenyto in, digoxin and 

ketoconazole & tluoroquinolones. 
(Ref Katzung-1 Jth) 

Colloidal bismuth com ounds 

Mechanism of action of colloidal bismuth compounds: The precise mechanisms of act ion of bismuth are 
k 

C-'-(''-( 'i un nown. 
1. Bismuth coats ulcers and erosions, creating a protective layer against ac id and pepsin. 
2. It may also stimulate prostaglandin, mucus, and bicarbonate secretion . 
3. Bismuth subsa licylate reduces stool frequency and liquidity in acute infectio us diarrhea, due to alicylate 

inhibition of intestinal prostaglandin and chloride secretion. 
4. Bismuth has direct antimicrobial effects and binds enterotoxins, accounting fo r its benefit in preventing 

and treat ing traveler's diarrhea. 
5. Bismuth compounds have di rect antimicrobial activity agai nst H pylori. 

Clinical uses of colloidal bismuth compounds: 
l. Dyspepsia 
2. Acute diarrhea 
3. Prevention of Travelers ' dia rrhea. 
4. 1-1 . pylori induced PUD. 
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-=-dverse effects: Have excellent safety profile. 
A. 1. Blackening of the stool (not altered black tarry stool). 

2_ Darkening of the tongue. 

3_ Prolong use may cause ''encephalopathy" due to bismuth toxicity. 
a. Ataxia 
b. Headache 
c. Confusion 
d. Seizure 

4. High dose may cause salicylate toxicity. 
S. Should be avoided in patients with renal insufficiency. 

n\_·) \\ c- G fl \ \) l I 

. I Pharmacology 
Gastrointestana -

(Rel Katzung- 1 Jth) 
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1~ it-f.j_ ,j t,t/4 ffl 1 
Q. Explain tlie roie of misopr:ostol in treatment of peptic ulcer. (SU-·I 6Ju,06M) 
Q. How. does misoprostol protect gastric mucosa? (RU-12.Ju) 
Q. Writ~ the mechanisr,i .ofaction o.fmisoprostol? (CU-12.Ju) . . 
Q. Justif°)'- use of.misoJ>rostol not the Antacid in the treatment of drug induced peptic ulcer. (CU-03J) 
Q. Exl5lain t~e ~harmac<ilogical' basis of t1sing- Misoprostol in NSAID-induced peptic ulcer. (SU-l 4Ju) 
Q . .1.' hat is the.advantages or'miSOJ>.l'Os!<il in tl!e treatment of peptic ulc,~r? (CU- I 5Ju) 
Ans. 

Misoprostol: It is a synthetic PG. Misoprostol has both acid inhibitory and mucosa! protect ive properties. 
l. It stimulates mucus arid bicarbonate secretion and enhances mucosa! blood fl ow. 

-1~ Reduces histamine-stimulated cAMP production in parietal cells and causing modest acid inhibition. 
-3. Prevents the luminal W from diffusing into the mucosa. 
4. Increases cell replication in mucosa. 

(Thus, misoprostol prevents drug induced peptic ulcer. But antacid only relieves pain. It has no cytoprotective 
action.) 

Nice to know 
Clinical Uses: 

,,--I-: Prevention of NSAID-induced ulcers in high-risk patients. Misoprostol reduces the incidence of 
NSAID-induced ulcers to less than 3% and the incidence of ulcer complications by 50%. 

(However, misoprostol has never achieved widespread use owing to its high adverse-effect profile and need for 
multiple daily dosing.) 

Contraindication: 
\ , . I"" ' \, ~ : c 1. Pregnancy - \...,., .\ • °"' C .. .,....,.i,- , .. c \.. < < 

2 .- Women of childbearing potential unless they have a negative serum pregnancy test and are compliant 
with effective contraceptive measures. . 

Q. Write down the adverse effects of misoprostol. (CU-I 2Ju) 
Ans. 
Adverse effects of misoprostol: 

l. Diarrhoea, cramping abdominal pain. 
2. Spotted bleeding, dysmenorrhea. 

Q. What is the limitation of misoprostol? (RU- I 6Ju) 
Ans. 
Limitation of misoprostol 

l. High adverse-effect profile 
2. Need for multiple daily dosing. 

Q. Give advice to a peptic ulcer pt. 
A11s. 

A dvice to a peptic ulcer pt 
I. Stop smoking 
2. Stop NSAID 
3. Stop alcohol 
4. Take regular meals 
5. Avoid oily, spicy food 
6. No tension, no anxiety. 

(Ref Katzung-1 Jrh) 
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Q. \Vrite down the treatment strategy of ucute peptic ulcer. (SU- I 2J) 
Ans. 
Treatment strategy of acute peptic ulcer 
- 1. PPI in I~ route: Omep_razo le, pantoprazole, esomeprazolc . 

2. If bleedmg PUD: Nothing per oral, IV access, isotonic fluid infusion blood transfu sion. 
3. A~er settlemen_t I 1:eSuscitation of the patient, endoscopy should be done to detect thl: exten t and sever ity 

of ulcer. lnvest1gat1ons to detect H. pylori infection should be done. 

Q. Briefly discuss the management ofGERD. (SU-16Ju) 
Ans. 
Gastro-esophageal reflux disease (GERO): 

I. Lifestyle advice, including-
a. weight loss 

b. avoid~nce of dietary items that the patient finds worsen symptoms. 
c. ele~at1on of the bed head in those who experience nocturnal symptoms. 
d. avoidance of late meals . 
e. giving up smoking. 

2. Drugs used for GERO: 
a. PPls: Usually effective in resolving symptoms and healing oesophagit is . 
b. When dysmotility features are prominent, domperidone can be helpful. 
c. Antacids and alginates: Provide symptomatic benefit. 
d. Hi-receptor blockers: Help symptoms without healing oesophagitis. 

3. Anti-reflux surgery: If medical treatment fails or patients are unwilling to take long-term PP ls. 
(Ref Davidson 's-22'"11867) 

Nice to know 
Gastroesophageal reflux disease (GERD) is a long-term condition where stomach contents come back up into the esophagus 
resulting in either symptoms or complications. Symptoms include the taste of acid in the back of the mouth, heartburn, bad 
breath, chest pain, vomiting, breathing problems, and wearing away of the teeth. Complications include esophagitis, 
esophageal strictures, and Barrett's esophagus. 
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=------
Laxatives 

Q. Ddinl' constipation. 

Ans. . _ . . .. , , of 1, ,,rd stools. Patients may al so complain of 
Constipation: Constipation is ch.:lincd as 11ilrcqucnt pass,,gc ' · . 

1 
d' 1- rt C ·t· , 1· . · · I .-, . I · abdom111a -1scom o . ons 1pa 10n may b 

straining. a sensation l) f incomplete evacuation and cit 1cr ~)Cl iall <I or e 
the end result of many gastroi ntestinal and other medical cl1 sorclcrs. 

Q. Classif)' laxatives. (RU-09Ju) 
Q. Name the drugs used in constipation? 
Ans. -
Laxatives: The terms purgative, cathartic, laxative, aperients and evacuant are synonymous. fh ey are medic ines 
that promote defecation large ly bv reducino the viscosity of the contents of the lower colon. 

-
0 (Rel Bennell & Brown- / l1h; 

Laxatives/ drugs used in constipation: 

A. Luminally active agents: 

( -

I. Bulk forming laxatives: Bulk-forming laxatives are indigestible, hydrophilic colloids that absorb water, 
forming a bulky, emollient gel that distends the colon and promotes peristals is. 

• lspaghula husk 

• Bran 
• Psyllium 
/ 
• Methylcellulose 
• Polycarbophil (synthetic fibers) 

2. Osmotic laxatives: The colon can neither concentrate nor dilute fecal flu id: feca l water is isoton ic 
throughout the colon. Osmotic laxatives are soluble but nonabsorbable compounds that result in increased 
stool liquidity due to an obligate increase in fecal fluid . 

• Nonabsorbable Sugars or Salts 
; Magnesium hydroxide (milk of magnesia) 
o Sorbitol. 
o Lactulose 
o Magnesium citrate 
o Sodium phosphate 

• Balanced Polyethylene Glycol (PEG) 

3. Stool softeners (Emollients) / Stool Surfactant Agents: These agents soften stool materia l, permitting 
water and lipids to penetrate . They may be administered orally or rectally. 

• Glycerin suppository 
• Docusate (ora l / enema). 
• Liquid paraffin (Mineral oil) 

B. Stimulant Laxatives (cathartics): They induce bowel movements through direct stimulation of the enteric 
nervous system and colonic electrolyte and fluid secretion . 
a. Anthraquinone derivatives: 

/• Aloe 
• Senna 
• Cascara 

b. Diphenylmethane derivatives 
• Bi sacodyl 

• Phenolphthalein (removed from the market owing to possible cardiac toxicity) 
c. Castor oil 
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D, f_rokinctic ~gents_: (acting primarily on motility) . >'<' ' e,\ 
a. Scrotomn SH r~ receptor agonists: 

' • / Teoaserod 7 ,- ::, 
' • Cisapride 
/ 
• Prucalopride 

Gastrointestinal Pharrrrncology 

b Opioid rece1ltor antagonists· act ti I · . · · · . · 1roug 1 1ntest1nal mu (µ) -op101d receptors. 
~ Methylnaltrexone bromide 
• Alvimopan 

/ Misoprostol. 

Q. Name some commonly used laxatives. (RU-l0Ju) 
Ans. 
Some commonly used laxatives 

l . Ispaghula husk 
2. Lactulose 
3. Magnesium hydroxide (milk of magnesia) 
4. Glycerin suppository 
5. Docusate (oral / enema). 
6. Liquid paraffin (Mineral oil). 

Q. How will you manage a case of constipation? 
Ans. 
Management of constipation: 

(Ref Goodman & Gilman 's- l2th; Katzung-!3th) 

A. Non-pharmacological approach: The overwhelming majority of people do not need laxatives. For most of 
the people, intermittent constipation can be prevented by -
I. Fiber-rich diet (20-30 gm/day). 
2. Adequate fluid intake. 
3. Regular exercise. 
4. The heeding of nature 's call. 
5. Avoidance of constipating drugs. 

B. Pharmacological approach: Use of laxatives. Patients not responding to dietary changes or fiber 
supplements should undergo medical evaluation prior to the initiation of long-term laxative treatment. 

(Ref' Katzung-13th) 

Nice to know 
General mechanism o(action o(laxatives: 

1. Laxatives increase retention of'intra-luminal flu id by hydrophilic or osmotic mechanisms. 
2. Laxatives cause net absorption ojjluid by effects on small & large bowel fluid & electrolyte tramport. 
3. Laxatives alter motility by either inhibiting segmenting (non-propulsive) contractions or stimulating 

propulsive contractions. 
(Ref Goodman & Gilman 's- 12th) 

Dietary fibres: 
Sources: Cell walls and supporting structures of vegetables andfi·uits. 
Nature: Most of the fibre in our diet is in the form ofnonstarch polysaccharides (NSP) , which are not digestible 
by human enzymes. 
Types: 

1. Soluble (pectins, guar, iJpaghula) 
2. insoluble (cel/11lose, hemicel/uloses, lignin). 

Pharmacology-86 
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/nsoluh/e.fibre has less effect than soluble fib re on the viscosity of gut contents but is a stronger laxative because 
it resists digestion in the small boivt:I and so enters the colon intact. 

Mechanism of action: They act by increasing the volume and lowerin_g. the viscosity of intestinal c~n1e111.1· to 
produce a so.ft bulky stool, which encourages normal reflex bowel act1 v1ty. They should be taken wllh liheral 
quantities qf fluid (at least 2 litres daily). 

Indication: Treatment of choice for simple constipation. 

Q. Discuss the mechanism of action of ispaghula husk? (C U-04M) 
Ans. 

(Ref Benne IL & Brown-/ I th) 

Mechanism of action of ispaghula husk: They are indigestible, hydrophil ic colloi ds that absorb water and form 
a bulky, emollient gel that di stend the colon & promote peri stalsis. 

Adverse effects of bulk forming laxatives : 
l. Increased bloating 
2. Flatus 

Contraindications of bulk forming laxatives: 
I . Intestinal obstruction. 
2. Megaco lon or megarectum. 
3. Fecal impaction should be treated before fibre supplementation. 

(Ref Katzung-13th; Goodman & Gilman 's-l2th) 

Q. Discuss the mechanism of action of lactulose. (CU-04M) 
Q. Short note: Lactulose. (RU- I 6Ju) 
Ans. 
Mechanism of action of lactu lose: Lactulose is a synthetic di saccharide. Taken orally, it is unaffected by smal l 
intestinal disaccharidases, is not absorbed and thus acts as an osmotic laxative. It increases fecal fluid & thus 
increase stool liquid ity. Jncreased intestinal contents stimulate peristalsis and evacuation of stool. 

Indications of lactulose: 
(Ref Benne!L & Brown-11th, Katzung-l 3th) 

1. Constipation: Treatment of acute constipation or the prevention of chronic constipation. 
2. Hepatic encephalopathy 
3. Frequently used to clear the colon fo r diagnostic procedures (eg, colonoscopy) or surgery. 

Adverse effects of osmotic laxatives / lactulose: 
l . Hypermagnesemia (So, lactulose should not be used for prolonged periods in patients wirh renal 

insufficiency due to risk of hypermagnesemia). 
2. Severe flatus and cram ps. 
3. Ri sk of intravascular volume depletion & electrolyte fl uctuations. (Hence they should not be used in 

patients who are fra il, elderly, have renal insufficiency, or have significant cardiac disease.) 

Contraindication 
I . Renal fa il ure 
2. Severe cardiac disease 

(Ref Katzung-1 Jth) 

Q. Write down the mechanism of action of bisacodyl. Write the indications. (RU- I 0/09Ju) 
Ans. 
Mechanism of action of stimulant laxatives / bisacodyl: Stimu lant laxatives induce bowel movement by­

.11 . Di rect sti mu lation of the enteri c nervous system 
2. , Increasi ng co lonic electro lyt & flui d ecretion by irritat ion . 

I., 
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Indications of stimulant laxatives/ bisacodyl: 
- J. Constipation: Treatment of acute constipation or t.he prevention of chronic constipation . 

2. Long-term treatment of constipation, especially in patients who arc neurologically impaired and in bed­
bound patients in long-term care facilities . 

Adverse effect ?f st~n~ulant laxatives / bisacodyl: More recent research suggcst s that long-term use of these 
oents probably 1s safe 111 most patients . 

ao . I 
J. Abdom111a cramps (should be used 011/y wirh caution in J)J'egnancy, one/ never where inre.1/inul 

obstruction is suspecred. ) 
2. Excessive fluid secretion--+ Diarrhea . 
3. long-term use of cathartics --+ dependence and destruction or the myenleric plexus, n.:s ulti ng in co lonic 

atony and dilation. 

(Ref Bennelf & Brown- / I th, Katzung-1 Jt h) 

Nice to know 
Stool softeners 
Mechanism of action of stool softeners (emollients): They decrease the surface tension of the stool lo allow 
mixing of aqueous & fatty substance softening the stool & permitting easier defecation. 

Adverse effects of stool softeners: 
l. Long term use can impair absorption of fat soluble vitamins (A, D, E & K). 
2. Aspiration can result in a severe lipid pneumonitis. 

(Ref Katzung-1 Jth) 
Enema 
An enema is the procedure of introducing liquids into the rectum and colon via the anus. The increasing vol ume 
of the liquid causes rapid expansion of the lower intestinal tract, stimulates peristalsis and causes evac uation of 
stool. Enema is used for bowel preparation for-

v 

GIT surgery 
Radiological examination of gut, eg, barium enema 
C.Glonoscopy 

igmoidoscopy 

Dru" ·'s·~ittinulatin GIT motili 
Q. w,, short notes on prokinetic agents. (SU-08J) 
Ans. 

~ okinetic agents: . . . . . 
Definition: Drugs that selectively stimulate gut motor fu nction are called prok111et1c agents. 

Prokinetic agents: 
I . D2-receptor antagonists: 

/ Metoclopramide 
y ,Eomperidone 

2. Cholinomimetic agents: 
• Bethanechol 

/•/ Neostigmine 
Y. Macrolides: Erythromycin, azi th romyc in 
4-:' Chloride cha-;;;-el activator: Lubiprostone. 

0 

(Ref Kat::: 11 11g-l 3th) 

(Ref Kar::: 11ng-! 3th) 
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' nti-emetic dru s 

Causes of Vomiting / Emesis: Nausea and vomiting may be manifestations of a wide variety of conditions, 

including adverse effects from medications; systemic disorders or infections; pregnancy; vestibular dysfunction; 

central nervous system infection or increased pressure; peritonitis; hepatobiliary disorders; rad iation or 

chemotherapy; and gastrointestinal obstruction, dysmotility, or infections. 

Pa tho physiology of emesis/vomiting 

The brain stem "vomiting center 11 is a loosely organized neuronal region within the lateral medullary reticular 

formation and coordinates the complex act of vomiting through interactions with cranial nerves VIII and X and 

neural networks in the nucleus tractus solitarius that control respiratory, salivatory, and vasomotor centers. High 

concentrations of muscarinic M1, histamine H1, neurokinin I (NK 1), and serotonin5-HTJ receptors have been 
identified in the vomiting center. 

There are four important sources of afferent input to the vomiting center: 

I. The "c~moreceptor trigger zone (CTZ)" or area postrema is located at the caudal end of the fourth 

ventricle. This is outside the blood-brain barrier but i~ accessible to emetogenic st~~l the blood or 

cerebrospinal uid. The CTZ is i:RJn _ dopamin ~receptors and opioid receptor~, and possibly 
serotonin5 HT3 ece tors an NK1 receptors. -~ 

2. The vestibu stem is impo~ otion sickness via cranial nerve VIII. It is rich in muscarinic M
1 

and histamin H1 eceptors. -"" \.___/ 

3. Va~al and SJ!inal afferent_ nerves from the gastrointestinal tract are rich n 5-HT3 receptors . 
Irritation of the gastrointestinal mucosa by chemotherapy, radiation therapy, disten 1011, or acute 

infectious gastroenteritis leads to release of mucosa! seroton in and activation of these receptors, which 
stimulate vagal afferent input to the vomiting center and chemoreceptor trigger zone. 

~ he CNS plays a role in vomiting due to psychiatric disorders, stress, and anticipatory vomiting prior to 
cancer chemotherapy. 

Identification of the different neurotransmitters involved with emes is has al lowed deve lopment of a diverse group 

of antiemetic agents that have affinity for various receptors. Combinations of anti emetic agents with di ffe rent 
mechanisms of action are often used, especially in patients with vomiting due to chemotherapeutic agents. 

(Ref Katz 11ng-J]th) 
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Q Draw a schematic diagram to sh ti . 1 ti· . t· rocts for · . . . · ow u m·uronal conm·ctions of the vomiting center an< ,c '1 "' 

pharrnncolog1cal mkrventton. (CU- I ii.Ju) 
Ans. 

Stimulus 

Pain, repulsive • 
sights and smells, ~ 
emotional factors 

Motion sickness ~ 

Input 

Sensory afferents 

lntegralion 

and CNS pathways ---,_. Higher centres ----

H, receptor 
antagonists, 

muscarlnlc receptor 
antagonists 

Dopamine antagonists, 
aprepitant, 5-HT 3 antagonists 

Output 

Labyrinth ~ 

Vestibular nuclei , 
(H1 and mACh receptors) ~ 

I 

CTZ 
(NK1 , D2 and 

5-HT 3 receptors) 

Vomiting 
centre 

(mACh receptors) 

Nerves to 
somatic and 

--+ vlsceral 
receptors 

' Blood j 
Endogenous ~ r------.; ___ __, 
toxins, drugs ;-.. 1 

, Release of emetogenic 
' agents (5-HT, prostanoids, 

free radicals) 

L Visceral 

l 
Nucleus of the 
solitary tract 

(mACh and H1 receptors) 

Muscarlnlc receptor 
antagonists 

Stimuli from 
afferents pharynx and ' 

stomach ~--~ (5-HT3 receptors?) 

5-HT3 

antagonists 

H1 receptor 
antagonists 

Figure. Schematic diagram of the factors involved in the control of vomiting, with the probable sites 
of action of antiemetic drugs. Chemoreceptor trigger zone (CTZ). 5--HT3, 5--hydroxytryptamine type 3: 
D2, dopamine Dx H,, histamine flt,- mACh. mus(;_f!/:jrzic acetylcholine,· NK1, neurokinin I. ~, . 

/ 

• f; ' I\ T \ -~~ 
--' \ ) / 2_) S' l ' 3 ·- ,Y--\~· --::J 

",-., 

W'Eµu erate antiemetic drugs. (DU-09Ju; CU-l5J, IJ'Ju , I IJ,09Ju; RU-1 4Ju,13J) 
Q. Uis the clinically useful anti emetic drugs. (CU-1 OJ) 
A-
Anti . d -emetic rugs: 

1. Serotonin SHTr receptor antagonists • Ondansetron ~1;- C' \, {_I"-(_.\ ~ ~ 
• Gran iietron 

. t-0-(-\.- ...... '--'"" ·"' -
• Dolasetron 

• Pa lonosetron 
Prokinetic agents (Di-receptor blocker) Dorn peri done [Vl . c.·\ c- r \ c_O;. ... , , ~ I/ 2. a 

3. Corticosteroids • Dexamethasone 

• Methylpredniso lone 
4. Neurokinin receptor antagonis ts ~ Aprepitant l 

• Fosaprepitant 
5. Phenothiazines • Proch lorperaz i ne 

IS Pro rnethazi ne 

• Th ieth ylperazine 
·6. Butyrophenone • Droperidol 

• Halopcridol 
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7. Substituted benzam ides ,. Metoclopramide 

• Trimethobenzamide 
8. H i-receptor antagonists • Diphenhydramine 

• Dimenhydrinate ,.- Meclizine 1 - (-),'9~_y,~ , / 
~ ,,....Cyclizine 

9. Anticholinergic drugs {V' \ ....-• Hyoscine 
10. Benzodiazepines ~,,- Corazepam 

• Alprazolam 
,,,-'Diazepam 

11. Cannabinoids .,. Dronabinol 

• Nabilone 
(Ref: Katzung- 13th: Ltppmcott s-6th) 

Q. Mention the mechanism of action of metoclopramide. (DU-15Ju, CU-OSM) 
Q. State the mechanism of domperidone. (CU-1 OJ, SU-13.J) 
Q. Shor otes: Metoclopramide. ( DU-16.J, CU-05.J) 
A_µ-s . 
Mec,lfanism of action of metoclopramide & dom peridone: Metoclopram ide and domperidone are dopam ine D

2 
eCeptor antagonists . Within the GIT, activation of dopamine receptors in h ibi ts cho line rgi c smooth musc le 

stimulation; blockade of this effect is believed to be the primary prokinetic mechanism of action of these agents. 
These agents increase esophageal peristaltic amplitude, increase lower esophageal sphincter pressure, and enhance 
gastric emptying but have no effect upon smal l intestine or colonic motility. 

l. Metoclopramide / Domperido ne blocks dopamine D 2 receptor within the GIT 
(Ref Katzung-J 3th) 

t 
No.suppression of dopamine mediated acetylchol ine re lease .from myente ric mo tor ne urons 

- t -
j Acetylcholine is rel eased from myenteric motor neurons 

t 
Contraction of GIT smooth muscles by ch o linergic st imulation 

t 
• j Esophageal peristaltic amplitude . 
• jLower esophageal sphincte r pressure. 
• jGastric emptying. 
• No effect on small intesti ne or colonic motility 

2 . Metoc lopramide and domperido ne a lso block dopamine D2 receptors in the chemo reccptor trigger zone of 
the medulla (area postrema) , resultin g in potent antinausea and antiemetic ac ti on. 

Q. Mention the indications of metoclopramide. (C U-OSM) 
Q. Mentio n the ind ications of dompcridonc. (RU-16.J) 
Ans . 

(Ref Katzung-13th) 



675 Gastrointestinal Pharmacology 

Indications of metoclopramide & dompcridone: 
- 1. Gastro-esophageal reflux disease (GERD): Used mainly in combination with antisecretory agents , eg, 

proton pump inhibitor, in patients with regurgitation or refractory heartburn 
2. Impaired gastric emptying due to postsurgical disorders (vagotomy, antrectomy) and di abetic 

gastroparesis 
3. Non-ulcer dyspepsia. 
4. Prevention of vomiting (antiemctic): Due to their potent antiemetic action , metoclopramicle and 

domperidone are used for the prevention and treatment of emesis. 
5. Postpartum lactation stimulation: Domperidone is sometimes recommended to promote postpartum 

lactation. 

1 Q. Mention the adverse effects of metoclopramide. (DU-l 5Ju, CU-OSM) 
Ans. 
Adverse effects of metoclopramide: 

(Ref Kutzung- l 3th) 

CNS adverse effects: As metoclopramide crosses BBB significantly, the most common adverse effects of 
it involve CNS. 

• Restlessness 
• Drowsiness 
• Insomnia 
• Anxiety 
• Agitation 

Extra pyramidal side effects: Extrapyramidal effects due to central dopam ine receptor blockade occur 
acutely in 25% of patients given high doses and in 5% of patients receiving long-term therapy. 

• Dystonias 
• Akathisia 
• Parkinsonian features 
• Tardive dyskinesia (after prolonged treatment with metoclopramide .) 

For this reason, long-term use should be avoided unless absolutely necessary, especially in the elderly . 
3. Elevated prolactin levels can cause-

• Galactorrhea 
• Gynecomastia 
• Impotence 
• Menstrual di sorders . 

(Ref Katzung-l 3th) 

Q. State the adverse effects of domperidone? (CU-1 OJ ,03J) 
Ans. 
Adverse effects of domperidone: Domperidone is extremely well tolerated . 

I. Because it does not cross the blood-brain barrier to a significant degree, neuropsychiatri c and 
extrapyramidal effects are rare. 

2. Elevated prolactin levels can cause-
• Galactorrhea 
• Gynecomastia 
• Impotence 
• Menstrual di so rders. 

( Ref Katzzmg- l 3rh) 

Q. A patient aged 50 years of age, developed tremor & rigidity after a dose of Mctoclopramidc. Explain 
the causes & give the treatment. (SU-09J) 
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Ans. 
Explanation: Tremor & rigidity developed as a side effect or 111 etoclopra111icle. J\ s mdocl opra111idc is a lipid 
so luble drug. it crosscs the blood-brain ba1-rier (BIJB) readil y. So CNS adverse el'll:ctS arc common in 
me toe lo pram ide administration. 

Treatment: 
• Stop metoclopramidc immediately. 
• Muscle relaxant for ri gidity: Baclofen. diazeparn . 

Q. Mention the advantages of domperidone over metoclopramide? (RU-14.lu) 
Q. Why domperidone produces lesser adverse effects than mctoclopramide? (CU-07 J) 
Ans . 
Domperidonc produces lesser adverse effects than metoclopramide: 

• Metoclopramide can cross BBB . So its CNS adverse effects are common. 
• Moreover, long term use or acute toxicity of rnetoclopramide can cause extrapyramidal effects. 
• But, domperidone does not cross BBB & its neuro-psychiatric & extra-pyramida l adverse effects are rare. 

So, it is extremely vvell tolerated . 
(Ref Katzung- 13th) 

Q. How does prochlorperazine differ from metoclopramide? (DU-09Ju) 
Ans. 
Differences between Prochlorperazine & Metoclopramide: 
.... ,:; ·-""'··--·-·· T . .. 1-: .... , •. ,. -- j ..... ·~~'l>'--· ·--s-?,.v.--11-'-11~~~· 

1
.. raats .. ~~,~.,,~~1..,--..,,~,.\,,·..1 1;-r./ · , '• .. . . t' ;:-~,,-1...,.1 ·~·7'"'- , ..... ..:, .......... ~,y.. > 

. . . . .... -, .. · .... ,., ... :.I . " ... "M I . 'd 
.. ,;:_1, Procblorperazme··J<;·~-~-i~1c~~X'.:., ·~-:~< etoc opram1 e 

1. Chemistry Phenoth iazine 
2. Blockade of 5HT receotor Yes 
3. Anti-muscarinic action Present 
4. a-adrenergic blockade Yes (reflex tachycardia, postural 

hypotension occurs) 
5. Histaminergic blockade Blocks (so strong sedation occurs) 
6. Voltage gated Na+ channel blockade Blocks (arrhythmia occurs) 
7. Peripheral conversion of androgen Yes (amenorrhea, galactorrhea, 

to estrogen gynecomastia occur) 
8. Prolactin level No change 
9. Use as antipsychotics Yes 

Q. Compare between clompcridon and metoclopramide. (CU-1 7M) 
Ans. 
Comparison between domperidon and metoclopramidc 

Substituted benzamide 
No 
Absent 
No 

No 
No 
No 

Increases 
No 

: ' ;, · Traits ., • ,.,,\, . .,::!.f.1 , :;!~·~ • .;·i· .. ,,.::~:~": .... J·~·\~-D •d . ,.: ":~ .. ,::\·,,, ) tr • ,,~,.-_.,,..c-,,'"'I\·,,., .-~.,,,,,;,.,-,~~'.'•: omper1 on · ,. · , .. _...~,y-;,1 ·· .,~,: Metoclopram1de 
1. Used to promote postpartum Yes No 

lactation 
2. Crosses BBB No Yes 
3. CNS adverse effects Rare Common 
4. Cause extraoyramidal effects Rare Common 
5. Prolactin level Increases lncreases 
6. Patient com pliance Extremely well tolerated Less well to lerated 

', 



Mention the mechanism of action & adverse effects of om.hrnsctron . ( ' l i - I SJ, 1 Ju , 11 J,09Jtr IW - 1 JJ) g Short note: Oudansctron. (DU- I 7M, I 6Ju ) 

,\115, 

() !1 dansetron . . , 
~ faction : Selecti ve 5-H1 ,i -rcccptor antagonists have polcnt ant icm <.: lic r r >pt.: rti c-. that art: media ted 

gjnl)' th rough-
Jll· , Bio kade of central S-HT3-receptor in the vomi ting center and ch morcccrtor trigger Lone. 

, Blockade of peripheral 5-HTJ receptors on extrinsic intestinal vagal and spinal afferent ncrvc 'i. 

The antiemetic action of thes~ ag~nts !s restricted to emesis attributab le to vagal timulation (cg, postoperative) 
and hemotherapy: other emetic st1m ult such as motion sickness are poorly controlled. 

(Ref Kat::unx- l Jth; 

J!1dications: . 
I. Chemotherapy mduced nausea & vomiti ng. 
2. Post-operative & post-radiation,nausea & vom iti ng. 

(Ref Katzung-1 Jth) 
Adverse effects : These S-HT3-receptor antagonists are well-to lerated agents with excell ent safety profile . Th 
most common adverse effects are-

1. Headache 
2. Dizziness 
3. Constipation . 
4. Prolongation of the QT interval (dolasetron) 

Diarrhea and anti-diarrheal dru s 
Dlarrhea: WHO defines diarrhea as the passage of loose watery stools three or more ti mes in 24 hours . 

Class ification : 3 types. 

(Ref Katzung-1 Jth) 

I. Acute watery diarrhea : Begins acutely & lasts fo r hours to days. No visib le blood with stool. (Cause: Rotavi ru , V. 
cholerae, Salmonella, Enterotoxigenic E. coif) 

2. Dysentery: Passage of visible bl ood in the stoo l (Cause: Shigella, C. j ejuni, entero invasive E coli) 
3. Persistent diarrhea: Lasts fo r more than 14 days. Stool may be mixed with blood. 

Co mplications of dia rrhea: 
I. Dehydrat ion & its complicat ions. 
2. Electrolyte imbalance 
3. Malnutrition . 

Q. Describe the principles of diarrheal management. 
Q. Outline the treatment of a patient suffering from acute watery diarrhea. (DU-l 3Ju) 
A.!)s. 

Princi ples of managem ent of diarrhea: 
I. Correction of dehydration: by-

• ORS 
• IV flu id 

2- Treatment of associated problem & complications: 
• Correction of electrolyte imbalance 
• Improvement of general hea lth tatu & treatm nt of PEM 
• Treatment of vomiting if present 
• Treatment of convulsion or vitamin A defi ciency in children (i f present). 

Phar lllacology-87 
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3. Treatment of infective cause of diarrhea 
• Antibiotics 

4. Fu11her prevention of diarrhea . 

Q. How dehydration is corrected in diarrhea? 
Ans. 
Correction of dehydration in diarrhea: 
A. Rehydration of body fluid: 

678 

I . Orally: By oral rehydration solution_ ORS). 
2. Parenterally: By infusion of TV fluids, eg, 

/. Cholera Saline 
C 

_/- Normal Saline 
/• 5% Dextrose in aqua with normal saline (5% DNS) 
/• Hartman's solution 
• Crystalloid solution 

8. Prevention of further fluid loss: 
1. Treatment of infection 
2. Use of anti-diarrheal drugs 

(Ref MR. Khan, J'J/ 152- 1611 

Q. Discu§ tile adv~#ta1ges':1>! co~~ only use~ .tn~s: (RU~ \1h12J) . . . . . . . 
-Q. Discu~s tlfo role of rehydration . .th~rapy .in the management o( acute watery diarrhea. (CU-06S; S 
. 09Ju,Q6J)<'·; ~ .'.·· . ; :_ -·< . ; ''.r.' .,·~, ,.: . ,;;;_ , · · · , · 

:Q: ~eny o'ri_ thl,:rol,, .:of eac~ -con_stitµent ~f <:HIS i~. th:e manage~ent of diarrhea. (SU-1 OJ,08Ju, CU-071) 
Q. p 1~ s.~;t!Pf ~_o_1e -of9~-~-i;csy-1.1~,-< · ~;- . . - ,. .. . _. - . 
-Qi' s i~t~,Jlj~~r"'(!le of_gl_yco~f·oJ O~..§ m~d1arrhe~~-.(DQ::. 1J Ju) 

,t~s. 
~ le of rehydration therapy in acute watery diarrhea / Role of each constituent of ORS in the management 

' of diarrhea: 
l. Rehydration by water of the ORS: Water of the ORS corrects fluid loss (dehydration). In acute water:, 

diarrhea there is huge fluid loss in a short period of time & subsequently hypovolemia, shock & renal 
failure may develop. So ORS should be started & continued as far as possible. If possible an IV access 
should sta1i & a normaJ-saline should start. 

2. NaCl and KCI: Corrects electrolyte loss and maintain electrolyte balance. 
3. Bicarbonate ion (HCO3} Corrects the acidosis. 
4. Citrate: Increases the absorption of Na+ and glucose and thus decreases stool output. 
5. Glucose: Helps Na+ absorption by Na+-glucose co-transpo11. Along with Na+, water is also absorbed. 

Thus glucose helps absorption of both Na+ & water. 

Viva Q. What is the role of glucose in ORS? 
Ans . Na+ is absorbed from the intestine by Na+ -glucose co-transport. Thus, glucose helps in Na+ absorption. 

Q. What ~re the different types_of ORS? Give the composition of them. '(SU-lOJ, RU-16J,12J) 
Q .. Describe the new formulation ORS. (CU:071)_ ~ _ 
Q. Write the composition of ORS with their objectives: (DU-13Ju, SV-071) 
Q. Short note: ORS. (RU-14J) 
,Q. Short 'note: Citrate base(I_ ORS. (R:0-17J) ·_,·...:;___;:,,.~..1...-=-......!:1-,-..:..:-~:....:::;.__:_:,; . ..,..__;..._;.~"-·,_;._·~--~­

Ans. 
ORS means oral rehydration salts. When ORS is dissolved in adequate amount of water. then the solution ,s 
called Oral rehydration saline. 

Different types of ORS: 
/ c· 1· . 1trate sa me 
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- v.· Bicarbonate saline 

}. Rice saline 

Corn position of ORS: The WHO/UNICEF recommended formulation is-

3. Trisodium citrate dih drate 
4. Anhydrous glucose 13.5 gm/L 

(Ref New formulation orsaline-N (WHO & UNICEF) , SMC) 

Composition of currently used oral rehydration saline in our country: 

NaCl 3.5 g NaCl 
NaHCO3 2.5 g Tri-Na-citrate 
KC! 1.5 g KC! 
Glucose 20 g Glucose 
Water IL Water 

Q. Enumerate anti-diarrheal drugs. (SU-09Ju) 
Q: ~.ame some anti motility drugs. (CU-081) 

' s. 
Anti-diarrheal drugs/ anti motility drugs: 

1. Opioid agonists v~ Loperamide 

• Codeine 

• Di phenoxylate 

3.5 g 

2.9 g 

1.5 g 

20 g 

IL 

2. Colloidal Bismuth compounds • Bismuth subsalicylate 

• Bismuth subcitrate potassium 
3. Kaolin & pectin • Kaolin IS a naturally occurring 

silicate (attapulgite). 
hydrated magnesium 

• Pectin is an indigestible carbohydrate derived from apples . 
4. Bile salt binding resins • Cholestyramine 

~ Colestipol 
O' Colesevelam 

5. Somatostatin • Octreotide 

aluminum 

(Ref Katzung-l 3th) 

Q. Criticize J.,Pd1scriminate uses of anti-motility drugs in watery diarrhea. (SU- l 7M, l 2/09Ju) 
Q. ~OIJlm nt on use of anti-motility drugs on treatment of watery diarrhea . (SU-I 5J, I 3J) 
Ans."-" 
Indiscriminate use of anti-motility drugs: 

1. Antimotility drugs reduce gastric motility. That' s why it can be used in diarrhea. But its indiscriminate 
use in severe diarrhea can mask the clinical features, and there will be sequestration of fluid in the 
intestine, and thus patient may go to shock without any diarrhea. 

2. These drugs may cause toxic megaco lon, and should not be used in young children and patient with 
severe colitis. 
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Q. Name the anti-motility drugs. Justify the use of the named drugs in different diarrheal disease. (CU-

08J) 
Q. Briefly discuss the role of Loperamide in the treatment of acute diarrhea. (SU- I 5Ju,09Ju,06J ,OSS) 
Ans. . Q --L. SJ ~ . ,rr--- ~ ' 
Anti-motility drugs /Opioid agonists used in diarrhea: 

1. Loperamide 
2. Diphenoxylate 
3. G_odeine 

Role of opioid agonists / Loperamide / Diphenoxylate in diarrhea: 
.,__,,,(, 1. Inhibition of pre-synaptic cholinergic nerves in the submucosal & myenteric plexuses 

t 
Increase colonic phasic segmentation activity 

t 
Increase colonic transit time and fecal water absorption. 

2. They also decrease mass colonic movement & the gastro-colic reflex. 

Q. What are the advantages of Loperamide than other opioid agonists? 
Ans. 

(Ref Katzung-1 Jth) 

Advantages of Loperamide: Although all opioids have anti-diarrheal effects, loperamide is an ideal drug for 
diarrhea due to its following special properties-

1. It does not cross BBB. 
2. It has no analgesic effect 
3. It is not potential for addiction. 
4. Tolerance to long term use has not been reported. 

(Ref Katzung-1 Jth) 

Q. Disc.9ssthe role of antimicrobials in the management of acute watery diarrhea. (CU-06S) 
Qy 9"ificize indiscriminate uses of antimicrobials in acute diarrhea. (SU-l 7M, l lJu) 
Ans. 

'--" Role of antimicrobials in the treatment of acute diarrhea: The main cause of acute watery diarrhea ( especially 
in children) is Rota virus & 2nd most common cause is V cholerae. Diarrhea is also caused by toxins and drugs 
such as antibiotics, cytotoxic drugs. Diarrhea caused by virus, toxins or drugs must not need any antibiotics. So 
routine use of antibiotics in acute watery diarrhea should be avoided & discouraged. Antibiotics should be used 
only where bacteria are responsible for diarrhea. 

/ 
,fitibiotic therapy in diarrhea: 

• For viral diarrhea: No antibiotic 
• Antibiotic is indicated in-

1. Diagnosed case of cholera 
2. Dysentery 
3. Systemic manifestation of endotoxic shock 
4. Presence of fecal leukocytes (pus cells) for more than I 0/HPF. 

Q. What is the treatment of infective diarrhea? 
Ans. 
Treatment of infective diarrhea: 

• Correction of dehydration 
• Correction of electrolyte imbalance 
• Use of appropriate antibiotics 
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_.,,, ot· antibiotics in infective diarrhea 
l)sc 

cause of diarrhea I Drugs of 1 ~• choice Altemntive dru s 
v. cholerae T etracyclincs • Q11inolones 

• Arninoglycos idcs 

E. Coli Cephalosporin • Quinolones 
TMP-SM Z • Amino J.dvcos ides 

-Shigella Quinolones • TMP-S MZ 

• Ampicillin 

• Azithromycin 

• Ceftriaxone 
C ampylobacterjejuni Azithromycin • Tetracyclines 

Erythromycin • Quinolones 
~ (Ref Katzung-13th; 

Q. Discuss the role of Tetracyclines in the treatment of acute diarrhea. (SU-I 0J ,09Ju) 

An . ~ V. cholerae is highly sensitive to Tetracyclines. Acute watery diarrhea caused by V cholerae should be treated 

with tetracyclines. 

Q. List the antimicrobials that may be used in infective diarrhea caused by Shigella. Select P drug in th is 
case and justify your choice? (CU-06M) 

Q. Outline the selection criteria for selection of P-drug in treatment of acute diarrhea. (S U-1 !Ju) 

Ans. 
Drugs for Shigella induced diarrhea: 

-r Ciprofloxacin 
2. Ampicill in 
3. 3rd and 4th generation Cephalosporins 
4. Co-trimoxazole 

Ciprofloxacin is the P-drug of infective diarrhea caused by Shigella because of 
l .,, Bactericidal effect 
2. Rapid onset of action 
3. Prolong duration of action 
4. Short duration of therapy 
5. Less prone to 'develop resistance 
6. Less change of toxicity 

Drugs used in cholera caused by V. clw lerae: 
X Tetracycline 
2. Ciprofloxacin 
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Dru s Used in of Irritable Bowel Syndrome IBS 

!BS is an idiopathic chronic, relaps ing disorder characterized by abdom ina l discomfort (pain, bloating, distention, 
or cramps) in association with alterations in bowel habits (diarrhea, constipation, or both) . With episodes of 
abdominal pain or discomfort, patients note a change in the frequency or consistency of their bowel movements. 

(Ref Katzung-13th) 

Drugs used in IBS: Pharmacologic therapies for !BS are directed at reliev ing abdominal pain and discomfort and 
improving bowel function . 

A. For patients with • Antidiarrheal agents, especial ly loperamide . 
predominant diarrhea 

B. For patients with • Dietary fiber 
predominant constipation • Osmotic laxatives, especially milk of magnesia . 

For women with IBS with predominant constipation: 

• 5-HT4 partial agonist: Tegaserod (no longer clinically available for 

cardiovascular risk) 

• Chloride Channel Activator: Lubiprostone (recently approved) 

C. For chronic abdominal • Low doses of tricyclic antidepressants (eg, amitriptyline or desipramine, 
pain 10-50 mg/d) 

• Antispasmodics (Anticholinergics) 

• Dicyclomine 

• Hyoscyamine 
D. For nausea, bloating, and • Serotonin 5-HT3-Receptor Antagonists: 

abdominal pain • Alosetron 

• Ondansetron 

• Granisetron 

• Dolasetron 

• Palonosetron 

(Ref Katzung-13th) 

Q. How tricyclic antidepressants help in IBS? 
Ans. 
At low doses, TCA may alter central processing of visceral afferent information. The anticholinergic properties of 
these agents also may have effects on gastrointestinal motility and secretion, reducing stool frequency and 
liquidity. Finally, tricyclic antidepressants may alter receptors for enteric neurotransmitters such as serotonin, 
affecting visceral afferent sensation. 

(Ref Katzung- 13th) 
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-lllli!f4Jitl4•it\ilfa\iiID,Mi,il,faMH;flM41 1JU¥fr-
t1ammatory bowel disease (IBO) comprises two distinct disorders: ulccrativl: co liti s and Crohn 's di sca e. The 

In I . f h d. · f' etiology and pat ioge~esis O t ese. isorders remains unknown. For this reason, pharmacologic treatment 0 

inflammato?' bowe l dis?rders ofte~ '.nvolves drugs th~1t belong to different therapeutic classes and have diffen.: nt 
but nonspecific ~echamSms_ of anti-in~ammatory action . Drugs used in inflammatory bowe l di sease are chosen 

011 
the basis of disease seventy, responsiveness, and drug toxicity. 

Drugs used in IBO: 

1. Aminosalicylates: • Sulfasalazine 

• Olsalazine 

• Balsalazide 

• Mesalamine 
2. Glucocorticoids • Prednisone 

• Prednisolone 

• Hydrocortisone (enemas, foam , or suppositories) 

• Budesonide 
3. Purine Analogs: • Azathioprine 

• 6-Mercaptopurine 
4. Methotrexate 
5. Anti-TNF Therapy • Infliximab 

• Adalimumab 

• Certolizumab 
(Ref Katzung-13th) 

Dru s Used to Treat Variceal Hemorrha e 

Portal hypertension most commonly occurs as a consequence of chronic liver disease. In portal hypertension 
esophageal varices can rupture, leading to massive upper gastrointestinal bleeding. Several drugs are available 
that reduce portal pressures. 

I. Somatostatin & Octreotide 
2. Vasopressin & Terlipressin 
3. Beta-blocker: Propranolol and nadolol. 

(Ref Katzung-13th) 
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MCQ 
Q. AntisccrctOQ' drugs used in run arc- (DU-

17M) 
:i ) misoprostol 
b) ranitidine 
c) omeprazo le 
d) hi smuth compound 
e) suc ra lfate 

a. F, b. T; c. T. d. F. e. F 

Q. A 23-month-old boy has come with frequent 
loose motion for 3 days. You have assessed the 
child as having severe dehydration considering 
the present of- (DU- I 6J) 
a) drinks eagerly 
b) dry mouth and tongue 
c) restless, irritable 
d) skin pinch goes back very slowly 
e) sunken eyes 

a. F, b. T, c. T, d. T, e. T 

Q. Omeprazole- (DU-I 5Ju) 
a. reduce gastric hydrochloric ac id secretion 
b. should be given an hour before meal 
c. is a prodrug 
d. produces achlorhydria 
e. neutralizes gastric hydroch loric acid 

a. T, b. T, c. T, d. T. e. F 

Q. Following drugs binds with bile acid in the 
intestine, thus preventing their return to the 
liver via the enterohepatic re-circulation: (CU-
14Ju) 
a) Niacin 
b) Fenofibrate 
c) Cholestyramine. 
d) Fluvastatin 
e) Colestipol. 

a. F, b. F, c. T, d. F, e. T 

Q. Drugs produce anti-emetic effects are- (DU-
14J) 
a. metoc lopram ide 
b. meclizi ne 
C. im ipramine 
d. domperidone. 
e. cimetidine 

a. T, b. T, c. F, d. T, e. F 

Q. Antibiotics used for eradication of helicohac 
pylori include- (D U-11\ J) fer 

a. clarith ro mycin 
b. amox icillin 
c. co-trimoxazo le 
d. cip ro noxacin 
e. mctronidazo lc. 

a. T; b. 7~ c. F, d. F. e. T 

Q. Omeprazole- (DU- 1 JJu) 
a. is a prodrug. 
b. irreversibly inhabits Na ' /K' ATPasc. 
C. accelerates the gastri c empty ing. 
d. blackens the tongue. 
e. inhabits the cytochrome p-45 0 enzyme. 

a. T, b. F, c. F, d. F, e. F 

Q. Drugs for eradicating H. py lori include- (DU-
13J, l 1Ju) 
a. Clarithromycin 
b. Tetracyc line 
c. Cotrimoxazole 
d. Ciprofloxacin 
e. Metronidazole 

a. T, b. T, c. F, d. F, e. T 

Q. Omeprazole- (DU- 121) 
a. Blocks H+ /K+ A TPase pump. (T) 
b. Is a synthetic ana logue of prostagland in. (F) 
C. Blackens the tongue. (F) 
d. Is indicated for reflux esophagitis. (T) 
e. One of the triple drug therapy. (T) 

Q. Triple therapy for H. py lori eradication 
contains- (OU-11 J) 
a. Amoxicillin (T) 
b. Flucloxacillin (F) 
C. Lansoprazole (T) 
d. Clari thromycin (T) 
e. Erythromyc in (F) 

Q. Pantoprazole- (DU- I OJ) 
a. prevents Na+/H" pump (F) 
b. accelerates gastric empty ing (F) 
C. is ind icated in reflux esophagitis (T) 
d. one of the component of triple drug therapy 

(T) 
e. decreases the pH without reduc ing the vo lume 

of gastric secretion (F) 
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Bronchial asthma: Asthma is an intlammatory disease ol' the airway~ characterized by . cp_isocles of' acute 
bronchoconstriction causing shortm;ss of' breath, cough, chest tightn_t:~s, wheezin g, and rap,? respirut, on. Asthma is a 
chronic cli sc:ase wi th ·.111 und~rl ying inllammatory pathophysiology that , if untreated, may 1nctir airway remode ling, rcsultin, 
in increased severity and incidence or exacerbations and/or death . Deaths clue lo asthma are _relativ~~y infrequent , bu~ 
significant morbidit y results in hi gh outpatient costs, numerous hospitali zations, and decreased quality of Ide . 

(Ref: Lippincott ·s-6th 
. . h I t· 1 

Role of inflammation in asthma: Airllow obstruction in asthma is due to bronchoconstrictl on t at resu ts mm contractio 
of bronchiaf s111ooth musc le, inflammation of the bronchial wall, and increased mucous secreti~n._ Asthm_atic attacks may b: 
related to recent exposure to allergens or inhaled irritants, exercise leading to bronchial hyperact ivity and i~flammation of the 
airway mucosa. The symptoms of asthma may be effectively treated by several drugs, but no agent provides a cure for thi~ 
obstructive lung disease. 

(Ref Lippincott 's-6thJ 

Causes of airway narrowing in acute asthmat ic attacks include-
! . Bronchoconstriction ( contraction of airway smooth muscle) 
2. lnspissation of thick, viscid mucus plugs in the airway lumen 
3. Thickening of the bronchial mucosa from edema, cellular infiltration 
4. Hyperplasia of secretory, vascular, and smooth muscle cells 

Approach to treatment: 
I. Prevention of exposure to allergen 
2. Bronchodilators: To reverse acute bronchoconstriction. Sho11-term relief is thus most effectively ach ieved by 

bronchodilators, of which ~-agonists are the most effective and most widely used. Theophylline and antimuscarin ic 
agents are also used for reversal of airway constriction. 

3. Anti-inflammatory agents: Long-term control is most effectively achieved with an anti-inflammatory agent such as 
an inhaled corticosteroid . 

(Ref Katzung-l 3th edition) 

Q. Classify anti-asthmatic drugs. (DU-06S; CU-06S, SU-16Ju) 
.Q. Classify the drugs l).Sed in the management of bronchial asthma. (DU-12Ju, CU-

. 17M, 15J, 14J, 13Ju/J, l 1Ju,08Ju, RU-09Ju; SU~ l 7J,1 5J,09Ju) . 
Q. · Classify anti-asthmatic drugs according to their mechanism of action. (CU-1 0J,07J) 
Q. -Name,.the short-term reliever and long-term controller drugs used in bronchial asthma. (DU-1 lJu) 

ntµline antiinflammatory agents used in bronchial asthma. (RU-1 lJ) 
Q <;(assify I Categorize/ Name bronchodilators. (RU-16Ju, lSJ, l 3J, SU-16J,l 1J) 

A
, / Lists the group wise important non-bron.chodilator agents used in bronchial asthma. (CU-08J) 

Q, Name clinically useful bronchodilators . (DU-l 0J, CU-06S; SU-07J) 
_ Q. Enlist the ~ntimuscarinic drugs used in bronchial asthma. (CU~ lSJu) . 

Ans. 
Anti-asthmatic Drugs: 

A. Bronchodilator: Reverses bronchoconstriction and prov ides short-term relief (short-term reliever). 

1. Selective P2-agonists a. Short acting (2-6 hours) f I 
.-Salbutamo l ~ 

'I 

.r, .: , ,.--,... l. "'-

t' r, \, 
~ 

2. Anti-muscarinic agent 

•Albuterol 
•Terbuta line 
• Metaproterenol 
•Pirbuterol 

) 

) 

b. Long acting(> 12 hours) 
, •Salmetero l 

• Formoterol 
,,,,- Ipratropium bromide ( ~) 

•Tiotropium 
•Atro ine 

' \ 



- J. Methylxanthinrs 
687 

. • J\ 111i11ophyllinc 
•Thcophyllinc 
• Doxophyll ine 
• Enprophyll inc 

Drugs used in Bron chia l Asthma 

• Pentoxi fy lline (used in intcrrnill cnt claudica ti on) 
•Theobromine l '- cu·c) 
•'Caffe ine 

B. Anti-inflammatory drugs: Suppress chronic inflammation of bronchial asthma (long-term contro ll er) . 

1. Corticosteroids / Glucocorticoids I -1-lyd roco rti sonc (lnj) r ~ 
// 

_y' Predni so lonc (tab let) .. 
,,11 Bec lometh aso ne (inhaler) 

Ac . _L )' 'i }-,,,___.. f e" Betamethasone ( in haler) 
( < '---

/ . Triamcinolone (inhaler) 

( -'j 

/ Budesonide 
• Ciclesonide 

/ • Flun isol ide 

, "' c... \:'\ Fluticasone 
L ,rl. l_ -jn--V- \.1--1\ _,/ Mometasone 

2. Leukotriene receptor antagonists: These drugs also • Zafir lukast 
competi tively prevent bronchoco1~s.ry cti on caused by leukotrienes /. Monte lu kast 
(C4, 0 4 and E4) le ,..~t- <· ,-,.,,,y \ L\ 

3. Leukotriene synthesis inhibitor y Zileuton 
4. Mast cell stabilizers: Prevents mast cell degranulation. 

1

,,. Cromolyn sodium . D-, ( 

/ Nedocromil sodium (_ \-' I > 

5. Anti-IgE monoclonal antibody: Inhibi ts the binding of IgE to mast / Omalizumab 
ce ll s & prevents mast ce ll degranulation. 

1 ~' -- , - ->-, ,. \- «c':-, r, / ''v' L ,--0\ c~~ -, (Re/ Kat:ung-13th) 
;----. '-' cs',''(.\ :.. 'i'¾- O · ) <2 -~o r-- -=, C. '-0. rt c--r,--c.. l.<.q_ \ ,1)-,-,,, 

BronchOdilation ~ ATP( Botaagon;sts ] 

~cAMP 

~ ~ Theophylllne ] 

AMP 

Bronchial to1ne 

Acetylcholine -B7 ~)- Adenosine 

Muscari_nk - "'t;._r Th h Hin ) 
antagonists 1 eop Y e _ 

Bron ch oconstriction 

Fig. Bronchodilation is promoted by cAMP. Intracellular levels of cAMP can be increused by /-J-adrenoceptor 
agonisls, which increase !he rate of its synthesis by adeny/y/ eye/use (AC): or hy phosphodiesterase (PDE) 
inhibitors such as theophylline, which slow the rate cf .its degradotion. Bro11choconstrictio11 cm, be inhibited by 
muscarinic antagonists and possihlv by adenosine antagonists. 

l ' , , . ,'-'',\~ 
Q. Name the drugs used to decrease bronchial responsiveness to exogenous stimuli. Explain their action. 

(S U-12Ju) 

- '',o C c. \ )'• 

<. - , ( c_.., / L ),-1 Jl • r \ C>- -,-
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Ans. 
Drugs used to decrease bronchial responsiveness to exogenous stimuli 

I. Co11icosteroids 
2. Leukotriene receptor antagonists 
3. Leukotriene synthesis inhibitor 
4. Mast cell stabilizers 
5. Anti-lgE monoclonal antibody. 

Write name of the individual class of drugs from above. Write their action.from below. 

Q. Name the drugs used by inhalation route in the treatment of bronchial asthma. (DU-1 OJu) 
Q. Name the inhalational drugs used to treat bronchial asthma. (DU-] 6Ju, 14J, RU-l 5Ju) 
Q. Enumerate inhalers of different groups used in bronchial asthma. (RU-131) 
Af}i. 
l1rugs used bv inhalation route in the treatment of bronchial asthma 

' ; · 1. Selective P2-agonists: Salbutamol, Salmeterol 
2. Anti-muscarinic agent: lpratropium bromide 
3. Corticosteroids: Beclomethasone, betamethasone, triamcinolone 
4. Mast cell stabilizers: Cromolyn sodium, nedocromil sodium. 

(Ref Katzung-13'h edition) 

Q. How to differentiate meter dose and dry powder inhaler? (RU-1 SJu) 
r Ans. 

Differences between meter dose and dry powder inhaler: 

Traits Meter dose inhaler (MDI) Drv powder inhaler (DPI) 
1. Definition A MDI is a device that delivers a specific A DP! is a device that delivers medication 

amount of medication to the lungs, in the form to the lungs in the form of a dry powder. 
of a short burst of aerosolized medicine that is 
usually self-administered by the patient via 
inhalation . 

2. Propellant Propellant based (HF A/CFC) Non-propellant based . 
3. Consistency Solution / suspension Solid particles 
4. Other Contains surfactants and lubricants. Might contain lactose. 

constituents 
5. Coordination Required. Not required. 

of actuation-
inhalation 

6. Cost Less expensive . More ex pens ive . 

metered dose inhaler (MDI) Dry Powder Inhaler 

Q. Name the drugs used in the treatment of acute bronchial asthma. (DU-07J, SU-IJJ) 
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Q. Name the drugs used in the treatment of status asthmaticus. (RU-09.lu/.1 ) 
Q. Enlist the drugs used in acute severe bronchial astlnna. (RU- 13.lu) 
Q. Name 4 drugs used in the lreattm~nt of acute bronchial asthma . (DU-16.1 ) 
,l\ns. 
Drugs used in acute severe bronchial asthma/ status asthmaticus 
A. Bronchodilator 

I. Selective ~2-agonists: Sa lbutamol, Tcrbutalinc, !\lbutcro l 
2. Anti-muscarinic agent: lpratropium bromide 
3. Methylxanthines: Aminophylline, Theophylline 

B. Anti-inflammatory drugs: 
1. Corticosteroids: Hydrocorti sone, Beclomethasone, betamethasone, tri amcinolone 

, . \ (Ref Kaizung-1 3'" edil ion) 
~ .J? r--.Oe ~ \ <._' _ /\1-)() I' 0 U ' ./' 

Q. Stat5 the management of severe acute bronchial asthma/ status asthmaticus. (SU- I I Ju ) 
Q. ouy-rne the pharmacological approach to treat status asthmaticus. (RU-\ 5J u) 
QJJate the drug management of status asthmaticus. (RU-1 7 J) 
An . 
~ cute severe asthma/ status asthmaticus : This is a life-threatening emergency requiring rap id aggress ive 
treatment. t is c 1aracteri zed-6y sev~ eeze, preathlessness to such extent that the~ ient cannot complete 
sentences in 1 breath, tachycardia, central cyanosis and sometimes pulsus paradoxus . -

- (Ref Davidson 's-22nd edition) 

r,c.rr~ ~-r re~ Treatment of acute bronchial asthma: 
I . Oxygen: 

• Give high flow oxygen. 
• Maintain oxygen saturation above 92%. 

2. High doses of inhaled bronchodilators: 
• Salbutamol by nebu li ser in a dose of 2.5-5 mg over about 3 min, repeated in \ 5 min . 
• Terbutaline 5-1 d mg is an alternat ive. - -
• ~-;:-atropium 0.5 mg may be added to the nebul ised ~2-agonist. 

3. Systemic corticosteroids: 
• Hydroco! tisone 200 mg IV 4-6 hour ly, then switch to-
• Pred'Esolone 30-60 1ng orally '-: _ -, .J. J ) 

------- r .. I \ . , '\ \' 
L ' 0' 0"'-Cf~,>- ,-,., ; 4~ Avoid sedation of any kind. I ' 

5. Chest x-ray to exc lude pneumothorax. I,~ 

,onitoring response to treatment: By- ' l ~--, 0. "" 

1. Peak expiratory fl ow rate (PEFR) 
2. Oxygen saturation: maintain >_92% 
3. A~'teri al blood gas (ABG) analysis: Maintain PaO2 > 8 kPa (60 mm Hg). 

- (R~f- Benne/I & Brovvn- 1 I th : Davidsun ·s-22nd) 

Q. Enlist the receptors which after stimulation cause bronchoconstriction . (CU-17M) 
Ans. 
Receptors which after stimulation cause bronchoconstriction 

1. ~2 adrenoceptors 
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Q. Outline the therapeutic approach to bronchial asthma. (SU-1 JJu) 
Q. Outline the therapeutic approach to chronic bronchial asthma. (SU- I I Ju) 
Ans. 
A stepwise approach to the management of chronic bronchial asthma 

Patients should start treatment at the step most 
appropriate to the initial severity of their asthma. 
Check concordanoe and reconsider diagnosis If 
response due to treatment is unexpectedly poor 

lnhalocl st,ort-acting 
~2-agonist as requ1rocl 

j 

.. : .. ..::· .·' 

Add inhal9d steroid 
200-800 JLQ!da~ 
4-oo-µ-g-is-arT1Jpp ropriate 
sf.ming dose for many 
patients 

Start at dose of lnhal9d 
st&roid appropriate to 
severity of disease 

1 Add inhal9d long­
acting Pz-agomst 
~ 

2 Assess control of 
asthma: 
• Good r0Sponse to 
tA~ 
- continue LABA 

• Booefit from LABA 
b--u:rc-mrtrohti II 
inad uafu 
- continue LABA and 
increase inhalocl 
steroid dose to 
800 µg. ay· , ot 

----atmaoron this dose) 
• Jlio response 

to LABA---. 
- _stop LA&i'>: and 
increase inhaioo -
steroid to SOO µQI 

~ If control still 
in.adequhle,7rTStittJtB 
~ ies, 
IGUkotriene receptor 
anta oms or ·Fr 
thoophylline 

11'.litlal add-on 
therapy 

Use daily storoid tabk)t 
In klwest dos.a pr0Vld1ng 
a equate control 

Maintain high-dos.g 
inhalocl steroid at 
2000 µg/day' 

Consider other 
treatments to minrmis.Q 
use of steroid tablets 

Refer patient for 
speciaJist care 

1\\--------,-----------,-------/,.. _________ Sy_ m_pt_o_m_s ________ /1: vs\ Treatment \ 

-----------------------~;r· , 
Figure. Management approach in adults based on asthma control. *Beclometasone diprupionate (BDP) or 

equivalent. From British Thoracic Society and SIGN. 

Q. Name the drugs u_sed for long-term control of bronchial asthma. (DU-17J) 
Q. Enlist three drugs used in chronic bronchial asthma. (DU-17M) 
Ans. 
Drugs used for long-term control of bronchial asthma 

I . Inhaled Short acting P2-agonists, eg, Sa lbutamo l 
2. Inhaled Long acting B2-agonists, eg, Salmetern 

R . D 'd . ? ,.t) ( ej: av, son s-- -
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J. Inhaled Steroids, eg, Fluticasonc 
4. Leukotriene receptor antagonists, cg, Montclukast 
S. Methylxanthines, eg, Doxophyllinc 
6. Oral steroid, eg, preclniso lone. 

Q. How P2 selective agouists (salbutamol / salmeterol) act in bronchial asthma? (DU- l 6J , CU-17M, RU-06J) 
Q. How salbutamol produces bronchodilatation? (CU-l 4J, RU- l 6J) 
Q. Explain the role of.salbutamol in bronchial asthma. (DU-17 J

1 
SU-l 7J) 

Q. Write tl e MIA of salbutamol. (SU-16J) 
Ans. / 
M~ anism of action (M/A) of p2 selective agonists (salbutamol / salmeterol): Bronchial asthma 1s 

-characterized by bronchoconstriction leading to severe respiratory distress. 

~ 2 agonist drugs (salbutamol / salmeterol) bind with ~2 receptor of bronchial smooth muscle 

t 
Relaxation of bronchial smooth muscle (bronchodilatation) 

t 
Quick relief of acute bronchoconstriction and asthma. 

Q. What are the advantages of inhaled Pi-selective agonists? 
Ans . 
Advantages of inhaled ~2-selective agonists/ salbutamol: 

l. Selective action on Prreceptor of bronchial smooth muscle. 
2. Rapid onset of action (within 1-5 minutes). 
3. Very low systemic absorption and so less/ no CVS & CNS (tremor) adverse effects. 
4. Easy to use; even if can be used in office or during walking. 
5. Topical delivery (anatomical selectivity). 

1 
• '1 -

(Ref Katzung-13th) 

(Ref Goodman & Gilman 's-l lrh) 

Q. What iS"the role of salmeterol in bronchial asthma? (SU-08J u,08J) 
Q. Discuss the role of salmeterol in chronic bronchial asthma. (SU- l 7M, l 4J ) 
AQ.&' 
-Role of salmeterol in bronchial asthma: Salmeterol is a potent selective ~2 agonists that plays important role in 
long-term control of bronchial asthma. It is due to the fact that-

1. It has a long duration of action (12 hours or more) as a result of high lipid solubility . 
2. It interacts with inhaled corticosteroids to improve asthma control. 

However, it is not recommended as the sole therapy for asthma. 
( Ref Ka1::. 11ng-l 3rh) 

Q. What is the advantage of salmeterol over salbutamol? 
Ans. Salbutarnol has short duration of action (only 4 hours) whereas Salmeterol has long duration of ac tion ( \ 2 
hours). 

Q. ~·,a_y, re the toxicities of inhaled ~rselective agonists? 
An J 

,... oxicities of inhaled ~2-selective agonists / sulbutamol: Chronic use of ~r se lective agoni sts / sulbutarnol by 
~ ~ inhaler cause-

t
i I. Dryness of airway 

2. _ Irritation or airway 
3. Oropharyngea_l canclidiasis. 
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Q. What ~ adverse effects of systemic P2-selective agonists / salbutamol? (DU-16J , RU-06J , SU-l6J) 
Ans . / 
Ad\'erse effects of systemic P2-selective agonists / salbutamol: ( :Dv-Q_·~ s;n"f'· \ ~ r- ~ r,r-- r 0-\:. 

l. Tremor r----, ~ 
2. Tachycardia 1>1'\,--oJ,e& ~ ~~ ./ 
3. Arrhythmia 
4. Palpitation 
5. Hypokalaemia 
6. Hyperglycemia 

Q. Ephedrine is no longer used in bronchial asthma- explain . (DU-03S) 
Q. Briefly assign reasons why Salbutamol but not ephedrine is preferred as bronchodilator. (DU-05M ) 
Ans. 
Ephedrine is no longer used in bronchial asthma, because-

l. Availability of new efficacious & ~rselective drugs such as sulbutamol, salmeterol. 
2. It has more duration of action than adrenaline. 
3. It has more cardiovascular effect. 
4. It is less potent. 

Q. Compare the consequences between oral and inhalational salbutamol. (CU- l 6J) 
Ans. 
Comparison between oral and inhalational salbutamol 

Traits Oral salbutamol Inhalational salbutamol 
1. Onset of action Slow Rapid (within 1-5 minutes) 
2. Selective action on P2-receptor of bronchial smooth No Yes 

muscle 
3. Systemic absorption High Low 
4. CVS & CNS (tremor) adverse effects Present Less or absent 
5. D ryness of airway No Yes 
6. Oropharyn2:eal candidiasis No Yes 

Q. Discuss briefly the differences between salbutamol & aminophylline. (DU-09Ju) 
Q. Compare salbutamol & theophylline as bronchodilator/anti asthmatic drug. (CU-15J,09Ju,05S) 
Ans. 
Differences between salbutamol & aminophylline 

. - Traits I Salbutamol ,.,, ..... < ,. I .... , .. Theophylline -· .,,_.,·, , - ' 

1. Mechanism Selectively stimulates ~2 receptors Inhibits phosphodiesterase enzyme 
on bronchial tree 

2. Onset of action Slow Rapid (due to IV route) 
3. Duration of action Relatively longer Shorter 
4. Route Inhaled, Oral IV , Oral 
5. In acute asthma Nebulized / inhaled form IV route 
6. Adverse effects • Tremor • Arrhythmia (Tachycardia) 

• Tachycardia • Palpitation 
• Hypotension • Insomnia 

7. Therapeutic index High Narrow 

8. Close observation Not needed Needed 
durin2: administration 

9. Cardiotoxic effect Absent, because sulbutamol has Present (Tachy-arrhythmia, tachycardia, 
no BI effect hypertension, palpitation) 

10. CNS toxicity Less More (insomnia, tremor, restlessness 
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Q. Name the drugs used for nebulization. What are its advantages over inhalation? Mention the 
mechanism of action of any drug. (RU- I 4Ju) 

Ans. 
Drugs used for nebulization 

I. Salbutamol 
2. Terbutaline 
3. lpratropium 

Advantages over inhalation 
I. Rapid onset of action. 
2. Suitable for acute severe asthma. 
3. Less chance of dryness of airway. 

nti-muscarinic dru s in asthma 

Q. Explain the action & role of Ipratropium bromide in bronchial asthma. (DU- l 6J , SU-09J) 
Q. Justify he use oflpratropium bromide in obstructive airway disease. (CU-1 SJ) 
Ans. /,. 
Role o tpratropium bromide in bronchial asthma: Antimuscarinic agents are effective bronchodilators. 

lpratropium bromide blocks Mrreceptors on bronchial smooth muscles & glands 

! 
!IP3 & DAG 

! 
Repolarization of muscles 

! 
Relaxation of bronchial smooth muscles & decreased bronchial secretion 

! 
Relief of bronchial asthma 

(Ref Katzung-l 3th) 

Anticholinergic agents are generally less effective than ~radrenergic agonists. Inhaled ipratropium is useful in 
patients who are unable to tolerate adrenergic agonists. lpratropium is slow in onset and nearly free of side effects. 
These agents are not traditionally effective for patients with asthma unless COPD is also present. 

Clinical use of inhaled muscarinic receptor antagonists (e.g. ipratropium) 
I. Asthma, as an adjunct to ~r agonists and steroids. 
2. COPD, especially long-acting drugs (e.g. tiotropium). 
3. For bronchospasm precipitated by ~r blockers. 

Sources: 
Theophylline - tea 
Theobromine - cocoa 
Caffeine - coffee. 

Methylxanthine dru s 

(Ref Rang & Dale ·s-8th) 

(Ref Kat::ung-l 3th) 

Q. Explain the mechanism of action & role of aminophylline in bronchial asthma. (DU- l6J, RU-1 SJ, SU-
09J) 

Pharmacology-89 
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Q. Outline the mechanism of action of theophylline. (CU-16J , RU-14J) 
Q . .,Ex.plain the role of theophylline in bronchial asthma. (RU-04J ;SU-07 J ;06M) 
Q Write a short note on aminophylline . (SU-06S) 

-
I 

' p\95. 
Mechanism of action of Theophylline in bronchial asthma: Several mechanisms have been proposed for the 
actions of methylxanthines, but none has been firmly established. 

I. Theophylline inhibits "phosphodiesterase (PDE)" enzyme - j cAMP - Relaxation of bronchial smooth 
muscle - Bronchodilation. 

2. Theophylline inhibits ' phosphodiesterase enzyme 4' (PDE4) - j cAMP - Reduces the release of 
cytokines and chemokines from inflammatory cells - Decrease immune cell migration and activation . 

3. Competitive inhibition of adenosine receptors - Prevents bronchoconstriction by adenosine and 
histamine release from airway mast cells. 

(R~[' Katzung-13th) 

Q. ~iISs the pharmacological action of theophylline on respiratory system, CVS, CNS & kidney. (SU-

L J) 

M ~·rmacological actions of theophylline 

A. CVS: Directly stimulates the heart & dilates systemic blood vessels including coronary vessels & reduces 
peripheral resistance. 
• Increase heart rate (tachycardia /tachyarrhythmia) 
• Increase force of contraction 
• Increase cardiac output 
• Usually a rise in SBP & fall in DBP is observed with aminophylline. 

B. CNS: Stimulatory effects including-
• Insomnia (most common adverse effects) 
• Nervousness 
• Restlessness 

• 
• 
• 

Excitement 
Agitation 
Tremor 

• Very high doses, from accidental or suicidal overdose, cause medullary stimulation and convulsions and 
may lead to death . 

C. Kidney: Inhibits tubular reabsorption of Na+ & water & thus causes mild diuresis. 

Q. Mention the indications of aminophylline. (RU-04S/J) 
Ans. 

Indications of aminophylline: 
I. Severe acute bronchial asthma 
2. Chronic asthma 
3. COPD 
4. Apnea in preterm baby 
5. Ordinary headache (caffeine+ aspirin) 
6. Migraine 

7. Emergency treatment of left ventricular failure. 

Q. Mention the adverse effects of aminophylline. (DU-16J, RU- l 4J) 
Q. Mention the adverse effects of theophylline. (RU-l 4J) 

(Ref Katzung- 1 Jth) 

(Ref Katzung-l 3th) 
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Ans. I' 

· A~erse effects of theophyllinc / aminophyllinc: 

I. Cardio-vascular: Tachycardi a, palpitation, hypotcnsion, prccordial pain 

2. CNS (stimulatory): Insomnia, headache dizziness, server restl essness, agitati on. 

3. Overdose may cause se izures or potentially fatal arrh ythmias . 
4. Others: Nausea, vomiting. 

(Ref Katzung-1 Jth, Ciood111an & (1i/111t111 's- l 2tlt , l.ip;1inrnlt ·.1- rith; 

Q. Mention the advantage and disadvantages of thcophyllinc 
Ans. 
Advantage of theophylline 

I . Theophylline is an effective bronchodilator, and it has been shown repeatedly both to relieve airn ow 
obstruction in acute asthma and to reduce the severity of symptoms and time lost from work or school in 
patients with chronic asthma. 

2. Theophylline improves long-term control of asthma when taken as the so le maintenance treatment or 
when added to inhaled corticosteroids. 

3. It is inexpensive. 
4. It can be taken orally, by IV infusion and per-rectally . 

(Ref Kat::ung-! JthJ 

Disadvantages of theophylline: Previously the mainstay of asthma therapy, theophylline has been largely 
replaced with ~2 agonists and corticosteroids due to-

1. Narrow therapeutic window. 
2. High side-effect profile. 
3. Potential for drug interactions. 

(Ref Kat::ung- 1 JthJ 

Q. Why theophylline should be used with caution in IN form? 
Ans. 
Theophylline should be used with caution in IN form: Aminophylline/ theophylline has pos iti ve chronotropic 
& inotropic effect. Rapid IV administration of aminophylline/ theophylline sometimes causes sudden death due 
to cardiac arrhythmia. So, the drug should be injected slowly over 20-40 minutes or with infusion drip slowly to 
avoid severe toxic symptoms. 

(Ref Goodman & Gilman-12th) 

Q. Name the glucocorticoids used in bronchial asthma. (D U-I 3Ju) 
Q. Categorize glucocorticoids used in bronchial asthma with indication and routes in special situation. 

(SU-I 5Ju) 
Q. Enlist inhalation Glucocorticoids. (CU -1 7 J) 
Ans. / 
Ghicocorticoids used in bronchial asthma 

1. IV 
a. Hydrocortisone 

2. Oral 
a. Predni so lone 

3. Inhalation Glucocorticoicls 
a. Fluticasone 
b. Budesonide 
c. Beclometh asone 
d. Ciclesonide 
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e. Flunisolide 
f. M ometasone 
g. Tiriamcinolone 

Q. Expla~n the )pharm~~olog!c~I·~~~i?n~J{o(u,!1~~-;~~~:~~;~~~f!~oid~·t~lt9~f:hJ~F.asthma. tCU-07J) · 
Q. Explam the 1'}ech~msiµ of actio.n of,.beclome_th~~one·.1n b1.;onch1~l asth_ma.:(Dl!:-1 0iu, RU-09! u,06M) 
Q. Discuss the .role. of :glucocor.ticoids'.:·i.i .;bronchial asthnial~hron'ic /~1stiim'a·.'·(DU-17M,1'1Ju, :·CU-17J,09Ju, 

~ •' ,I~ ..i• .·:t 4 • l -''"·'\ •;:\. • ~ . ~ • •• I I, ,, • " ,_ '\ ,o ! --'· f 

1 

RU-12Ju STJ-16Ju 14Ju)' ,i·~·- -·:"' -~'tt. '.,.t~·- .. ·. -'.·j,.:. ·.·.: · .. :··._ .· ·, ,. . , :'._··. -_.. . 
) , ' • • :f· '-; , .. , • ,. • '• • " ., . • • I' ; 

Q. Discuss the. benefidal effects ·of giuf~corticoids in asthrit.at_ic· patient. JDU-13fo) ' . 
< • ' ~ ' t,; . ~· .. - • • ' ... ,, ., .i . I' , • - . -- f- l' 

Q. Explain _th,e· role of hydroco1 isorie. in· t~\ maJii~gein~nfoflfro!1~hial'as!.hm,a. (C~J?q} u) . . . . . . , , 
Q. How corticosteroids act in asthma? (D~-06,S;;~U-06M/S). ;::. . <·;~ .. < :;:> ... :< · . ·· ,· , 1·, 

Q. Discuss th,e role of ster oids inr brom;}lfal as_tliffi1a~''.(C:U~i31\ .·su-09~;ti;.JlU~'i OJ) ,·.,:W; %~-k;f;t¥t···; ~;, .f __ i ·:: '. ' '\ 
' -{ ,, "'f' ,J'-' ,, '"'j;J :'<.,.- . ~ •.\~ ~\'"· • '>· ,•';' " ;. •• ! ·, t -..J• • • • ' •--~-:'"·\,I.• • ,ti l • 

Q . Mention tine role, of fluticasone hd lie~t'reatmeiit-of·til:onchiaha:sthina. ,,(SU-'BJ,l lJ} ·:~".\;, .... ·~< -:.'-:'\ ~-~- . 
An~. ---~-- · ·· - -· -~-') -~-----"{~~f-e;~~-, .... , .. ~. c-~- ... ---- . ·· ·-- . .... _ --·· -- ... 

Role of glucocorticoids / beclomethasone/prednisolone in asthma: Asthma 1s associated with -

• Airway inflammation fCA 1... -c C O''f' -~ t ~ 
• Airway hyperactivity & 9 L 7' bit\ · 
• Acute bronchoconstriction L](. -----7" . ~ l T Bl-\.., C' ~~ 

"~ ~ ; s ~ A 0 \o,,_;, ,---,Q_\-'u-~ ..!, .... b,s-\-~, 1 

Glucocorticoids do not relax airway smooth muscle directly & thus have little effect on acute bronchoconstriction.¾<>~-/ ~ 
On the other hand they are effective to inhibit airway inflammation & hyperactivity. The mechanisms include: ~ 

• Inhibition of the influx of inflammatory cells into the lung after allergen exposure; 
• Inhibition of the release of mediators from macrophages and eosinophils and reduction of the 

rnicrovascular leakage which these mediators cause. 3) f--2~.;,s1"e.. c~ --r ~x,.'.\ e:,,-.\;~ 

~ ~Cfo'- cJl.- ~~-VO-

The glucocorticoids are effective in improving all indices of asthma control-severity of symptoms, tests of 
airway caliber and bronchial reactivity, frequency of exacerbations, and quality of life. 

Inhaled corticosteroids (ICS) are the drugs of first choice in patients with any degree of persistent asthma (mild, 
moderate, or severe). No other medications are as effective as ICS in the long-term control of asthma. 
Severe persistent asthma may require the addition of a short course of oral glucocorticoid treatment. 

(Ref Kalzung-13th + Bennett & Brown-I I th; Lippincott 's-6th) 

Q. Mention the role of glucocorticoids in acute bronchial asthma. (DU-07 J,06S; CU-04M; RU-OSS) 
Ans. 
Role of glucocorticoids in acute bronchial asthma: Glucocorticoids do not relax airway smooth muscle directly 
& thus have little effect on acute bronchoconstriction. 
But, Glucocorticoids potentiate the action of acute bronchodilators by their antiinflammatory action & thus used 
in acute asthma with the bronchodilator agents. 
Urgent treatment is often begun with an oral prednisone (30-60 mg/day) or IV methylprednisolone ( 1 mg/kg 6 
hourly); the daily dose is decreased after airway obstruction has improved. In most patients, systemic 
corticosteroid therapy can be discontinued after 7- 10 days . 

(Ref Goodman & Gilman 's-12th: Katzung-1 Jth) 

Q. Discuss the role of fluticasone in bronichial asthma. (SU-17 J) 
Q. Discuss the role of fluticasone in chronic bronchial asthma. (SU- l 7M, I 4J) 
Q. Mention the role of fluticasone in acute bronchial asthma. (SU-09Ju) 
Ans . 
Role of fluticasone in chronic bronchial asthma: Fluticasone is effective in long-term control of chronic 
bronchial asthma. It is usually given in inhalation route along with a long-acting Pragonist, eg, salmeterol. 
(write the actions of glucocorticoid in asthma from above.) 

Q. Why inhalational steroids are better than that of oral ones? (DU- l 2Ju) 
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Q. JY!ention the advantages of beclomethasone inhaler in treating bronchial asthma. (DU-I 0Ju) 
,l ~ 

Inhalational steroids are better than oral steroids / Advantages of beclomethasone inhaler in treating 
bronchial asthma: To prevent bronchial asthma, long-term corticosteroid therapy is needed. 1 f corticosteroids are 
given orally or parenterally, they produce severe adverse effects like Cushing 's syndrome, adrenal suppression. 
But if they are given through inhalation, there is minimal systemic absorption and there will be few systt:mic 
effects. Thus aerosol treatment (inhalation) is the most effective way to avoid the systemic adverse effects of 
corticosteroid therapy. This is why some corticosteroids such as beclomethasone are given by inhalation to 
prevent asthma. An average daily dose of four puffs twice daily of beclomethasone (400 mcg/d) is equivalent to 
about I 0-15 mg/d of oral prednisone for the control of asthma, with far fewer systemic effects. 

Q. Mention the risks of inhaled corticosteroids? How do you avoid risk? (DU-09Ju) 

~~~t or inhaled glucocorticoids: 
1. Oropharyngeal eandidiasis (most common) 
2. Hoarseness of voice (direct local effect on vocal cords) 
3. Dryness of airway 
4. Irritation of airway 

(Ref Katzung-13th) 

5. Long term complications: Osteoporosis, cataracts, slowing the rate of growth in children . 
(Ref Katzung-13th) 

Prevention/ How to avoid risk: 
1. The risk of oropharyngeal candidiasis can be reduced by having patients gargle water and spit after each 

inhaled treatment. 
2. Counseling the patient about the user manual of the inhaler ( e.g. correct positioning of the inhaler. 

inhaling the drug substance by deep inspiration during puffing). 
3. The patient should shake well the inhaler before use 

(Ref Katzung-13th) 

Mast cell stabilizers 
Drugs that stabilize mast cells: 

1. Cromolyn sodium (disodium cromoglycate) 
2. Nedocromil sodium 

Q. Explain the action & role of nedocromil sodium in bronchial asthma. (SU-09J) 
Q. Discuss the role of cromolyn-Na in the management of bronchial asthma. (CU-08J ;RU-02J;SU-06M) 
Ans. 
Mechanism of action of mast cell stabilizers: 

Cromolyn and nedocromil 
J 

An-a-Iteration in the-function ef delayed chloride channels in tne cell membrnne of ,rnrsnei±s__ 

Entry of er ions into the cel ls causes _hyperpola ization of the cel l 
~ {'- . p r r - 1<..w: \-- v- . ~~ - .- '" -\ I ) 

No mast cell activalTon · 

J ,---; 
No degranulation of mast cells no histamine release. 

---I 
No bronchoconstriction (as histamine causes bronchospasm) 

J 
Prevention of asthma 

(Ref Kut::ung-l Jth) 
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linil'al use of romolyn & Nedocromil . 
1. For prevention of bronchial asthma: To prevent bronchial 

~x 'r i e or before unavoidable exposure to an allergen. 
llergic rhinoconjunctivitis. 

asthma, cromolyn is taken shortly before 

(R4' Katzung-I 31hJ 

Q. \\ hy cromolyn sodium is used prophylactically? 
Ans. 
Cromolyn sodium is used prophylactically: Cromolyn sodium (disodium cromoglycate). and nedocromil 
sodium have no effect on airway smooth muscle tone and are ineffective in reversing asthmatic bronchospasm; 
they are only of value when taken prophylactically. When used as aerosols (by ne?ulizer or m~tered-d? e 
inhaler) , they effectively inhibit both antigen- and exercise-induced asthma, and chrome use (four tunes dally) 

lightly reduces the overall level of bronchial reactivity. 

Q. Mention the adverse effects of mast cell stabilizers. 
Ans. 

(Ref Katzung-13th) 

Adverse effects of mast cell stabilizers: Because the drugs are so poorly absorbed, adverse effects of cromolyn 
and nedocromil are minor and are localized to the sites of deposition. 

I. Bronchospasm 
2. Cough or wheezing 
3. Laryngeal edema 

j 
('._ V )<· 

4. Joint pain & swelling 
5. Angioedema 
6. Headache 
7. Nausea 
8. Rash 

Leukotriene Pathway Inhibitors 

~{\ 
,) 

Leukotriene (LT) B4 and the cystein I leukotrienes, L TC4, L TD4, and L TE4, are products of the 5-lipoxygenase 
pathway of arachidonic acid metabolism and part of the inflammatory cascade. 5-Lipoxygenase is found in cells 
of myeloid origin, such as mast cells, basophils, eosinophils, and neutrophils._L TB4 is a potent chemoattractant for 
neutrophils and eosinophils, whereas the cysteinyl leukotrienes constrict bronchiolar smooth muscle, increase 
endothelial permeability, and promote mucous secretion. 

~

W at o you know about the status of leukotriene inhibitor in asthma? (RU- I 3Ju, 12Ju, I !Ju) 
Q. J tt note: Montelukast. (SU-17 J, I SJ , 14Ju) 
A s. 

eukotriene receptor antagonists: These drugs also competitively prevent bronchoconstriction caused by 
leukotrienes (C4, D4 and E4) 

• Zafirlukast 
• Montelukast: Of these two, montelukast is the most prescribed, probably because it can be taken without 

regard to meals and because of the convenience of once-daily treatment. 

Leukotriene synthesis inhibitor 
• Zileuton 
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Advantages: 

1. Can be given to children I year of age and older 

2. Available in chewable tablets and granule formulations. 

Indication: All three drugs are approved for the prophylaxis of asthma but are not effective in situations where 
immediate bronchodilation is required . L' 1 \ , , _ ·) 

\.O~ -\ e '"'-"f"\ ~'"'° fY 

Adverse effects: 

I. Liver toxicity (zileuton, so zileuton is the least prescribed of these agents) 

2. Churg-Strauss syndrome (a systemic vasculitis accompanied by worsening asthma, pulmonary infiltrates, 
and eosinophilia) 

3. Zafirlukast may interact with warfarin & increase prothrombin times. 

(Ref Goodman & Gilman 's-l 2th) 

Q. Exp.Jain -he role of montelukast in the management of bronchial asthma. (DU-I 7J , 14Ju, CU-1 JJu, SU­
.a,-[) / 

. J3· . plain the pharmacological basis of using montelukast in bronchial asthma. (CU-14Ju) 
Q. Discuss the role of Leukotriene inhibitor/ montelucast in chronic bronchial asthma. (DU-16Ju, SU-

l 7M, 14J) 
Q. Justify the use of Leukotriene receptor blockers in bronchial asthma. (CU-16J) 
Ans. 
Role of montelukast / Leukotriene receptor blockers in the management of bronchial asthma 

I. Montelukast is indicated for the prophylaxis of asthma but are not effective in situations where 
immediate bronchodilation is required . 

2. It can be taken without regard to meals and because of the convenience of once-daily treatment. 
3. It reduces the freq1Iency-nf-exacer6ation. 
4. Very much effecfive in persistent asthma whether it is mild, moderate or severe. 
5. It reduces inflammatory process and lacks of wide range . of adverse effects compared to oral 

corticosteroids. 
6. It is a steroid sparing agent. 
7. Provides additional control of symptoms during exercise. 
8. Available as tablet form; children and elderly people can easily take it for whom inhaler is not suitable. 

(Ref Goodman & Gillman-12th) 

Omalizumab 

Omalizumab is a recombinant DNA-derived monoclonal antibody that selectively binds to human 
immunoglobulin E (IgE). It is the I st biological drug approved for the Rx of asthma. Due to the high cost of the 
drug (approximately $600 for a 150-mg vial), limitations on dosage, and available clinical trial data, it is not 
presently used as first-line therapy. 

Mechanism of action of omalizumab: 
I. Omalizumab binds with IgE. 

! 
IgE can't bind with lgE receptor on mast cell & basophil. 

! 
No degranulation of mast cells and basophils and no release of mediators of allergic reaction. 

! 
Prevention of asthma 
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2. Omalizumab may also inhibit IgE synthesis by B lymphocytes. 

Route: Parenteral route (intravenous or subcutaneous) 
(Ref Katzung-13th) 

Clinical uses: As it is not a bronchodilator, it is used prophylactically. Omalizumab may be particularly useful for 
treatment of moderate to severe allergic asthma in patients who are poorly controlled with conventional therapy. 

Importance of Omalizumab: 
l. Omalizumab lessens asthma severity and reduces the corticosteroid requirement in patients with moderate 

to severe disease, especially those with a clear environmental antigen precipitating factor 
2. It improves nasal and conjunctiva! symptoms in patients with perennial or seasonal allergic rhinitis. 
3. Omalizumab's most important effect is reduction of the frequency and severity of asthma exacerbations 

even while enabling a reduction in corticosteroid requirements. ' 

Adverse effects of omalizumab: 
I. Hypersensitivity reaction 
2. Injection site reactions: Redness, stinging, bruising, induration. 

(Ref Goodman & Gi!man 's-12th) 

};i: .... ~; :, ::\'k;~ \ ... ·- Dru s u·sed to treat Cou h Antitussives >.-: .. . · · · ,_.-._,: 

Cough: Cough is a protective reflex that removes foreign material and secretions from the bronchi and 
bronchioles. Cough is the most frequent symptom of respiratory disease. It is caused by stimulation of sensory 
nerves in the mucosa of the pharynx, larynx, trachea and bronchi. 

(Ref Rang & Dale's-8th) 

Causes of cough: 

Origin Common causes 
Pharynx • Post-nasal drip 
Larynx • Laryngitis, tumour, whooping cough, croup 
Trachea • Tracheitis 
Bronchi • Bronchitis (acute) and COPD 

• Asthma 
• Eosinophi lic bronchitis 
• Bronchial carcinoma 

Lung parenchyma • Tuberculosis 
• Pneumonia 
• Bronchiectas is 
• Pulmonary oedema 
• Interstitial fibrosis -

Drug side-effect • ACE inhibitors -
' (Ref Davidson s-2211d) 
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;i_titussivcs: tuititussiws arc the drugs that cause suppression ol' cough . 

"-- ~ \. Pniphcrally acting antitussivcs Li11ctuscs (ckrnulsa~ prcpmations, lozenges) 
--

I. 

2. Water aerosol inhalation 

3. Bcnzoin inhalation 
4. Methanol and eucalyptus inhalation -B. Centrally acting antitussives • Opioids (addicting, powerful respiratory 

suppressant action): 
I . Morphine 

2. Diamorphine 

3. Methadone 

• Opioids (less-addicting, less respiratory 

depression): 

I. Codeine (methylmorphine) 

2. Dextromethorphan a 

3. Pholcodine 
C. Sedative antihistamine: (Sedation I. Di phenhydram ine ( I v-'..> ..... >y \-"\ ) reduces cough) 2. Ch lorphen i ram i ne 

Codeine 
Codeine is the go ld-standard treatment for cough suppression due to its long history of availability and use . 
Codeine decreases the sensitivity of cough centers in the central nervous system to peripheral stimuli and 
decreases mucosa! secretion. These therapeutic effects occur at closes lower than those required for ana lges ia but 
still incur common sides effects like constipation, dysphoria, and fatigue, in addition to its addictive potential. 

(Ref Lippincoll 's -6th) 

Dextromethorphan 
Dextromethorphan is a synthetic derivative or morphine that suppresses the response of the central cough center. 
It has no analgesic effects, has a low addictive profile, but may cause clysphoria at high closes, which may explain 
its status a a potential drug of abuse . Dextromethorphan has a significantly better side effect profile than codeine 
and has been demon trated to be equally effective fo r cough suppress ion. 

(Ref Lippincolf 's-6th) 

Expectorant 
!\n expectorant ( from the Lat in eX/)(! C: forare, to expel from the chest) helps bring up mucus and other material 
from the lungs, bronchi. and trachea . /\n expectorant increases bronchial secretions and reduce the thickness or 
viscosity of bronchial secretions thus increasing mucus fl ow that can be removed more easi ly through coughing, 
Expectorant are-

1. Iodide 
2. Ch lo ride 
3. Bicarbonate 
4. /\cetates 
5. Guaifenes in 

Mucolytics 
Mucolytics reduces the viscosity of the mucus (sputum). The mucus becomes thinner and can be removed more 
eas il y through coughing. Mucolytic. are-

l . Acetylcysteine 
2. Carbocysteine 
3. Arnbroxol. 

Pharrnarolon ,·-90 
"'·' 
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MCQ 
Q. Following arc bronchodilators- (DU -17.J ) 

a. sa llll etcrol 
b. ipratropium bro mid e 
c. hydrocort isone 
d. nedocromil sodium 
e. theophylline 

a. 7~ b. T. c. F. cl. F. e. T 

Q. Following arc bronchodilators- (DU-1 JJ) 
a. sa lmeterol. 
b. prednisolone. 
c. chromoglycate. 
d. ipratropiurn. 
e. aminophylline. 

a. 1~ b. F. c. F, d. T e. T 

Q. Role of drugs in bronchial asthma include- (SU-I 3J) 
a. Fluticasone decrease bronchial response 
b. Montelukast is anti-inflammatory 
c. Salmeterol inhibit bronchial secretion 
d. Theopylline dilates muscle 
e. Sodium cromoglycate is rapid acting 

a. T, b. T; c. 1~ d. T e. F 
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Defmjtion: Diabetes mellitus is a clinical syndrome characterized by hyperglycemia due to abso lute or re lative defic iency c,f 
II {~Jlrn. · 

(Ref: Davie/son \ -22nd) 
Classification : Most cases of OM can be separated into 2 types-

!. Type-/ diabetes or Insulin dependent diabetes mellitus (JDDM) (Juvenile onset diabetes): Occurs before age 20 
yrs due to lack of insulin. 

2. Type-2 diabetes or No11-i11.m/i11-depe11de11t diabetes mellitus (NJDDM) (Adult-onset diahete.\) : occurs after age 40 
yrs due to decreased sensitivity of tissue to insulin. It is more common. 

Features 
' I Type •·DM I Type II DM 

• Age at onset Usually< 20 years Usually> 40 years -

• Body weight at time of disease onset Normal or low Obese 
• Plasma insulin Low or absent Normal or high 
• Insulin sensitivity Normal Reduced 
• Therapy Insulin Weight loss, oral hypoglycemic agent 
• Ketonuria Yes No 
• Rapid death without insulin therapy Yes No 
• Family history of diabetes No Yes 
• Autoantibodies Yes No 
• Diabetic complications at diaimosis No 20% 

Clinic.)fii/4atures of DM 
(Ref Guyton- 12th: Davidson 's-22'"') 

.JI/ Polyuria (frequent urination) 
L. Polydrpsta (excessive thtrst) 
3. Polyphagia (excessive hunge,) 
4. Rapid weight loss 
5. Nocturia (abnormally excessive urination during the night.) 
6. Weakness 

Insulin 
Structure of insulin : Insulin is a polypeptide contain ing two chains of amino acids (A & B) linked by disulfide bridges (S­
S). It contains 51 amino ac ids, 2 1 in A chain & 30 in B chain. When the two chains are split apart, the functional activity of 
the insulin is lost. 

thesis & secretion: 
(Ref Ganong-2-lth edition) 

• Gene-+ mRNA -+ Preproinsulin -+ Proinsulin -+ Insulin & C peptide 
• C peptide can be measured by radioimmunoassay, and its level provides an index of B cell func tion in patients 

receiving exogenous insulin. 

(Rel Ganong-24th edition) 
Storage of insulin: Granules within the B ce lls store the insulin in the fo rm of crystals consisting of two atoms of zinc and 
six molecules of insu li n. 

Secretion of insulin: Insulin secretion stimu lated by-
1. Glucose (main stimul us) 
2. Other sugars (eg, mannose) 
3. Certain amino acids (eg, leucine, arginine) 
4. Hormones such as glucagon-like polypeptide- I 
5. Yagal activity 

ulin de radation: 
Endogenous insulin 

• Liver- 60% 
• Kidney- 35-40% 

(.• - ( 
/ 

c:_ j C1
1 

, rs::.·+- C f'--pk J 
'r,---=:; , (\.( 5)5f (. ' L'---

( Rel Kat::1111g-l Jth} 
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Exogenous insulin 

• Kidney- 60% 
• Liver- 30-40%. 

Half-life of insulin : The half-life of circulating insulin is 3- 5 minutes. 
(Ref Kat::11ng- I 3th) 

Q. Give the mechanism of action of insulin . (CU-l 6J, I 0Ju,09J) 
An 
M chanism of action of insulin: 

Insulin binds to the a-subunit of its receptor 
,!, 

Autophosphorylation of the ~-subunit of the insulin receptor 
,!, 

Activation of tyrosine kinase activity of the intracellular portion of the ~-subunit 
,!, 

Phosphorylation of some cytoplasmic enzymes & dephosphorylation of others 
,!, 

Activation of some of these enzymes & inactivation of others 
,!, 

Effects of insulin including: 
• Translocation of glucose transporters (especially GLUT 4) to the cell membrane with a resultant increase in 

glucose uptake; 
• Increased glycogen synthase activity and increased glycogen formation; 
• Multiple effects on protein synthesis, lipolysis, and lipogenesis; 
• Activation of transcription factors that enhance DNA synthesis and cell growth and division. 

Insulin 

a. S-S 

s-s--

(Ref Katzung-l 3th; Guy!On-l 2th: Ganong-24th) 

Insulin 
receptor 

S-S 

Glucose 

I 

I 

J I 

Tyrosine 
kinase 

Cell membrane 

Tyrosine 
kinase 

Insulin receptor substrates (IRS) 
Phosphorylation of enzymes 

,_ ~l~t-s:- -I- ---F~~ ----r- --~~!w-t:-
transport synthesis and gene 

, expression 

''' ,0 Protein Glucose 
synthesis synthesis 

Figure: l\lleclw11is111 uf' ins11/i11 action (Ref Ci11ytu11) 
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Q. How does glucose sti mulate insuli n release'? (CU- I 5Ju ) 
Ans. 

HQ.U: glucose stimu lates insul in release: 
Presence of glucose in the gut 

t 
Secretion of gut hormones or incretins eo olucagon-like pe1Jtide (GLP-1) 

~ ' ' o , 0 

t 
lncretins stimulate insulin secretion in a glucose-dependent manner; thus hypoglycemia does no~ occur. 

(Ref: Katzung-/ Ji!,; 

Q. )Yl tare the pharmacological actions of insuli n? (RU-07Ju) 
A lS : 

abolic effects of insulin / Actions of insulin: 

Type - '. IL' ' . 1ver : . ·, ·. · · : ~- ,,. ISkeletalmuscle>.~.'-' .• ,:_ IAdiposeTissue'··: .,. ·,, ." 
• Carbohydrate i Glycogenesis i Glucose uptake i Glucose uptake 

metabolism i Glycolysis i Glycolysis i Lipogenesis from glucose 

,J, Glycogenolysis i Glycogenesis 
,J, Gluconeogenesis ,J, Glycogenolysis 

• Protein i Protein synthesis i Amino acid uptake 
metabolism i Am ino acid uptake i Protein synthesis 

,J, Protein catabolism 
,J, Re lease of 
gluconeogenic amino acids 

• Fat metabolism i Lipogenesis i Ketone uptake i Fatty acid synthesis 
,J, Ketogenesis i Glycerol phosphate synthesis 

i Triglyceride deposition 
EB Lipoprotein lipase 
(-) Hormone sensitive lipase 

• K+ uptake t t 
• General i Cell growth 

(Ref Ganong-24th; Guyton-12th) 

Q. Mention how insulin lowers blood glucose level. (DU-IJJ, IIJ , CU-l5J , RU-17J,15J,12Ju , IIJ , SU-
17 J, l 6J u/ J, I JJ, 121 u) 
Q. Explain antidiabetic effects of insu lin . (SU-l 3Ju,08Ju) 
Q. Elaborate antidiabetic role of insulin glargine. (SU-I 4J) 
Q. Explain hypoglycemic role of insulin . (SU-07 J u,06S) 
Q. x ain the mechanism of action of insulin. (CU-14J,12J, l0Ju) 

E lain blood glucose controlling action of insulin. (SU-I 2Ju) 
. ow do the insulin preparations lower elevated glucose level? (RU- I 4J) 

A s. 

mechanisms-
i G lycogenes i s 
iG lucose uptake 
iGlyco lysis 
tG lycogenolys is 
tGluconeogenes is 

of insulin / insulin glargine: Insulin lowers blood glucose level by the fo ll owing 

Decreases blood glucose 
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rce to 110111 . . . . 
. ''

1 
. s O 'irisu/i11: According 10 source ins ulin is o/'3 ty p es. 

~ /. Bovine insulin: Obta inedji·om co 1I•. It cli(l'ers/i·o111 hum an insulin hy_l.1.1.1A-irro acids & it is more (.tnti,(!,enic. 

\ 

J. Porcine j:1.5,ufi:1:_ Obrninedfrom pork: It d[f/ersfi ·om ln1111011_ insul{n b), / ll/111110 ~1cid & thush.'SS i11111111n :' ·1!,l:!l1il'. 
3. Human msulm . This ts made e ithe , hy e11::.y 111 e mod!ftca/1011 oj porc ine ,nsu/111 or hy 11s111g recomb111,111I D NA 10 

!lynthes i::.e the Promsulin. This is done by introducing the DNA into e ither £. co il or J1eas1. 
· (R e{ !Jenn ell & /Jrown-! Ith) 

Q. Classify _aytidiabetic drugs. (SU- l 6Ju , 16J) 
Q. Catego~ e the drugs_ for DM? (DU-06M ; C U-0SJ ; RU-06S) 
Q. Classy y hypoglycemic agents. (SU-17J) 

Ans. / 
A.oi'ict<a betic drugs according to mode of action: 
K Parenteral hypoglycemic agents: Insulin 
B. Oral hypoglycemic agents (OHA): See be low 

Parenteral hypoglycemic·agent· ., Insulin 

Q. Enumerate different insulin preparations. (CU-06S ; RU- l 4J,07 Ju ; SU- l 2J ,06J) 
Q. Name the different preparations of human insulin. (CU-06M) 
Q. Classify insulin preparations according to duration of action . (DU-1 SJu, I 4Ju , 1 I Ju , CU-08Jan) 
Q. Name the different insulin preparations on the basis of kinetic properties . (SU-1 SJu) 
Q. Mentio the duration of action of different insulin preparations . (RU-07.Ju ,06M ) 
Q. Wl)'at ·s lispro Insulin? (SU-06S) 
Q. Wha are the insulin analogues? (CU-07Jan,06M) 
Q. n 1st currently used insulin analogues? (RU- I SJ) 
A 
insulin preparations/ insulin analogues: In sulin preparations are the on ly parenteral hypoglycemic agent. Fo ur 
principal ty pes of injected insulins are ava ilable: 

l. Rapid-acting, w ith very fast onset and short durati on ; 
2. Short-acting, with rapid o nset of acti o n; 
3 . Intermediate-actin g; and 
4. Long-acting, with s low onset of act io n 

An inha led fo rm of rapid-actin g insulin a lso is marketed . 
/ 

// // 
Types Preparation of insulin ~ -set of LI>1uration of -=z!Route of 

action action administration 
1. Rapid acting or ,.-'I ns u lin Li s pro Within 15 min 3 -4 ho urs IV 

ultra short i,Y1!1s ulin aspart 
acting insulin • In sulin Glulisine 

• Huma n in sulin recombinant inhaled 
2. Short acting ,,~ Regula r ins ulin Within ½ to l 1/2 5 - 8 ho urs IV 

insulin • N atu ra l in sulin ho urs 

• So lubl e in s ulin 
3. Intermed iate i~ NPH (Neutral Protamine Hagedorn) or Within l-2 l 8-24 ho urs S ubc uta n~o us 

acting insulin isopha ne in sulin ho urs 

• In s ulin z inc s uspens io n ( Le nte ins ulin ) 
4. Long acting v• C rysta lline ins ulin z inc s uspens io n Within 3-4 20-36 hours Subc utan eo us 

insulin/ Insu lin (U ltral e nte in sulin ) ho urs 
Analogues L.,.(Prota mine z inc in sulin s uspe ns ion 

• In sulin g la rg ine 

• In sulin cl ete mir 



~ - V"~\1 . CI.Ml"' . ~\ -.....r 
. . --0 ,J:-7 

Blul'print 11 PharmacolOg)' 708 
M' t es of insulin· 1x ur . 

1. Mixture of regular & NPH y' 20% regular & 8011/ci NPH insulin . 
Insulin ,. 30% regular & 70% NPH insulin . ,. 40% regular & 60% NPH insulin. 

,.,. 50% regular & 50% NPH insulin . -
2. Mixture of lispro & NPH Insulin ,.,. 25% Lispro & 75% NPI-I insulin . 

/ . 1· 
1• 50% Lispro & 50% NPH 1nsu 111 . 

(Ref Kotzung-!3th: Ciooclmun & Gil111u11·s-l2thJ 

Nice to know 
Insulin analog: An insulin analog is an a/teredflmn of insulin, d!fferen1.fi·o111 any occurring in nalure, bw .1·1ill uvai/ah/e In 

the human hody for perfcmning the sume action as human insulin in /erms c!fglycemic conlrol. Through genelic engineering 
of 1he underlying DNA, !he amino acid sequence cf insulin can be changed lo a/fer ifs ADkfE (absorplion, dislrihu1ion. 
me1abolis111, and excretion) characteristics. 

These modijications have been used to create two types of insulin analogs: 
I. Rapid-acting injected insulin analog: those !hat are more readily absorbed_ji-om the iniection site and lherefore uct 

faster than natural insulin injected subcwaneously, in/ended 10 supply !he bolus level of insulin needed u/ meal!ime 
(prandial insulin i. 

2. long-acting injected insulin analogs: !hose thal are released slowly over a period c?f" between 8 and 24 hours, 
inlencled to supply the basal level o_f'insulin during the day and particularly at nighttime (basal insulin). 

( Re( WikipeJia) 

Nice to know 
• Soluble and neutral insulin are the same; the British National For11111lwy favours 1hefiJrmer term, but neu1ra/ is 

the INN (imernationally approveclj name. Human, porcine and beef are available. 
• lsoplHme insulin is the only approved name for suspensions of' insulin with protamine. Human, porcine and beef 

are available; the lat/er is rarely used 
• Biphasic insulins are, with one ex<.:eption, proprietwy mixtures of soluble (neutral) insulin and isophane insulin, 

which provide soluble (neu tral) insulin at concenlrations between I 0% and 50% of' the to/a/ insulin concentration. 
These preparations remove the need for potients to mix soluble and isophone insulins, without losing the flexible 
administration of the right amount r?fso/11hle (ne 111ral) insulin 10 cover the meal following the dose. 

• Mixed insulin zinc su.,pension is proprietwy mixtures of c,ystalline and amorphous ::.inc suspension. 
(Ref Bennett & Brown-I I th) 

Nice to know 
Insulin delivery n•stem: 

I. Portable pen injectors: To facilitate multiple SIC inj. of insulin, particular()' during intensive insulin 1herap_r. 
portable pen-size injectors have been developed. These contain cartridges of' insulin & replw:eah/e n!!edles. 

2. Continuous insulin infusion devices (CSI/) or insulin pumps: The devices have a user-programmable pump 1hut 
delivers individuuli::.ed basal & ho/us insulin replacemenl closes based on blood g/11 co.1·p sellmunitoring res11 l1s. 

(Ref Kut::.11ng-l31h) 

Unit of Insulin : I JU of insulin is the hiologicol equivalent of about 45.5 Jig pure c1ysta!fi11e insulin (1/22 mg exac1/y). Th is 
corresponds 10 the amount of insulin required to rec/11 c:e the concentration ol blood glucose in a fas ting rahbi1 to 0. 0../5 per 
cent (../5 mg/ell or 2,5 mmolll ) within.:/ hours. 

Strength of insulin : A vial of insulin is a combination q/ insulin hormone and a sterile liquid. culled the diluent. The 
concentration of the insulin to the diluenl determines its strength. The "U" value of insulin indicates its strength - 1he number 
re/11:c/s 1he numher of'ac/ive insulin units in each ml of liquid. U-100 will have 100 units per ml, ancl U-40 has ../0 uni1.1· per 
ml. Appropriate .syringes are mode jc)r use wilh the respective insulin, marked with th1: correc/ measure for dosage. 

Daily insulin secretion : Insulin production by a normal, thin, healthy person is between 18 and 40 unitsldav or uboul O.] tu 
0.5 uni1slkg 1?f"body weight per day. About half this amount is secr1:ted in the base,/ stale and about ha/fin r~.1ponse to meals. 
Thus, basal secretion is abo111 0. 5 lo I 11ni1s/h; a/ier an oral glucose load insulin secretion rnav increuse to 6 11nits!h. In 
nondiabetic:, obese, and insulin-resistant inclivid11ctls, insulin secretion 111uy be incrt'ased /imr/ulcl ~r more. Insulin is secr i!i t'J 

into the portal circu/11tion, ancl aho11/ 50% is des!ruvecl hy !h i! liver hefiJ1·1: reaching the .1ys1em ic circulution. 
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Daily insulin requirement: 

Endocrine Pharmacology 

• In _type 1 DM patients, the average dose of insulin is usually 0.6 to 0. 7 units/kg per day with a range of 0.2 to I 
units/kg per day. · 

• Obese patients generally reG1uire m~r (2 't ·'k J b · · · · · e 11111 !-11, g per lay) ecause of resistance of per,phera/ tissues to ,nsulm 

Dose o(insulin 
J. Split dose of intermediate-acting insulin 

• 2/3"
1 
of total daily dose: Before breakfast 

• 1/3"1 of total daily dose: Before dinn~r 

Morning dose is adjusted according to the afternoon glucose level, and the evening dose is acijusted according to the 
fasting glucose level. 

Convention~{ therapy presently consists of split-dose injections of mixture of rapid or short-acting and intermediate­
act111g msulms. 

2. Mu!tiple daily injection (MDI) therapy: Use long-acting or intermediate-acting insulins with multiple boluses ofrapid­
acttng or short-acting insulin. 
Dose: 0.5 unit/kg/day (subcutaneously in 3 divided doses). 
Time: Just before meal (B- BLD) 

• B - B: Before breakfast 
• B - L: Before lunch 
• B - D: Before dinner 

Current regimen generally uses intermediate- or long-acting insulins with rapid-acting or short-acting insulin. 
• Intermediate- or long-acting insulins provide basal or back-ground coverage. 
• Rapid-acting or short-acting insulin meet the meal-time requirement. 

Q. wiatlare the routes of administration of insulin? (CU-08J) 
Ans 
Rcfutes of administration of insulin 

1. Subcutaneous injection: The standard mode of insulin therapy is subcutaneous (S/C) injection usmg 
conventional disposable needles & syringes. 
Site: Abdomen, buttock, anterior thigh, dorsal arm . 
Abs; pt1on is more~id from the abdominal wall, followed by the arm, buttock and thigh. Rotation of 
inswin injection sites has traditionally been advocated to avoid lipohypertrophy and lipoatrophy. 

2. Intramuscular or intravenous: In emergency situation (eg, diabetic ketoacidosis). 

Inhaled insulin: This is finely powered & aerosolized human insulin & is readily absorbed into the 
bloodstream through alveolar walls. It has rapid onset & peak insulin levels (by 30 min) & peak effect (2-
2.5 hrs) & duration of action (6 - 8 hours). 

Q. What are the indications of insulin? (DU- I 4J, I !Ju, CU-12J , I 0Ju,09/07/06J,05M; RU 17J; SU-07 J) 
Q. Write down the absolute the indications of insulin. (CU-l 5JU) 
Q( Write down the absolute indications of soluble Insulin. (CU-17 J) 

'-A"t1S. 

Indications of insulin: 
I. Type-I OM (IDDM) 
2. Uncontrolled type II OM 
3. All diabetic complications: 

• Diabetic ketoacidosis 
• Diabetic nephropathy 
• Diabetic neuropathy 
• Diabetic retinopathy 
• Hyperglycemic hyperosmolar state . . 

4. OM in pregnancy (because insulin is not teratogenic but OHA are teratogenic) 
5. Per-operative & post-operati# diabetic patient. L - - -

6. Diabetes with severe infection 

~ Pharmacology-91 
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7. Diabetic patient after RTA. 
8. Hyperkalemia (as insulin increases K influx and thus decreases plasma K level). 

Q. Short note: Insulin. (DU-17.1) 
Ans. Write in short.fi·om above. 

Q. Write the pharmacological basis of using Insulin for type II diabetic patient in perioperative period . 
"'.---- (CU-13.Ju) 

Ans. 
Surgery and diabetes 
Surgery, whether performed electively or in an emergency, causes catabolic stress and secretion of counter­
regulatory hormones both in normal and in diabetic subjects. This results in increased glycogenolysis, 
gluconeogenesis, lipolysis, proteolysis and insulin resistance. In untreated or poorly controlled diabetes the uptake 
of metabolic substrate is significantly reduced, catabolism is increased and ultimately metabolic decompensation 
in the fonn of diabetic ketoacidosis may develop in both types of diabetes. 
Thus surgery must be carefully planned and managed in the diabetic patient, with particular emphasis on good 
metabolic control and avoidance of hypoglycaemia, which is especially dangerous in the unconscious or 
semiconscious patient. To achieve this, insulin is used for type II diabetic patient in perioperative period. 

(Ref Davidson 's-21''1816-817) 

Q. A boy of 20 years has come to you with diabetes mellitus. What drug is suitable for him? (DU-09/08J : 
RU-1 OJ) 

Ans. 
Drug of choice in a 20 years old diabetic boy: This is a case of type-! or juvenile or insulin dependent diabetes 
mellitus. In this case there is absolute deficiency of insulin . That's why my drug of choice is insulin . 

Q. How will you manage a pregnant lady with postprandial blood glucose level of 13 mmol/L? Justify your 
choice of drug. What may be the risk of therapy? (DU-08/07Ju) 
Ans. 
Drug of choice in a pregnant lady with DM: Oral hypoglycemic agents (e .g. sulfonylureas) are teratogenic. 
That's why oral antidiabetic drugs are absolutely contraindicated in pregnancy. So diabetes in pregnancy is 
managed by insulin, not by oral hypoglycemic drugs. 

Q. What are the adverse effects of insulin? (DU- l 4J, I 3J , I 2J , CU-14.1 , 12.1, I OJu,09/07 J,06S; SU-07 J) 
Q. Mentioq the complications of insulin therapy. (DU-OSM, SU-03 M) · 
Q. Men tibn the long-term complications of insulin therapy. (SU-13.1) 

/ 

Q:)';f ention the cautions of soluble insulin. (CU-OSM) 
( 

dverse effects I complications of insulin: 
/1. Hypoglycemia (most common) 
2. Insulin hypersensitivity 

,,,3 . Insulin resistance 
4. Lipodystrophy: Lipoatrophy & lipohypertrophy 
f Insulin edema 
6:- Obesity 
7. Hypokalemia 
8. Alopecia 
9. Increased Cancer Risk 

(Ref Goodman & Gilman 's-12'\ Katzung-13'1,) 

Q. What is the management of insulin induced hypoglycemia? (DU-14.Ju, CU-06M, RU-I OJu) 
Q. Write the management of insulin induced hypoglycemic shock. (DU-I SJ) 
Q. How will you manage a case of hypoglycemic shock? (DU-13.1 , 12/1 IJ , CU-04J ; RU-13.1) 
Q. How will you manage a case of drug induced hypoglycemia? (CU-I 7J) 
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Ans . 
. Ins1'i'lin induced hvpoglycemia / hypoglycemic shock: 
'= 

Mechanisms of hypoglycemia in a diabetic patient taking insulin: Hypoglycemic reactions are the moSt 

common complication of insulin therapy. They may result from-
!. A delay in taking a meal 
2. Inadequate carbohydrate consumed 
3. Unusual physical exertion 
4. A dose of insulin that is too large for immediate needs. 

Clinical features of hypoglycemia: Rapid development of hypoglycemia in individuals with intact hypoglycemic 
awareness causes signs of autonomic hyperactivity. 

r 

1. S~gns of sympathetic hyperactivity: Tachycardia, palpitations, severe sweating, tremulousness 
2. Signs of parasympathetic hyperactivity: Nausea, hunger. 
3. Sudden unconsciousness 
4. If untreated, convulsion & coma & ultimately death . 

Treatment of Hypoglycemia: All the manifestations of hypoglycemia are relieved by glucose administration. 
1. Mild hypoglycemia in a patient who is conscious and able to swallow: 

y Simple sugar or glucose in a liquid form. 
y ~extrose tablets, glucose gel, honey, sweet or any sugar containing beverage or food may be 

grven. 
2. In case of unconscious patient: 

• 20-50 mL 50% glucose solution by IV infusion over 2-3 minutes. 
• If IV therapy is ,lot available, lnj. Glucagon (1 mg) S/C or IM restores consciousness within 15 

minutes. 
• If glucagon is not available, small amounts of honey or syrup is given into_the-buccal pouch. 

Q. What }8 insulin resistance? (RU-04M) 
Q. Di cJss about insulin resistance and its management. (DU-l 5Ju,07M) 
Q. Ho7 Insulin resistance develops? (RU-04M) 
Qi hort note: Insulin resistance. (RU-15Ju) 

n . 

(Ref Katzung-1 Jth) 

Insulin resistance: Insulin resistance may be due to a decline in number and/or affinity of receptors or to defects 
in post-receptor mechanisms. A diabetic patient requiring more than 200 units/day is rare and regarded as insulin 
resistant. 

Types of insulin resistance: 
I. lmmunogenic insulin resi stance 
2. Non-immunogenic insulin resistance 

A. Immunogenic insulin resistance: In most cases, it is lgE mediated hypersensitivity reaction & Ab is formed 
against insulin . So, patient develops insulin resi stance. 
Diagnosis: Measuring the insulin specific lgG & IgE antibodies. Skin test is also useful. 
Treatment: 

• By changing the brand. If the patient has allergic reaction to porcine insulin, human insulin should be 
used . 

• Antihistamine. 
• Glucocorticoid . 

B. Non-immunogenic insulin resistance: This is due to a decline in number &/or affinity of receptors or defects 
in post-receptor mechanisms. 
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Causes: 

I. Inappropriate fr>llowing or the prescription 
2. Obesity. 
3. Hyperinsulinemia. 

Treatment: 
• Good dieting. 

• Use of Sulfonylureas along with insulin (as sulfonylureas increase insulin re~eptor synthes is) 
• Phys ical exercise e.g. walking (it increases insulin sensitivity). 

~ (Ref· Goodman & Gilman 's-/2th; Benne/I & Brown-/ hh; 

Q. What are the advantages and disadvantages of Insulin over the oral antidiabetic agents? (CU- l 6J, 14J) 
Ans. 

Advantages of Insulin over the oral antidiabetic agents 
l. Rapid onset of action 
2. Can be used in pregnancy 
3. Can be given in hepatic and renal insufficiency 
4. Can be given in diabetic ketoacidosis. 

Disadvantages of Insulin over the oral antidiabetic agents 
l. Regular monitoring of blood glucose is necessary. 
2. Risk of hypoglycemia is more. 
3. Risk of hypersensitivity is more. 
4. Needs regular injection. 
5. Expensive 
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ri10il~lf4ijhtit•): u, 
Q. Classify oral antidiabetic / hypoglycemic agents. (DU- I 2J, CU- I 7M, I 3J, RU-05M/J,04J ; SU-07 J) 

Q. Enumerate important oral antidiabetic agents. (DU- I SJ , 14.1) 
Q. Name the euglycemic agents. (SU-09Ju; RU-08.l u) 
Q. Enumerate the drugs used in type-II diabetes mellitus. (DU-06M) 
Q. Name the insulin secretagogues. (DU-I0Ju, RU-I6Ju,I5Ju,10Ju,07J, SU-II,I0.lu) 
Q. Name t~e drugs of Insulin independent DM. (CU-05.1) 
Q. W~ hat/ re the OHAs available in Bangladesh? (CU-04M) 
Q. S r note: Insulin secretagogues. (DU-1 SJu) 
Ans 
OJi,tl antidiabetic / hv o lvcemic aoents OHA : 

. Insulin secretagogues: Increase insulin release. 

y. Sulfonylureas I st generation ~ olbutamide 
su lfonylureas • Chlorpropamide 

1, Tolazamide 
2nd oeneration t, 

/Glibenclamide (in USA) or Glyburide (outside USA) 
sulfonylureas Glipizide 

• Gliclazide 

/ ,___ •.,xilimepiride 

_;i. Meglitinides ) ·!-..J \_ ,-y-- - .,.- Repaglinide 

3 D-phenylalanine ) ) _,_ ~6l",~ L-
,,.Nategl inide 

derivatives -----~ 
B. Biguanides: (insulin se,~~izer, euglycaemic agents) (J) 

y Metformin 

• Phenformin (not used now a day~) 

C. Thiazolidinediones: Insulin sensitizer. Two thiazolidinediones are currently available: { f) 
~~ Pioglitazone 

Rosigl itazone 

D. a-glucosidase Inhibitors: ( 'f~ ) 
. Acarbose 

2. "' Miglitol 

E. Synthetic Amylin Analog: 

• Pramlintide 

F. Incretin-based therapies 
t. Iocretin mimetics / Synthetic analog of glucagon-like-polypeptide 1 (GLP-1): 

./.- E;enatide 
2. Dipeptidyl Peptidase-IV (DPP-IV) Inhibitors: 

(Ref Kat::11ng-I 3th; lippincofl ·s-6th) 

' ' 
<.. ..., ·-
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Q. Define cuglycemics and hypoglycemic with example. (RU-1 2.lu ) 
A ns. 
Euglyccmics: The drugs which reduce (control ) or normali ze bl ood glucose le ve l without any pot<:nti al 
hypoglyce mic ability arc ca ll ed euglycemics anti-diabeti c drugs. Eg, metlormin , piog litazone. 

Hypoglycemic: The drugs that can cause hypoglycemia or have the potential ri sk or hypoglycemic incidence in 
addition to their anti-diabeti c property are ca lled hypoglyce mic drugs. Eg, insulin , gli pizid e. 

1 _ \ c,~\ , . (Re./ KA tzunr,- JJth; Davidrnn 's -22nd) 
- ' (), ' \t <' <;\.:,, .J'~ 

Nice to know 
• The s11/fony/11reas and biguanides have been available the longest and are the traditional initial treatment choice Ji;r 

type 2 diabetes. 
• Novel classes of rapidly acting insulin secretagogues, the meglitinides and D-pheny/alanine derivatives, are 

alternatives to the short-acting su/fonylurea, to/bu/amide. 
• The thiazolidinediones, under development since the early I 980s, are ve1y effective agents that reduce insulin 

resistance. 
• Alpha-glucosidase inhibitors have a relative(v weak antidiabetic effect and significant adverse effects, and they are 

used primarily as adjunctive therapy in individuals who cannot achieve their g/ycemic: goals with other medicwions. 
(Ref Katzung-/2'"175-1- 758) 

Sulfonylureas 
Q. Write the mechanism of action of sulfonylureas . (DU-05J , CU-13J,09Ju, RU-I 2J, SU-l0Ju,04M) 
Q. Explain antidiabetic action of glimepiride / glipizide. (SU- I 5Ju, 14J,08Ju) 
Q. Explai blood glucose controlling action of glimepiride. (SU-131, I 2Ju) 
Q. ~pta· hypoglycemic effects of glipizide / glibenclamide. (CU-0SM;RU-07 J, SU-I 2J,09Ju,07J) 
Q. y o does glipizide influence K+ ion channel in pancreatic p cell? (CU-I 4Ju) 
A s. 

echanism of action of sulfon I ureas/ Ii izide / libenclamide / lime iride: 
Sulfonylureas increase insulin release from pancreatic P-cells by blocking ATP-sensitive K+ channels: 
Sulfonylureas ---> Block the ATP-sensitive K~ channels in pancreati c B-ce ll s ---> Decreased outward potassi um 
efflux ---> Depolarization of the B cell---> opening of vo ltage-gated calcium channels ---> Increased intracel lular 
calcium---> Increased secretion of insulin. 

ATP 

t 

K+ channel 

,/21oses, K· 

/ ucpolarizes) 

Metabolism 

00 

Insulin _-o • 

ca2+ cl1annel 
( depolarization 

- + opens) 

(Ref Katzung-13th edition) 

f:;:l \. 'c · ,, 

,: . ( ,, \.' ·-r 

,. I ' J ' \. - ·-, 

Fig One model of control of insulin release jiwn the pancreatic fl cell by glucose and by s11/j fJ nylurea drugs. 
(Ref Kat::ung- 13th) 

2. Reduction of serum glucagon level : Long-term administrat ion of sul fo nylureas to type 2 diabetics reduc~s 
serum glucagon leve ls, which may contribute to the hypoglyce mic effect of the drugs. The mechanism for this 
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suppressive effect of sulfonylureas on glucagon levels is unclear but appears to involve indirect inhibition c.Juc 
to enhanced release of both insulin and somatostatin, which inhibit A-cell sec retion . 

; (RefKatzung-/Jth) 

Q. What are the indications of sulfonylureas / glipizide? (CU-09/08Ju,05S; SU-07J) 
Ans. 
ImHcations of sulfonylureas / glipizide: 

I. Type II DM in non-obese persons (In obese persons metformin is used) 
2. In c om6111at1on with msulin in some type I & II OM patient ( especially in insulin resistant cases as 

sr onylureas increase insulin receptor synthesis) 

~

ition the adverse effects of sulfonylureas / glipizide/gliclazide? (DU-06S; CU-09/08Ju: SU-17 J) 
An -. 

verse effects of sulfonylureas / glipizide / glibenclamide: 
l. Hypoglycemia 
2. \.. e1 g1f1 ain ) 
3. IT upset: Nausea, vomiting. 
4. Blood: Agranulocytosis, aplastic & hemolytic anemia, cholestatic jaundice. 
5. Generalized hypersensitivity reaction. 
6. Teratogenicity 

Q. Will you recommend sulfonylureas in pregnancy or not? Justify your answer. (DU-06M) 
Ans. 
Gestational Diabetes Mellitus (GDM) / pregnancy induced DM is usually due to relative deficiency of insulin . So 
GDM can be managed by sulfonylureas. But sulfonylureas are teratogenic . That' s why sulfonylureas are 
absolutely contraindicated in GDM. So DM in pregnancy is managea by insLflin, not by oral hypoglycemic drugs. 

Q. What are the contraindications of sulfonylureas? 
Ans. 
Contraindications of sulfonylureas: 

[/ Type I OM 
1.. Pregnancy & lactation 
3. Significant renal & hepatic insufficiency 
4. In elderly patient especially with cardiac impairment. 

Q. Whayfre the drawbacks of sulfonylureas? (DU-07J) 

Ans. / 

(Ref Good111a11 & Gilman 's-1 2rh) 

Drawbacks of sulfonylureas 
'-' l. To get hypoglycemic effect, 30% of the total ~-cells of pancreas must be functioning. 

2. Can only be given to NIDDM . 
3. It cannot synthesize new insulins, but can release the stored insulin. 
4. Cannot be given to pregnant women because of teratogenicity . 
5. Cannot be given when more than 40 IU/da)( of insulin is needed. 
6. These drugs are not adequate in diabetic complications. 
7. Cannot be given in significant renal & hepatic insufficiency. 
8. Secondary failure, ie , failure to maintain a good response to sulfonylurea therapy over the long tern1, 

remains a disconcerting problem in the management of type 2 diabetes. A progressive decrease in B-cell 
mass, reduction in physical activity, decline in lean body mass, or increase in ectopic fat deposition in 
chronic type 2 diabetes also may contribute to secondary failure . 

Q. A 55 years old obese female diabetic patient suffered from severe MI. she has been receiving 15 mg 
Glipizide and her fasting blood sugar was estimated 220 mg/di. 
• Design pharmacological management for her. 
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• Explain tht' action of drugs ust•d. (SU- I O.lu) 
;\ns. 

l11 dderly patient espl!cially with cardiac impairment, Glipizidc (sullonylurcas) is contrainclicalcd . So, we shoui 
stop the drug immediately and should chose another, cg, insulin or mctlormin. u 

Mechanism of action of meulitinides: Same as sulfonvlureas. b . 

Indication of meglitinides: To reduce postprandial glycemic elevations in type II OM. 

Adverse effect: Hypoglycemia 

Precautions of using meglitinides: 
\ I. As repaglinide & nateglinide are metabolized mainly (90%) by the liver, they should be used cautious! 

'\ in hepatic insufficiency. y 
\ 2. A small proportion is also metabolized by kidney & excreted through it, so they should also be useu 

cautiously in renal insufficiency. 
(Ref Goodman & Gilman 's-f 2thJ 

Biguanides: Metf ormin 
Metformin is taken with or after meals. Its chief use is in the obese patient with Type 2 diabetes either alone or in 
combination with a sulfonylurea. It has a mild anorexic effect which helps to reduce weight in the obese. 

(Ref Bennett & Brown-ll th/6 J 5) 

Q. ~_yJ-, m how metformin reduces blood glucose level. (DU-l0Ju,06S;CU-07J ,RU-08Ju,06J ,SU-06J) 
J,'l.':l"te the anti-diabetic action of metform in. (CU-I 7 M. l 6J u, 14 Ju, S U-1 5 Ju, I 4J, I JJ u) 

Mechanism of action of biguanicles / metformin: Their blood glucose-lowering action do! s not depend 011 
functioning pancreatic B cells. Patients with type 2 diabetes have considerably less fasting hyperglycemia aswell 
as lower postpranai~ir hyperglycemia after biguanides; however, hypoglycemia during biguanide therapy is 
essentially unknown. These agents are therefore more appropriately termed "euglycemic" agents . 

. , . \_-\ ry--r--R <:'..'r-.c,.-r-- 6~ ~7':----, 
Currently proposed mechanisms of action include- (_ ~"l"YC <'i<::., h'"'IS.,-.'-- ......, ) ' 

/ r: reduced hepatic and renal gluconeogenesis; 6 \;r c ,~ . .,,-, --;' · p:-,.--\ <.. t... 

Y. slowing of glucose absorption from the gastrointestinal tract, with increased glucose to lactate conversion 
by enterocytes; 

.J;,.direct stimulation of glycolysis in tissues, with increased glucose removal from blood; and 
,A. reduction of plasma glucagon levels . 

,-; r 3,....,'-, 1
-,,--_ , _,,...-,:...'-'-' ,'-' '.~ (Ref Katzung-13th) 

Q,t:· tion the indications of metformin / biguanides. (DU-06S: RU-I 6Ju,06J ,0SM , SU-07J) 
A . 

ication of bi uanides / metformin: 
I. Insulin resistance syndrome: As Metfonnin is an insulin sparing agent & does not increase weight / 

pr - ol<eliypoglycemia, it is used in patients whose hyperglycemia is due to ineffective insulin action i.e. 
insulin resistance syndrome. 

2. In type-II D ith insulin secretagogues or thiazolidinediones in whom oral monotherapy is inadequate. 
3. NfDDM in obes persons. 
4. Metformin r ef 1cacious in preventing the new onset of type II OM in middle aged , obese person with 

impaired glucose tolerance & fasting hyperglycemia. 
(Ref Katzung-13th) 



. . 717 Endocrine Pharmacology Q. Wluch drugs will be suitable f . . b . . . 
A M tt. . or ,ln o csc dmbcttc lady aged 40 yc·1rs? (RU I JJL1) ns. e orm1n • · -

~- ~ention the adverse effects of metformin. (DU-I 0Ju,CU-06S;RU-08Ju;SU-07J) 

Adverse effects of metformin: 
I. GIT upset: Anorexia nausea ·t· bd . . 
2_ D . d . . ' ' ' vom, lllg, a Omlllal discomfort diarrhea. They are dose related 

M
ec1elal_se v1tamlll 812 absorption in chronic use leads to meg;loblastic anemia . 

3. eta 1c taste · 

(NB: Phenformin causes lactic acidosz'<· ,.,,'hat , . h .t . . d . 
· " · 1, s w y 1 1s not use now.) 

(Ref Katzung- / Jt h) 

Q. Mention the contraindications of metformin. 
Ans. 

Contraindications of metformin: 
Y Patient with hepatic & renal insufficiency. 
2. Alcoholism 

3. Chronic cardio-pulmonary dysfunction, which causes tissue anoxia & increased risk of lactic acidosis. 
4. Diabetic ketoacidosis . 

(Ref Katzung-13th) 

Q. Short note: Metformin. (OU- I 3Ju, I 2J) 
Ans. Write in short from above. 

Q. Enumerate 3 anti-diabetic drugs to be included in essential drug lists of Bangladesh. (CU-07J) 
Ans. 
3 anti-diabetic drugs that should be included in essential drug list: 

I. Insulin 
2. Glipizide 
3. Metformin 

Thiazolidinediones never produce hypoglycemia & hence it is called euglycaemic agents. 

/ 
Q. Explaiy,,hypoglycemic action of pioglitazone. (SU-09/07 J u,06S/M) 
Q. E1.n blood glucose controlling action of pioglitazone. (SU-l 2Ju) 

~ 'itglycemic action of pioglitazone / rosiglitazone: Thiazolidinediones (Tzds) act to decrease 
'--resistance by regulating ~enes inv~lved i,~glucose and lipid metabolism and adipocyte differentiation. 

insulin 

Tzds binds with peroxisome proliferator-activated receptor-gamma (PPAR-y) in muscle, fat, and liver. 

! 
PPAR-y receptors modulate the expression of the genes involved in lipid and glucose metabolism, insulin 
signal transduction. ~-- - -----._ 

The drug promotes glucose uptake and utilization, especially in adipose tissue. 

Indications of pioglitazone / rosiglitazone: 
/ v. Type-II OM (especially i~ ins~li,~ esi_stance case) 
;;/ Prevention of type II OM. 

Pharmacology-92 

(Ref Katzung-1 Jth) 
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3. Monothcrapy (a long with diet & exercise) in mild degree OM. 
J. In co 111 binati on wi th biguanides & sulfonylureas in type II OM. 

In !2. lucose intolerance patient s. 
5. Prevention of recurrence or OM in high risk Hispanic women with a hi s!o1y of gestat ional OM . 

(Re{ Katzur,g-! 3th & Ti-ipathi-o'1'/270J 

1\_(lvcrse effects of pioglitazone 
l . Dose related weigh! ga in (average I - 3 kg) 
1 Fluid retention (w hich presents as a mild 

combinat ion with insulin & sulfonylureas. 
anemia & peripheral edema) espec iall y when used 111 

~. Hepatotoxicity (especially with rosigl itazone) 
4. Teratogenicity 

0ontraindications of pioglitazone 
I. Obes ity 
2. Liver di sease (CLO) 
3. Hea11 fa ilure 
4. Pre existing edema 
5. Pregnancy. 

(Ref Katzung-1 Jih) 

(Ref Katzu11g-l J1h; 

carbose / Miglitol a-glucosidase inhibitors 

Mecha nism of action of acarbose: 
Acarbose I miglitol 

l 
Com petiti ve inhibition of ' intestinal a-glucosidase ' 

l 
Reduce postprandial digestion & absorption of starch & di saccharides 

l 
Red uce bl ood glucose level 

Adverse effects of acarbose / miglitol: 
l . GIT adverse effects: Flatulence, diarrhea, abdominal pain . 
2. Reversible hepatic enzyme elevation 

Contraindications of acarbose: 
I. Patients with inflam matory bowel disease (IBS) 
2. Any intesti nal condi tion that could be worsened by gas & distension 
3. Should be used with cautions in pati ents with hepatic & rena l impairment . 

Incretin-based thera ies 

Q. How does glucose stimulate Insulin release? (CU- l 6J u) 

Ans. 
How glucose stimulates Insulin release: 

Presence of glucose in the gut 

l 
Glucose stimulates secretion of gut hormones, or in cretins 

l 

(Ref Katzung-l 3th) 

(Ref Katzung-13!h) 

(Ref Katzung-l 3th) 

Jn cret in s (eg, glucagon-like peptide (GLP-1 )) stimulates insulin secret ion in a glucose-dependent manner. 



-:-;-:---:--;:-"""".'-------------·----7:.1:.9~-----------!E~n doc ri n c Ph a rm ;-1 co Io gy 
Nice to know 
In cretin: 

• 
• 

lnc retin s are gut hormones, which potcntiate g lucose- induced insulin secrctio11. 

Glucagon-like peptide (GLP-1) is an inc ret in ho rm o ne which s timul ate s in s ulin sccrcl io 11 111 a g! ucu"c ­
dependent m a nn e r; thus hypog lyce mi a does no t occur. 

• In addition, GLP-1 s uppresses g lucago n secretion. de lays gastric empty ing , reduces appctit l: a1 1d 
encourages weight loss . 

Drug_s used ~n i~cretin-based therapy: lncret in-based therapies a re most useful in o bese patien t'~ and ca n be.: 
used 111 comb111at1 o n with other ora l anti-diabetic agents. 

1. lncretin mimetics / Synthetic analog of glucagon-like-polypeptide 1 (GLP-1): 
• Exenatide 

• Liraglutide 
2. Dipeptidyl Peptidase-IV (DPP-IV) Inhibitors: 

,,/ Sitagliptin, 1 
VildagliptinJ 

/ 
• Saxagl i pti n 

Exenatide 
It is a synthetic analog of glucagon-like-polypeptide 1 (GLP-1). 

Indication: Adjunctive therapy in persons with type 2 diabetes tTeated with metlorm in or m etformin plu s; 
sulfon y lureas who still have suboptimal g lycemic control. 

Mechanism of action: 
1. Potentiation of g lucose-mediated insulin secretion. The increased insulin sec ret ion is spec ul a ted to be d ue 

in part to an increase in beta-ce ll mass . 
2. Suppress io n of postprandial g lucagon release 
3. Slowed gastric e mptyi ng, and 
4 . Central loss of appet ite . 

Route of administration: Exenatide is injected subc uta neously w ithin 60 minutes before a meal. 

Adverse effects: 
I . Nausea (about 44% of users) 
2. Vomiting 
3. Diarrhea 
4. Weight loss ( in some users , presumably because of the nausea and ano rect ic effects.) 
5. Necrotizing a nd hemorrhagic pancreatitis. 

Sitagliptin 
Q. Write how sitagliptin reduces blood sugar level. (RU-1 SJu) 
Q. State the anti-diabetic action of si tagliptin. (SU- I 5Ju. I 3Ju) 

Ans . 

(Ref Kat:::u11g- I 3rh) 

Mech anism of action ofsitagliptin: Sitagliptin is a n inhibitor of di pept id y l peptidase-4 (DPP-4), the enzv m e tlrn t 
'-....,_/c egrades incretin and other GLP-1 -like m_o lec ules. Its 111aJo ~· action !s to in~rease ci rc ul ati ng le ve ls of G LP - \ ::ind 

G IP . Th is ultimate ly decreases postprandial g lucose excurs io ns by 111c reas 1ng g lucose-m ediated insu lin scc re ·: 10 11 

;nd decreas in g g lucagon level s . 

Nice to know 
Route of administration : Ora l. 
Dose: I 00 m g ora ll y o nce daily . 

(R<:'_f f.:ur:::1111,\!.·- I 3rl, ; 
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Clinical use: Sitagliptin can be given as monotherapy or combined with rnetformin or Tzds. 

Adverse effects 
1. Nasopharyngitis 
2. Upper respiratory infections 
3. Headaches 
4r. Rarely, severe allergic reactions 

(Ref Katzung-1 3th) 
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Q. ,E nlist adrenal steroids. (CU- 14.lu) 
A,~ . 

drenal stero ids / Ad rcnocortical hormones 

Layers of adrenal cortex Hormones 
1. Zona glomerulosa 1. Mineralocorticoids: 

• A ldosterone 
• Deox ycorti costerone 

\!.- -2. Zona fasciculata 2. Glucocorticoids: ( ~---u2..$_::, 
• Cortisol '------

• Corticosterone 
3. Zona reticularis 3. Sex corticoids: 

• Adrenal androgens-
~ Dehydroepiandrosterone 
)> Androstenedione 

• Estrogen 

Glucocorticoids 

-.....,_ 

' Pr__- r,)--

Q. Classify glucocorticoids according to duration of action. (SU-09Ju;RU-10Ju ,06J) 
Q. Classify glucocorticoids according to potency. (RU-I 6J , I 2Ju,08J) 
Q. Enumerate the glucocorticoids. (DU-16Ju) 
Q. Classify glucocorticoids based on pharmacokinetic and pharmacodynamic properties. (SU -1 4Ju , 13J) 
Q. Name the long acting glucocorticoids. (SU-07J) 
Q. Name the glucocorticoids according to route of administration . (SU- I 6J) 

, (J, List synthetic glucocorticoids. (SU -1 7J) 
Ans. 
Classification of glucocorticoids: 

A. According to duration of action: 

1. Short-to-medium-acting(< 12 hours) .•/ Hydrocorti sone ( Cortisol) \ 
/ C . ,• ort1sone __ , 

.--~ Prednisone. 
{ Prednisolone -~ 
,. Methylpredni solone 
• Me redni sone 

2. Intermediate-acting (12-36 hours) • Triamcinolone 

~ Paramethasone 
Flu red niso lone 

3. Long acting (>36 hours) • Betamethasone 
,/ Dexamethasone 

I 

I .. -·,,, 
- - ;i" 

,.. ,... ' 
1/ 

(Rrf f.:ur:: 1111g-f 3rhJ 

B. According to potency: 

Anti-lnllammatory activity 
(I'otenc'\' relmive ru hvclrocorr i.,·011t') 

High potency Dexamethasone 30 
Betamcthasone '.25-4 0 
FI u precln iso lone IS 



Bh1cprint'r1
\

1 Pharmaco logy .. 
Medium / intl'rmcdiate Parn111et lwso11l! 10 

·- - -- -
---- - - - - -potency _7 ria111c i11ol onc 5 -

Predniso lonc 5 -
Mctlwlpred n iso lonc 5 --r . - -

_..·rvte prcdnisone 5 
- -Low potency Prcdnisone .:1 

Hydrocort isone ( I J 
Cortisone 0~8 

(Ref: 7ri;,atlii-6thl282J 

C. According to route of administration : 

/ VIM 
~ 

1/e Triamcino lone 
IV, IM ',I Betamethasone 

1/ Dexamethasone 
Hydrocortisone ._ -C . ..,....'J (~~ 

'O"R·~ .r 

l Prednisolone - _ 

• Methylprednisolone 
j~ nhaled and nasal sprays (' _• _ Beclomethasone 

• Budesonide e9-~S-j -
,~ _!.. Ciclesonide 

!..,.... Flunisolide .,. 
!-. Fluticasone -• Mometasone 

\ 

\ ··' Tci.amQ.!1olone 
Oral I~~ Cortisone ' 

, ~ Dexarnethasone 

• Methylprednisolone 
,,,- Prednisone 

Topical 
. 

Betamethasone 
I. 

Hydrocort isoJe ~ 

• Mometasone ,, 
Triamcinolone ,,. 

~ 

!,,I ntra-articular • Methylprednisolone 
,) ,,... Triamcinolone 

(Ref Lippinco/1 's-6'"1369) 

Q. Enumerate some clinically important synthetic glucocorticoids. (CU -08J ; SU-06J) 
Q. Name commonly used glucocorticoids. (RU-07J) 
Ans. Commonly used glucocorticoids: Hydrocorti sone, Predni so lone, Betamethasone, Oexarnethasone. 
Methylprednisolone, and Tri amcinolone. 

Q. Classify anti-inflammatory drugs. (RU-09J) 
Q. o/tfut are the drugs that affect prostaglandin synthesis'! (SU-I 4J) 
Mis. 

,__/-A nti-inflammatory drugs/ drugs that affect prostaglandin synthesis: 
I. Stero id anti-innarnmatory drugs (corticosteroids) 
2. 7n stero idal anti-innammatory drugs (NSAIDs) 

Q. Describe the mechanism of action of steroids. (CU-I 4Ju) 
~ Oescribe the mechanism of action of glucocorticoids. (CU- I OJ) 
ft · How does glucocorticoid act at molecular level'! (RU-08.J) 

I 

I 
I 
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723 Endocrine Pharmacology 
Ans. 
Mechanism of action of glucoco rticoids /steroids/ prednisolonc: 

Glucocorticoids enter into the cel l & binds with the receptor in the cytoplasm. 
- 1-

Conformational change occurs in the receptor 
l 

The glucoco1ticoid-receptor complex is then active ly transported into the nuc leus & it interacts with IJ N/\ & 
nuc lear protei~ -- - ·- -- -

l 
The complex binds with the glucoco1ticoid response element (GRE) on the gene. 

l c.__ __ _ 

After binding, it regulates the transcription by RNA polymerase-II & associated transcription factors. 
l 

mRNA synthesis 

Protein synthesis 
- --i-

New proteins are responsible for glucocorticoid action. 
(Ref Katzung-13th) 

Effects of glucocorticoids: 
l . Physio logical effects 
2. Pharmacological effects 

Q. Describe the effects of glucocorticoids on metabolism. (CU-I !Ju, RU-06J) 
Q. Enlist the im portant pharmacological effects of glucocorticoids. (DU- I SJ) 
Q. Expl,_;-n !Jriefly the important pharmacological effects of glucocorticoids. (DU-I 3J . I OJ . CU-I 2Ju) 

Ans. / / 
Eff2cts of glucocorticoids on metabolism ., 

1. On carbohydrate • iG I uconeogenesis 
G\ v_ s:.()Sr/ (,\>° cr:3-~"'"' metabolism • iG lycogenesis ~ ·y'l , •""J"'--l'L 

• lGlucose utilization 
~~ <.. 

• iBlood glucose . 
2. On protein metabolism In extrahepatic tissue-

• lAmino acid uptake ~-"""v-\-', ...... ~ r---, 

• lProtein synthesis 

• iProtein catabolism 

• i Amino acid mobilization form extrahepatic ti ssue into blood . 
In liver-

• i Amino acid uptake 

• iProtein synthesis l D \ ' TI~ ---<"t.· -
In plasma- l ., .... , ........ .l(,__\~r-.. 

• iP lasma protein ) 
• i Plasma amino acid . 

3. On fat metabolism • iFatty acid mob ilization from adipose tissue \ 
C \ 

( \ ,, ' 
• iFatty acid utilization for energy 

'\ \-:--.~ .. 
j Ketone body formation • ) 

' - ~ ,.:_r·, \, ~ 
• i Plasma fatty acid . ~ 

(Ref G11vru11-!21l1. Gww11g-2..f.1/JJ 

Q. Describe the anti inflammatory effects of glucocorticoids. (DU-I 4.Ju. I 2J, CU -I SJ,07.1 , RU-1 7 J.09Ju: SU­
I 6Ju, l 5Ju, I 3Ju) 

,....r 



Bl11q1rinl 1
" l'harmarnlo~y 724 

(.). E,pl:1i11 thl' a11li-i11tla111111:1lory cffrrts of corticosteroids . WU- 14.1 ,0lJ.J , CLJ - 11 .lu ) 
(). 1-:xplain lhl' anli inlbmmalory rok of steroids. (SlJ - 10.1 ) 
Q. Explain th(· anti intlammator)' dfccts of pr('dnisolonc. (RU-07.Ju ,OGM, SlJ - 14.J , I I .Ju ) 
Q . Ew l:1i11 anti inflammatory action of dcxamcthasone. (SlJ - 17.J , 12.lu) 
Q. L: xplai11 thl' immunosupprcssiw dfccts of corticosteroids with uses exploiting thi s action . ( RU- I SJ) 
Q. Explain tlw immunosupprcssivc cffcds of prcdnisolonc. (RU - I I Ju) 

i\11 ~. 
Anti -inflammatory '-~ i III m II nosu ppressive effects of cortieostcroids/nred nisolone: GI ucoconico ids 

f- dra111 :1tica li)' rl'd uce tile 111anilcstati ons or inllamrnati on. Thi s is due to th eir profound effec ts on the concentration, 
di stributi on, and !'uncti on or periphera l leukocytes and to their suppress ive effects on the inflammatory cytokincs 
and chcrnokincs and 011 other mediators of inflammation. 

M l'chanism: 
,,/' 

(. Increased i111lux of neutrophil into 1+r&!1lmc,d-frem bone marrow - dec reased migration from blood vessel 
Decreased neutrophil number in the inflammatory site. 

J. Decreased circulator)' lymphocytes, monocytes, eosinophils & basophils due to their mi gra ti on frorn 
the vascul ar bed to lymphoid tissue-~ Decreased number of these ce ll s in the inflammatory si te. 

} Inhibit the functions of tissue macrophages and oth er ant igen-present ing cell s. As a result. 
a) Antigen presen tation is reduced. 
b) Phagocytosis is reduced. 
c) Less production of IL-1 2 and interferon-y, important inducers of THI ce ll activity, and cellu lar 

immunity. a_ ..,,,o' ~\io\bl.. ~ A '('Q.<>'v--. ·r~~<z_ A c', o5Z · 
I ' ' -u~,-,.., , r 1~\.-._,b,--t--._: l/'---. 

4. Inhibition of phospholipase-A2 enzyme: By thi s way- " 
a) Glucoco11icoids inhibit the inflam matory response by reducing the prostaglandin , leukotr iene, and 

plate let-activating facto r synthesis. 
b) Red uce COX-2 enzyme in inllammatory ce ll s. 

5. Glucocorti co ids cause vasoconstriction and decrease capillary permeability by reducing histamine 
release from basoph il s and mast ce ll s. 

6. Complement ac ti va ti on is unaltered, but its effects are inhibited. 

7
1 

Antibody production can be reduced by large closes of steroid s, though it is unaffected by moderate 
do ages (eg, 20 mg/d of predni sone). 

Leukocyte 
accurnulaU<'.>n 

"'Leukocyte 
function 

Monocytopen la 
coslnopl}n la 

components 

Anti~nflammato,y 
Mfoct~ 

'-"' Hietamine-me<l latoo 
reactions 

(Rel Kat:ung-l 3th) 

L)'m phocyt.openi.1 
monocytopenia 

'-"' Comphtment 
level1,, 

Fig 1/ 111 i i11/ l 011111111/or v wtcl i 1111111 1110.111pJJr c>s., i vc> ro/1: (!/ corf icostt' ro id1 . 



725 Endoc rine Pharmacology 
~ plain the perm~ss~Ye role of s_teroi~ls / hydrocortisone. (SU -I 3Ju , I 2Ju , 11 J, I OJ) 
~: Short note: Pen111ss1Ye effect of corticosteroids. (RU-16J) 

A
1

\ ,issive action of steroids: Small amounts of glucocorticoids must be present for a number of metabolic 
p~r·tions to occur, although the glucocortico ids do not produce the reactions by themse lves. This effect is called r,,1c . p . . f~ . 

·r permissive action. en111 ss1ve e 1ects rnc lude the requirement for glucocorticoids to be present -
th~1 I d cat h I . h . I · · t·t· ' ., 1 I. For g ucagon an ec o amrnes to exert t e1r ca ongemc e ects . c.; 

2_ For catecholamines to exert their liQol tic effec'fscc----- ') ,,---o ;\~ {fl.> I • ..r;.; 

For catecholamines to produce pressor responses and bronchodilation . '.) ~ • :::< --
3. --- ~ 2-

(Ref Ganong ·s-24th) 

Q. Mention the therapeutic principles of glucocorticoids. (RU-13J) 

Ans. 
Therapeutic prin~iples of_ glucocorticoids 
- \. The dec ision to give glucocorticoids always requires a careful consideration of the relative risks and 

benefits in each patient. 

2. For any di sease and in any patient, the lowest effective dose should be given for the shortest period of 
time. 

3. Abrupt cessation of glucocorticoids after prolonged therapy is associated with the risk of adrenal 
insufficiency, which may be fatal. So, dose of glucocorticoids should be tapered slowly. 

(Ref Goodman & Gilman 's-l 2th) 

Q. Mention the cl inical uses of glucocorticoids. (DU-OSM, CU-1 lJ , 1 OJ, RU-17J , SU-O6J) 
Q. What are the indications of glucocorticoids? (DU-1 SJ, CU-OSM ; RU-14J , SU-1 IJ) 
Q. What , re the indications of prednisolone? (C U-OSM, SU -17J) 
Q. Outline the immunosuppressive uses of glucocorticoids. (RU-16J ) 

A~ 
ndications of glucocorticoids 

A. Adrenal uses ort replacement therapy: 
1. Adrenocorti2i"l insu fficiency: 

• Chronic (Addison 's di sease) 
• Acute (Addisonian crisis) 

2. Adrenocortical hypo & hyper-function: 
• Congenital adrenal hyperpl as ia 
• Cushing' s synd rome 
• Aldosteronism (primary & secondary) 
• For diagnosis of Cushing's syndrome by the "dexamethasone suppression test" 
• Iatrogenic adrenocortical insufficiency: Abrupt withdrawal. 

(Ref Katzung-13th : Bennett & Brown- 11th) 

B. Some Nonadrenal Disorders: 1 

Disorder I Examples 
Allergic reactions • Angioneurotic edema 

• Asthma 

• Bee stings 

• Contact dermatiti s 

• Drug reactions 

• Allergic rhinitis 

• Serum sickness 

• Urticaria 

Pharmacology-93 
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1 Collagl'll -\'asl'ular disorde rs Gia nt cell artcriti s 
~ 

• 
• I ,upus erythcmatosus 

• Mixed connect ivc t issul.'. synd romes 

• Polymyos iti s 

• Polymyalgia rheumat ic 

• Rheumatoid arthrit is I 
• Tempo ral art er iti s 

I 1--
, 

E~·c diseases • Acute uveiti s 

/ Allergic conjunctiviti s 
I • Choro icliti s 
I • Optic neuriti s 

Gastrointestinal diseases v• lnnammatory bowel disease 
' • Nontropical sprue 

• Subacute hepatic necrosis 
Hematologic disorders • Acquired hemolytic anemia 

• Acute allergic purpura 

• Leukemia I 

I 
• Autoimmune hemolyt ic anemia 

• Idiopathic thrombocytopenic purpura , 

• Multiple myeloma 
Systemic inflammation -· Acute respiratory distress sv11 clro 111 e (A RDS) 
1 n fections • Acute respiratory distress syndrome (ARDS) 

I 

• Sepsis 
lntlammatory conditions of • Arrhriti s, 
bones and joints • Bursitis 

• Tenosynov itis 
Neurologie disorders ,. Cerebral edema (forge doses of dexwnethosone arc given to patients 

following brain surgerv to minimize cerebral edema in the 
postoperative periocU 

• Multi ple sc lerosis 
Organ transplants • Prevent ion and treatment of rejection (immu nosu ppression) 
Pu lmonary diseases • Asp irat ion pneumonia 

• Bronchial asthma 

• Prevention of in font respiratory di stress syndrome 

• Sarcoidos is 
Renal disorders I-,.' ' Nephrot ic syndrome 
Skin diseases • Atop ic dermatitis 

• Dermatoses 

• Lichen simp lex chron icus (locali zed neurodcrm atiti s) , 

• Mycos is fun go ides 

• Pcmphigus 

• Seborrheic dermat iti s 

• Xerosis 
Thyroid diseases • Ma li gnan t exophthalmos ,. Subac ute th vro iditi s 
M isccllaneous • Hypercalcemia 

• Mountain sickness 
(Re~/ f.:01::1mK-I 3th) 
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Q. Wlntt arc the adverse effects of long term use of glucocorticoids? ( DlJ- 15.1 , I JJ ,0 8.1 . CU - I J .J . I OJ. R U- 1 OJ u. 

SU-09.l u) 
What arc the major adverse effects of glucocorticoids? (SU- I 6Ju) 

Q. Write the GIT adverse effects of the synthetic glucocorticoids . (CU-08J) 
6: Enum erate t.he ~otential adverse ~ffccts of prolonged on~l corticosteroid ~he,_·apy. (CLJ_-07.1) . 
Q. What com phcat1ons m~.Y occur with the long term use ol dexamethasonc ? ((_ LJ- 04 M; SU-1 JJ, 12J,07.I J 

Q. Ment ion the adverse eflects o~ prednisolone after chronic use. (CU-OSS) 
Q. What arc the consequences ol sudden withdrawal of glucocorticoids? (CU - I 3.1 ,07 .1 u:RU-04.J) c r.>- .s,.J 
\ ' _bcf•"- -..: L 

:x;i:;ersc effects of long term use of glucocorticoids : Two categori es of toxic effec ts results fron1 the thcrapcufic , 
-:-: or corticostero ids. I /;T'( \ /'I I' ..,,:, 
USl . . , . \./' · 11, _ _,\ v( c __. r '-' \· 

A. Due to rapid withdrawa l ot steroid therapy · J 

B. Due to continued therapy ,-z, ·-> 

A. Due to ra pid / sudden withdrawal of corticosteroid thera py: 
) . Flare-up of the underly ing di seases for wh ich steroids were presc ribed 
/ 2. _Ac ute ad renal suppress ion 

3. Other effects: 
a. Fever, myal gia, arthral gia & malaise 
b. Pseudo-tumor ce rebri. 

c:;\~,--c, , --'-1 . - c ~ -\.=-c c1 _\.-.<. 

Q,\') - .l_ ~" C ,,.,k.._ 
J-...J <'- " )-...,,~.,..; _..,,. 

B. Due of continued / lone term use of glucocorticoids: The major undesirable effects of glucocorticoids ar...: 
th e result of their hormonal actions, which lead to the clinica l picture of iatrogenic Cushing's syndrome. 
I. Fluid & electro lyte di sturbances: ~ -

a. Hypoka lemic alkalosi s 
b. Edema 
c. HTN 

2. Metabolic changes: 
a. Hypokalem ia with glycosuria 
b. Iatrogenic Cushing's 

syndrome . 0 
3. Increased susceptib ility to HaTrlhinning-----1,', 

Hlrsutism 
infection due to suppress ion of 
immunity 

4. GIT: Peptic ul cer diseases. 
5. Myopathy 
6. Osteoporos is & osteonecros is 
7. Cataracts 
8. CNS & behavioral changes: 

Nervousness, insomni a, overt 

Peptic utcer--- 1----1-. 

Loss of heiQht ----;. 
and back pain 

from compr ssion 
fractu re 

.,,.,.r;r 
t' 9. 

psychos is & changes in mood 
Regulation in growth & 
development : Growth retardation 
in children. 

Hyperglycaemia 

1 

(Ref' Katzung-l 3th; Goodman & 
Gi/111011 ·s- 12th) 

Fig. Cushing 's syndro 111e 

Menstrual --.,c.___:;;.-1-.,...,,..,,.....,._ 

dlsturtlance 

May have 
exuberant 
callus with 

1rae1ures 

Ostooporosis 

Tendency to ____ -+P 
infections 1 

with poor wound 
healing and little 

inltammatoiy 
response 

._,,_ _____ wtaracts 
1 a exopnthatmos 

\ 

~ r .\ \ 

\-::,, 

Decreased skln 
1.hlckness 

-+----,'+--- Wasting and weakness 
of proximal th igh 
muscles 

f1--- -- Bruising 
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Q. Mention the rational management of the adverse effects caused by synthetic glucocorticoids . (CU-O&½ 
Ans. 
Management of the adverse effects of corticosteroids: 

I. Gradual withdrawal of the corticosteroids 
2. T reatment of the developed problems: 

a) Treatment of infection by appropriate antibiotics. 
b) Treatment of PUD by anti-ulcer drugs. 
c) Treatment of HTN by anti-hypertensive drugs. 
d) Treatment of fluid & electrolyte imbalances etc. 

3. Strict monitoring of the progress of the patient condition including vital signs 
4. Prevention of the adverse effects: 

a) Using short acting corticosteroids (hydrocortisone, prednisolone, methylprednisolone) 
b) Using corticosteroids for the shortest period of time & gradual withdrawal after prolong use. 

Q. Mention the contraindications for corticosteroid therapy. (DU-I 2J, RU-l 6J, CU-0SM, SU-11 J) 
Q. Mention three important contraindications of glucocorticoid . (DU-08J) 
Ans. 
&mtraindications of glucocorticoids: Glucocorticoids must be used with great caution in patients with­

! . Peptic ulcer 
2. Heart disease or hypertension with heart failure 

\ ' ~ 3. Certain infectious illnesses such as varicella and tuberculosis " ( - ~~ \ ( ) ( ~ 4. Psychoses 
\ ' ' 

5. Diabetes ( \ c · \ 
( 

I ( 

6. Osteoporosis 
7. Glaucoma. -y-t '( <~ 

8. Epilepsy 
(Ref Katzung-13th: Bennett & Brown-11th) 

What precautions are to be taken during prolonged steroid therapy? (DU-I OJ) 
Wh~precautions are to be taken before glucocorticoid use? (CU-l 2J) 

· t uss the precautions that should be taken before prescribing steroid hormones . (DU- l 4Ju ) 
n . 

_precautions to be taken during prolonged steroid therapy: 
I. Patients receiving glucocorticoids must be monitored carefully for the development of-

,,. a. Hyperglycemia 
b. Glycosuria 
c. Hypertension 
d. Fluid retention (weight gain) 
e. Hypokalemia (potassium supplement may be necessary) 
f. Peptic ulcer 
g. Osteoporosis (back pain) 
h. Hidden infections. 
1. Serious hazard of patient noncompliance. 

2. Mild withdrawal symptoms (iatrogenic cortical insufficiency) include conjunctivitis, rhiniti s, we ight 
loss, arthralgia and itchy skin nodules. 

3. Patients must always 
• cany a card giving details of therapy 
• be impressed with the importance of compliance 
• know what to do if they develop an intercurrent illness or other severe stress (eg, surgery): double 

their next dose and to tell their doctor. If a patient omits a dose then it should be made up as soon 
as possible so that the total daily intake is maintained, because every patient should be taking the 
minimum dose necessary to control the disease. 

(Ref Katzung-JJth edition ; Bennett & Brown-I Ith) 



/ 
729 Endocrine Pharmacology 

Q. Co · pare gluc~co~icoids & NSAIDs as anti inflammatory agents. (CU-I 7M, I 4J , I 2Ju ,09/08Ju, SU- I OJu ) 9A w glucocort1co1ds differ from NSAIDs? (SU-l 2J) 

r.~parison between glucocorticoids & NSAIDs as anti inflammatory agents: 

I 

Inhibit phospholi pase-A2 enzyme 
Inhibited 
Present Absent 
Absent Present 
Absent Present 
Absent Present 
No Yes 
Elevated No change 
Occurs No chan e 
Causes 

11. Iatrogenic Cushing syndrome 
No change 

Can occur No 
12. H ertension Occurs Does not occur 

Q. IVM~ on the principles of withdraw al of corticosteroids. G ~~--..1 \ v1\. \ --S ,---Q- \ A1l 1

enn ·- T '4-fP-'< rv, 
Principles of withdrawal of corticosteroids: The longer the duration of therapy the slower ,m\s\ be th 
wi thdrawal. ---

1. For use of less than I week (e.g. in severe asthma), al though there is some hypothalamic suppress ion, 
wi thdrawal can be safely accomplished in a few steps. 

2. After use fo r 2 weeks, if rapid withdrawal is desired, a 50% reduction in dose may be made each day. 
3. If the patient has been treated for a longer period, reduction in dose is accompanied by the dual risk of a 

flare up of the disease and of iatrogenic hypoad renalism; then withdrawal should ~ done very slowly, 
e.g. 2.5-5 mg predn iso lone or equi valent at in tervals of 3-7 days. 

(Ref Bennett & Brown-I 1th) 

drenocortical anta onists 

Glucocorticoid antagonist: 
Glucocorticoid receptor antagonist: Mifepristone 

~'roJ.f¼'-t F 1R._ 

~sr"'° \, ~\~ .t~'-L. ~ °' ~ 
Adrenal steroid synthesis inhibitors: c_ of:.. 

I. Aminoglutethim ide 
2. Metyrapone 
3. Ketoconazo le 
4. Metyrapone 
5. Trilostane 
6. Abi raterone 

(Ref Katzung-1 Jth) 

Mineralocorticoid receptor antagonists/ aldosterone antagonist 
These drugs compete with aldosterone for its receptor and decrease its effect peripherally. 

I. Spironolactone 
2. Eplerenone 
3. Drospirenone 



Q. Name the estrogens. 
Ans. 
Estrouens· .... 

Steroidal 

Non-steroidal 

Natu ra l 

Synthetic 

Synthetic 

Q. Write the clinical uses of estrogen. 
Ans. 
Clinical uses of estrogens: 

A. Replacement therapy 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Estradiol 
Estrone 
Estriol 
Ethinyl estradiol 
Mestranol 
Quinestrol 
Dienestrol 
Diethylstilbestrol 
Benzestrol 
Hexestrol 
Methestrol 
M etha I lenestri I 
Ch lorotrian isene 

( Ref Kat::11ng-13th) 

/ . Primary Hypogonadism : Estrogens have been used extensive ly for replacement therapy in estrogen ­
defic ient pat ients. (Treatment of primary hypogo11adis111 is 11suully begun at I 1- /3 years of age and 
continued until the age of menopause) 

2. Postmenopausal hormone replacement therapy (HRT) 

B. Pharmacotherapy: 
I. In combined OCP along with progesterone 
2. In dys functional uterine bleeding (DUB) in combination wit h progesterone . 
3. Intractable dys menorrhea: Estrogens combined with proges tins can be used to suppress ov ulati on in 

patients with intractable dysmenorrhea. 
4. Hirsutism and amenorrhea due to excess ive sec retion or androgens by the ovary : Estrogens combined 

with progestins is used to suppress ova ri an fun cti on. 

(Ref Kat::w1g- I 3tli: Bi!nne/1 & Brown-! Oth/6-15. 6-1 7) 

Q. Define HRT? (CU-06M) 
Q. What is hormone replacement therapy'! Name the hormone preparation used. Mention the indications 

& / isks . (DU-08Ju ) 
Q/ Dlscribe the HRT in postmenopausal syndrome . (CU-06M) 
~ - ort note: HRT. (DU- 13.lu, 12.1 , SU -06M ; RU- I SJ, 13.lu) 
/ ll S 

Post-meno pausal hormone replacement thera py (HRT ): HRT refe rs to the use or estrogen trea tlll ent in order 
to reve rse or prevent problems due to the loss of ovar ian horm one secreti on after the menopause. ,, hether 
rhysiologica l or induced. The ti ssues sensiti ve to estrogen include brain, bone, skin, ca rdiovascul ar and 
geni tourinary. 
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y- To reduce the everyday symptoms of estrogen loss : li nt lluslics. slecpl cssncss. lc1l wr •y it lld ckprc :..., io11 , 
vagi nal drvness. 

~ ., 

To prevent the long-tl'rm ('01nplications associated ·with estrogen deficiency: <):, tco porn lic /"ri1c lurc 

and coronary heart disease. 

Risks of HRT: 
I. Endometrial cancer. 
2. Breast cancer. 

These di orders may occu r due to estrogen excess. 

Preparations used for HRT. There are three types of regimen : 
I. Women without a uterus take continuous estrogen alone. 
1 Other women require estrogen combined with progestogen to prevent endometri al pro lil'eration. 

a. In the commonest, 'sequential' regimen , women take estrogen without brea k, and add a progestogen 
from approximately the 14th to 28th clay of each cyc le. The first cou rse i started on the I st clay ol' 
menstruation (if present), and 28-clay cycles of treatment fol low thereafter without interval. 

b. In the 'continuous' regimen , oppropriale on~v.fc>r women who hare heen c1t11enorrheicJ<>r more !hell! 

one year. fixed dose combinations of estrogen and progestogen are taken without a break. Continuous 
combination HRT regimens will eventually induce amenorrhea in most women, thereby eliminating 
one of the major deterrents to HRT use, withdrawal bleeding. 

(Ref· Benne!! & Brmvn-1 I th) 
Q. What are the adverse effects of estrogen therapy? 
Ans. 
Adverse effects of estrogen HRT: 

A. Common: 
I. Postmenopausal uterine bleeding 
2. Breast pain (mastalgia) 

B. Most serious compl ica tions: 
I . Venous thrornboemboli sm 
2. Ca endornetriurn 
3. Ca breast 

C. Others: 
I . Nausea 
2. Hyper pigmentation 
3. Increased freq uency of 111 igraine headache 

Q. Mention the contraind ications of estrogen therapy. 
Ans. 
Contraindications of estrogen HRT: 

I. Patient with estrogen dependent neop lasm; such as -
a. Ca enclometrium & 
b. Ca breast 

2. Patie nt with undiagnosed genital bleeding. 
3. 1-li story ofthromboemboli c disorders. 
4. Liver di sea~c'> . 
5. Relati vely contra indica ted in heavy smokers 

(Re{ flC:'nn ell & Brown- / I rh) 

(He/.' f.:ur::1111g- / 3t!I) 



Se lt.:cti, e cstrogL:11 -reccpt<11· modulators (SERM ·) arc a new cb1ss or estroge n-n.: l;.rtcd co r~pound s. In _tire pa~t, ,t 
m1mber or th ese agent s had been categori zed as anti es trogc ns, and con equcn tly, there 1s so r~1-~ conlu~1on. Thl: 
tt:rm SL RM is n()w reserved for compounds that interact al estrogen rece ptors but lr ave Jrflercnt clh:cts 

0 11 diffen.: nt ti ss w.:s; that is, they di splay se lecti ve agonisrn or antagonism accordrn g to_ thc tr ssuc ty~e . For examp le 
tarnoxif'en is an estrogen antagonist in breas t cancer ti ssue but can ca use cndorn elrr al hyperplasia by <1 cting a~~ 
par1ial ago ni sr in the uterus. 

(Rel li/JJJincu11 's -fJth; 

Q. Name the selective estrogen-receptor modulators (SERMs). 
Ans. 

Selective estrogen-receptor modulators (SERMs) 
1. Ta111oxifen 
2. Toremifene 
3. Raloxifene 
4. Clorniphene is also sometimes designated as a SERM. 

(Ref- Lippincou 's -6thJ 

Tamoxifen 

Tamoxifen, a competitive partial agonist inhibitor of estradiol at the estrogen receptor in breast tissue, was the 
first se lective estrogen receptor modulator (SERM) to be introduced . 

Route of administration: Oral 

Q. Enumerate the clinical use of Tamoxifen. (CU-I 6Ju) 
Ans. 
Indications/ clinical use of Tamoxifen 

(Ref Katzung-J 3th) 

I. Palliative treatment of metastatic breast cancer in postmenopausal women . 
2. Used as adjuvant therapy following mastectomy or radiation and to reduce the ri sk of breast cancer in 

high-risk patients. 

Adverse effects: 

I . Hot flashes and nausea (most frequent) 
2. Menstrual irregularities 
3. Vaginal bleeding 
4. Hyperplasia and malignancies of endometrium. 

Clomiphene 
Clomiphene is a partial estrogen agonist. It is an ovulation-inducing agent. 

Route of administration: Oral 

Mechanisms of Action 

(Ref Lippinco!I ·s-6th) 

Clomiphene is a partial agoni st at estrogen receptors. It interferes with the negative feedback of estrogens on 
the hypothalamus. 

l 
Increases the secretion of gonadotropin-releas in g horm one from hypothalamus. 

l 
Increases the secretion of gonadotropins (FS H & LH) from anterior pituitary 

l 
Stimulation of ovulation. 
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Clinical Use: The drug has been used successfull y to treat infertility associated with anovulatory cycles. 
Clomiphene is used in the treatment of di sorders of ovulation in patients who wish to become pregnant 

Adverse Effects 
I. Hot tlu shes (most common) 
2. Headache 
3. Constipation 
4. Allergic skin reactions 
5. Reversi ble hair loss 
6. Visual disturbances 
7. Ovarian enlargement 

Contraindications & Cautions: Special precautions should be observed in patients with-
/. Enlarged ovaries. (These women are thought to be more sensitive to this drug and should receive sma/1 doses.) 

2. Visual symptoms associated with clomiphene therapy . 
(Ref Katzung- 1 3th) 

Pharmacology-94 
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Progesterone 
Q. Classif~, progt·skrone. 
f\ ns. 
Pro 0 estcroru.· 

~ --- ---,-------------L Natural I . Pro l.';cstcrone 
I S~·nthctic l. oret hi nd rone 

2. L- Norgestrel 
3. Hydroxyprogesterone 
4. Medroxyprogesterone 
5. Dimethiste rone 
6. Desogestrel 
7. L\'nestrenol 

rRC'f Katzung-l 3thi 

Q. What are the indications and adverse effects of progesterone? (CU -OSJ ) 
Ans. 
Indications of progesterone: 

1. In contraception: As combined OCP & as progesterone only pill (POP) / mini pill. 
1 As postmenopausal HRT in combination with estrogen 
3. Secondary amenorrhea 
4. Abnormal uterine bl eeding in patients without underlying organic patho logy (fibroid or carci noma). 
5. Lutea l-phase suppo11 to treat infert ility 
6. To decrease estrogen-induced endometrial hyperplas ia 
7. Premature labour 
8. Anovul atory dysfun ctional uterine bleeding (DUB) 
9. Diagnosti c u e: 

a. To test fo r estrogen secretion. 
b. To test responsiveness of the endornetri um. 

Adverse effect of progesterone: 
I. Irregul ar per vagi nal bleedi ng. 
2. Headache 
3. Mood change 
4. Weight ga in 
5. Othe r less frequently occ urring: 

• ! HDL 
• TLDL 
• ! Bone densi ty 

(!?el Goodman & C,i/111011 '.1- l 21h; 

· ,.·.· .. · · .. : A tt· . .· t - . ,:~.-!ii~-···<,·\:-.·· ,;~,,: ·= · ·· · ,. ·--·· ·. ,,., -.. ... n ro es erone - · -·"''· ·, ·· .,..... ·., · • r - ·, '~ ', ,, • ''!: "', -,l> ,. .._ "- ,; 1 ... 

Antiprogcsterone drugs: 
I. Mi fe pristone 
2. Li k)p ri stone 
3. Danazo l 

Mifepristone 
Mifep ri stonc is a progesterone an tago nist with parti al agon i t ac ti vity. Mifcp ri stone also has potent 
antiglucocorti co icl acti vi ty. 

Route of administration : <)ra l 
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l ·rh:tnism of ad ion : 
' l · 1· . . ll \ C'-~ Antipro!!cstcronc action: When ad mini stered in tile ea rl y stage::. or pre 11w11 c). 111 1 L'. P11 hii,c Cd 

• 

k cidua l breakdown by blockade or uterine progc:-; terone receptors. Th is kacb tu dctacl11 nc 111 ul tli c 
blastocyst. \\'hicil decrL'ases hCG prod uction. Milcpristonc also cau ::-.c-, ccrvic,1I ::-.u ltc.: 1111 1/.!, \\ liicli 
fac ili ta tcs expulsion of the detached blastocyst. 

Mife pristone also binds to glucocortico id and and rogen receptors and exe rts an ti-glucoco rti co id ai id '111 ti­
androgenie acti ons. 

(Rel Guoclnw11 & C.ii /111u11- I : 11
' n lit i()/1 I 

Indications: . 
- \. Termination of early pregnancy: Administration of thi s dru g to fe males earl y in pregnanc: rc-...ulh ,_ 111 

most cases (up to 94 %), in abo11 ion of the fetus due to the in terfe rence with proge ·terone and the.: dccl 111L· 

in hCG . 
2. Mifepri stone is being in vesti gated as an ora l contraceptive and an emergency con tracepti ve age nt. . . 
3. Limited clinical studies suggest that mi fepristone may be use ful in the treatment or e11Jo111etr ios1_"· 

Cushing's synd rome, breast cancer, and poss ibly other neop lasms such as 111enin g,io111 a that contain 
glucoco11icoid or progesterone receptors. 

(R4 Katzung-l Jth : Lippincutl 's-6 th) 

Adverse effects: 
I. Vaginal bleeding in females 
1 Abdominal pain or pelvic pain 
3. Vomiting 
4. Diarrhea 
5. Headache. 

(Ref Kotzung-13th: Lippincott 's-6 th) 

Danazol 

Danazo l, an isoxazole deri vati ve of eth isterone with weak progestational, androgenic, and glucocortico id 
activities, is used to suppress ova rian funct ion. Danazo l inhi bits the midcycle surge of LH and FSH . 

Indications: Danazol has been em ployed as an inhib itor of gonadal function and has fo und its major use in the 
treatment of 

l. Endometrios is 
2. Fibrocystic di sease of the breast 
3. Hematologic or allergic diso rders, includ ing hemophilia, Christmas di sease, idiopathic thrombocytopen ic 

purpura, and ang ioneurot ic edema. 

Adverse effects 
I. Weight gain 
2. Edema 
3. Decreased breast size 
4. Acne 
5. Oily skin 
6. Increased hai r grO\vth 
7. Deepening of the vo ice 
8. Headache 
9. Hot flu shes 
10. Changes in li bido, and 
11 . Musc le cramps. 
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Contraindications 
l . Hepatic dysf1111ction 
2. Pregnancy 
3. Breast-feeding. 

(Re/ Ku1::.ung- J 3tli; 

Hormonal contrace tives 
,,.ntraceptives: Drugs or devices which are used to prevent unwanted conception arc ca l led contraccrt ivc~. 

Qha racteristics of ideal contraceptives: The fol lowing represent the ideal. 
fl I. It must be extremely safe as well as highly effective , . 

2. Its actio;:r must be quicktn onset and qu,c y an completeZy reversible, even after years of continuous us<; 

3. It must not affect tFbido. 
(Ref Bennett & Brown-/ J th; 

en · n various methods to prevent conception. (DU-0SS) 
A s. 

i erent methods of contrace tion in clinical ractice: 

A. Spacing or temporary methods: 

Methods I I Examples 
1. Barrier methods Physical 

Chemical 

2. Intra-uterine devices Non-medicated 
(IUDs) Medicated 

3. Hormonal methods Oral pills 

Depot (Slow release) 
formulations 

4. Post-conceptional 
methods 

5. Miscellaneous Behavioral methods 

Natural methods 

B. Terminal or permanent methods (Sterilization): 
1. Male sterilization: Vasectomy 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Condom 
Vaginal diaphragm 
Vaginal sponge 
Cervical cap 
Foams 
Creams, Jelly, Pastes 
Suppositories 
Soluble films 
Lippes loop 
Copper T 
Combined pill- (Estrogen & progesterone) 
Mini pill (Progesterone only pill, POP) 
Sequential pill 
Post-coital pill 
Once-a-month pill 
Male pill 
Injectables 
Subcutaneous implants (eg, Norplant) 
Vaginal rings 
Menstrual regulation (MR) 
Menstrual induction (Ml) 
Sexual abstinence 
Coitus interruptus 
Safe period (Rhythm method) 
Birth control vaccine 
Basal body temperature method 
Cervical mucus method 
Sympto-thermic method 
Breast feeding 
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2. Female sterilization : Tuba l li ga tion or tubcctomy. 

(Re_/ P(lrk ·s-C"u1111111111ity 11 wdicc i11e-20111J 

Q. E~ n rate the types of hormonal contraceptives wit h composition. (RU- I 6J) 
Q. f a9 ~ the hormonal contraceptive regimens. (CU-I I Ju,05M; SU -I 4J, I 3J ,09.l ,07.J) 

C ass1fy oral contraceptive pills. (DU-04S, CU-I3Ju, RU-I I J) 
. Name the combined OCPs. (RU-l 2J, CU-I 0Ju) 

Q. What are the compositions of OCPs? (CU-05J ; RU-05S) 
Q. Enumerate progesterone contraceptive preparations. (CU-05J) 
Ans. 

Hormonal contraceptive regimens/ oral pills/ OCPs: 

Types of OCPs Compositions 
1. Combined OCP Estrogen: Ethinyl estradio l (most ly used), 111estranol 

Progesterori-e: Levonorgesterol, Norethindrone 
2. Minipi lls / Progestin Norgestrel ----.,_ 

only pills (POP) 
3. Post coital or ,. ~ thinyl estradiol: 2.5 mg twice daily for 5 days 

emergency pill Combined pill : 2 tabs as early as poss ib le within 72 hours & then 2 tabs 12 
hours after the first dose. 

4. Sequential pills ~/ 151 2 weeks - Ethinyl estradiol 
-.r~ ext I week - Norethindrone 

5. Male pills Gossy_l22l_ 

The combination agents are further divided into-
• Monophasic fon11S (constant dosage of both components during the cyc le). 
• Biphasic or triphasic forms (dosage of one or both components is changed once or twice during the 

cycle). 

Ans. 

(Re{ Kut:::ung-l 3th) 

e tion the mechanism of action ofOCPs. (DU-I7M,I6J, SU-05M, RU-1 2J, I I.J , CU -I IJ ) 
ow does combined preparation produce contraception? (RU-16.J) 

Mechanism of action of oral contraceptive pill: 
I. By preventing ovulat ion-

J..FS H secretion 
,l.. 

Oral combined pill 
,l.. 

tEstrogen & progesterone leve l 
,l.. 

J..G nRH secret ion 
,l.. 

J..FS H & LI-I secret ion 
,l.. 

J.. u -1 secret ion 
,l.. 

No follicular growth No preovulatory LI I surge 
,l.. 

No ovum fo rmation 

._I _______ -'lt--+~cr+~ ov ulation 

2. Progesterone makes the end ometrium unfa vorable fo r i111 pla11tat io11. 
J. Progesterone makes ce rvica l mucus thick & un favo rab l to sperm migration. 
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4. i\) th L' S(l\));,L' ll & pi'l l:',L' S IL' l'O ll l' c:lllSl' :1b1llll'lll :1l llll ltilit ) or 1·11 11 npi;i 11 tuhc wid llll: I I I . So !he \ \.'. ll i \.'. llt 

npclkd l,ut. 

' 
Q. ,1t<.'11 arc tlw nu.·chanisms or action of progcskronc only contraccplivcs / mini pill'! 
1\ 11,; , 

) r{chanisms of action of progcs lerone only contraceptives / mini pill : 
/ I. P1\1Qesterone makes the e11 cl o111etriu111 un fav orabk lor i111 plantatio11 . 

') Pwgcste ro ne 111,1kcs ce rvica l mucu · thick & unfavorable to sperm mi grnt ion. 

yt(a t are the indications of OCPs? (DU -1 7.1. CU- I I J, SU- I SJ) 
, . Ntrnt arc the non-contraceptive uses of OCPs? (CU-13.Ju) 

-........J lS. 

Indications of OCPs: 
1. Contraception. 
' Non-contraceptive uses 

a. Encl ometriosis 
b. Irregul ar menstruation 
c. In ··holy Hajj fes ti va l" ' to prevent menstruat ion. 
d. Abnormal menstrual bleeding 
e. Dysfu nctional uterine bleeding (DUB) 
f. Functional ova_rian cyst · 

Q. What are the indications of mini pill? (CU-0SJ; RU-04M/S) 
Ans. 
Indications of progesterone only pill (POP)/ mini Pill / micro Pill : 

I. Contraception in lactating m 
2. Women fo r whonicombined OCPs are contra indicated because of cardiovascular ri sks. 
3. Young women wi th ri sk fac tors fo r neop lasia . 

Q. Which oral pill could be prescribed to a lactating mother and why? Mention its mechanism of action 
and adverse effects. (RU- I 4J ) 

Ans. 
Progesterone only pill (POP) / mini Pill could be presc ribed to a lactating mother, because it does not suppress 
lactation. 

Q. Com pare estrogen-progesterone combined pill & progesterone only pill as contraceptives . (C -
17 ,09JUJ 

o uo combin ed oral contraceptives differ from mini pill? (SU -1 2Ju) 
s. 

parison of estrogen-progesterone combined pill & proges terone on ly pill as contraceptives: 

Traits I Combined pill Progesterone only pill 
1. Com position Progesterone + Estro ~en. On I y progesterone. 
2. Effect on follicular development Has negati ve efl ect. No effect. 
3. Efficacy I 00% effective Not I 00% effective 
4. Reliability More Less 
5. Causes thromboembolism Yes No 
6. Effect on lactation 

I 
Estrogen suppresses It does not suppress lactation. So 

J.actati on lactating mother should prefer it. 
7. Use iJ}'1actatin g mother Not used. Used. 

~ is rationale of using combination of estrogen & progesterone? (SU- 14.1 u) 
ion rationale of combination of Eth in I es tradiol and nor esterol as cont race >tive. y g SU-1 7M 

An s. 
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Rationale of using combination of estrogen~~ proacsteronc-
1. Comb ined OCP is I 00% effecti ve . "' 
2. It is more reliab le. 
3. It has negati ve effect 0 11 follicular development. 

1 at are the adverse effects of OCP? (DU- I 7J, CU- I 3J, I I J u/J, I OJu , R U-05S, S U-07 J ,06S) 
ention 4 adverse effects of OCP in prolong use. (DU- I 6J) 

ns. 
Adverse effects of OCPs: The incidence of serious known toxicities associated with the use of th ese drugs i:-, 
low- fa r lower than the risk associated with pregnancy. Minor adverse effects are frequent. but most arc mi Id 
and many are transient. 

A. Mild adverse effects: V IL ~ ~ 

I .- Naus ea; mastalgia (breast pain); breakthrough bleeding & edema. 
2. Changes in the seru m protein & other effects on endocrine function. 
3. Mild & transient headache 
4. Withdrawal bleeding 

B. Moderate adverse effects : Any of the fo llowing may req uire di scontinuance of ora l contracepti ves: 1" ~tJ? 
r-:- Breakthrough bleeding (must common problem in using progestaliunal agents ulone f nr contraception.) 

An 

2. Weight gain (controlled by shift ing lo preparations with less progeslin ejf ecr or by clieting) 
3. Increased skin pi gmentati on. 
4. Acne (exacerbated by agents containing androgen-like progeslins, whereas agents contoining large 

amounts of estrogen usually cause marked improvement in acne.) 
5. Hirsutisrn 
6. Uretera l dilat ion and bacteri uria. 
7. Vaginal infect ions 
8. Amenorrhea occurs in some patient s. 

Severe adverse effects : 
ascu ar Disorders 

• Venous thromboernbolic di sease 
• Myoca rd ia l infarction 
• Cerebrovascu lar diseases: >35 yrs of age 

2. Gastrointestinal Diso rders 

,., 
) . 

• cholestat ic jaundice 
• cho lecystit is 
• cholangi t is 

Depress ion 
4. Other 

• Alopecia 
• erythcrna rnultil'or111 c 
• erytherna nodosum 
• Other skin d iso rclers. 

(Ref Kut:ung-l 3th edi1 io11) 

t arc the contraindications of ora l pills/combined OCP'J (CU-l 7M.07J, SU-0 51\11 ) 

Qontraindications of oral pills 
A. Absolute contraindications include: 

I Hi storv ol'thromboe mbol ic venous, arterial or cardi ac di sease . 
2: Tr;u1si~nt cerebra I ischern ic artacks without headache 
3. Li ver di sea es: In fecti ve hepatit is. d1olestati c jaundice, Dubin-Johnson and Rotor syndromes 
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-t . i\,lig,ra inc. 
5. Carc in uma of the breast or of the genital tract, pns t or present 
6. Ot l1 cr condi ti ons in c_ludin g: SLF. porpliyri a, fo llow ing evac uati on of .-1 hycla ti dilonn mok (un ti l urine ariJ 

iJ las rn a gtrnadotror li111 concent rat ions arc nonmil ), 
7. Undiagnosed vaginal bleed in g. 

B. R(•lative contraindications or uses with caution, include: 
I . Family hi story of venous thromboemboli srn , arterial di sease or n known proth ro rn boti c condi ti on , c: .g. 

fac tor Le iden. 
:/. Diabetes rnellitus. 
~ Hype11ension (avo id if blood pressure exceeds 160/1 00) 
¥. Smoking > 40 cigarettes per day . 

Age over 35 years (avo id if> 50 yea rs) 
fl:. Obes ity (avo id if body mass index exceeds 39 kg/m2) 
'f. Long-term immobility, e.g. due to leg plaster, confinement to bed 
8 Breast feeding (until weaning or fo r 6 months after birth). 

Q. What factors will you consider before prescribing OCP? (SU- I 4J,09J) 
Q. How do you select a client for combined OCP? (CU -04M) 

(Rel Benne// & Brown-If thJ 

Q. What are )Jre'precautions to be taken to advice oral contraceptives? (D U-04M) 
Q. Descr· the principles of prescribing OCP to a newly maried woman. (CU-I 5Ju) 
Ans. 
Sel f n of an ideal client for combined OCP : To se lect a pati ent fo r prescribing OCP, thorough hi story 

sical examination, and some in vesti gations are needed to exclude contrai ndications. ·, 
l. Age of the patient is important. If she is more than 35 yrs of age, she should be presc ribed with caution & 

regular checkup is needed. 
2. Personal history: In smokers, it is to be prescribed with caut ion as it is associated with increased 

incidence of thromboemboli sm. 
3. Menstrual history is to be tnken to exc lude preg,~ ncy, und iagnosed uterine diseases etc. 

4. Family history of cerebro-vasc ular diseases inc luding hypertension, breast cancer and hyperl ipidemia 

should be exc luded. 
5. Medical history rega rd ing throm boembolic episodes, jaundice, epilepsy, OM, allergic condition. 

migra ine should be excluded. 
6. Examination of breast shoul d be done fo r any nodule. Blood pressure and we ight should be noted. 

7. Pelvic examination to exc lude fi bro id or ce rvical pathology is mandatory. 

8. Investigation : Vag inal cyto logy if fac il ities are ava il ab le. 

From the above mentioned exami na tion to screen, if it revea ls that the woman is free from any system ic diseases 
and contraindication, she is suitab le ca ndidate for OCP therapy. 

Q. Why combined oral pills are not wise to use after 35 yea rs of age? (DU -07J) 

Ans. 
Y°Rationale of using combined OCPs after 35 yea rs of ace: Combined OC Ps has some serious adve rse effects 

such as venous thromboem boli sm. MI, cerebrovascu lar di seases, increased chance of breast carci noma etc. 
Moreover the chance of development of hype11ension, diabetes mellitus, obes ity, heart fa ilure (w hich are relative 
contra indication of OC P) is increased after 35 years age. So use of OC P should be limited or should use wi th 
caution & afte r appropriate advice of a doctor or ed uca ted hea lth personals. 
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Q. Give 3 important causes of contraceptive therapy failure. (DU-07J) 
Ans. 
Causes of contraceptive failure: 

l. Concomitant use of enzyme inducing drugs (e.g. Rifampicin, Phenytoin)--. Increased concentration of 
OCP metabolizing enzymes--. Increased Metabolism of OCP--. Contraceptive failure . 

2. Concomitant use of broad spectrum antibiotic --. Decreased normal intestinal flora --. Decreased 
enterohepatic circulation--. !Bioavailability of OCP--. Contraception failure. 

3. Irregular using of the pills (e.g. missing of pill in one or two consecutive days) 

Q. Write short note on: Injectable contraceptives. (CU-06J) 
Ans. 
Injectable contraceptives: 

r. · ))epot medroxyprogesterone acetate (DMP A): IM 150 mg in every 3 months. 
Y. Norethisterone enanthate (NET-EN): IM 200 mg 111 every 2 months. 

Depot medroxyprogesterone acetate (DMP A): It is a 3-month depot injection of intramuscular progestogen. It 
is equal in efficacy to the combined pill and is an alternative. 

MIA: It works by inhibiting ovulation, and also renders cervical mucus impenetrable to sperm. After a l 50 mg 
dose, ovulation is inhibited for at least 14 weeks. 

Side effects: 
l. Unpredictable spotting and bleeding, particularly during the first year of use. Spotting and bleeding 

decrease with time. 
2. Amenorrhea 
3. Not desirable for women planning a pregnancy soon after cessation of therapy because ovulation 

suppression can sometimes persist for as long as 18 months after the last injection. 
4. Reversible reduction in bone density. 
5. Changes in plasma lipids with increased risk of atherosclerosis. 

Advantage: 
I. Long-term DMPA use reduces menstrual blood loss. 
2. Decreased risk of endornetrial cancer. 

Q. Short note: Postcoital Contraceptives. 
Ans. 

(Ref Katzung- I 3th) 

Postcoital Contraceptives: Pregnancy can be prevented following unprotected coitus by the administration of 
estrogens alone or in combination with progestins ("morning after" contraception). When treatment is begun 
within 72 hours, it is effective 99% of the time. 

Postcoital Contraceptives 
• Conjugated estrogens: IO mg three times daily for 5 days 
• Ethinyl estradiol: 2.5 mg twice daily for S days 
• Diethylstilbestrol : 50 mg daily for 5 days 
• Mifepristone: 600 mg once with misoprostol, 400 mcg once 
• L-Norgestrel : 0.75 mg twice daily for I day 
• Combined pill: Norgestrel, 0.5 mg, with ethinyl estradiol, 0.05 mg (eg, Emcon) : 2 tabs as early as 

possible within 72 hours & then 2 tabs l 2 hours after the first dose . 

Adverse effects 
I. Nausea or vomiting (relieved by antiemetics) 

Pharmacology-95 
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---2. ~ Other include headache, di zziness, breast tenderness, and abdominal and leg cramps. 

(Ref Katzung- 1 JthJ 

. Short note: Norplant. (DU-05/04.l ) 
Ans. 
Norplant: . . . . . . 
It is an implant of levonorgesterol , a progesterone preparation. Norplant 11nplant consists ot_6 siali st ic capsules, 
non-bio-degradable, 3.5 x 2.4 mm. Each contains 36 mg of levonorgesterol closed at both encfs. ---

--s'fte of insertion : lexor surface of upper left ar~ -::dermaif . . . 
Duration of action : Norplant 1s e ·ect1 ve fo r s--o-years. Tfie 1mp ant must be removed when its effective peri od 

has elapsed. 

Advantages: 
f Extremely effective . . 
Y. Low levels of hormone have little effect on lipoprotein and carbohydrate metaboli sm or blood pressure. 

Disadvantages 
/ Surgica l procedure for insertion and removal of capsules. 
/ Some irregular bleeding ra ther than predi ctable menses. 

/ lntracranial hypertension in some women. 
(Ref Katzung-1 Jth) 

Q. Mention the non-contraceptive health benefits of combined OCPs. (DU-I 7M, CU- l OJu) 
Ans. 
Contraceptive health benefits of combined OCPs: Contraception 

Non-contraceptive health benefits of combined OCPs: 
1. Decreased incidence of ovarian & endometrial carcinoma sign ifica ntly: 

" • I hey s1gnd1cant ly reduce the inc idence within 6 months of use 

• The incidence is decreased 50% after 2 years of use 

• The protect ive effects persists up to 15 yea rs after OC P use is di scontinued 

2. Decrease inc~nce of ovari an cysts & benign fib rocys ti c breast di sease 

3. OC P has 1m po11ant beneficial effect on rnenstrua 1011: 

7 More regular menstruation 
· y Decreased menstrual blood loss & Fe defi ciency anem ia 

y. Decreased incidence of dysmenorrhea 

4. Decreased incidence of PIO (pelvic in fla mmatory disease) 

5. Decreased incidence of ectop ic pregnancies & endometri os is. 

Combined OCP preven ts thousands of deaths, ep isodes of vari ous diseases & cases of hospi ta li zat ion each year. 
(Ref Goodman & Gi/mcm 's-1 2th) 

Andro ens & Anabolic Steroids 
Androgens: The and rogens are a gro up of stero ids that have anabolic and/or masculinizing effects in both males 
and females. · 
Testosterone is the most important and rogen in humans. 

• In men. approx imate ly 8 mg of testosterone is produced daily. 
• About 95% is produced by the Leydig ce ll s and on ly 5% by the adrenals. 
• Small amount of testosterone is also produced in fe male by the ovari es and adrena ls and by the periphera l 

conversion of other hormones. 



743 Endocrine Pharmacology 

Anabnlil' steroid: Anclrof!,cn n::cc ptor ngoni sts used for a,wbolic effects (cg, wcigl11 g;i in , i11crcascd nrn s.clc ,rn, ..,s) 
an.: ca lled a11;1blllic steroids. 

A1ulro!.!t.~11s 
Natnra l • · r cstosteronc 

• Di hyclrotcstostero11c 
• /\11d rostcncdi one 
• Del1 ydrocpi anclrostero11e 

Sy nthetic • Testosterone cyp ionate 
• Testosterone cna11thate 
• Met hy I testosterone 
• Fluoxymesterone 
• Oxymetholone 
• Oxa ndr ilone 
• N and ro lone d<..:canoatc 

(Ref· Katrnny,-l 3th) 

Physiologic Effects of Androgens 
I. Deve lopment of secondary sexual characteristic . in male at puberty . 
2. Stimulation and maintenance of sexual function in men. 
3. Increase lea n body mass and stimulate body hair growth and sebum secretion. 
4. Metabolic effects include the reduction of horm one binding and other carri er protei ns and increased liver 

synthes is or clotting factors, triglyceride lipase, a 1-ant itrypsin , haptoglobin , and sialic acid. They also 
stimulate rena l erythropoietin secreti on and decrease HDL level s. 

Clinical Uses of Androgens 
I. Androgen replacement therapy in hypogonada l men. 
2. Gynecologic Disorders 

• To red uce breast engorgement during the pos tpartum pe ri od, along with estrogens. 
• Endornet ri os is (Danazol) 
• J lonnonc rep lacement therapy in the postmenopausal period in an atte111pt to eliminate the 

endometrial bleeding and to en hance li bido. 
• Used for chemotherapy of breast tumors in premenopausal women. 

3. Use as Protein Anabolic Agents: Androgens and anabolic stero ids are used in an attempt to reverse 
protein loss afrcr trauma, surgery, or prolonged immobilization and in patients with debilitating di seases. 

4. Refractory anemias such as ap lastic anemia. (Now reco111hina11I ery thropoietin is used) . 

5. Osteoporosis (now bisphosphonules replaced an irogen usej(,r this pur(Jose .) 

6. Use as Growth Stimulators: These agents have been used to sti111ul ate growth in boys with delayed 
puberty. II' the dru gs are used ca rcl'u ll y, these chi ldren wi ll probably achieve their ex pected ad ult hei ght. 

7. Anabolic Steroid and Androgen Abuse in Sports: Many athktes and their coaches believe that 
anabo li c stero ids- in doses I 0- 200 times larger than the daily nor111 al production- increase strength and 
aggress iveness, thereby improving competitive perfo rmance. Such effects have been unequ ivoca ll y 
demonstra ted onl y in women. Furthermore, the adverse effects of these drugs clea rly make their use 
inadvi sab le. 

8. Aging. 
(Ref Ku1::1.111g~ I 3th) 

Adverse Effects: The adverse effects are clue large ly to th eir masculini zing ac ti ons an d are most noti ceab le in 
women and prepubertal children. 

I. In wom en, 
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a. Hirsutism 
b. Acne 
c. Amenorrhea 
d. Clitoral enlargement 
e. Deepening of the voice . 
f. Endometrial bleeding upon discontinuation 
g. Atherosclerotic disease in women. 

2. In older males, prostatic hyperplasia, causing urinary retention . 

3 . Replacement therapy in men may cause acne, sleep apnea, erythrocytosi s, gynecomastia, and 

azoosperm ia. 

4 . Hepatic dysfunction . 

5. Alkylated androgens in high doses can produce peliosis hepatica, cholestasis, and hepatic failure . They 

lower plasma HDL2 and may increase LDL. 

6. Hepatic adenomas and carcinomas. 

7 . Behavioral effects include psychologic dependence, increased aggressiveness, and psychotic symptoms. 

(Ref Kalzung-l 3th) 

Contraindications & Cautions 
1. Pregnant women or women who may become pregnant during the course of therapy . 
2. They should be avoided in infants and young children. 
3. Carcinoma of the prostate or breast. 
4. Patients with renal or cardiac disease predisposed to edema. 

(Ref Katzung- l 3th) 

Q. Short note: Gynaecomastia. 
Ans. 
Gynaecomastia: Gynaecomastia is the presence of glandular breast t issue in males. Norma l breast deve lopment 
in women is estrogen-dependent, while androgens oppose this effect. Gynaecomast ia results from an imbalance 
between androgen and estrogen activity, which may reflect androgen de ficienc y or estrogen excess . 

Causes of gynaecomastia 
1. Idiopathic 
2. Physiological 
3. Drug-induced 

a. Cimetidine 
b. Digoxin 
c . Anti-androgens ( cyproterone acetate, spironolactone) 
d. Some exogenous anabolic steroids (diethylstilbestrol) 

4 . Hxrogonadism 
5. Androgen resistance syndromes 
6 . Estrogen excess 

a. Liver failure (impaired steroid metabolism) 
b. Estrogen-secreting tumour (for example, of testis) 
c . hCG-secreting tumour (for example, of testi s or lung) 

(Ref Davidson ·s-2 J''/ 759) 



Antiandrogens: Antiandrogens co t I h I · b · c · · I I I · 1· d · · . . un er ma e ormona action y 111ter1enng wit 1 t 1e synt 1es1s o an rogens 0 1 
by block111g their receptors . 

Steroid Synthesis Inhibitors • Ketoconazo I e 
Inhibitor of Conversion of Steroid Precursors to • Abiraterone 
Androgens 

F inasteride • 
• Dutasteride 

Androgenic Receptor Inhibitors • Cyproterone 

• Cyproterone acetate 

• Flutamide 

• Bicalutamide 

• Nilutamide 

• Spironolactone 
(Ref Kat::ung-13Lf1) 

Indication: 
I. Benign prostatic hypertrophy (Finasteride and dutasteride) 
2. Prostatic carcinoma (Flutamide) 
3. Metastatic carcinoma of the prostate (Bicalutamide and nilutamide) 
4. Hirsutism in women (Cyproterone, spironolactone, finasterid e, tlutamide) 
5. To decrease excessive sexual drive in men (Cyproterone) 

(Ref Kutzung-! 3th) 

Q. Enumerate the clinical use of Finasteride. (CU-I 6Ju) 
Ans. 
Clinical use of Finasteride 

I. Benign prostatic hyperplasia 
2. Hirsutism in women 
3. Early male pattern baldness in men 

(Ref Kat:wng- I 3th) 

Chemical Contraception in Men 
Gossypol: Extensive trials of this cottonseed deri va ti ve have been conducted in China . This compound destroys 
elements of the seminiferous epithelium but does not significantly alter the endocrine function of the test is. 
In Chinese studies, large numbers of men were treated wi th 20 mg/d of gossypol for 2 months, followed by a 
maintenance dosage of 60 mg/wk . On this regimen, 99% of men developed sperm counts below 4 million/ml. 
Hypokalemia is the major adverse effect and may lead to transient paralys is. Because of low efficacy and 
significant tox icity, gossypol has been abandoned as a candidate male contracepti ve . 

(Ref Katzung-13th) 
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w.tY k., n, a.,;; ,t t] at1~1, am; a, :0 am 1 ;; rm 
T(,noid hormones: 
/ · 1. Tetra iodothyronine/Thyrnx ine(T.1) _) <V'c\ ,e-. ... o, 

~- Triiodothyro nine (T.i) 
3. Cakitoni;1 - c, -.\'C.\',c~ \ c, L-\ - ' ,c, . . 

( · " \ \ 

Drugs used in treatment of Hypothyroidism 

Q. Mention the thyroid preparations. (RU- I 4Ju) 
Ans. 
Thyroid preparations: . 
A. Synthetic: The synthet ic preparations of the sodium sa lts of the natural isomers of the thyroid hormones are 

~vailable and widely used for thyroid hormone therapy. 
I Levothyroxine 
2. Liotll'ronine 
",:' Lio-trix 

B. Animal origin: Desiccated thyroid. 
-t~c) (Ref· Katzung-1 Jth) 

Levo thyroxine (T 4) 

Q. Explain the role of thyroxine in hypothyroidism. (DU-l4Ju , 13Ju) 
Q. Why synthetic Levothyroxine is the___e reparation of choice for thyroid replacement? (RU- I 4J u) 
Ans. 

Synthetic levothyroxine is the preparation of choice for thyroid replacement and suppression therapy 
because of its stability, conten~ uni fo~mitt._ low ~ stz. l~ck oi_ allergeni~ foreig~ pr_0ei~, eas1 la~oratory 
measurement of serUin levels, a11d long half-li fe (7 days), which permits once-da il admini stration. In addit ion, T.

1 
is conve11ed to T-; intr·acell~arly; thus, administration of Ts produces both hormones. Generic levothyr~ 
p. ations provide comparable efficacy and are more cost-effective than branded preparations. 

Liothyronine (T 3) 
Q. Liothyronine is not recommended for routine replacement therapy- Explain. 
Ans. 

(Ref Katzung-l 3rh) 

Liothyronine is not recommended for routine replacement therapy: Although li othyronine (T :1) is three to 
four times more potent th an levothyroxine, it is not recommended for routine replacement therapy because of its-

1. Shorter half-li_fe (24 hours), which requires multiple daily doses. 
2. Higher cost. 

3. Greater diflic ulty of monitoring its adequacy of rep lacement by conventi onal laboratory tests . 
4. Greater risYof cardiotoxicity. 

Nice to know 
(Re( Katz11ng-l 3th) 

Desiccated thyroid : The use of desiccated thyroid rather than synthet ic preparations is never _justified , since the 
disadvantages of protein antigenicity, product instability, variable hormone concentration s, and difficultv in 
laboratory monitoring fa r o fweigh tl1e advantage of lower cost. · 

(Ref' Kat21111g-I Jrh) 
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Drugs used in treabnent of hyperthyroidism (thyrotoxicosis) 

Antithyroid drugs: A large nu111ber of compounds are capable or interfering, directl y or indirectl y, with thc 
synthes is. release. or action of thyro id hormones. 

(Ref Goud111an & Gi/man-12''' edition) 
/ 

I 
Q. Eoli antithyroid drugs . (DU-I 3Ju; SU-l 3Ju) 
Ao·. 
Antithyroid drugs: 

/ 

I. Thioamides: They inhibit the thyroid peroxidase-catalyzed reactions and Li Carbimazole 

bloc k iodine organification. In addition, they block coupling of the V Methimazo le 
iodotyros ines. 'L,." _Proovlthiouracil - 'lf"'-;- Jt, 

2. Anion inhibitors: All are monovalent anions & can block uptake of iodide l~ Pe rcl1lorate (CIO.i") 

by the gland through competitive inhibition of the iodide transpo11 • Pertechnetate (TcOd 

mechani sm. ,/ Thiocyanate (SCN·) 

3. Hormone release inhibitor _/' Lithium sa lts 
Iodide 

4. Iodotyrosine deiodination inhibitor ,v. Nitrotyrosines 

5. Peripheral iodothyronine deiodination inhibitor ( 1''1...\Y) 7 Thiouracil deri va ti ve~ 
• Oral cholecystograph 1c 

agents 
I/ Amiodarone 

6. Radioactive iodine (' 31 1): It is se lect ive ly taken up by the thyro id gland - / 1311 

emits~ particles - damage thyroid cells - Decreases thyro id hormone 
synthes is . 

' ' 

(Ref Katzung-13th; Goodman & Gi/man-1 2
1
1, ed1tt0n) 

Adjuvant therapy with drugs that have no specific effects on thyro id gland hormonogenes is is useful in 
contro tirrg-t:l~e periphera l manifestations of thyrotox icos is. These drugs incl ude-

- 1. mfi ,b,tors of the penphera a eiocl inat ion of thyroxine to the active hormone, triiodothyronine; 
) ( ') -blockers: Propranolol , Metopro lol , Atenolol. 

/ Ca2 ' channel blockers. 

THYROID GLAND 

Transpon I Peroxidase I 
-....---+- ,- ---+-1' --+-1 

Thyroglobulin 

MIT-OIT- T3·T, 

Proteolysis 

---- T4, T3 
PERIPHERAL __.,...-- BLOOD 

TISSUES--------

T ,. T 3 ~---......_ 

j 
i:1:c:~rs. 
corticosteroid& 
Amiodarone 

(Ref Goodman & Gilman -1 2'1' edition) 

(__ u~ c.-y--... 11\,Q .....; I?~"' 
- -----

Fig: Biosynthesis of thyroid hormones. The 
sites 4 action <Jf various drugs that interfere 
with thyroid hormone biosynthesis are 
shown 

( Ref Kotzung-13th) 
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Thioamides 
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~ 
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The thioamides methimazole and propylthiouracil are major drugs for treatment of thyrotoxicosis~ thiinazoit_: 
is about ten times more potent than propylthiouracil. - -

Mec~anism of action: The thioamides act by multiple mechanisms. . 
, 1. Prevent hormone synthesis by inhibiting the thyroid peroxidase-catalyzed reactions and blocking iod ine 
/4 organification. . . 

2. g oc coupling of the iodotyrosines. They do not block uptake of 1od1de by the gland. 
/2 . Inhibit the peripheral deiodination ofT4 and T3. 

Since the synthesis rather than the release of hormones is affected, the onset of these agents is slow, often 
req uiring 3-4 weeks before stores of T4 are depleted . 

(Ref Katzung-13/hJ ~c----, Q_ -)- ~\\J -£\er-\- <l\Sc-d.o r, ~ -$f,~ ·t---
Indications: 

I. Hyperthyroidism (thyrotoxicosis) 
~ a~,.__\~ -,>-S~\\/ ~IS~ b'-"- -rf'/ ~ 
Pr'--~ t\.., ~~ --t U-<"'F\~~ .)~""Y°&~ l,.._........_ 

Toxicity: Adverse reactions to the thioamides occur in 3-12% of treated patients. -t\....o:\ t"°D1..,~ 1...,,,, 

Nausea and GI distress. --\-o · ~ {._"' :.'J-\.. 
2. An altered sense of taste or smell (methimazo 
3. Most common adverse effect Maculo ular ruritic ras ( 4---:-6%). 
4. Rare adverse effects include an urticaria! rash, vasculit1s, a lupus-like reaction, lymphadenopathy, 

hypoprothrombinemia, exfoliative dermatitis, polyserositis, and acute arthralgia. 
5. Hepatitis (more common with propylthiouracil) and cholestatic jaundice (more common with 

methimazole) can be fatal. 
6. Most dangerous complication: Agranulocytosis (granulocyte count < 500 cells/mm3

). The reaction is 
usually rapidly reversible when t e rug 1s 1scontinued. 

(Ref Katzung- l 3th) 

IODIDES 
Prior to the introduction of the thioamides in the 1940s, iodides were the major antithyroid agents; today they are 
rarely used as sole therapy. 

Mechanism of action: They inhib it organification and hormone release and decrease the size and vascularity of 
the hyperplastic gland. -

Clinical Use of Iodide 
/. Preparation for surgical thyroidectomy in hyperthyroid patient 

2. Thyrotoxic cns1s (in conjunction with ant1fliyroid drugs and propranolol) 
3. to protect the thyroid from radioactive iodine fallout followin a nuclear accident. 
4. Strong iodine solution (Lugo l's solution) is widely used and consists of 5% iodine and 10% potass ium 

iodiae, which yields a dose of 6.3 mg of iodine per drop. - - -
(Ref Goodman & Gilman-I 21

1, edition) 
Toxicity: Adverse reactions to iodine (iodism) are uncommon and in most cases reversible upon discontinuance. 
They jnclude-

·1 . Acneiform rash 
~ Swollen salivary glands 
/J. Mucous membrane ulcerations 
-4".' Conjunctivitis 

/ 

Rhinorrhoea 
6. Drug fever 
r Metallic taste 
8. Bleeding di sorders 
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9. Rarely, anaphylactoid reactions. 
(Ref Katzung-13th) 

Adrenoceptor-Blocking Agents 

Q. Explain the role of propranolol in hyperthyroidism. (SU-I 2Ju) l__ t ' ~ ,) / A.c.~_ 
Ans. 
Role of P-blocker (eg, propranolol) in hyperthyroidism: Beta blockers without intrinsic sympathomimetic 
activity ( eg, m!_toprolol, propranolol, atenolol) are effective therapeutic adjuncts in the management of 
thyrotoxicosis since many of these symptoms mimic those associated with sympathetic stimulation. Propranolol 
has been the ~-blocker most widely studied and used in the therapy of thyrotoxicosis. Beta blockers cause clinical 
improvement of hyperthyroid symptoms but do not typically alter thyroid honnone levels. Propranolol at doses 
greater than 160 mg/d may also reduce T3 levels approximately 20% by inhibiting the peripheral conversion of T4 
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MCQ 
Q. Long acting glucocorticoids are- (DU- l 7M) 

a) prednisolone 
b) n udrocortisone 
c) betamethasone 
d) dexamethasone 
e) triamcinolone 

a. F, b. F, c. T, d. T, e. F 

Q. Euglycaemic antidiabetic drugs are- (DU-l 7J) 
a. tolbutamide · 
b. glipizide 
c. metformin 
d. pioglitzone 
e. insulin 

a. F, b. F, c. T, d. T, e. F 

Q. Ovulation is induced by- (DU-1 SJu) 
a. clomifene 
b. mifepristone 
c. tamoxifen 
d. cylofenil 
e. gestrinone 

a. T, b. F, c. F, d. F, e. F 

Q. Insulin- (DU-1 SJu) 
a. _ is a polypeptide 
b. may cause antibody production 
c. causes reduction of protein synthesis 
d. decreases glucose transport into the cell 
e. is preferred in gestational diabetes mellitus 

a. T, b. F, c. F, d. F, e. T 

Q. Euglycaemic anti-diabetic drugs include- (DU-
141 u) 
a. chlorpropamide 
b. glyburide 
c. metformin 
d. rosiglitazone 
e. insulin 

a. F, b. F, c. T, d. T, e. F 

Q. Oral contraceptive preparations: (CU-l 4Ju) 
a) Containing estrogen and progesterone are the 

most effective 
b) Containing progesterone only may be 

advantageous after child birth. 
c) May lead to iron-deficiency anemia. 
d) May lead to hypertension 

e) May be used to treat excessive menstrual 
bleeding. 
a. T, b. T, c. F, d. T, e. T 

Q. Following classes of antidiabetic agents have 
the ability to reduce Insulin resistance: (CU-
14Ju) 
a) Alpha-Glucosidase inhibitors 
b) Dipeptidyl peptidase- 4 inhibitors. 
c) Meglitinides 
d) Biguanides 
e) Thiazolidinediones 

a. F, b. F, c. F, d. F, e. T 

Q. Absolute indications of insulin are- (DU-13Ju) 
a. type I diabetes mellitus. 
b. gestational diabetes mellitus. 
c. first line therapy in type II diabetic mellitus. 
d. diabetic ketoacidosis. 
e. hypoglycemic shock. 

a. T, b. T, c. F, d. T, e. F 

Q. Drug used in hypothyroidism are- (DU-l 3Ju) 
a. levothyroxine. 
b. propylthiouracil. 
c. propranolol. 
d. liothyronine. 
e. radioactive iodine. 

a. T, b. F, c. F, d. T, e. F 

Q. Insulin enhances- (DU- 13J) 
a. glycogenolysis . 
b. glycogenesis. 
c. glycolysis. 
d. gluconeogenesis . 
e. potassium transit into the cell. 

a. F, b. T, c. T, d. F, e. T 

Q. Anti-diabetic action of drug involve: (SU-I 3J) 
a. Glipizide release insulin 
b. Pioglitazone increases insulin sensitivity 
c. Metformin promotes glycogenesis 
d. Insulin increases glucose uptake 
e. Repaglinide inhibits glucose transporters 

a. T, b. T, c. F, d. T, e. F 

Q. Following drugs can cause gynaecomastia­
(SU- l 3J) 
a. Cimetidine 
b. Chlorpromazine 



c. Digoxin 
d. Ranitidine 
c. Fluoxetine 

a. T. b. F, c. T. d. F. e. F 

Q. H)1perthyroidism can be treated by- (DU­
I 2Ju) 
a. Tri-iodothyron ine (F) 
b. Iodide (T) 
c. Methimazole (T) 
d. Propylthiouraci l (T) 
e. Levothyroxine (F) 

Q. Short acting insulin preparations are- (DU­
I 2Ju) 
a. Insulin glargine (F) 
b. Soluble insulin (T) 
c. Insulin lispro (F) 
d. Insulin aspart (F) 
e. NPH insulin (F) 

Q. Metformin- (DU-I 2Ju) 

Q. 

a. Causes hypoglycemia. 
b. Increases peripheral glucose uptake and 

utilization in target tissues . 
c. Causes weight loss . 
d. Is contraindicated in renal fai lure. 
e. Increases the sensitivity of insulin receptor. 

a. F, b. T, c. T, d. T, e. F 

Long acting glucocorticoids are- (DU-12Ju) 
a. Predn isolone (F) 
b. Betamethasone (T) 
C. Fludrocortisone (F) 
d. Dexamethasone (T) 
e. Triamcinolone (F) 

Q. Side effects of metformin are- (DU- I 2J) 
a. Weight gain. (F) 
b. Gastrointestinal upset. (T) 
c. Lactic acidosis. (F) 
d. Hypoglycemia (F) 
e. Impaired kidney function . (?) 

Q. Insulin- (DU-1 lJu) 
a. Decreases the conversion of amino acid to 

glucose. (T) 
b. Increases gl uconeogenes is (F) 
c. Increases glucose transport into ce ll s (T) 
d. Induces lipoprotein lipase. (T) 
e. Stimulates glycogenes is. (T) 

75) Endocrine Pharmacolo~y 

Q. Glucocorticoids arc used for the treatment of­
(DU- 11 Ju) 
a. Chronic dermatitis (T) 
b. Asthma (T) 
c. Osteoporosis (F) 
d. Nephrotic syndrome (T) 
e. Glaucoma (F) 

Q. Adverse effects of combined oral 
contraceptives include- (DU - I I Ju) 
a. Breakthrough bleeding (T) 
b. Increased risk of endometria l cancer (F) 
c. Increased risk of ovarian cancer (F) 
d. Nausea (T) 
e. Reduced risk of ischemic stroke (F) 

Q. Long-acting glucocorticoids- (DU- I I J) 
a. Prednisolone (F) 
b. Fludrocortisone (F) 
c. Betamethasone (T) 
d. Dexamethasone (T) 
e. Triamcinolone (T) 

Q. Metformin- (DU- I I J) 
a. enhances peripheral utilization of glucose (T) 
b. causes hypoglycemia (F) 
c. increases insulin release from beta ce lls (F) 
d. is contraindicated in renal failure (T) 
e. causes weight loss (T) 

Q. Glucocorticoids- (DU- I OJ) 
a. inhibit production of lipoprotein (F) 
b. inhibit phospholipase A2 (T) 
C. have got permissive effect (T) 
d. increase circulatory no . of neutrophils (T) 
e. increase circulatory no. of T cell s (F) 

Q. Beclomethasone- (DU- I OJu) 
a. is an anti-inflammatory drug (T) 
b. is a natural glucocorticoi,d (F) 
c. is given by inhalation (T) 
d. is a bronchod ilator (F) 
e. inhib its phospholipase A2 enzyme (T) 

Q. Regarding aldosterone- (DU-', OJu) 
a. It is a glucocortico id (F) 
b. It is released from zona glomeru losa (T) 
c. It can cause hyperkalaem ia (F) 
d. Its action can be antagonized by triamterene 

(?) 

e. Its release can be inhibited by losartan (T) 
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a. is a insulin secretagogue (T) a. is a biguanide preparation (T) 
b. blocks ATP dependent K+ channel in beta- b. enhances peripheral ut ilization of glucose (T) 

cells (T) c. causes hypoglycemia (F) 
c. !nhi?i~s glucose absorption from GIT (F) d. increases insulin release from beta ce lls (F) 
d. ts clm,cally useful in treating obese OM (F) e. increase insulin sensiti vi ty (F) 
e. does not cause hypoglycemia (F) 
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Rational use of drugs 
<'J. What do you mean by rational use of drugs (RUD)? (DU-I 6Ju, I l/1 0J ,09J, RU- I 5Ju, 13/091 , SU-09/07Ju) 

~ , Q. Define rational use of medicine (RUM). What are the criteria to fulfill the rational use of medicine? 
What are the objectives and uses of it? (DU-l 4Ju, RU-07/061, SU-08Ju,CU-06M) 

Q. What ar the selection criteria of rational use of drugs? (RU-07J,04J,06S, SU-08Ju) 
Q. What actors should be considered to ensure rational use of drugs? (RU-I 3J) 
Q. Qutr e the principles that govern rational use of drugs. (CU-09J , SU- I 4Ju) 
Q. !Sh rt note: Rational use of drugs. (RU-16Ju) 
Cf, S ortnote:RUD.(SU-13Ju ,12J) 

· / ~:i~nal use of medicine (RUM) / Rational use of drug (RUD): Appropriate drug in appropriate indication 
with ~~oper_dosa re regJmen is called rational use of medicine. ·· 
According to WHO, rational use of medicines requires that "patients receive medications appropriate to their 
clinical needs, in doses that meet their own individual requirements, for an adequate per iod of time, and at the 
lowest cost to them and their community" . 

Selection criteria of RUM/ RUD: 
I. Safety profile. 
2. Effi cacy 
3. Su itability/ individualization 
4. Affordability 
5. Need 
6. Cost 

(Rule of right: Right drug, given to the right patient, at the right time, at right doses at a right interval for 
a right duration of time.) 

Objectives of RUM/ RUD: 
.V. To identi fy the magni tude and nature of inappro priate medicine uti I ization, 
2-:- To describe factors wh ich influence the dec ision making processes . 

To identify the factors which influence the behaviour of the prescribers. 
4. To relate issues to spec ific medicine use prob lem. 
5. To assess which prescribers and pati ents fac tors might be addressed in a program to reduce irrational use 

of medicine. 
(Ref Misbahuddinth-511'/ J 7) 

Uses of RUM /RUD: 
I. Prescri ption 
2. Purchase/ availabili ty 
3. Intake 

(Note: Rational use of drug has been replaced by rational use of medicine based on the fact that 1he prescriber_ when_ 
prescribes a medicine must know the adverse effects of the active components of the medicine os well as the adverse ejjects of 

the excipient.) 

Q. Outline the principles that govern rational use of drugs . (CU-09J) 
Q. Outlines the guidelines for rational use of drugs (RUD) . (SU-07 J) 

-. ll S. 

'11 idelines for RUD/ Educational intervention : 
To fix the tar .eLoJ t-he drug: 
I. Target may be the cure of the di sease I infec tion 
2. Target may be the s;ontro l of the di sease (cont ro lli ng H~N, OM) 
3. Prevention of disease (prophylacti c dru gs for TB, malari a) 
4. ,agnosis of the di sease 
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B. To select out the therapv: 
/ a. No drug therapy: For examp le, diastolic blood pressure 90 or 95 mm of Hg. Therapy should be with out 

drug, only restrictin g this or that. 
b. Drug therapy: 

. _) ~ Selection of the drug: Based on Risk: Benefit ratio by 
:> Knowing pharmacological profile of the drug for assessment of benefit & risk: 

• Seriousness of the problem to be treated 
• Efficacy of the drug to be used 
• Seriousness and frequency of possible adverse reactions of the drug to be used 
• Safety and efficacy of other drugs that might be used instead 

:> Knowing patient profile for assessing benefit by drug's suitability/ individualization of dosage 

regimen: 
• Age 
• Renal function 
• Hepatic function 
• Immune status (hypersensitivity) 
• Pregnancy 
• concomitant drugs 
• Severity of the disease 

:> Knowing cost profile.for assessing benefit and cost: 
• Assessing seriousness of the problem 
• Assessing cost of medication 
• Assessing cost of adm ini stration 
• Assessing cost of monitoring 
• Assessing cost of pretreatment in case of treatment fai lure. 

2. Selection of proper dosage regimen: 
:> Dose 
:> Formulation 
:> Route of admin istration 
:> Dosage interval 
:> ; Duration of treatment 

3. Monitoring drug therapy: Monitoring of 
:>" Beneficial & harmfu l effect by clinical markers and surrogate markers 
:> Patients compliance by-

• Treatment cost 
• Patient understands about the Rx of the disease. 
• Frequency of drug administration 
• Adverse drug reactions (ADRs) 
• Taste of the drug - applicable fo r infants and children. 

4. Programming patient education: 
:> Benefit and ri sk -
:> Dosage regimen 
:> Prognosis. 

Q. Define compliance. (DU-12Ju , J IJ , IOJ) 
Q. How can you improve the compliance of drug therapy? (DU- I 4Ju , I 2Ju , 11 J, I OJ) 

Ans . 
Compliance of drug therapy: Comp liance may be defined as the extent to which the patient follows a regimen 

prescribed by a healthcare professional. 

Patient compliance is the extent to which the actual behav iour of the patient coincides with medical adv ice and 
instructions: it may be complete, partial , erratic, nil , or there may be overcompliance . 

(Ref Bennet & Brown-// th) 
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Suggestions for Improving Patient Compliance .. 
I. Provide respectful communication; ask patient how they take med1c1ne. 
2. De elop -aiisfactory, collaborative relationshi p between doctor and patient; encourage pharmacist 

involvement. 
3. Provide and encourage use of medication counseling. 
4. Give precise, clear instructions, with most important information given first. 
5. Support oral instructions with easy-to-read written information. 
6. Simplify whenever possible. 
7. Use mechanical compliance aids as needed (sectioned pill boxes or trays, compliance packaging, color­

coding). 
8. Use optimal dosage form and schedule for the individual patient. 
9. Assess patient's literacy and comprehension and modify educational counseling as needed. Don't rely on 

patient knowledge about his or her disease, alone, to improve compliance. 
I 0. Find solutions when physical or sensory disabilities are present (use nonsafety caps on bottles, use large 

type on labels and written material , place tape marks on syringes). 
11. Enlist support and assistance from family or caregivers. 
12. Use behavioral techniques such as goa l sett ing, self-monitoring, cognitive restructuring, skills training. 

contracts, and positive reinforcement. 
(Ref Goodman & Gilman-I 2'" edition) 

Nice to know 

Patient noncompliance is manifest in drug therapy as accidental or intentional errors in dosage or schedule, 
overuse, under use, early termination of therapy or not having a prescription filled. Therapeutic failure can result 
from patient noncompliance. 

Noncompliance may occur because: 
1. the patient has not understood the instructions, so cannot comply, or 
2. understands the instruct ions, but fails to carry th f'm out. 

Q. Write down the prime factors responsible for poor patient compliance. 
Ans. 
Prime factors for poor patient compliance are: 

(Ref Bennet & Brown-11th) 

1. Frequency and complexity of drug regimen. More than three drugs to be taken concurrently or more than 
three drug taking occasions in the day (the ideal of one occasion only is often unattainable). 
Unintentional noncompliance or forgetfulness. 2. 

-, 
.) . 'Intelligent' or wilful noncompliance. Patients decide they do not need the drug or they do not like the 

drug, or take 2-3-day drug holidays. ' 
4. Lack of information. Oral instructions alone are not enough. Lucid and legible labelling of containers is 

essential, as well as patient-friendly in formation leaflets. 
5. Poor patient-doctor relationship and lack of motivation to take medicines as instructed offer a major 

challenge to the prescriber whose diagnosis and prescription may be perfect, but yet loses efficacy by 
patient noncompliance. 

(Ref Bennet & Brown-11th) 

Nice to know 
Doctor compliance 

Doctor compliance is the extent to which the behaviour of doctorsfitlflls their professional duty: 
1. not to be ignorant 

2. to adopt new advances when they are sujficiently proved (which doctors are ojien slow to do) 
3. to prescribe accurately 

4. to tell patients what they need to know to warn, i.e. to recognize the importance of the act ofprescribing. 
5. 10 warn, i.e. lo recognize the importance of the act of prescribing. 

(Ref Bennet & Brawn-I Ith) 
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Rational prescribing 
Q. Define prescr~pt~on. (SU -I 3Ju) 
Q. Define prescription. What are the types of prescribing? 

Special Topics 

An A . . . . . 
prescri ption: prescri ption 1s a wri tten order or advice given by a registered phys ician, denti st or vetcnnanan to 
;epare and or to di spense medicine fo r di agnosis, prevention, control or cure of a disease. 

!lres of prescri~ing: 
According to rational use: 

1. Rational prescribing 
2. Irrational prescribing. 

According to clinical practice: 
I. Outdoor patient prescription 
2. Chart order prescription 
3. General / ethical prescription 

Q. What do you mean by rational prescribing? (DU-OSM, RU-06M ; SU-08J) 
Q. What are the factors that should be considered for rational prescribing? (DU-09/08J; RU- I OJ ) 
Q. Enumerate & discuss the principles of rational prescribing. (DU -l 2Ju,CU-17J , I SJ , I 3Ju, I OJu, SU-07J) 
Q. What steps should be taken for rational prescribing? (RU-l 4J,07J) 
Ans. 
Rational prescribing: 
Definition: Rational prescribing means prescribing the drugs by considering thei r therapeutic efficacy & 
suitability. 

Criteria/ steps/ factors/ principles of rational prescri bing: 
'-"-- I. Appropriate diagnosis- based on cl inical featu res and laboratory diagnos is. 

2. Appropriate indication- whether the drug is actually necessary or not. 
3. Appropriate medicine- based on safety, efficacy, affordabi lity, availabi lity and need. 
4. Appropriate patient 
5. Appropriate dosage 
6. Appropriate duration 
7. Appropriate route of administration 
8. Appropriate informat ion to the patient 
9. Appropriate monitoring must be done. 

Necessity of rational prescribing: It is necessary -
I. To improve treatment outcome. 
2. To decrease adverse drug reactions (ADRs) 
3. To decrease fin ancial loss of patient. 

Q. Define irrational prescribing. (CU-06M) 

(Ref Misbahuddin-51"! 171, I 72) 

Q. Discuss the underlying causes of irrational prescribing. (DU-06M ; CU-06M; RU-07Ju) 
Ans. 
Irrational prescribing: 

I I I 

Definition : It is the prescription of inappropriate, ineffecti ve and economicall y ineffi cient dru gs where cost-
benefit ratio is unfavora ble to the rec ipient . - --- - - -

Causes of irrational prescribing: 
:> Factors related to the prescribers: 

I. Use of medicine when no medicine is indicated. 
2. Lack of objecti ve drug in fo rmation. 

Pharmacology-97 
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3. Misleading belief about drug eflicacy 
4. Heavy patient load 
5. Tendency to prescribe latest and expensive brand of particular drug. 
6. Use of wrong medicine for the specific condition requiring drug therapy. 
7. Misleading belief. 

~ Factors related to the patient: 
I . Lack of education and information regarding hazards of inappropriate medication. 
2. Patient's demand or expectation, eg, irrational prescription of vitamins. 
3. Easy to purchase any drug from the drug store without any prescription. 
4. Use of traditional medicine. 

~ Factors related to the dispenser: 
I . Wrong interpretation of prescription. 
2. Supply of wrong drug from stock. 
3. Wrong dosage. 
4. Inadequate package of labeling. 
5. Jnaccurate compounding. 
6. Insufficient knowledge of the disease process. 
7. Insufficient time to take with patient about their drugs. 
8. Inability to communicate to patient about therapy. 

~ Factors related to the drug suppliers: 
I. For making more money sometimes manufacturers and distributors create an artific ial shortage of 

essential drugs. 
2. Sometimes expired drugs are available in market due to lack of proper supervision. 

~ Factors related to the legal authorities: 
I . Lack of proper supervision and monitoring. 
2. No restriction of prescribing vital medicines and antibiotics by non formal prescribers. 
3. Poor regulation enforcement. 
4. Qua! ity assurance of the drug is not properly maintained. 

(Ref Misbahuddin-5thl l 73,1 74) 

Q. Mention the common irrational prescribing practices. (DU-06M) 
Q. Give some examples of irrational use of drugs. (RU-I 5Ju,09J) 
Ans. 
Common irrational prescribing practices / irrationalities in prescribing: 

I. Use of drug when none is needed; e.g. antibiotics for viral fevers & nonspecific diarrhea. 
2. Compulsive co-prescription of vitamins & ton ics. 
3. Use of drugs not related to the diagnosis; e.g. chloroquine / ciprofloxacin for any fever, proton pu mp 

inhibitor (PPI) for any abdominal symptoms. 
1. Selection of a wrong drug; e.g. tetracycline I ciprofloxacin for pharyngiti s, ~-b lockers as antihypertensive 

drug for asthmatic patient. 
2. Prescribing ineffective / doubtful efficacy drugs; e.g. serratiopept idase for injuries / swellings, anti-

oxidants, cough mixtures, memory enhancers etc. 
3. Incorrect route of administration; e.g. injection when the drug can be given orally. 
4. Incorrect dose either under-dosing or overdosing espec ially occurs in chi ldren. 
5. Incorrect duration of treatment; e.g. prolong post-surgical use of antibiotics, stoppage of antitubercular 

drugs or other ant ibiotics as soon as relief of symptoms is obtained. 
6. Unnecessary use of drug combinations; e.g. ciprofloxacin + tinidazole for diarrhea, amp ici llin + 

cloxacillin for staphylococca l infection, ibuprofe n + paracetamol as analgesic. 
7. Unnecessary use of expensive medicines when cheaper drugs are equally effective. 
8. Craze for latest drugs; e.g. routine use newer ant ibiotics & other drugs. 
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9. Unsafe use of drugs; e.g. use of single anti-tubercular drug, corticosteroids for fever, anabo lic steroids in 
children. 

I 0. Polypharmacy without regard to drug interaction. 

Q. L~s~ th/hazards/disadvantages of irrational prescribing. (RU-I 5Ju, 141, I OJ) 
Q. D scu,,ss the consequences of irrational use of drugs. (SU-09/08Ju) 
Al) . 

Ha~ards I consequences of irrational prescribing: Irrational use of drugs may lead to some bad effects on the 
patient as we ll as on the community. 

I. Delay/ no relief of symptoms or disease. 
2. Drug resistance 
3. Drug dependence 
4. Addiction 
5. Tolerance 
6. More adverse drug reactions 
7. Drug toxicity 
8. Prolong hospitalizations & loss of working hours. 
9. Ultimately increase morbid ity & mortality. 
I 0. Financial loss of the person & the community. 

Q. How irrational prescribing can be avoided? (DU-06M) 
Q. How can we ensure the rational use of drugs? (RU-091) 
Q. Write down about regulatory strategies to manage irrational prescribing. (CU-06M) 
Ans. 
Regulatory strategies for managing/ preventing irrational prescribing 
A. Prescriptions 

:, Division of prescription medicines - Specific medicine are selected by doctors of specific categories 
:, Prescription demarcation - Specially categorized drugs are prescribed over especially supplied 

prescription 
8. · Professional competence 

:, Qualifying 
:, Continuous assessment of performance 

C. Medicines at market 
:, Medicine policy or health policy 
:, Concept of essential medicines (drugs). 

Q. Outline the principles of pharmacotherapy. (CU-08Ju) 
Ans. 
Pharmacotherapy / pharmacotherapeutics: Definite area in the subject of pharmacology that deals with the 
principles (rules) of using the drugs used for diagnosis, prevention & curative treatment of the diseases is called 
pharmacotherapy. 

Principles of rational prescribing / pharmacotherapy: 
I. Fixation of therapeutic target 
2. Selection of therapy 
3. Selection of drugs & dosage regimen if it 's a drug therapy 
4. Monitoring of therapy 
5. Education of the patient about the therapy 

1. Fixation of therapeutic target: To fix the therapeutic target, knowledge about pathophys iology & prognosis 
of the disease is requ ired. The target may be -
:, Cure of the disease: Ant ib iotic therapy in infect ious diseases. 
:, Control of the disease : Anti hypertensive drugs & Antidiabetic drugs in HTN & DM respecti ve ly. 
:, Prevention of the disease: Prophylaxis of malaria , TB & other communicable diseases. 
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:> Diagnosis of the disease: Dexamethasone suppression test to d1agn~se Cush!ng s yn_drorne. 
:, Reduce the symptoms & severity of the disease in case of chrome I mallgnant diseases: Analges ic in 

chronic pain, radiotherapy & chemotherapy in non-curable malignant disease reduces the symptoms & 

severity of the diseases (i .e. palliative care). 

2. Selection of therapy: Therapy may be -
:> Non-drug therapy (e.g. restriction of diet, advising physical exercise) 
:, Drug therapy: 

3. Selection of drugs & dosage regimen (if it ' s a drug therapy): . 
:> Selection of the drug on the basis of knowing the disease profile, pharmacological profile of the drug & 

cost profile. 
:, Designation of proper dosage regimen which includes -

• Dose of the drug 
• Formulation of the drug 
• Route of administration 
• 
• 

Frequency & time interval of the drug 
Duration of the treatment 

4. Monitoring of therapy: 
:> Mon itoring of beneficial & harmful effec ts by chemical & surrogate markers. 
:> Monitoring of the patient 's comp I iance. The determinants of patient 's comp I iance include treatment cost, 

patient's understanding about the treatment of the disease, frequency of drug administration, AD Rs, taste 
of the drug etc. 

5. Education of the patient about the therapy: 
:> Counseling with the patient & his attendants about risks & benefits of the drug therapy or avoiding the 

treatment & related behavior of both the patient & the attendants. 
:> Accurate direction about the dosage regimen, du ra tion of the therapy & fo l low up of the patient . 
:> Advis ing the patient about the treatment complications & the further disease complicat ion. 

Q. A 30 years old bus driver, sufferings from common cold was managed by a general practitioner with 
Tab. Paracetamol, Cap. Am oxicillin & Tab. Chlorpheniramine. He recovered after a week. Was the 
case rationally treated? Criticize. (CU-06M) 

Ans. 
No, the patient was not rationally treated. 

Criticism of the prescription: 
:, Paracetamol: As the pat ient may have some fever and headache, prescribing paracetamol is appropriate in 

this case. 
:, An10xicillin: As common cold is usually a viral disease, an ti biotics such as amox icil lin are unnecessary in 

this case. Rather there is chance of deve loping drug res istance & extra cost burden to the bus driver. 
:, Chlorpheniramine: As the profession of the pati ent was dri ving, treatment with chlorpheniramine was a 

dangerous one. Because Chlorpheniram ine is a I st generation & strongly sedative anti-histamine, so there will 
be drowsiness & lack of concentration during dri ving & there may occur a se rious accident. So, this type of 
irrational prescribing should be strongly inhibited. 

Rational prescribing in this patient: Only fexofenadine / loratad ine / des loratadi ne (non sedative anti -hi stamine) 
at bed time is enough to treat the bus dri ver in this case. If chlorpheni ram ine is used , driving should be prohib ited 
at least I 0-12 hours after the drug administration. 
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Essential drug concept 
Q. · ?J.fine essential drug. (DU-15Ju,07Ju; CU-17 J, I SJ , 12J u 07 Ju/J- SU-I OJ 06S · RU- I 6J I 4Ju I 3Ju I 2JJ. 
Q what do you me b · I ' ' ' ' • ' ' 

1 

1 
• an Y essent~a drugs/ essential drug concept? (DU-06S,SU-09J , CU-05/04M) 

Q. What_ do you ~ea~ by essential drug list (EDL)? (DU-09Ju) 
Q. Me~1h9n the cntena f?r sel~cti~g essential drugs. (DU-07Ju ; RU-I 3Ju) 
Q. Wn~~ down the sel_ection cntena of essential drugs. (RU- I 6J, I 2J) 
Q. ~htrt note: Essent~al Drug. (DU-l3J, I0/08Ju ; RU-17J , SU-13Ju,I IJ) 
Q. ~l), rt note: Essent~al Drug concept. (DU-05J,RU-07Ju) 
~hort note: Essential drug list (EDL). (DU-I I J) 

' Ans. 

Essential drug: WHO defi nes essential drugs as the drugs (or representatives of classes of drugs) 'that satisfy the 
hea lth care need f h · · ~ ~ -- . s O t_ e maJonty of the population; they shou ld therefore be available at all times in adequate 
amo un~ a~d 1'2_ the ap~o~ia~ dosa&_e forn~'-

Esse_ntial drug concept: This is the concept about the drugs that make the differentiation about the drug 
requirements. 

Example: Neostigmine is the essential drug for neuromusc ular junction blocker. 

WHO criteria of selecting an essential drug: 
I. Adequate data on its efficacy & safety should be available from clinical studies . 
2. It should be available in a form in which qual ity, including bioavailability & stability on storage can be 

assured. 
3. Its choice should be dependent upon pattern of prevalent diseases; availability of faci lities & trained 

personnel ; financial resources; genetic, demographic & environmenta l factors. 
4. In case of two or more similar drugs, choice shou ld be made on the basis of their relative efficacy, safety, 

quality, price & availabil ity. Cost-benefit ratio shou ld be a major consideration. 
5. Choice may also be influenced by comparative pharmacokinetic properties & local fac ilities for 

manufacture & storage. 
6. Most essential drugs shou ld be single compounds. 
7. Selection of e sent ial drugs shou ld be a continuous process which should take into account the changing 

priorit ies for public health action, epidemiological cond iti on as wel l as availabi lity of better drugs / 
formulations & progress in pharmacological knowledge. 

8. Recently, it has been emphasized to select essentia l drugs based on rationally developed treatment 
gu idelines. 

Essential drug list: Countries needing essential drug lis t can use the li st as a basis for their own choices (WHO 
also pub lishes model prescribing information). The li st is updated every few years and contains about 300 items . 

1. Core list: 117 drugs in Bangladesh. The drugs that are included here are for all the licensed prescriber. 
Any grad uate doctor can prescribe . 

2. Complementary list: Drugs included here are for the specia li st . Prescribing needs special techniques, 
institution, e.g. antiarrhythrnic drugs cannot be given to ambu latory patient. It requi res cardiac monitoring 
(hospitalized patien t) . That is why antiarrhythmic drugs are in complementary li st. 

Criteria included into national essential drug list (in short): 
I. Safety profile 
2. Efficacy 
3. Low cos t 
4. Availability 

Basis of selection (in short): 
I. Disease that is prevalent in the community. 
2. Safety of the drug 
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3. Efficacy of the drug 
-t Cost-effect ivcness or the drug. 

Q. What is the importance of essential drug list in promoting rational use of drugs? (DU-09.lu , RU-14JuJ 
Q. What arc the advantages of having a national list of ED'? (RU-13.Ju) 
Q. What is the importance of essential drug concept? (RU-07J) 
Q. Gin the necessity/advantage of essential drugs. (RU-16.1) 
Ans. 
Importance of essential drug concept 

I. Essential drug concept allows reduction in the number of pharmaceutical products to be manu fac tu rl:d 
imported, stored, analyzed & distributed from among the thousands. ' 

2. Improvement of the quality of the drug utilization, management, information & monitoring. 
3. Stimulation of local pharmaceutical industries. 
4. Solution of the primary health care problems by providing high priority safe and cost-effect ive dru gs. 
5. Facilitating the use of drugs more economically and rationally. 

Q. Describe the essential drug list (EDL) in Bangladesh. 
Q. Mention the total number of ED in our country with the number at different levels. (RU-1 4.Ju) 
Ans. 
Essential drug list (EDL) in Bangladesh: The total number of EDS in Bangladesh is l 50. EDS have been 
recommended to be used by various leve ls of health care personnel. These include-

! . List of 12 essential drugs for use by the village level health workers, eg, aspirin tablet, chloroquine tab 
/ syrup, alluminium hydroxide gel/tab/susp, ORS, etc. 

2. List of additional 33 essential drugs for primary health care (PHC) up to the Thana health complex 
level, eg, paracetamol tab, metronidazole, atropine, omeprazole etc . 

3. List of additional 105 essential drugs for use in tertiary level, eg, indomethacin cap/suppository, 
metronidazole tab, thiopental sodium, griseofulv in etc. 

4. Supplementary list: 100 items of specialized drugs, eg, bec lomethasone inhaler, sodium valproate, 
Mitomycin tab/inj , etc. 

(Ref Lecture SOMC) 

Q. Enumerate 3 anti-diabetic drugs to be included in "Essential Drug Lists" of Bangladesh. (CU-07 J) 
Q. Enumerate 3 anti-hypertensive drugs to be included in "Essential Drug Lists" of Bangladesh. Justify 

your selection. (CU-05M) 
Q. Enumerate 5 anti-microbial drugs to be included in "Essential Drug Lists" of Bangladesh. Justify your 

selection. (CU-04M) 
Ans. 
3 anti-hypertensive drugs that should be included in essential drug list: 

I. Atenolol 
2. Losartan 
3. Amlodipine 

5 anti-microbial drugs that should be included in essential drug list: 
I. Flucloxacillin 
2. Ciprofloxacin 
3. Metronidazole 
4. Rifampicin 
5. Ison iazid 

3 anti-diabetic drugs that should be included in essential drug list: 
I. Insulin 
2. Glipizide 
3. Metformin 
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Q. Short note: Polyphannacy. (DU-13.lu) 
Q. Write down the advantages of polypharmat'.y. (RU- 11 J) 
Ans. 
Polypharmacy: 

Definition: Po lypharmacy is the use of multiple medications by a patient, generally older adults . 

Indications 

Special Topics 

l. To treat chronic diseases, eg. diabetes mellitus, hypertension, ischemic heart disease, etc . 
2. Treatment of infections where there is chance of development of drug resistance, eg, TB. 
3. To treat severe infection, eg, contaminated RTA, tetanus, septicemia, etc. 
4. Balanced anesthesia: lt consists of-

a. Intravenous anesthetic 
b. Inhaled anesthetics 
c. Analgesic 
d. Skeletal muscle relaxant. 

Example: 
l. Treatment of myocardial infarction: A statin, an ACE! inhibitor, a beta-blocker, aspirin, paracetamol 

and an antidepressant. 
2. Treatment of TB: 4 drugs (INH, rifampicin, pyrazinamide, ethambutol). 
3. Treatment of hypertension: Losartan & hydrochloroth iazide. 

Advantages 
1. Dose requirement for individual drugs become less. 
2. Well control of the disease. 
3. Good patient compliance. 

Disadvantages 
1 . More drugs --t wide range of side-effects. 
2. More drugs --t more risk of drug-drug interactions. 
3. Hi gher costs. 
4. Po lypharmacy is often associated with a decreased quali ty of li fe, decreased mobility and cognition . 

Q. What do you mean by P-drug? (DU -07M,05/04M; RU-06M : SU-09J,07Ju) 
Q. What factors should be considered for selection of P-drug? (DU- I OJ ,07M) 
Q.,Meution the criteria for selecting P-drug. (DU-1 SJu, 12J , RU-1 SJu) 
Q. Short note: P-drug concept. (DU - I I Ju, CU-08J, SU-I 3Ju, I 2Ju) 
Q. Short note: P-drug. (CU- 16Ju, RU-15J , SU- 17.J,15Ju, 15J ,14Ju) 
Ans. 
P-drug: 
P-drug means: 

I. Priority drug 
2. Prefer drug 
3. Personal drug 
4. Primary drug 

Criteria of P-drug / factors for selection: 
I. Efficacy (E) 

2. Safety (S) [ ] 
3. Cost-effectiveness (C) Remember: ES CAS 
4. Availability (A) """· ---------
5. Suitab ility (S) 

The sequence may be altered for some drugs, eg, thiacetazone is a 2nd line drug for treatment of TB . But as it is 
very cheap, it is a I st I ine drug in rd world countries. 



. t DI t>t I Bluqmn rnnnaco ogy 

F\a mpk: In c:1sc of an tihypL'rtcnsiw drugs-

Drugs Fflicacy (E) Safety (S) C ost-c!Tcct ivcncss Ava il ab ility Suitability--

- (C) 
I . i>ropranolol + I- ++ ++ 

') rhiazidc ++ + t-+ 
" J\mk)d ipinc +++ + + J. 

cl. a-Methyl dopa ++ + + 
5. Prazosin ++ ± + 
6. Captoµ ril +++ + + 

Q. Di cuss shortly the steps of selecting essential & P-drugs. (SU-I 2J,09J) 
Ans, 

(A) 
++ t-+ 
++ ++ 
+ + 

+ + 
+ + 
+ + 

Steps of selecting essential & P-drugs: The se lection of a P-drug consists of the fo llowing 5 steps-
1. To define the diagnos is. 
2. To specify the therapeutic obj ective. 
3. To make an inventory of effective groups of drugs. 
4. To choose an effective group according to criteria. 
5. To choose a P-drug. 

Q. Select a P-drug for a case of acute respiratory infection in 10 years old boy. (SU-I OJ) 
Ans. 
P-drug for a case of acute respiratory in fection: Amoxic ill in 

Reasons for selection 
I. Good efficacy against organisms causing RT!. 
2. Well-tolerability 
3. Relative ly cheap 
4. Good avai lability 
5. Broad spectrum of activ ity 

MCQ 
a. T, b. F, c. T, cl. T, e. F 

(S) 
-

-

Q. Drugs included in essential drug list are­
(DU-l 7M) 
a) paracetamol 

Q. Irrational use of drug may occur by- (DU-
14Ju) 

b) antacid 
c) rnethotrexate 
d) zidovudine 
e) folic acid 

a. T, b. 1~ c. F. d. F, e. T 
Q. P-drug selection depends on- (DU- l 5Ju) 

a. efficacy of drug 
b. safety of drug 
c. patient behav ior 
d. latest drugs 
e. cost effectiveness 

a. T, b. T, c. F, d. F, e. T 
Q. Advantages of an essential drug include­

(DU-l 5Ju) 
a. afery 
b. lim ited use 
c. availability 
d. co !-effectiveness 
e. cannot be used by health workers 

a. the u e of appropriate drug 
b. indi crimi nate u e of antibiotics 
c. admini tra tion or drug in right dose 
cl. using drug without prope r indicat ion 
e. the use of new expen -iv drugs 

a. F, b. T, c. F, d. T. e. T 
Q. P-drug selection depends on- (DU- I 3J) 

a. efficacy . 
b. safety. 
c. patient behavior. 
d. latest drug. 
e. cost effecti veness. 

a. T, b. T, c. F, d. F, e. T 
Q. P drug selection depends on- (DU- I I Ju ) 

a. Efficacy (T) 
b. Safety(r) 
c. Cost-effect ivene ·s (T) 
d. Patient behavior (F) 
e. Latest drug ( F) 
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Chapter 15 
Cancer chemothera y & Gene thera 

Cancer chemotherapy 
Definition of cancer: Cancer is a di sease characterized by uncontro lled mu ltiplication and spread of abnormal 

forms of the body's own ce ll s. The terms cancer, malignant neoplasm (neoplasm simply means 'new growth') and 
malignant tumour are synonymous. 

Cancer cells have fo ur character istics that distinguish them from normal cell s: 
(Ref Rang & Dale's-8th) 

1. uncontrolled pro liferation 

2. loss of function because of lack of capacity to differentiate 
3. invas iveness 

4. the abi lity to metastasise. 

(Ref Rang & Dale's-8th) 
Treatment of cancer: There are three main approaches to treating established cancer- surgical excision, 
irradiation (radiothera py) and chemotherapy- and the ro le of each of these depends on the type of tumour and 
the stage of its deve lopment. 

(Ref Rang & Dale 's-8th) 
Principles of Cancer Chemotherapy: Cancer chemotherapy st rives to cause a lethal cytotoxic event or apoptos is 

in the cancer cell that can arrest a tumor's progression. The attack is genera lly directed toward DNA or against 

metabolic sites essential to ce ll replicat ion- for exam ple, the ava ilabil ity of purines and pyrimid ines that are the 

build ing blocks fo r DNA or RNA synthes is. Ideally, these anticancer drugs shou ld interfere only with cel lular 

processes that are unique to malignant cel ls. Unfortunatel y, most curren tly available anticancer drugs do not 

spec ifically recogni ze neoplastic cel ls but, rather, affec t all ki nds of pro life rating ce lls- both normal and abnormal. 

Therefore, almost all antitumor agents have a steep dose- response curve fo r both tox ic and therapeutic effects. 

(Ref Lippincott 's-6th) 

Goal of treatment: The ul timate goal of chemotherapy is a cure (that is, long-term, disease-free survival). A true 

cure requ ires the eradication of every neoplastic cell. If a cure is not attai nable, then the goal becomes control of 

the disease (stop the cancer from enlarging and spreading) to extend survival and maintain the best quality of life. 

In advanced stages of cancer, the like lihood of controll ing the cancer is far from reality and the goal is palliation 

(that is, all ev iation of symptoms and avoidance of life-th reatening toxicity). This means that chemotherapeutic 

drugs may be used to rel ieve symptoms caused by the cancer and improve the qual ity of life, even though the 

drugs may not lengthen life. 

(Ref' Lippincott 's-6th) 

Indications for treatment: Chemotherapy is indicated when neoplasms are disseminated and are not amenable to 

surgery. Chemotherapy is also used as a supplemental treatment , to attack micrometastases fol lowing surgery and 

rad iation treatment in which case it is ca lled adjuvant chemotherapy. Chemotherapy given prior to the surgical 

procedure in an attempt to shrink the cancer is referred as neoadjuvant chemotherapy, and chemotherapy given in 

lower doses to assist in pro longing a remission is known as main tenance chemotherapy. 

(Ref Lippincott 's-6th) 

Plrnrmacology-98 
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Figure: The cell cycle and cancer. A conceptual depiction of the cell cycle phases that all cells- normal and neoplastic­
must traverse before and during cell division. The percentages given represent the approximate percentage of time spent in 
each phase by a typical malignant cell; the duration of G1, however, can vary markedly. 

On the basis of cell cycle, anticancer drugs are group into -
1. Cell cycle specific (CCS) drugs & 
2. Cell cycle nonspecific (CCNS) drugs. 

Cell cycle specific drugs: Anticancer drugs which exert their action on cells by traversing the cell cycle are called 
cycle specific drugs. In general, CCS drugs arc most effective in hematologic malignancies and in solid tumors in 
which a relatively large proportion of the cells are proliferating or are in the growth fraction. 

Cell cycle nonspecific drugs: Anticancer drugs which can sterilize or kill tumour cells both resting in the GO 
phase & cyc ling are called cell cycle nonspecific drugs. CCNS drugs (many of which bind to ce llular DNA and 
damage these macromolecules) are particularly useful in low growth fraction s lid tumors as well as in high 
growth fraction tumors . 

(Ref Katzung-l 3th) 
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Q. Classify anticancer drugs. (DU- l 7M) 
Q. Classify the drugs used in cancer chemotherapy. (RU-06M) 
Q. Name the structural analogs used in cancer chemotherapy. (SU-99M, CU-99M) 
Ans. 
Classification of anticancer drugs: 

Cell C~'Cle-Specific (CCS) A~ents I Cell C)·cle-Nonspecific (CCNS) A~ents 
Antimetabolites (S phase) Alkylating agents 

• Capecitabine • Altretamine 
• Cladribine • Bendamustine 
• Clofarabine • Busulfan 
• Cytarabine (ara-C) • Carmustine 

• Fludarabine • Chlorambuci l 
• 5-Fluorouracil (5-FU) • Cyclophospham ide 

• Gemcitabine • Dacarbazine 
• 6-Mercaptopurine (6-MP) • Lomustine 

• Methotrexate (MTX) • Mechlorethamine 
• 6-Thioguanine (6-TG) • Melphalan 

• Temozolomide 

• Thiotepa 
Epipodophyllotoxin (topoisomerase II inhibitor) Anthracyclines 
(G 1-S phase) • Daunorubicin 

• Etoposide • Doxorubicin 

• Epirubicin 

• ldarubicin 

• Mitoxantrone 
Taxanes (M phase) Antitumor antibiotics 

• Albumin-bound paclitaxel • Dactinomycin 

• Docetaxel • Mitomycin 

• Paclitaxel 
Vinca alkaloids (M phase) Camptothecins (topoisomerase I inhibitors) 

• Vinblastine • Irinotecan 

• Vincristine • Topotecan 

• Vinorelbine 
Antimicrotubule inhibitor (M phase) Platinum analogs 

• Ixabepilone • Carboplatin 

• Cisplatin 

• Oxaliplatin 
Antitumor antibiotics (Gr M phase) 

• Bleomyc in 
(Ref Katzung-l 3th) 

Q. Outline the principles of combining cytotoxic drugs in the treatment of malignancy. (RU- l 6Ju) 
Ans. 
Principles of combining cytotoxic drugs in the treatment of malignancy: The selection of drugs m 
combination chemotherapy is influenced by: 

1. Choosing drugs that act at different biochemical sites in the cell. 

2. Using drugs that attack cells at different phases of the growth cycle. 'CHOP' is a standard 
combination chemotherapy regimen for non-Hodgk in's lymphoma. The acronym stands for 
cyclophosphamide, doxorubicin (previously known as hydroxydoxyrubicin), vincristine (previously 



T:\I Blueprint ' Pharmacology 768 
ca lled oncovin) and prednisolone. The first three cytotoxic drugs exert their antitumour effect on different 
aspects of ce ll proliferation. The antitumour effect of corticosteroid remains unclear. 

3. The desirability of attaining synchronisation of cell cycling to achieve maximum cell kill. Cells are 
killed or are arrested in mitosis by vincristine, which is then withdrawn. Cells then enter a new 
reproductive cycle more or less synchronously, and when most are judged to be in a phase sensitive to a 
particular phase-specific drug, e.g. methotrexate or cytarabine, it is given. 

4. Avoidance of cross-resistance between drugs. In some instances, us~ of one dru~ regimen fol~owed by 
another rather than using them simultaneously in combination avoids drug resistance and improves 
therapeutic efficacy. For example, epirubicin given for four cycles fol lowed by CMF (concomitant 
cyclophosphamide, methotrexate and 5-fluorouracil) for four cycles has largely replaced CMF alone as 
standard adjuvant chemotherapy for breast cancer, because the outcome is better. 

5. Non-overlapping toxicity profiles. Before establishing a combination regimen, phase I trials are 
undertaken, frequently fixing the dose of one drug while escalating the dose of another, in small cohorts 
of carefully monitored patients, so that toxicity and patient safety can be monitored . 

6. Empirical evidence of efficacy against a particular tumour type. The antitumour activity of platinum 
complex s was a chance finding. 

7. Enhanced cell killing in preclinical models when drugs are combined. Oxaliplatin on its own has 
limited cytotox icity against colorectal cancer cell lines in vitro and in mouse xenograft models, but its 
combination with SFU confers a more than additive, i.e. synergistic, killing effect on tumour cells . 

Considerations of pharmacokinetics in relation to cell kinetics are of great importance, as drug treatment alters the 
behaviour of both malignant and normal cel ls. 

(Ref Bennet & Brown-J 2°1151 6) 

Q. Lists the common adverse effects of anticancer drugs. (DU-l 7M,07Ju; RU-I 0/07J,06M) 
Q. Mention the general hazards of cancer chemotherapy. (RU-I 6Ju) 
Q. Discuss the common adverse effects of cancer chemotherapy. (RU-08J) 
Ans. 
Common adverse effects of anticancer drugs: Because their main effect is on cell division, ant icancer drugs 
will affect all rapidly dividing normal tissues and thus they are likely to produce, to a greater or lesser extent, the 
fol lowing general toxic effects: 

I. Nausea and vomiting 
2. Bone marrow toxicity (myelosuppression) with decreased leukocyte production and thus decreased 

resistance to infection 
3. Impaired wound healing 
4. Loss of hair (alopecia) 
5. Damage to gastro intestinal epithelium 
6. Depression of growth in chi ldren 
7. Sterility 
8. Teratogenicity. 

Q. Short note: Anti-cancer induced nausea and vomiting (emesis). 
Q. How will you manage anti-cancer induced nausea and vomiting (emesis)? 
Q. Discuss the management of drug induced vomiting. (DU-17M) 
Ans. 

(Ref Rang & Dale's-8th) 

Anti-cancer induced emesis: Nausea and vomiting is the principle side effects of anti-cancer chemotherapy. 
Chemoreceptor trigger zone (CTZ) is directly stimulated by toxins or drugs. Neurotra nsm itters (e.g. dopamine) 
al so stimulate the vomiting center. There is variation of emetic effect among chemotherapeutic drugs-
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Mild emetics • Methotrexate 

• Fluorouracil 
Severe emetics • Doxorubicin (adria myc in) 

• Dacarbazine 
• Mechlorethamine 

Very severe emetics • Cisp lati n 

Prevention of anti-cancer induced emesis: Use of an tiemetics as a compone nt of regular chemotherapeutic 
regimen. The drugs are -

I. Serotonin antagonists : Ondansetron, granisetron. 
2. Dopamine antagonists: Metoclopramide. 
3. Major tranquilizers: Phenothiazines. 
4. Cannabinoids: Dronabinol. 

5. Others: High dose glucocorticoids (dexamethasone), benzodiazepines (sedatives) and antihistam ines. 

Q. Why SHT3 receptor blockade is so important in cancer chemotherapy induced vomiting? (CU-I 7M) 
Ans. 

SHT3 receptor blockade is important in cancer chemotherapy induced vomiting: 5-HT3 receptor antagonists 
Granisetron, ondansetron and palonosetron are of particular value in preventing and treating the vomiting and, to 
a lesser extent the nausea, commonly encountered during administration of cytotoxic drugs such as cisplatin. The 
primary site of action of these drugs is the CTZ. 

(Ref Rang & Dales-81hl375) 

Nice to know: 
Mechanism of action of alkylating anticancer drugs: 

Alkylating anticancer drugs 
l 

Transfer alky l group to DNA 
l 

Alkylation of DNA 
l 

fntra-strand linking and cross linking of DNA strands 
l 

Blocks replication and transcription of DNA 
l 

Blocks production of undifferent iated cells 
l 

Anticancer effect. 
(Ref Katzung-1 Jth) 

Mechanism of action of 5- fl uorouracil (5-FU): 5-Fluorourac il (5-FU) is a prodrug requiring activation via a 
complex seri es of biotransformation reactions to ribosyl and deoxyribosyl nucleotide metabolites. 

I. 5-FU is converted to 5-fluoro-2'-deoxyuridine-5'-monophosphate (FdUMP) ._ FdUMP inhibits the 
enzyme thymidy late synthase ._ inhi bits synthesis of thymidylate - inhibition of DNA synthesis 
th rough "thym ineless d ath." 

2. 5-FU is converted to 5-fluorouridine-5'-tri phosphate (FUTP) ._ FUTP is then incorporated into RNA -
interferes with R A processing and mRNA translation. 

J . In addit ion, 5-FU is converted to 5-fluorodeoxyuridine-5'-triphosphate (FdUTP) ._ FdUTP can be 
incorporated into ce ll ular D 1A, resulting in inhi bition of D A synthesis and function. 

Thus, the cytotoxicity of 5-FU is thought to be the result of the combined effects on both DNA- and RNA­
mediated events. 

(Ref Katzung-13th) 
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Mechanism of action of vincristine: Vincristine ---. Tubulin inhibitor ---. Inhibits polymerization of the 
microtubules of the cytoskeleton and mitotic spindle---. Mitotic arrest at metaphase ___. Dissolution of the mitotic 
spindle---. Inhibits chromosomal segregation at the pole of dividing cell ---. Blocks uncontrolled cell division ~ 
Anticancer effect. 

(Ref Katzung-l 3th) 
Malignancies responsive to chemotherapy: 

I. Acute lymphocytic leukemia (ALL) 
2. Acute myelocytic & myelomonocytic leukemia 
3. Chronic lymphocytic leukemia (CLL) 
4. Chronic myelogenous leukemia (CML) 
5. Hodgkin 's disease (stages III & IV) 
6. Non-Hodgkin 's lymphoma 
7. Multiple myeloma 
8. Macroglobulinemia 
9. Polycythaemia vera 
I 0. Carcinoma of different organs: Adrenal, breast, cervix, colon, endometrium, lung, ovary, pancreas, 

prostate, stomach, testi s, thyroid, head & neck, choriocarcinoma (trophoblastic neoplasm). 
I 1. Wilm 's tumor 
12. Neuroblastoma 
13. Carcinoid 
14. lnsulinoma 
15 . Estrogen ic sarcoma 
16. Miscellaneous sarcomas 
17. Melanoma 

Gene therapy 
Gene therapy: Gene therapy is the genetic modificat ion of cells to prevent, alleviate or cure disease. 

(Ref Rang & Dale 's-Bth) 
Potential applications: 

I. radical cure of monogen ic diseases ( e.g. cystic fibrosi , haemoglobinopathies) 
2. amelioration of diseases with or without a genetic component, including many mal ignant, 

neurodegenerative and infectious diseases. 
(Ref Rang & Dale 's-8th) 

Steps of gene therapy: Two steps -
I. Gene identification and cloning 
2. Gene transfer and expression 

(Ref- Misbahuddin-5thl l98,1 99) 
Transfer of recom binant gene into target cells: The transfer of recombinant nucleic acid into target cells is 
crit ical to the success of gene therapy. Target genes must cross the plasma and nuclear membranes, and it must 
then bind to the chromosomes of target cells. 

There are two main strategies fo r delivering genes into patients: the in vivo and ex vivo approach. 
I. In vivo strategy: The vector containing the therapeutic gene is injected into the patient, either 

intravenous ly or directly into the target tis ue (e.g. a mal ignant tumour). 
2. Ex vivo strategy: The ex vivo strategy is to remove ce lls from the patient (e.g. stem cells from marrow or 

circulati ng blood, or myoblasts from a biopsy of striated muscle), treat them with the vector and inject the 
genetically altered cel ls back into the patient. 

Criteria of an ideal vector 
1. Safe 
2. Highly efficient (i.e. insert the therapeutic gene into a high proportion of target cells.) 
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3. Selective (i .e. it wou ld lead to expression of the therapeutic protein in the target cell s but not 10 lli<.: 

expression of viral proteins.) 

(Ref- Rang & Dale 's-8/h) 

Table: Delivery systems for gene therapy 

Vector AdvantaJ?;es Disadvantages 1. Liposomes Virus-free Low efficiency, sometimes cytotox ic 
2. DNA cassettes Virus-free Low efficiency, expression tem porary 
3. Herpes simplex Highly infective, persistent No integration with host DNA, cytotox ic , difficul t to 

virus type I expression handle 
4. Adenovirus Highly infective in epithelia Immunogenic and temporary 
5. Adeno-associated Stable Low capacity, requires a helper virus 

virus 
6. Retrovirus Efficient, permanent Low capacity, unstable, must integrate into host 

DNA 
-(Ref Rang & Dale s 8th) 

MCQ 
Q. Following medications would be effective to counteract the emesis in patient with ovarian cancer taking 

cisplatin: (CU-l4Ju) 
a) Droperidol. 
b) dolasetron 
c) prochlorperazine. 
d) Dronabinol 
e) Ondansetron 

a. T. b. T, c. T. d. T. e. T 
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Chapter 16 
Dermatology 

Topical Antibacterial Preparations 
Indications: Topical antibacterial agents may be usefu l in 

1. Preventing in fections in clean wounds 

2. early treatment of infected dermatoses and wounds 

3. reduci ng coloni zation of the nares by staphylococci 

4. Axillary deodori zation, and 

5. the management of acnevulgari s. 
(Ref Katzung-1 J'h edition) 

Antibiotic-corticosteroid combinations: Some topical anti-i nfecti ves conta in corticostero ids in addition to 

anti biotics. There is no conv incing ev idence that topical co1ticosteroids inhibi t the antibacterial effect of 

antib iotics when the two are incorporated in the same preparation. In the treatment of secondari ly infected 

dermatoses, which are usually coloni zed wi th streptococci , staphy lococc i, or both, comb inati on therapy may 

prove superior to corticostero id therapy alone. Antib iotic-corticosteroid combi nations may be usefu l in treating 

diaper dermatitis, otitis externa, and impetiginized eczema. 

(Ref Katzung-13'" edition) 

Topical Antibacterial Indication 
Bacitracin • Gram-positive organisms such as streptococci. pneumococci , and 
(Ointment base alone or in staphylococci. 
combination with neomyc in , • Most anaerob ic cocc i, neisseri ae, tetanus bacill i, and diphtheria 
polymyxin B, or both.) baci lli are sensit ive . 

Mupirocin • Most gram-positive aerobic bacteria, including methici llin-resistant S 

(o intment) aureus (MRS/\). 

• Impetigo caused by S aureus and group A ~-hemolytic streptococci . 

Retapamulin • Group A ~-hemolytic st reptococci and S aureus, excluding MRS A. 

Polymyxin B • Gram-negative organi sms, includ ing Psrudomonas aeruginosa, 

(so lution or oi nt men t) Escherichiu coli, enterobacter, and kl ebsiella. 

Neomycin & Gentamic in • Gram-negative organisms, including E coli, proteus, klebsiel la, P 
(Powder, ointment or cream) aeruginosu and cnterobactcr. 

• Staphylococci and group/\ ~-hemolytic streptococc i. 

Clindamycin • Acne 
(water-based ge l and lotion) 

Erythromycin (water-based gel) • Acne 

Metronidazole (water-based gel) • Rosacea 
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Sodium Sulfacetamide 

( 10% lotion and as a I 0% wash) 
• Acnevu I gar is and acne rosacea -- J 

(Ref. 1-:otz w 17,- I _t' f!dit ion; 

Topical Antifungal Preparations 

Topical Antifungal Agents Topical formulation Indications/ Antifungal spectrum 
Topical Azole Derivatives: Cream or lotion and • Dennatophytes (ep idermophyton. microsporu m, 
Clotrimazole, econazole, as vaginal cream or and trichophyton) 
ketoconazole, miconazole, suppos itories • Yeasts (Candida albicans and Pityrosporwn 
oxiconazole, sulconazole, and orbicu/are) 
sertaconazole 

Ciclopirox olamine I% cream and lotion • Inhibitory activity against derrnatophytes, 

candida species, and P orb iculare. 

Allylamines: Naftifine & 1 % creams and other • Highly active against dermatophytes but less 

Terbinafine forms active against yeasts . 

Butenafine 1% cream • superficial dermatophytos is 

Tolnaftate Cream, solution, • Dermatophyte infections caused by 

powder, or powder epidermophyton, microsporum, and 

aeroso l tri chophyton. It is also active against P 

orbiculare but not against cand ida. 

Nystatin Oral suspension, • Effective against C albicans infections but 
vaginal tablet, ineffective against derm atophytes . 

Amphotericin B Cream and lotion • Effective against C albicans infections but 
form ineffective against dermatophytes. 

Iii . . 
(Ref Katzung- 13 edztwn) 

Topical Antiviral Agents 
Topical antiviral agents Indication 

I . Acyclovir (Zovirax) (5% ointment) Herpes virus famil y, including herpes simplex types I and 2 
2. Penciclovir (1 % cream) 
3. Valacyclovi r 
4. Famciclovir 

Adverse effects: Adverse local reactions to acyclovir and penciclovi r may include pruritus and mild pain with 
transient stinging or burning. 

(Ref Katzung- I 31h edition) 

Pharmacology-99 
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Ecto parasi ti ci des 
Indications -Ectoparasiticidcs -I. Permethrin (Cream) • Pediculosis (I % cream) 

• Scabies (5% cream) 
Pediculos is capi ti s or pubis -2. Lindanc (Hexachlorocyclohexane) • 

(shampoo or loti on) 
-3. Crotamiton (cream or lotion) • Scabies 

• Anti pruritic 
-t Sulfur • Scabies 

Alrho11gh ir is nonirritating, ii has an unpleasant odor, is staining, 
and is tltus disagreeah/e to use. Ir has been replaced by more 
aesthetic and ef(ective scabicides i11 recent years, bur it remains a 
possible olrernati v<! dnt P, for use in in/ants and prer;nam women. 

5. Malathion (0.5% lotion) • Peclicul os is 
th . . (Ref Katzung-13 edu1on) 

Treabnent of Scabies 
Scabies: Scabies is an infectious disease of the skin caused by the itch mi te characterized by pruritic papular 
les ions along the burrows conta ining the mites and their eggs. 

Causative agent: Female Sarcoptes scahiei homi11is. 

Site of lesion: 
I . Aro und the finger webs, wri sts, extensor aspect of el bows and axi Ila 
2. Nipples in women & ge nitals in rn en 
3. Around the umbilicus, lower abdomen, th ighs and buttock 
4. Feet and ankles 
5. Palms in infants 

Q. Outline the pharmacothcrapy of scabies. (RU-I 5Ju) 
Ans. 
Treatment of scabies: 

(Rel Rashid, Khab ir, Hyder-4°'1264) 

a. Children should be excl uded fro m the school until the day after treatment. 
b. All affected persons of a family shou ld be treated si mul tan ously. 
c. Before treatment, al l patients shou ld have a good soap and warm water bath. 

d. Scabicides : The drug used are-
1. , Permethrin (Cream): Single application of' 5% cream is applied to the body fro m the neck down, 

left on fo r 8- 14 hours, and then washed off 
· 2. Benzyl benzoate (25%) emulsion . 
3. Tetra ethyl Monosulfiram (Tetmosol) 
4. Lindane (Hexachlorecyclohexane) (sham poo or lotion): Single appl ication to the entire body 

from the neck down, left on for 8- 12 hour , and then washed off. 
5. Crotamiton (10%) cream or lotion: Two applications to the ent ire body fro m the chin down at 

24-hour interva ls, with a cleans ing bath 48 hours after the last appl ication. 
6. Sulfur ointment (0. 5 - I %) in vase line 

e. Antipruritic agent: Antihistamine 
f. A cleaning bath i taken two days after the last application, and changed to fresh cloth . 

(Ref Rashid. Khabir, Hyder-l'/264,265) 
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Immuno harmacolo y 
Immunization: It is defined as a technique by which immunizing agents are introduced into the body for the 
production of antibody to prevent disease. 

Active Immunization: Active immunization consists of the administration of antigen to the host to induce 
fo rmation of anti bodies and cell-mediated immunity. Immunization is practiced to induce protection against many 
in fectious agents and may utilize either inactivated (k illed) materials or live attenuated agents. 

(Ref Kat?.ung-1 f' edition) 
Q. Active immunization is generally preferable to passive immunization- Explain. 
Ans. 
Active immunization is generally preferable to passive immun ization-in most cases because higher antibody 
levels are sustained for longer periods of time, requiring less frequent immu nization, and in some cases because of 
the development of concurrent cell-med iated immunity. However, active immunizat ion requires ti me to devel op 
and is therefore generally inactive at the time of a specific exposure ( eg, fo r parenteral exposure to hepatitis B, 
concurrent hepatitis B IgG [passive antibodies] and active immunizat ion are given to prevent illness). · 

( Ref Katzung- 1 i ' edition) 
Vaccine: Vaccine is an immune-biological substance designed to produce specific protection aga inst a given 
disease. 

Vaccines may be prepared from­
! . Live mod ified organisms 
2. Inactivated or ki lled organisms 
3. Extracted cellu lar fractions 
4. Toxoids or 
5. Com bi nat ion of these 

More recent preparations are­
! . Sub-un it vaccines 
2. Recombinant vaccines. 

Types of vaccines: 

Live attenuated Inactivated or 
vaccines killed vaccines 
Bacterial: Bacterial: 
• BCG • Typhoid 
• Typhoid oral • Cho lera 
• Plague • Pertuss is 

Viral: • C.S. men ingitis 

• Oral poli o • Plague 

• Yellow fe ver Viral: 
• Meas les • Rabies 
• Rubella • Salk (po li o) 
• Mumps • InCTuenza 
• Influenza • Hepatiti s B 

Rickettsial: • Japanese 

• Epi. typhus encephaliti s 
• KFD 

(Ref Park-20'"!98) 

(Ref Park-2t'l 98) 

Toxoids Cellula r fractions Combinatio1ns 

Bacterial: • Men ingococcal • Pentava lent vaccine (Diphthe ria-
• Diph theria vacc me pertussis-tetanus-hepatitis 8 -
• Tetanus • Pneumococcal haemophilus influe nza type b) 

vaccine • OT (Diphther ia- tetan u ) 
• DP (Diphthe ria- peri ussi s) 
• DPT and typhoid vaccine 
• MR (Measles and rubella) 
• DPTP (DPT pl us inact ivated 

polio) 

'" (Ref Park/ JO /98, 99) 
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Q. Define toxoid with example. 
Ans. 

776 

Toxoid: These are vacc ines prepared from toxin by inactivation (combining formaldehyde with toxin) which have 
no toxigenicity but retain antigenicity. 

Example: Tetanus toxoid (TT), Diphtheria toxo id (OT). 

Q. Discuss about EPI in Bangladesh. 
Ans. 

(Ref Park/2 (/"; I 00) 

EPI: It means Expanded Programme of Immunization. It is a global programme on immunization launched in 
May 1974, by the WHO to protect all children of the World aga inst six vaccine preventable diseases namely­
Tuberculosis, Diphtheria, Whooping cough, Tetanus, Poliomyelitis & Measles. EPI in Bangladesh was formall y 
launched on 7th April , 1979. 

Now, hepatitis B vacc ine to prevent hepatitis B, and haemophylus influenza type b (Hib) vaccine to prevent 
childhood meningitis and pneumonia have been added in EPI. 

(Ref Rashid, Khabir. Hyder-4'"1408) 

Vaccines used in F:PI: 
I. BCG vaccine 
2. Pentava lcnt vaccine (Diphtheria-pertussis-tetanus-hepatitis 8-haemophylus influenzae type b (Hib)) 
3. Oral polio vaccine (OPV) 
4. Measles vacci ne 

EPI schedule in Bangladesh: 

Vaccine 
.. 

I Dose '. I Age of I Route of I I No. f I Interval I Site of 
, I ·, Starting Dos 

I 
between Vaccination Administration 

l 
I doses 

BCG 0.05 ml After birth I - Upper & outer part of Intradermal 
left arm (Deltoid 
region) 

-
Pentavalent vaccine 0.5 ml 6 weeks 3 4 weeks Antero- Intramuscu lar 
(Diphtheria-Pertussis- lateral part of (IM) 
Tetanus-Hepatitis B- mid th igh 
Haemophylus injluenwe 
type b (Hib)J 
Oral polio vaccine (OPV) 2-3 drops 6 weeks 4 4 weeks Oral Ora l 
MR (Measles-rubella) 0.5 ml 9 months I - Antero-lateral Subcutaneous 

part of mid thigh 
Measles 0.5 ml 15 months I - Antero- lateral Subcutaneous 

part of mid thigh 

Passive Immunization : Passive immunization c.onsi sts of transfer of immunity to a host using preformed 

immunoglobulins . Passive immun ization is useful fo r-

! . individuals unable to form antibodies (eg, congenital agammaglobul inem ia); 

2. prevention of disease when time does not permit acti ve immun ization (eg, postexposure); 

3. for treatment of certain diseases normally prevented by immuni zation (eg, tetan us); and 

4. for treatment of conditions for which active immunization is unavailable or impractical (eg, snakebite) . 

(Ref Katzung- 13'" edition) 
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Examples of passive immunization 

f mmunopharmacology 

Indication 
Product 

Botulism 
Botulism antitox in , eq uine 

Cytomegalovirus (CMV) 
Cytomegalovirus immune globulin (IV ) Diphtheria 
Diphtheria antitox in , equine 

Hepatitis A 
Immune globulin (intramuscular, IM ) 

Hepatitis B 
Hepatitis B immune globulin (HBIG) 

HIV-infected children 
Immune globulin (IV) 

Meas les 
Idi_opathi_c thrombocytopenic purpura (ITP) 

Immune globulin (IM) 
Immune globulin (IV) 

Pnmary 11nmunodefi ciency disorders Immune globulin (IV) 
Rabies Rabies immune globulin 
Respiratory syncytial virus (RS V) Palivizumab 
Rubella Immune globulin (IM ) 
Snake bite ( coral snake) Antiveni n (Micrurus fulvius), eq uine 

Snake bite (pit vipers) Antivenin (Crotalidae) polyvalent, eq uine 
Antiven in (Crotal idae) polyvalent immune Fab, ovi ne 

Tetanus Tetanus immune globulin (TIG) 
Varice lla Varice lla-zoster immune globu lin 

111 . . 
(Ref Katzung- 13 echtwn) 

Aotisera / antitoxins: Antisera is the human or animal (eg, horse) serum containing one or more antibodies that 
are specific for one or more antigens and are administered to confer immunity. The antibodies in an antiserum 
result from previous immunization or exposure to an agent of disease. 

Examples of antisera: 
1. A TS : Anti-tetanus serum 
2. ADS: Anti-diphtheria serum 
3. ARS: Anti-rabies serum 
4. AGS: Anti-gas gangrene serum 

Adverse effects of antisera: Hypersensitivity reactions ranging from anaphy laxis to serum sickness may occur. 
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PHARMACOLOGY 

Abbreviations used in Prescription 
Prescription Writing 

Tracing 
Case history writing 

Drug interaction 
Dosage formulation 

OSPE 
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Abbreviations used in Prescription 
Abbreviation I Latin Elaboration I English meaning 

Rx Recipe Take thou 
a Ante Before 
p Post After 
d Dies Dai ly 
bd bis in die twice a day 
tds I tid ter die sumendus 3 times a day 
qid / qd / qds qua1ter die sumendus 4 times a day 
stat statim immed iate ly 
sos Si opus sit if necessary 
Ae: Aqua Water 
AC ante cibum before meal 
PC post cibum after meal 
Syr Syrupus Syrup 
Cap Capsula Capsule 
Ad Add/Ad Upto 
CM Cas-mane Next morn ing 
Ft Fiat Let it be made 
od omni die everyday 
om om111 mane every morning 
on omn i nocte every night 
po per os by mouth 
Gtt Guttae Drops 
HS I hs Hora somne At bed time 
lb Librium Pou nd 
oz Ozium Ounce 
dr Drum A drum ( I gin) 
Mist Misture Mixture 
Tab Tabula Tablet 
M Misce Mix 
Mft Misce & fiat Mix & let it be made 
Gr Granum Grain 
Hor h Hora Ho ur 
Sig Siga Leveling 
Spt Spi ri tum Spirit 

Tr Tintura Ti ncture 
Pulv Pu lvi s Powder 
Un e: Unguentum Amount 
USP - United state pharmacopoeia 
BP - Brit ish pharmacopoe ia 
IU - International unit 
USAN - United state approved name 
BAN - Briti sh approved name 
BNF Brit ish national fo rm ulary 
IV - In travenous 
IM - ln tramuscu lar 
SIC - Subcutaneous 
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Prescription Writing 
Prescription : /\. prescription is a written order by a registered medical practitioner or a dentist to a pharmac ist 
containing name or some drugs with their amount, doses & direction to the patient. 

The prescription is the means by which medicines and efficacy and to prevent fraudulent misuse: full that are not 
considered safe for sa le directly to the details will be found in national formularies and public are delivered to 
patients. Its formal is officially prescribers have a responsibility to comply with regulated to en sure precision in 
the interests of safety these. 

(Rel Bennett & Brown-/ J th) 

Types: There are two types of prescription: 
l . Precompounding prescription : Prescription of already prepared drugs (by pharmaceutical companies). 

Eg, Tab. Ciprofloxacin (500 mg), Cap. Omeprazole (20 mg), Inj . Ceftriaxone ( I g). 
2. Extemporaneous prescription: The pharmacist prepares the medication according to the drugs, doses 

and dosage form s designated by the physician. Eg, dispense I 0% unguentum sulphari s. 

Another classification: 
I. Outdoor patient prescription 
2. Chart order prescription 
3. General I ethical prescription 

Parts of a prescription: An ideal prescription should have the following parts : 
I. Superscription 
2. Inscription 
3. Subscription 
4. Transcripti on 
5. Signatu re 

l . Superscription: It includes-
a) In fo rmation abo ut the prescriber 
b) In fo rmation about the patient 
c) Rx (it means- take thou! ) 

2. Inscription: It incl udes-
a) Name of the drug (generic or trade name), eg, Ciprofloxacin. 
b) Dosage formulation, eg, tablet, capsule, injection etc. 
c) Unit dosage: Amount of drug per tablet, per capsule etc . 

3. Subscription: It provides information to the pharmac ist about the qua nt ity and dosage formulati on of the 
drug to be dispen ed. 

4. Transcription : It includes direction to the patient containing instruction about the amount of drug, time and 
frequency of doses to be taken. 

5. Signature: Presc ri pti on should be signed by the prescriber. 
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Model of an ideal prescription 
Dr. X .... ... ...... ... .. ... ... .. .. .. .. Date: ... .. ... ...... .. 
MBBS, MD (Neuromedicine) 
Address: ...... ...... ..... .. .. ... .. . . 
Phone no .... .... ... . .. .. ...... .. .. . 

Pat ient 's name: ........ ............... ..... .................... .. . Age:.. .. ....... Sex: ... .. ... . Weight: .......... . 
Address: .. ... ....... .. . ... ......... ...... ...... .. . .... ... .... . ..... ... .... ....... ........ .. ....... .. . .. . ... . ..... .. ··.··· ·· 
Phone no .. .... ... ......... . ..... . .. 
History: 
I. .. 
2 .. . 
3 .. . 
Clinical features: 
l .. . 
2 .. . 
3 .. . 
Investigations: 
I .. . 

2 .. . 
3 .. . 
Diagnosis: 

Advice: 
l ... 

Rx. 
Tab. Ciprofloxacin (500mg) ... .. ........ (total I 4 tablet.\) 

I + 0 + I (7 days) 

Tab. Paracetamol (500 mg) 
I + l + l (After meal, if fever) 

Tab. Domperidone ( l 0 mg) 
I + l + I (/ /2 hour before meal, if vom i I ing) 

2... Prescriber's signature: 

3 ... 

Superscription 
Dr. X...... .. ... .. .. Date: .......... .. .. .. 
MBBS, MD (Neuromedicine) 
Address: ...... ... .. 
Phone no ... .... .. . 

Patient's name: .. .. .... .. .. .. .. Age:.......... . Sex: ..... . .. . Weight: .... .. .. .. . 
Address: .... ....... . .. ... . ..... . 
Phone no ... ... ..... .... ... .... . . 

Inscription Subscription 
Tab. Ciprofloxacin (500mg) Total 14 tab lets 

Transcription 
l+0+ l (for 7 days) 

Signature I 

Pharmacology-] 00 
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Prescription for Tuberculosis (TB) 
Dr. X .......... .. .. ..... ... . . . .. .. . .. Date: .. . .. .... ..... .. 
MBBS. FCPS (Medic ine) 
Address: ........... . ... . ... . ... .... . 
Phone no ..... . ........ . ... ........ . 

Patient ' s name: .. ...... . .. . ...... . .. .... .... .... ... ........ .. ... . . Age: . .. .... .... Sex: ......... Weight: ...... 50 kg 
Address: .. . .... ... ... . .. . .. ........... ... ..... ... . ..... . .. . . .. .... . . .. . .... .. ............ ... ... .. . ··· ···· · ·· ··· · ···· · ····· 
Phone no .. ... .. ... .. ... . ... . . ... .. . 

Rx. 
Tab. 4-FDC 

Diagnosis: Pulmonary TB 

Advice: 3 + 0 + 0 daily 1 /2 hour before breakfast- 2 months. 
I . Take drug regularly 
2. Take high protein diet Tab. 2-FDC 
3. Iso lation of the patient until sputum is 

AFB negative. 
3 + 0 + 0 da ily !;2 hour before breakfast-4 months. 

4. Follow up monthly by Hb¾, ESR, 
CXR, P/ A view & sputum for AFB, 
I iver function tests 

5. If skin rash, ye llow coloration of 
urine, please contact with the 
physician without omitting drugs . 

6. Don ' t worry for orange co loration of 
unne. 

Q. Justify combination therapy in tuberculosis .· 
Ans. 
Combination therapy in tuberculosis 
1. To broaden the spectrum. 

Tab. Pyridoxine ('20 mg)- 180 
l tab daily fo r 6 months. 

Prescriber's signature 

2. To prevent development of resistance: Mycobacteriu are notoriousfor their ohility to develop resistance against drugs 
Combinations of two or more drugs are required to overcome these obstacles lmd to prevent emergence of resistance 
during the course of thernpy. 

3. To shorten duration of treatment. Combination therapy reduces the fa tal du rut ion of treatment. 
4. To reduce individual toxic effect <~{ a large dose of a .'iingle drug. Eg, retrobulbar neuritis is a dose-related adverse 

eff ect of ethambutol. This dose-related side effect is more likely tu occur at doses of 25 mglkgld continued for several 
months. At 15 mglkgld or less, visual disturbances are ve,y 1we. 

5. To increase chemotherapeutic potentiation . One drug potentiates the otha drug Eg, 
• Ethambutol enhances the activity ofrifampicin. 
• Pyraz inamide enhances !he sterilizing ability ofrifampicin 

(Ref Katzung-1 Jth) 
Q. Tell one side effect of each drug. 
Ans 

Jsoniazid I . Hepatitis 
2. Peripheral neuropathy 

Rifampicin I . Causes harmless orange/red coloration ojsaliva, urine, swear. tears, and contact lenses. 
2. Liver damage- cholestatic jaundice and hepatitis 

Pyrazinamide I. /-l epatotoxicily 
2. /-lyperuricemia leading to acute gouty arthritis 

Ethambuto/ I . Retrobu fbar neuritis, resulting in loss of visual acuity and red-green color blindness. 

Streptomycin I. 01otoxicity 
2. Nephrotoxicit)' 
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Prescription for acute bronchial asthma 
Dr. X ... ... .. .. .... .. ...... ....... . .. Uutc: .... .. .. ..... .. 
MBl3S, FCPS (med icine) 
Address: ....... .. .... .. ... ... .... .. . 
Phone no ... .. ... .. . ... ..... .... ... . 

r) . ' at1cnt name: ........ .. . . ... ...... .... ..... .. . ....... ..... ..... . Age : .... ..... .. Sex: ......... Wt.: igl,t : ... ..... . .. 
Add re s: .. ....... .. . .. .. .... ..... .. .. .. ... .. ........ . .... ........ ... .. ......... ........ ....... .. ........ .. .... .. .... .. ... . 
Phone no .. . .. . ...... ..... . ........ . 
Diagnosis: Acute bronchial asthma 

Advice: 
I . Immediate hospitalization 
2. Bed rest in propped up position 
3. High flow 0 2 (4-6 Umin) stat & 

sos 

Rx. 
Nebulization of 0.5 ml Sul butamol respiratory so lu tion 1 0.5 
ml lpratropium bromide soluti on + 1-2 ml di still ed wa ter fo r I 0 
minutes. If not im proved, repeat this every J O min . 

Inj. Hydrocortisone (100 mg/vial) 
1-2 vial IV stat and then 
I via l IV 6-8 hourly 

Inj. Aminophylline (12Smg/amp) 
2 amp in 500 ml 5% DA @ I 0-1 S dro ps/min 

Prcscri bcr 's signa tu re 

When the patient is stable, start treatment of chronic persistent asthma 

Prescription for Chronic bronchial asthma 
Dr. X ..... . .. .... ..... .. ... .. ... ... .. Date : .. . ... ... ...... . 
MBBS, FCPS (medicine) 
Address: ..... .. .... .... ..... .. ... .. . 
Phone no .... ... ... .. ... ... ... ... .. . 

Patient's name: ... .. . .. .. .. ..... ......... .......... .. . .. .... ...... Age: ........... Se;c ... .. ... We ight: ... ... .... . 
Address: ........... . ........ ....... .. . .. ... . ... ... ..... ..... ........ .... .......... ........... .. ..... .. .. .. .... ... ... ... ... . 
Phone no .... .... .... ..... ... . ... . .. 
Diagnosis: Chronic bronchial asthma 

Advice: 
I. A vo id dust, cold, po llen gra ins and 

other allergens. 
2. Avoid smoking 

Rx. 
Sulbutamol inha ler 

2 puffs whenever dyspnea 

Ticamet inhaler (Salmetero l + Flu ticasone) 
2 puffs twice daily Conti nue 

Tab. Monteluca ·t IO mg 
1+ 0 + 0 2 months 

Prescri ber's si gnatu re 
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Prescription for enteric fever 
Dr. X .... ... ..... ... .. .............. . Date: ............ ... . 
MBBS, FCPS (medicine) 
Address: ....... ................... .. 
Phone no ... ... .... ...... ........ .. . 

Patient's name: .. .. .. .... .. .... .. ...... , ................. .. .. .. ... Age: ... ........ Sex: ... .. .... Weight: .......... . 
Address:, .... ... ...... ......... .... ...... ... .. ... ... .. ............... ... ....... ... .......... ······ ················ ····· ···· 
Phone no ......... . ... ... .. ... .. ... . 
Diagnosis: Enteric feve r Rx. 

Advice: 
Tab. Ciprofloxacin (500mg) ...... .. . .... (total 20 tablet5) 

I. 
2. 

Bed rest till fever subsides. 
Low residual diet and plenty of 
fluid by month. 

I + o + I (IO dc~ys) 

3. Tepid sponging if temp high. 

Tab. Paracetamol (500 mg) 
I + I + I 

Tab. Domperidone ( IO mg) 

(After meal, if fever) 

4. Hand should be washed wi th 
soap water before meal and after 
defecation . 

I + l + I (J/2 hour before meal, if vomiting) 

5. Safe disposal of excreta should 
be ensured. 

Prescriber's signature 

Drug of choice for enteric fever: Ciprofloxacin is the drug of choice now-a-days in the treatment of enteric 
fever, because-

/. It is bactericidal against Salmonella typhi and paratyphi 
2. Fewer side effects than Chloramphenicol, Co-trimoxazole. 
3. Less rapid development of bacterial resistance. 
4. Shorter duration of treatment with ciprofloxacin. 
5. It also shows promise in reducing incidence of typhoid carrier states. 
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Prescription for Pneumonia 
Dr. X ... ........... . ..... . ...... .... . Date: ...... ..... . ... . 
MBBS, FCPS (medicine) 
Address: ..... . ...... .. ... ... ...... . . 
Phone no ... ·· · ······ .. . ······ ······ 

Patient's name: ............. ..... ........ .. .. ... ..... . ........ ... . Age: ........ ... Sex: .. ... .... Weigh t: .. ..... ... . 
Address: ..... ... .. .. . ... .. .. ........... .. ....... ..... . .. .... ............... ...... ···· · ·· · · ·· · · · · · · · · · · ·· · ·· · · · ·· · ·· · · · · · · ·· 
Phone no .......... ...... .. ... ..... . 
Diagnosis: Pneumon ia 

Advice: 
I. Tepid sponging if tem p. is high 
2. Chest X-ray P/A view after IO days 
3. Normal diet 

Rx. 
lnj. Ceftriaxone I g/v ial 

l vial IV dai ly fo r 14 days 

Tab. Clarithromycin (500 mg) 
l+O+ I for 14 days 

Tab. Paracetamol (500 mg) 
I+ I+ I after meal until fever subsides 

Suppository paracetamol (500 mg) 
I stick per rectal if temp. > I 02°F 

Prescriber's signature 

Prescription for Urinary tract infection 
Dr. X ................... ... ... .. ... .. Date: .. . .. . ..... .... . 
MB BS, MD (Nephrology) 
Address: ... .......... ............ .. . 
Phone no ... ...... ... . .. .... ..... .. . 

Patient's name: ... .. . .. .. .... . .. .. .. ... .............. . ....... ... .. Age: ......... .. Sex: ...... ... Weight: ....... . . .. 
Address : .. ...... ..... ....... .... .... .. ................ ... ....... . .. . .. . .. .... .. .. .... ·· .· .· . ·· ···· ···· ······· ······ · ·· · ·· · 
Phone no ............... ..... ... ... . 
Diagnosis: UTI 

Advice: 
1. Plenty of fluid should be taken (at least 2 liters) 
2. Take drug regularly 
3. Urine cu lture . 
4. Uri ne analysi s, microscopy & cul ture shou ld be 

repeated 5 days after therapy. 

Rx. 
Tab. Ciprofloxacin (500 mg) 

l + 0 + l for 14 days 

Tab. Timonium methy l sulphate 
l + I + l If there is pain 

Prescri ber's signature 
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Prescription for angina pectoris 
Dr. \ ... ... .. .. .. ... .... .......... .. . Date: .. . ....... .... . . 
MBBS, MD (cardiology) 
Address: ...... .... . .... .... .. .. .... . 
Phone no ... .. . ................... .. 

Patient 's name: ... ...... .. ... . ............. ... . .. .... . ...... ...... Age:........... Sex: ......... Weight: .. . .. . .. .. . 
Address: .. .. .. .. . .. ... ...... .... ... ... ... .. .. .. ............ ... ... ... ............. ... ..... .... . .... ......... .. ... . ..... . ... . 
Phone no ...... .. .. .. ............ .. . 
Diagnosis: Angina Pectoris 

Advice: 
I. Immediate hospitalization 
2. Complete bed rest. 
3. Sa lt restricted diet. 
4. Record Pulse, BP, Temp, RR 

every 30 minutes. 
5. Avoid smoking, alcohol, fatty 

food. 

Rx. 
Glyceryl trinitrate spray (Nitromint spray) 

l-2 puffs sublingually stat & SOS 

Oxygen inhalation ( 4-6 Umin) Stat & SOS 

Tab. Aspirin (75 mg) 
4 tab stat and then 0+ 1 +0 (after meal) 

Cap. Omeprazole (20 mg) 
l+0+ 1 (1 /2 hr before meal) 

Tab. Isosorbide mono-nitrates (20 mg) 
l+l+0 

Inj. Pethidine (100mg) 
1/2 amp 1/V stat 

Inj . Prochlorperazine 
1/2 amp 1/V stat 

Syp. Lactulose 
2-3 tsf tds 

Tab. Bromazepam (3mg) 
0 + 0+ l 

Prescriber's signature 

Viva Q. Tell the role of GTN in angina pectoris. 
Ans. 

Glyceryl trinitrate (GTN) rapidly relieves chest pain of angina pectoris. It is widely used in angina! pain, 
because-

/. Rapid onset of action when given sublingually (within 1-3 min) 
2. Reduce cardiac 0 2 consumption. 
3. Dilates collateral vessels. So, improved perfi1sion to ischemic area. 
4. Highly effective in acute angina! pain. 

Viva Q. Tell one side effect of GTN. 
Ans. 
Headache 
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Prescription for Myocardial infarction 
Dr. X ..... ...... ..... .. ... .. ........ . Date: .......... .. ... . 
MBBS, MD (card iology) 
Address: ... .. . ......... . . .. . . .. . . .. . 
Phone no .................... .. .. .. . 

at1ent s name: ... .... .... ........ .. ... .. . . ... .... . ..... . ... ..... . Age:..... ...... Sex: .. ....... Wei ght: .... ... . .. . p . ' 
Address: ..... . .. ... . .. . . ....... . . . .. ... . . . ... ... ..... . ....... .. ..... . ......... ..... ....................................... . 
Phone no ....... . . . .. ............ .. . 
Diagnosis: Myocardi al infarction 

Advice: 
1. Immediate hospitalization in the 

coronary care unit (CCU) 
2. Complete bed rest. 
3 . Open IV access 
4. Continuous cardiac monitoring 

of Pulse, BP, ECG. 
5. Diet: Liquid & salt restricted. 
6. Avoid smoking, alcohol, fatty 

food . 

Rx. 
Glyceryl trin itrate spray (Nitromint spray) 

1-2 puffs sublingually stat & SOS 

Oxygen inhalation (4-6 Umin) Stat & SOS 

lnj. Streptokinase ( 1.5 mi llion unit) 
1 vial in 100 ml of 5% DA @ 100 microdrops/min over 1 hour 

Inj. Hydrocortisone ( 100 mg) 
1-2 vial IV stat 

Tab. Aspirin (75 mg) 
4 tab stat and then 0+ 1+0 (after meal) 

lnj. Pethidine (100mg) 
½ - 2

/ 3 amp 1/V stat 

lnj . Prochlorperazine ( 12.5 mg) 
lamp I/V stat 

Cap. Omeprazole (20 mg) 
1+0+1 (1/2 hr before meal) 

Tab. Isosorbide mono-nitrates (20 mg) 
1 + 1 + 0 

Syp. Lactulose 
2-3 tsf tds 

Tab. Bromazepam (3mg) 
0 + 0 + I 

Prescriber' s signature 
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Prescription for peptic ulcer disease 
Dr. X ........ .. ...... ..... ..... ... .. . Date: .. ............. . 
MB8S, MD (Gastroentero logy) 
Address: .. ....... ............ .. ... .. 
Phone no .. . ..... .. .. ..... ........ .. 

Pat ient's name: ... ..... . ...... ....................... .... .. ....... Age: .......... . Sex: ......... Weight: ...... .... . 
Address: ........... ........ ........ ... ...... .... .... ... ....... ... ..... ... ...... .... ... . ·.·· ··· ······· ····· ·· ·· ······· ···· ·· 
Phone no .. ...... ... . ...... .... ... .. 
Diagnosis: Peptic ulcer disease (fl 
pylori induced) 

Advice: 
I. Physical rest till pa in subs ides 
2. A void anxiety, tens ion. 
3. Avoid smoking, alcohol, excess 

tea, and spicy foods. 
4. Don't take NSATDs and steroid 

tablet in empty stomach. 
5. Take nutritious food regu larly 

without spices. 

Rx. 
Tab. Clarithromyc in 500 mg (7 days) 

l + 0+ I 
Cap. Amoxic il lin J gm (7 days) 

l + 0+ I 
Cap. Omeprazole (20 mg) 

I + 0 + I (112 hr before meal for 7 day.5) 

After 7 days, 
Cap. Omeprazole (20 mg) 

I + 0 + 0 (1/2 hr before meal/or 30 days) 

Prescriber 's signature 

Drug of choice for peptic ulcer disease: Omeprazole is the drug of choice in peptic ulcer disease. 
Mechanism of action of'Omeprazole: It inhibits proton pump by inhi bi ting H+-K" ATPase. 

Prescription for Scabies 
Dr. X ..... ...... ...... ... ... .. .. .. . .. 
MBBS Date: .... .. .. . .. .. .. . 

Address : ... ....... .... .. .. ...... ... . 
Phone no ... .... ....... ... ... ..... .. 

:~t~:::/ na~e· ········ ········ ·· ····· .. ... ..... .. .... .. .... ... Age .Sex ... ...... Weight ..... .... . . 
Pl1one no.... .. .... .. .. ... .. . .. ... .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Diagnosis : Sca bies Rx. 

Advice: 
I. All cloths shou ld be boiled. 
2. Al l other family members should 

be treated properly & 
simultaneously 

Permethrine 5% cream 

Apply once over the whole body except face and wash off 
after 24 ho urs 

Prescriber 's signature 
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Prescription for mild hypertension (HTN) 
Dr. X... .. . . .. ... ... .. .. . . .. .. D 
MBBS, MD (Cardiology) .. .. ... ate: .......... .. .. . . 

Address: ......... .. . ... . .. . .. ... .. . . 
Phone no .......................... . 

:~~~:~t~~.r~~~'.:::::::::::::: :~:::::::::: · · .. · .. · · ........... Age: .. . .. .45 years Sex: .... ... .. Wei gh t: ....... .. .. 
. ···· ··· ·· ··· ··· ··· ··· ·· ·· ·· ··· ··· ... .. .. .... . .. ..... .. .. ' ... . ... . .. . . ' ...... . . 

Phone no ..... . ....... . .. .. .. ...... . 
~D~ia~g~n-=o-=-=si=-s::-iM~ ilMd'-h:-:y:p::er::te;:-:n~s:.:io~n~-------.-~- x.------------- - ----

Advice: 
1. A void anx iety, tension, stress & smoking. 
2. Restriction of salt intake, cholesterol and 

saturated fats like butter, ghee, egg, etc. 
3. Regular mild exercise. 
4. Don ' t stop medication without consultation 

and come for regular check up. 

Investigation: 
1. Fasting blood sugar 
2. Fasting lipid profile 
3. Serum creatinine 
4. ECG 

Tab. Losartan Potassium (25 mg) 
0 + 0 + I Cont inue 

Prescriber's signature 

Prescription for moderate hypertension (HTN) 
Dr. X ........... .... .... .... ... .. .. .. Date: .. .. . .. ..... ... . 
MBBS, MD (Cardiology) 
Address: .. . ..... .... . . . . .. .. .... ... . 
Phone no ...... .. ... .... .. . .. . .. . .. . 

Patient ' s name: .. .... .. ....... ...... .................... ...... .... Age: .. . 50 yrs .. Sex: .. ....... Weight: .. ....... .. 
Address: ....... . . .. ........... .. ... . . .. . .. . .. .. . .... . ... ... ..... ..... .. .... .. ... ... . . .... ....... .. . ... .. ..... .. . .. . .. . .. .. . 
Phone no .... ........ .. .. .. ........ . 
Diagnosis: Moderate hypertension 

Advice: 
I. Avoid anxiety, tens ion, stress & smoking. 
2. Restriction of salt intake, cholesterol and 

saturated fats like butter, ghee, egg, etc. 
3. Regu lar mild exercise. 
4. Don ' t stop medication without consultat ion 

and come for regu lar check up. 

Investigation : 
I. Fasting blood sugar 
2. Fasting lipid profile 
3. Serum creatinine 
4. ECG 

Pharmacology-IO I 

Rx. 
Tab. Losartan Potassium + Hydrochlorothiazide 

(50/12 .5 mg) 
0 + 0 + I Continue 

Prescriber's signature 



Blu t'pr int r:\ I Pha rmacolOl,')' 790 

Prescription for severe hypertension (HTN) 

Dr. X .. .. ........ .. ...... . ......... .. Date: .. ..... .. ... ... . 
rvlBBS. MD (Card iology) 
Address: ...... ... ........... .... .. .. 
Phone no ... .. . ..... ....... ........ . 

Patient's name: ..... . ....................... .. ... ........ ... .. .... Age:.. ...... ... Sex:.... ..... Weight: ... ...... . . 
Address: ...... ...... .... ... ... .. .. .. ...... .. ......... ............ .. . ... .. ..... .. ... .. ...... ... .... ····· ··· ······ ·· ·· ······· 
Phone no ... ... ....... ........ .... . . 
Diagnosis: Severe hypertension 

Advice: 

Rx. 
Tab. Amlodipine (5 mg) 

l +0+ 0 Contin ue 
I. A void anxiety, tension, stress & smok ing. 
2. Restriction of salt intake, cholestero l and 

saturated fats like butter, ghee, egg, etc . 
3. Regular mild exerc ise. 
4. Don't stop med ication without consul tation 

and come for regular check up . 

Tab. Losartan Potass ium + Hydrochlorothiazide 
(50/12.5 mg) 

O + 0 + 1 Continue 

Investigation: 
l. Fasting blood sugar 
2. Fasting lipid profile 

Prescr iber's signature 

3. Seru m creatini ne 
4. ECG 

Prescription for acute heart failure 

Dr. X .... .. ............. ... .. .. . ... .. 
MB BS, MD (Cardiology) 

Date: .. . .. ... ..... .. . 

Address: ..... . ..... . ..... . .. .... .. . . 
Phone no ..... . .. ........... .. .... . . 

Pat ient 's name: ........ ... .............................. ....... .. . Age: ... .. ... ... Sex: ......... Weight : .......... . 
Address: ... ... .. . ..................... ..... . ..... ...... .. ........ .. .... ... .. . ... . .. ...... .. . ... . .. .. . ... ... ... ... . .. .. . ... . 
Phone no ... ... ..... . . .. ... ..... . .. . 
Diagnosis : Acute heart fai lure 

Advice: 
I. fmm ed iate hospita lization in 

coronary care unit (CCU) 
2. Compl ete bed rest in propped up 

position 
5. High now 0 2 in halation (4-6 L/min) 
6. Sa lt restricted diet. 
7. Record pu lse, BP, Temp. in every 2 

hrs. 

Rx. 
Inj . Frusemide (40mg/ampoule) (If systo lic BP > 100 mm Hg) 

2-4 amp rv stat & then 
2 amp IV 8 am & 4 pm. 

lnj . Dopamine (200mg/arnp) (If BP <90 mm Hg) 
5- l O mg/kg/min. Give 2 amp dopamine in 500 ml 5% 
DNS @ 6-10 drops/mi n. 

Tab. Captopril (25 mg) 
1/2 + 0 + 1/2 

Syp. KT (Potassium) 
2 tsf tds after mea I 

Continue 

Prescriber's signature 
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Prescription for chronic heart failure 
Dr. X ...... ... ..... .. ... .. .. .. .... .. . Date : .. ........ .... .. 
MB BS, MD (Card iology) 
Address: . . . .. . .. ............ . . . . . .. . 
Phone no ........... . .... ..... . . ... . 

Patient's name· 

~:dress ... ... ······· ····· · ······ ······ ·· ··· ···· .•.. ... . ........ ·.·.··· ···· •······· · Age. : . S~x . ••:•••••. ~ci;ht:: :: ::: ::. 
one no .. .. .. .. .... . ..... .. . ..... . 

Diagnosis: Chronic heart failure 

Advice: 
I. Reduction of physical activi ty but 

encourage low level of stami na 
building exercise 

2. Salt restricted diet. 

Prescription for Malaria 
Dr. X .. .... . .. .. .. .. . .. .. . .. . .. .. . .. . 

MBBS 
Address: .. ........ . ............ . . .. . 
Phone no ... ... . .. ....... .. ........ . 

Rx. 
Tab. Frusemide (40 mg) 

I+ l + 0 

Syp. KT (Potass ium) 
2 tsf tds after meal 

Tab. Captopril (25 mg) 
1/2 + 0 + 1/2 

Ti ll edema suc•sides 

Continue 

Tab. Spironolactone (25 mg) Ti ll edema subsides 

1+ 1+0 

Tab. Carvedil ol (6.25 mg) Continue 
1/2 + 0 + ½ for 2 weeks then I + 0 + 0 

Tab. Digoxin (0.25 µg) Continue (except Friday) 
2 + 0 + 2 for 2 days, then I + 0 + 0 

Prescriber'!; signature · 
--------- - -

Date: .. .. . . . ........ . 7 
Patient's name: . .. ..... . ....... .... .... .. ... . ... ...... . ... ... .. . .. Age:. .. .. .... . Sex: .. . .. . ... W,eight: . ........ .. 
Address : ... ... . .. . .... . ... .. . .. . ... ... ... ....... ... .. ... ..... ... .. .. .. . ... .. . ... ...... . ........... .. .. ....... . .... . ... ... . 

Phone no ... .... . . . ...... .. .. . .. . .. . 
Diagnosis: Malaria (Uncomplicated 
falciparum malaria) 

Advice: 
I. Tepid sponging regularly 
2. Take normal diet 
3. Drink plenty of water 
4. Sleep under mosquito net 

Rx. 
Tab. Coartem (Artemether + Lumefantri ne) 

l st dose: 0 hour 
2nd dose: 8 hour 
J'd dose: 24 h,:)ur 
41

1, dose: 36 111:,ur 
5th dose 48 hc -ur 
6th close: 60 hour (Tc,tal 6 doses in 3 days) 

Tab. Primaquinc ( i 5 mg) 
3 tabs single dose on day 4 

Tab. Paracetamol (500 mg) 
1 + l + I After meal unt i I fever subside:; 

L---------- ---- - --'-__________________ P_r_es_c_ri'bcr' s signature 
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Prescription for Diabetes mellitus 
Dr. X........... .... .... ............. Date: .... ..... ...... . 
MBBS. FCPS 
Address: .... ..... ... ............... . 
Phone no ....................... . .. . 

Patient's name: .. . ........................ ........... .......... .. . Age: ........ ... Sex: ......... Weight: .. ..... .. . . 
Address: ......... ............. .. ..... ... .. ... .. .......... ... ........ ... .. .... .. ....... ..... . ····· · ·· ·· ··· ·· ·· ···· ······· ·· 
Phone no .... .. .......... ....... . .. . 
Diagnosis: OM 

Advice: 
I. Diabet ic diet 
2. Regular exercise 

Rx. 
Inj . Soluble Insulin HM I 00 

6 units SIC by insulin syringe just before breakfast 
6 units SIC by insulin syringe just before lunch 

3. Avoid excess sugar, sweetmeat. 
6 units SIC by insulin syringe just before dinner 

4. Take more vegetable 
5. Testing urine glucose for fo llow-up Prescriber's signature 

NB: The dose of insulin mentioned above is just an example. Ir should be adjusted by monitoring blood glucose. 

Prescription for iron deficiency anemia 
Dr. X ... .. . .. ............ .. ........ .. 
MBBS, FCPS 

Date: ............... . 

Address: ........... ...... .......... . 
Phone no .. . ... .... ...... .. ....... . . 

p . , 
at1ent s name: ........................ ...... .. ................... Age:..... .... .. Sex: .... ..... Weight: ....... .. .. 

Address: ... .... .......... .... .. . ...... ..... ........................ .... .. . · .. .. .. ............. .. .. ... ... ......... .. .. .... . 
Phone no .... . , .. . .. . .... ........ .. . 
Diagnosis: Iron deficiency anemia 

Advice: Take iron containing foods 
I . Meat 
2. Egg 
~ Liver J, 

4. Green banana 
5. Vegetables 

Rx. 
Tab. Ferrous sulphate (200mg) 

I+ I+ I (Continue for 3 months after correction of anem ia) 

Tab. Albendazo le ( 400 mg) 
I tab at night on I 51 day to be chewed 
I tab at night on 141h day to be hewed 

Tab. Vitamin B complex 
0 + I + 0 ---- 6 months 

Signature. 
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Prescription for ascariasis 
Dr. X .. . .. ·· ··· ····· ... . .. .... . , ····· 
Ml3BS 

---
Date: ... .. .. ... ... .. . 

Add ress: ... .... .... ... . .. . ······· ··· 
Phone no ... ... . .. .. . ... ······ ······ 

:~~~:~'t.'~~.r'.~~:: :: : : : :: : ::: : : : : : ·.::::::: :: : : :: : : : : : : : : : : : : : .. : : : : : : -~~~:_ .. ·.·.·.·.·.·::·.· ... ~.~~::: :::: .. :: .. ~.~i.~'.1.t_:···· .. . ·.·:.· .· .. :: 
Phone no .... .. ··· ··· .. ' .. ...... ... . 
Diagnosis: Ascariasis 

Advice: 
I . Hand washing with soap water before meal & 

after defecation 
2. Proper disposal of excreta 
3. Other fami ly members shou ld be treated at the 

same time. 

Prescription for bacillary dysentery 
Dr. X ........ .... .. .......... .. ..... . 
MBBS 
Address: ...... .. . ... .... .. ... ..... . . 
Phone no .... .. .... ... .. ........ . .. . 

Rx . 
Tab. Albendazole ( 400 mg) 

l tab at night on I 51 day to be chewed 
[ tab at night on 14111 day to be chewed 

Signature. 

Date: ... .. . .. ...... . . 

Patient's name: ... .. . .. ...... . ..... .............. ... ..... .... .. . .. Age: .. ......... Sex: ... ... ... Weight: ..... .. ... . 
Address: ..... . .... .......... .... ....... .......... ... . ... ... ........ .. ... ..... ... .... . ..... ... .. .... .. .... .. ........ . .... . 
Phone no ..... .. ...... .. ... .... .. .. . 
Diagnosis: Bacillary dysentery 

Advice: 
I. Maintain persona l hygiene 
2. Hand washing with soap water before meal & 

after defecation 
3. Proper disposa l of excreta 
4. Take non-residual diet, eg, dhai and chira 
5. Adeq uate intake of flui d 

Rx. 
Tab. Ciprofloxacin (500mg) 06 

I + 0 + I --- for 3 days 

Oral rehydration sa line (ORS)- Take freque ntly 
by mouth if loose motion 

Tab. Timonium methyl sulphate (50 mg) 
I + I +I If there is abdominal cramp or pain 

Prescriber' s signature 
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Prescription for amebic dysentery 
Dr. X ..... .. .. ..... .... ... .. .. ...... . Date: ......... . .. ... . 
MBBS 
Address: ..... .... .... .. ...... ...... . 
Phone no ..... . ..... ....... .. .. .... . 

Patient's name: ... ......... ...... ............ ... ... ....... ........ Age: ..... ..... . Sex: ......... Weight: ... .. .... .. 
Address: .... .. ... . .. ...... ..... .. ....... ... ........... .... .............. .... .... ... ..... ... ............ ...... .. .......... . 
Phone no ... ....... ... ... ... ... .. .. . 

Diagnosis: Amebic dysentery 

Advice: 
I. Maintain personal hygiene 
2. Hand washing with soap water before meal & 

after defecation 
3. Proper disposa l of excreta 
4. Take non-residual diet, eg, dhai and chira 
5. Adequate intake of fluid 

Rx. 
Tab. Mctronidazo le ( 400mg) 
I + I + I 

21 
for 7 days 

Oral rehydration sa line (ORS)- Take frequently by 
mouth if loose motion 

Tab. Timonium methyl sulphate (50 mg) 
l + I + I If there is abdominal cramp or pain 

Prescriber's signature 
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Tracing 
Tracing no: 01 

Name of the tracing: Effects of ad renaline and noradrenalin on BP. 

Observation: 

• 

• 

• 

This is a Brodie' s kymograp hic tracing of BP from the common caro tid artery of a Pentobarb itone 
anaesthetized cat showing the effect of Adrenaline and noradrenalin on BP. 
At first. we recorded the baseline BP. Then we ad mini stered Adrenaline and there was a sharp rise of BP 
& immed iate return of BP to baseline. We aga in admini stered same dose of Adrenal ine. which showed 
the same effect. 
Then we ad ministered noradrcnal in and there was a sharp ri se of BP that is greater than that of adrenaline 
and immedia te return of BP to baseline . 

Figure OJ. Kymographic tracing sl w11117J.!. rl1C l:'//t'c/\ 11/. ldrL'no/111C:' & .Vuroclrenulin Of/ blood pressur1:: of a 
p<!ntobarbiton1:: anaestheti::ed cat. 

In terpretation: 
I. At first when we admini ste reJ Adtl'n:dint:, there ,,,ha sharp ri :,e of BP. Th is is because adrenal ine acted 

on a 1 receptor causing vasocu11s1ri ct1n11 and p n:u:ptor mcrt'asing heart rate & fo rce of contraction . Both 
effects increased BP. Bu t 1t ,li st> ,tctivatc~ !' rt:-.:cptor~ in the blood \esse ls supplying skeletal mu cles 
resul ting in vasodilation in sl--ektal mus'-1!.:-, ,rnd -.,,>Ple di:crease in UP. But the net effect is increa ed BP. 

2. BP sharply came back to basdinc due IL, tl1t reupta l--c if Ad renaline b) uptake-II mainly & some portion 
by uptake- I and b_ circulating MAO and 'OM f cn1y111es. 

3. When we administered noradrenali 1, it l°.iUSt:J ::-harp rise of blood pressure \\ hich is greater than that of 
Adrenaline. This is because it ha~ pro111inen t u 1 and ~1 d lcc t but no P~ dlect. 

4 . BP sharply came back to baseline because of the reuptake of noradr nalin by Reuptake-1 main ly (80%) & 
by Reuptake- 11 (20%) & by circul ating en,yrn~ ivt/\0 and COMT. 
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Tracing no: 02 . 
Name of the tracing: Effects of Histamine and Acetylchohne on BP. 

Observation: . 

• This is a Brodie's kymographic tracing of BP, recorded from the comm~n carotid artery of a 
Pentobarbitone anaesthetized cat showing the effects of Histamine and Acety l~ho l111e on BP. _ . 

• At first we recorded the baseline BP. Then we administered 5~tg/kg Histarrnne that caused sharp tall of 
blood ~ressure and immediate return of BP to baseline. We again administered same dose of Histamine, 
which showed the same effect. 

• Then we administered S~tg/kg Acety lcholine and there was a sharp fall of blood pressure and immediate 
return of BP to baseline. We did the same experiment, which showed the same effect. 

Figure 02. Kymographic tracing of the blood pressure record from the common carotid artery of a 
pentobarbitone anaesthetized cat. 

Drug injected intravenously at: 
H- S~tg/kg Histamine; 
AC- Sµg/kg Acetylcholine 

Interpretation : 

I. When we administered Histamine, it caused sharp fa ll of blood pressure because it acted on H, receptor of 
arterioles and met-arterioles & caused vasodi latati on & fa ll in PR and BP. 

2. BP sharply came back to normal, because of the metabolism of histamine. 
3. When we adm inistered ACh, there was a sharp fa ll of BP due to its direct vasodi latory effect by releasing 

NO from intact blood vessel and negative inotropic and chronotrop ic effect. 
4. BP sharply came back to normal, because of the metabo lism of acetylcholine by cholinesterase. 



·ug no: 03 
me of the tracing: 

Observation: 

797 

Effects of Acetylcholine and Atrop ine on bl ood pressure. 
Or, 
Effects of Cholinergic and Anti-cholinergic drug on blood pressure . 

Practical 

• Thi s is a Brodie 's ky mographic trac ing of BP, recorded from the common carotid artery o f a 
Pentobarbitone anaesthet ized cat show ing the effect of Acety lcholine on blood press ure before and after 

Atropine adm inistrati on. 
• Drugs were ad mini stered by the way of canulatcd external jugular vein. At firs t we recorded base line BP. 

Then we administe red Sµg/kg Acety lcho li ne IV and there was sharp fa ll of BP and im med iate return to 
baseline BP. We aga in adm inistered sa me dose of ACh, which shows the same effect. 

• Then we adm ini stered IO µg/kg Atropine. There is no change in BP. After thi s ,ve adm ini stered S~tg/kg 
ACh, whi ch showed gradual ri se or BP & grad uall y it comes back to baseline. 

Figure: 03 Kynw,'.!,ru;1!1ic rrocing u/ t/1e hln/){ / ; ,rn ,·11rt' /'t't ·r ,rdcdjm111 1 he c 0mmo11 cu Fo l id C/Ffer}I of a 

pa,rohorhirone wwesrheti::eJ car. 

Drug injec ted intrnvcnous ly al: 

/\C- 5 pg/kg ;\ cc t~ kl10li11c and 
/\T- l O ~Lg/kg /\tro pi11c 

In terp reta tion : 
I . At first we adm in istered /\C h. There wa ::; sharp fal l of blood pressure clue to di rect vasodi latory effec ts of 

Ach by releas ing NO from intact blood vesse ls and negative inotropic and chronotropic effect. 
2. There was immed iate ret urn of BP to b:1sc li11e UP due to hydro lysis ol"ACh by cholinesterase. 
3. When we acl mini sterccl atro pi ne; it bl ocked mu scarinic receptors and cl icln ' t stimu late it. So there was no 

change in BP. 
4. After thi s when we adm inistered J\Ch , it ac ted un nicotinic receptors & caused rel ease or noradrenaline 

and adrena li ne from the sym pat het ic ne rve endi ngs & adrenaline from the adrenal medulla. Thev 
increased BP by inc reas ing heart rate, [orcc of cu 11 trnction and vasoconstriction . During thi s ti me, Ach 
could not act on rnuscarinic receptors, because they were blocked by atropine . 

5. There was slow return of BP to normal clue to uptake or noradrenalin by uptake-I. 

Pharmaculugy-102 
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Tracing 110: 04 
Name of the tracing: 

Observation: 

Lffc: ctc: ur l-fo ta111 i11c and Anti -hi stamine (promdhaz ine) 011 BP. 
Or. 
Lffccts of l lis ta,ni ne and prornethazine 011 UP. 

• Thi s is a Brod ie ' s h.ymographi e tracing of' BP recorded fo rm common carotid artery of a Pentobarbitone 
anaesthetized cat showinl!. th e effect of I listamine and Anti-h istam ine on BP . 

• At first \\C record ed bas,;l i, e BP & then adminis tered 3,Ltg/kg Hi stamine wh ich caused sharp fa ll of !J P 
and im mediate retu rn o l' 13P to basel ine. Then we admi ni stered same dose of Histamine, which showed 
the same e!Tect. 

• Then ve ad mi niste red I pg/kg Ant ihistam ine (pro rnethazine). After this we administered 5 ~Lg/kg 
l listamine ,, hic h showed no ch ange in BP. 

Figure 0-1: Kr111ogrup/i ic: tracing of 1/1e hloud /Jrc:.1s1,rl! rec ,m l ji-0111 the common c.:arorid artery of a 
pentoharh itone onaestheti::ed cot. 

Drugs we re ad min istered by , ay \) 1· can nuiat ·cl c tcrnal j u~,.ul rn \e in . cit ! I- .3 pg/kg l li stamine; P- I ~Lg/kg 
promethc1zi 11 e. 

Interpretation: 

I. When we acl min i:-. tcred l li ~ta 111 in1.: . there i-. ,k1rp !'all u l' BP. This ,,,b hecausc, histamine acted on H1-
receptor cau <; ing vasoc.l'l atat iun \l r ancriok·" and 11 1eh 1rtcrio ks c1 11d dccrcasccl peripheral res istance and 
BP. 

2. When we admini stl'rc.: cJ ,111ti-h ;,; lam i11c , it l1hs l>i uckcd I: I rcc,: ptur . 
3. J\ f1er thi s when we administered histam in e.: ,tg..t in, thcr,· is no effect. ·1 !tis ,, as bcause I-II -receptors were 

already bl oc ked by anti hi stamine . 

Tracing no: 05 
Name of the lraci ug: 

Observation : 

l·Jkcts of adn.: nalin, phcnoxybc1w1 1n1n e and propra nolol on blood pressure . 
Or, 

Lffects or adrencrgic and an ti -ad renergic drugs on blood press urL' . 

• This is a Brodie·. kymograph i.:: tracing of blood pressure recorclecl from the common carotid arte ry of a 
Pentoba rbi tunc a1iacsth et i7ecl clog sho\, ing the cflcct o f' ad renali ne on blood pressure befo re and after 
phen oxybuvami nc and after propranolol without phenoxybenzami ne. 

• At !'i rst. \\ c recorded baseline BP. The n we ad min istercd 5 ~tg/kg of ad renal ine 1/V and there was a sharp 
ri se or BP recorded and immediate return 0 1· 11 P to base li ne . We again administered same dose or 
aclrcnal inc. " l1ie h shuwed the same eff ect. 

• J hen we adm inister ·d 3 µg/k g of phcnoxybcnzamine and there was no change in BP. After this we 
admi nistered ~ µg/kg adrenaline agai n. Ther was gradual fall of BP and gradua lly it came back to 

ha-.cli nc. We ,1gain administered the same dose of adrenal ine that shows the ame effect. 

--- ----- - - - - - - - ----------------- ----
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799 Practical 

T hen we admini ste red 50 ~Lg/kg o t' p rop ra no lo l a nd the re w as 11 0 c hange in RP . /\rtc r lh is we ad m in isle rccl 
5 ~Lg/kg o f adre naline that showed no effect. 

Fig ure 05: Kymogruphic truc ing of the blood press ure recnrcled ji-0 111 rhe con1111 on caroticl urte1T ofu 
p entobarbitone anaesthetized clog. 
D rug inj ected intrave nously, at A- 5 ~tg/kg of ad rena line; P- 3 ~Lg/kg of phcnoxybenzam ine, I- 50 ~tg/kg o f 
prop ranolo l (lnderal) . 

Interpretation: 
1. A t first when we adm iniste red /\drena line , there was a sharp ri se o r f3P. Th is is beca use adrena line ac te d 

on a.1 recepto r caus ing vasoconstrict ion a nd B, receptor incrc,1s ing ht.'a rt rate & force or contraction . Both 
e ffec ts increased BP. But it also activates f:$ 2 receptors in the blood vessel s sup pl; ing ske le ta l m uscles 
res ulting in vasodila t ion in ske leta l mu scles and some decrease in BP. But the net e ffec t is increased BP. 

2. B P sharply came back to baseline due to the re uptakc ,) (. Adre naline by uptake- I I mainly & some portion 
by uptake- I and by circulating M /\0 and COMT cn1yrnes 

3. W he n we adm in istered phenoxybenzamine, it ca used no change. because it irreversibly bloc ked a 
receptors without caus ing vasoconstr iction. So it is au receptor antagonist. 

4. W e aga in admini ste red same dose of adre nal ine a11d there \'\~1s grad ua l !~111 of BP. Th is time adrenal ine 
st imu lated ~2-rcceptors s ituated in blood vcssL·ls o!' skeleta l mt1scks causing vasodilatat io n that resu lted in 
fal l in P R an d BP . Gradua lly BP came back to baseli ne due to the 111 c tabo li s 111 of :1drcnaline by MAO and 
COMT. This t ime adrenaline co uld not b ind lo u receptor'.->, bccm1sc the~, we re already b loc ked by 
phe noxybenzamine . 

5. With the same close of adrenaline without phenoxybcnzarni nc . the effect w as observed. T h is proved th at 
p henoxybenza mine irreversibly blocked u. receptors. 

6. When we administe red propranolo l, it b locked B- receptors . After this, when we ad ministered same dose 
of adren a line, the re is no chan ge in ky mo grnp h. Thi s is beca use at thi s Lirne :1dn;nali11c co uld not bind to u. 
recepto r o r B receptor. So there was no r ise o r 110 foll nf BP. 
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Tracing no: 06 . . · b d - -
Name of the tracing: Effects of adrena l111 c, noradrc naltn & ephedrine on loo p1essurc . 

Observation: _ . . . 
'fl· · B d. · k ogr·aphic trac ing of blood pressure recorded fro m the common carot id artl: ry of a • 11s 1s a ro ,e s ym . . · & F h l .· ~ 
P b b. ti t·· d cat shOVl' t.n g the effect of Adrenal me Nor-adrena line _,p ec r 1ne on BP. ento ar !lone anaes 1e 1ze · · , . 

• t irst, we recor e t e ase 111 e . A ti d d h b I. BP 'rhen we admini stered Adrena li ne and there was sharp rise of BP & 
immediate return of BP back to base line. 

• 1en \Ve a m1111s ere ora ren 11 Tl d · · t d N d a1· 1 whi'cl, also 1·ncreased BP and there was immedi ate return of BP bac k 
to baseline . orad renalin increased BP more than adrenaline. 

• Then we administered Ephed rine. BP increased s lowly and came back s low ly to norma l. 

, . ' 
.... 

,_ ~ 
' .- .:- I-

Figure 06. KymoKJ·uphic tracing showing the effects oj/1drenoline, Noradrenalin & Ephedrine on hlood pressure 
of a pentobarbitone anaesthetized car. 

Drug inj ected intravenously, at 
A- IO µg/kg o r adrena line 
NA- IO ~Lg/kg of no radrenali n 
Eph- IO ~Lg/kg or Ephedrine 

Interpretation: 

I. At first when we admin istered Adrenaline, there was a sharp rise of BP. This is because adrena li ne acted 
on a 1 receptor causing vasoconstriction and 111 receptor inc reasing heart rate & force of contraction. Both 
effec ts increased BP. But it also activates 02 recept rs in the blood ve sels supp lying skeleta l musc les 
resulting in vasodi lation in skeletal musc les and some decrease in BP. But the net e ffect is increased BP. 

2. BP sharp ly came back to baseli ne due to the reuptakc of Adrenaline by uptake- II main ly & some port ion 
by uptake-I and by circula ting MAO and COMT enzymes. 

3. When we administered noradrenalin, it caused sharp ri se or blood press ure which is greater than that of 
Adrenaline. This i_ because it has prominent a 1 and p, effect but no ~

2 
effect. 

4. BP sharply came back to base line because of the reuplake or noradrenal in by Re up take-I mainl y (80%) & 
by Reuptake- 11 (20%) & by circu lati ng enzyme MAO and COMT. 

5 When we admini stered Ephedrine, it cause s low rise or BP by direc t & ind irect (causes release of 
catecholamines) effects. 
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Tracing no: 07 
Name of the tracing: Effect s of adrenali ne and phcnoxybenzam ine on blood pressure 

Observation: 
• Thi s is a Brodie 's kymographic tracing or BP recorded from the com mon carotid artery of a 

pentobarbitonc anaesthetized dog showing the effect of adrenali ne on BP bcf ore and after 
phenoxybenzam ine. 

Practical 

• At fast, we recorded baseline BP. Then we adm iniste red 5 (Lg/kg of adrenaline 1/V and there was sharp 
rise of BP recorded and sharply it came back to base I inc. 

• Then we ad min istered I mg/kg of' phenoxybenza111 i11e and th ere was no change . /\ f't er thi s we 
adm ini stered 5 Fg/kg of adrenaline again . There is gradual fall of BP and gradually it came back to 
baseline. 

Figure 07. Ky111ographic tracing ofth 1: hluod /!res.1·11re r<:'cordedji"0111 1/,e co11111w11 cumtid ur/t'r\· ofu 
pentuhurbitone cma<!slht!tized dog 

Drug injected intravenously, at/\- 5 ~Likg of adrenaline; P- I mg/kg of phenoxybenzamine 

Interpretation: 
I. At first when we administered Adrena line, there was a ~harp rise or 13P. Th is is because adrena line acted 

on a 1 receptor causing vasoconstriction and [)1 receptor increas ing hca11 rate & !'orcc oi' contraction . Both 
effects increased BP. Bu t it also activates ~~ receptors in the blood vesse ls supp lying skeletal muscles 
resulting in vasod ilation in skeletal muscles and some decrease in BP . But the net L'ilect is increased IW. 

2. BP sharply came back to baseline due to the reuptake or Adrenaline by uptake-I I main ly & some port ion 
by upta ke- I and by circu lating MAO and COMT c111ymes. 

3. When we adm in istered phenoxybenzam ine, it caused no change. because it irreversibly blocked ct. 
receptors without ca using vasoconstrictio 11 . ,·o it is au receptor antagon ist. 

4. We again administered same dose or adrenaline and there was gradual l~lll of BP. This time adrena line 
st imulated ~~- receptors si tua ted in bl ood ves -els DI' 'kelctal muscles caus ing vasod ilatat ion that resu lted in 
fa ll in PR and BP. Grad ually BP came bac k to baseline due to the 111ctabo li -;111 or ad renaline by M/\0 and 
COMT. This rime adrenaline cou ld not bind to a receptDrs. becc1 use they \\ere already blocked by 
phenoxybenzam ine. 

5. With the same close of' adrenaline without pheno, ·ybenlil111inc, the ellccl ,, as obsened. This proved that 
phenoxybenzamine irreversib ly bloched a receptors. 
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Case History Writing 

Case no- 01: Clinical diagnosis: Acute exacerbation of Bronchial Asthma 

Name: Mr. Elias Mol la 
Age: 35 years 
Sex: Male 
Religion: Islam 
Mari tal status: Married 
Occupation : Service holder 

Chief complaints: 
l. Severe respiratory distress fo r 3 hours. 
2. Cough for the same duration 

Address: Bakshibazar, Dhaka 
Wa rd no. 4 
Bed no. 10 
Date of admissio n: 05 .11.20 I 0 
Date of discharge: 08. 11 .20 I 0 

History of present illness: According to the statement of the patient he was reasonably well 3 hou rs back . Then 
he deve loped severe respiratory distress whi ch was so severe that he could not complete one sentence in one 
breath . He gave history of the same attack in the past, especia lly duri ng cold climate and exposure to dust. 
Breathlessness wa associated with cough productive of thick, tenacious sputum. With these complaints he got 
admitted into DMCH for proper management. 

History of past illness: Recurrent attack of bronch ia l asthma 

Drug history: He has been taking sulbutamol inhaler when there was attack. 

Family history: Nothing contributory 

Personal history: He is a smoker and takes IO sticks per day for the last 10 years . 

General examination: 
Appearance: Ill looking, dyspneic 
Body built: Average 
Co-operation: Co-operative 
Decubitus: Propped up position 
Nutrition: Average 
Cyanosis: Present 
Edema: Absent 
Clubbing: Absent 
Neck vein: Not engorged 
Pulse: l 00 beats/mm 
BP: 120/80 mmHg 
Respiratory rate: 30/min 
Temperature: 98°F 

Systemic examination: 
A. Respiratory system : 

Inspection: 
1. Signs of dyspnea are present 
2. Rate of respiration is increased, rhythm is normal 
3. Movement of the chest wal I is bi laterally restri cted 
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Palpation: 

1. Pos ition of trachea: Central 
2. Position of apex beat: In letl 5th intercostal space 

Auscultation: 
I. Rhonchi found during expiration & it is high pitched. 

B. Cardiovascular system: No abnormality detected 
C. Alimentary system: No abnormality detected 

I nvcstigations: 
a) Chest X-ray P/ A view: Hyper-inflated lung fi elds. 
b) Pu lmonary function test: 

• Peak expiratory flow rate: Reduced 
• FEY!: 60% 
• Yitai capacity: Decreased. 

Confirmatory diagnosis: Acute exacerbation of Bronchial Asthma. 

Treatment: 
A. General: 

1. Bed rest in propped up position 
2. 0 2 inhalation 
3. Avoidance of allergens 

Pra ctica l 

B. Specific: 
1. Nebulization with 0.5 ml sulbutamol respiratory solution + 0.5 ml ipratropium brom ide + 1.5 ml di stilled 

water- stat and sos 
2. Inj. Hydrocortisone ( 100mg) 

2 vial IV stat and then 1 vial TV 8 hourly 
3. Inj. Aminophylline: IV or IM 

Loading dose -5 mg/kg over 20 minutes, followed by slow infus ion with 5% DA. 
4. Sul butamol inhalation: 2 puffs tds 
5. Budesonide inhalation: 2 puffs bid 

Drug discussion: 
Aminophylline: 

• Group: Bronchodi lator 
• Mechanism of action: Aminophylline - (-) Phosphod iesterase - jcAMP or cGMP - Re laxation of 

bronchial smooth muscle - Bronchodilat ion. 
• Adverse effects: 

a. Headache 
b. Dizziness 
c. Tachycardia 
d. Palpitation 

Sulbutamol: 
• Group: Bronchodilator 
• Pharmacological effect: 

I. Stimulates ~2 receptors and causes relaxation of bronchia l smooth muscle - Bronchodilation. 
2. Stabilizes mast cell membrane - ! Histam ine release. 

• Adverse effects: 
a. Nervousness 
b. Tachycardia 
c. Headache 
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d. Tremor 
c. Dizziness 

Conclusion: After J days of treatment he become comparatively wel l without any marked to.\ icity. Patient was 
discharged from the hospital with the trea tmen t of chronic persi stent asthma and advice to be on regu lar check up 
at outdoor patient department. 

Case no 2: Clinical diagnosis: Urinary tract infection with pregnancy 

Name: Farhana Yasm in 
Age: 25 years 
Sex: Fema le 
Religion: Islam 
Marital status: Married 
Occupation: College teacher 

Chief complaints (C/C): 
I . Burning sensation on micturition for 5 days 
2. Fever & lower abdominal pa in fo r 6 days 
3. Amenorrhea fo r 8 months 

Address : Mirpur, Dhaka 
Ward no. 19 
Bed no. I 0 
Date of admission: 05 .07.20 10 
Date of discharge: I 0. 07.20 I 0 

History of present illness: Accord ing to the statement of the patient she was reasonably we ll 6 days back. l hen 
she developed low grade intermittent fever & colicky lower abdominal pain with no radiation . For the last 5 day 
she has been suffering from burning sensation on micturition and incomp lete void ing. Wi th the e complaint she 
got admitted into DMCH for proper management. She has been also amenorrheic fo r last 8 month . 

History of past illness: Nothing contributory 

Drug history: She had taken some analges ic but got little improvement. 

Family history: Nothing contri butory. 

General examination: 
Appearance: Anxious 
Body built: Below average 
Co-operation: Co-operative 
Decubitus: On choice 
Nutrition: Average 
Intelligence: Average 
Edema: Absent 
Pulse: I 00 beats/min 
BP: 120/80 mmHg 
Respiratory rate: 15 breaths/min 
Temperature: 98°F 

Systemic examination: 
A. Abdomen : 

Inspection : 
• Abdomen is uniformly enlarged. 
• Stria gravidannn is presen t. 



Palpation: 

• Height of uterus: Corresponding to 32 weeks 
• Fetal movement: Present 

• :-enderness at loin & renal angle: Absent 
Percussion: 

805 

• Pe_rcussion note is resonant on both flanks; dull centrally over the uterus. 
Auscultation: 

• Fetal heart sound: Present; 142 beats/min 

B. Card~ovascular system: No abnormality detected 
C. Respiratory system: No abnormality detected 

Clinical diagnosis: Urinary tract infection with 32 week of pregnancy. 

Investigations: 
a. Routine blood examination: 

Hb¾: 12 gm/di 
ESR: 22 mm in l st hour 
TC of WBC: l 3000/mm3 of blood 
DC ofWBC: 

Neutrophi l: 80% 
Lymphocyte: 30% 
Eosinophil: 03% 
Monocyte: 02% 
Basophil: 00% 

b. Urine for routine & microscopic examination (R/M/E): Pus ce ll: 20/HPF 
c. Urine culture: Growth of E. coli I 06/ml. 
d. Blood urea: 18 mg/ml 
e. Serum creatinine: 0.8 mg/di 
f. Ultrasonography of abdomen: 32 weeks of pregnancy with live fetus 

Confirmatory diagnosis: Urinary tract infection with 32 weeks of pregnancy. 

Treatment: 
General measure: 

I. Bed rest 
2. Plentyofflu id 
3. Frequent bladder emptying 
4. Tab. Paracetamol 500 mg 3 times da ily til l the fever subsides 
5. Tab. Timonium methyl sulphate 3 times dai ly for lower abdom ina l pain 

Special management: Cap. Cephalex in 500 mg 6 hourly for 7 days 

Advice: 
I. Adequate intake of fluid , at least 2 L/min 
2. Frequent bladder emptying 
3. Antibiotic should be taken in proper time and full course should be completed 
4. Urine should be collected for culture 2 weeks after stoppage of antibiotic course. 

Drug discussion: 
Pharmacokinetics: 

Practical 

• Paracetamol: Tablet is well-absorbed from gut, small volume of distribution, half life 2 hours, 
metabolized in liver and excreted through kidney. 

Pharmacology-103 



. D I t>t I Hlu ~p rm c rnrm iu.·o ogy 806 
• Ct.'p ha lcxin : Orn I rn psult: . , aria bk abso rp1i011 fro m '-'. li t, wide vo lume or distribution, ha lf lik I 

11 11.:ta holi/cd in li\1..-r and 88% e:xcn:!ed !hrough kid ney. 

Pha rmacod)1 1tamics: 

• Pnrncctamo l: Inhi bits PG synlhcs is in the bra in . potent ant i-pyrctic 

hour. 

• Cep halcxin: A firs! gc11cra1io11 ccphalosporin. broad spectrum, bacteri cida l by inh ibi t ing cel l wa ll 
synthesis and sati.: in preg11 11 111.:y . 

Drug interaction : No dru2, intcructio11 

Rational cri ticism of management of the pat ient: 
I . Proper and n tional drug was chosen for the patien t. 
,, Ant ibiot ic was given r r 7 days whic h would be surticicnt to eliminate bacteria. 
3. Regular l'o llow-up th r 11 gh the rest of the pr unancy. 

Case no 3: A case record on Diabetes Mellitus (DM) with peripheral 
neuropathy 

Name: 1 Ir. Zahir 
Age: 4 ears 
Sex: Ma le 
Religion : Islam 
Marital status : MaJTicd 
Occupation: S rvice holder 

Chief complaints (C/C): 
I . Increased freq uency of micturition for 3 yea rs. 
, Increased thirst and hung r for 2 years. 
3. Ulcer in th right leg for I year. 

Address: Faridganj. Chandpur 
Ward no . 4 
Bed no . I 0 
Date of admission: 05.08.20 I 0 
Date of discharge: I 0.08. 20 I 0 

History of pre ent illness: According to lhe statement of the patient he was reasonab ly well 3 ears back. Then 
he grad ua lly developed a late of frequency of micturiiion for 3 years. Th re is increased th irsl and hunger for 2 
years and genera li zed weakness for l year. He al o complains a large ulcer in the ri 0 ht leg fo r I year. Wi th these 
above comp lai nts he got adm itted into DMCH for proper management. 

History of past illness : Nothing contributory 

Drug history: He had taken medicine but unable to mention the name. 
Family history: Hi , father had same complaints. 

General examination: 
Appearance: An -ious 
Body built: Below average 
Co-operation : Co- perative 
Decubitus : On ch ice 
Nutrition: veraoe 
Intelligence: Av rage 
Anemia : Absent 
Jaundice: Ab ·ent 
Cyanosis: Absent 
Edema: Absent 
Clubbing: Absent 
Dehydration: Absent 
Koilonychia: Absent 
Lymph node: Not enlarged 
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larg~' iii -~r 111 ht: n •ht IL- l'nr I y ·nr. )11 \'X 11ni11 1ti1 >11 , tit · vi 111I : i11,ns (I r 111 1 11i ·111 111· • .· 1 thk 11 11d lit •1\ · wu. :, lurgi.: 
llkl' f" 111 ri g. hi 1. 111d th 'l'l' \VIIS S\' II Sll r i1npnirn1 ·11(. 

Cli11ic11l tlil\gnosis: Dial ' It's 111 i.; llitus , itlt p ·ri 1 II ·n l 11 · u rnp ,thy 
In 1·slit,:11tions: 

a. Routine blood l'X. uuinucion : 
I lh'1/i,: 12 g111/dl . 
FSR: I _ 1nm in I st h )11r 
T 'nr Wl3 ': 7000/mrn I of bl lo I 
DC of WI ·: 

N ·utr phi l: 70°1, 
L mpho · 1t ·: 0% 
Fo.s in iphil : 0.,% 
Mon ·yt : 0_ % 
13usc I hil : 00% 

b. Urine for routine & microsrnpic cxa minnfonn (R/M / li'. ): 
I ur: ra 11 1 

S11 nar: Pr ·sc.: nt ( 1-l I) 
Ketone b t ic-s: Pr s ·nt 
PtL ll : / IIPF 
-·, itheli ti ·e ll ' : 1-2/ IIPJ.' 
/\ lbuinin : Ni l 

c. p cial investiga tion : 
Fastin o blood su )ar level: 9 111111 1/1, 
Bl d su 1nr 2 hours nft ' r 1111.:al : I (l 1n111ol/ l , 

ral 1lu c c tolcrnn · · t ' ·t ( iTT): Cr )SS r ·nnl th r ·she Id 1-v ·I. 
E. tirnati n f llbA1 c< 9% 

rum er atin in : I mg/di 

onfirmatory diagnosis: Dinbct ' S m ' llitu s wi th pc.:r i1 lwra l m: urnpa th y 
--- - - ----------------- ----
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Treatment: 
General measure: 

I . Diabetic diet: Reduce carbohydrate diet consumption 
2. Take mild aerobic exercise 

Special management: lnj. Insulin 

Drug discussion : 
Drug name: Insulin 
Pharmacological name: Soluble/regular insulin . 
Trade name: Inj . Insul-R (Popu lar pharma), lnj. Maxulin-R (lncepta pharma) 
Group: Parenteral hypoglycemic agent. 
Antidiabetic effects of insulin: Insulin lowers blood glucose leve l by the fol lowing mechani sms­

i Glycogenesis 
!Glucose uptake 
i Glyco lysis Decreases blood glucose 
J..G lycogenolys is 
J..G I uconeogenes is 

Dose: Dose is adjusted according to blood glucose level or color of urine on Benedict test 
Urine color 
Brick red 
Red 
Orange 
Yellow 
Green 
Blue 

Time: 15 mmutes before meal. 

Frequency of dose: TDS 

Adverse effects: 

Insulin dose (IU) 
20 
16 
12 
08 
04 
02 

I . Hypoglycemia (most common) 
2. Insulin hypersensitivity 
3. Insulin resistance 
4. Lipodystrophy: Lipoatrophy & lipohypertrophy 
5. Insulin edema 
6. Obesity 
7. Hypokalemia 
8. Alopecia 

Drug interaction : With 
I . Phenobarb itone 
2. Phenytoin 

Conclusion: The patient Mr. Zahir, 45 years old, came to DMCH with complaints of polyuria, polyphagia & 
polydypsia. After proper treatment he improved very rapidly and was di scharged from the hospital with control led 
blood sugar. He was advised to be on regular check up at outdoor patient department. 
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Case no 4: Clinical diagnosis: Kala-azar 

Name: Mr. Maruf 
Age: 30 years 
Sex: Ma le 
Religio n: Islam 
Marital status: Unmarried 
Occupation: Unemployed 

Chief complaints (C/C): 
l . Fever & cough for 3 months 
2. Swelling of abdomen for 2 months 

Address: Trisha!, Mymensingh 
Ward no . 4 
Bed no. 5 
Date of admission: 05 .07 .2010 
Date of discharge: 10.07 .20 I 0 

3. Yellow discoloration of skin & sclera for 2 months 

Pract ical 

History of present illness: According to the statement of the patient he was reasonably well 3 mon ths back. Then 
he developed intermittent fever which appeared in the evening and subsided with sweating in the next morning. 
Then he developed swelling of the left side of his abdomen along with yellow discoloration of skin & sci era for 2 
months. With these complaints she got admitted into DMCH for proper management. 

History of past illness: Nothing contributory 

Drug history: He has taken some anti-pyretic but got no improvement. 

Family history: Nothing contributory. 

General examination: 
Appearance: Anxious 
Body built: Below average 
Co-operation: Co-operative 
Decubitus: On choice 
Nutrition: Average 
Intelligence: Average 
Anemia: Present 
Jaundice: Present 
Clubbing: Present 
Edema: Absent 
Pulse: 90 beats/min 
BP: 120/80 mmHg 
Respiratory rate: 15 breaths/min 
Temperature: 98°F 

Systemic examination: 
A. Abdomen : 

Inspection: 
• Abdomen is distended. 

Palpation: 
• Live: Enlarged 
• Spleen: En larged 
• Abdomen: Tender 
• Axi llary & ingu inal lymph nodes: Enlarged. 

Percussion: 
• Percusion note is dull over enlarged liver & sp leen. 
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Auscultation: 
• Bowel sound : Present 
• No bru its over enlarged viscera 

B. Ca rd iovascular system: No abnormality detected 
C. Respiratory system : No abnormality detected 

Clinical diagnosis : Kala-azar 

Investigations: 
a. Ro utine blood examination: 

Hb¾: 8 gm/d i 
ESR: 50 mm in I st hour 
TC of WBC: I 5000/mm3 of blood 
DC ofWBC: 

Neutrophi l: 55% 
Lymphocyte: 35% 
Eosinophi l: 04% 
Monocyte: 06% 
Basophil: 00% 

b. Peripheral blood film : Normocytic normochromic anemia 
c. Ultrasonography of abdomen: Hepatomegaly & splenomegaly 
d. ICT for kala-azar: Positive 
e. Bone marrow aspiration: LO bodies of kala-azar parasites 
f. Serum bilirubin: 8 mg/di 

Confirmatory diagnosis: Kala-azar 

Treatment: 
General measure: 

I. Bed rest 
2. Regular & normal intake of diet 
3. Tab. Paracetamol 500 mg 3 times daily till the fever subsides 

Special management: Sodium antimony gluconate 20mg/kg body weight IM for 20 days. 

Advice: 
I. Adequate intake of fluid , at least 2 Umin 
2. Frequent bladder emptying 
3. Antibiotic shou ld be taken in proper time and full course shou ld be completed 
4. Urine should be collected for culture 2 weeks after stoppage of anti biotic course. 

Drug discussion : 
Pharmacokinctics: 

• Paracetamol: Tablet is well-absorbed from gut, small volume of distr ibution, half life 2 hours, 
metabo lized in liver and excreted through kidney. 

• Sodium antimony gluconate: Given parenterally, eliminate the paras ite. Short half life (2 hours) and 
longer half li fe (>24 hours) phase. 

Pharmacodynamics: 
• Paracetamol: Inhibits PG synthesi in the brain, potent anti-pyretic 
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• Sodium antimony gluconatc: First line drug for cutaneous & visceral lcishmanias is. Thc exact 
mechanism of action is unknown. 

Drug interaction: No drug interaction 

Rational criticism of management of the patient: 
l . Proper and rationa l drug was chosen for the patient. 
2. Patient should be informed of the comp licati on of treatment and relapse of symptoms. 

Case-OS: A case record on Congestive cardiac failure (CCF) 

Name: Mr. Zafar Uddin 
Age: 5 5 years 
Sex: Male 
Religion: Islam 
Marital status: Married 
Occupation: Service holder 

Chief complaints: 
1. Difficulty in breathing for 3 years. 
2. Swelling of both legs for 25 days. 
3. Abdominal distension fo r 8 days. 

Address: Faridganj , Chandpur 
Ward no. 4 
Bed no. 10 
Date of ad mission: 05 .09.20 I 0 
Date of discharge: 10.09.2010 

Practical 

History of present illness: Accord ing to the statement of the patient he was reasonably well 3 years back. Then 
he gradually developed mild dyspnea, which occurs at the time of working and increased during exertion and 
gradually relieved by taking rest. He also complains of swelling of both legs for 25 days which is increased during 
walking or standing for long time and decreased on lying. He also developed abdominal distension for 8 days. It 
was mild initially and gradua lly increased and becomes severe in last 3 days. With these above complaints he got 
admitted into DMCH for proper management. 

History of past illness: The pt. had MI 31/2 yrs back. 

Drug history: He has been taking anti-ischemic drugs since the attack of Ml. 

Family history: Hi s father died of Ml. 

General examination: 
Appearance: Ill looking 
Body built: Average 
Co-operation: Co-operative 
Decubi tus: Propped up position 
Nutrition: Average 
Intelligence: Average 
Anaemia: Absent 
Jaundice: Absent 
Cyanosis: Present 
Edema: Present(+++) 
Clubbing: Absent 
Dehydration: Absent 
Koilonychia: Absent 
Lymph node: Not enlarged 
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Thyroid gland: Not enlarged 
Neck vein: Engorged 
Pulse: 120 beats/mm 
BP: I 00/80 mm Hg 
Respiratory rate: 28/min 
Temperature: 98 .6°F 

Svstemic examination: 
A. Cardiovascular system : 

Pulse: 
l. Pulse rate: 120 beats/min 
2. Rhythm: Irregular 
3. Volume: Low 
4. Character: Pulsus alternans 
5. Condition of vessel wal l: Firm 

Examination of venous system: 
l. Neck ve in : Engorged, pulsatile 
2. Abdomino-jugular reflux: Present 

Examination of precordium: 
I. Inspection: Apex beat visi ble 
2. Palpation: 

812 

• Apex beat sh ifted downwards and laterally 
• Low and weak in character 

3. Percuss ion : Area of cardiac dullness increased. 
4. Auscu ltation: Heart sound diminished. 

B. Respiratory system: 
I . Resp iratory rate: Increased 
2. Basa l crepitation: Present 

C. Alimentary system: 
I . Abdominal distension: Present 
2. Fluid thrill: Present 
3. Shifting dull ness: Present 
4. Liver: Enlarged and tender 

Salient features : Mr. Zafar Uddin, 55 years old, coming from Faridganj , Chandpur, was admitted in the DMCH 
with the complaints of breathlessness, leg edema and distended abdomen. On examination, patients pulse was 120 
beats/mm, low volume, BP I 00/80 mmHg, apex beat shifted downwards and laterally. Cardiac dullness was 
increased; there were engorged neck vein and palpable tender liver. Ascites wa also present. 

Clinical diagnosis: Congestive cardiac failure. 

Investigations: 
I. Blood for routine exam ination: Normal 
2. Urine examination: Normal 
3. Fasting lipid profile : Increased LDL-cholesterol 
4. Chest X-ray P/A view: There was cardiomegaly. Lung fie ld was hazy. 
5. ECG: Showed signs of old MI (pathological Q wave) 
6. Echocard iography: Showed features of Congestive cardi ac failure due to ischemic cardio-myopathy. 
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Confirmatory diagnosis · Co 0 . ·t· , " ·d·· . . . . . - · noes I\ c ca1 1ac fa ilure due to 1sc hem1 c card10-rnyopathy 

Trcahnent: 
A. General measure: 

I. Reduction of wo rkload of heart 

• Reduce phys ica l activity 
• Weight reduction 
• Salt restriction 

2. Drugs: 
To decrease Preload: 

• Diuretics: Tab . Frusemide 40 mg bd at morn ing & afternoon 
• Vasodilator: Nitrates, prazosin, hydralazine. 
• AC E inhibitor. 
• Glyceryl trinitrate. 

To decrease Afterload: Hvdralazine, diazoxide 

To decrease both preload & afterload & prevent remodeling of heart: ACE inhibi tors . 

Anti-ischemic drugs: Aspirin (75 mg daily), atorvastatin (20 mg daily) 

B. Digitalis 
• Slow digitalization: 

I st day: Tab. Digoxin 0.5 ~tg 3 times a day 
2nd day: Tab. Digoxin 0.25 ~1g 4 times a day 
3rd day : Tab. Digoxin 0.25 ~tg 3 times a clay 
Then, maintenance dose: Tab. Digoxin 0.25 - 0.5 µg once daily. 

• Rapid digitalization: 

Practical 

I .5 µg immediately, then 0.5 µg 6 hourly to a total dose of 3 ~t g. Then, maintenance dose 0.25 - 0.5 ~t g 
once daily. 

Drug discussion: 
Digitalis: 
Generic name: Digoxin 
Grou p: Card iac glycos ide (Cardioton ic agent) 
Mechanism of action: Increase force of contract ion of heart and decrease heart ra te 
Objective of use: 

I . To increase card iac output 
2. To increase myocard ial contractili ty 
3. To decrease heart rate 
4. To red uce end diastolic vo lume 

Adverse effects: 
A. GIT adverse effects: (Most f requent) 

I. Anorexia 
2. Nausea 
3. Vomiting 
4. Diarrhea 

8. Cardiac adverse effects : 
I. Bradycardia ( earl iest adverse effect. ) 

C. CNS adverse effects: 
I. Insomnia 
2. Disorientation 
3. Visual hallucination leading to colour blindness (due to increased depolarization in rods and cones) 

Pharmacology- I 04 
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4. Convulsion 

D. Miscellaneous: 
I. Hypokalernia 
2. Gynecomastia in male (due to steroid nucleus) 
3. Galactorrhea in fema le 

Frusemide: 

Pharmacological effect: Prevention of reabsorption of Na and er ion from ascending limb o!· l?op of Henle. 
Thus causes diuresis and relieves edema. When pulmonary edema is relieved, breathlessness 1s improved. 

Objective of use: 
I. To reduce extracellular fluid 
2. To reduce workload of heart 

Adverse effects: 
I. Hypovolemia 
2. 1-Iypokalemia 
3. Hypocalcemia 

Conclusion: After proper treatment the pt. improved we ll and was discharged from the hospital with adv ice to be 
on regular check up at outdoor patient department. 
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Drug Interactions 

Am lod ipine + Atenolol 
Result: Potentiation of anti-hypertensive effect 
Explanation: Am lodipine is a Ca2

+ channel blocker and it acts on both hea1i muscle and blood vessels to exert its 
anti-hyperte_nsive act i~n. On_ the other hand, Atenolol selectively blocks the 0

1 
receptor of the heart muscle to 

produce ant1hypertens1ve ac tion. Com bination of them potentiates the anti - hypertens ive effect. 

Alcohol + Benzodiazepi ne 
Result: Additive or synergistic CNS depression . 
Explanation: Both of the drugs are CNS depressant. On the top of that, alcohol increases benzodiazepine 
absorption leading to increased benzodiazepine cone. in plasma. The resu lting effect is more CNS depression. 

Erythromycin + Fexofenadine 
Result: Fexofenadine toxicity. 
Explanation: Erythromycin is a hepatic microsomal enzyme inhibitor and it inhibits the metabolism of 
fexofenadine lead ing to increased fexofenadine cone. in plasma. 

NSAID + Propranolol 
Result: Antihypertensive effect of propranolol is decreased. 
Explanation: NSAID inhibits renal vasodi lator prostaglandin (PG). This leads to renal vasoconstriction. So renal 
perfusion is reduced leading to decreased renal blood flow and activation of renn in angiotensin mechanism. As 
propranolol acts by this mechanism, its effect is hampered and anti-hypertensive effect is decreased. 

Amoxicillin + Clavulanic acid 
Result: Potentiation of antibiotic effect of amoxici ll in. 
Explanation: Amoxicill in is a 0-lactam drug which can be degraded by O lactamase enzyme produced by some 
bacteria. Clavulanic acid is also a O lactarn drug and has more affinity fo r 0-lactamase enzyme. It competitively 
binds with O lactamase and prevents the degradation of amoxicillin by O lactamase. 

Iron + tetracycl ine 
Resu lt: Decreased bioavailability of both Iron (Fe2i) and tetracyc line. 
Explanation: Interaction takes place at the leve l of absorption. Tetracycline is chelated by iron (Fe2

' ) as divalent 
cation and if they are si multaneously present in the gut, absorption of tetracycline & iron wil l be impaired and 
bioava ilab ility of both of them will be decreased. 

Iron+ Antacid 
Result: Decreased bioavailability of Iron on ly. 
Explanation: Interaction takes place at the level of absorpti on . Aluminium (A l3' ) of Antacid form s insoluble 
complex with Iron. Thus absorption of Iron from GIT is impaired reducing its bioavailabi lity . 

Sulfamethoxazole + Trimethoprim 
Resu lt: Potentiation of ant i-folate effect. 
Explanation: Individually sulfamethoxazo le and trimethoprim both are bacteriostatic dru g. But when used in 
combination, they become bacteric idal by inh ibiting sequential steps in bacterial nucle ic acid synthesis . 
Combinat ion of these two drugs leads to-

1. Potentiation of action. 
2. Broadening of spectrum 
3. Decrea ed dose thereby le s adverse effects. 
4. Decreased deve lopment of resistance. 
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Thcophyllin + Salbutamol 
Result: 

816 

\ . Potentiation of bronchodi lator effect . 
1 

. 

2. Potentiation of cardiac muscle stimulatory effect leading to cardiac arrhyt 11rna. . 
· · h b I d"lator Combination of them potent1ates th , Explanation: Theophyll1n and salbutamol bot are ronc 10 1 · . c 

bronchodilator effect. Theophyllin has a direct positive inotropic and chronotropi_c ~~feet o_n heart. At _low cone., it 
appears to result from increased catecholamine release that is caused by inhibition of presynapttc adenosine 

receptors. . . . . 
At higher cone. Ca2' influx may be increased directly through the increase in cAMP that results fro~ inhtbi t1on of 
phosphodiesterase . Salbutamol, on the other hand acts on ~1 receptors of the heai1 musc le leadmg to musc le 
contraction. Comb ination of these two drugs thereby leads to cardiac arrhythm ia. 

Phenytoin +Sodium valproate 
Result: Phenytoin toxicity . 
Explanation: Na valproate is a hepatic microsomal enzyme inhibitor. So it inhibits the metabol ism o_f p_henytoin . 
It also displaces phenyto in from plasma protein binding site thereby increasing the cone . of phenytom In plasma 
leading to phenytoin toxicity 

R ifampicin + oral contraceptive pill (OCP) 
Result: Contraception failure 
Explanation: Interaction takes place at the level of metabolism. Rifampicin is a hepatic microsomal enzyme 
inducer and it induces the metabolism of estrogen content of OCP thus causing unwanted pregnancy. 

Isoniazid + Phenytoin 
Result: Phenytoin toxic ity 
Explanation: Isoniazid is a hepatic microsomal enzyme inhibitor. ft inhibits the metabol ism of phenytoi n thereby 
increasing phenytoin cone. in plasma leading to tox icity . 

Aminoglycosides + Cephalosporins 
Result: Severe nephrotox icity 
Explanation: Both are nephrotoxic drug. So combination of them prod uces severe nephrotoxic ity. 

Aminoglycosides + Loop diuretics 
Result: Irreversible ototoxic ity 
Explanation: Both are ototoxic drug. Combination of them produces severe ototox1c1ty. Loop diuretics 
(Frusemide) is a high ceiling diuretic which causes excretion of fluid from endo lymph and perilymph of inner ear 
and helps in more deposit ion of ototoxic aminoglycosides on hair cells. This destroys hai r cells permanently and 
produce ototoxicity . 

Aspirin+ NaHCO2 
Result: [ncreased excretion of Aspir in through urine. 
Explanation: NaHC03 is a systemic al kal izer which alkan izes the urine. Aspi ri n becomes acid ic in pH af1er 
acetylation in the liver. Acid ic aspi rin becomes ionized in the alkaline ur ine which decreases its reabsorption to 
the renal tubules thereby increasi ng the excretion of aspirin in uri ne . 

Cimetidine + Propranolol 
Result: Increased plasma cone. of propranolol leading to hypotension. 
Explanation: Ci metidine is a hepatic microsomal enzyme inhibitor and it inhibi ts the metabolism of propranolol. 
Thi s leads to increased plasma cone. of proprano lol leadi ng to hypotension. 

Heparin+ Protamin su lphate 
Result: Action of heparin is lost. 
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Practical 

E l t. · J-I · · · I · · · · d s direct chemical xp ana ion . epann 1s negative y charged and protam 111 sulphate 1s pos1t1vely charge . o _a 
reaction takes place neutralizing the effect of heparin . Protamin sulphate is an antidote for hepann. 

Ticarcillin + Tazobactam 
Result: Potentiation of antibiotic effect of ticarcillin . 
Explanation: Ticarcillin is a P lactarn drug which is degraded by p-lactamase enzyme produced by . ~o me 
bacteria. Tazobactam is also a P lactarn and has more affinity for p lactamase. Tazobactam binds com pet,twely 
with p lactamase thereby preventing the degradation of ticarcillin by P-lactamase. 

Antacid + Ciprofloxacin 
Result: Decreased bioavailability of ciprofloxacin. 
Explanation: Aluminium (Al

3
+) and magnesium (Mg2+) of antacid form insoluble comp lex with ciprofloxacin 

and impairs its absorption from GIT thereby reducing bioavailability of ci profloxacin. 

Digoxin + Thiazide 
Result: 0igoxin toxicity leading to cardiac arrhythmia and death. 
Explanation: 0igoxin competes with K+ to bind to the ATPase pump of cardiac muscle. Hypokalem ia caused ~y 
thiazide diuretic leads to increased Digoxin binding to the cardiac muscle leading to toxicity, cardiac arrhythmia 
and death . 

Phenobarbitone + Oral contraceptive pill (OCP) 
Result: Contraception failure. 
Explanation: Phenobarbitone is a hepatic microsomal enzyme inducer and it induces the metabolism of estrogen 
content of OCP leading to unwanted pregnancy. 

Antihistamine + Steroid 
Result: Synergistic anti-inflammatory effect. 
Explanation: Steroid acts as an anti inflammatory drug by stabilizing mast cell membrane. It prevents fu rther 
release of Histamine . Antihistamine blocks the histaniine receptors and antagonizes the action of Histamine 
released from mast cell. So combination of anti-hi stamine with steroid potentiates anti- inflammatory action of 
steroid. 

Tetracycline + Penicillin 
Result: Antibiotic antagonism. Antibiotic action of penicillin is lost. 
Explanation: Tetracycline is a bacteriostatic drug which inhibit the growth of microorganisms whereas penicillin 
is a bactericidal drug which kills rapid ly multiplying organi sms. When bacterial growth is inhibited by 
tetracycline, penicillin cannot kill the bacteria. Thus tetracycline protects the microorganisms by antagonizing the 
action of pen ici II in. 

Insulin + Propranolol 
Result: Masking of signs and symptoms of hypoglycemia 
Explanation: Insulin is a hypoglycemic agent. Propranolol also causes hypoglycem ia by inhibiting 
gluconeogenesis and glycogenolys is. (:ombination of them causes more hypoglycemia. ln addition to this, 
Propranolol masks the S/S of hypoglycem ia except sweating by its p2 blocking effect. So without S/S, 
hypoglycem ia can't be detected and patent may die. 

Isoniazid + Rifampicin 
Result: Potentiation of anti-mycobacterial action. 
Explanation: fson iazid acts on rapidly multip lying organism both extra & intracellularly . Rifamp icin acts 0 11 both 
slowly_& rapidly multiplyi ng or~anism ext~·a a~d intracellularly. Combinations of these 2 drugs the reby are ab le 
to erad icate both dormant and active ly mult1ply111g organism. 



TM Blueprint ' Pharmacology 

Salicylate + Tolbutamidc 
Result: Hypoglycemic shock. 

818 

Explanation: Sa licylate displaces tolbutamide from plasma protein binding site . So there 
cone. of tolbutamide which s a hypoglycemic agent. The resu lt is hypoglycemic shock. 

Ccftriaxonc + Vancomycin 
Result: 

I. Potentiation of action. 
2. Broadening of spectrum. 

1s increased I P asma 

Ex~l~nation: Comb!nation _of these two antibiotics leads to potentiation of an timicrobial effect. In additi on, 
Ceftnaxone acts agamst mainly gram negative organism and vancomycin against gram pos itive organisms. This 
leads to broadening of spectrum . 

Rifampicin + Vancomycin 
Result: 

1. Potentiation of action. 
2. Broadening of spectrum . 

Explanation: Vancomycin inhibits cell wall synthes is thereby potentiati ng the en try of rifampic in into the cell 
which then acts on bacterial RNA synthesis. Thus potent iat ion of action occurs. Vancomycin acts on Gram 
positive organism . 

Digoxin + Erythromvcin 
Result: Increased bio-availability of digox in leading to cardiac arrhythmia and death. 
Explanation: Erythromycin is a broad spectrum antib iot ic wh ich destroys the normal fl ora of gut which normal ly 
impairs I 0% absorption of di goxin . So com bination of them will lead to increased digox in absorption ~ 
Increased digoxin bioavailability leading to cardiac arrhythmia. 

Penicillin + Gentamicin 
Result: 

I . Potentiation of action. 
2. Broadening of spectrum. 

Explanation: Penic illin inhibits ce ll wall synthes is thus facil itate the penetration of gentarn icin which then inhib it 
protein synthesis. Thus potentiation of action occurs. Penici lli n acts against gram positive organism and 
gentamicin against gram negative one thereby broadening of spectrum occurs 

Penicillin + Probcnccid 
Result: Bioavailability of penicillin is increased. 
Explanation: Both are organic acids. They compete fo r binding with carrier protein in PCT !'or renal tubular 
sec retion. But probenecid has more affinity for the carrier protein and binds with it. So renal tubular secretion of 
penic ill in doesn' t occur and its bioavailabi lity is increased . 

Mctronidazole + Alcohol 
Result : Disulfiram like reaction (Headache, di zziness, convulsion) occurs. 
Explanation: Metronidazo le inh ib its the enzyme alcohol dehydrogenase the reby inhibit ing the metabolism of' 
alcohol. As a resul t plasma cone. of alcohol is increased lead ing to di ulfiram like reaction. 

Vcrapamil + Propranolol 
Result: Heart block and death . 
Explanation: Verapami l acts as a potent card io-depre sant by acting on the Ca2

' channel of both the conductive 
tissue and muscle of heart. It decreases heart rate and cardiac contractility. On the other hand propranolol also 
decreases cardiac contract il ity and heart rate by blocking the receptor of heart. Combinat ion of these two cardio­
depressan ts leads to heart lock and death. 



('1 0 11 id it1 l' + Trindir nntid q1 rpss1111l (T CA) 
Rl'Sult : l 1~ pl'rl 1..'11si, 1..' nisi s. 

HJ9 

E\planation : ' lo11 idi 11 c lw" :111 u~ al!,0 11i sti c :1c1io11 and l11cili1at1.:~ til l' n.: -upl:ih · ol· 1\ 111 Ili c ") '"'P' 11- 1ticm hr;inc 
13 111 1· :A bk,c ks thl'. o 2 rl'Cl' ptt,rs thcrl' by pn.:\'cnti ng the n.: uptakl: nl' /\ k:1d i1 1)..' t11 in~·,c,t'>c I -,ynqm lli ·t, ,; 

di_(·h.irgc. This r1..·sul1 s in h~ pcrtcnsi, ' crisis. 

Ln odopa + arbidopa 
Rrsult: In r~:1scd hioavai labil ity of levodopa. . . 
Explanat ion: arb idopa pre\'cnts the periphera l metabo lism of lcvodopa by dopa dcca rboxyiw,c 111 tl 1c inl l' '> t ,nc 

thcrcb) inrn.: as ing the bioavai labi lity of lcvodopa. Ca rhidopa also increases the penetrat ion \ll' bra in by kvod\lpa . 
In add it ion to this. carbidopa has an anti -emet ic effect. 

Insecticide (OPC) + Atropine 
Result: Antagoni sm of the effects of insecticide (OPC) 
Explanation: Insecticide is an organophosphorus compound (OPC). OPC is an inh ibitor or cho linestcrasc 
enzyme th reby increasing the cone. of acety lcholine (Ach) res ul ting in inc reased effects of Ach e.g. hypotension, 
se retion, C effects. Atrop ine, an anti- mu scarinic drug inh ibits the action of Ach by blocking musc :.i rinic 
re eptor. Atropine thus antagonizes the effects of O PC. 

Potassium sparing diu retic+ Angiotensin converti ng enzvme (ACE) inhibi tor 
Result: Dangerou hyperkalaemia. 
Explanation: Potassium spari ng diuretic causes hyperkalemia. ACE inhibitor blocks the renni n-angiotensin 
aldosterone axis thereby decreasing the cone. of aldosterone. Decreased aldosterone lead to hyperka lemia by 
decrea ing the excreti on of potassium. Combination of these two leads to severe hyperkalemia. 

Sulfonamide + Bilirubin 
Result: Hyperbilirubinemia 
Explanation: Sulfonamide has more affinity for plasma protein binding site than bil iru bin, so it displaces 
bilirubin from plasma protein binding site, increases cone. of bilirubin in blood and ca uses hyperbi liru bi nem ia. As 
phase II metabolism is not properly deve loped in in fa nt, bili rubin can 't be metabolized in blood. Then it crosst:s 
BBB and is deposited in basal ganglia of brain leading to kern icterus in infant. 

Morphine+ Naloxone 
Result: In morphine poison ing, Naloxone antagonizes the action of morphine. 
Explanation: Morphine is an opio id receptor agonist and Naloxone is an antagonist of opioid recepto r. In acute 
morphine poisoning, when naloxone is given it antagon izes the action of morphine by binding to opioid receptor. 

Chlorpromazine + Procyclidine 
Re ult: Prevention of Parkinson ism effect. 

xplanation : Procyc lidine blocks muscarinic receptor. Increased Ach caused by chlorprornazi ne can ' t act 011 
muscarinic receptor. So manifestation of Parkinson ism does not appear. 
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Dosage formulations 
Dosa~c forms: Dosag1.: form is the pn:paration of a drug rur dclivcring or ar,ply ing into the body throu~h a 
parti ·ulnr r ult'. 

Formulation- 01: Tablets. 

Q. What is this'! 
Ans . An aluminium blister containing tab lets (111e11tio11 tht! 11w11t! of t/1(' 
drn's with its strength. eg, paracetamol 500 mg). 

Q. What type of formulation is this? 
Ans . Tab! t 

Q. What i tablet'! 
An . Tabl t i a so lid dosage form in which powder, crystalline, or 
granular f rm of drug i compre ed in a di sk or mol ded with 
ph arrnacologic lily in rt substances (exc ipients). 

Q. By which route is it taken? 
Ans. Mainly oral. Al o sublingual ( g, asp irin , nitroglyccrinc tabkt) 

Q. What is the composition of a tablet? 
Ans. Tablet is composed of ac ti ve ingredient pl us excipient. 

Q. How is a tablet absorbed from the GIT'? 
Ans. After disintegra tion, di ssolution, a tablet is absorbed. 

Q. Is it suitable for unconscious patients or emergency situations '? 
Ans. No. 

Formulation- 02: Capsules. 

Q. What is this? 
Ans. n a luminium blister containing capsules (111enrio11 the 110111e of 
the drug with its strength, eg, omeprazo le 10 mg or ·11nox ic ill in 500 
mg). 

Q. What type of formulation is this'! 
Ans . Cap ul e 

Q. What is capsule? 
Ans. Capsule is a solid dosage f<.)rm in which Oflt' or more act ive 
ingredients ,,vith or without inert substances arc enclosed wi thin a small shel l or con taine r generall y pre pared rrom 
ge latin . 

Q. By which route is it taken? 
Ans. Oral 

Q. What is the composition of a capsule? 
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Ans. Capsule is composed of active ingredient plus excipient. 

Q. How is a capsule absorbed from the GIT? 
Ans. After dissolution, a capsule is absorbed. 

Q. Is it suitable for unconscious patients or emergency situations? 
Ans. No. 

Formulation- 03: Injections. 

Q. What is this? 

Ans. It is an ampoule containing injectable drugs (mention the name, eg, cli azcpam I 0 
mg or gentamicin 80 mg or ketorolac 30 mg. 

Q. By which route is it taken? 

Ans. Injections (intravenous, intramuscular, subcutaneous, intra-articular, intrathecal 
injection, etc.) 

Q. Is it suitable for unconscious patients or emergency situations? 
Ans. Yes. 

Formulation- 03: Suppository. 

Q. What is this? 
Ans. Alumini um fo il containing suppository. 

Q. What is suppository? 
Ans. It is a sol id medicated preparation designed for insertion into the rectum 
(or vagina, when it may be called a pessary); it may be designed to dissolve 
or it may melt at body temperature; the veh icle in which the drug is carried 
may be fat, glycerol with gelatin, or macrogols (polycondensation products or 
ethylene oxide) with gelatin . 

Q. By which route is it taken ? 
Ans. 
Rectum. 
Vagina (when it is called a pessary). 

Practical 

Figure: Ampoule 

Figure .· Suppository 

Pharmacology-105 
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Q. Name 5 drugs causing teratogenicity. 
Ans. 
Dru!:!S that lroducc teratooenici tv : 

• 
• Andro 0 ens 
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OSPE 

• Methotrexate Cleft al ate, H droce halus, Fetal death 
·• Thalidomide Phocomelia 
• Tetrac dines Disco lored & deformed teeth, Retarded bone 0 rowth 
• Warfari n De ressed nose, E e & hand defect, Growth retardat ion 
• Phenyto in Cleft lip, Cleft pa late, Microcephaly, Hypoplastic phalanges 

Neura l tube defects 

• ACE inhibi tors ans 
• Anti-th ro id dru s 
• Pro 0 estins Virilization of female fetus 
• Isotretinoin Craniofacial, ca rdiac & CNS defect. 

Q. Name 5 enzyme inducers. 
Ans. 
Enzyme inducing drugs : 

I. Rifampicin 
2. Barbi turates (eg, phenobarbitone) 
3. Phenytoin 
4. Phenylb utazone 
5. Carbamazepine 
6. Gri seofulvin 
7. Testosterone 
8. Hydroca rbon 

Q. Name 5 enzyme inh ibitors. 
Ans. 
Enzyme inhibitors 

I. Cimetid ine 
2. Chloramphenicol 
3. Metronidazo le 
4. Allopuri nol 

Q. Name 5 drugs causing addiction. 
Ans. 
Drugs causing addict ion: Write 5 fro m below 

I. Morphine 
2. Hero ine 
3. Pethidine 
4. Barbiturates 
5. Amphetamine 
6. Alcohols 
7. Cocaine 
8. LSD 
9. Marijuana 

Q .Name 5 drugs that produce dependence. 
Ans. 
Drugs producing dependence 

I . Morphine 
2. Heroine 
3. Pethidine 
4. Barbiturates 
5. Amphetamine 
6. Alcohols 
7. Cocaine 
8. LSD 
9. Marijuana 
I 0. Diazepam 
l I. Tobacco 
12. Cannabis 

(Ref Benne If & /Jrown- 11 th) 

Q. Name the drugs causing the follow ing adverse 
effects .. . 
Ans . 
Drugs causing postural hypotension: 

I. a -blocking drugs: 
Prazosin 
Terazosin 

2. Ganglion blockers: 

3. TCAs: 

Guanabenz 
Guanafacin 

Amitripty line 
Nortryptyline 

4. Anti-psychotics: Chlorpromazine 



Drugs causing hypotcnsion: 
t. a I-blocki ng drug : Prazosin, Terazosin 
2. f3-b locking drugs: Propranolol, Atcnolo l 
3. Parasympathomirnetic: ACh, Physostigmine 
4. Ca

2
' -channe blockers: Diltiazem, Verapamil 

5. ACE inhibitors: Lis inopril 
6. Angiotensin- 11 receptor blockers: Losartan 
7. Direct vasodi lators: Diazoxide, Minoxid il , 

Na-N itroprusside 
8. Nitroglycerine: GTN 

9_ Anti-depressant: TCAs 

10_ Diuretics: Frusemide 
11 . Anti-parkinsonism drugs: Levodopa 

Druos causing reflex tachycardia: 
I. Non-selective a-blockers: 

Phenoxybenzamine 
2. Selective al-blockers: Prazosin, Terazosin 
3. Ganglion blockers: Guanabenz, Guanafacin 
4. TCAs: Amitriptyline, Nortryptyline 
5. Anti-psychotics: Chlorpromazine 
6. Ca2+-channel blockers: Verapamil, 

Diltiazem (vessel-selective) 

Drugs causing bradycardia: 
1. ~-blockers: Propranolol, Atenolol 
2. Digitalis 
3. Parasympathomimetic : ACh, Physostigmi ne 
4. Ca2 ... -channel blockers: Diltiazem, 

Verapamil (vessel-selective) 
5. Adrenaline (Reflex bradycardia) 

Drugs increasing blood pressure: 
I. Adrenaline 
2. Glucocorticoids 
3. Oral contraceptive pills (OCPs) 
4. Cyclosporine 
5. Leflunomide 
6. Clon idine withd rawa l 
7. MAO inhibitors 
8. TCAs 

Drugs causing prolong QT interval: 
I. Sotalol 
2. Amiodarone 
3. Amitriptyline 
4. Chlorpromazine 
5. Erythromycin 
6. Halofantrine 

(Ref Davidson 's medicine-22nd) 

823 Pract ica l 

Drugs ca using complete heart hlock: 
I . Digox in 
2. ~-b locker . . 

(RI!_/ Davidson 's 111ec/1 c,w e-22ml) 

Drugs inhibiting platelet funct ion: 
I . NSA IDs: 

• 
• 
• 

2. Heparin 
3. Dextran 

Aspirin 
Phenylbutazone 
Indomcthacin 

4. Antibiotics: 
• Penicillins 
• Cephalosporins 

(Ref Daviclwn 's medicine-22nd) 

Drugs causing neutropenia: 
I. Ant i-inflammatory drugs: 

• Pheny lbutazone 
• Penici ll ami ne 
• Naproxen 

2. Anti-arrhythmic: 
• Quinidine 
• Procainam ide 

3. Anti -hypertensive : 
• ACE inhibi tors: Captopri l, 

Enalapri l. 
• Ca2"-channel blockers: Nifed ipine 

5. Anti-depressant: Amitriptyl ine 
6. Anti-convulsants: 

• Phenytoin 
• Na-valproate 
• Carbamazepine 

7. Antibiotics : 
• Penici llins 
• Sulfonam ides 
11 Cephalospor ins 

3. Anti-malarial: 
• Chloroquine 
11 Sulfadoxine 
• Pyrimethami nc 

9. Miscellaneous: 
• Ant i-thyroid drugs 
• Metoclopramide 
• Ranit idine 
• Cyc lophosphamide 
• Azath ioprine 
• Sulfasalazi nc 

(Ref Davidson 's medicine-22nd) 
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Drugs causing lymphadenopathy: Phenytoin 
(Ref Duvidson 's medicine-22nd) 

Drugs causing thromboc)1topcnia: 
l . Cytotoxic drugs 
2. Th iazidc diu retics 
3. Anti -metaboli tes 

(Ref Davidson 's medicine-22nd) 

Drugs causing aplastic anemia: 
I. Cytotoxic drugs 
2. Antibiotics: 

• Chlorarnphenico l 
• Sulfonamide 

3. Anti-rheumatic agents: 
• Phenylbutazone 
• Penic il lamine 
• lndomethaci n 
• Oxyphenbutazone 

4. Anti-thyroid drugs 
5. Anti-convu lsants 
6. lm mune-suppressive drug: Azathioprine 

Drugs causing hepatotoxicity: 
l. NSAJDs: 

• Paracetamol toxicity 
• Diclofenac 
• Aspirin 

2. Anti-TB drugs: 
• Ri fampici n 
• Pyrazinamidc 
• fN I-1 

J. Antibiotics: 
• Oxacillin 
• Ketoconazole 
• Erythromycin (cholestatic jaundice) 

4. Azathioprine 
5. Leflunomide 
6. Chlorambucil 
7. Anti-cancer drugs 
8. Halothane 
9. Griseofulv in 

Nephrotoxic drugs: 
I. NSAIDs 
2. Aminoglycosides 
3. Cephalosporins (except ceft.riaxone, 

cefopcrazone) 
4. ACE inhibitors 
5. Angiotensin- 11 receptor blockers 
6. Cyc losporine 
7. Methicillin 

Neurotoxic drugs: 
I. Isoniazid (peripheral neuropathy) 
2. Aminoglycosides 
3. Ethambutol 
4. Quinolones 
5. Acyclovir 
6. Polymyxin 

Ototoxic drugs: 
J. Irreversible ototoxicity: Aminoglycosides, 

Chloroquine 
2. Reversible ototoxicity: Frusernide 

Drugs causing superinfection: 
I . Amoxicillin 
2. Ampicillin 
3. Cephalosporins 
4. Chloramphenicol 
5. Tetracycl ines 

Drugs causing severe GIT upset (nausea, 
vomiting diarrhea): 

I. Methotrexate 
2. Azathioprine 
3. Digoxin 
4. Fluoroquinolones (e.g. ciprotloxacin) 
5. Tetracyclines 
6. Sulfasalazine 
7. Leflunomide 
8. Cyclophosphamide 
9. Cyclosporine 

Drugs causing hyperuricemia: 
I . Pyrazinamide 
2. Thiazide di uretics 
3. Loop diuretics 
4. Cyclosporine 

(Ref Davidson's medicine-22nd) 

Drugs causing gynecon·astia: 
I. Digoxin 
2. Spironolactone 
3. Cimetidine 
4. Exogenous anabolic steroids: 

Diethylstilbestrol 
5. Antiandrogen: Cyproterone acetate 

Drugs cau ing osteoporosis 
I. Corticostero ids 
2. GnRH agonists 
3. Over replacement of Thyroxin (T3) 
4. Sedatives 
5. Anticonvulsants (eg, Phenytoin) 
6. Alcohol excess 



7. Heparin 

(Ref Davidson ·s 111edici11e-21ncl) 

Drugs causing hypcrprolactincmia: 
I. Chlorpromazine (Anti psychotic) 
2. Metoclopramide (Anti emetic) 
3. a-Methyl Dopa (Anti hypertensive) 
4. Reserpine 
5. Anti depressant drugs 

(Ref Dutta Gynaecology-l'/427) 

Drugs causing hypokalemia: 
I. Loop Diuretics 
2. Thiazide diuretics 
3. Carbonic Anhydrase Inhibitors 

(Acetazolam ide) 
4. Corticosteroids 
5. Carbenoxolone 
6. Liquorice 

(Ref Davidson 's medicine-22nd) 

Drugs causing hyperkalemia: 
1. K+-sparing diuretics: 

Ami loride 
Spironolactone 

• Triamterene 
2. ACE inhibitors 
3. NSAIDs 
4. ~-blockers 
5. Cyclosporine 
6. Prolonged heparin therapy 

(Ref Davidson 's medicine-22nd) 

Drugs causing urticaria: 
I . Salicylates 
2. Codeine 
3. Antibiotics 
4. ACE inhibitors 
5. F e-dextran 

Drugs producing metallic taste: 
I. Metronidazole 
2. Tetracycline 
3. Rifam picin 

Drugs causing alopecia: 
I. Cytotoxic drugs 
2. Anti-coagulant drugs 
3. Fe-dextran 
4. OCPs 
5. Anti-thyro id drugs 

(Ref Burton 's undergraduate medicine, Page: 154) 

Drugs causing hyperpigmentation: 
I. Busulfan 

82~ !'radical 

2. Chlorpro111a1,i11 c 
3. 0 Ps 
4. Chl oroquine 

(/?e/ Burrvn 's unJergrnduate medicine, f aie I 52) 

Drugs that increase histamine release: 
I. Almost all drugs (as all drugs arc forei gn 

body to our body & can cause 
immunological reactions e.g. anaphylax is) 

2. Morphine 
3. O-tubocurarine 
4. Succinylcholine 

(Ref Goodman & Gilman ·s-l 2th) 

Drugs causing anaphylactic shock: 
I. Penicillins (main ly IV route) 
2. Cephalosporins 
3. Sulfur containing drugs- Sulfonam ides, 

Thiazide diuretics etc. 
4. Insulin preparations 
5. Streptokinase 
6. Heparin 
7. NSAIDs 
8. Hi stamine 

Drugs causing erythema nodosum (tender 
nod ules on leg): 

l . Sulfon amide 
(Ref Burton's undergraduate medicine) 

Drugs causing toxic epidermal necrolysis (TEN): 
1. Penici ll ins 
2. Barbiturates 
3. Phenytoin 
4. Phenylbutazone 

(Ref Burton 's undergraduate medicine) 

Drugs causing peripheral neuropathy: 
I . lsoniazid 
2. Methotrexate 
3. Phenytoin 
4. Vinc risti ne 
5. Metronidazole 
6. Aminoglycos ides 
7. Vitamin-B 12 in a fo late-defic it patient 

Drugs causing Steven Johnson syndrome (SJS): 
1. Penicillin 
2. Sulfonamides 
3. Arn inoglycosides 
4. Carbamazepine 
5. Phenytoin 
6. Barbiturates 
7. Allopurinol. 
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A 
Acerazolarn ide . ..i..i..i 
.-\ ddiction 162 
Adenos ine. 
Agon ist. 130 
Affinity, 13 I 
Albendazole, 549 
Alkaloid 40 
a-methyl dopa, 3 77 
Amiodarone. 
Amphetamine, 233 
Antagonist. 132 
An tagonism 14 7 
Anaphylactic shock, 224 
Anaphylax is 
Anti -amoeb ic drugs 544 
Antianginal drugs 398 
Anti -arrhythmic drugs. 420 
Anti-cholinergic drugs 196 
Anticoagulant drugs, 623 
Anti-depressant drugs 296 
Anti epileptic drugs, 316 
Anti-con vu lsant drugs, 316 
Anthelmintic drugs 549 
Anti-emetic drugs 672 
Antifolate drugs 497 
Anti- fu ngal drugs, 554 
Antih istamine, 574 
Antihypertensive drugs 364 
Anti-leprosy drugs 526 
Anti-malarial drugs, 528 
Anti-muscarinic drugs 196 
Anti-nicotinic drugs 204 
Ant parkinson ism, 328 
Antipsychotic, 305 
Anti-platelet drugs, 619 
Anti-pseudomonal drugs, 463 
Anti-rickettsial drugs, 463 
Anti-staphylococcal drugs, 464 
Anti-thrombotic drugs 618 
Anti -tubercular drugs 513 
Anti-viral drugs 559 
Atorvastat in , 622 
Atropinization, 194 
Atropine feve r, 198 
Atropine poisoning 20 I 
Artesunate, 539 
Artemether, 539 
Atorvastatin, 638 
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B 
Baclofen , 356 
Balanced anesthesia, 338 
Beta lactamases, 460 
Bioavai lab ili ty, 79 
Bioequivalence, 82 
Blood-brain barrier, 78 
Blood-p lacental barrier, 77 
Booster dose 4 7 
Buspirone, 277 

C 
Carbamazepine, 323 
Catecholamines, 214 
Chemoprophylaxis, 457 
Chloramphenicol, 49 1 
Chloroquine, 533 
Clearance, 11 I 
Clindamycin, 496 
Clinical trial 44 
Clozapine, 313 
Co-analgesic, 294 
COX-2 inhibitors, 611 
Cyc loplegia, 187 
Cyc lospasm, 187 

D 
Dependence, 161 
Diazoxide, 380 
Dobutamine, 227 
Dopamine, 224 
Dopamine hypothes is 306 
DOTS, 523 
Domperidone, 674 
Drug abuse, 161 
Drug addiction, 162 
Drug allergy, 156 
Drug combination, 151 
Drug habituation, 162 
Drug hypersensitivity, 156 

E 
Ecbolics, 574 
Efficacy, 131 
Empirical therapy 45 1 
Enteric fever, 509 
Entero-hepatic recycling, 99 
Enzyme induction, IO I 

Enzyme inhibiti on, I 02 
Ephed rine, 23 I 
EPI, 775 
Epi nephrine reversal 223 
Essentia l Drug concept 761 
Essential drug list, 76 1 
Excipient, 38 
Extra-pyramidal symptoms, 312 

F 
Febri le convulsion, 326 
Fenofibrates, 640 
First-order kinetics, I 08 
First dose hypotension, 392 
First pass metabolism, 82 
Fixed dose drug combination 14 7 
Flumazenil, 272 
Formulary, 55 
Frusemide, 433 

G 
Gene therapy, 770 
Glaucoma 255 
G lycosides, 41 
Graded dose-response relationship, 
128 
Gray baby s ndrome, 492 
GTN, 401 

H 
Half life, 11 1 
Heparin, 625 
HRT730 
Hypertensive emergency, 369 
Hypersensi tivity 155 

I 
Id iosyncrasy, 159 
lncret in , 718 
Insulin, 707 
Inverse agonist, 13 5 
Iron, 642 
lsoniazide 515 
Isoprenal ine, 228 



K 
Ketamine, 346 
Ketorolac, 608 

L 
Lactul ose, 670 
Lamotrigine, 325 
Levetiracetam, 325 
Levodopa, 330 
Lipid-water partition coefficient, 76 
LMWH, 625 . 
Load ing dose 48 
Low dose aspi rin , 62 1 
Low mo lecu lar weight heparin, 625 

M 
Mannitol, 435 
MOR-TB, 524 
Mebendazole, 549 
Metformin, 716 
Metoclopramide, 674 
Metronidazoloe 545 
Minimum bacteri cidal concentration 
45 4 
Minimum inhi bitory concentration 
454 
Minimum alveolar concentration 
342 
Miotics, 259 
Misoprostol , 666 
Monoamine hypothes is, 297 
Montelukas, 699 
Morphine, 283 
Myasthenia grav is, 191 
Mydriatics, 258 

N 
Nalbu phine, 292 
Na-nitropruss ide, 3 79 
Neurotrophic hypothesis, 297 
Nitrates, 40 I 
NREM sleep, 262 

0 
Omalizumab, 700 
Ondansetron, 677 
On-off phenomenon 332 
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OPC poi soning, 192 
Orphan Drugs 167 
Over the cou nter drug, 3 5 
Oxymetazo line, 229 

p 

Paracetamol , 608 
P-drug, 743 
Partial agonist, 134 
Penicillin, 466 
Pethidine. 283 
Pharmacokinetics, 33 , 65 
Pharmacodynamics, 33 , I 16 
Pharmacopoeia, 54 
Phenobarbital, 324 
Phenylephrine, 232 
Phenytoin 321 
Placebo, 39 
Plasma protein binding 89 
Polypharmacy, 763 
Posology 46 
Post-antibioti c effect, 454 
Postural hypotension, 
Potency, 13 I 
Pre-anesthet ic medication, 3 3 6 
Prodrug, 94 
Prokinetic agents, 67 1 
Propofo l, 344 
pyrazinami de 519 

Q 
Quanta! dose-response rel at ionshi p, 
129 
Quinine 532 

R 
Ramelteon 278 
Rati onal presc ri bing, 757 
Rational u e of drugs 754 
Red istribution of drug, 87 
Restricted drug 290 
Reye's syndrome 607 
Ri fampic1n 517 

s 
Salbutamo l, 229 
Salrneterol, 23 I 
Schizophren ia, 305 

Seco nd messengers 122 
Selective distri bution, 86 
Serotonin hypothesis, 306 
Spare receptor 120 
Spi ronolac tonc, 442 
Status asthmat icus, 689 
Status epi lcpt icus 320 
Streptomycin 520 
Sucra lfate , 664 
Sulfonyl ureas 714 
Suxamethonium apnca, 208 

T 
Tachyphylaxis, 16 1 
Teratogenesis, 163 

Jnuu 

Therapeutic drug moni toring 150 
Therapeuticequivalence, 82 
Therapeutic Index, 135 
Therapeut ic window 135 
Thiazide, 436 
Thiopental-Na, 340 
Toco lytics, 
Tolerance, 
Tramadol, 290 
Tri ple therapy 662 

u 
Urinary tract in fect ion, 510 

V 
Vacci ne, 775 
Valproic acid 323 
\/ ancomycin, 480 
Verapamil, 
Volume of distr ibution, 90 

Warfar in, 628 

X 
XDR ·rs 525 
Xy!ometazoline, 229 

z 
Zero order kinetics, I 09 
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COMING SOON 
E on MICROBIOl 

• In Prof. exams of Microbiology, OSPE covers 50 ma rks out of total 300 

marks. 

• There are no g uidelines or books for taking preparation for OSPE. 

• Students usually take preparation for Written & Viva. 

• When they face the OSPE exams, they are usually qui te unprepared. And 

they usually answer from common sense and res idual knowledge. 

• As a result, OSPE marks are not usually satisfactory . This affects the 

total marks and result. 

• A good guidel ine and proper preparation wi l I make you 100% confident 

to gain h igh scores in OSPE. 

• So, Blueprint M icrobiology O PE i 
coming soon In-Sha-Allah to f ill this 
big gap in the preparation of e ams. 
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