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Z(Z jt;;ze (@) Al{ Questions are compulsory. ' :
o candidate is allowed to make Suitable numeric assumptions wherever required for solvin@ problems
se of calculator is not allowed |

Q-No . | Question . Marks
o1 dAru Phamlac.eutical company, XXX Laboratories, manufactures a generic ahgh jpdpfensive | [10]
g containing Amlodipine as the active pharmaceutical ingredient @ARQ.NAs part of
N peYorms High-

ll')outme batch release testing, the Quality Control (QC) laborajesy
erformance Liquid Chromatography (HPLC) analysis to determingth
profile of the finished tablet formulation. The QC laboratQyNg
regulatory frameviorks established by Intemational Council foRd N
Requirements for Pharmaceuticals for Human Use, United StateM]
Health Organization Good Manufacturing Practices. Lem
meth'o(.i uses a C18 column (250 x 4.6 min, 5° upffeaithe mobile phase consisting of
aceton_ltr‘ile and phosphate buffer (pH 3.0) in a QOONN. Detection is carried out at 237
nm using a UV detector with a flow rate of 1.0 QDS ' |
During routine analysis of Batch AML-I3%5 the analyst observes irregular
chfon}atographic behavior. The standatd™g " produces a sharp peak with expected
retention time (= 5.8 min). HowgWhowgbn the sample solution’ is injected, the
chromatogram shows significant pg il (tailing factor = 2.6) and variation in retention

\.“’. B
Eme (5.5-6.4 min) across repli __=“‘-‘-\-:g Ntions. The calculated assay values vary widely
etween 93% and 107%, W, !

ates under strict
ization of Technical

bk pharmacopeial specification requires 95-105% of

label claim,
A system - suitability test - performed before analysis reveals the following
obsel'vati()ns; . . .
a) Theoreticallates} 800 (specification > 2000)
b) Tailing fietonz.6 (limit<2.0) ,
| alcarea for standard injections: 3.2% (fimit < 2.0%)

c) %RSK of Per '
Tl,les‘?" - Pic that the HPLC system does not meet the required petformance
criteri ponMseviewing laboratory records, the analyst discovers that the HPLC column

' ed for more than 1000 injections without regeneration, the mobile phase was

ORE dd%wo days carlier, and the pump flow rate calibration has not been performed in the

Pas\Ihenth, despite SOP requirements for weekly verification. :
Add Rionally, during sample preparation, the analyst notices slight turbidity in the sample
solqtlon before filtration, suggesting incomplete dissolution of the tablet powder.
The .QC manager must now determine the root cause of the analytical inconsistencies.
PO%SIble‘ factors include column degradation, mobile phase instability, instrumental
calibration errors, or improper sample preparation. Accurate troubleshooting and

documentation are essential because batch release decisions depend on reliable analytical

data, and fajlure to comply with regulatory standards could lead to baich rejection or

1 regulatory observations.
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b) Identify and explain the pogsible causes of peak tailing and retention time variation
observed in the chromatograms,

C) How can improper sample preparation affect HPLC assay results in pharmaceutical
quality contro]?

d) Proposea systematic troubleshooting strategy to identify the root cause of the (

analytical problem, _
¢) Explain the importance of regulatory guidelines and analytical method valj %
mamtalmng reliability of HPLC-based quality control testing.

A biotechnology company specializing in plant-based bioactive modPes
oil using a hybrid process involving microbia] fermentegioh\} enhance precursor
compounds, followed by steam distillation, Recently, the ‘O Rty control (QC) team
observed batch-to-batch variability in linalool concengtiors (target > 35%), along with

NN 18 evaluate deviations across. the.
PO\GAlysis revealed that fermentation’
conditions (pH, temperature, and aeration)ewerd nd: consistently maintained, potentially
affecting precursor biosynthesis. °) v deviations were identified in sample
Ppreparation protocols some analysts usegd\I¥elent dilution solvents, leading to inconsistent
chromatographic profiles, N '
Instrument validation was alsq, qsdphed when the GC-MS system showed drifting
retention times, suggesting pagsKi galibration issueg, Further, improper cleaning of the
distillation apparatus Taisgd Machms abouyt Cross-contamination between batches, The
objective of the HAZOP MhdN was 1o systematically identify deviations in process
parameters and QC S, asSess risks to product quality, and recommend corrective

actions, '

Key challengesgincuded distinguishing between process-related variability and analytical

errors, ensufie ®mpliance with standards such as ISO 9235 (natural aromatic raw
] RARNOTEC 17025 (laboratory competence), and implementing robust standard

operatj gures (SOPs), ' '

otential impact on essentia] oil quality,
* How can improper sample preparation affect GC-MS analysis jn essential oil quality
control? -

3. Discuss briefly, the importance of instrument calibration and validation in ensuring
reliable QC results, '

4. Suggest corrective and preventive actions (CAPA) to address contamination and

variability issues. How do interdational standards guide quality assurance in

essential oil production and testing? '

Queghion
\; ntify the critical deviations detected during the HAZOP study and explain thejr
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