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Instructions

• This paper contains 25 Multiple Choice Questions (Single Correct

Answer), modelled on the Pharmaceutical Chemistry portion of

GPAT entrance.

• Each correct answer carries +4 marks. There is a penalty of −1

mark for each incorrect answer. Unattempted questions carry no

marks.

• Only one option is correct per question.

• Syllabus: GPAT 2025 — Antihypertensives, Antidiabetics, Benzo-

diazepines, HPLC.

• Personal calculators, mobile phones, and electronic gadgets are

strictly prohibited. A simple on-screen calculator is provided in the

CBT interface; rough sheets are supplied at the centre.

Q1. Captopril is considered the prototype ACE inhibitor used in the man-

agement of hypertension and heart failure. Which structural feature is

primarily responsible for its ability to chelate the zinc ion at the ACE

active site?

(A) A carboxylate (−COOH) group that coordinates to zinc through elec-

trostatic interaction, similar to enalaprilat

(B) A phosphonate group with high affinity for divalent metal ions, shared

by all first-generation ACE inhibitors

(C) A sulfhydryl (−SH) group that directly chelates the catalytic zinc

atom at the ACE active site, making captopril unique among early

ACE inhibitors

(D) An imidazole ring nitrogen that provides aromatic coordination to

zinc, analogous to the histidine residue in the native enzyme
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Q2. Lisinopril differs from enalapril in a clinically important pharmacokinetic

aspect. Examine the renin–angiotensin pathway schematic below and

select the correct statement about lisinopril.

Angiotensin I Angiotensin II
ACE

⊗
Lisinopril blocks ACE

Which of the following statements about lisinopril is correct?

(A) Lisinopril is an ester prodrug that is hydrolysed to the active diacid

lisinoprilat in the liver before blocking ACE

(B) Lisinopril is itself the active diacid drug (not an ester prodrug) and

requires no bioactivation; it directly blocks ACE and prevents con-

version of angiotensin I to angiotensin II

(C) Lisinopril contains a sulfhydryl group, similar to captopril, which

chelates the zinc at the ACE active site

(D) Lisinopril acts downstream of ACE by competitively blocking the AT1

angiotensin receptor, not the ACE enzyme

Q3. Losartan was the first angiotensin receptor blocker (ARB) approved for

clinical use in hypertension. Which of the following statements correctly

describes its pharmacological and pharmacokinetic profile?

(A) Losartan is an ACE inhibitor that prevents conversion of angiotensin

I to angiotensin II by chelating the zinc at the ACE active site

(B) Losartan directly relaxes vascular smooth muscle by opening ATP-

sensitive potassium channels, independent of the renin–angiotensin

system

(C) Losartan is metabolised by hepatic glucuronidation to an inactive

conjugate EXP-3174-glucuronide that is rapidly renally excreted

(D) Losartan is metabolised by CYP2C9 to the active carboxylic acid

metabolite EXP-3174, which has approximately 10-fold greater affin-

ity for the AT1 receptor than the parent losartan
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Q4. Valsartan and losartan are both non-peptide AT1 receptor blockers but

differ structurally and in their pharmacokinetic profiles. Which of the

following correctly describes a key structural difference of valsartan com-

pared to losartan?

(A) Valsartan possesses an N-acyl amino acid (valine-derived) moiety

and retains the tetrazole group for AT1 binding, but unlike losartan

it does not form a pharmacologically active metabolite

(B) Valsartan is structurally identical to losartan except for the addition

of a chlorine substituent on the biphenyl ring; it is also converted to

EXP-3174 by CYP2C9

(C) Valsartan is a non-peptide compound with a phosphonate group re-

placing the tetrazole ring found in losartan, conferring improved oral

bioavailability

(D) Valsartan acts as an ACE inhibitor rather than an AT1 receptor blocker

and therefore does not cause the bradykinin-mediated cough seen

with losartan

Q5. Amlodipine and nifedipine belong to the 1,4-dihydropyridine (DHP) class

of calcium channel blockers widely used in hypertension. On which re-

ceptor subtype do they exert their primary antihypertensive action?

(A) T-type voltage-gated calcium channels in the sinoatrial and atrioven-

tricular nodes of cardiac conducting tissue

(B) Receptor-operated calcium channels (ROCCs) in cardiac myocytes,

activated by noradrenaline binding to α1 adrenoceptors

(C) L-type (long-lasting) voltage-gated calcium channels in vascular smooth

muscle, reducing intracellular Ca2+ and causing vasodilation

(D) N-type neuronal calcium channels in sympathetic ganglia, reducing

noradrenaline release and sympathetic tone

Q6. Calcium channel blockers are classified into three main chemical classes:

1,4-dihydropyridines (DHPs), benzothiazepines, and phenylalkylamines.
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Which agent from the phenylalkylamine class exhibits the greatest car-

diodepressant effect and is used clinically in supraventricular tachycardia

(SVT)?

(A) Amlodipine

(B) Verapamil

(C) Diltiazem

(D) Nifedipine

Q7. Propranolol is a classical β-adrenoceptor antagonist used in hyperten-

sion, angina pectoris, and cardiac arrhythmias. Which combination of

properties best characterises propranolol among the β-blockers?

(A) Selective β1-antagonist; logP ≈ −0.02; negligible hepatic first-pass

metabolism; predominantly renal excretion of unchanged drug

(B) Selective β1-antagonist; logP ≈ 3.65; extensive hepatic first-pass

metabolism; suitable for CNS indications

(C) Non-selective β1/β2-antagonist; logP ≈ −0.02; hydrophilic charac-

ter; excreted largely unchanged in urine

(D) Non-selective β1/β2-antagonist; logP ≈ 3.65; lipophilic; undergoes

extensive hepatic first-pass metabolism and penetrates the CNS read-

ily

Q8. The selectivity profile and lipophilicity of β-blockers determine their clin-

ical utility and CNS penetration. The classification table below lists four

common β-blockers with their approximate logP values.

β1-Selective Non-Selective

Metoprolol (logP ≈ 1.88) Propranolol (logP ≈ 3.65)

Atenolol (logP ≈ −0.02) Nadolol (logP ≈ −0.71)

Based on the table, which statement is correct regarding atenolol?
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(A) Atenolol is a cardioselective (β1-selective) beta-blocker with very low

lipophilicity (logP ≈ −0.02); its hydrophilic nature means it poorly

crosses the blood–brain barrier and causes fewer CNS side-effects

than propranolol

(B) Atenolol is a non-selective β1/β2 antagonist with high lipophilicity

that penetrates the CNS extensively and is used in migraine prophy-

laxis

(C) Atenolol has a logP value similar to propranolol, placing it in the

lipophilic category and making it suitable for CNS indications

(D) Atenolol blocks both β1 and β2 receptors equally, causing significant

bronchospasm in asthmatic patients at doses equivalent to metopro-

lol

Q9. Glibenclamide (glyburide) is a second-generation sulfonylurea antidia-

betic agent. What is the primary molecular mechanism by which it stim-

ulates insulin secretion from pancreatic β-cells?

(A) Activation of glucokinase enzyme in β-cells, increasing intracellular

ATP/ADP ratio and secondarily triggering calcium influx

(B) Binding to the GLP-1 receptor on β-cells, augmenting glucose-dependent

insulin secretion through cAMP-mediated pathways

(C) Binding to the SUR1 subunit of ATP-sensitive K+ (KATP) channels in

the β-cell membrane, causing channel closure → membrane depo-

larisation → voltage-gated Ca2+ channel opening → Ca2+ influx →
insulin exocytosis

(D) Inhibition of dipeptidyl peptidase-4 (DPP-4), thereby prolonging the

half-life of endogenous GLP-1 and GIP to augment incretin activity

Q10. Glipizide and glibenclamide are both second-generation sulfonylureas

used in type 2 diabetes mellitus. Which statement correctly compares

their elimination half-lives and associated clinical implication?

(A) Glibenclamide has a shorter half-life (≈4 h) than glipizide (≈10 h),

so glibenclamide requires more frequent daily dosing to maintain
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glycaemic control

(B) Glipizide has a shorter elimination half-life (≈4 h) compared to gliben-

clamide (≈10 h); therefore glibenclamide carries a greater risk of

prolonged hypoglycaemia, particularly in elderly patients

(C) Both glipizide and glibenclamide have equivalent half-lives of ap-

proximately 12 hours and are both dosed once daily at the same

time each morning

(D) Glibenclamide is excreted unchanged in the urine, whereas glip-

izide undergoes extensive hepatic CYP2C9 metabolism with no ac-

tive metabolites; this difference accounts for similar half-lives be-

tween the two agents

Q11. Metformin is the first-line oral antidiabetic agent for type 2 diabetes mel-

litus. Which statement most accurately describes its primary mechanism

of action and its risk of hypoglycaemia as monotherapy?

(A) Metformin stimulates pancreatic β-cells to secrete insulin by closing

KATP channels, similar to sulfonylureas, and therefore carries a sig-

nificant hypoglycaemia risk

(B) Metformin acts as a PPARγ agonist, improving insulin sensitivity by

upregulating GLUT4 in adipose tissue and skeletal muscle

(C) Metformin inhibits the DPP-4 enzyme, prolonging the half-life of en-

dogenous GLP-1 and augmenting glucose-dependent insulin secre-

tion

(D) Metformin activates AMP-activated protein kinase (AMPK) in hep-

atocytes, leading to inhibition of hepatic gluconeogenesis and de-

creased hepatic glucose output; it does not stimulate insulin se-

cretion and therefore does not cause hypoglycaemia when used as

monotherapy

Q12. Pioglitazone is a thiazolidinedione (TZD) antidiabetic agent. The schematic

below represents its nuclear receptor mechanism of action. Study the di-

agram and select the correct interpretation.
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Pioglitazone PPARγ/RXR dimer PPRE (DNA) Gene expression ↑

GLUT4 ↑ / Insulin sensitivity ↑

binds activates

Which statement correctly describes pioglitazone’s mechanism based on

the schematic?

(A) Pioglitazone acts as a PPARγ agonist; it binds PPARγ causing it to

heterodimerize with RXR, the complex then binds PPRE sequences

on target genes to upregulate GLUT4 and other insulin-sensitising

proteins in adipose tissue, liver and skeletal muscle

(B) Pioglitazone stimulates insulin secretion from pancreatic β-cells by

closing KATP channels, increasing intracellular calcium, and trigger-

ing insulin exocytosis

(C) Pioglitazone inhibits hepatic gluconeogenesis by activating AMPK,

with a mechanism of action essentially identical to that of metformin

(D) Pioglitazone selectively agonises PPARα receptors in hepatic peroxi-

somes, primarily reducing triglyceride synthesis rather than improv-

ing peripheral insulin sensitivity

Q13. Sitagliptin belongs to the DPP-4 inhibitor (gliptin) class of antidiabetic

drugs. Which mechanism of action correctly explains how sitagliptin

lowers postprandial blood glucose without causing hypoglycaemia as

monotherapy?

(A) Sitagliptin directly activates GLP-1 receptors on pancreatic β-cells,

stimulating insulin release independently of blood glucose concen-

tration

(B) Sitagliptin inhibits sodium-glucose cotransporter-2 (SGLT-2) in the

renal proximal tubule, reducing glucose reabsorption and increasing

urinary glucose excretion

(C) Sitagliptin competitively inhibits the DPP-4 enzyme, preventing rapid

degradation of endogenous GLP-1 and GIP, thereby prolonging their
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incretin effect and enhancing glucose-dependent insulin secretion

(D) Sitagliptin is a PPARγ/PPARα dual agonist that improves insulin sen-

sitivity in adipose and hepatic tissue while simultaneously lowering

triglycerides

Q14. Exenatide is a GLP-1 receptor agonist used as adjunct therapy in type 2

diabetes mellitus. Which of the following statements correctly describes

its origin, route of administration, and effect on body weight?

(A) Exenatide is a synthetic analogue of human GLP-1, administered as

an oral tablet; its extended half-life of 24 hours allows once-daily

dosing without weight change

(B) Exenatide is derived from exendin-4, a peptide originally isolated

from the saliva of the Gila monster (Heloderma suspectum); it is ad-

ministered by subcutaneous injection and promotes glucose-dependent

insulin secretion while typically producing weight loss or weight

neutrality

(C) Exenatide acts by inhibiting DPP-4, thereby preventing degradation

of endogenous GLP-1 and GIP rather than directly activating the GLP-

1 receptor

(D) Exenatide is a first-generation sulfonylurea analogue that closes KATP

channels in a glucose-independent manner, carrying a significant risk

of hypoglycaemia

Q15. Diazepam is a classical 1,4-benzodiazepine with anxiolytic, sedative, muscle-

relaxant, and anticonvulsant properties. Which statement most accu-

rately describes its molecular mechanism of action and the drug used to

reverse its effects?

(A) Diazepam is a competitive agonist at GABA-B (metabotropic) recep-

tors, increasing K+ conductance and producing neuronal hyperpo-

larisation; its overdose is reversed by naloxone

(B) Diazepam blocks voltage-gated Na+ channels in a use-dependent

manner, stabilising neuronal membranes and suppressing repetitive
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firing; its effects are reversed by physostigmine

(C) Diazepam is a direct (orthosteric) agonist at the GABA binding site

of GABA-A receptors, opening Cl− channels independently of GABA

and increasing the duration of channel opening; flumazenil reverses

overdose

(D) Diazepam acts as a positive allosteric modulator at the benzodi-

azepine site of GABA-A receptors, increasing the frequency of Cl−

channel opening in the presence of GABA; flumazenil, a benzodi-

azepine receptor antagonist, is used to reverse diazepam-induced

sedation in overdose

Q16. Reversed-phase HPLC (RP-HPLC) is the most widely used mode of HPLC

in pharmaceutical analysis. Which statement best describes the station-

ary and mobile phases used, and the elution order of analytes?

(A) RP-HPLC employs a non-polar stationary phase (e.g., C18-bonded sil-

ica) and a polar aqueous–organic mobile phase; separation is based

on hydrophobicity, with non-polar analytes having greater affinity

for the stationary phase and eluting last

(B) RP-HPLC employs a polar stationary phase (bare silica) and a non-

polar organic mobile phase (e.g., hexane); polar analytes are re-

tained longer, consistent with normal-phase HPLC principles

(C) RP-HPLC uses a charged stationary phase with an ion-pairing reagent

dissolved in the mobile phase; it is exclusively suitable for strongly

ionised compounds such as quaternary ammonium salts

(D) RP-HPLC uses a cross-linked dextran (Sephadex) gel that separates

analytes purely by molecular size, with larger molecules eluting first

at the void volume

Q17. Column efficiency in HPLC is quantified by the number of theoretical

plates N , which reflects the sharpness and narrowness of chromato-

graphic peaks. Which formula correctly defines N in terms of the reten-

tion time tR and the peak width at baseline w (measured at the points
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where the tangents to the peak sides intersect the baseline)?

(A) N = 8 ln 2

(
tR
σ

)2

, where σ is the standard deviation of the Gaussian

peak profile; 8 ln 2 ≈ 5.545

(B) N = 5.545 × tR
w1/2

(not squared), where w1/2 is peak width at half-

height; a higher N denotes a more efficient column

(C) N = 16

(
tR
w

)2

, where w is the peak width at baseline; a higher N

value indicates greater column efficiency and sharper, more symmet-

ric peaks

(D) N =
2(tR2 − tR1)

w1 + w2
, which quantifies the resolution Rs between two

adjacent peaks rather than the efficiency of a single peak

Q18. The van Deemter equation describes the relationship between plate height

H and linear mobile-phase velocity u in chromatographic columns. The

plot below shows the three component terms and the resulting U-shaped

H vs. u curve.

u (cm/s)

H (cm)

Hmin at uopt

A
B/u

Cu

0 2 4 6

In the van Deemter equation H = A +
B

u
+ Cu, what does the B term

represent and under what condition is plate height H minimised?

(A) The B term represents eddy diffusion (multiple flow path lengths,

the A term); H is minimised at the maximum achievable mobile-

phase flow rate to reduce longitudinal diffusion
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(B) The B term represents longitudinal (axial) diffusion of analyte along

the column axis; H is minimised at the optimal flow rate uopt =√
B/C, corresponding to the minimum of the U-shaped van Deemter

curve

(C) The B term represents the mass-transfer resistance between the sta-

tionary and mobile phases (the C term); H is minimised when mobile-

phase velocity approaches zero, eliminating mass-transfer band broad-

ening

(D) The B term represents the stationary-phase diffusion coefficient; H

is minimised only by increasing column temperature, which is inde-

pendent of mobile-phase flow rate

Q19. Resolution (Rs) is the key parameter used to assess the separation be-

tween two adjacent chromatographic peaks. Which expression is correct

and what value of Rs indicates baseline resolution?

(A) Rs =
tR2 − tR1

w2
; Rs ≥ 1.0 is considered complete baseline resolution

in HPLC

(B) Rs =
2(tR2 − tR1)

w1 + w2
; Rs ≥ 1.0 is considered adequate separation but

peaks may still partially overlap at the baseline

(C) Rs =
(tR2 − tR1)√

w1 · w2
; Rs ≥ 2.0 is required for baseline resolution in all

pharmacopoeial HPLC assays

(D) Rs =
2(tR2 − tR1)

w1 + w2
; Rs ≥ 1.5 is considered baseline resolution in

HPLC, ensuring that peaks are separated to at least 99.7% of the

total peak area

Q20. The capacity factor (retention factor) k′ is a dimensionless parameter

that measures analyte retention in HPLC relative to the column dead

time. Which formula correctly defines k′ and what is the recommended

range for an acceptable HPLC separation?

(A) k′ =
tR − t0

t0
, where tR is retention time and t0 is the dead time

(column void volume time); k′ values of 2–10 are considered optimal
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for well-resolved separations

(B) k′ =
tR
t0

; k′ values of 0.5–5 are recommended, and k′ = 1 indicates

the analyte spends equal time in both phases

(C) k′ =
t0

tR − t0
; a lower numerical value of k′ indicates stronger reten-

tion of the analyte on the stationary phase

(D) k′ = 16

(
tR
w

)2

; higher k′ values indicate greater column efficiency

and are used to calculate the number of theoretical plates

Q21. In HPLC method development for complex pharmaceutical samples, gra-

dient elution is often preferred over isocratic conditions. Which state-

ment best describes gradient elution and its primary advantage?

(A) Gradient elution maintains a constant mobile phase composition (fixed

ratio of organic solvent to aqueous buffer) throughout the chromato-

graphic run; it is the method of choice for routine stability-indicating

assays requiring high reproducibility

(B) Gradient elution involves a programmed stepwise increase in col-

umn oven temperature during the run; elevated temperature accel-

erates mass transfer and reduces peak widths for late-eluting com-

pounds

(C) Gradient elution progressively increases the organic modifier (less

polar) proportion of the mobile phase over the course of the run,

thereby reducing the retention of strongly retained analytes and im-

proving both resolution and peak shape of late-eluting components

(D) Gradient elution employs two stationary phases of increasing polar-

ity connected in series (coupled columns); it is used exclusively in

normal-phase HPLC for the separation of lipophilic drug impurities

Q22. Ion-exchange HPLC is a mode of liquid chromatography based on elec-

trostatic interactions. The chromatogram below shows a representative

two-peak separation with dead time t0, retention times tR1 and tR2, and

baseline peak widths w1 and w2.
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Time

Signal

t0 tR1
w1

tR2
w2

Peak 1
Peak 2

Based on the chromatogram and the principles of ion-exchange HPLC,

which statement is most appropriate?

(A) Ion-exchange HPLC separates analytes exclusively based on differ-

ences in molecular size; larger ions are excluded from the pores of

the gel matrix and elute first at the void volume

(B) Ion-exchange HPLC utilises ionic (electrostatic) interactions between

charged analytes and a charged stationary phase; it is particularly

suited to amino acids, nucleotides, and proteins, with elution order

governed by the charge density and sign of the analyte

(C) Ion-exchange HPLC uses a C18 bonded stationary phase with an aque-

ous mobile phase; separation is driven primarily by hydrophobic in-

teractions, identical to reversed-phase HPLC

(D) Ion-exchange HPLC requires a non-polar mobile phase and polar

stationary phase, making it functionally equivalent to normal-phase

HPLC; it is used for separating non-ionisable lipophilic pharmaceu-

ticals

Q23. Size-exclusion chromatography (SEC), also called gel filtration or gel

permeation chromatography, is a mode of HPLC used in the character-

isation of peptides, proteins, and polymers. Which statement correctly

describes the molecular basis of separation and elution order in SEC?

(A) In SEC, smaller molecules elute first because they possess stronger

van der Waals interactions with the internal surface of the porous

stationary phase, causing greater retention
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(B) In SEC, analytes are separated according to their polarity; the most

non-polar molecules partition favourably into the organic-modified

stationary phase and therefore elute last

(C) In SEC, separation is governed by ionic interactions between the an-

alyte and the charged stationary-phase matrix; analytes of opposite

charge are retained longest and require high-salt mobile phases for

elution

(D) In SEC, larger molecules that exceed the pore size of the station-

ary phase cannot enter the pores and elute first at the void volume,

while smaller molecules diffuse into pores and are retained longer;

ideally there is no enthalpic interaction between analyte and station-

ary phase

Q24. The UV photodiode array detector (DAD, also called PDA detector) is the

most commonly used detector in pharmaceutical HPLC. Which feature

uniquely distinguishes a DAD from a conventional single-wavelength

variable-wavelength UV detector in terms of information content?

(A) A DAD simultaneously acquires the full UV–visible spectrum (typi-

cally 190–800 nm) at every point across the chromatographic peak;

this enables peak purity assessment and spectral confirmation of an-

alyte identity at each retention time

(B) A DAD operates at a single fixed wavelength selected at instrument

setup; its fixed-wavelength design provides significantly higher signal-

to-noise ratio than a variable-wavelength detector across all analytes

(C) A DAD measures fluorescence emission intensity after excitation with

UV radiation; it offers extremely high sensitivity but is applicable

only to naturally fluorescent compounds such as polycyclic aromatic

hydrocarbons

(D) A DAD operates on the principle of differential refractometry, mea-

suring changes in the refractive index of the mobile phase caused by

dissolved analyte; it is used as a universal detector when analytes

lack UV chromophores
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Q25. USP general chapter ⟨621⟩ specifies system suitability parameters that

must be verified before performing an HPLC assay on unknown samples,

to confirm the chromatographic system is performing within acceptable

limits. Which set of criteria is consistent with USP requirements for a

typical pharmaceutical assay method?

(A) Tailing factor T ≤ 3.0; number of theoretical plates N ≥ 1000; rela-

tive standard deviation (RSD) of peak area ≤ 5.0% for six replicate

injections of the reference standard

(B) Tailing factor T ≤ 2.0; N ≥ 1500 theoretical plates; RSD ≤ 5.0% for

peak area over six injections of the system suitability standard

(C) Tailing factor T ≤ 2.0; N ≥ 2000 theoretical plates; RSD ≤ 2.0% for

peak area repeatability from a minimum of five to six injections of

the reference standard, as specified in USP ⟨621⟩

(D) Tailing factor T ≤ 1.5; N ≥ 5000 theoretical plates; RSD ≤ 1.0% for

peak area from three injections, consistent with ICH Q2(R1) preci-

sion requirements for all HPLC assay methods
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Detailed Solutions

Q1.

Solution
Concept — ACE Inhibitor Structure–Activity Relationship: Angiotensin-
converting enzyme (ACE) is a zinc metallopeptidase. Different ACE inhibitors
coordinate to the active-site zinc via different pharmacophoric groups: sulfhydryl
(–SH), carboxylate (–COOH), or phosphonate (–PO3H2). The nature of the zinc-
binding group determines potency, duration, and adverse-effect profile.

Step 1 — Identify captopril’s zinc-binding group: Captopril (designed by On-
detti and Cushman, 1977) was the first ACE inhibitor. Its key innovation was in-
corporation of a sulfhydryl (–SH) group on the proline analogue scaffold. The –SH
sulfur atom directly coordinates to the zinc ion at the ACE active site, accounting
for captopril’s high potency and relatively rapid onset.

Step 2 — Distinguish from other zinc-binding groups: Enalaprilat and lisinopril
use a carboxylate group (option A) for zinc chelation. Fosinopril uses a phospho-
nate group (option B). No clinically approved ACE inhibitor uses an imidazole ring
(option D) for zinc coordination.

Why other options are wrong:

• Option A: Carboxylate coordination is the mechanism of the diacid ACE in-
hibitors (enalaprilat, lisinoprilat), not captopril.

• Option B: The phosphonate group is found in fosinopril, not in captopril.
• Option D: Imidazole-zinc coordination is the strategy used in histidine-

containing peptides and certain metalloprotease inhibitors; not found in ap-
proved ACE inhibitors.

Final Answer: Captopril contains a sulfhydryl (–SH) group that chelates zinc at
the ACE active site ⇒ C

Answer: (C) Go Back to Q1
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Q2.

Solution
Concept — ACE Inhibitor Prodrug vs Active Drug: Many ACE inhibitors
(enalapril, ramipril, perindopril) are ester prodrugs that require hepatic ester hy-
drolysis to generate the active diacid. Lisinopril is one of only two ACE inhibitors
(along with captopril) that is itself the active form, requiring no bioactivation step.

Step 1 — Lisinopril’s pharmacokinetic class: Lisinopril is a lysine analogue of
enalaprilat. It is a diacid compound (active drug) that does not require hydrolysis
for activation. It is absorbed directly from the GI tract as the pharmacologically
active entity and blocks ACE as depicted in the TikZ schematic – the ⊗ symbol
indicates that lisinopril inhibits ACE, preventing conversion of angiotensin I to the
vasoconstrictor angiotensin II.

Step 2 — Clinical implications: Because lisinopril requires no hepatic bioacti-
vation, its onset of action is not dependent on hepatic ester-hydrolase activity.
Patients with hepatic impairment therefore do not lose efficacy, unlike prodrug
ACE inhibitors such as enalapril.

Why other options are wrong:

• Option A: Lisinopril is NOT an ester prodrug. Enalapril is the prodrug (of
enalaprilat). Lisinopril is itself the active diacid.

• Option C: Lisinopril does NOT contain a sulfhydryl group; that is captopril’s
distinguishing feature. Lisinopril coordinates to zinc via a carboxylate group.

• Option D: Lisinopril blocks ACE (not the AT1 receptor). ARBs such as losar-
tan block the AT1 receptor.

Final Answer: Lisinopril is an active diacid (no prodrug activation needed) that
directly inhibits ACE, blocking the conversion of angiotensin I to angiotensin II ⇒
B

Answer: (B) Go Back to Q2
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Q3.

Solution
Concept — Losartan Pharmacology and Active Metabolite: Losartan (Cozaar®)
was the first non-peptide AT1 angiotensin receptor blocker (ARB) approved
(1995). Unlike ACE inhibitors, ARBs block the renin–angiotensin system at the
receptor level (AT1) rather than at the enzyme level, making them useful when
ACE inhibitor cough is a problem.

Step 1 — Mechanism of action: Losartan selectively blocks the AT1 receptor sub-
type, preventing angiotensin II from exerting its vasoconstrictive and aldosterone-
releasing effects. It does NOT inhibit ACE, does NOT open KATP channels, and does
NOT affect bradykinin metabolism.

Step 2 — Active metabolite EXP-3174: Losartan undergoes CYP2C9-mediated
oxidation of its chloromethyl imidazole group to produce EXP-3174, a carboxylic
acid. EXP-3174 has approximately 10–40 times greater AT1 affinity and a longer
half-life (≈6–9 h) than the parent losartan (≈2 h), contributing substantially to
the overall antihypertensive effect.

Why other options are wrong:

• Option A: Losartan is an ARB, not an ACE inhibitor; it does not inhibit the
conversion of angiotensin I to angiotensin II.

• Option B: Losartan does not open ATP-sensitive K+ channels; that mechanism
belongs to KATP channel openers (e.g., minoxidil, nicorandil).

• Option C: EXP-3174 is the pharmacologically active carboxylic acid metabo-
lite, not an inactive sulfate conjugate.

Final Answer: Losartan is metabolised by CYP2C9 to the active metabolite EXP-
3174, which has 10-fold greater AT1-receptor affinity and is largely responsible
for the antihypertensive effect ⇒ D

Answer: (D) Go Back to Q3
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Q4.

Solution
Concept — ARB Structural Diversity (Losartan vs Valsartan): While all ARBs
share a biphenyl-tetrazole or biphenyl-carboxylate scaffold that mimics the an-
giotensin II peptide, the ancillary groups attached to the nitrogen of the imidazole
(losartan) or replaced entirely (valsartan) differ significantly, affecting potency,
selectivity, and metabolism.

Step 1 — Losartan structure: Losartan contains a chloro-substituted methylim-
idazole linked to a biphenyl-tetrazole core. The tetrazole is the pharmacophoric
group that mimics the carboxylate of angiotensin II at the AT1 receptor. CYP2C9
oxidises the chloromethyl group to a carboxylate, producing EXP-3174.

Step 2 — Valsartan structure: Valsartan replaces the imidazole ring of losar-
tan with an N-acyl valine (amino acid) moiety. It retains the biphenyl-tetrazole
pharmacophore for AT1 binding. Crucially, the lack of an oxidisable chloromethyl
group means valsartan does NOT produce an active metabolite comparable to
EXP-3174.

Why other options are wrong:

• Option B: EXP-3174 is the active metabolite of LOSARTAN, not valsartan.
Valsartan has no comparable active metabolite.

• Option C: Neither valsartan nor losartan is an ACE inhibitor; both act at the
AT1 receptor.

• Option D: Valsartan retains the tetrazole group (it does NOT replace it with
a phosphonate). The N-acyl amino acid moiety is an addition, not a replace-
ment of tetrazole.

Final Answer: Valsartan features an N-acyl valine moiety and retains the tetrazole
group; unlike losartan, it does not generate a pharmacologically active metabolite
⇒ A

Answer: (A) Go Back to Q4
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Q5.

Solution
Concept — Dihydropyridine Calcium Channel Blockers and L-Type Channels:
Voltage-gated calcium channels are classified into L (long-lasting), T (transient),
N (neuronal), P/Q, and R subtypes based on biophysical properties. L-type chan-
nels are the predominant calcium entry pathway in vascular smooth muscle and
cardiac myocytes. Dihydropyridines selectively target the α1 subunit of L-type
channels.

Step 1 — DHP selectivity for vascular L-type channels: Amlodipine and nifedip-
ine bind to the DHP receptor site on the α1 (CaV1.2) subunit of L-type calcium
channels, causing channel blockade. In vascular smooth muscle, this reduces in-
tracellular Ca2+, decreasing myosin light chain kinase activation, reducing vascu-
lar tone, and lowering blood pressure.

Step 2 — Vascular vs cardiac selectivity: DHPs preferentially act on vascular
L-type channels over cardiac L-type channels (due to voltage-dependent binding).
This explains their use in hypertension with minimal negative inotropy. Non-
DHP agents (verapamil, diltiazem) also block cardiac L-type channels, causing
cardiodepression.

Why other options are wrong:

• Option A: T-type channels in SA/AV nodal tissue are targeted by mibefradil
(withdrawn) and some anti-arrhythmic strategies; DHPs act on L-type, not
T-type channels.

• Option B: Receptor-operated calcium channels (ROCCs) are distinct from
voltage-gated channels and are not the primary target of DHPs.

• Option D: N-type neuronal calcium channels are targets for ziconotide (pain)
and some anticonvulsants; not the antihypertensive target of DHPs.

Final Answer: Dihydropyridines (amlodipine, nifedipine) act on L-type voltage-
gated calcium channels in vascular smooth muscle to produce vasodilation and
lower blood pressure ⇒ C

Answer: (C) Go Back to Q5
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Q6.

Solution
Concept — Classification of Calcium Channel Blockers: The three chemical
classes of CCBs have distinct tissue selectivities: dihydropyridines (amlodipine,
nifedipine, felodipine) are predominantly vasculoselective; benzothiazepines (dil-
tiazem) have intermediate cardiac/vascular selectivity; phenylalkylamines (vera-
pamil) have the greatest cardiac selectivity, with prominent effects on SA and AV
nodal tissue.

Step 1 — Phenylalkylamine class: Verapamil is the prototypical phenylalky-
lamine CCB. Its structure resembles a phenethylamine derivative. It blocks L-type
calcium channels in cardiac nodal tissue more than in vascular smooth muscle,
producing negative chronotropy (reduces heart rate) and negative dromotropy
(slows AV conduction), making it highly effective for supraventricular tachycardia
(SVT) and atrial fibrillation rate control.

Step 2 — Why greatest cardiodepressant effect: Verapamil’s high lipophilicity
and intracellular access allow it to bind the inner pore of the L-type channel in
the inactivated state, making it particularly effective at higher heart rates (use-
dependent block). This accounts for its greatest cardiodepressant effect among
CCBs.

Why other options are wrong:

• Option A: Amlodipine is a long-acting DHP with almost exclusively vascular
selectivity; minimal cardiac depression.

• Option C: Diltiazem (benzothiazepine) has moderate cardiodepressant ef-
fects but less than verapamil; used in rate control but less potent than vera-
pamil for SVT.

• Option D: Nifedipine is a DHP with reflex tachycardia due to vasodilation;
no direct cardiac depression at therapeutic doses.

Final Answer: Verapamil, the phenylalkylamine CCB, has the greatest cardiode-
pressant effect and is used in SVT ⇒ B

Answer: (B) Go Back to Q6
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Q7.

Solution
Concept — Propranolol: Selectivity and Physicochemical Properties: β-
Blockers are classified by receptor selectivity (selective β1 vs non-selective),
lipophilicity (logP ), and ancillary properties (ISA, MSA). LogP determines CNS
penetration, route of elimination, and metabolism. Lipophilic β-blockers undergo
extensive hepatic first-pass metabolism and CNS penetration; hydrophilic agents
are renally excreted with minimal CNS effects.

Step 1 — Propranolol’s receptor selectivity: Propranolol is a non-selective β-
adrenoceptor antagonist, blocking both β1 (cardiac) and β2 (bronchial, vascular,
uterine) receptors with equal affinity. This non-selectivity makes it contraindicated
in asthma and COPD (risk of bronchospasm).

Step 2 — Propranolol’s lipophilicity and metabolism: Propranolol has a high
logP (≈3.65), making it highly lipophilic. Consequently, it: (i) undergoes exten-
sive hepatic first-pass metabolism (oral bioavailability ≈25–30%); (ii) penetrates
the blood–brain barrier readily, enabling use in migraine prophylaxis and essential
tremor; (iii) is not excreted unchanged renally.

Why other options are wrong:

• Option A: logP ≈ −0.02 belongs to atenolol (a hydrophilic, β1-selective
agent); also, atenolol does NOT undergo extensive hepatic first-pass
metabolism.

• Option B: Propranolol is non-selective, not selective β1. The logP value is
correct but selectivity is wrong.

• Option C: logP ≈ −0.02 and renal excretion unchanged are properties of
atenolol, not propranolol; selectivity is also wrong for propranolol.

Final Answer: Propranolol is a non-selective β1/β2 antagonist with logP ≈ 3.65,
undergoing extensive hepatic first-pass metabolism ⇒ D

Answer: (D) Go Back to Q7
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Q8.

Solution
Concept — β1-Selective β-Blockers and Lipophilicity: Cardioselective β1-
selective β-blockers (metoprolol, atenolol, bisoprolol) preferentially block β1 re-
ceptors in the heart while sparing β2 receptors in the bronchi and peripheral vascu-
lature. LogP determines CNS penetration: highly lipophilic agents (propranolol)
cross the BBB readily; hydrophilic agents (atenolol) do not.

Step 1 — Atenolol’s selectivity from the table: The TikZ table places atenolol
in the β1-Selective column. This means atenolol selectively blocks β1 (cardiac)
receptors without significant β2 blockade at therapeutic doses, reducing the risk
of bronchospasm compared to non-selective agents.

Step 2 — Atenolol’s lipophilicity and CNS penetration: Atenolol’s logP ≈
−0.02 indicates it is hydrophilic. Hydrophilic drugs are: (i) poorly absorbed across
lipid membranes including the BBB; (ii) excreted largely unchanged by the kid-
neys; (iii) associated with fewer CNS side-effects (nightmares, depression) com-
pared to lipophilic agents (propranolol, metoprolol).

Why other options are wrong:

• Option B: Atenolol IS β1-selective (shown in the blue column of the table);
it is hydrophilic, NOT lipophilic; it does NOT penetrate the CNS extensively.

• Option C: Atenolol’s logP ≈ −0.02 is the opposite of propranolol’s logP ≈
3.65; they cannot be grouped in the same lipophilicity category.

• Option D: Atenolol is β1-selective; it causes significantly less bronchospasm
than propranolol at equivalent therapeutic doses.

Final Answer: Atenolol is a cardioselective (β1-selective) β-blocker; its very low
logP (≈ −0.02) makes it hydrophilic, with poor CNS penetration and fewer CNS
side-effects ⇒ A

Answer: (A) Go Back to Q8
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Q9.

Solution
Concept — Sulfonylurea Mechanism (KATP Channel Closure): Pancreatic β-cells
express ATP-sensitive K+ channels composed of Kir6.2 and SUR1 subunits. Under
resting conditions (low glucose), KATP channels are open, keeping the membrane
hyperpolarised. When blood glucose rises, intracellular ATP increases, closing
KATP channels. Sulfonylureas mimic this by binding the SUR1 subunit, closing KATP

channels regardless of glucose level.

Step 1 — Glibenclamide mechanism: Glibenclamide (a second-generation sul-
fonylurea) binds with high affinity to the SUR1 subunit of the KATP channel, caus-
ing channel closure. This leads to membrane depolarisation, opening of voltage-
gated Ca2+ channels, Ca2+ influx, and exocytosis of insulin-containing secretory
granules.

Step 2 — Second generation vs first generation: Second-generation sulfony-
lureas (glibenclamide, glipizide, glimepiride) are 100-times more potent than
first-generation agents (tolbutamide, chlorpropamide) due to higher SUR1 affin-
ity. Glibenclamide also has an active hydroxy-metabolite contributing to prolonged
action.

Why other options are wrong:

• Option A: Glucokinase activation is the mechanism of glucokinase activators
(e.g., dorzagliatin); not the mechanism of sulfonylureas.

• Option B: GLP-1 receptor binding is the mechanism of exenatide and liraglu-
tide (GLP-1 agonists); not sulfonylureas.

• Option D: DPP-4 inhibition is the mechanism of sitagliptin and other gliptins;
not sulfonylureas.

Final Answer: Glibenclamide closes ATP-sensitive K+ (KATP) channels in pancre-
atic β-cells by binding SUR1, causing depolarisation, Ca2+ influx, and insulin re-
lease ⇒ C

Answer: (C) Go Back to Q9
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Q10.

Solution
Concept — Pharmacokinetic Comparison of Second-Generation Sulfony-
lureas: Glipizide and glibenclamide differ in half-life and metabolite activity,
which has direct clinical implications for hypoglycaemia risk and dosing frequency.
Shorter half-life generally means less hypoglycaemia risk, particularly important
in elderly patients and those with renal impairment.

Step 1 — Half-life comparison: Glipizide has a relatively short elimination half-
life of approximately 4 hours; it produces inactive metabolites and does not accu-
mulate significantly. Glibenclamide (glyburide) has a longer half-life of approxi-
mately 10 hours and produces an active hydroxy-metabolite, meaning its pharma-
cological action persists longer than the parent drug half-life suggests.

Step 2 — Clinical implication: The longer effective duration of glibenclamide
translates to a higher risk of prolonged or recurrent hypoglycaemia, especially in
elderly patients and those with renal insufficiency. Glipizide is therefore preferred
in geriatric populations and in patients with mild renal impairment.

Why other options are wrong:

• Option A: This reverses the actual half-lives; glipizide has the shorter (≈4 h)
and glibenclamide the longer (≈10 h) half-life.

• Option C: Neither agent has a 12-hour half-life; once-daily dosing of gliben-
clamide is feasible due to long action but its half-life is ≈10 h, not 12 h.

• Option D: Glibenclamide is NOT excreted unchanged; it is hepatically
metabolised. Both drugs undergo hepatic metabolism.

Final Answer: Glipizide has a shorter half-life (≈4 h) versus glibenclamide (≈10
h), conferring a lower risk of prolonged hypoglycaemia ⇒ B

Answer: (B) Go Back to Q10

Q11.

Solution
Concept — Metformin’s AMPK-Mediated Mechanism: Metformin is the proto-
typical biguanide antidiabetic drug. It does not stimulate insulin secretion (hence
no hypoglycaemia as monotherapy). Its primary target is hepatic glucose pro-
duction. The molecular mechanism involves activation of AMP-activated protein
kinase (AMPK), which then phosphorylates and inhibits key gluconeogenic en-
zymes.
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Step 1 — AMPK activation by metformin: Metformin inhibits complex I of the
mitochondrial respiratory chain, reducing ATP production and raising the intra-
cellular AMP:ATP ratio. This activates AMPK. Activated AMPK phosphorylates and
inhibits acetyl-CoA carboxylase and TORC2 (a transcriptional coactivator), ulti-
mately suppressing expression of gluconeogenic genes (PEPCK, G6Pase) in the
liver.

Step 2 — Absence of insulin secretagogue effect: Since metformin does not
affect pancreatic β-cells or KATP channels, it does not directly stimulate insulin
release. Plasma insulin levels may actually remain unchanged or decrease. This
absence of insulin secretagogue activity is the key reason metformin does NOT
cause hypoglycaemia when used as monotherapy.

Why other options are wrong:

• Option A: KATP channel closure is the mechanism of sulfonylureas. Metformin
has no effect on KATP channels.

• Option B: PPARγ agonism is the mechanism of thiazolidinediones (pioglita-
zone, rosiglitazone), not metformin.

• Option C: DPP-4 inhibition is the mechanism of sitagliptin and other gliptins;
not metformin.

Final Answer: Metformin activates AMPK, suppressing hepatic gluconeogenesis;
it does not stimulate insulin secretion and therefore causes no hypoglycaemia as
monotherapy ⇒ D

Answer: (D) Go Back to Q11

Q12.

Solution
Concept — TZD/PPARγ Nuclear Receptor Mechanism: Peroxisome proliferator-
activated receptor gamma (PPARγ) is a nuclear receptor (ligand-activated tran-
scription factor) expressed primarily in adipose tissue, liver, and muscle. When
activated, it forms a heterodimer with retinoid X receptor (RXR) and binds PPAR
response elements (PPRE) in gene promoters, upregulating genes involved in fatty
acid storage and insulin signalling.

Step 1 — Pioglitazone as PPARγ agonist: Pioglitazone (and the now-withdrawn
rosiglitazone) is a full agonist at PPARγ. As shown in the TikZ schematic: pioglita-
zone binds PPARγ → PPARγ/RXR heterodimer forms → binds PPRE on target gene
DNA → transcriptional activation → upregulation of GLUT4 and other proteins
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that improve insulin sensitivity in adipose, hepatic, and skeletal muscle tissue.

Step 2 — Tissue distribution of effect: The improvement in insulin sensitivity is
seen at all major insulin-responsive tissues. GLUT4 upregulation increases glucose
uptake into adipocytes and myocytes. Additionally, pioglitazone has some PPARα
activity, contributing to its beneficial lipid effects (reduces TG, raises HDL), but its
primary mechanism is via PPARγ.

Why other options are wrong:

• Option B: KATP channel closure is the mechanism of sulfonylureas, not piogli-
tazone; pioglitazone does not affect β-cell KATP channels.

• Option C: AMPK activation and suppression of hepatic gluconeogenesis is
metformin’s mechanism; pioglitazone’s mechanism is PPARγ nuclear recep-
tor activation.

• Option D: Pioglitazone does have some PPARα activity (unlike rosiglita-
zone), but its PRIMARY and defining mechanism is PPARγ agonism, not
PPARα-selective action.

Final Answer: Pioglitazone is a PPARγ agonist; the PPARγ/RXR heterodimer
binds PPRE to upregulate GLUT4 and improve insulin sensitivity in adipose, liver,
and muscle ⇒ A

Answer: (A) Go Back to Q12

Q13.

Solution
Concept — DPP-4 Inhibitors and the Incretin Effect: Glucagon-like peptide-
1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are incretins
secreted postprandially from intestinal L- and K-cells respectively. They stimulate
insulin secretion in a glucose-dependent manner (the “incretin effect”) and are
rapidly degraded by the DPP-4 enzyme (half-life <2 min). DPP-4 inhibitors block
this degradation, prolonging incretin action.

Step 1 — Sitagliptin mechanism: Sitagliptin competitively inhibits DPP-4, a ser-
ine protease. This prevents cleavage of GLP-1 and GIP at their N-terminal position,
extending their plasma half-lives from <2 minutes to >10 minutes. Prolonged
GLP-1/GIP activity enhances glucose-dependent insulin secretion and suppresses
glucagon release.

Step 2 — Glucose-dependence and hypoglycaemia risk: The key phrase is
“glucose-dependent.” At normal or low blood glucose, incretin-mediated insulin
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secretion is minimal, so sitagliptin monotherapy does NOT cause hypoglycaemia.
This distinguishes gliptins from sulfonylureas.

Why other options are wrong:

• Option A: Direct GLP-1 receptor activation is the mechanism of GLP-1 recep-
tor agonists (exenatide, liraglutide), not sitagliptin, which acts indirectly via
DPP-4 inhibition.

• Option B: SGLT-2 inhibition is the mechanism of gliflozins (empagliflozin,
dapagliflozin); not sitagliptin.

• Option D: PPARγ/PPARα dual agonism is seen with pioglitazone; sitagliptin
has no nuclear receptor activity.

Final Answer: Sitagliptin inhibits DPP-4, prolonging endogenous GLP-1 and GIP
half-lives and enhancing glucose-dependent insulin secretion (incretin effect) ⇒
C

Answer: (C) Go Back to Q13

Q14.

Solution
Concept — GLP-1 Receptor Agonists and Exendin-4: Exenatide is a synthetic
version of exendin-4, a 39-amino-acid peptide discovered in the saliva of the
Gila monster (Heloderma suspectum). Unlike human GLP-1 (≈50% homology),
exendin-4 resists DPP-4 degradation, giving it a half-life suitable for twice-daily
subcutaneous injection (Byetta®) or once-weekly (Bydureon®).

Step 1 — Exenatide origin and route: Exenatide is a peptide; like all therapeutic
peptides, it is degraded in the GI tract and must be administered by subcutaneous
injection. It directly agonises the GLP-1 receptor on pancreatic β-cells, stimulating
insulin secretion in a glucose-dependent manner.

Step 2 — Weight effect: GLP-1 receptor agonists delay gastric emptying and
suppress appetite via hypothalamic GLP-1 receptors. This leads to weight loss or
weight neutrality, making them advantageous in obese type 2 diabetic patients
compared to insulin or sulfonylureas, which often cause weight gain.

Why other options are wrong:

• Option A: Exenatide is a peptide that CANNOT be administered orally (de-
graded by GI enzymes); its half-life is approximately 2.4 hours for the regular
formulation, not 24 hours.
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• Option C: Exenatide directly activates the GLP-1 receptor; DPP-4 inhibition
is the mechanism of sitagliptin.

• Option D: KATP channel closure regardless of blood glucose is the mechanism
of sulfonylureas; exenatide causes glucose-dependent insulin secretion via
cAMP.

Final Answer: Exenatide is a synthetic exendin-4 analogue given by subcutaneous
injection; it directly activates GLP-1 receptors and is associated with weight loss
or weight neutrality ⇒ B

Answer: (B) Go Back to Q14

Q15.

Solution
Concept — Benzodiazepine Mechanism at GABA-A Receptors: GABA-A recep-
tors are ligand-gated Cl− ion channels. Benzodiazepines bind to a distinct al-
losteric (benzodiazepine) site located at the interface of the α and γ subunits, sep-
arate from the GABA binding site. They are positive allosteric modulators: they
enhance the response to GABA without activating the channel in GABA’s absence.

Step 1 — Mechanism of positive allosteric modulation: Diazepam binding in-
creases the affinity of the GABA binding site, resulting in a greater frequency of
Cl− channel opening when GABA is present. The increased Cl− influx hyperpo-
larises the neuron, reducing neuronal excitability. This accounts for the anxiolytic,
sedative, anticonvulsant, and muscle-relaxant effects.

Step 2 — Flumazenil as antidote: Flumazenil is a competitive antagonist at the
benzodiazepine site of the GABA-A receptor. It reverses benzodiazepine-induced
CNS depression (sedation, respiratory depression) in overdose but has a shorter
half-life than diazepam, necessitating repeated doses or infusion.

Why other options are wrong:

• Option A: GABA-B receptors are metabotropic (G protein-coupled); in-
creased K+ conductance via GABA-B is the mechanism of baclofen. Naloxone
reverses opioid, not benzodiazepine, overdose.

• Option B: Na+ channel blockade is the mechanism of carbamazepine and
phenytoin; physostigmine is used for anticholinergic toxicity, not benzodi-
azepine overdose.

• Option C: Benzodiazepines are NOT direct (orthosteric) agonists at the
GABA binding site; they are allosteric modulators. Barbiturates increase
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the duration of channel opening (not frequency), while benzodiazepines in-
crease the frequency.

Final Answer: Diazepam is a positive allosteric modulator at the GABA-A benzo-
diazepine site, increasing Cl− channel opening frequency in the presence of GABA;
flumazenil is the specific antidote ⇒ D

Answer: (D) Go Back to Q15

Q16.

Solution
Concept — Reversed-Phase HPLC Principle: In HPLC, “normal phase” uses a
polar stationary phase (bare silica) with non-polar mobile phase; polar analytes
are retained longer. “Reversed phase” inverts this: the stationary phase is non-
polar (alkyl-bonded silica, C18, C8) and the mobile phase is polar (aqueous–organic
mixtures). RP-HPLC accounts for >90% of pharmaceutical HPLC applications.

Step 1 — Stationary and mobile phase characteristics: In RP-HPLC, the station-
ary phase is typically C18 (octadecylsilane, ODS) or C8 bonded silica – non-polar.
The mobile phase is an aqueous buffer mixed with an organic modifier (methanol,
acetonitrile). Analytes with greater hydrophobicity partition favourably into the
non-polar stationary phase and elute later.

Step 2 — Elution order in RP-HPLC: Polar analytes elute first (low affinity for
non-polar stationary phase), while non-polar analytes elute last (high affinity for
the non-polar stationary phase). This is the reverse of normal-phase behaviour,
hence the name “reversed phase.”

Why other options are wrong:

• Option B: A polar stationary phase (bare silica) with non-polar mobile phase
(hexane) is the definition of NORMAL-phase HPLC, not reversed-phase.

• Option C: A charged stationary phase with an ion-pairing reagent describes
ion-pairing RP-HPLC (a variant) or ion-exchange HPLC; it is not the general
description of RP-HPLC.

• Option D: Separation by molecular size using cross-linked dextran gels is
size-exclusion (gel filtration) chromatography; not RP-HPLC.

Final Answer: RP-HPLC uses a non-polar C18 stationary phase with a polar
aqueous–organic mobile phase; non-polar analytes elute last due to stronger hy-
drophobic interactions ⇒ A

Answer: (A) Go Back to Q16
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Q17.

Solution
Concept — Theoretical Plates and Column Efficiency: The theoretical plate
concept (borrowed from fractional distillation theory) quantifies the efficiency of
a chromatographic column. A high plate number N indicates many theoretical
stages of equilibration per unit length, producing sharp, narrow peaks and better
separation power. USP and ICH use N as a key system suitability parameter.

Step 1 — Standard definition of N using baseline peak width: For a Gaussian
peak, the baseline width w is measured by drawing tangents to the inflection
points of the peak sides and finding their intersection with the baseline: w = 4σ

(for a Gaussian). Therefore:

N =

(
tR
σ

)2

=

(
tR
w/4

)2

= 16

(
tR
w

)2

This is the standard USP formula for N .

Step 2 — Alternative valid formula using half-height width: N can also be
calculated using the peak width at half-height w1/2: N = 5.545(tR/w1/2)

2. Note:
the squaring is essential – option B omits the square, making it incorrect.

Why other options are wrong:

• Option A: 8 ln 2 ≈ 5.545, which is correct for the w1/2 formula when applied
as N = 5.545(tR/w1/2)

2, but Option A incorrectly uses σ instead of w1/2,
making the formula dimensionally inconsistent.

• Option B: The formula is missing the essential squaring (tR/w1/2)2; without
the square, N would have units of time rather than being dimensionless.

• Option D: The expression 2(tR2−tR1)/(w1+w2) is the definition of resolution
Rs, not N .

Final Answer: Column efficiency N = 16(tR/w)
2 where w is the baseline peak

width; higher N means sharper peaks and greater column efficiency ⇒ C

Answer: (C) Go Back to Q17
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Q18.

Solution
Concept — Van Deemter Equation and Band Broadening: The van Deemter
equation H = A + B/u + Cu describes three contributions to plate height (band
broadening) in packed columns: A = eddy diffusion (multiple flow paths), B/u =
longitudinal diffusion, Cu = mass-transfer resistance. The U-shape arises because
B/u decreases and Cu increases with velocity u, producing a minimum at uopt.

Step 1 — The B term (longitudinal diffusion): The B term represents longitu-
dinal (axial) diffusion of solute molecules along the column axis due to concen-
tration gradients. At low flow rates, molecules spend more time in the column
and diffuse further longitudinally, increasing band spreading. B = 2γDm where γ

is the obstruction factor and Dm is the diffusion coefficient of the analyte in the
mobile phase. Increasing u reduces the time available for longitudinal diffusion,
so B/u decreases with increasing flow rate.

Step 2 — Optimal flow rate uopt: The minimum of the van Deemter curve is
found by differentiating H with respect to u and setting to zero:

dH

du
= −B

u2
+ C = 0 =⇒ uopt =

√
B

C

At this flow rate, Hmin = A + 2
√
BC, corresponding to the minimum of the U-

shaped curve shown in the TikZ diagram.

Why other options are wrong:

• Option A: Eddy diffusion is the A term (multiple flow path lengths), NOT the
B term. H is not minimised at maximum flow rate – that would maximise
Cu.

• Option C: Mass-transfer resistance (resistance to equilibration between mo-
bile and stationary phases) is the C term, NOT the B term. H is not min-
imised at zero velocity – that would maximise B/u.

• Option D: The B term does not represent the A coefficient. Increasing tem-
perature does affect Dm (and hence B) but H is primarily minimised by flow
rate optimisation, not temperature alone.

Final Answer: The B term represents longitudinal diffusion; H is minimised at
the optimal flow rate uopt =

√
B/C, shown by the curve minimum in the van

Deemter plot ⇒ B

Answer: (B) Go Back to Q18
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Q19.

Solution
Concept — HPLC Resolution Equation: Resolution Rs quantifies how well two
adjacent peaks are separated. It is defined as the distance between peak maxima
(retention time difference) divided by the average peak width. Rs ≥ 1.5 is univer-
sally accepted as the criterion for baseline resolution (peaks separated by >99.7%
of total area with no overlap at the baseline for Gaussian peaks).

Step 1 — Correct formula for Rs: The standard USP/ICH formula is:

Rs =
2(tR2 − tR1)

w1 + w2

where tR1 and tR2 are the retention times of the first and second peaks and w1, w2

are their respective baseline widths.

Step 2 — Interpretation of Rs values: Rs = 1.0: peaks are “resolved” (4%
overlap); Rs = 1.5: baseline resolved (no overlap, <0.1% of area in the adjacent
peak); Rs = 2.0: completely resolved with safety margin. USP system suitability
requires Rs ≥ 1.5 for critical pairs in assay methods.

Why other options are wrong:

• Option A: The formula Rs = (tR2 − tR1)/w2 is not the standard definition;
using only w2 gives an asymmetric measure. Rs ≥ 1.0 is not considered
baseline resolution.

• Option B: The formula 2(tR2 − tR1)/(w1 + w2) is correct but the threshold
statement is wrong; Rs ≥ 1.0 means partial resolution, not baseline resolu-
tion.

• Option C: The geometric mean width formula (w1 ·w2)
0.5 is not the pharma-

copoeial definition of Rs; Rs ≥ 2.0 is more conservative than the standard
USP threshold.

Final Answer: Rs = 2(tR2 − tR1)/(w1 + w2); Rs ≥ 1.5 is considered baseline
resolution in HPLC ⇒ D

Answer: (D) Go Back to Q19
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Q20.

Solution
Concept — Capacity Factor (Retention Factor) k′: The capacity factor k′ (also
written k in modern nomenclature) describes analyte retention on the stationary
phase relative to the dead time. It is independent of column dimensions and
flow rate, making it a fundamental column-independent parameter for comparing
HPLC methods across laboratories.

Step 1 — Derivation of k′: Dead time t0 is the time for an unretained solute to
traverse the column. The adjusted retention time is t′R = tR− t0 (time spent in the
stationary phase). Therefore:

k′ =
t′R
t0

=
tR − t0

t0

A high k′ means the analyte spends much more time in the stationary phase; a k′

of 0 means the analyte is unretained (travels with the dead volume).

Step 2 — Recommended k′ range: k′ < 1: very low retention, poor resolution
from the dead volume; k′ = 2–10: optimal range for well-separated, reproducible
peaks; k′ > 10: excessively long run times and broad peaks. Therefore the recom-
mended analytical range is 2 ≤ k′ ≤ 10.

Why other options are wrong:

• Option B: k′ = tR/t0 is wrong; this equals k′ + 1 (retention ratio), not the
capacity factor itself.

• Option C: k′ = t0/(tR− t0) = 1/k′; this is the reciprocal of the capacity factor,
not k′ itself. Also, a lower value would mean LESS retention, contradicting
the statement.

• Option D: 16(tR/w)2 is the formula for the number of theoretical plates N ,
not the capacity factor.

Final Answer: k′ = (tR − t0)/t0; the desirable range for analytical HPLC is 2 ≤
k′ ≤ 10 ⇒ A

Answer: (A) Go Back to Q20
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Q21.

Solution
Concept — Gradient vs Isocratic Elution in RP-HPLC: In isocratic HPLC, the
mobile phase composition is kept constant throughout the run. In gradient elution,
the mobile phase composition changes (programmatically) during the run. In RP-
HPLC gradient, the organic modifier content is progressively increased, reducing
the eluotropic strength needed to push late-eluting compounds off the column.

Step 1 — What gradient elution does: A typical RP-HPLC gradient starts with
a high aqueous content (e.g., 5% acetonitrile / 95% buffer) and progressively
increases the organic content (e.g., to 95% acetonitrile) over the run time. This
continuously reduces the mobile-phase polarity, weakening the aqueous retention
of increasingly hydrophobic analytes, causing them to elute sequentially.

Step 2 — Advantages of gradient elution: Late-eluting, strongly retained com-
pounds that would require very long run times under isocratic conditions are
eluted much faster under gradient conditions. Peak shape for late-eluting peaks
improves (narrower, taller peaks) because the gradient acts like a “focusing” mech-
anism. Gradient HPLC is used for complex pharmaceutical samples, biological
matrices, and stability-indicating assay development.

Why other options are wrong:

• Option A: Constant mobile phase composition throughout the run is the def-
inition of ISOCRATIC elution, not gradient elution.

• Option B: Stepwise increase in column oven temperature is a technique
called temperature programming (used in GC, not standard HPLC); not gra-
dient elution.

• Option D: Two stationary phases in series describes column switching or
coupled-column chromatography; not gradient elution. Gradient elution is
not restricted to normal-phase HPLC.

Final Answer: Gradient elution progressively increases the organic modifier con-
tent, improving resolution and peak shape of strongly retained late-eluting ana-
lytes ⇒ C

Answer: (C) Go Back to Q21
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Q22.

Solution
Concept — Ion-Exchange Chromatography Principles: Ion-exchange chro-
matography (IEC) uses a stationary phase bearing fixed ionic charges (cationic
groups for anion exchange, anionic groups for cation exchange) that reversibly
bind oppositely charged analytes through electrostatic (Coulombic) interactions.
Elution is achieved by increasing ionic strength (salt gradient) or by changing pH.
IEC is orthogonal to RP-HPLC and essential for charged biomolecules.

Step 1 — Ion-exchange mechanism: Analytes (amino acids, nucleotides, pro-
teins) bind the charged stationary phase via their own charges. For example, in
anion-exchange HPLC (AEX), the stationary phase bears quaternary ammonium
groups (−NR+

4 ); negatively charged analytes bind and are displaced by increas-
ing salt or decreasing pH. The elution order is governed by charge density: more
highly charged analytes are retained longer.

Step 2 — Chromatogram interpretation: The TikZ chromatogram shows two
peaks eluting after dead time t0. In ion-exchange HPLC, peak 1 (lower charge
density analyte) elutes at tR1 and peak 2 (higher charge density) elutes later at tR2.
The resolution Rs = 2(tR2 − tR1)/(w1 + w2) can be calculated from the annotated
widths w1 and w2.

Why other options are wrong:

• Option A: Separation by molecular size with larger molecules eluting first
describes size-exclusion chromatography (SEC), NOT ion-exchange HPLC.

• Option C: A C18 bonded stationary phase with hydrophobic interactions is
the description of reversed-phase HPLC; ion-exchange uses charged groups,
not alkyl chains.

• Option D: A non-polar mobile phase with polar stationary phase is normal-
phase HPLC; ion-exchange HPLC uses buffered aqueous mobile phases, not
non-polar solvents.

Final Answer: Ion-exchange HPLC uses electrostatic interactions between
charged analytes and a charged stationary phase; it is suited to amino acids, nu-
cleotides, and proteins with elution governed by charge density ⇒ B

Answer: (B) Go Back to Q22
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Q23.

Solution
Concept — Size-Exclusion Chromatography (SEC) Elution Principle: SEC (also
called gel filtration for aqueous systems and gel permeation chromatography, GPC,
for organic systems) separates macromolecules based solely on hydrodynamic vol-
ume (size in solution). The stationary phase contains porous beads; molecules that
fit into the pores are retarded, while larger molecules that are excluded from the
pores elute first.

Step 1 — Elution mechanism: Large molecules (Mr exceeding the exclusion
limit) cannot diffuse into the pores of the stationary phase. They are completely
excluded and travel only through the interstitial volume, eluting at the void vol-
ume V0 (dead volume). Small molecules penetrate all pores and elute at the total
permeation volume. Intermediate molecules partially penetrate the pores and
elute between V0 and Vt.

Step 2 — Absence of enthalpic interactions: Ideal SEC involves no electro-
static, hydrophobic, or other enthalpic interactions between analyte and stationary
phase. Separation is purely entropic (based on the Gibbs free energy of confine-
ment). Non-ideal interactions (e.g., with silica SEC columns) may cause additional
retention and must be minimised by appropriate mobile phase selection.

Why other options are wrong:

• Option A: In SEC, smaller molecules elute LAST (not first), because they
penetrate pores and spend more time traversing the column. There are no
van der Waals interactions with the stationary phase in ideal SEC.

• Option B: Polarity does not govern elution order in SEC; the separation is
based on molecular size/hydrodynamic volume, not polarity.

• Option C: Ionic interactions between analyte and stationary phase are a fea-
ture of ion-exchange chromatography; ideal SEC has NO enthalpic interac-
tion between analyte and stationary phase.

Final Answer: In SEC, larger molecules are excluded from pores and elute first at
the void volume; smaller molecules penetrate pores and elute later; no enthalpic
interaction with the stationary phase occurs ⇒ D

Answer: (D) Go Back to Q23
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Q24.

Solution
Concept — UV Photodiode Array Detector (DAD) in HPLC: A conventional UV
detector measures absorbance at a single fixed or selectable wavelength at any
given time. A photodiode array detector simultaneously disperses the transmitted
light onto an array of photodiodes, each measuring a narrow wavelength band,
allowing a complete UV–visible spectrum to be recorded at every point across a
chromatographic peak in real time.

Step 1 — Unique capability of DAD: spectral acquisition: A DAD records a
three-dimensional data matrix: absorbance as a function of both time (retention
time axis) and wavelength (λ axis). This allows: (i) peak purity assessment –
the spectrum across the peak is compared; a pure peak shows spectral consistency
while a co-eluting impurity changes the spectrum at the peak edges; (ii) spectral
library matching – the on-line spectrum can confirm analyte identity by com-
parison with reference spectra; (iii) post-run selection of the optimal detection
wavelength.

Step 2 — DAD vs single-wavelength detector: A single-wavelength UV detec-
tor (variable wavelength detector, VWD) measures absorbance at only one wave-
length at a time; it cannot provide peak purity information or on-line spectral
identification. The DAD sacrifices some sensitivity (S/N) for information richness.

Why other options are wrong:

• Option B: A single fixed wavelength with higher S/N describes a fixed-
wavelength UV detector or VWD, not a DAD. DADs typically have slightly
lower S/N than optimised single-wavelength detectors.

• Option C: Fluorescence emission measurement after UV excitation describes
a fluorescence detector (FLD), which is highly sensitive but not universal. A
DAD measures absorbance, not emission.

• Option D: Differential refractometry describes the refractive index detector
(RID), a universal detector with no chromophore requirement. DADs mea-
sure UV absorbance, requiring a chromophore in the analyte.

Final Answer: A DAD simultaneously records the full UV–visible spectrum at every
retention time point, enabling peak purity assessment and spectral confirmation
of analyte identity ⇒ A

Answer: (A) Go Back to Q24
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Q25.

Solution
Concept — USP HPLC System Suitability Requirements: USP general chapter
⟨621⟩ (Chromatography) defines system suitability tests (SST) as an integral part
of chromatographic methods. SST verifies that the resolution, efficiency, tailing,
and precision of the system meet predefined criteria before analysis of unknown
samples. The key parameters are: tailing factor (T ), theoretical plate count (N),
and repeatability (RSD of peak area).

Step 1 — USP tailing factor requirement: The tailing factor T = (a + b)/(2a)

where a is the distance from the peak front to the peak maximum and b is from the
maximum to the back, both measured at 5% of peak height. USP ⟨621⟩ specifies
T ≤ 2.0 for assay methods (some monographs allow up to 2.5). Values > 2

indicate peak tailing that compromises quantitative accuracy and integration.

Step 2 — Plate count and RSD requirements: USP ⟨621⟩ typically requires N ≥
2000 theoretical plates (though individual monographs may specify higher values)
and RSD ≤ 2.0% for peak area or peak height from a minimum of 5 replicate
injections of the reference standard in assay methods (content uniformity and
dissolution may have different criteria).

Why other options are wrong:

• Option A: T ≤ 3.0 is too permissive; USP specifies ≤ 2.0. N ≥ 1000 is below
the typical USP threshold. RSD ≤ 5.0% is far too loose for a quantitative
assay.

• Option B: N ≥ 1500 is below the standard USP threshold of ≥ 2000, and RSD
≤ 5.0% is too loose.

• Option D: T ≤ 1.5 is more stringent than USP requires (USP requires ≤ 2.0);
N ≥ 5000 and RSD ≤ 1.0% from three injections are not standard USP ⟨621⟩
requirements.

Final Answer: USP ⟨621⟩ requires tailing factor ≤ 2.0, N ≥ 2000 theoretical
plates, and RSD ≤ 2.0% for peak area repeatability in HPLC assay system suitabil-
ity ⇒ C

Answer: (C) Go Back to Q25
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Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans

1 C 2 B 3 D 4 A 5 C

6 B 7 D 8 A 9 C 10 B

11 D 12 A 13 C 14 B 15 D

16 A 17 C 18 B 19 D 20 A

21 C 22 B 23 D 24 A 25 C
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