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PREFACE

Biochemistry is not merely a subject to be studied — it is the language in which life speaks. Every
enzymatic cascade, every metabolic pathway, every molecule whose behavior we analyze in the
laboratory is, at its heart, a page from the story of human health and disease. It is with this
conviction that we place this laboratory manual in the hands of first-year MBBS students, who
stand at the threshold of one of the most rewarding professions the world has to offer.

The idea for this manual was born from years of teaching at the bedside of the laboratory bench —
from the questions asked by curious students, from the gaps we noticed between theoretical
knowledge and practical understanding, and from the deep belief that a medical student who truly
understands what happens inside a test tube will one day be a physician who truly understands
what happens inside a patient. The laboratory is not a room one visits to complete a requirement;
it is a training ground for the scientific temperament that every good clinician must possess.

“The laboratory teaches the student not merely to measure — but to observe, to
guestion, to reason, and to doubt wisely. These are the very qualities that separate a
competent practitioner from a truly excellent one.”

This manual has been carefully structured to accompany the first year MBBS curriculum in
biochemistry as prescribed by the National Medical Commission. It covers the full breadth of
practical biochemistry — from the qualitative color reactions of carbohydrates and proteins, to the
guantitative estimation of clinically vital analytes such as blood glucose, serum urea, creatinine,
cholesterol, bilirubin, and the liver enzymes. The sections on urinalysis, arterial blood gas
interpretation, quality control, chromatography, electrophoresis, and DNA isolation have been
written with the same care, ensuring that no corner of the syllabus is left unaddressed.

What distinguishes this edition from others of its kind is our commitment to visual learning. Each
experiment and concept is accompanied by pictorial illustrations — flowcharts, procedural
diagrams, interpretive decision trees, and clinical correlation figures — designed to make abstract
biochemical processes tangible and memorable. We know from experience that a well-drawn
diagram often accomplishes in seconds what paragraphs of text cannot. Our hope is that students
will return to these illustrations long after the examination is over, finding in them a reliable
companion during clinical postings and beyond.

KEY FEATURES OF THIS MANUAL

e lllustrated procedures e Clinical correlations
Step-by-step diagrams for every practical Connecting lab findings to bedside
experiment medicine

e Q&A sections e Decision flowcharts
Examination-focused questions with Visual guides for qualitative analysis and
detailed model answers interpretation

e Normal reference ranges e Principle-first approach
Clinically relevant values highlighted Every method explained from

throughout foundational biochemical principles



Each chapter opens with the aim and principle of the experiment, followed by the procedure in a
clear tabular format, sample calculations, clinical significance, and a question-and-answer section
that mirrors the pattern of university examinations. We have been especially careful to highlight
the clinical relevance of every estimation — because a student who understands why a test
matters will always perform it with greater care and interpret it with greater wisdom than one who
merely knows how.

No textbook is perfect at its first printing, and we are acutely aware of the limitations of any first
edition. We invite readers — students, teachers, and practitioners alike — to share their
observations, corrections, and suggestions. Every such contribution will be carefully considered in
future editions, for a textbook, like medicine itself, must always be open to revision in the light of
new evidence.

To the student opening this manual for the first time: the laboratory may seem, at first, a place of
unfamiliar smells and daunting glassware. Do not be discouraged. Every pipette you learn to hold
steadily, every absorbance you learn to read correctly, every result you learn to interpret
meaningfully — each of these small victories is a step toward becoming the physician your future
patients will need. Work with curiosity, with honesty, and with care. The molecules do not lie; they
will reward your attention.

We dedicate this first edition to every student who has ever looked down a test tube and wondered
what it all means for the patient waiting outside.

Kishanganj, Bihar | 2026

Contributions:
Infographics and Chapter 1 to 23: Dr. Abhra Ghosh & Dr. Mrityunjoy Halder.
Chapter 24 to 28: Dr. Javed Ahmed Ansari, Dr. Dhiraj Kumar and Dr Md. Khalid Ansari
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Foreword

| have no hesitation in appreciating the work of Dr. Abhra Ghosh and his co-authors for their hard
work and innovative approach to preparing a book on practical laboratory techniques for

undergraduate students of the MBBS course.

| am awfully struck by their approach to frame every area relating to the technical aspects as well
as the related clinical significances of the NMC practical curriculum for the subject, covering all
competencies. The illustrations are helpful to the approach to each topic, with detailed projections
on the background text, which will prove to be an all-in-one handbook for the students. | hope it
will be accepted well by the students. My sincere congratulations to Dr. Ghosh and his co-authors

for their great work.

Prof. (Dr.) Tapan Mukhopadhyay

Professor & Head

Department of Biochemistry

Mata Gujri Memorial Medical College & Lions Seva Kendra Hospital, Kishangan;
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Foreword

It gives me great pleasure to write this foreword for "lllustrated Handbook of Medical Biochemistry:
Theory, Practical & Viva-Voce," prepared by Dr. Mrityunjoy Halder and his co-authors, with
sincerity, academic commitment, and a clear understanding of the needs of first-year MBBS
students. Biochemistry often appears abstract to young learners until it is connected with

laboratory practice and clinical interpretation. This book makes that connection effectively.

The authors have taken care to present practical biochemistry not merely as a set of experiments
but as a disciplined approach to observation, analysis, reasoning, and correlation with disease.
The strength of this manual lies in its student-friendly structure. The inclusion of principles,
procedures, clinical significance, viva-oriented questions, reference ranges, flowcharts, and

illustrations will help students understand the subject more clearly.

All topics have been presented in a manner that is relevant to both examinations and future clinical
practice. | appreciate the effort of these dedicated faculty members in developing a useful
academic resource for undergraduate medical education. | am confident that this manual will serve

as a valuable companion for students and teachers alike.

/

\

/

Prof. Sadhana Sharma
Head, Department of Biochemistry
All India Institute of Medical Sciences, Patna
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Foreword

This manual provides dedicated sections on precautions and safety measures within each
experiment, and students are encouraged to review them carefully before commencing any
practical work. This manual incorporates a large number of illustrations, diagrams, flowcharts,
tables, and labeled figures to simplify complex concepts and improve conceptual understanding.
The manual serves several important purposes:

1. To demonstrate laboratory techniques step-by-step

2. To help students interpret experimental observations and calculations

3. To make learning interactive, memorable, and student-friendly

4. Special attention has been given to presenting experiments in a systematic and easy-to-follow

format.

Each exercise typically includes:

« Aim of the experiment

+ Principle involved

« Requirements and reagents

- Stepwise procedure

« lllustrated observations

+ Result interpretation

- Precautions and safety measures

+ Review questions and applications
The experiments outlined in this manual are carefully crafted in accordance with the
undergraduate CBME curriculum outlined by NMC guidelines, ensuring relevance and rigor.
Proper handling of chemicals, glassware, instruments, and biological samples is crucial for
maintaining a safe and efficient laboratory environment. This manual provides dedicated sections
on precautions and safety measures within each experiment, and students are encouraged to

review these carefully before commencing any practical work.

| sincerely hope that this manual will serve as a valuable companion for undergraduate students,

teachers, and laboratory instructors alike.
r,/lw" JJ/V”/

Prof. (Dr.) Navjot Kaur Bajwa

Professor & Head

Department of Biochemistry

ESIC Medical College & Hospital, Ludhiana
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Foreword

It gives me great pleasure to present "lllustrated Handbook of Medical Biochemistry: Theory,
Practical & Viva-Voce," authored by Dr. Mrityunjoy Halder, Associate Professor, Department of

Biochemistry, AIIMS Patna, and his co-authors.

Biochemistry forms the foundation of modern medical science, helping students understand the
molecular basis of health and disease. However, many students find the subject challenging
during their early years of medical education. This handbook has been thoughtfully prepared with
dedication, academic sincerity, and a clear understanding of the learning needs of first-year MBBS

students.

One of the strengths of this book is its ability to connect theoretical concepts with practical
laboratory exercises, clinical interpretation, and patient care. By linking basic biochemical
principles to real-life medical practice, the authors have made the subject more meaningful,

relevant, and easier to understand.

| warmly appreciate the endeavor of Dr. Halder and his co-authors in developing this valuable
resource. | am confident that this handbook will serve as a useful guide and trusted companion for
undergraduate medical students while also supporting teachers in their academic and practical

teaching activities.

| congratulate the authors on this commendable contribution to medical education and wish this

publication every success.

(Aol —

Prof. (Brig.) Dr. Raju Agarwal
Executive Director
All India Institute of Medical Sciences, Patna



Foreword

It is a matter of great pleasure and satisfaction to know that Dr. Abhra Ghosh and his co-authors
are going to publish "lllustrated Handbook of Medical Biochemistry: Theory, Practical & Viva-
Voce." | feel honored, as Dr. Ghosh happened to be my undergraduate student in Medical
College, Kolkata. Because of his high level of intelligence, integrity, and regularity, he positioned

himself at a different knowledge-seeking and politeness level among the other students.

| have gone through the book, and | must admire the way it is presented with plenty of well-
thought-out pictures, diagrams, charts, and tables. These will be of immense help to the young
student — and not uncommonly the unsure student — to taste the beauty of the subject, and
everybody knows that once interest is instilled, they will proceed to learn the subject by their own

conviction and enjoyment.
| warmly wish a very successful journey with this book. Many students from our country will accept

it cordially and carry the high-level but simplified biochemistry knowledge throughout their practical

professional life to serve mankind.

{i)’ Raran/ @lxgﬂ@ﬂl’ﬂ

Prof. (Dr.) Pitbaran Chakraborty
Principal
Jagannath Gupta Institute of Medical Sciences & Hospital, Budge Budge
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Foreword

Biochemistry is an ever-progressing area. Every day something new is coming.
Keeping this view in mind, this book, "lllustrated Handbook of Medical Biochemistry: Theory,
Practical & Viva-Voce," authored by Dr. Mrityunjoy Halder and his co-authors, has been written. All

the concepts are written in an up-to-date manner.

Readers will find this book an important armamentarium in their biochemistry study material. The
more you read this book, the more interesting you will find it. The lucid manner of explanation with
visual learning by pictorial illustrations, along with highlighting the clinical relevance of every
estimation, has made even the difficult concepts easy to understand. This awesome book is going

to bring a new horizon in the biochemistry field.

—

Prof. (Dr.) Manidip Pal
Principal
College of Medicine & JNM Hospital, Kalyani
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Foreword

It is a matter of great pleasure for me to write a foreword for this practical manual of Biochemistry,
"lllustrated Handbook of Medical Biochemistry: Theory, Practical & Viva-Voce," prepared by Dr.
Mrityunjoy Halder and his co-authors, with dedication, academic sincerity, and thoughtful

understanding of the learning needs of first-year MBBS students.

Biochemistry, for many young medical students, may initially appear to be a theoretical and
abstract subject. Its true relevance becomes evident when biochemical principles are linked with
laboratory procedures, interpretation of results, and their application in clinical medicine. This

manual succeeds in establishing that important connection in a clear and meaningful manner.

The authors have made a commendable effort to present practical biochemistry not merely as a
collection of experiments, but as a systematic method of scientific observation, analytical thinking,
interpretation, and clinical correlation. Such an approach will help students appreciate the
importance of laboratory medicine in patient care and understand the subject beyond examination

requirements.

A notable strength of this manual is its student-friendly organization. The inclusion of underlying
principles, stepwise procedures, clinical significance, reference ranges, viva-voce questions,
flowcharts, and relevant illustrations makes the content comprehensive, practical, and easy to
understand. The topics have been arranged in a manner that will be useful both for undergraduate

examinations and for developing a sound foundation for future clinical practice.

| sincerely appreciate the initiative and hard work of the authors in developing this valuable
academic resource for undergraduate medical education. | am confident that this manual will
prove to be a useful companion for students and teachers alike and will contribute meaningfully to

the teaching and learning of practical biochemistry.

foma

Prof. (Dr.) Punam Prasad Bhadani
Dean Academics
All India Institute of Medical Sciences, Patna
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BIOCHEMISTRY COMPETENCIES: BC14 2024 COMPETENCIES

% Procedures requiring certification

Comﬁlgtency Competency / Topic Description

Describe commonly used laboratory apparatus, good laboratory practice,
BC14.1 : :

biomedical hazards and waste management.
BC14.2 Describe estimation of pH by pH meter or ABG analyser and interpret results

with paper case scenarios.

Describe the physical properties, chemical constituents of normal urine and
BC14.3 % abnormal constituents of urine and perform urine analysis to determine normal
and abnormal constituents (including dipstick method demonstration).

Identify abnormal constituents in urine, interpret the findings and correlate

BC14.4 % these with pathological states and prepare a urine report.

Describe screening of urine for inborn errors and describe the use of paper
BC14.5

chromatography.
BC14.6 Describe the principles of colorimetry and spectrophotometry.

Perform estimation of glucose by manual/semi-automated method and
BC14.7 % demonstrate glucometer usage with interpretation of results in clinical

scenarios.

Perform estimation of urea and calculate BUN and interpret the results in
BC14.8 % o :

clinical scenarios.
BC14.9 % Perform estimation of serum creatinine and calculate creatinine clearance.
BC14.10 % Perform estimation of uric acid in serum and interpret results in clinical

scenarios.
BC14.11 % Perform estimation of serum proteins, albumin and calculate A:G ratio.
BC14.12 %  Perform estimation of serum total cholesterol.

BC14.13 %  Perform estimation of serum bilirubin by manual/semi-automated method.

BC14.14 Describe estimation of calcium and phosphorus and interpret the results.
Describe estimation of triglycerides, HDL and calculation of LDL and
BC14.15 . , .Y .
interpretation of results in clinical scenarios.
Describe estimation of SGOT (AST), SGPT (ALT) and alkaline phosphatase
BC14.16 . : N .
and interpretation of results in clinical scenarios.
BC14.17 Describe briefly various body fluids and discuss the composition of CSF.
Observe the use of commonly used instruments/techniques in the biochemistry
BC14.18 laboratory including pH meter, paper chromatography, protein electrophoresis,
’ TLC, PAGE, electrolyte analysis by ISE, ABG analyser, ELISA,
immunodiffusion, autoanalyser and DNA isolation from liquid/tissue.
BC14.19 Explain the basis and rationale of biochemical tests and interpretation of

laboratory results in diabetes mellitus, obesity, dyslipidaemia, fatty liver,

Xiv



Competency Competency / Topic Description

No.

myocardial infarction, renal failure, gout, proteinuria, nephrotic syndrome,

jaundice, liver diseases, pancreatitis, acid—base disorders, thyroid disorders,

genetic disorders, nutritional disorders, vitamin deficiency disorders, disorders

of mineral metabolism and electrolyte disorders.

Describe and identify pre-analytical (especially blood collection, tourniquet
BC14.20 % . . .

technique), analytical and post-analytical errors.

Describe quality control and identify basic Levey—Jennings charts in the clinical
BC14.21 % . :

biochemistry laboratory.

Describe the performance of OGTT, Glucose Challenge Test and HbAlc and
BC14.22 . : - :

interpret the results with clinical scenarios.

Calculate energy content of different food items, identify food items with high
BC14.23 . : . S L

and low glycaemic index and explain the importance of glycaemic index in diet.

Observe, interpret and discuss the baseline, diagnostic, prognostic and
BC14.24 . : . . ; )

discharge investigations of clinical biochemistry.
Total competencies under this topic: 24 | Procedures requiring certification (%): 11

(BC14.3,BC14.4, BC14.7, BC14.8, BC14.9, BC14.10, BC14.11, BC14.12, BC14.13, BC14.20,
BC14.21)
Number required to certify = 1 for each, except BC14.3 (Number required to certify = 2).

Source: Competency-Based Undergraduate Curriculum for the Indian Medical Graduate, NMC,
Vol. | (2024) — Biochemistry (BC14).
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CONTENTS PAGE WITH CORRESPONDING PAGE NUMBER

SECTION 1 : INFOGRAPHICS

lllustration Title
No.

1 DEVELOPMENT OF CLINICAL BIOCHEMISTRY LABORATORY
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26 CREATININE CLEARANCE

27 COMPARISON BETWEEN CLINICAL UTILITY OF UREA AND CREATININE
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30
31
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38
39
40
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46
47
48
49
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lllustration Title

TRIGLYCERIDES

TRIGLYCERIDES — FUNCTIONS AND CLINICAL UTILITY
HDL-C — FUNCTIONS AND CLINICAL UTILITY

CALCIUM — FUNCTIONS AND CLINICAL UTILITY

CALCIUM HOMEOSTASIS

PHOSPHORUS — FUNCTIONS AND CLINICAL UTILITY
PHOSPHORUS HOMEOSTASIS

SERUM PROTEINS — FUNCTIONS AND CLINICAL UTILITY
BIURET TEST FOR TOTAL PROTEIN ESTIMATION

SERUM PROTEINS — CLINICAL UTILITY (CONT.)
BROMOCRESOL GREEN TEST FOR ALBUMIN ESTIMATION
ALBUMIN GLOBULIN (A:G) RATIO AND ITS CLINICAL UTILITY
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DIFFERENCE BETWEEN DIFFERENT TYPES OF JAUNDICE (1)
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ALKALINE PHOSPHATASE — REACTIONS AND CLINICAL UTILITY
INFOGRAPHICS ON ROLE OF ALP ON BONE DYNAMICS
DIFFERENCE BETWEEN ASCENDING AND DESCENDING CHROMATOGRAPHY
THIN LAYER CHROMATOGRAPHY

COLUMN CHROMATOGRAPHY

ION EXCHANGE CHROMATOGRAPHY

SIZE EXCLUSION CHROMATOGRAPHY

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

RADIAL CHROMATOGRAPHY

ELECTROPHORESIS

SODIUM DODECYL SULFATE (SDS)

SODIUM DODECYL SULFATE — POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS
— PAGE)

IMMUNOELECTROPHORESIS
LIPOPROTEIN SEPARATION THROUGH ELECTROPHORESIS
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62 PRINCIPLE OF pH METER

63 pH OF DIFFERENT BODY FLUIDS
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65 PROPERTIES OF ARTERIAL GAS
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EQUIPMENT, GOOD AND SAFE
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