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Pool of Generie Electives (Semester 111 Onwards)

GENERIC ELECTIVES (BIOMED-GE-04): PANDEMIC: CHALLENGES AND
PREPAREDNESS

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits | Credit distribution of the course | Eligibility Pre- Department
Code Lecture | Tutorial | Practicall/ | criteria | requisite of | offering the
Practice the course course
(if any)
Pandemic: 4 3 - 1 X1 Basic Biomedical
Challenges and Passed knowledge Science
Preparedness of Biology-
BIOMED-GE-
D4

Learning Objectives
The Learning Objectives of this course are as follows:
e Current scenario of covid outbreak all over the world made everyone curious about pandemic, its
challenges and how to prepare for dealing with it.
e In this context we designed this paper to make students aware about pandemics caused by various
pathogens.
o (Course describes different pandemic outbreaks and strategies adapted to combat the transmission of
pathogen and their neutrahization.
e The course also explas the different therapeutic approaches for the elimination and cure ol patients

suffering from pandemic infections.

Learning outcomes
The Learning Outcomes of this course are as follows:
» This unit helps students to understand the difference between endemic, epidemic and pandemic.
o It makes students familiar with various pandemics that have spread in last century and are caused by
different types of pathogens such as virus, bacteria and fangi.
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Students will learn extent of spread of pandemic worldwide, its timeline, death rate and other statistical
data.
This unit will explain about the infectious diseases and process of invasion by microbes.
It will also helpful to understand preventive measures of infection transmission and about mutant strains
which are associated with recurrent outbreaks.
Students will learn about different treatment strategies for the patients suffering from any infection,
along with specific precautions for handling patients with co-morbidities/ elderly persons. The content of
this unit will be helpful to explain about plasma therapy and booster doses. Some basic concept of
psychological counselling will help to reduce the depression and anxiety faced by individuals during
pandemic outhreak.
This unit describes different methods and equipments used during an out breaks to minimize the
contamination and cross transmission of infection and its spread.
This will help students to learn the usage of PPE kits, mask, sanitization, quarantine and significance of
social distancing.
Current unit, emphasizes about the history of vaccine. process of active and passive immunization,
different types of vaccines and their effectiveness to control any pandemic, vaccines developed in India
against covid-19.
Students will learn hands-on training for important techniques used in the detection and diagnosis of
various types of pathogens and associated protocols.
Last unut of the course will focus on awareness and sensitization programs (eg. SOPs), health and
hygiene and many issues related to public health. Also possible global approach to strengthening the

health infrastructure and disease surveillance shall be elaborated.

SYLLABUS OF BIOMED-GE-04

Unit I: Introduction to Pandemics: {07 Hrs)

General concepts of endemic, epidemic and pandemic: Historical background of pandemics: Rabies, plague,
small pox, cholera, Spanish Influenza, AIDS, Avian bird flu. Swine flu, MERS, SARS and covid-19 pandemic.
Timeline of Covid- 19. Extent of spread. worldwide statistics and death rate. Statistics of affected nations

worldwide and in India; symptoms, extent of spread and containment

Unit II: Infectious Disease: (05 Hrs)
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Structure of causative agent. invasion into human body, etiology and strategies currently used to block infection

process, conmon mutant strains responsible further outbreaks of the pandemics

Unit I11: Emerging Therapies, Natural Protection and strengthening immune system: (06 Hrs)
Drugs used to cure Avian bird flu, Swine flu and covid-19. First line of treatment at home additional care of
person with co-morbidities / elderly person. Convalescent plasma therapy. Placebo effect, alternative therapies

and immunity boosters used during pandemic and psychological counseling and countering depression.

Unit IV: Precautions and Prevention: (06 Hrs)
Quarantine protocol at home, for frequent fliers, hospital exposure, and workplace exposure. Precautionary
measures such as PPE clothing. gloves. masks, social distancing, frequent washing of hands with soap. use of

sanitizers, disinfection strategies.

Unit V: Vaccines: An effective tool for prevention of pandemics: (09 Hrs)

Historical perspective of vaccination, active and passive immunization; Vaccination drive, types of vaccines:
Live attenuated vaccines., inactivated vaccines. subunit vaccines. multivalent vaccine, recombinant vector
vaccines and DNA vaccines, Types of vaceines developed against Covid-19 worldwide, Their effectiveness and
side effects. Vaccines developed in India for adults (Covaxin and Covishield) and vaccines for children.

Limitations in effective development of covid-19 vaccine.

Unit VI: Techniques for diagnosis and detection of disease: (06 Hrs)
Antigen-antibody based detection techniques: Lateral flow technique, RAPID and RT-PCR test with complete

protocol. Probes for virus detection.

Unit VII: Challenges and Preparedness: (06 Hrs)
Awareness and sensitization programs (SOPs) about general health and hygiene. Funding in research on issues
related to public health and protection of environment. Global health approach with multidisciplinary

collaborations, Pandemic preparedness and disease surveillance with strong health infrastructure.

Practical component (30 Hrs)
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(Wherever wet lab experiments are not possible, the principles and concepts can be demonstrated through any
other material or medium including videos/virtual labs etc.)

1. A case study of any one pandemic of past.

2. A case study of any one emerging pandemic.

3. Detection and diagnosis using antigen and antibody in the sample.

4, Demonstration of the PCR machine

5. Video demonstration of Covid-19 lateral flow technique

6. Demographic analysis of extent of spread both national and international.
7. Project work

Essential readings:

e Park, K. (2021), 26" Edition, Park's Texthook of Preventive and Social Medicine, Banarsidas Bhanot
Publisher, ISBN-13 : . 978-9382219163

e Madigan M. T, Bender K.S., Buckley D.H, Sattley W.M, Stahl D.A (2021) 16" edition. Brock Biology of
Microorganisms, Pearson Publisher, ISBN-1397801335861717.

o Punt, J, Stranford, S. Jones, P. and Owen, J. (2019). 8 th Edition. Kuby Immunology. New York, USA:
W.H. Freeman and Company. ISBN- 13: 978-1464189754,

o  Willey, J.. Sherwood. L., and Woolverton, C.J. (2016). 10th Edition. Prescott’s microbiology. New
York, USA: McGraw-Hill Education. ISBN-13: 978-1259281594.

Suggestive readings:

e Bonita, Ruth, Beaglehole, Robert, Kjellstrom, Tord & World Health Organization. (2 (2006™ edition.
Basic Epidemiology. World Health Organization. ISBN 978 92 4 154707 9.
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GENERIC ELECTIVE-05 (BIOMED-GE-05) UNDERSTANDING GENETIC

BASIS OF DISEASES
CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE
Course title & | Credits | Credit distribution of the course | Eligibility | Pre- | Department
Code Lecture | Tutorial | Practical/ | criteria | requisite | offering the
Practice of the course
course
(if any)
Understanding 4 3 - 1 Xl Basic Biomedical
Genetic Basis of Passed knowled Science
Diseases ge¢ of
Biology
BIOMED-GE-D5

Learning Objectives

e The course is designed to provide insight about the importance of our genetic material.

o  Students will be taught different types of changes that can take place in our genetic material and their

TCPErCUsSsIons.

s Students will be briefed as to how even minor changes in such a complex genetic system can lead to

serious defects and disorders.

Learning outcomes

Having successfully completed this course, students will understand:

o The basic structural arrangement of our genetic material. its location within the cells and how it

contributes to the unique features of each individual organism.

e Possible changes that can occur in the chromosomes at the macro level and what serious consequences

this might have to the bearing individuals will be taught to the students.

o Not only the structural features but also the correct dose of the chromosomes present in our cells plays

an important role in regulating normal body functioning. The same will be taught by citing examples of

disorders associated with both extra as well as delicient chromosome numbers.
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e The basic Mendelian pattern of inheritance. Students will also learn about different changes that can
oceur within a single gene, the diseases associated with them and how these changes can be mherited

from one generation to the next.

SYLLABUS OF BIOMED-GE-05:

Unit I: Organization of human genome (09 Hrs)
Basic structure of DNA and chromosomes, euchromatin, heterochromatin, A brief overview of the human
nuclear and mitochondrial genome, Concept of allele. haploid and diploid. Genetic Variations- Polymorphism

vs mutations. Types of mutations: Somatic vs germline.

LUnit II: Structural chromosomal abnormalities {06 Hrs)
Different types of structural chromosomal abnormalities (deletions, duplications, inversions and
translocations) and themr associated disorders (Cri-du-chat, Wolt-Hirschhorn, Charcot-Marie-Tooth disease Type

1, Pallister Killian, Hunter syndrome, Walker-Warburg, CML).

Unit 11I: Numerical Chromosomal abnormalities {06 Hrs)
Concept of non-disjunction anaphase lagging, genomic imprinting, uniparental disomy. euploidy, aneuploidy
and associated disorders (Down Syndrome, Edward Syndrome, Patau Syndrome, Turner Syndrome, Klinefelter

Syndrome, Prader-Willi Syndrome. Angelman Syndrome).

Unit IV: Monogenic Disorders (12 Hrs)

Mendelian inheritance (autosomal and sex-linked). Types of gene mutations (substitution, indels. dynamic) and
associated disorders: (Achondroplasia, Huntington's disease, sickle cell anaemia, cystic fibrosis, thalassemia,
Rett Syndrome, haemophilia, colour blindness, phenylketonuria, albinism, maple syrup urine disease.

alkaptonuria).

Unit V: Other genetic disorders (07 Hrs)

Multifactorial disorders like Cancer. Alzheimer’s disease. Arthritis, Diabetes

Unit VI: Genetic counselling (05 Hours)
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Invasive and non-invasive methods of prenatal diagnosis and screening (Down syndrome, Thalassemia).

Genetic counselling for risk assessment and possible treatment and management strategies.

Practical component {30 hrs)
{Wherever wet lab experiments are not possible, the principles and concepts can be demonstrated through any

other material or medium including videos/virtual labs ete.)

1. PCR lor polymorphism detection

Study of chromosomal abnormalities through karyotypes

Pedigree charts for disorders hikeHuntington’s disease, colour blindness, sickle cell anaemia
Pedigree analysis for determining inheritance and risk assessment

Case studies for disorders like cancer, diabetes

Case studies for genetic counselling

SOEN e R LE R

Determination of linkage and cross-over analysis (through two point test cross and three point test cross

dara).
8. Analysis of Tetrads from Saccharomyees cerevisiae,

Essential readings:

= Klug, W. 5., Cummings, M., Spencer, C. A, Palladino, M. A.. Darrell K. (2019), 12th Edition. Concepts of
genetics. San Francisco, NY:Pearson ISBN-13: 9780134604718,

«  Snustad, D.P. and Simmons, M.I. (2019). 7th Asia Edition. Principles of genetics. New York, USA: John
Wiley and Sons. ISBN-13: 9741119657552,

= Strachan, T. and Read, A. (2018). 3" Edition. Human molecular genetics. Florida, USA: CRC Press,
Garland Science. ISBN: 978-0815345893.

* Gardner E. J.. Simmons M. J. and Snustad D. P. (2006). 8" edition Principles of genetics. USA, Wiley.
ISBN-13: 978-8126510436.

Suggestive readings:
« Speicher, M.R.. Antonarakis, 5.E. and Motulsky. A.G. (2010). 4" Edition. Vogel and Motulsky's Human
genetics: Problems and approaches. Berlin, Germany: Springer Verlag. ISBN: 978-354037653%.
»  Wilson, G.N. (2000). 17 Edition. Clinical genetics: 4 shart course. New York, USA: Wiley-Liss, ISBN:
978-0471298069.
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GENERAL ELECTIVE -06 (BIOMED-GE -06): STATISTICAL CONCEPTS IN
BIOLOGY

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits Credit distribution of the Eligibility Pre- Department
& Code course criteria | requisite | offering the
Lecture | Tutorial | Practical/ of the course
Practice course
(if any)
Statistical 4 3 - 1 Xl Basic Biomedical
Concepts in Passed | knowledg Science
Biology eof
Biology
BIOMED-
GE-06

Learning Objectives

¢ The purpose of the course is to teach fundamental concepts and techniques of descriptive and inferential
statistics with applications in health care, medicine, public health, and epidemiology.
e The course will prepare students to collect, analyze and interpret biological data sets and provide

guantitative evidence to support scientific conclusions

Learning outcomes

Having successfully completed this course, students shall be able to:

& Recognise the importance of statistics in biological sciences, understand the different types of data and
difference between population and sample.

e Learn how to group data into tabular form and present it in various graphical forms.

e Learn the calculation and application of measures of central tendency and measures of dispersion in data
representation.

o Ulnderstand concepts of discrete and conditional probability and apply these concepts to biological
applications,
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* Understand the significance and basic concepts of correlation and simple linear regression analysis,
® The student will be able to learn the process of hypothesis formulation, and utilization of appropriate test

of significance for biological data analysis.
SYLLABUS OF BIOMED-GE-06

Unit I: Types of Statistical Data and Measurement (06 Hrs)
Importance of Statistical Studies in Biology. Types of Data in Biology: Qualitative. Quantitative and Random
{Discrete and Continuous) Variables, Scales of Measurement: Nominal, Ordinal, Interval and Ratio scale.

Sample and Population.

Unit II: Data Organization and Graphical Representation (06 Hrs)
Ordered array, Grouped Frequency Distribution Table, Charts and Diagrams: Bar diagram. Pie chart,

Histogram, Frequency Polygon. Line chart, Cumulative Frequency Curve and Scatter diagram.

Unit 111: Descriptive Statistics (10 Hrs)
Measures of Central Tendency: Mean, Mode, Median, Partition Values. Measures of Dispersion; Range,

Standard Deviation, Coefficient of Variance, Covariance. Concept and Importance of Skewness and Kurtosis.

Unit 1V: Probability (07 Hrs)
Concepts of Probability, Addition and Multiplication Rules and Conditional Probability. Use of Probability in
Assessing Validity (Sensitivity/Specificity) of a Diagnostic Test.

Unit V: Correlation and Linear Regression Analysis (07 Hrs)

Correlation Analysis: Scatter diagram, Pearson’s and Spearman’s CoefTicients of Correlation. Coefficient of
Determination. Regression Analysis: Concept of Line of Best Fit, Equations of Lines of Regression and their

Applications in Biostatistics.

Unit V: Inferential Statistics (09 Hours)
Sampling Distribution and Standard Error. Concept of Null and Alternate Hypothesis. Biological Data Analysis
using Z-Test (Single Mean and Difference of Means), Student’s T-Test (Single Mean, Difference of Means and
Pawred T-Test) and F-Test
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Practical (30 hrs)

The experiments are designed for students to learn the usage of statistical methods for biological data analysis

using spreadsheets.

Hands-on training of Microsoft excel software to perform basic operations. commands and functions,
Organize the given data sel and make frequency distribution table.

Present data in various charts or diagrams (bar diagrams, histograms, pie charts, Line graph and scatter
diagrams).

Computing measures of central tendency and dispersion using biological data.

Correlation analysis to determine the strength of relationship between a set of dependent and
independent variable.

Compute regression equations to predict the value of dependent variable,

Pertorm Z-test (Single Mean and Difference of Means).

Pertorm student’s t-test (Single Mean, Ditference ot Means and Paired T-Test)

Essential readings:

Daniel, W.W. and Cross, C.L. (2019). 11" Edition. Biostatistics: A foundation for analysis in the health
sciences. New York, USA: John Wiley & Sons. ISBN-13: 97811 19588825,

Triola M.M., Triola M.F., Roy . (2019), 2™ Edition. Biostatistics for Biological and Health Sciences.
Harlow, UK; Pearson Education Ltd. ISBN-13; 9789353436537,

Pagano, M. and Gauvrean, K. (2018). 2" Edition. Principles of Biostatistics. California. USA: Duxbury
Press. ISBN-13: 0781138593145,

Schmuller, J. (2016). 5™ Edition. Statistical Analysis with Excel for Dummies. New York, USA: John
Wiley & Sons. ISBN-13: 9781119844549,

Suggestive readings:
e Zar, LH. (2014). 5" Edition. Biostatistical analysis, USA: Pearson. ISBN-13: 9789332536678,
o (lantz. 8. (2012). 7" Edition. Primer of biostatistics. New York. USA: McGraw-Hill Medical. ISBN-13:

OT80071781503
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{ GENERIC ELECTIVE COURSE -07 (BIOMED-GE-07): BIOCHEMICAL BASIS OF LIFE ]

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits Credit distribution of the Eligibility Pre- Department
Code course criteria requisite | offering the
Lecture | Tutorial | Practical/ of the course
Practice course
(if any)
Biochemical 4 ' 3 - 1 X1 Basic Biomedical
Basis of Life Passed | knowledge Science
of Biology
BIOMED-GE-
07

Learning Objectives
The Learning Objectives of this course are as follows:
e The objective of this course is to address how the wonderful and remarkable properties of living
organisms arise from the various biomolecules, the building blocks.
e The course focuses on the chemical complexity and organization of molecules in a living cell,
extraction and transformation of energy

® [t gives insights into the changes that occurred during the gradual evolution of life.

Learning outcomes
The Learning Outcomes of this course are as follows:

e The fundamental Chemistry of Life: Students will gain an understanding of the elements found in living
systems and appreciate the importance of water as the solvent for living systems. It is important to learn
about the units used for expressing the biochemical basis ol a living system. Students will learn the unit
system for the molecular mass of biomolecules, units used for the concentration of solutions, and units
for expressing the distances. etc.

s  (Cellular foundations of life: A stepwise organization of a living system, starting from the smallest unit to

an entire living organism would be the focal point in this unit,
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o Molecular basis of life: Students will understand the monomeric forms of different types of

biomolecules. In addition, the relationship between the structure and function of biomolecules would

also be learnt.

¢ Physical foundation of life: Students would learn the concept of enthalpy. entropy and free energy in a

living system and understand the importance of the energy currency and the significance of coupled
biochemical reactions.

¢ Biochemical events in the origin of life: Students would learn the origin of life and the nature of

transformative changes that occurred for life to evolve from the pre-biotic world to the modern times.

SYLLABUS OF BIOMED-GE-07

Unit I: The fundamentals of chemistry of life (06 Hrs)
Carbon chemistry of life, structure and importance of water, diverse inorganic ions, major elements (C, H. O, N,
S). trace elements. Units used in biochemistry such as those expressed for the atomic mass unit (Daltons),

concentration { moles/litre) and distance (in nanometer-scale).

Unit II: Cellular foundations of life {06 Hrs)
Levels of organization in a living system. The important features of living cells, subcellular organelles in
Fukaryotic cells and subcellular organization in Prokaryotic cells. Brief description on Phototrophs,
Chemotrophs, Autotrophs and Heterotrophs.

Unit I11: Molecular basis of life (12 Hrs)
Common functional groups and linkages in biomolecules.

Macromolecules: classification. building blocks, structural and functional diversity.

Structural and functional forms of macromelecules: Proteins (collagen, albumin, hormones (insulin), enzyme
(proteases, nucleases, amylases and lipases); Polysaccharides (starch, glycogen, cellulose), Nucleic acids, Lipids

(cholesterol and triglycerides).

Unit I'V: Physical foundation of life (11 Hrs)
Enthalpy. Entropy. Free Energy. Standard Free Energy. Equilibrium constant. Open and Closed systems,
Endergonic and Exergonic reactions, the energy currency in a biological system (ATP), Energy coupling

reactions,
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Unit V: Biochemical events in the origin of life {10 Hrs)
Landmark events in the evohution of life. Biochemical basis of the origin of aerobic and anaerobic world.
Evolution of biclogical monomers and polymers from pre-biotic compounds, Properties of DNA as genetic

material. Structural and functional analysis of eukaryotes and prokaryotes, with suitable examples.

Practical components (30 Hours)
(Wherever wel lab experiments are not possible, the principles and concepts can be demonstrated through any
other material or medium including videos/virtual labs etc.)

1. Preparation of buffer at a specific molarity and pH.

2. Numerical problems based on Enthalpy, Free Energy and Entropy.

3. Comparative analysis of protein content in egg white and egg yolk, using Biuret's method.
Detection of a glucose polymer (starch) in rice/potato/corn, using iodine test,
To assess the differential solubility of lipids in agueous and organic solvents.

Extraction of DNA from plant/microbial cells by the spooling method.

=N L

Demonstration ot agarose gel electrophoresis for analyzing the isolated DNA.

ol

To compare the structural features of a prokaryotic and eukaryotic cell by studying their electron
micrographs.
Essential readings
. Nelson, D.L. and Cox, M.M. (2021). Lehninger: Principles of Biochemistry (7" ed.). W.H.
Freeman & Company (New York), ISBN:13:9781319322328
. Pratt, C.W. and Cornely, K.(2017). Essential Biochemistry (4" ed.) John Wiley& Sons,
Inc ISBN:OTRI119012375
. Plummer, D.T. (2012). An Introduction to Practical Biochemistry. New Delhi, India: MceGraw-Hill

College.

Suggestive readings
. Berg, 1. Gatio, G.. Stryer, L. and Tymocezko, J. L. (2019). Biochemistry. New York, USA: W. H.
Freeman and Company.,
. Campbell, M. K. and Farrell, S. (0. (2017) 9th Edition. Biochemistry. Boston, USA: Brooks/Cole
Cengage Learning, ISBN-13: 978-1305961135

55



Annexure-04-02-12 {Revised)
AC-26.05.2023

[ GENERAL ELECTIVE -08 (BIOMED-GE-08): DISEASES IN EVERYDAY LIFE ]

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits Credit distribution of the Eligibility Pre- Department
& Code course criteria requisite | offering the
Lecture | Tutorial | Practical/ of the coursg
Practice course
(if any)
Diseases in 4 3 - 1 X1l Basic Biomedical
Evervday Passed | knowledge Science
Life of Biology
BIOMED-
GE-08
Learning Objectives

The Learning Objectives of this course are as follows:
* Diseases are not new to human beings but if we are familiar with them, it is easy to manage.
* The course has been designed to familiarize students with most common diseases in everyday life.
Students will be able to differentiate between infectious and non-infectious diseases.
e Students will learn about the causative organism of these discases and their symptoms. A brief

description related to treatment and management methods will also be included in the syllabus.

Learning outcomes
The Learning Outcomes of this course are as follows:
e Initially students will understand about diseases and various approaches to classify different types of
diseases.
e A detailed description of various diseases caused by infectious agents has been included in the syllabus.
As all the diseases are not infectious, students will learn differentiate between communicable and non-
communicable diseases with examples of most common disorders.
o A brief overview about degenerative disorders such as Parkinson's, Alzheimer's, Osteoarthritis,

Osteoporosis have also been included in the syllabus to enrich the learning of students.
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e Majority of human population is malnourished and suffer from many deficiency disorders, thus students

arg familiarized with common deficiency diseases such as Anaegmia, Goitre, Kwashiorkor, Beri-Beri,
Scurvy and Rickets have also been included.

e Many cell types in blood and immune components sometime leads to anomalies which may be

associated with any disorder. Keeping this in mind, some common immune disorders are briefly added

to the syllabus.

SYLLABUS OF BIOMED-GE-08

Unit I: Introduction: (12 Hrs)

Disease classification: Overview of disease condition related to human body: Communicable and non-
communicable diseases. Five “F" of communicable diseases [Food (contaminated), Fingers (unclean), Faeces,
Fomites, and Flies] Genetic Diseases, Toxic effect of drugs and Chemicals (toxic gases and radiation),Auto
immune disorders, nutritional deficiency (Effect of nutrition) (deficiency of Vitamin B12, Vitamin C), Route of

transmission, lnfectious dose, Communication by vector, Allergic discases

Unit Il: Communicable (Infectious) diseases: (09 Hrs)

a. Diseases transmitted directly: air bome (Mycobacterium) and water borne (Cholera) food borne
(typhoid). Epidemiology, cause, clinical feature and prevention. STDs (with examples). Diseases caused
by Virus, bacteria, fungus and protozoa’ helminths.

b. Vector borne diseases: mosquito, (Malaria, dengue and Chikungunya), cockroaches and flies, how they
spread diseases and methods of prevention, diagnosis (basic).

Unit IIT: Non-communicable diseases: (06 Hrs)

a, Diabetes, hypertension and cancer (Briet discussion and special emphasis on prevention).

b. Down syndrome and colour blindness.

Unit I'V: Degenerative Diseases: (07 Hrs)

Parkinson’s/Alzheimer’s, Osteoarthritis, Osteoporosis.(Special focuses on factors related to Lifestyle).

Unit V: Deficiency Diseases: (05 Hrs)

Anaemia, Goitre, Kwashiorkor, Beri- Beri, Scurvy and Rickets (Main emphasis on nutritional factors)
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Unit VI: Blood disorders and Autoimmune Disease: (06 Hrs)

.

Sickle cell anaemia,haemophilia. thalassemia, blood incompatibility disorder, Rh factor.

h. Graves' disease, Rheumatoid Arthritis and Psoriasis,

Practical component (30 Hrs)

(Wherever wel lab experiments are not possible, the principles and concepts can be demonstrated through any

other material or medium including videos/virtual labs etc.)

12

Ln

Mo =R

A case study of any communicable disease outhreak.

A case study on the prevalence of degenerative diseases (Parkinson's diseases/ Alzheimer's) in our
country

Study different parameters responsible for malnutrition in human population and appropriate
management strategics

Brief case study non communicable disease associated with litestyle (hypertension and colourblindness)
How much we are aware about immune disorders? Give a small intra college survey to support the
slatement.

Preparation of a brief tflow chart depicting classification of diseases.

Case study about minamata discase / Hiroshima and Nagasaki / Bhopal gas tragedy.

Effect of pesticides on human beings (taking example of anyone state in India).

Identification of common diseases caused by vectors.

Essential readings:

Park, K. (2021, 26" Edition, Park's Texthook of Preventive and Social Medicine, Banarsidas Bhanot
Publisher, ISBN-13 : . 978-9382219163

Punt, I. Stranford, 5. Jones. P. and Owen, J, (2019}, 8 th Edition. Kuby Immunology. New York, USA:
W.H. Freeman and Company. ISBN- 13: Y758-1464159784.

Cappuccino, J.G. and Sherman, N. (2013). 10th Edition. Microbiology: A laboratory manual, California,
USA: Benjamin Cumming. ISBN-13: 978-0321840226.

Willey, J., Sherwood, L.. and Woolverton, C.J. (2016), 10th Edition. Prescott’s microbiology. New
York, USA: McGraw-Hill Education. [SBN-13: 978-1239281594
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Suggestive readings:
e Tille, P. (2013). 13th Edition. Bailey & Scott's diagnostic microbiology. Missouri, USA: Mosby
Publishers. ISBN-13: 978-0323083300,
¢ Madigan, M.T., Martinko. I.M.. Stahl, D.A. and Clark., D.P. (2010). 13th Edition. Brock biology of
microorganisms. California, USA: Bemjamin Cumming. [SBN-13: 978- 0321649638.

¢ Tortora, G.J.. Funke, B.R. and Case C.L. (2006). 9th Edition. Microbiology: An introduction. California.
USA: Benjamin Cummings. ISBN-13: 978-0536292117.

« Bonita. Ruth, Beaglehole. Robert, Kjellstrom, Tord & World Health Organization. (2 (2006™ edition.
Basie Epidemiology, World Health Organization, ISBN 978 92 4 154707 9.

e Pelezar, M.J (2001). 5th Edition. Microbiology. New York. USA: McGraw Hill International. ISBN-13:
9780074623206,

B3



Annexure-04-02-12 {Revised)
AC-26.05.2023

'GENERAL ELECTIVE -09 (BIOMED-GE-09): HEALTH AND BODY DEFENSE

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits Credit distribution of the Eligibility Pre- Department
Code course criteria requisite | offering the
Lecture | Tutorial | Practical/ of the course
Practice course
(if any)
Health and | 4 | 3 - 1 X Basic | Biomedical
Body Defense Passed | knowledge Science
System of Biology
BIOMED-GE-
09

Learning Objectives

The Learning Objectives of this course are as follows:

e Characteristics of a healthy body and ways to improve one’s health and well-being.

* Body defense system is a comprehensive study of the organization and functioning of the immune
system with its network of cells and molecules. Understanding the biology of the immune system 18 key
to developing strategies towards prevention and cure to a number of disorders and diseases that result
due to malfunctioning and dysregulation of the immune system.

e This paper covers the organization and functioning of the various branches of immune system, namely,
Innate and adaptive Immunity to combat different pathogens. Various Immunological techniques will

also be taught to the students.

Learning outcomes
The Learning Outcomes of this course are as follows:
e Students learn various aspects of health and immune system in normal and infectious stage which equips
students to design better strategies for combating the immunological disorders. Students will be given an

overview to various pathogens and immune system in Invertebrates and Yertebrates.
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e Students learn historical perspective of the extensive field of Immunology. They are introduced to the
important concepts of Immunology.

e Students will be familiarized with origin and maturation of all blood cell types in bone marrow and
thymus. They will understand the process of haematopoiesis, functions of various types of cells and roles
played by them in generating immune responses against pathogens.

¢ The unit entails different barriers of Innate Immunity, Cells, Complement system, Patterns on the
pathogens recognized by receptors of Innate Immune system, pathogen killing by the immune cells and
concept & the importance of the Inflammation in an Immune response.

e Students will learn about the cells of adaptive immune system, the concept of antigen, antibody
molecules and role of major histocompatibility complex & associated cells in the processing and
presentation of antigen. The students will explore the branches of adaptive immunity - the humoral and
cell mediated, their components and interplay of these components in combating the infection. The
students will also be able to understand the significance of various kinds of growth factors and cytokines
in the activations of various lymphocytes

e The students will be given knowledge about the principle, methodology and applications of various
laboratory technigues mvolving antigen-antibody reaction.

e Vaccine based immunotherapies and their designing will assist them to think about new path for
combating with pathogens and working mechanisms of immune system.

® The students will be made aware about the importance of diet and lifestyle in promoting Immunity and
health.

SYLLABUS OF BIOMED-GE-09

Unit I: Hallmarks of Health {03 Hrs)

Basic aspects of healthy body: Cells. Tissue and Organ system, difference between prokaryotes and eukaryotes.
Key differences between bactenia, fungi, protozoans and viruses.

Requirements for ahealthy body according to age and gender. Survival strategies of host against the invading
pathogens: bacterial defense agamst bacteriophage. immune system of Plants. invertebrates (Mollusca) and

veriebrates

Unit 11: Introduction to Immune system: (03 Hrs)
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Historical background, general concepts of the immune systeni, innate and adaptive immunity; active and

passive immunity.

Unit IIT: Organization of Immune System: (U3 Hrs)

Lymphoid Organs: thymus, bone marrow and haematopoiesis, lymph nodes, spleen.

Unit I'V: Innate Immune response (08 Hrs)

e Physical and Chemical barriers

e« Cells of the innate immune system: Natural Killer cells, monocytes and macrophages; neutrophils,
eosinophils, basophils, mast cells and dendritic cells; Structure, Phenotypic and functional aspects.

¢« (Complement system: Components of the complement activation classical, alternative and lectin
pathways; biological consequence of complement activation.

o  Mechanisms of pathogen killing by macrophages and neutrophils: Receptor/non receptor mediated
endocytosis, phagosome formation, phagolysosome formation, respiratory burst phenomenon, basic
pathways of oxygen dependent and oxygen independent killing mechanism.

e [Inflammation: concept, hall marks of inflammation.

Unit V: Adaptive Immune Response (10 Hrs)

Cells of the adaptive immune system: T and B lymphocytes

Characteristics of adaptive immune response: self and non-self recognition, specificity, diversity and
memory, primary and secondary immune response, allergen/ allergy.

Antigens:  antigenicity and immunogenicity, haptens. Properties (foreignness, molecular size,
heterogeneity, route and dose of administration, solubility and degradability): host factors (genotypes,
gender, nutrition) Blood group antigens and transfusion reactions.

Basic function of Major Histocompatibility Complex

Importance of Antigen presentation

Types of antibodies and their function,

Cell mediated immune response: Major steps in T cell differentiation in thymus: thymic selection, self
MHC restriction, T cell receptor assembly. Phenotypic characteristics of naive T-cells (CD4™ and CDR”

T-cells). Migration of naive T-cells from thymus to secondary lymphoid organs. Activation of T-cells,
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proliferation of clonally selected T cells and their effector functions, concepts of T-helper | (T1H;) and T-
helper 2 (THa2) cells. Basic introduction to eytokines: 1L-2, 1L-4 and [FN-y

e Contribution of MHC, B-cell receptor (BCR) and T-cell receptor (TCR) to diversity in adaptive immune

response

Unit VI: Immunological Principles of Various Reactions and Technigues (05 Hrs)

Basic concepts of antigen-antibody interactions (epitope-paratope), Affinity and  avidity, cross reactivity,
precipitation, agglutination, immunodiffusion, immune-electrophoresis, ELISA (indirect. sandwich,
competitive, chemiluminescence, and ELISPOT assay), western blofting, immunofluorescence microscopy,

immunohistochenmistry and lateral flow assay.

Unit VII: Vaccines and Immunotherapeutics (04 Hrs)

Contributions of Sir Edward Jenner and Louis Pasteur in vaccine development; Major types of vaceine and their
characteristics, importance of adjuvants in the development of artificial and active immunity. The concept of
passive immunity and immunotherapeutics (Plasma therapy in COVID-19, anti-rabies therapy, anti-toxin

therapy), National immunization programme

Unit VIII: Diet, Nutrition and Life sivle in promoting health and Immunity {09 Hrs)

Importance of a well- balanced nutrition. the role of Immunity boosters and immunomodulators from kitchen
shelf (curcumin , ginseng, lycopene &Giloy), vitamins (Vitamin A, B, C, D and Vitamin B12) and minerals
(Zn) in improving health and defense.Role of probiotics, gut microbiota andprebioticsin regulating health and
immunity. Role of physical activity and emotional & Mental state in regulation of Immunity status, holistic
health and happiness. A primer on our traditional practices, yogic lifestyle and meditation in creating

homeostasis in the body (balancing Vatta, Pitta and Kapha) will also be given.

Practical component (30 Hours)
(Wherever wet lab experiments are not possible, the principles and concepts can be demonstrated through any
other material or medium mcludimg videos/virtual labs etc.)
. Visualization of antigen-antibody interaction or To perform Immuno-diffusion by Ouchterlony
method

2 To perform Immuno-diffusion by Mancini Method
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3. To perform Complement fixation assay

To perform sandwich dot ELISA

5. To perform Widal test (Indirect/passive agglutination) for the detection of typhoid antigen and blood

group determination (direct agglutination)

6. To perform SARS-CoV-2 Rapid Antigen Test(Lateral flow Assay)

Project work based on historical research work in the area of immunology.

8 Case studies on hypersensitivity reactions(seafood hypersensitivity, Erythroblastosis Fetalis)

Essential readings:

Punt. 1. Stranford, S. Jones, P. and Owen, J. (2019). 8" Edition. Kuby Immunology. New York, USA;
W.H. Freeman and Company. ISBN- 13: 978-1464189784.

Delves. P.J. Martin, S.J. Burton. D.R. and Roitt, 1. M. (2017). 13" Edition. Roitt’s Essential
Immunaology. New Jersey, USA: Wiley-Blackwell Science. ISBN: 13: 978- 1118415771,

Suggestive readings:

Ananthanarayvan R and Jayaram Paniker CK (Author), Reba Kanungo (Editor) (2020) Ananthanarayan
and Paniker's Textbook of Microbiology, Eleventh Edition. Universities Press (India) Pvt. ISBN
9389211433

Practical Ayurveda: Find Out Who You Are and What You Need to Bring Balance to Your
Life Paperback — 5 June 2018 by Sivananda Yoga Vedanta Centre. Publisher : DK: Illustrated edition
1 ISBN-10 jJune 2018 5): ISBN-13 14653468498 978-1465468499,

Willey, . Sherwood, L and Woolverton, C.J. (2016). 10" Edition. Prescott 's Microbiology. New York,
USA: McGraw-Hill Education, ISBN-13:978-1259281594.

Satomi Oshima: Zhen-Bo Cao: Koichiro Oka (2015) ‘Physical Activity, Exercise. Sedentary, Behavior
and Health® Springer Tokyo Heidelberg New York Dordrecht London ISBN 978-4-431-55333-5
(eBook)

Guglielmo M Trovato (2012) Behavior, nutrition and lifestyle in a comprehensive health and disease
paradigm: skills and knowledge for a predictive, preventive and personalized medice. Trovato EPMA
Journal 2012, 3:8 (Review Article)

Kindt T. J., Osbome B. A. | Goldsby R. A. (2007). 6th Edition Kuby fmmunology. New York, USA:
W.H. Freeman and Company. ISBN-13: 978-1429202114 ISBN-10: 1429202114,
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Hay. F.C. and Westwood, O.M.R. (2002). 4" Edition. Practical Immunology. New Jersey, USA:
Blackwell Science. ISBN:9T7R086542961 1

BYG-002 Yoga and Health, Block 4 Yogic Lifestyle, School of Health Science. Indira Gandhi National
Open University (https://drive.google.com/file/d/ 1 0j00rWXLsCEVScThzK-hM43ezINvnODhl/view)
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GENERAL ELECTIVE -10 (BIOMED-GE -10): UNDERSTANDING THE HUMAN
BODY SYSTEMS

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title & | Credits Credit distribution of the Eligibility Pre- Department
Code course criteria | requisite | offering the
Lecture | Tutorial | Practical/ of the course
Practice course
(if any)
Understanding 4 3 - 1 X Basic | Biomedical
The Human Passed | knowledge Science
Body System of Biology
BIOMED-GE-
10

Learning Objectives
The Learning Objectives of this course are as follows:
e This is an introductory course dealing with the structure and function of the human organism and the
issues facing the human in today’s world.
* It 15 intended for students with limited science background. It would make them familiar with basic

physiological concepts.

Learning outcomes
The Learning Outcomes of this course are as follows:
» Students will have an mcreased understanding and appreciation for the workings of the human body.
They will be familiar with the termmology and physiology of the major organ systems
o They will be able to explain the relation between form and function in biology, as expressed in
molecular, cellutar, and whole-organism physiology.
» Students will be able to recognize the anatomical structures and explain the physiological functions of
the body systems.
« Recognize the anatomical structures and explain the physiological functions of the body

systems. Develop scientific terminology to describe the parts and processes of the human body.
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SYLLABUS OF BIOMED-GE-10:

Unit I: Body organization and Integumentary system (05 Hrs)

General Anatomy of the body, Introduction to various kinds of body planes, cavities and their membranes,
Tissues level of organization and classification (Types, origin, function & repair). Structure and functions of

human skin. Blood as connective lissue

Unit II: Nervous System (06 Hrs)
Organization of the Central and Peripheral nervous system. Motor and sensory physiology. Nerve Physiology

and Sensory Physiology (Special Senses)

Unit I1I: Muscular and Skeletal System (04 Hrs)
Functional anatomy of muscular system, types of muscles, neuromuscular junction structure property and

transmission, General characteristics of muscle contraction using skeletal muscle as example.

Unit IV: Cardiovascular and Respiratory System {06 Hrs)
Functional Anatomy of heart, The Cardiac Cyele, Electrocardiogram.

Circulatory system: Blood vessels, hemodynamics and regulatory mechanisms.

Lymphatic circulation - hemodynamics and regulation, micro-circulation

Functional Anatomy of the respiratory system. Mechanisms of pulmonary and alveolar, gaseous exchange.

transport of gases, respiratory and nervous control and regulation of respiration.

Unit V: Endocrine System (06 Hrs)
General mechanism of hormone action, Structure, function and regulation of the major gland of the body:
Pituitary, Hypothalamus, Thyroid, Pancreas and Adrenals. Basic concepts about hypo and hyper secretion of

hormones.

Unit VI: Gastrointestinal system (06 Hrs)
Anatomy and histology of the digestive tract. General principles of gut motility secretion, digestion, absorption

and assimilation.
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Unit VII: Renal Physiology (06 Hrs)
Functional anatomy of kidney. histology of nephron and its physiology. process of urine formation. Urinary

bladder: structure, micturition and its regulation

Unit VII: Reproductive System (0o Hrs)
Structure and function of male and female reproductive organs. Basic concepts of gametogenesis (oogenesis and

spermatogenesis), fertilization, implantation, menopause and contraception.

Practical component (30 Hrs)

(Wherever wet lab experiments are not possible, the principles and concepts can be demonstrated through any

other material or medium including videos/virtual labs ete.)

1. To prepare a blood smear and identify different types of white blood cells.
Estimation of hemoglobin (Sahli’s method)

Physiological data acquisition based experiments (ECG/PFT/EMG).

o

Blood Pressure recordmgs in humans.

N

To study a simple reflex arc
To study the sensation of taste, touch and smell.

To study various types of contraceptives (condoms, IUD"s, oral and injectable contraceptives)

PO =¥ o

To study different human organs and their sections through permanent histological slides
T.S. of brain, spinal cord, skeletal fibers. cardiac muscles, skeletal muscles, T. S. of thyroid, liver.
thymus, spleen, ovary, artery, vein, capillaries. testis, pancreas, esophagus, adrenal, kidney (cortex and
medulla), urinary bladder. fallopian tubes, epididymis, lungs. trachea, heart.(Minimum 8§ slides covering

the systems mentioned in theory.)
Essential readings:

e Guyton and Hall Textbook of Medical Physiology, 14th edition (2020}, J. E. Hall: W B Saunders and
Company, ebook ISBN: 978-0-3236-4003-9; Hardcover ISBN: 978-0-3235-9712-8
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e Principles of Anatomy and Physiology. 16th edition (2020), Gerard J. Tortora and Bryan H. Derrickson:
Wiley and Sons, ISBN: 978-1-119-66268-6. (e book), ISBN: 978-1-119-70438-6 (for print book).

e Textbook of Practical Physiology. 9th edition (2019), CL Ghai; Jaypee Publication. ISBN-
Q7R9352705320,

 Human Physiology, 16th edition (2011), Stuart |. Fox; Tata McGraw Hill, ISBN10: 1260720462;
ISBN13: 978-1-26-072046-4,

Suggestive readings:
e Ganong’s Review of Medical physiology, 26th edition (2019), K. E. Barett, S. M. Barman, §. Boitano
and H. Brooks: Tata McGraw Hill, ISBN 978-1-26-012240-4 (for ebook) ISBN:978-1-26-012241-1 (for
print Book)
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GENERAL ELECTIVE -11 (BIOMED-GE -11): DRUGS AND VACCINES

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course title | Credits |  Credit distribution of the | Eligibility | Pre-requisite | Department
& Code course criteria | of the course | offering the
Lecture | Tutorial | Practical/ (if any) course
Practice
Drugs and 4 3 - 1 X1l Basic Biomedical
Vaccines Passed | knowledge of Science
Biology
BIOMED-
GE-11

Learning Objectives

The Learning Objectives of this course are as follows:

This course integrates the concept of chemistry, biochemistry, pharmacology and immunology for
understanding the process of drug action in the body.

The focus is on various targets present in body that can be useful in rational drug design.

The course entails different approaches to drug discovery and design, sources of drugs and
measurement of drug target interaction.

It also aims to understand the human immune system and the immunotherapies used to combat

disease.

Learning outcomes

The Learning Outcomes of this course are as follows: Having successfully completed this course, students shall

be able to learn and appreciate:

The student will understand the concept of drugs and vaccines, their effect on body and different
routes used to administer them in body.

They will be able to identify the various drug targets in the body

Students will learn to identify various parameters for comparison of different drugs with ways to
analyse how sale a drug is for use. Also. they will understand the overall process of drug design,
various approaches used in drug discovery and the concept of rational drug design. They will also
learn about mode of action of different types of Drugs
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e Students will also learn about the Organization, Properties and Functioning of the Immune System,
Innate and adaptive immune responses. Antigen-antibody interactions.

e Students will familiarize themselves with the need for vaccines, concepts and principles of vaccines.

types of vaccines and available vaccines: BCG, DPT, HBV, HPV, Polio. Covid-19. Finally, the

student will be able to grasp the use of immuno-therapeutics in dealing with certain infections rabies

vaccing, plasma therapy) and the concept of using antibodies as drug carriers.

SYLLABUS OF BIOMED-GE- 11

Unit-I: Introduction of Drugs (06 Hrs)
Definition and scope of Drugs, source of drugs, routes of drug administration and their advantages
anddisadvantages (with emphasis on oral and 1.V), Bioavailability and first pass metabolism, drug formulations

and delivery agents. Introduction to pharmacodynamics and pharmacokinetics (brief introduction on ADME)

Unit-11: Drug Target Classification and Measurement of Drug Receptor Interactions (10 Hrs)
Classification of Drug targets: Proteins, Nucleic acid. lipids and carbohydrates

Proteins as drug targets: Receptors: Receptor role, lon channels, membrane bound enzyme activation, concept
of Agonist, antagonists, partial agonist (Cholinergic agonist and antagonist., Dopaminergic agonist and
antagonist)

Enzymes: Enzyme mhibitors (competitive, non- competitive (ethylene glycol for antifreeze posoning, ACE
inhibitor, Aspirin, 6-mercapto purine)

Analysis of ligand receptor interaction. relationship between dose and effect (graded and quantal response).

Affinity, Efficacy and potency, therapeutic index.

Unit-11T: Drug Design and Mechanism of Action of Drugs (07 Hours)
Introduction to Drug design, Analogue synthesis versus rational drug design. Strategies in the search for new
lead compounds (random and non-random screening). SAR. Concept of prodrugs (to tackle toxicity and
membrane permeability)

Mode of action of following class of drugs: Antipyretics (Paracetamol), Anti-inflammatory drugs (Ibuprofen),
Anticancer drugs (cisplatin), Antibiotics and Antibacterial drugs (sulphonamides, Penicillin}, Antifungal drugs

{ Amphotericin B).
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Unit-1V: Introduction to the Immune System {12 Hours)
Historical background, organization of the immune system, lymphoid organs: Bone marrow, thymus, lymph

nodes and spleen.

Innate Immune System: Physical and chemical barriers, brief overview of the cells of the innate immune
systerm: Natural Killer cells, monocytes and macrophages: neutrophils, eosinophils, basophils, mast cells and
dendritic cells, Mechanisms of pathogen killing by phagocytes: macrophages and neutrophuls, Inflammation:

brief overview

Adaptive Immune System: Cells of the adaptive immune system: B and T lymphocytes: characteristics viz;
Specificity, diversity, immunologic memory, self and nonsell recognition, B cell and T cell development,
Antigens: Properties: foreignness, molecular size, route and dose of administration, Antibodies: Structure,
classes and distribution, B cell and T cell epitopes. MHC molecules: structure and functions, Antigen processing

and presentation on MHC molecules

Unit V: Vaccines and Immuno-therapeutics (10 Hours)

Principles and concepts of vaccines: History of vaccines- Contribution of Sir Edward Jenner and Louis Pasteur I
n vaccine development. Major types of vaccines and their characteristics: while cell based vaccines, subunit
based vaccines. vectored vaccines, nucleic acid based vaccines. Importance of adjuvants in development of

artificial and active immunity.

Common vacecines: BCG, DPT. HBV. HPV, Polio, Covid-19. Immuno-therapeutics: Rabies Vaceine and

Plasma therapy. Antibody and receptors as drug carriers and targets. National immunization program.

Practical component {30 Hours)
{Wherever wet lab experiments are not possible, the principles and concepts can be demonstrated through any

other material or medium including videos/virtual labs ete.)

1. To study different routes of administration of drugs,

2. To study the presence of acetaminophen in a given sample.
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Quantitative estimation of acetaminophen in a given sample using spectrophotometer.
4. Extraction of caffeine from tea leaves.
Study the absorption properties of caffeine using spectrophotometer
6. Phytochemical screening and qualitative chemical examination of various plant constituents by solvent
extraction. (Detection of alkaloids, carbohydrates, glycosides, phytosterols, oils and fats, tannins,
proteins, gums).
7. To record CRC of acetylcholine using guinea pig tleumn/ rat intestime (virtually)
8. Study of competitive antagonism using acetylcholine and atropine.
9. Determination of dose ratio.
10. To perform blood grouping (direct agglutination)

1. To perform Widal test (indirect agglutination),

Essential readings:

o Punt. J. Stranford, 5. Jones, P. and Owen, I. (2019). 8th Edition. Kuby Immunclogy. New York, USA: W.H.
Freeman and Company. ISBN- 13: 978-1464 189784,

o Patrick G.1. (2017). 6 th Edition. Introduction to medicinal chemistry, Oxford, UK: Oxford University Press.
ISBN-13: 978-0198749691.

» Silverman, R.B. and Holladay, M.W. (2014). 3 rd Edition. The organic chemistry of drug design and drog
action. San Diego. USA: Elsevier, Academic Press. ISBN-13: 9780123820303.

Suggestive readings:

e Wermuth, C.G., Aldous. D., Raboisson, P. and Rognan, D. (2015). 4 th Edition. The practice of
medicinal chemistry. San Diego, USA: Elsevier, Academic Press. ISBN-13: 978-0124172050.

e Nogrady, T, and Weaver, D.F, (2005), 3rd Edition. Medicinal chemistry: A molecular and biochenucal
approach. New York, USA: Oxford Umiversity Press, ISBN-13: 978-0195104561.

e King F.D. (2003). 2 nd Edition. Principles and practice of medicinal chemistry. London, UK: The Royal
Society of Chemistry. ISBN-13: 978-0854046317,

e Hay, F.C. and Westwood, O.M.R. (2002). 4th Edition. Practical Immunology. New Jersey, USA:
Blackwell Science. ISBN: 978086542961 1.

e Gringauz, A. (1996). | st Edition. Introduction to medicinal chemistry: How drugs act  and why,
Brooklyn, New York, USA: Wiley VCH. ISBN-13: 978-0471185451.
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