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Preamble

The subject of Human Physiology is one of the intgodr interdisciplinary areas in teaching,
training and learning that are important in termishoman resource development as well as
community development. Human Physiology is the fifenomenon studied at all level, from
molecules to cell with special emphasis to humatdybti is that branch of knowledge that applies
the principles of physics, chemistry and the meshofl mathematical analysis and computer
modeling to understand natural phenomena of theahubody. The major focus of Human
Physiology is the analysis of different aspecttheffunctions of biological molecules, organisms
and entities. The techniques and methodologiesunfidh Physiology have wide applications in
the biological, medical and related sciences. Stisdeith Masters in Human Physiology have job
opportunities in the Universities, Colleges, ScepB and D Industries, Medical Centers/Colleges,
Research Institutes, and other Government and igrrgment Organizations.

Eligibility Criteria:

A candidate shall be held eligible for admissionTt@o-Year course for the master degree in
Human Physiology under Faculty of Science, if cdath has passed the B.Sc. Examination with
Honors in Physiology. The graduate course shouttirek years duration.

General Instructions:

1. The Post Graduate Course of Human Physiology isleliivinto four semesters each of 300
marks. There are a total of 14 theory papers amurd€lical papers in four semesters. Among
14 theory papers there will be 02 Elective Paperset chosen optionally by students from
other disciplines.

2. Each semester consists of Theory and Practical rpapie 50 marks (4 Credits) each
consolidating to 300 marks (24 Credits). Each pa&pdivided into two Units of 25 marks (2
Credits) each and each unit of theory papers idisiged into 4 Modules (0.5 Credit/Module).

3. The Two Elective Papers will be taught in the Selcand Third semesters each.

4. The students are required to complete 20 compufsapers (12 Theories and 08 Practical) in
addition to the chosen Elective Papers (02 Thepaes 04 Optional Special Papers (02
Theories and 02 Practical). The Optional SpecigePawill be announced at the beginning
of each academic session.

5. Each Theory Paper will have workload of 50 Lectwgash of 60 minutes duration distributed
in Units (45 lectures +5 tutorials). Each Practiéaper will have workload of 75 periods of
60 minutes duration each.
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6. Each theory paper will be evaluated by internalessment (10 marks) and semester
examination (40 marks). For each paper there wilMo internal assessments, which may be
evaluated by written test or oral test or semin@sentation. The average marks of two
assessments will be credited to the students.

7. Each student will have to participate in a fielddst for Community Health Survey as a part
of Practical Training Program in the Second Sermneste

8. Students have to carry out an individual projedd®imarks in the final semester. The project
will be evaluated by the project report submittad aeminar presented by the students.

Course/Programme Outcomes

Upon completion of the course students will be &ble

This MSc programme in Human physiology will provistedents with the necessary knowledge
and skills to undertake a career in research,raithiedustry or in an academic setting. The tragni
provided will give students the breadth and deftbcentific knowledge in the important newly
developed area of Human physiology.

1. General science training of studentsprovide an intellectual training that enablesistuts to
develop a rigorous scientific approach in synthegisnformation and concepts, exercising
evaluative judgement and in making arguments abootan physiology. To provide a thorough
training in written and verbal communication ofestific information and ideas.To generate in
students an appreciation of the importance of g@i@tion of human physiology in academic,
industrial, economic, environmental and social erts.

2. Specific scientific skills equip students with practical skills that wilepare them for a future
career as a worker or researcher in this impontaetdisciplinary area.

3. Transferable skills - equip students with a broad range of general skidswill transfer to the
future workplace.

4. Knowledge base for studentsprovide students with an advanced background umé&h
physiology which will be of particular relevance tive medical, pharmaceutical and
biotechnological industries. Students also rece®i@ing in medicinal aspects of drug design and
can specialise in a more biological or biochemacah as part of their industrially related research
project. Additionally, the project will prepare dents to continue with postgraduate research in

the form of a PhD or to work in or in associatiothandustry
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5. Benefit to students of active researchharness the research expertise of staff in the@aof
Biosciences to provide a stimulating and currepttrinto teaching and to provide students with
training in current research practice.

6. The learning environment- provide an attentive, supportive and formativeiemment for
the academic and personal development of our stsid€a provide high quality education and

training through a systematic approach to quabsusance.
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Syllabus of Human Physiology

ltemsSemester I Semester Il:  [Semester IlI: Semester IV: Total Marks:
[300 Marks [300 Marks [300 Marks [300 Marks [1200 Marks
24 Credits] 24 Credits] 24 Credits] 24 Credits] 96 Credits]
Theory | Practical | Theory | Prac | Theory Practica | Theory | Practica | Theory | Practici
ical
Marks 150 150 200 100 (200 100 150 150 700 | 500
(including (including
Elective Elective 50)
50)
Credits | 12 12 16 08 16 08 12 12 56 40
Semester |: 300 Marks
Theory / Course Codg Unit [Course Title Marks | Credits
Practical
101.1 Physiological Chemistry and Metabolismn 25
PHY-101 1 1012 | Molecular Biology 25 4(3-1-0)
102.1 Biophysical Principles in Physiology 29
Theory PHY-102 | 1022 | Biomedical Instrumentation 25[#3-10)
PHY-103 | 1031 Biostatistics and Research Methodologjes 25
o 4(3-1-0)
Computer Application in Biology and
103.2 | Bioinformatics 25
194.1 Growth Monitoring and Nutritional
' Assessment 25 [4(0-0-8)
PHY-194 Assessment of Environmental Status
194.2 25
195.1 | Biochemical Techniques 25
PHY-195 | 1952 | Bio-Analytical Techniques and 25 [H0-0-8)
Practical Microbiologica Studie:
196.1 | Statistical Treatment of Biological Data 25
PHY-196 | 1962 | Computer Application in Biological 25 [H0-0-8)
Problem:
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Semester Il: 300 Marks

Theory / |Course Code Unit | Course Title Marks | Creditd
Practical
201.1 | Community Health: Health, Disease and 25
PHY-201 Nutrition
Theory Community Health: Environmental 4(3-1-0
201.2 | Pollution, Toxicology and 25
Management
Community Health: Exercise Physiology
PHY-202 202.1 | and Mass Fitness 25  [4(3-1-0
202.2 | Community HealthMetabolic Disorder arf 25
Lifestyle Management.
203.1 Physiology of Excitable Cells and Highgr
PHY-203 ' Function: of Brain 25
Integrated Physiology: Homeostasis 4(3-1-0
203.2 25
PHY-204 204.1 | Lifestyle and Health 25
[Elective] Importance of Health Education 4(3-1-0
204.2 | and Its Promotion 25
Anthropometry and Community Health
295.1 | Survey 25
PHY-295 4(0-0-8
Practical 295.2 | Human Experiments 25
296.1 Studies with Cardiac Muscle 25
PHY-296 - - X 4(0-0-8
Studies with Skeletal & Smooth Muscleb (
296.2 | and Bioassay 25
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Semester IlI: 300 Marks

Theory / |Course Code Unit Course Title Marks | Credits
Practical
PHY-301 301.1 Electrophysiology and Sensory Systers
301.2 Systems Physiology 25  |4(3-1-0)
PHY-302 302.1 Microbes-Human Interaction 25
302.2 Human Immune System o5 [4(3-1-0)
PHY-303 303.1A | Advanced Studies in Microbiology 25 4(3-1-D)
,\??Cegﬁlioﬁggs A 303.2A | Cellular and Molecular Immunology 25
Theory andImmunology
PHY-303 303.1B | Advanced Studies in Biochemistry 25
ial P B: .
g?ggﬁemgg 303.2B | Molecular Endocrinology an25
Molecular Reproductive Physiology 4(3-1-0)
Endocrinology
and Reproductive
Physiology
PHY-303 303.1C | Biophysical  Principles, Molecula25
Special Paper C: Biophysics and Advanced Methods [in
Biophysics  ang Biology
; 4(3-1-0)
Electrophysiolog
y with Structura| 303.2C | Advanced  Cellular ~and Membrgn25
Biology Biophysics
303.1D | Physiology of Neuron and Evolution| 25
PHY 303 Brain
Joecial Paper D
Neurophysiolog | 303.2D | Development of Brain and Molecd 25 4(3-1-0)
Neurobiology
PHY-303 303.1E | General Sports Physiology 25
Special Paper E: 4(3-1-0)
Ergonomics and 303.2E | Applied Sports Physiology 25
Sports Physiology
PHY- 304 304.1 Environment and Health 25
[Elective] 1-
304.2 Human Reproductive Health gné5 A(3-1-0)
RelatedIssues
395.1 Histological and Cytological Techniqye®b
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PHY-395 395.1 Histochemical and Histomelriz5 4(0-0-8)
Techniques
Practical _ - )
PHY-396 396.1A | Microbiological Techniques 25
Special Paper A: _ 4(0-0-8
Microbiology and 396.2A | Experimental Immunology 25 ( )
Immunology
PHY-396 396.1B | Biochemical Techniques 25
ial P B: . .
g?sﬁ'ﬁemiasﬁg 396.2B | Experiments on Endocrinology &nd5
Molecular ' Reproductive Physiology of Model 4(0-0-8)
Endocrinology Animals
and Reproductive
Physiology
PHY-396 396.1C | Advanced Methods in Biophysics 25
ial P C:
g?ssﬁysiciper and 396.2C | Advanced Cell and Membrargs
Electrophysiolog Biophysics 4(0-0-8)
y with Structural
Biology
PHY-396 396.1D Experiments on Neurophysiology-I 25
Soecial Paper D:
Neurophysiolog _ — 4(0-0-8)
396.2D | EXperiments on Neurophysiology-Il | 55
PHY-396 396.1E | Experiments on Work and 25
Special Paper E: SportsPhysiology - | 4(0-0-8)
Ergonomics and ]
Sports Physiology 396.2E | Experiments on  Work and 25
SportsPhysiology - II
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Semester IV: 300 Marks

Theory /| Course Code Unit Course Name Mark | Credits
Practical S
401.1 Endocrinology 25
PHY-401 4(3-1-0)
401.2 Reproductive Physiology 25
402.] Cellanc Inheritanc: Biology 25
PHY-40z 4(3-1-0)
402.2 Biotechnology 25
PHY-403 403.1A | Microbial Genetics Advancel 25
Sp_ecial_ Paper A: Studie:
Microbiology - and [ 403.2A | Clinical Inmunology 25 [A(3-1-0)
Immunology
PHY-403 403.1E | Advanced an Applied 25
Theory Special Paper B: Biochemistn
Biochemistry, 403.2E | Applied Moleculal 25
Molecular Endocrinology and 4(3-1-0)
Endocrinology and Reproductive Physiology
Reproductive
Physiology
PHY-403 403.1C | Mathematical Expression of Biologi¢&5
Special Paper C: Methods, Electrophysiology of Cells
Biophysics and anc Radiatior Biophysic:.
Electrophysiology Non-ionizing Radiati 4(3-1-0)
: 403.2¢c | Non-ionizing Radiation, 25
‘é".'tT Structural Photophysics and Experimental
ology Methods in Structure
Elucidation.
PHY-403 403D.1 | Neurophysiology of Brai 25
Special Paper D: 4(3-1-0
Neurophysiology | 403D-2 | Appjied and Clinical Neurophysiology25 (3-1-0)
PHY-403 403.1E .
Special Paper E: General Ergonomics 25
Ergonomics and 403.2E . ) 4(3-1-0)
Sports Physiology Applied Ergonomics 25
494.1 Advance(Physiologice 25 [2(C-0-4)
PHY-494 Studie- |
Practical 494.; Advance(Physiologice 25 [2(C-0-4)
Studie-ll
PHY-495 495.1A | Advance(Techniquein 25 [2(C-0-4)
Special Paper A: Microbiology
Microbiology and
Immunology 495.2A | Clinical Immunology 25 | 2(0-0-4)
PHY-495 495.1E | Advance(Experiment on 25 [2(C-0-4)

Soecial Paper B:

Biochemistn
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Biochemistry 495.2E | Advance(Experiment on 25 [2(C-0-4)

Molecular Endocrnology anc

Endocrinology and Reproductio

Reproductive

Physiolog!

PHY-495 495.1C | Advanced Medical Biophysics 25 2(0-0-94)

Soecial Paper C:

B:OIOhySirC‘S I and[ 495.2C | Advance(Separatio 25 [2(C-0-4)
Electrophysiology i . i~

with Structural Technique anc Photc-physic:

Biology
PHY-495 495.1 D| Advanced Neurophysiological Studigs -2° |2(0-0-4)
Special Paper D: |

Neurophysiology

495.2 D| Advanced Neurophysiological Stud 25 2(C-0-4)
al

PHY-49t 495.1F | Experiment on Genere 25 [2(C-0-4)
Soecial Paper E: Ergonomic anc Environmente
Ergonomic anc Ergonomic:
Sports Physiology 4952 | Experiment on Ergonomit 25 [2(C-0-4)
Desigr anc Groug. Project:
496.] Project 25 | 2(0-0-4)
PHY-49¢
496.2 | Project 25 | 2(0-0-4)

Distinctive features of courses:
e Value-added coursePHY-101, PHY-201, PHY-302, PHY-402,
» Employability/entrepreneurship/ skill development:

PHY-102, PHY-103, PHY-194, PHY-195, PHY-196, PHY6E29
PHY-303A, PHY-303B, PHY-303C, PHY-303E,

PHY-395, PHY-396A, PHY-396B, PHY-396C, PHY-396D, P{396E,
PHY-403A, PHY-403B, PHY-403C, PHY-403D,

PHY-495A, PHY-495B, PHY-495C, PHY-495D, PHY-495E
» Ethics, gender, human values, environment & sustaability: PHY-202, PHY-204, PHY-295, PHY-401,
* New course introduced:PHY-303D, PHY-403D
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Human Physiology

Semester l:(Theory: 150 + Practical: 150)

Theory
(Total Marks: 150, 12 Credits)

Paper: PHY-101

Unit 101.1: Physiological Chemistry and Metabolism  F.M. 25,02 Credits

Learning Objectives: To develop knowledge and understandings regardioigcepts of
biocatalysts; cellular biochemical energetics; cural features and nature of interactions of
several biomolecules in physiological processesabwdic processes governing physiological
systems and also the interrelationships amongiffezeht metabolic pathways.

Scope of employability: After studying the syllabus, there are numerousooptavailable to a
student. They can stay in Higher Education and & good route into research and working in
industry. Or he could apply his/her scientific kiedge to a range of other careers, including
patent law, teaching or science communication.

Module |

Bioenergetics and biological oxidationfirst and second laws of thermodynamics, entropy an
enthalpy, Kinetics and thermodynamics - concepred energy, coupling of metabolic energy
changes, biological energy transfer, group trandRmdox potential, aerobic oxidases, mixed
function oxidases, anaerobic dehydrogenases imgudlon- suffer clusters and cytochromes;
Entropy Enthalpy compensation in biomolecular iatgions, Fokker Planck equation. Oxidative
phosphorylation, Mitrochondrial electron transpcohain: electron transport and its carriers-
complex I, I, lll, IV; Q cycle, extra-mitochondtialectron transport chains;— chemiosmotic
theory, determination of P:O ratio, Mitchell's Hyhesis—experimental verification, ATP

synthase and its structure, Boyer’s binding chamgelel; mechanistic proton translocation,
substrate level phosphorylation in aerobic and i@ systems, ATP yield — energy conversion
and conservation, ionophores in uncoupling oxisatéind phosphorylation.

Module I

Enzymology/Enzyme kinetics, catalysis, isolation ah applicability: Kinetics versus
thermodynamics; Michaelis-Menten approach to enzyimetics, Linear transformations of
enzyme kinetics-Lineweaver-Burk double reciprocldtp and other linear transformations;
Enzyme catalysis; Kinetics of competitive, noncotitpe and uncompetitive inhibition;
Allosteric modulation, sigmoid kinetics; Reversildevalent modification; Regulatory enzymes
and their roles; Multi enzyme system; Ribozymes abdymes; Isoenzymes and their roles in
vivo; Repression, Induction; Enzyme Purificatiordassay; Industrial and clinical applications
of enzymes, Enzyme engineering;

Module 111

Three dimensional structures of proteinsprimary, secondary, tertiary and quaternary stmestu
of proteins, bonds and interactions stabilizinggtracture, Ramachandran plot, common fibrous
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and globular proteins, protein aggregation andgimofolding, role of molecular chaperones in
protein folding; misfolding of proteins, proteimgénd binding.

Protein trafficking, targeting and degradation: Signal hypothesis; Protein glycosylation at
endoplasmic reticulum and Golgi complex; ER chapgrgost-translational modification of
proteins, Targeting of mitochondrial, chloroplgstyoxisomal and nuclear proteins; Transport of
eukaryotic protein across membranes; Protein imppreceptor-mediated endocytosis; Protein
degradation; Disorders of protein transport.

Module IV

Biomolecules of physiological importance:synthesis of amino acids from-ketoglutarate,
phosphoglycerate, oxaloacetate and pyruvate; @gogt de novo synthesis of palmitate,
microsomal desaturation and elongation of fattgsicsynthesis of arachidonate, prostaglandins,
leukokotrienes, sphinglolipids, phosphoglyceridd®lesterol; synthesis of heme, informational
molecules (acetyl-choline, catecholamines, GABAo®min, histamine). Biosynthesis of purine
and pyrimidine: nucleotides and its regulation; iReir salvage pathway. Significance of
homocysteine.

Integrated metabolism: metabolism of biomolecules; integration of carbaiaye, protein and fat
metabolism, TCA cycle and its amphibolic naturetaperosis and anaplerosis; vitamins as
coenzymes in metabolic reactions.

Hormones and Metabolism: Metabolic actions in target tissues: signaling aoeordination
actions of hormones in regulating metabolism, @y GI, pancreatic, thyroidal, adrenal and
parathyroid hormones in carbohydrate, proteindlgmd mineral metabolisms. Hormonal actions
for maintaining blood glucose and blood calciumeley Endocrine aptitude in body mass
management: Leptin, Ghrelin, Cortisol, estrogeryrdpeptide Y, Peptide YY, etc.

Unit 101.2: Molecular Biology F.M. 25, 02Credits

Learning Objectives: The objective of this unit is to enable the studetat learn regarding
molecular nature and way of functioning of key stanal elements of cell and genetic materials
and thus to develop gross understandings towardecolar explanation of physiological
interplays.

Scope of employability: After studying the ‘Molecular Biology’ syllabus, éhe are plentiful
options available to a student. They can stay gheli Education and it is a best route to clinical
and industry related research to or this scienkfiowledge can be applied to a range of other
careers, including teaching or science communigairandustry.

Module |

Chromosome structure and organization:Morphology, structural organization and function of
chromosome; Euchromatin and heterochromatin, higppencatism and hyperchromatism; DNA
double helix & DNA geometry and topology; B, A, a@dforms of DNA. Chromosomal
rearrangement in health and diseases.

Module Il
DNA synthesis, processing and repairUnit of replication, replication origin, and reditton
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fork, DNA polymerases, unwinding proteins, prokaiyand eukaryotic replications, reverse
transcription, DNA repair - excision, reversal, optbination (homologous and site-specific
recombination) and sos repairs eukaryotic genongargzation — C value paradox, repetitive
sequences, tandem-gene cluster, gene amplificatioimg and non-coding sequences,oncogenes.

Classical genetics:Mendelian principles: dominance, segregation, iedepnt assortment;
Concept of gene: allele, multiple alleles, pseullilea complementation tests; extension of
Mendelian principles- codominance, incomplete d@nae, gene interaction, pleiotropy, genomic
imprinting, penetrance and expressivity, pheno¢dipitage and crossing over, sex linkage, sex
limited and sex influenced characters, recombimaiomologous and non-homologous
recombination including transposition, linkage majggrad analysis, mapping with molecular
markers, mapping by using somatic cell hybridsraeghromosomal inheritancmheritance of
Mitochondrial and chloroplast genes, maternal ithece; pedigree analysis, lod score for linkage
testing, genetic disorders, karyotyping; structuaatl numerical alterations of chromosomes:
deletion, duplication, inversion, translocatiorgidly and their genetic implications

Module IlI

RNA synthesis and their processing and modificatias1 Transcription factors and machinery
including RNA polymerases, eukaryotic and prokagytvanscription, different types of RNA and
MRNPs organization of transcriptional units, indomt repression, locus control regions,
attenuation.; exons, introns, post transcriptionalification (RNA processing) — cleavage and
splicing, RNA editing, capping, polyadenylationffelient forms of RNA in gene expression,
regulation of gene expression in prokaryotic ankibeyotic system. RNA transport, localization
and function.

Module IV

Genetic code, protein synthesis, processing and trsport of proteins: genetic code, codon and
anticodon interactions, translation in eukaryotid @rokaryotic organisms- Initiation, elongation
and termination factors and translational proofineg. Regulation of Translation-global vs
MRNA- specific. Translation inhibitors, glycosylai of protein, signal hypothesis and membranedrigg
hypothesis, post translational modifications, am@eid sequencing in proteins. Protein traffickingl a
transport.

Mutations: Chromosomal aberrations, gene mutations, inbooreaf metabolism types, mutant
types — Spontaneous, induced, lethal, conditiorakrsion, mutagenic suppression, biochemical,
gain of function, loss of function, germinal vs saio mutants, insertional mutagenesis, deletion,
duplication, translocation, transposition, ploidy.

Paper: PHY-102

Unit 102.1: Biophysical Principles in Physiology F.M. 25, 02Credits

Learning Objectives: This unit highlights the relation between physigahciples and biological systems
and explains how biophysicptinciples are deeply related to physiology. ltésigned to describe
the physiological mechanism on the basis of phidaas and the bio-application of different
physical principles.
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Skill development/Job opportunity: i) Laboratory technicians: They will be able to perform
various procedures in a laboratory and also mairigdioratory equipment, assist lead scientists
with their duties, collect and analyze samples uyssgances and standardize different tast.
Research associatesthey monitor the progress of research projectspantbrm different tests
and studies.

Module |

Basic principles of biophysics: Biophysical principes and its overview, connections with
physics, biology, medicine and clinical application

Viscosity of liquids and gasesBasics of viscosity and its measurement by viscenf@swald’s
viscometer),Flow-pressure relation of blood in llogessels, viscoelasticity, physics of blood
flow, laminar and turbulent flow, Viscosity coefiént; Newtonian and Non-Newtonian fluids,
significance of Reynolds’ number in hemodynamicedeis for flows of liquids: Bernoulli and
Poiseuille’s equations and their applicatio@bservation of Hagen-Poiseuille’s law in certain
physiological condition.

Haemodynamics of the cardiovascular systenfluid dynamics blood flow, blood pressure,

resistances to flow in different regions of thecualation; effects of gravity and external

acceleration on circulation. Haemodynamics in défeé phases of the cardiac cycle, stroke
volume, cardiac output related to Ohm's law, heaunds, mechanical power of heart.

Module Il

Mechanics in breathing: Elastic properties of lung and chest wall, statigjamic and total lung
compliance, Physical basis of lung compliance, syaf alveoli, surface tension, Laplace’s Law,
airway resistance, pulmonary vascular resistancetkVéf breathing, Boyle law, Dalton and
Henry's laws of partial pressures in gas mixturgas exchange: Fick's law of diffusion,
ventilation, perfusion.

Production of speechPhonation (Physiology, types, cycles and mecharésm )physics of voice
production, articulation.

Physics of vision:Basics physics of light and vision, focusing eletsesf eye, retina the light
detector of eye, defective vision and its corretctiddyopia, Hypermetropia, Presbyopia,
Astigmatism.

Module IlI

Thermodynamics: History of thermodynamics, branches of thermodymam{Classical,
Chemical as well as Electrochemical, Equilibriumnda Non-equilibrium),Laws of
thermodynamics (Zeroth law,51 2" and 3! Law)and living organism, enthalpy, entropy,
efficiency and thermodynamic system model, adighatbcess, concept of energy in biological
system in the light of thermodynamics, Gibbs (JosMllard Gibbs) free energjiving body as

a thermodynamics system, Carnot’s cycle.

Light and Associated PhenomenaUltraviolet light (UV Light) and its effects on ling system,
photo reactivation, light and its clinical applicet as therapeutic treatment, Bioluminescence
(physics, distribution, cellular mechanism) andhitsdern application.

Microwaves, Electromagnetic field, and Gravitationa fields on living systems: Theirsource,
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victims to exposures, penetration, propagationtaalbgical effects on target organ.

Module IV

Basics physics of Ultrasound: Sources, emission amdception of ultrasound, Propagation
equation, reflection and refraction at surfacefadition, absorption and attenuation mechanisms.
Ultrasound therapy: Physiological and clinical aggmhes of ultrasound therapy. Transducer:
Introduction, properties and the principle of trdmsers, physics of transducer beam patterns.

Electricity and crystal with biological matter: History, symmetry in crystals, lattices and unit
cells, classes of crystal systems, applicationeqelectricity, ferroelectricity.

Methods in biophysical analysis: Basics knowledgenethods and application (Biomedical
research and clinical) ofSingle neuron recording, brain activity recordistymulation of brain,
circular dichroism, optical rotary dispersion, Ranspectroscopy, X-ray diffraction.

Unit 102.2: Biomedical Instrumentation F.M. 25, 02 Credits

Learning Objectives: The main objective is to introduce the basic bioicedengineering
technology explains the canonical structure of lEdimal instrumentation systems as well as the
principle and application of biomedical instrumenthis will help the students to understand,
design and evaluate systems and devices that casumee test and/or acquire biological
information from the human body.

Skill development/Job opportunity: i) Radiologists: diagnose and treat a variety of injuries and
illnesses with medical imaging procedures like MRET, SPECT, X-rays and ultrasounds. ii)
Clinical Research Coordinator or Assistant:They can conduct clinical trials and biomedical
application that abide by clinical practice guidel along with biomedical investigation, all under
the direction of Doctors (Cardiologist, Ophthalngigi, Nephrologist and Physiotherapist) and
Physicians.

Module |

Fundamentals of biomedical instrumentation: Basic biomedical instrumentation system,
functional components, intelligent biomedical instentation systems, general constraints in
design of biomedical instrumentation systems, @gu of biomedical devices, bioelectric

signals, biological signal recording systems, dfesdion of biomedical equipment.

Fundamentals of Electronics: Transistor characteristics, Transistor as Amplifi@ascade
Amplifiers, DC coupling, Field effect Transistorgjght sensitive semiconductor devices,
Oscillators -Phase shift, Wein Bridge, Relaxatiatilators, Operational Amplifiers, Circuits and
characteristics of OP-Amplifiers in different camdiration, Concept of Digital Electronics.

Bioelectric electrodes: Introduction, principle, instrument design, andnidal application of
electrode, microelectrodes ECG, EEG.

Biomedical recorders: Introduction, physics, instrumentation and biomebiapplication of
cardiac pacemaker, defibrillators and Transducer.
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Module ||

Blood flow meters: History, types, principles and biomedical applioatiof Electromagnetic,
Ultrasonic, NMR, Laser Doppler.

Blood gas and Hb analyzers:Basic knowledge, instrumentation, principle andnickl

application ofspirometry, respiratory gas analyzers, blood pHp8lpCQ®, blood pQ analyzer,
Oximeter and Digital Haemoglobinometer.

Microscopy in biology and medicine:General knowledge and physics of light microscope,
resolving powers of different microscopes. Diffdréxation and staining techniques for electron
microscope (EM), freeze-tch and freeze- fracturéhods for EM, image processing methods in
microscopy.

Module IlI

Ultrasonic imaging system:Basic ideas, principles and clinical applicatioreochocardiogram,
PET, SPECT, CAT, MRI, fMRI.

Optometry: Basic concept, principles and biomedical applicatod A, B, M scan. Principle,
methods and clinical application of retinoscope] sonometry (measurement of eye pressure).
Basic theory and measurement of colorblindness.

Biomedical telemetry: Overview, principle, instrumental design and clinical application of
wireless telemetry, single and multi-channel teleyngystem.

Measurement of radiation and its biomedical applicdon: History, principles,
instrumentation, detection and measurement of different types ofiorsatopes through
ionization chamber, G.M. counter, proportional deunliquid scintillation counter, molecular
imaging of radioactive material, safety guidelines.

Module 1V
Audiometers: Basic knowledge, design and working mechanism dicemeter, Speech audiometers.

Haemodialysis machine:General concept, working principle and clinical lggiion of haemo-
dialyser. Artificial and bio-engineered kidney.

Biomedical application of transducers:Overview, design, and clinical application of trdasers
for body temperature, pulse sensors, respiratiness.

Physiotherapy and electrotherapy instruments: Short description of generation, circuit
diagrams and testing of electrotherapy instrumewtstking principles, usage, and safety
implications for human beings.

Paper: PHY-103
Unit 103.1: Biostatistics and Research Methodologse F.M. 25, 02 Credits

Learning Objectives: This unit will encompass the methodology and theafrystatistics as
applied to problems in the field of life scienc@&he course will provide students with basic
understanding and application of statistics a®bftw testing hypothesis and experimental design
for research studies.
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Skill development/Job opportunity: They will be abke to analyze data as statistical experts in
biological issues.

Module |
Aims and scope of statistics, classification ofiafales, population and samples.

Frequency distribution and descriptive statistics: computation of a continuous frequency
distribution and of the mean, median, percentilgsartiles, quartile deviation, variance,
coefficient of variation, absolute and relative sw@@s of dispersion.

Sampling Statistics: standard errors, sampling distributions, degreefrefdom, probability
distribution: normal, binomial, and Poisson digttibns.

Module ||

Testing of hypothesis:null hypothesis, levels of significance, errorsrderence, one- tail and
two-tail testsCorrelation- product moment correlation, partial correlationltiple correlations,

Regression simple and multiple linear regressions.

Correlations involving qualitative variables —biserial r, point biserial r, phi coefficient,
tetrachoric r, contingency coefficient.

Module IlI

Nonparametric statistics: Definition, Importance of Nonparametric statistiddjfference
between parametric and Non-parametric statistibg;sGuare tests, application of chi square in
testing the normality of a distribution, G test.nidal’s rank correlation coefficient, Sign Test,

Wilcoxon’s signed rank test, Wilcoxancomposite rank test, Median test, Mann-Whitnegsd.

Module IV

Analysis of variance:types of anova, models of anova; multiple comparisst - t test, Schefte
F test, Gabriel's SS-STP; Kruskal-Wallis non-parainenova and multiple-comparison Mann-
Whitney U test.

Multivariate analysis— growth and classification afultivariate technique, factor analysis;
Experimental design, application of statistical lnoet in research, formulation of research problems,
art of dissertation writing.

Unit 103.2: Computer Application in Biology and Bianformatics F.M. 25,
02 Credits

Learning Objectives: This unit provides basics knowledge of computedivare and software
and the learners can develop skills of programnforgsolving biological science oriented
problems. The student will be able to learn theartgmce and application of bioinformatics.

Skill development/Job opportunity: Students will be able to develop expertise in
bioinformatic based analysis, modelling etc. that W be helpful in data prediction and
analysis in various survey and research activities.
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Module |

History and classification of computer importance of computer application in biological
sciences, Brief history of development of computsmputer generations, classification of
computer — analogue, digital, hybrid, micro, mmginframe and super computers.

Computer hardware: basic components of computer — CPU, periphenatds, computer
memory, and computer buses.

Software —types of software- monitor program and operatiggtesn, utility program,
application program, language processor, compateguages- machine language, assembly
language, high-level languages.

Module I

Number system and data representation binary, octal, hexadecimal; simple binary
arithmetic; representation of characters; ASCllecod

Problem solving and flow charts—symbols, structure, methods of drawing of flowthar
application in biological problems.

Principle of programming in BASIC or C: simple programs for solving biological problenmsia
statistical analysis of biological data.

Module 1l

Simulation and modeling of different physiologicalparameters- cardiovascular functioning,
Neural circuitry, immunological system; biochemipakthways; drug design etc.

Word processor basic operation and its application in biologisaiences; Ms excel-basic

operation and its application in biological sciesic®ls. PowerPoint — steps of PowerPoint
presentation, slide preparation for biological isefBasic concept of email, Internet- components
of Internet, www, searching biological informatidrom Internet, library-searching technique,

LAN.

Module IV
Concept of bioinformatics- field of application, common biological databases

Database managementidea about database management in bioinformastsicture of
databasePDB, NDB, PubChem, Chem Bank, basic concept ofvddridatabases, sources of
primary data and basic principles of the methoddiniving the secondary data, organization of
data, contents and formats of database entries.

Major Bioinformatics Resources NCBI, EBI, ExPASy, RCSB and knowledge of various
databases and bioinformatics tools available agethhesources, organization of databases: data
contents and formats, purpose and utility in LitgeBces, open access bibliographic resources and
literature database®pen access bibliographic resources related tost@ifences viz., PubMed,
BioMed Central, Public Library of Sciences (PloS).

Semester |
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Practical
(Total Marks: 150, 12 Credits)

Paper: PHY-194

Unit 194.1: Growth Monitoring and Nutritional Assessment F.M. 25, 02
Credits

Learning Objectives: To develop knowledge and understandings regardiagassessment of
nutritional status by measurement of different esgbhmetric parameters as well as to identify the
individuals or population groups at risk of becoghnmalnourished.

1. Assessment of nutritional status of infant (bidt86 month) from the standard growth curve
and determination of stage of malnutrition.

2. Growth monitoring and nutritional assessment: assest of nutritional status of boys and
girls of different ages of a community (2 to 20 igdrom standard stature for age, and
weight for age curves.

3. Assessment of nutritional status from MUAC, headwnference, skin fold (triceps and
sub scapular) in infancy, pre—school and schodtim.

4. Determination of outset of puberty from the velpajrowth curve of stature of school
children.

5.  Assessment of nutritional status of boys and §iois the standard body mass index-for age
curves.

6. Determination of grades of malnutrition of childieyy Gomez classification and waterloos
classification.

7. Determination of grades of malnutrition by perclemtialue and Z — score of height, weight

of children using standard data.

Assessment of nutritional status from height—vsgheof adult male and female.

Assessment of nutritional status of adult malefenahle from triceps and sub scapular skin

folds.

© x

10. Assessment of nutritional status from measuremigobd intake by 24 — hour recall method
and food frequency questionnaire method.
11. Assessment of nutritional status from anthroporoetreasures and anthropometric indices.

such as BMI, Body surface area, ponderal indexdelgutritional index, Waist- Hip ratio,
obesity index.

Unit 194.2: Assessment of Environmental Status F.M. 25, 02 Credits

Learning Objectives: This unit will cover the quantitative estimationdifferent environmental
pollutants and it also emphasizes the assessmelethaflity of toxicants and parameters of
oxidative stress. This course encompasses diffémetdrs for environment and its pollution.

Skill development: Environmental monitoring and esssnent, Ground water pollution testing, Job
opportunities: Toxicologist
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A. Environmental study

a. Measurement of illumination level, sound level iffatent environmental conditions.
b. Measurement of relative humidity, moisture contrthe environment; assessment of thermal
conditions.

B. Measurement of' chemical environment

a. Estimation of total hardness of water. .

b. Estimation of heavy metals like Pb, Hg in waterspgctrophotometer method.

c. Estimation of selenium, Cadmium, Chromium, Arsefkiltjoride, Copper and iron in water
sample.

d. Estimation of silica in water sample.

e. Measurement of DO, BOD and COD in water sample.

f. Measurement of particulate pollutant in air of adfic area.

C. Effect of pollutants /toxicants on biological systes

a. Determination of LDs,|Cso.
b. Measurement of Oxidative Stress parameters — Mdiaddehyde (MDA), Reduced and

Oxidized Glutathione (GSH, GSSG), Antioxidant enegn(Catalase, Peroxidase, Superoxide

dismutase).

Paper: PHY-195

Unit 195.1: Biochemical Techniques F.M. 25, 02 Credits

Learning Objectives: To train the students by hand-on experiments onheimistry to pursue
metabolic heath assessment and analysis.

Scope of employability: May be the biochemical analyst in any pathologiesloratories or
Biological research in different research instigute

1. Preparations of buffers, physiological solutionglecular solutions, determination of pH,
preparation of tissue homogenate.

2. Blood analysis: estimation of blood glucose: NelSamogyi method, Hagedorn-Jensen

method, Glucose estimation by Glucose oxidase ndetho

Protein estimation by Lowry method UV spectroscopy.

Blood calcium and blood lactate estimation.

Estimation of total cholesterol content of blood.

Estimation of triglyceride content of blood.

Total non-protein nitrogen estimation.

Estimation of urea, uric acid, creatine and créain

©ONO O R W
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9. Enzyme activity: effect of pH and temperature onyene activity.

10. Determination of Substrate concentration on enzgatiity, Measurement of Km.

11.Acid and alkaline phosphatase, bilirubin, freeyfattids, SGOT and SGPT (transaminases)
for liver function test

Unit 195.2: Bio-Analytical Techniques and Microbiobgical StudiesF.M. 25, 02
Credits

Learning Objectives: To train the students on bio-analytical methodatied to isolation and
assay of biomolecules associated to diverse plogicdl processes. Additionally, training to be
provided to the students on microbiological cultanel analysis techniques to detect microbes.

Scope of employability:May be the biochemical analyst in any pathologiabbratory or

institute. May be a teacher, demonstrator or tegéniin biochemical research laboratory.

A. Bio-Analytical Techniques

1. Separation and identification of amino acids bygahromatography at two different solvents.

2. Separation and identification of amino acids by#ayer chromatography

3. ldentification of sugars by thin-layer chromatodrgp

4. Separation and identification of components froranplextracts by thin-layer
chromatography.

5. Electrophoresis of serum proteins.

6. Separation of protein by polyacrylamide gel eleuitraresis (PAGE).

7. Separation of DNA by gel electrophoresis.

B. Microbiological Studies

a. Preparation of media and cultivation of bacterialds, yeasts and their isolation from natural
sources.

b. Microbial morphology — Gram staining, acid fastisitag, spore staining, staining of molds,

yeast, determination of microbial dimensions.
c. Isolation of pure culture from mixes bacterial avdt by streaking, spread plate, pour plate.

Paper: PHY-196

Unit 196.1: Statistical Treatment of Biological Daa F.M. 25, 02 Credits

Learning Objectives: To train the students to employ bio-statistical mes to biological
problems and draw proper interpretation for anyegiissue.

Scope of employability: May be a statistical analyst in any institute. Mag a teacher,
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demonstrator in any biological research laboratory.

1. Computation and significance of product- momenetween two continuous measurement
variables.

2. Computation and significance of Kendalrank correlation coefficient between two ordinal

variables.

3. Computation and significance of partial correlatomefficient between two variables.

4. Computation and significance of multiple correlaticoefficient between a continuous
measurement variable and two others continuousuneagnt variables.

5. Computation and significance of point biserial tvien a continuous measurement
variable and a genuinely dichotomous qualitativeaide.

6. Computation and significance of biserial r betwa@ontinuous measurement variable and
an artificially dichotomized variables.

7. Computation and significance of phi coefficientaegn two genuinely dichotomous variables

8. Computation and significance of tetrachoric r byine pie formula between two
artificially dichotomized variables.

9. Computation and significance of contingency coedfit between two qualitative variables
having more two classes.

10. Computation of percentile values from grouped data.

11.Testing the goodness of fit of a continuous fregyedtistribution with best —fitting normal
distribution by Chi square test and G test.

12.Computation and significance of one- way model &lgsis of variance and multiple
comparison t- test and Scheffe’s F test.

13.Computation of Kruskal-Wallis test for one-way aaoand multiple comparisons by
Mann-Whitney U test.

14.Computation and determination of significance oddyzess of fit by Chi square test from
provided data

15.Computation and determination of significance byicdfon signed rank test, Wilcoxon
composite rank test, Median test, Mann-Whitney 41 teom provided data.

16.Computation of models | linear regression equatioone variable on another.

Unit 196.2 Computer Application in Biological Problems F.M. 25,
02 Credits

Learning Objectives: The learner will be able to get hands on trainingpperating system and
standard software packages for solving problentsalogy. The course will help the learners to
acquire skill of computer programming to computdiedent biological data.

1. Basic operation of computer — different operatioh8VINDOWS; data entry, printing of
programs and results.
2. Programming with BASIC or C for solving biologigadoblems:
a. Simple programs - computation of sum and mean gadfisome biological data.
b. Arrangement of biological data — ascending ordescdnding order, highest value, lowest
value.
c. Tabulation of biological data.
d. Evaluation of nutritional status- computation ofccee, BMI, BSA; Study of growth rate.
e. Computation of frequency and percentage distrilouifcdifferent Physiological parameters
in different age groups, in different communitipsrcentage distribution of blood groups.
f. Statistical analysis of biological data — Mean, SEE, t-test, correlation coefficient,
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percentile values etc.
g. Operation of Ms Excel — tabulation of biologicatalacomputation of different groups of
data, making charts with Ms Excel - bar diagrang liliagram, pie diagram for representing
biological data.
Operation of word processor — text presentatioitinggl formatting and printing.
Making table with MSWord.
Operation of MS Power point — making slide for &mnylogical topic, editing, slide show.
Bioinformatics - study of structure of biomolecuteprimary and secondary structure, tools
for sequence analysis

TS

Semester Il: (Theory: 200 + Practical: 100)

Theory
(Total Marks: 200, 16 Credits)

Paper: PHY-201

Unit 201.1: Community Health: Health, Disease and Dbtrition F.M. 25, 02
Credits

Learning Objective: This unit highlights the concept, determinants asH factors regarding
community health and disease. It also emphasiea®té of National health policies and Non-Govt
and International organizations in health promotibprovides basic concept of population genetics
and describes genetic predisposition of diseases.

Skill development/Job opportunity: In future they serve as a Certified Nutrition Spést,
Clinical Dietician, Dietetic Technicians, Health &, Health Educators and Community Health
Workers, Holistic Nutritionist, Licensed Nutriticsts, Nutrition Specialties.

Module |

Concept of community health and diseasecommunity structure, definition and concept of
health and diseases, dimension of health, heakkesy health situation in India; diseases:
causation and prevention of diseases, mode ofvenéon, epidemic and endemic forms of
diseases, epidemiological triad, web of causatiayh - risk group, prevention of communicable
diseases, prevention of non - communicable dise@sedrol of malaria, kala-azar, diarrheal
disorders and endemic iodine deficiency disordangsiologists as health counsellors.

Vulnerable sections in the society and their healthcare: health and diseases in infant
/children/girichild/old persons, women in the reguotive age, rural/tribal population, health
problems of old ages.

National health policy/programme, role of non-govt.and international organizations:
national health policy, role of WHO, UNICEF, UNDPAO, UNESCO, ILO, WORLD BANK,
Red Cross, CARE, national health programmes, aternealth care planning.
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Module ||

Population geneticsbasic concept of population genetics- allele antbgge frequencies, gene
pool, Hardy-Weinberg law in trait inheritance, enigs, genetic counselling: prospective and
reproductive study.

Genetic predisposition of diseasesole genetic predisposition to common disordersiceg,
coronary heart diseases, diabetes, mental disomeitations in chromosome — variation caused
to chromosome number and arrangement, monososgntyi, polyploidy, chromosome deletion,
duplication, inversion and translocations, fragikes, genetics and evolution.

Mental health: definition of mental health, characteristics of adlly healthy person, parent-
child relationship and mental health, types of rakifihess / causes, remedial measures for mental
illness, problems of mental health in India, meptablems of old age.

Module Hi:

Nutrition in infancy, children: Nutritional requirement in adults, nutritional réguments of
nutrients during infancy. Breast feeding: Role otritional and others factors, advantages of
breast feeding, Drug transfer during breastfeediRbysiology of lactation, nutritional
requirements, factors affecting the volume and eotration of breast milk. Formula feeding:
Types and importance, advantages and disadvantafgst milk substitute (IMS) act 1992: Its
application and significance. Nutritional requirarhef pre- term babies.

Nutrition and adult health: Different food groups and nutrients: Role of digtéibres, food
additives and artificial sweeteners. Food bormegk and diseases: Cause, factors, prevention and
treatment. Classes of nutraceuticals and its @inapplication. Food processing: principles
pasteurization, chemical methods, dehydration nisthovacuum and modified atmosphere
packaging, irradiation technology. Role of prohlisti prebiotics, functional foods and their
physiological significance. Transgenic foods ansl iinportance; drug-nutrient interaction,
nutritional epigenomics. Nutrient sensing: role s#nsing transcription factors and dietary
signaling routes, genomics and transcriptomics.

Module IV

Feeding problems Food allergies: General mechanism of action, €afscow’s milk protein
allergy, lactose intolerance. Infant diarrhea, tipasions; nutritional requirement of pre-school
and school children; Nutrition related problemscbfldren: Childhood obesity, dental caries.
Nutritional requirement and problem of adolesceatwrexia nervosa (AXN), bulimia nervosa
(BMN) and binge eating disorder (BED). Premenstrssghdrome (PMS) and its nutritional
therapy.

Role of nutrients in pregnancy: Physiological changes during pregnancy, Maternelofa
effecting pregnancy outcome: maternal age, prenamigweight, weight gain during pregnancy,
lifestyle factors. Birth weight standards, nutnitad requirements during pregnancy, problems in
pregnancy- morning sickness, nausea and vomitimgstipation, edema and leg cramps, heart
burn, excessive weight gain.
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Unit 201.2: Community Health: Environmental Pollution, Toxicology and
Management F.M. 25, 02 Credits

Learning Objectives: This unit will help to acquire broad knowledge diet field of
Environmental Chemistry including earth and its ismvment, interactions between different
spheres of environment as well as the sources, aiygmamics and fate of air, water, soil and
radioactive pollutants in ecosystems. Understandihghatural and man-made hazards, the
industrial waste and related safety issues, thenmgaf environmental management, as well as
broad knowledge of the field of toxicology and tethhazards.

Skill development/Job opportunity: In future they serve as a safety officer, Envimamt
Specialist, and Environment Health Safety Officer.

Module |

Man and environment: concept and types of environment, biotic environtyieiotic and abiotic
interactions. Basic Ecological Concepts and Priesigecosystem: structure, types, Homeostasis,
energy transfer in ecosystem, Energy flow, trogtracture, food chain, food web, ecological
efficiency, biogeochemical cycles in ecosystemsn&y production and decomposition.

Pollutants, environmental change and healthMajor pollutants and their effects, Chemistry of
organic and inorganic chemicals polluting Enviromingir, water and soil). Change of Global
climate, global warming and its consequences. Odepketion, UV-B and greenhouse gases. The
changing disease pattern, different environmenis¢ases-cancer, birth defects, reproductive
damage, respiratory diseases, heavy metal indusedses etc.

Air Pollution: Effect of Carbon monoxide, Sulfur and Nitrogen edgdParticulate matter, volatile
carbon compounds (PAH etc.) - their control and/@néion. Air quality standards.

Module I

Water pollution: different sources of water pollution. Metallic pdknts- mercury, lead,
cadmium, arsenic and fluoride toxicity. Chelatingeats and use of chelator to control metal
pollution. Sewage treatment. Water quality critama standards. Safe drinking water act. Wetland
and its importance.

Radionuclide and ultrasonic pollution: types of ionizing radiation, radionuclides; Radiatio
dosimetry; Biological effects of ionizing radiatiolmcorporation of radioisotopes in biological
tissues and cells, molecular imaging of radioaatnagerial, radiation safety, ultrasonic pollution.

Soil and pesticide pollution: soil pollution by biological agents, mycotoxins; nabiotic
mechanisms of pesticides and fertilizers in saéady metal stress on soil organisms, hazards
produced by organo chlorine, organophosphate, @t nicotinoid, pyrethroid pesticides and
other biocides, pesticide residues in food andkilimwater and their biological monitoring.

Biotechnology and environment: GMOs and Biosafety, concepts of bioaugmentation,
biostimulation, biodegradation, biosorption, biofd in the bioremediation of xenobiotics,
Biosurfactants, biofertilizers, biopesticides, brEted waste management; production of biomass,
biogas and biofuel from waste.

Module IlI

Environmental toxicology I: Toxicokinetics, toxicokinetic factors as basic mamisms of
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toxicity; Toxicodynamics, toxicodynamic factors bhasic mechanism of toxicity; Design of
toxicity study-Acute and Sub-acute, Chronic and-shionic toxicity study; Biotransformation
and bio-activation / bio-inactivation of xenobiajd-actor affecting xenobiotic action.

Environmental toxicology II: Xenobiotic effects of toxicants on mammalian orgars,
xenobiotic-induced oxidative stress, hepatotoxjcitgproductive toxicity, nephrotoxicity,
neurotoxicity, genotoxicity, immunotoxicity, endawe disruption, environmental risk assessment
and assessment of risk to humans, risk managenBomonitoring- use of biomarkers,
biosensors.

Module IV

Environment management concepts and environmentalssues:the concept of sustainable
development, Environmental protection programsci8tolm conference, UNEP, Rio de Janeiro
earth summit, UN follow-up etc., Environmental Gmemnce in India. WTO, GATS,
environmental concerns and WTO.

Endangered species management and conservation ofodhiversity: biodiversity: status,
monitoring and documentation; Ecosystem restoratsustainable forestry; Major drivers of
biodiversity change; biodiversity management apgnea. Principles of conservation; major
approaches towards conservation; Cryopreservatiotspots of biodiversity, Indian case studies
on conservation; Endangered Species Act, IUCN Rsd Importance of biosphere reserves,
wildlife sanctuaries and National parks, ConventorBiological Diversity (CBD).

Conventional and sustainable (non-convention) eneyg Energy from fossil fuelsnuclear
power, conventional energy sources; Sustainableggnsources: solar energy, biomass, and
hydropower, wind energy, Geothermal energy, tidal avave energy, ocean thermal electric
conversion (OTEC).

Waste disposal:human excreta disposal; solid waste disposal-haz&rgdrotection; Municipal
solid wastes(MSW) management; Methods of souragctexh: Concepts of PAYT and EPR, Zero
waste initiative; Landfills: Lifecycle of a muniaplandfill, Leachate collection practices, Lanldfil
gases, federal standards for landfills. Waste &rgnconversion (WTE); Regional recycling
options-material recycling facility (MRF), hospitahd biomedical wastes — hazardous waste
disposal, radioactive waste, electronic waste &mnectrash hazards and protection, integrated
solid waste management: GPS based garbage traxyjstgm.

Paper: PHY-202

Unit 202.1: Community Health: Exercise Physiology ad Mass Fitness F.M. 25,

02 Credits

Learning Objectives: This course addresses the concept of fithess wiiphasis to physical
training. It highlights the basic components ofaergmics and anthropometry. It also discusses
various aspects of Occupational Health and saféty reference to occupational diseases. The
students can acquire knowledge about therapeuéctsfof practicing yoga.

Skill development/Job opportunity: Appointed as a Strength and conditioning coacheLik
personal trainers, strength and conditioning coautledp people to improve their fitness; Physical
education teacher, Exercise physiologist, Sportgeldpment officer, Sports and exercise
psychologist.
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Module |

Concept of fitness physical fithess, components of fitness , besdéfitfitness, role of exercise in
fitness and health: prescription of exercise- fesguy, duration and intensity, dose — response,
general guidelines for improving fitness, maintezenof fithess- sequence of physical activities:
walking, jogging, and common games and sports.

Static and dynamic exercise with physical training:Energy production and transfer during
exercise, energy metabolism during exercise. Palsi@ining —general principle, strength and endaea
training, different methods of physical traininger@&ral principle of Physical Training. Strength and
endurance of training. Different methods of physining.

Module Il

Ergonomics and its Physiological factorsDefinition, early history, aim and application in
different fields. Fitting the job to the person ath@ person to the job, Human characteristics,
capabilities and limitations. Physiological varmatiduring work, fitness, health, workload and
work capacity; effects of nutrition, sleeplessnesgl disease on physical work. Cognitive
ergonomics: cognitive process, perception and @bteat work, memory and learning at work,
cognitive requirements at work.

Anthropometry and Body composition static and dynamic anthropometry, instrument for
anthropometry, method of anthropometric data cotdlec data analysis; uses of anthropometry —
assessment of nutritional status, application fgoeomic design. Different methods of assessing
body composition, body composition and performance.

Module IlI

Clinical aspects of exercise physiologyexercise physiology in prevention and rehabilitatod
cardiovascular diseases: physiological bases fagexercise in CHD prevention, exercise tests
for assessment of cardiovascular dysfunctions, cesesrinduced indicators of coronary heart
diseases, principle of exercise testing in cardembilitation, exercise prescription of cardiac
patients, weight training for cardiac rehabilitati@xercise prescription for pulmonary diseases,
neuromuscular diseases, and renal disorders; sgdiai diabetic patients, exercise prescription
for pregnancy, effect of exercise on cancer.

Environment and exercise exercise in cold - physiological responses ta@se in cold, health
risks during exercise in cold, effect of cold omfan performance, exercise in hot environment-
physiological responses to exercise in heat, hemlkis during exercise in heat. Exercise in high
altitude- physiological adaptation at altitude,cdeéc performance at high altitude, training for
competition at high altitude. Exercise for the Oisa- physically and mentally challenged. Yogic
exercise and fitness: physiology of yogic exerdiserapeutic use of yoga.

Module IV

Occupational Health and safety-definition, factors affecting occupational heatthcupational
health hazards in workplace — mechanical, chemigialogical, fire, toxic substances, and
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explosive materials, environmental hazards — heass cold stress, noise, vibration, ultra-violet
radiation. Accidents — theories of accident, effactof accidents, promotion of safety, personal
protective devices. Repetitive motion injury: cajsend prevention. Occupational stress—causes,
evaluation of stress, management of stress

Occupational DiseasesPneumoconiosis, silicosis, asbestosis, bagasgsisinosis, anthrocosis,
occupational cancer — skin, lungs, urinary bladd#ood, occupational health problem of
agricultural workers.

Prevention and health measures of occupational hamds —nutrition, disease control,
environmental sanitation, medical measures, erganoraasures, legislation.

Unit 202.2: Community Health: Metabolic Disorder ard Lifestyle
Management F.M. 25, 02
Credits

Learning Objectives: This course provides the concept of lifestyle miodifons for effective
treatment of metabolic disorder. It also addresse®us aspects of lifestyle modification using
dietary modifications, exercise and nutrition praimo in community for geriatric and general
people.

Job opportunities: Nutrition counselling,
Module |

Nutrition and obesity: overweight and obeskiyrevalence, factors—environmental and life style
factor, food intake, genetic factors- Prader Wllisyndrome, adipocyte factors- leptin,
adiponectin, orexigenic and anorexigenic factongnal models for obesity, adipose drug targets
for obesity treatment, bariatric surgery; undenheigetiology and management, Drugs for Long-
Term Weight Management, Diets for weight managematiins diet, Very —low calorie diet,
Leptin resistance.

Nutrition and weight control: body weight and health, physiology of weight gaimd loss,
obesity and exercise, methods of weight controigiterm concept of weight control.

Module Il

Protein energy malnutrition (PEM): Definition, cause, symptoms, nutritional requissrthand
dietary management.

Nutritional anemia: prevalence, iron metabolism, iron absorption enben@nd inhibitors,
biomarkers of iron deficiency, clinical featuresdamanagement of iron deficiency anemia, iron
supplementation and fortification, megaloblastierara.

Cardiovascular disorders: coronary heart disease (CHD) - food and nutriemtsCHD,
cardiovascular risk factors and nutritional managetrof CHD, hypertension: diet and blood
pressure
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Module 11

Diabetes mellitus:dietary management of diabetes mellitus—nutritioaguirements, glycaemic
index, complication of diabetes — hypoglycaemia iasdlin shock, ketoacidosis.

Geriatric nutrition : Physiological and pathological process of agoi@nges in organ function
with aging, nutritional requirement, nutrition redd problems in old age- osteoporosis, anemia,
obesity, constipation, malnutrition; antioxidantsthe health of old age, Dietary guidelines for
elderly, mental health and elderly.

Exercise and aging aging and muscular strength, cardiorespiratotyefis, age related
cardiorespiratory limitations to exercise, agingl gaint flexibility, aging and physical work
capacity, aging and exercise training, free radicaxercise and training.

Module 1V

Nutrition promotion in community : causes and consequences of malnutrition in India,
community based intervention programmes — mid-daglrfor school children, special nutrition
programme (SNP), integrated child development sesv(ICDS), national nutritional anaemia
control programmes, vitamin A prophylaxis programmational iodine deficiency disorder
control programme, public distribution system, &egl public distribution, Balwadi Nutrition
Programme, Wheat based supplementary nutritionrgnage(WNP), Nutrition Programme for
Adolescent Girls.

Paper: PHY-203

Unit 203.1: Physiology of Excitable Cells and HigheFunctions of Brain
F.M. 25, 02 Credits

Learning Objectives: This unit highlights the structural and functioqabperties of excitable
cells This unit also emphasizes on the higher Hraiotions and understanding of the fascinating
processes driving human thought, cognition and Wiehand the disorders related to nervous
system malfunction.

Job opportunities: Research and teaching.

Module |

Nerve cells & neural circuitry: Axon growth and guidance, establishment of axordden

polarity in developing neurons, growth cones asasgntransducer and motor structure, nerve
growth factors, axoplasmic flow and molecular mexi$ia of transport in axon, excitation of nerve
fiber, Glial control of neuronal development, Malar basis of Charcot-Marie-Tooth neuropathy.

Skeletal and cardiac musclemuscle proteins, properties and locations, musadatraction—
interaction of filaments in vitro and in vivo, cding of mechanical and chemicals events at the
cross bridge, muscle energetic, muscle mechanmogehanical transients, patho-physiology of
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muscle contraction — muscular dystrophy, Mc-Addsedses

Smooth muscle:molecular structure of contractile components, sym®ntraction mechanism,
excitation—contraction coupling, mechanical projsrand energetics, innervation and transmitter
actions

Overview of synaptic transmission: electronic microscopic and molecular basis of syinap
transmission — electrically operated and chemicafigrated, different type of synapses, molecular
structure of synapse — pre synaptic grid, intra bramous proteins, release of neurotransmitters —
interaction of vesicular membrane proteins, pygraptic membrane proteins and cytosolic proteins,
postsynaptic events — IS spike and SD spike, newogdulation at synapse, integrative functions
of synapse, principal neurotransmitter systemsetyézholine, epinephrine and norepinephrine,
dopamine, serotonin, glutamate, glycine, GABA, dpgeptides, purinergic transmitters,
nitrioxide, neurosteroids.

Neuromuscular transmission: structure, active zone, quantal release—exocyt@ssplate
potential, conductance changes, nicotonic Ach tecepMEPP, Diseases of neuromuscular
junction- Congenital forms of Myasthenia gravisanibert — Eaton syndrome, Drugs acting in
neuromuscular junction

Module I

Spinal cord as a control system:Anatomical and histological organization of spircaird,
functions of spinal cord, feedback regulation ofnap motor functions.Segmental and inter
segmental interactions: myotatic reflex, inverseotatic reflex, flexor reflex, crossed extensor
reflex, propio-spinal reflex, role of descendingctis in regulation of muscle tone, posture and
spinal reflexesy — loop, autogenic inhibition.

Regulatory functions of cerebellum:Cerebellar cortical neural circuitry, feed-backutadion of
deepcerebellar nuclei, functional regions of cetabge functions of cerebrocerebellum,
spinocerebellum and vestibulo-cerebellum. Cerebebatrol on muscle tone e—y switch, role
of cerebellum on voluntary of movements, motor extta motor predictive functions, cerebellar
lesions — deficits in movements, Cerebellum andomletarning

Limbic system control on emotion and behaviorNeural circuit of limbic system, Papez circuit,
fear and rage, Sham rage, Kluver — Bucy syndromptabrage, Uncinate fits.

Basal ganglia as a motor control systemNeural circuits and feedback loops of basal ganglia
functions and regulation of muscle tone and movésjenle of medium spiny neurons, basal
ganglia mechanisms of reward-oriented eye movem®yssfunctions of basal ganglia
pathophysiology of Parkinsonism.

Statokinetic control system:Vestibular apparatus, constant angular motion,—Tiifk integrity
and mechanoelectrical transduction of vestibulair lkalls, gravitational receptors, central
processing of vestibular information, vestibule lacand vestibule spinal reflexes, regulation of
posture, nystagmus.

Module IlI

Higher functions of cerebrum: association cortex, Short term and long term habia and
sensitization of Gill withdrawal reflex inAplysia, conditioning and learning—classical
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conditioning, conditioning variables, exters — meptive conditioning, classical conditioning
techniques, instrumental conditioning — operant ddtning, Intracranial self-stimulation
behavior, discriminations learning, maze learniwggrsion learning.

Memory -short term and long-term memory, declarative armh-dcheclarative memory,

neuroanatomy of memory, cellular and molecular $asfi memory, amnesia, Korsakoff's
syndrome, memory for learned fear in mammals, trpison factors in long term memory and
synaptic plasticity, role of CA1 NMDA receptor-dent synaptic plasticity in spatial memory.

Neural control of sleep—Sleep and arousal: thalamocortical mechanismsgsjerof REM—
NREM cycle, sleep—active and passive process, slbapges with age, physiological changes
during sleep, REM sleep — tonic and phasic compshereural and biochemical basis, Sleep
dependent memory consolidation, sleep disordeespShpnea, narcolepsy, Polysomnogram

Module IV

Neural basis of circadian rhythm-Suprachiasmatic nucleus- cytoarchitecture,elebysiplogy,
pharmacology, metabolism, Circadian rhythms in mamcadian timekeeping system in
Drosophila, Molecular basis of circadian rhythm, alteratiomgnvironmental time — Jet lags.

Characteristics of circadian clock- zeitgebers, free running clock, Entrainment—oatdor
entrainment, masking mechanism of entrainmentcgtral elements of oscillatory physiological
system- pacemaker, multiple pacemakers.

Special Environment of central nervous systemCSF as hydraulic shock absorber, mechanism
of secretion and absorption of CSF, blood—brainribar— cellular and muscular basis,
ultrastructural features of endothelial cells ddibrcapillaries, tight junctions of the blood brain
barrier, neuropathological changes in hydrocephajuscialized properties and solute transport in
brain capillaries.

Unit 203.2: Integrated Physiology: Homeostasis F.M. 25, 02 Credits

Learning Objective: This course addresses the relationship betweertstes and function along
with levels of organization of the human body ao@/thomeostasis of human body is maintained
by regulating constant internal environment of beggtems.

Module |

The internal environment and homeostasis: Different internal environments, general
mechanism of homeostasis.

The control system:physical and physiological control system, compadsi@h control system,
regulatory mechanism of control system — negatezlback, positive feedback adaptive control
system, loop gain and error reduction, stabilignsors — rate and integral. Multiple sensors, set
point

The Autonomic control system:Anatomic organization of sympathetic and parasyhngtat
system, chemical transmission in ganglia and effeotgan, metabotropic and ionotropic receptors in
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autonomic nervous system, the autonomic nervougrsys the regulation of internalenvironment and
homeostasis.

Module Il

Excretory system:methods of study of tubular functions, tubular sf@ort mechanism and trans-
tubular potential, Role of Kidney in the regulatiohionic, osmotic, acid and base balance of the
body fluid, control of extracellular fluid volume.

Gastrointestinal systemsneural control gastrointestinal functions—bile séion and cholesterol
homeostasis., immune function of Gl tract, physiglof gastrointestinal disorders, assessment of
gastric, pancreatic and intestinal functions irfiedldnt patho-physiological conditions.

Module IlI

Regulation of body temperature:interaction of different systems in body temperataegulation,
role of receptors and hypothalamic thermostat, ahatties of body temperature regulation.

Blood and body fluids: Mechanism of blood volume regulation in sudden lo$sblood.
Haemostasis: Types and mechanism of blood hemssfagicoagulation: Types of anticoagulant
and anti-clotting mechanism. Abnormalities of hostasis: Blood disorders; Lymph: Lymphatic
flow and pump; interstitial fluid: its pressure uégtion, fluid dynamics, Edema.

Module IV

Homeostasis in extreme environmentiypobaric and hyperbaric environment, Acute Mountai
Sickness (AMS), extreme hot and cold environmetterAd G — force on human body, artificial
gravity, zero gravity, space travel on human body.

Homeostasis in stressneuroendocrine system in stress, oxygen as toxiequle, free radicals,
reactive oxygen species (ROS). Reactive nitrogeciep (RNS), reactive sulfur species (RSS),
Effect of free radicals on different biomolecules]lular homeostasis against oxidative stress,
antioxidant defense mechanism.

Paper: PHY- 204 (Elective)

Unit 204.1: Lifestyle and Health F.M. 25, 02 Credits

Learning Objectives: This unit highlights the relationship of lifestydad health and its associated
problems. Provide understanding on concepts ofipailyactivity and fitness, healthy habits and
fitness related nutrition as well as about commaiplie and non-communicable diseases and food
toxicity in the community.

Skill development / Job opportunity: Students are serves as a Community Health Assistant
Community Health Officer, Community Health Workétealth Education CoordinatoHealth
Programme Coordinator.
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Module |

Concept of lifestyle: Definition, components of lifestyle, factors influgng, importance of
lifestyle on health, lifestyle and environment.

Concept of health and diseaseDefinition of health (WHO), dimension and detenamts of
health, physical health, mental health, psychoad&alth. Concept of disease: definition, factors
involving disease development, prevention agairssase.

Module Il

Nutrition and health: Concept of food, nutrition, nutrients, diet, nutiit as a lifestyle factor;
Malnutrition: Definition, cause, impacts on healtlature of prevention.

Health concepts of physical educationConcept of physical education, types of physictaVayg,
need and importance of physical education, itsthdmnefits, recreational physical activity and
its importance. Role of physical education programn community health promotion.

Module IlI

Lifestyle and diseasesgeneral concept, concept of risk, risk factorsk mgoups; lifestyle
components related to development of diseasesratetlying mechanisms; socio-cultural events
- lifestyle and diseases.

Non-communicable diseaseglefinition, its relation to lifestyle, risk factgmnortality, impact on
community health, common non-communicable diseasmsse, effects, prevention— Coronary
Heart Disease (CHD), cancer, diabetes mellitussipphenypertension, osteoporosis, back pain,
hypokinetic diseases. Drug: abuse and addiction.

Module IV

Communicable diseases:definition, mortality, causative agents, transnassivehicles,
transmission modes, its relation with lifestylencept of infection and infectious agents; virulence
& virulence factors; concept of vectors - commortee borne diseases; sexually transmitted
diseases; lifestyle, personal hygiene and commblaadiseases; antibiotics and drug resistance.
Some common communicable diseases in India: diearhAIDS, malaria, kala-azar, influenza,
hepatitis, tuberculosis, typhoid, skin infections.

Food toxicity: General concept, types, common causes, food ingrathd treatment protocol.

Unit 204.2: Importance of Health Education and ItsPromotion F.M. 25, 02
Credits

Learning Objectives:

This unit will give idea about the different aspeat health education, especially in the workplace.
The learner can acquire knowledge about the safetaily life as well as workplace. The
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relationship between physical fithess and lifesiyid health promotion can be known. The effect
of lifestyle modification on health can be well @nstood.

Module |

Safety education in health promotion:Health and safety in daily life, health and saftyvork
and their management, principles of accident priemenPersonal protective equipment, first aid
and emergency care.

Repetitive motion injury: Definition, causes, and prevention.

Module I

Physical fithess and health promotion:Physical fithess components, activities for devielgp
physical fithess components, types and compondnfisness, cosmetic fitness, assessment of
physical fithess physiological effects of exerciSardio-respiratory endurance, muscular strength
and endurance, body composition and weight contboldy mass index and skin fold
measurement, body types and posture, anthropoadrif types of measurement. Bloodpressure,
Heart rate and pulse rate: Definition and measunéme

Sports, lifestyle and recreation:Yoga, meditation and relaxation, sports and medsasiports
andsocialization, yoga and stress management.

Module 1l

Nutritional management in health promotion: concept of balanced diet, meal, meal planning,
energy intake, therapeutic diet; Food fortificatiamass fortification, targeted fortification, market
driven fortification. Fortificants:Selection,use ad$pecific food vehicles, safety issues.
Implementing effective and sustainable food facéifion programme. Nutritional policies for
mass health promotion.

Occupational health hazards: Types, cause andyléesranagement, postural modification and
health promotion.

Module IV

Lifestyle modification and management of non-communicable and communiciddases like
coronary heart disease, obesity, hypertension.ecad@arrhea, malaria, tuberculosis, AIDS.

Exercise and agingaging and muscular strength, aging and jointilfiéiky, aging and physical
work capacity, aging and exercise training, frestaa in exercise and training. Semester |l

Practical
(Total Marks: 100, 08 Credits)

Paper: PHY-295

Unit 295.1: Anthropometry and Community Health Survey F.M. 25, 02
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Credits

Learning Objectives: To provide training to the students for anthropoioeheasurements, their
importance and applications. Field based traininbalso be offered on health, diseases through
community-based health survey to make them undwetstae actual forms of physiological
problems in population in various socio-demograf@ckgrounds beyond classroom teaching.

» Anthropometric measurements:
1. Body weight.

2. Measurement of height—stature, eye height, sub-nasal height, gnathiagghhesuprasternal
height, porion height , acromion height , navalghgi iliac crest height, knee height, ankle
height, infrascapular height, elbow height.

3. Measurement of diametebi-acromion diameter, bi-cristal diameter, tramseadiameter of
the chest,antero-posterior diameter of the chgshteadth.

4. Measurement of girth- neck, upper arm, forearm, chest, waist, hip,ithaalf, upper body,
lower body.

5. Measurement of sitting height vertex height, eye height, shoulder height, stomheight,
elbow rest height, popliteal height, knee heidhigh clearance height.

6. Measurement of head-head length, head breadth, head circumference.
7. Measurement of hand hand length, hand breadth, maximum hand breé&dtgirth.
8. Measurement of foot foot length, foot breadth, ankle diameter.

» Community health survey

Students shall have to participate in the fieldlgs to evaluate different parameters related
to health status of the community and have to subnfield survey report during practical
examination properly endorsed by a teacher. Thaestis shall be divided in to some small
groups (3 to 4) and a field work of each group Wwél supervised by a separate teacher. The
field survey may be done in the following fields.

Cardio-vascular status of the community.
Nutritional status of the community.
Anthropometrics survey.

P w NP

Prevalence of different disease.
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Health awareness levels of the community and imeaii@n.
Evaluation of awareness and implication of famigrming programs.
Evaluation of problems and awareness of environahgatlutants.
Survey work reproductive health at rural areas.

. Survey work on mother- child — health care at rarabs.
0. Occupational health.

B© © N o O

Unit 295.2: Human Experiments F.M 25, Credits 02

Learning Objectives:

In this practical unit the students will be ableléarn the different techniques of assessing
physiological parameters related to work and eserclhere is enough scope for the learners to
develop skills for measuring different health rethparameters of human.

Skill development/Job opportunity: Recruitment as a paramedical Ophthalmic Assistant /
Ophthalmic Technician, Community Health Coordina8irength and Conditioning Coach, Gym
Trainer /Yoga instructor, Personal Trainer

Study of pulse rate and breathing rate with thenghaof postures.
Determination of diurnal variations of pulse rdiod pressure, respiratory rate.
Study of blood pressure with the change of postures

Study of pulse rate as an effect of breath-holding.

Study of pulse rate with the variation of staticriwtnad.
Study of blood pressure with the variation of statork load.
Study of pulse rate as an effect of dynamic exercis
Study of blood pressure as an effect of dynamicose
Determination of Galvanic skin response (GSR).

© © 00 N o 0 A~ wNE

Determination of visual acuity.
10. Determination of visual field by the perimeter.

11.Brightness discrimination test
12.Test of colorblindness by Ishihara Color test oldambridge Color Test.

Paper: PHY-296

Unit 296.1: Studies with Cardiac Muscle F.M. 25, 02 Credits

Learning Objectives: To demonstrate the students the kymographic remorénduced changes
in cardiac contractility and function to explairethnature of functions and the effect of agonist
and antagonist drugs and electrolytes and othesipdiyparameters on perfused amphibian heart.

Downloaded from Vidyasagar University by 14.139.211.194 on 14 Mar 2026 14:44:22 PM; Copyright (c) : Vidyasagar University
http://download.vidyasagar.ac.in/OpenLink.aspx?LINKID=101



1. Perfusion of amphibian heart with Ringer solutiStydies on the heart rate and amplitude of

contraction a) in normal Ringer solution b) in'Cdree Ringer solution, c) in K free ringer
solution.

2. Effect of gradient pressure on the perfused hdatphibian.

3. Study on the heart rate and amplitude of contraatitth excess amount of Eaand K" on
the amphibian perfused heart.

4 Effect of a) acetylcholine, b) adrenaline on tharheate, amplitude of contraction in perfused
amphibian heart in dose dependent manner.

5 Effect of stimulation of Vagus nerve on the perfliaephibian heart and the effect of atropine
during stimulation.

Unit 296.2: Studies with Skeletal and Smooth Muscland Bioassay F.M. 25,
02 Credits

Learning Objective: To demonstrate the students the kymographic remoskeletal and smooth
muscles to explain their nature of functions anel eéffect of agonist and antagonist drugs and
electrolytes and other physical parameters on &kefaiscles as well as on smooth muscles.

Skill development/Job opportunity: i) Research asstant: Act as a research assistant atdifferent
experimental laboratory and IndustryDiug Developer: Appointed at several pharmaceutical
companies.

1. Preparation of physiological solutions like Peréusfluid, Dale’s fluid, Normal saline etc.
2. Experiments on isolated skeletal muscle (Isometidraction):

a) Effect of graded load b) Effect of temperature gindnhation and tetanus d) Effect of
Acetylcholine

3. Experiments on isolated intestine of rat:

a) Normal movement of isolated intestine, b) Effecthgpoxia, c) Effect of drugs like
substances: i) Acetylcholine ii) Adrenaline iii) ydroxy-tryptamine.

4. Experiments on isolated uterus of rat: Effectsroigd like Oxytocin.

5. Bioassay: Preparation of standard curves for adwtlihe and catecholamine through
bioassay.
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Semester Ill: (Theory: 200 + Practical: 100)

Theory
(Total Marks: 200, 16 Credits)

Paper: PHY-301

Unit 301.1: Electrophysiology and Sensory System M. 25, 02 Credits

Learning Objective: Through this course, the learners will be famiiad with the
electrophysiology of heart and brain as well asrtligferent anomalies. It will give an
understanding about the structure and functiomsag transduction, neural pathways and role of
sensory system (taste, olfaction, hearing and wjsio

Skill development/Job opportunity: after completion of the course of auditory systeéhes
students may get engaged as an ENT & Audiometrfie@n, Assistant of Speech Pathologist
& Audiologist, Speech Language Pathologist, Sp8dwrapist, and Clinical Specialist.

Module |

Electrophysiology of heart, electrocardiogram (ECELG lead configuration, source of ECG
voltage - dipole theory, vector analysis of ECGiamges of ECG potential in different cardiac
abnormalities- myocardial ischemia and infractibgpertrophy, different types of arrhythmias;
vectorcardiogram.

Module Il

Brain potentials, electroencephalogram (EEG), smared mechanism of formation of rhythmic
pattern of EEG, characteristics of EEG waves. EBG@em changes in sleep, abnormalities of
EEG. Event related potential (evoked potentialpesy; characteristics and significance.

Taste system:receptor organs — distribution, ultramicroscoprtigure and innervations; taste
qualities, taste receptor potential — molecularimecsm of transduction; taste pathway, sensory
processing, abnormalities of taste.

Module 1l

The visual system: ultrastructure of retina, Rétimeural circuitry, Photoreceptor potential —

genesis of potential in light and dark phase, miogr of potential, molecular mechanism of

phototransduction process; electroretinogram (ERGharacteristics, physiological and clinical

significance; visual pathway, primary visual cortex topographic map, organization of

infruts;effect of striate cortex lesions in prinddépatio- temporal organization of retinal and other
visual neurons; chromatic properties of retinal B_@nd striatal cortical neurons; binocular and
stereoscopic perception.
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Module 1V

The auditory system:Basic idea about the anatomy and physiology oftandsystem. Ultra-
structure of cochlea and Organ of Corti. Mechani€eneral and Molecular) of sound
transmission in auditory system; Theory of sourhgmission. Auditory path way: Ascending
and descending auditory pathway, the primary acdrstary auditory cortical areas. Auditory
Potentials: resting and stimulus related potentiafslocochlear potential, cochlear microphone
potential, summating potential, auditory nerve pttd. Functions of auditory system: frequency
analysis of sound by cochlea and intensity codirguditory system.

The olfactory system:structure of olfactory receptor; olfactory recepiotential — characteristics
and molecular mechanism of transduction, elctraadtigram, olfactory pathways — olfactory
bulb, central olfactory connections; coding of ottay information, anosmia and dyssomnia.

Unit 301.2: Systems Physiology F.M. 25, 02 Cli¢s

Learning Objectives: This unit highlights the understanding of systenmysmlogy as the
computational and mathematical modeling of complelogical systems and focuses on complex
interactions within human systems, using a holagpiproach. Special emphasis has been given to
the cardiovascular and respiratory system.

Module |

System as a basic unit in physiologyDifferent systems in physiological process, intéoacof
different systems in normal and stress conditigm8)ciples of system theory as applied in
physiology: Orientation to system approach — charaation and prediction of problems,
synthesis and analysis, system characterizati@tiapfeatures of linear systems, time variance
and non-linearity, representation of non — lingeatigtlinear equation, representation of chaos.
Cardiac physiology: Evolution of heart; Cardiac function- Cardiac cyctéardiac myocyte
excitation-contraction coupling, Cardiac outputegulation in normal and abnormal conditions,
cardiac output curve, venous return curve.

Module Il

Control of Cardiac function & Cardiovascular System Regulation of cardiac function; Cardiac
failure — causes, unilateral and bilateral, acatk@ronic, circulation dynamics in cardiac failure
cardiac reserve, mechanics of cardiac valves.

The cardiovascular control system— spinal cord,uti@chypothalamus and cerebral cortical areas
in the cardiovascular regulation, cardiovascul#iexes baroreceptor, cardiac stretch receptors —
ventricular stretch receptors, chemoreceptors.

Module IlI

Circulatory system: a) the microcirculation — functional; propertiescafillaries, transcapillary
exchange, capillary filtration flow- and diffusidimrited transport from capillaries; vasoactive role
of the capillary endothelium; c) the peripheratualation and its control — vascular smooth muscle,
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basal vessel tone and myogenic regulation. d) resitricontrol of peripheral blood flow —
sympathetic vasoconstrictor nerves on resistance capacitance vessels vasodilator nerves,
humoral factors — metabolic, hormonal, vasoactiviestance; e) regional circulation: cerebral,
coronary circulation in health and disease; reguiatof circulation in special situation:
hemorrhage, exercise.

Module IV

Respiratory system:a) cells of airways and alveoli — ciliated cellslls for mucous production,
alveolar cells, surfactant; c) control of respwati— respiratory centers, origin of respiratory
rhythm, central and peripheral chemoreceptors, awamontrol of breathing, breath holding; d)
non-respiratory functions of the lung- lung as aoselary lymphoid tissue, adaptive immune
response, filtration, detoxification of foreign stdnces, processing of hormone and vasoactive
substances; e) respiration in neonates and chilthherilung before birth, events at birth, neonatal
lung function, development lung function in childiab f) some respiratory problems- pulmonary
oedema-etiology and mechanism of pulmonary oedgrabmonary collapse and atelectosis,
pulmonary embolism, respiratory distress syndrasudden infant death.

Paper: PHY-302

Unit 302.1: Microbes-Human Interaction F.M. 25, 02Credits

Learning Objective: To develop knowledge regarding microbial world-bagihysiology,
metabolic patterns of microbes ad cultivation. Mwey, the target is conceptual development
about the infectious agents, major infections aheémuses of microbes.

Module |

Historical developments in microbiology:Early history of microbiology, Louis Pasteur andrge
theory, the germ theory of disease, Spontaneousrgigon vs. biogenesis, the development of
microbiology, scope of microbiology, modern micraloigy: development of pharmaceutical
products, quality control methods in food and dg@rgduct production, industrial application of
microorganisms, biotechnological application, etchemotherapy, molecular biology and
immunization, nanotechnology.

Classification of micro organisms: the cell types, features and morphology, methods of
classification: Adansonian or numerical classifimat DNA composition, DNA homology,
Ribosomal RNA sequencing, major groups of micronigras, anatomy and physiology of major
groups of microorganisms: fungi, algae, slime meuédchaea, bacteria, virus, protozoa.

Module

Growth and nutritional requirements of bacteria: Growth requirements for microorganisms:
chemical requirements and physical requirementsra@nd macro nutrients, nutritional types of
microorganisms, growth curve, environmental inflecehon growth, culture media, sterilization,
identification of bacteria, recent laboratory inatlons, counting of bacterial cells.
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Study of some important genus of bacteria of meditamportance: Staphylococci, Streptococci,
Clostridia, Neisseria, Mycobacteria, Salmonelldnid, Shigella.

Module 11

Microbes from different sources: microbes in the environment: soil and aquatic nbesy
microorganisms in dairy products, microorganismsfdad, industrial uses of microbial by-
products, and microorganisms as biological tools.

Chemotherapeutic agentscharacteristics of chemotherapeutic agents, syathgents, antibiotics,
antifungal agents, antiviral agents, microbialstsice, treatmentand complications.

Module 1V

Study of some important groups of virusesherpes viruses. hepatitis viruses, orthomyxovanse
paramyxoviriises, picornaviruses; retroviruses: ldhd AIDS.

Study of some important groups of protozoageneral characteristics, the traditional groups o
'protozoa: sarwodina, ciliophnra, mastigophorarama, some common protozoa mediated diseases:
amebiosis, giardiasis, trypanosomiasis, leishmaniaslaria.

Unit 302.2: Human Immune System F.M. 25, 02 Credits

Learning Objective: To learn about the basic principles of functionofigpuman defense system
and its major components.

Module |

Cells and organs of immune systemOverview of the Immune system: historical perspectif
immunology, cells of the immune system, primary aedondary lymphoid organs, elements of
immunity — innate, acquired; interrelation betweémate and adaptive immunity; immunogens
and antigens.

Module I

Humoral and cell mediate immunity: structure of immunoglobulin, five major classes of
immunoglobulin: IgG, IgD, IgE, IgA, and IgM, biolazal properties of immunoglobulins;
triggering of the immune response, humoral immyragyaptive immunity; cell cooperation for
triggering T and B cells; immunosuppression, comm@et system: major pathways of compliment
system - alternate, classical and lectin pathways.

Module IlI

Immunological regulation and disorders, Structunel dunction of MHC — | and MHC -lI,
cytokines, chemokines, hypersensitivity, rejectafngrafts, autoimmunity and immunological
disorders.
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Module IV

Immunological methods/techniquesantigen-antibody reactions, precipitation and atjggtion
reaction, titre, ouchterlony double diffusion (ODDingle radial immune diffusion (SRID),
ELISA, immunofluorescence, monoclonal antibody.

Paper: PHY-303
(Special Papers)

Special Paper A: Microbiology and Immunology

Unit 303.1A: Advanced Studies in Microbiology F.M25, 02 Credits

Learning Objective: To develop advanced knowledge regarding microhiabigal in nature
under different environmental conditions, theirenatctions with hosts and their specific
importance in several aspects on earth.

Module |

Microbial Ecology: microorganisms in nature, methods in microbial eggl the carbon,
nitrogen, sulphur and iron cycles, leaching of of@p-hydrometallurgy, heavy metal
transformation, microbial interaction in naturgofbm and quorum sensing.

Microorganisms as environment protectors applications in combating pollution:
biodegradation of petroleum and xenobiotic, bioréiawton; applications in agriculture: bio-
fertilizer, bio-pesticides, bio-herbicides, and-mesecticides,

Module Il

Host-microorganism interactions: host parasite relationship, normal microbial flofdhumans,
germ-free animals and its importance, transmisgibrmicroorganisms, infection, infection
mechanisms, microbial pathogenecity and viruledeggrmining etiology and host factors, gut
microorganisms as physiological control systemesérmanagement, immunity.

Module 1l

Microbial metabolism: Types of metabolism, energy production, catabolidrnarbohydrates,
Respiratory ETS and ATP synthase, The Kreb’s Cyaletabolic diversity - anoxygenic and
oxygenic photosynthesis, chemolithotrophy, hydrogew sulphate reduction, fermentations,
fermentative diversity, Alternative of glycolysisydrocarbon transformation, amino acids and
nucleotide biosynthesis.
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Autotrophic-CO 2 fixation: the calvin cycle, reductive Acetyl-Coenzyme A padineverse citric
acid and hydroxy - propionate cycle, Carbon fixapoocesses: Carbon fixation igant Cs plants
and in CAM plants.

Module IV

Nitrogen fixation: Early discoveries in nitrogen fixatipnitrogen cycle, phases and importance,
nitrogen fixing bacteria, Nitrogen fixation mechsmi, Anaerobiosis and nitrogen fixation,
Nitrogenase and nitrogen fixation, genetics andlegn of N fixation.

Unit 303.2A: Cellular and Molecular Immunology F.M. 25, 02 Credits

Learning Objective: To develop advanced and in-depth knowledge abeutehction processes
adopted by several components human defense sic@enrelop immunity against infections.

Module |

B-cell and T-cell structure and function Structure of B cell and T-cell, B-cell co-recepto
complex and T-cell coreceptor (CD3, CD4 & CD8), Bllcdevelopment, maturation and
activation/ signal transduction, immunoglobin sdi@enily, T-cell development and maturation,
immunological synapse, T-cell activation / sigmahsduction, the co-stimulatory signals, T-cell
memory.

Module ||

The Major Histocompatibility Complex and Antigen processing F¥he structure and function
of class | and Il MHC molecules, endogenous andjemous pathway of antigen processing and
presentation, polymorphism, HLA typing.

Module 1l

Immunological tolerance and apoptosis (programmed &l death): Immunological basis of
graft rejection, immunosuppressive therapy, T eekrgy, types of programmed cell death —
death-receptor mediated apoptosis, mitochondriqea@ent apoptosis, alternative cell death
pathways; Fas-dependent apoptosis in DCs, caspd$gck2 protein families, anti-apoptotic Bcl-
2 and Bcl-xL, BH3-only protein in DCs, apoptosigsigkizheimer’s disease.

Module IV

Antibody diversity and cytokines in immune regulaton -genetic rearrangement, generation of
antibody diversity, class switching, general proipsrof cytokines, cytokine receptor families,
mechanism of cell activation, monokines, lymphokinénterferon, tumour necrosis factors,
chemokines, interleukins; cytokine-antagonists, @ridkine related diseases.
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Special Paper B: Biochemistry, Molecular Endocrinabgy and Reproductive
Physiology

Unit 303.1B: Advanced Studies in Biochemistry F.M25, 02 Credits

Learning Objectives: This special course will give an in-depth knowledgfe biochemical
processes through the underlying molecular mechenés well as an understanding of chemical
and molecular processes that occur in and betwalesnand its advanced applied areas.

Skill development / Job opportunity: They may be a Laboratory Technician, Molecular
biologist, biochemist, Medical Technologist and t&blogist.

Module-I

Biomembrane and Cell Biology:The molecular organization of biomembranes: Hetemegdy,
asymmetry and fluidity; Membrane proteins and thanctions; Role of cholesterol and fatty acid
in membrane fluidity, Lateral and Transverse difias FRAP and FLIP; Membrane asymmetry
and its implications in health and disease. Suplacotar membrane structure. Membrane
permeability. Membrane transport. Receptor-mediaedocytosis; clathrin-independent and -
dependent endocytosis.

Sub-Cellular organelles-structure and function. oSkeleton-Role in motility, intracellular

transport, mitosis. Microtubular structure and dwires. Extracellular Matrix-assembly; their role
in integrating cells into tissues and cell-celkratctions. Cell cycles- Restriction point/checknpoi

of cell cycle and Quiescent cells; CDK complexes|l @ifferentiation and transformation. Cell
and tissue culture-concepts and techniques; Clodehgbridization of mammalian cells and its
application. Apoptosis and its mechanism.

Module-II

Biomolecules: Polysaccharide chemistry; Glycoprotein and pepligltems - conformation and
significance. Protein conformation; Super-secondsityicture-Domains and motifs; Protein
folding-assisted protein folding (Chaperones); Miding and diseases; Determination of amino
acid sequences in proteins; Myoglobin and haemaglebstructural and functional study.
Structural aspects of lipid;lipid-linked proteirBetermination of nucleotide sequence in DNA;
Structural polymorphism of DNA and RNA; secondanddertiary structure of tRNA; Micro-
RNA; DNA-RNA hybrids.

Metabolic Biochemistry: Molecular concept of bioenergetics. Energeticsneftabolic cycles.
Regulation of Glycogen metabolism; Glycoproteindyiathesis. Regulation of fatty acid and
cholesterol biosynthesis; Formation of prostaglasdi prostacyclins and thromboxanes
Metabolism of lipoproteins;. Regulation of purinedapyrimidine biosynthesis. Integration of
different metabolic pathways. Metabolic regulatiorstarvation and after meal. Photosynthesis-
Photosystems | and IlI; Hill reaction, Photosynthetelectron transport chain, and
photophosphorylation; C3 and C4 pathway and italeggpn; Photorespiration. Nitrogen fixation-
Nitrate assimilation and nitrogen fixation; Theagenase complex; Regulation of nitrogen
fixation — influence of ATP/ADP ratio; Identificath andrepression oif genes.
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Module-ll1

Enzymology, Advanced Nutritional and Clinical biocremistry: Acid-base catalysis, covalent
catalysis. Site directed mutagenesis of enzymeshilasm of action- chymotrypsin, DNA
polymerase, aspartic proteases. Reversible covatedification- glutamine synthase and
phosphorylase and irreversible covalent modificatbbproteases. Allosteric behavior of aspartate
transcarbamoylase and phosphofructokinase. Mecahaaofsaction and regulation of pyruvate
dehydrogenase and fatty acid synthase complexizyoges of lactate dehydrogenase. Antioxidant
enzymes and their role. The mechanistic role obtmamide nucleotides, flavin nucleotides,
pyridoxal phosphate, coenzyme-A, lipoic acid, thizenpyrophosphate, biotin, tetrahydrofolate
and coenzyme B12 in enzyme catalyzed reactionshaddst for isolation, purification and
characterization of enzymes.

Molecular mechanism of vitamins, trace elements amderals. Sucrose consumption and
intolerance; lactose intolerance; Special rolehefrion-starch polysaccharides. Nutritive value of
proteins and its determination; Amino acid imbaknNutritional aspects of the vitamins and
minerals, Protein calorie deficiency status.

Disorders of carbohydrate, amino acid and lipidabetism, Disorders related to Protein energy
malnutrition, Starvation, Obesity. Food borne déssaand their prevention, Porphyrins and Gout,
Atherosclerosis, Obesity, Diabetes Mellitus, anddtional tests of kidney and liver.

Naturally occurring Anti-nutrients. Food borne toeamts- Protease inhibitors; Hemagglutinin;
Oxalates, Phytates. Food allergens. Analyticalrtegles in nutritional biochemistry.

Clinical significance of Serum lactate dehydrogen&erum alkaline phosphatase, Serum alpha
hydroxybutyrate dehydrogenase, Serum glutamateoageatate transaminase, serum glutamate
pyruvate transaminase, Serum creatine phosphokisasem and erythrocyte cholinesterases,
Serum isocitrate dehydrogenase, serum amylasemsaldolase, serum glucose-6-phosphate
dehydrogenase.

Module-1V

Analytical Biochemistry: Buffers and their mechanism of action; Determimatiof pKa.
Chromatography. Molecular weight determination ofacnemolecules by gel filtration
chromatography, gel electrophoresis and ultradegtition. HPLC and FPLC. Isotopic tracer
techniques and autoradiography. Spectrophotomi@tiyciples of optical rotatory dispersion and
circular dichroism and X-ray diffraction and thepplications in structure determination. Principle
and application of NMR spectroscopy in Biology. fBrential and density gradient centrifugation;
analytical ultra-centrifugation; Electron microsgoeplransmission and scanning. Freeze fracture
techniques. Fluorography. Phosphor-imaging apphnat FACS, AFM, Confocal Microscopy,
Mass (MALDI and LC), Live cell microscopy, FRAP.

Developmental, Stem Cell and Cancer Biology:Gametogenesis (Meiosis, Oogenesis,
Spermatogenesis); Cell adhesion, cleavage and fmmaef blastula, gastrulation, neural tube
formation and cell migration. Molecular events afteyogenesis. Cell-cell communication and
molecular signaling in development - Concepts oflustion and competence, epithelial-
mesenchymal interactions, role of FGF-RTK pathwi&AK-STAT, Hedgehog family, Wnt family,
TGFJ superfamily, Notch pathway and developmental dggfram extracellular matrix.
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Development of model organisms -Drosophila, Xenppiebra fish, Chick, Mouse;. e egans,
Human.

Adult stem cells; Cancer stem cells; Stem cell rmegkApplications of stem cells, Cultivation of
stem cells; Mechanism of carcinogenesis; Cancés-agiaracteristics and genetics, Mutation and
cancer; Viral and cellular oncogenes; Moleculaureand activation of oncogenes Oncogenes as
transcriptional activators. Tumor suppressor gerg&sucture, function and mechanism of action
of pRB and p53 tumor suppressor proteins; Supmesgitumor suppressor genes. Apoptosis and
oxidative stress in cancer. Immune mechanism ofotucell killing. Immuno-diagnostics
(methods). Different Therapeutic approaches to@anc

Unit 303.2B: Molecular Endocrinology and Reproductve Physiology F.M. 25,
02 Credits

Learning Objectives: This special course encompasses a detail understgiod advanced
endocrinology and reproductive physiology at calltdnd molecular levels as well as about the
disorders of endocrine system and reproduction

Skill development / Job opportunity. Student may establish as a researcher, Scie@tistcal
endocrinologist. May be health worker, reproducpigsiologist.

Module-I

Genetic control of hormone formation and Hormone Reeptor: Expression of a protein
hormone encoding gene, signal hypothesis, celutazessing of pro hormones, regulation of gene
expression for protein hormone, generation of lyigdiversification.

Models of hormone receptors- fixed model and mobitedel receptor —their location; different
pathways with special reference to growth factognaling pathway, Cytokine activated
JAK/STAT signaling pathways.

Measurement of hormones: inmunoassay —, ELISA-techniques, advantages of EoM@ARIA,
RIA-assay protocol; Immunometric assay (IRMA) amdnmiune- chemiluminometric (ICMA)
assay, intra-assay and inter- assay variation

Thymus and Prostate as endocrine glandGeneral history of thymus, bioactive molecules of
thymus, role of thymic hormones —thymosin a.b4,TgZFhymopoietin-their role on different
physiological system. General structure, diffel@nactive molecules of prostate having endocrine
function, role of prostatic biomolecules on diffet@hysiological systems.

Module-II

Molecular basis of Endocrinopathy: Immune-endocrine system- current development of the
interaction of immune- and endocrine system, infieeof immune system on endocrine activities,
influence of endocrine hormones on immune system

Hormonal role in apoptosis and cancerHormonal aspect of apoptosis in physiological syste
Germ cell apoptosis, lymphoid apoptosis. Molecelalocrine tumor biology, multiple endocrine
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neoplasia, molecular pathogenesis in pancreaticgah@ndocrine tumors, endocrine-responsive
cancer, hormonal approach in the treatment of cance

Module-ll1

Molecular aspect of Sex Differentiation

Location of SRY-gene and its critical period of eegsion, specific cell type engaged in SRY- gene
expression, downstream genes regulation by SRY{genAMH gene, aromatase gene. AR-gene,
5a-reductase gene, Sox-9 gene and Z-gene.

Gametogenesis and Gonadal Steroidogenes&permatogenesis cycle and its hormonal control,
Folliculogenesis and hormonal control- endocring @aracrine regulation, first and secondmeiotic
arrest and its withdrawal mechanism for oocyte tgraent, luteinization and luteolytic. Gonadal
steroidogenesis- autocrine, paracrine and endocemdation, regulation of expression of genes
encoding steroidogenic enzymes

Assessment Makers for Reproductive systentGonadal cholesterols, gonadal ascorbic acid,
gonadal acid and alkaline phosphates activitiesadal steroidogenic key enzymes activities,
sperm motility

Module-1V

Stress and ReproductionStress and pituitary gonadotropin, stress and ayskoxidative stress
and reproductive activities.

Reproductive Immunology: in male and female

Assisted Reproduction Technology (ART)Difference between infertility and sterility, inféity
assessment in male and female, role of ART in titifgrmanagement, intrauterine insemination
(IUI), in vitro fertilization (IVF), intra cytoplasic sperm injection (ICSI), super ovulation
technique, subzonal insemination, gamete intrajjéin transfer (GIFT), Oocyte and embryo
culture, oocyte and pre-embryo classification, mieranipulation of human gametes, zygote and
embryo.

Special Paper C: Biophysics and Electrophysiology it Structural Biology

Unit 303.1C: Biophysical Principles, Molecular Biofnysics and Advanced
Methods in Biology F.M. 25, 02 Credits

Learning Objectives: In the present unit involves the application of §ibgl techniques to
achieve an understanding of life processes at aculd@r level and helps to achieve a mechanistic
understanding of biological processes.

Skill development / Job opportunity: They may be appointed as Laboratory Technician,
Microbiologist, Pathologist, Medical Technology @éeper, and Biological Engineer.
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Module |

Physical laws and its advanced application in biolgy- Principle of least action, Classical
mechanics, including Newton's laws, Lagrange's &gus, Hamilton's equations. Laws of fluid
motion: Stokes law, Navier—Stokes equations aneiFraxaws.

Atomic Structure &Bonding: The electronic structure of atom, lonic bond, Cewalbonds,
Hydrogen bonds Van der Waals forces, Electric @ipoPolarization and induced Dipoles, Casimir
interactionsMolecular interaction: strong and weak interactidnter-atomic potentials for strong
bonds, Interatomic potential for weak bonds, Nontce forces, Bond energies.

General understanding of quantum mechanics: PawdluBion Principle, lonization energy,
electron affinity and chemical binding, Electronegty and strong bonds, secondary bonds.

Quantum chemistry: Wave theory of light, Planck’'s quantum theory, med¢ctric effect, de
Broglie’s postulate, Heisenberg uncertainty prifesifschrodinger wave equation, Atomic orbital
models, the wave equation, molecular orbitals,UGAO method, the overlap method, coulomb
and resonance integrals, the hydrogen moleculegeltistributions, approximate methods.

Module Il

Advance Thermodynamics:Basics of Thermodynamics: Laws of thermodynamiad lanng
organisms, types of thermodynamic processes; peesbermodynamics; finite time (or end
reversible) thermodynamics, Equation of State, iftoetynamics of combustion, Thermodynamic
equilibrium and Irreversible thermodynamics, Camdteat engine, Isothermal expansion,
Adiabatic expansion, Thermodynamic efficiency, @mropy function, Residual entropy, Bond
enthalpy and bond energies.

Kinetics of Molecules & Reactions:Velocity, Order and Molecularity of a chemical rgawo,
Kinetic equations for zero, first, second & thircler reactions, Determination of order of the
reaction, Arrhenius equation, Activation energy dRate constant, Effect of temperature on
reaction rates, Consecutive reactions and Chautioea. Collision& transition state theories of
reaction rate, Catalysts, Mode of action of catalys

Principle kinetics and molecules in biology:Diffusion: History of diffusion, physics, basic
model of diffusion: diffusion flux, Graham’s law$ diffusion, Ficks law and equation, Onsager's
equations, Einstein's mobility and Theorell equafmmula, Diffusion in porous media, Diffusion
coefficient in kinetic theory of gases. Osmosis:chtEnism of osmosis, Role in living things,
Factors: Osmotic gradient and pressure; SurfacgaenDefinition, angle of contact, interfacial
tension, capillary rise, determination of surfacension, Factors affecting surface
tension;Precipitation, Biological significance aépipitation,Colloids and their types, Kinetic and
electrical properties of colloids, Stability of tmtls, Gibbs-Donnan Equilibrium in living systems.

Module IlI

Separation techniques:Electrokinetic methods, principles, instrumentsiglesand biomedical
application. Electrophoretic mobility (EPM), facsoaffecting EPM. Types of Electrophoresis:
Zone electrophoresis, Gradient electrophoresis,2btrephoresis, paper electrophoresis, High
voltage electrophoresis (HVE), Pulse field Gel elgahoresis, Isoelectric focusing, Capillary
electrophoresis, SDS- Polyacrylamide Gel Electrogis (PAGE).

Microscopy: Principle, instrumentation and application of kéiscopy. Different types of
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Microscopy: Polarization microscopy, Fluorescenédectron microscopy: Electron guns,
Electron lens, High Voltage Electron Microscopy,aging Electron Microscopy (SEM),
Scanning Transmission Electron Microscopy (STEMQweytometry & cell sorting.

Spectroscopy Basic principles: Significance of Extinction cbeient, Deviations from Beer’s
law, Absorption spectrum. Instrumentation and aggpions of UV-VIS absorption, IR andRaman,
atomic absorption, Atomic absorption, Fluorescemce Phosphorescence: Fluorometry-Theory
and Instrumentation, Applications, Fluorescencectspe and study of protein structure,
Florescence and energy transfer. Laser spectrosampsiear magnetic resonance (NMR):
Chemical shifts, spin-spin coupling. Electron sfggonance spectroscopy, acoustic spectroscopy;
solvent perturbation; difference spectroscopy; Esuransform techniques (FTIR); applications
of laser and mass spectroscopy.

Module IV

Protein structure and stability: Amino acids and their characteristics: Structuramino acids,
peptides, polypeptidesRolypeptide chain geometrics, estimates of potemtnergy, results of
potential energy calculatiori3pvalent, lonic, Hydrogen, Coordinate, hydrophoaid Vander
walls interactions in protein structure. Primargusture: peptide mapping, peptide sequencing
automated Edman method and mass spectrometry. &egostructure: Alpha, beta and loop
structures and methods to determine Supersecosttacture: Alpha-turn-alpha, beta-turn-beta
(hairpin), beta-sheets, alpha-beta-alpha, topothggrams, up and down & TIM barrel structures
nucleotide binding folds, prediction of substrateding sites; Tertiary structure: Domains,folding,
overview of methods to determine 3D structures,t@uary structure: Modular nature, formation
of complexes; Ramchandran plot.

Protein structure function relationship and engineeing: Protein modification- thermal,
enzymatic, physical, pressure, solvents, interastidhe random walk, Helix coil transition in
protein. Compositions of nucleic acid, DNA-bindipgpteins: prokaryotic transcription factors,
Helix-turn-Helix motif in DNA binding, Leucine zimy, Zn-finger motifs, Trp repressor,
Eukaryotic transcription factors, Zn fingers, haiixn helix motifs in homeodomain, Leucine
zippers; Chargaff's rule in DNA, RNA base compasis, Covalent chain structure, secondary
structure inferences from RNA sequence comparisons.

Unit 303.2C: Advanced Cellular and Membrane Biophygs F.M 25, 02 Credits

Learning Objective: This unit will make an understanding of the primaxperimental and
computational methods by which the structure, dyngmransportation and interactions of
biomolecules are elucidated, and their actionsianelated.

Skill development / Job opportunity: After knowing this information student will estaditi as a
Researchers, Scientist, Applied biophysicist, Chhbiophysicist. Medical biophysicist, Forensic
biophysicist and Clinical research coordinator.
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Module |

Biophysics of water: Molecular structure, Association of water througtbéhding, Nature of
hydrophobic interactions, physicochemical propertéwater, State of water in bio-structures &
its significance, Small-molecule solutes: Hydrophjl Small-Molecule Solutes: Hydrophobes,
Large Hydrophobic Solutes and Surfaces. The Inftaeaf lons: Structure-Making and Structure-
Breaking, Long-Range Hydrophobic Interactions dr@Role of Bubbles, Hydrophilic Surfaces.
Protein Hydration: Specific roles of water in sttue and function; involvement of bound water
in catalytic action.

Cellular energetic and metabolic pathway:Energy requirements in cell metabolism, role and
structure of mitochondria, high energy phosphatedboontrol of metabolic flux, structure & role
of mitochondria, High energy compounds in biologisgstem, Oxidation-reduction reactions,
ATP and phosphoryl group transfers, Free energngdsin redox reaction, redox potentials &
its calculations by Nernst equation, standard eddet potentials & its determination, its
relationship with e.m.f..

Overview of major metabolic pathways-Glycolysis,eKis cycle, oxidative phosphorylation
regulation of oxidative phosphorylation; electraansport chain, Constituents of ETC & their
sequence (Complex I-1V) & location, inhibitors off €, Chemiosmotic theory, ATP synthase
complex- structure and function, dicarboxylic asiuittle, glycerol phosphate shuttle, P:O ratio.

Module Il

Membrane structure and models:Membrane protein and lipid structure and their oizgtion,
comparison of different membrane models, Fluidsaimomodel, liposome and its applications.
Membrane permeability, transmembrane helices, ipattoPlot, Membrane asymmetry, Membrane
fluidity. Membrane Channels, voltage gated chanrigland gated channels, channel conductance.

Membrane potentials: Electric properties of membranes: electric douldget, Poisson-
Boltzmann theory of electric double layer, Gouy-@iman model of electric double layer, free
energy of electric double layer. Cell surface ckaResting membrane potential, Action potential,
properties of action potential, Hodgkin-Huxely etioia, Helmholtz-Smoluchowski equation; it's
correction by Debye-Huckle theory. Membrane impegaand capacitance, Transmembrane
potential, Zeta, stern and total electrochemicéépizal.

Membrane transport: Transport system with non-electrolytes and elegtesl Transport with
chemical reaction system: Primary and secondaiyeattinsport. Transports of molecules by simple
and facilitated diffusion, Transport by flux coupii Transport by phosphotransferase system,
Transport by vesicle formation, lonophores, epighiélansportLiposomes in biology and medicine
Mechanisms of micro- and nano-vesiculation, infleeeof electrical properties of membranes and
solvents on the vesiculation of membranes, endsisjtoexocytosis, fusion of vesicles,
encapsulation of nano-particles and DNA.
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Module 111

Cell cycle and cell biology:Kinetics of cell growth, The Cell Cycle, Interphasé,S,G2,M
molecular events at different cell cycle phasegyfoplasmic clock times; Polypeptide Growth
Factors & Control of cell proliferation, Mitosis &ell division- Molecular mechanism, Events in
mitosis, Role of mitotic apparatus, Cell Cycle Goht

Connection between the cell and its environmenyc@lalyx, Extracellular Matrix,collagen,
Elastin, Fibronectin, Lamin, Proteoglycans, IntagriCell Junctions, Desmosomes, Gap junction,
Tight Junctions, Plasmodesmata; General princiglecesl signaling, Paracrine, Autocrine,
Endocrine &synaptic signaling, Heat Shock Prote(&sRrotein structure and role in signaling,
Intracellular Cyclic AMP, Role Ca ++ in cell sigied, CAM Kinases, (Calmodulin/Ca++
dependent protein kinases).

Molecular biology: Central dogma, genetic code, gene and operarctste of DNA and RNA,
plasmids, selectable markers, agarose gel, PCRingd®CR products, expression vectors, cell
free translation, c- DNA libraries, genomic libesj DNA micro arrays, DNA sequencing.

Module IV

Enzyme structure and kinetics: Enzymes, classification & structure, active sited aits
identification, mechanisms of enzyme action witeaal reference to chymotrypsin, carboxypeptidase
and lysozyme, Enzyme kinetics, Michaelis-Menten agigm, Inhibitors, steady state kinetics,
Kinetics of single substrate reactidkinetics of competitive, noncompetitive and uncotitjve
inhibitors, Allosteric cooperative behavior, ligapibtein interaction, Hill equation, Metalo-enzymes
Determination \rﬁ Km, various graphical plotsneweaver-Burk, Eddie-Hofstee plot, Woolf plot.

Enzymes as biocatalystsRemarkable properties of Enzymes as Catalystsy@ddites, three-

point attachment, Mechanism of enzyme action, Blexienzymes, Induced-fit hypothesis,
Catalytic efficiency of enzymes, Molecular dynam&sTransient states of Enzyme catalysis.
Control of enzyme activity, feedback inhibition,nktic behavior of allosteric enzymes,
mechanism of allosteric interactions. Molecular @yics & Transient states of enzyme catalysis.

Special Paper D: Neurophysiology

PHY 303.1 D: Physiology of Neuron and Evolution oBrain F.M. 25, 02 Credits

Module |

Neuroscience:past, present and future; history and developmentoroscience, perspective of
neuroscience — scope boundaries and present trends.

Evolution of human brain and its development phylogenetic development of nervous system
from invertebrate to mammals.

Development of human brain embryological development of human brain, genesiserebral
cortex.
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Module 1l

Neuron: morphological and organization of neuron, axdredsport, myelin and myelinogenesis,
evolution of human brain.

Neuroglial cells type, structure and physiological properties eunmoglial cell membranes,
function of neuroglial cells, effect of neuronatiaity of glial cells.

Excitation and electrical properties of nerve fibes: origin of membrane potential, electronic
potential, action potential- voltage clamp and pattamp analysis, voltage gated channels,
conduction of impulses.

Module 1l

Synaptic transmission chemical and electrical synapses, morphologymolécular organization
of synapses, the neuron as a secretary cell, pgoikatransport along axon, exocytosis and
endocytosis at the synaptic terminal, molecularsbasurotransmitter release in the synaptic cleft,
post synaptic events, initiation of impulse.

Neurotransmitter and neuromodulator: criteria for neurotransmitter, acetylcholine, GAB
glycine, serotonin, catecholamine, purine, peptidagic oxide, neuromodulators and their
functions.

Module IV

lonotropic and metabotropic receptors ionotropic receptors- nicotinic acetylcholine eptor,
GABA receptor, glycine receptor, purino receptoMRA, KA, NMDA, tACPD. Metabotropic
receptors: GABA, mAchR, adrenergic receptors, Nkinio A receptors, pharmacology of
neurotransmitter- agonist and antagonists

Subsynaptic cell:subsynaptic density, electrophysiology of subsyicapembrane- EPSP, IPSP,
IS AND SD spike, second messenger control, secordsemger and gene expression, the
pinealocyte.

Plasticity of brain: plasticity of normal adult brain- reorganizationhmman cortex, cortical maps
and experience, morphological changes, synaptstipity.

PHY 303.2 D: Development of Brain and Molecular Nexobiology F.M. 25, 02 Credits

Module |

Sensory transduction chemoreceptors, photoreceptor and mechanore¢eatuiractiie mechanism of
muscle and neuromuscular junction, molecular meshaaf conteraction in skeletal, visceral and caecdi
muscle, neuromuscular transmission in differenesypf muscle, EPP, MEPP. Pharmacology of N-M
transmission.
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Module 1l

Genetics of brain Establishing AP axis in drosophila and verteb@iS, homeobox gene and
early development of brain, POU genes neuronalemifftiation, other genes in neuronal
differentiation,

Epigenetics of the brain:the origin of neuron and gila, morphogenesis ofoes, growth cones,
pathfiniding and neurotrophins, CAMs, morphopoiéigtd, functional sculpting.

Module 1l

Neurochemical neoroanatomy : Neural pathway carrying glutamate, glycine, GAVA,
acetylcholine, dopamine, norepinephine, serotagmalorphine, tachykinin, NO, CO, distribution
of the receptors of these neurotransmitter.

Circulation of brain and Blood brain barrier.

Module IV

Automatic nervous system Anatomy of ANS, functions of ANS, evolution of AN heart rate
and BP responses to deep breathing, standing, vpassap-up lilt, valsalva maneuver,
disautonomia.

Molecular neurobiology techniques:Restriction map, genomic gene library, cDNA gebedly,
fishing of gene in cDNA library, PCR, RT-PCR, sigected mutagenesis, gene targeting and
knockout genetics.

Special Paper E: Ergonomics and Sports Physiology

Unit 303.1E: General Sports Physiology F.M. 25, 0Credits

Learning Objectives: This special course includes different physiololggzal anatomical aspects
of sports physiology. The learners will be abl@atguire knowledge about the parameters which
are related to the physical efficiency of the sppetrsons.

Module |

Historical development of sports science International and Indian context, role of
neuromuscular system in exercise, mechanics oflmuasatraction, relationship of different types
of muscle fibers with different sports activitigfsiel for exercising muscle: metabolism and
hormonal control.

Muscle strength and endurance — their role in spastivities.
Bioenergetics of exercise- source and supply ofggnir different types of sports.

Module Il
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Maximal aerobic capacity- direct and indirect methods of measurements, aneagent of VQ

in children, measurement of \é@ax during pregnancy; Cardio-respiratory changemdsports
performance as well as during static and dynamidkwo

Anaerobic capacity- threshold points- factors influencing them argitBignificance in different
sports, improving anaerobic capacity.

Fatigue- physical and mental fatigue, central and perighfatigue, measurements of fatigue, short
term and long term fatigue. Muscle Soreness anccM&tiffness

Module IlI

Evaluation of fitness level:lung function tests, physical fitness tests, meshiod evaluation of
strength, power, flexibility, endurance, work capgagility, and balance.

Nutrition and sports performance: roles of carbohydrate, protein, and fat durinffedent sport
events, glycogen loading, vitamins and mineralexercise, fluid requirements in exercise, fluid
replacement in endurance sports, diets for diffesparts events, pre-game meal, spacing of meals.

Module IV

Endocrine system and exercisemportance of hormones in exercise and sports,@imdoeffects

on performance, pituitary- adreno cortical axis asttess theory, oxidative stress and its
management, hormonal regulation of cellular hydrgtendocrine regulation of plasma volume,
exercise influence on the biological clock mechamisormonal control of substrate mobilization

during exercise: - Muscle glycogen utilization, &tb glucose homeostasis during exercise,
Hormone substrate interaction.

Immunological system and exerciseexercise and innate and humoral immunity, exercis
induced change in antigen and antibody, exercidecgokines.

Genetics and performancelife span and gender variability, muscular sttérgnd endurance,
motor performance, modeling twin and familial reséance, responses to training, exercise and
gene expression.

Unit 303.2E: Applied Sports Physiology F.M. 25, OEredits

Learning Objectives: This course encompasses different applied aspésizsoots science. The
students can learn methods of physical conditigréatiction of sport persons, doping sport injury
and its remedial measures and principles of sgotsechanics.

Module |

Body compositionr methods and assessments, importance in spoftpance, desired body
weight in different sports, somatotyping -method afsessment, somatotype and sport
performance, desirable body types for high levefggmance, sport selection and somatotype,
somatotype modification.

Physical conditioning: importance, principle and methods of physical ctoding, aerobic
andanaerobic training, adaptation to aerobic andembic training, resistance training,
strength,stability training, and high-intensityéntal training (HIT), strength training, farklet
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training,periodizationofconditioningprogram..Aim dat€oncept of Periodization; - Preparatory
Phase, Competitional Phase and Transitional PAaaming Cycle: - Micro, Meso and Macro.
Methods of Training: - Continuous Method, Interithod, Repetition Method, Fartlek Training,
Circuit Training, Plyometric, Training and Weightralining. Overtraining. Physiological
adaptation in response to resistance training.2elayset of muscle soreness.

Selection of sportsman guidelines for competitive sports, scope and Ivenment of tribal
population in participation of different sportsiaittes.

Module ||

Ergogenic aids in sports (dopingf methods of study, tolerance limits, types ofidgpproblems

of doping, I0C guidelines. Types of drugs in spdi&dd their use, health risks and testing

procedure; - Stimulants, Anabolic steroid, Bite &ers, Diuretics. Human growth hormone,

Blood doping, Erythropoietin (EPO) & their use, hleaisks and mode of testing. Health hazards
and side effects of different dope substances. &hnmethods of doping in sports. Special Aids to
exercise training and performances.

Sports injury and treatment OR Injury Management in Sports. general causes, sports specific
injuries, methods of treatments, protective equiptsiel ype of sports injuries. Soft tissue injuries
and their management. Hard tissue injuries and thanagement. Overuse injuries and their
management. Head injuries and their managemenirylgrevention.Sports injury assessment
procedures, e.g., SOAP, HOPS, RICER.

Women in sports performance women in athletics and sports, the female athtete,
menstruation and other related factors, exercidegpaegnancy. Bone mineral disorders in women
athlete.

Module IlI

Exercise for the disabled: ports for disabled persons, importance, selecti@vent, method of
training.

Psychological factors of sportspsychological fithess of general population masggcpological
factors, personality and motivation in sports, aeduanxiety, and sport performance.

Yoga as exerciseBenefits of yoga physical and mental health, &fef yoga in different
physiological systems, therapeutic applicationaja, limitations of yoga.

Module IV

Exercise and sports biomechanicsdasic concepts of kinematics and kinetics — vectardion
,degrees of freedom, force, moment of force, doguilim, biomechanical considerations in
reducing sporting injury rates, joints and its moeaits. Meaning of Kinetics and Kinematics.
Types of motion — Linear, Curvilinear and Angulaotions. Meaning, Definition and types of
Levers. Mechanical advantage of different leversvdrs inside our body. Importance of
kinesiology for games and sports. Muscular analysmotor movement.

Center of gravity and its importance in sports.

Posture: static and dynamic posture, posture assessmetitaldlespostures for high level sport
performance, modifying posture and technique taawp performance. Meaning of posture. Idea
and importance of a good posture. Poor posturestlagid causes, prevention and remedial
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measures. Common postural and foot deformities wigr correction — Kyphosis, Lordosis,
Scoliosis, Flat foot, Knock-knees and Bow leg.

Image analysis in sports performanceerrors in motion analysis, planar video analysiB, 3
motion analysis, data filtering. Movement analysis;Concept and types of analysis;
Biomechanical, Kinesiological and Cinematographidechanical analysis of fundamental
movements of human being — Walking, Running andpiogn Mechanicalanalysis of different
sports technique; Throwing and Jumping.

Paper: PHY-304 (Elective)

Unit 304.1: Environment and Health F.M. 25, 02 Creds

Learning Objectives: This unit will help to acquire knowledge in the aref environmental
health, including climate change and effects, diffie environmental pollutants and their toxicity,
epidemiological perspectives of environmental leattd environmental management policies.

Skill development / Job opportunity: Students are serves as a Community Health Officer,
Community Health Worker (AshaKarmi), Environmentdaklealth Education Coordinator
Environment Programme Coordinator.

Module |

Environment and health: history and definition of environmental health, gE¥ctive on
individual health: nutritional, socio-cultural amigtvelopmental aspects, Human developmental
indices for public health, Millenium Developmentsdls (MDG).

Public health and role of Climate changeManifestations of climate change on public health-
changing disease pattern and different environrmediseases, Global warming and its
consequences. green house effects, ozone depletion.

Module ||

Environmental pollutants and toxicological hazards:sources, adverse effects of environmental
pollutants and contaminants (air, water, soil, sadclide, pesticides, microbes) on human health
(both acute and chronic) and methods of protecioth control, food contamination, effects of
toxicants on mammalian organisms; Xxenobiotic-inducexidative stress, hepatotoxicity,
reproductive toxicity, nephrotoxicity, neurotoxigitgenotoxiciy, immune toxicity, endocrine
disruption.

Module IlI

Perspectives and interventions in public healthepidemiological perspectivesof environmental
health- disease burden and surveillance, altemagtems of medicine, universal immunization
programme (uip), occupational health hazards; caibopal diseases - prevention and control;
assessment of health risks associated with exposuenvironmental hazards.
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Module IV

Environmental management policies and practicesmunicipal solid waste management, solid
waste management system in urban and rural aredisjep and practices with respect to
environmental protection act, forest conservation wildlife protection act, water and air act,
industrial, biomedical and e waste disposal rulesjand management.

Global environmental health issues in developingwaes, ethical issues of environmental health-
environmental injustice and racial inequality invieaonmental rule-making and environmental
management.

Unit 304.2: Human Reproductive Health and Relateddsues F.M. 25, 02
Credits

Learning Objectives: This unit will enlighten the idea about male andth#e reproductive
physiology including adolescent and maternal heatith different related disorders.

Module |

Male and female reproductive physiology: Basiconcept of reproductive health, reproductive
anatomy and physiology of male and female, sexewfitiation, disorder of sex differentiation,
physiological basis of male and female puberty, legt®nce and adulthood, pregnancy,
endocrinology of childbirth, physiology of lactatioand its importance, contraception,
Reproductive disorder: Ectopic pregnancy, Endome&i effects of nutrition, stress and exercise
on reproductive functions in vitro fertilization.

Module Il

Adolescent health: physical and psychological changes in adolescadi|eacent sexuality,
problems of adolescents, adolescent and repro@udtealth, guidance and counseling for
adolescents.

Maternal health and mortality: meaning and concept of maternal health, maternalatity &
morbidity, MCH care, safe motherhood: pre-natatj-aatal and post-natal care; problems and
precautions during pregnancy; abortion, maternalthessues- nutrition, health education,

vaccination, PNDT Act, medical termination of pragoy act, MCH Services in India, MCH &
nutrition.

Module IlI

Infertility - definition, Epidemiology, primary and secondanyertility, psychological and
social impact of infertility, causes of infertilitgiagnosis and treatment; in vitro fertilization —
test tube babies.

STIs/RTIs and HIV/AIDS - diagnosis, treatment, prevention: Concept of RTI& STI; Types,
causes and precautions in RTI and STI, Impact df &6 Tl on women; Pelvic Inflammatory
diseases, counseling and testing for HIV/AIDS, mileational and international organizations,
role of governmental and non-governmental orgaruaat
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Module 1V:

Menopause and its concequencelstroduction, Types of menopause, premenopause,
perimenopause, post menopause, signs and symphealt) complications, psychological and
long term effects, management - hormone replacetherdpy (HRT), selective estrogen receptor
modulators, other medication, other therapies.

Health inequalities —General concepts and measurement of equity andityeq health concepts
and principles of health impact assessment, chgnmaradigms of health and health care, making
health and health care universally accessible.

Semester ll|

Practical
(Total Marks: 100, 08 Credits)

Paper: PHY-395

Unit 395.1: Histological and Cytological Techniques F.M. 25, 02 Credits

Learning Objectives: This unit will help to learn essentials of humastbiogy and human
cell cytology, techniques of cell and tissue spetimpreparation for microscope analysis as well
as the clinical application of knowledge of humastdiogy and cytology with specific cell
physiology, anatomy and physiology of tissues amgio systems.

Skill development / Job opportunity: Students will be able to serve as Cytologists and
Pathologists at different research and patholodgdairatories.

Histological experiments:fixation- different fixatives and their utility, thgdration, clearing- different
clearing agents, embedding and preparation ofaec{paraffin, cold): micrometry, photometry; stam
Characteristic features of transverse sectionftdréint histological slides.

1. Staining of smear for cytological evaluation papanicolaou staining, cresyl violet
staining.

2. Study of estrous cycle by different staining techigues special and differential staining
of vaginal smear.

3. Vital and supravital staining: platelet count, erythrocyte count, must cell.

ol

. Histipathology: effect of toxicity by applying toxicants on thefeifent organ histology.
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Unit 395.2: Histochemical and Histometric Techniqus  F.M. 25, 02 Credits

Learning Objectives: This unit will help to learn essentials of histogtieal techniques used for
the visualization of biological structures for identification and distribution of various chemical
components of tissues through the use of stailgators and microscopy as well as through
enzymatic, immune-histochemical techniques with cgpe emphasis on histometry and
histopathology.

Skill development / Job opportunity: Students are serves as Histopathologists, Consultan
Pathologist, Clinical Pathologist and Image Anabttlifferent research and general pathological
laboratories.

1. Histochemistry of Carbohydrates:
a) Detection of glycogen in liver by Best Carmine noeth
b) Detection of glycogen using PAS method of Hotchkkin
c) Detection of glycogen using Lugol’s iodine test

2. Histochemistry of Proteins:

a) Histochemical localization of proteins in the anintissues using Mercury — Bromophenol
Blue method

b) Histochemical detection of proteins in animal tessusing Baker’'s method
3. Histochemical detection of lipids:

a) Detection of lipids in animal tissues using Oil R2anethod.

b) Detection of lipids in the animal tissues usingldzaematin method .
4. Histochemistry of nucleic acids:

a) Detection of DNA in animal tissues using Fuelgesctmsn.

b) Detection of DNA in animal tissues using Pyronintigé green method.

c) Detection of RNA in animal tissues using HCI metliolbwed by Pyronin-Methyl green
method.

5. Histochemistry of enzymes:
a) Detection of alkaline phosphatase.

b) Detection of ATPase.

c) Detection of cholinesterase.
6. Histometry (demonstration):

a) Measurement of testicular Leydig cells.

b) Measurement of liver cells

c) Measurement of thyroid follicular cells etc.
7. Histopathology:
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1. Effect of toxicity on the different organ histgly
8. Immuno histochemistry (demonstration)

Paper: PHY-396
(Special Papers)

Special Paper A: Microbiology and Immunology

Unit 396.1A: Microbiological Techniques F.M. 25, 0Zredits

Learning Objectives: To get hand-on trainings on microbial growth, axdtion and experiments
on several metabolic activities of microbes usedngsortant markers for identification and
analysis of microbial agents.

1. Fermentation of carbohydrates by bacteria: gludosetose, lactose, sucrose.
2.Production of acetyl-methyl carbinol by bacteria.

3. Production of indole by bacteria.

Determination of amylase activity of the supplietteria by hydrolysis of starch.
Determination amylase activity of the supplied baetby hydrolysis of starch.
Determination of catalase activity of the suppledteria.

Determination of urease activity of the suppliedtbaa.

© N o O A~

Determination of the protein hydrolysing abilitytbe supplied bacteria by preparing casein
plate.

9. Isolation, purification and characterization of teai@ from soil sample.
10. Isolation, purification and characterization of teaia from water sample.
11. Determination of the concentration of viable baatar supplied solution by plate count method.
12. Isolation and purification of microbial enzymesrfroyeasts.

13. Isolation of plasmid DNA from bacterial cells.

14. Separation, visualization and determination of rwalier sizes of isolated DNAS by agarose
gel electrophoresis.

Unit 396.2A: Experimental Immunology Practical F.M. 25, 02 Credits

Learning Objectives: To get training in basic immunological and celluleachniques important
to express body defense mechanisms.
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1. Separation of different types of blood cells by Hispaque (gradients) identification of (a)
B-cells by rosetting (b) T-cells by rosetting (clabfophages, isolations of macrophages, B-
cells, T-cells, polymorphonuclear cells

2. Isolation and culture of peritoneal cells from esypeental animal

3. Preparation of antigen and development of antib@Brelopment of antibody in rabbits by
injecting complete-incomplete Freund’s adjuvanthw8SA, Ouchterlony Double Diffusion
(ODD), Single Radial Immune Diffusion (SRID), agghation test, Haemolytic Plaque Assay.

4. Subcellular fractionation (a) mitochondria, nudts. (b) centrifugation- differential anddensity
gradient (sucrose, percoll, CsCl).

5. Endonuclease digestion of nuclei and analysis oADMAgarose Gel Electrophoresis, thermal
melting of DNA.

6. Isolation of plasmid DNA: mini preparation, largeate isolation.

7. Glassware decontamination, washing-sterilizati@tkpmpg and sterile handling for animal cell
tissue culture.

8. Media and reagent preparation, sterility checksz i@€ubator.

9. Maintenance of cell cultures.

10. Preparation of primary cell cultures (CEC).

11.Peripheral blood lymphocytes culture, demonstratibother tissue culture experiments.
12.Chick embryo fibroblast primary cell cultures anduse choronic villus cells.

13.Induced ovulation in mouse, collection of ovidueglys and in-vitro fertilization, culture in-
vitro of mouse embryos to the blastocyst state.

14.Transferring foreign gene (e.g. chicken globin gendgo mouse fertilized eggs and
transplantation to foster mother.

15. Microinjection or electroporation of ES cells wittreign DNA and transplantation to foster
mother.

Special Paper B: Biochemistry, Molecular Endocrinabgy and Reproductive
Physiology

Unit 396.1B: Biochemical Techniques F.M. 25, 02 Cdits

Learning Objectives: The objective of this unit is to learn the thearetlifoundations for
biochemical techniques used for the isolation, fmation, and characterization of proteins,
nucleic acids, carbohydrates and lipids, fundameproaches for experimentally investigating
biochemical problems and understand the appli¢glofi the biochemical methods to realistic
situations.

Skill development / Job Opportunity: Sudents have the opportunity join as a Laboratory
Technician, Biochemist at several research andheimestry laboratories. They also appointed as
Sales Manager.
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Methods of Protein Estimation:
1) Folin-Lowry’s Method

2) Bradford Method

3) Ultraviolet Absorbance Method for DeterminationAbumin-Globulin ratio.
B. Studies on General Enzymology

1) Effects of pH and temperature

2) Determination of @

3) Effects of substrate concentration,

4) Determination of Km,

5) Determination of Vmax

C. Studies on ClinicalEnzymology

1) Determination of tissue GOT and GPT.
2) Determination of serum ALP

3) Determination serum LDH

D. Microscopy

1) Fluorescence and phase contrast and Inverted roapgs
2) Study of cellular oxidative stress —-MDA, GSH, GSS®D, and Catalase, Gpx assay.
3) DNA fragmentation by Gel electrophoresis

Unit 396.2B: Experiments on Endocrinology and Reprductive Physiology of
Model Animals F.M. 25, 02 Credits

Learning Objectives: The objective of teaching this unit is to demaosigirthe experiments on
model animals including assessing their biochempeabmeters related to endocrinology and
reproduction as well as hands on training on mgpeaduction related techniques.

Skill development / Job Opportunity: After complete these practical courses studentse tae
opportunity join as a Research Assistant, Laboyal@chnician, and Health officer at different
Govt. and private sectors.

A. Experiments on Model Animals

1. Study of drugs (elicit hypo and hyper condition)fonctional activities of thyroid, testis and
ovary

2. Experiments on thyroidectomy, adrenalectomy on dahfunctions- cholesterol, acid and
alkaline phosphatase, ascorbic acid in gonads.

3. Study of experimental diabetes induced by alloxsrgptozotocin in experimental model

Downloaded from Vidyasagar University by 14.139.211.194 on 14 Mar 2026 14:44:22 PM; Copyright (c) : Vidyasagar University
http://download.vidyasagar.ac.in/OpenLink.aspx?LINKID=101



animals - Assay of SGOT, SGPT, amylase, and glytodgelucose-6-phosphate
dehydrogenase, blood sugar.

4. Experiment on thymectomy - T lymphocyte and macegghisolation.
B. Experiment on male reproduction
1. Study of the effect of cryptorchydism on markersnafle reproduction.

2. Study of sperm count, sperm motility, sperm morphg| sperm viability, Hypo-osmotic
swelling, and effect of someanti-fertility drugs.

3. Study of castration (unilateral) on cholesterahitact testis- acid and alkaline phosphatase
activities in accessory sex glands.

4. Assay of the activities of oxidative stress semsignzymes and free radicals quantification
in male sex glands.

5. Quantitative study of spermatogenesis measurenfesgnoniferous tubular diameter and
Leydig cell nuclear area.

Special Paper C: Biophysics and Electrophysiology iin Structural Biology

Unit 396.1C: Advanced Methods in Biophysics F.M. 292 Credits

Learning Objectives: Throughout this practical student will learn thegesses of different
biochemical estimations, will gain knowledge ofdaciand basic solution. Will acquire knowledge
of different separation techniques that will héip students for the application and development
of drugs and medicine.

Skill development / Job Opportunity: After complete these practical courses studente iz
opportunity join as a Laboratory Technician, Biotl& at several research and biochemistry
laboratories. They also appointed as Sales Maraddenromatography.

1. Acid — Base titration using pH meter and Deterngrtime pK values: - Strong acid Vs Strong
base, Weak acid Vs Strong base, Mixture of Strartg\Weak acid Vs Strong base.
2. To determine the titration curve of protein and @oracids & calculate the pKa values

3. Colorimeter: Verification of Beer's- Lambert lawetgrmination of absorption maxima of coloured
compounds, determination of molar extinction caiffit

4. Estimation of Protein by Lowery/Biuret/ Bradford theds

5. To isolate the Proteins- Casein from milk, Hb frRXBC.

6. Separation techniques: Electrokinetics methodsetElphoresis, electrophoretic mobility
(EPM), factors affecting EPM, Paper, Polyacryl aen@el Electrophoresis (PAGE), SDS
PAGE, Capillary, Iso-Electric focusing, applicatsoim biology and medicine.

7. TLC: Amino acids/ sugars/ fruit juice/oil

8. To estimate quantitatively the Amino acids using timhydrin reaction.

9. Effect of hypertonic/ hypotonic/isotonic on RBC mianane.

10.Osmolarity: Determination of osmotic pressure difssa
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11.To study of conformational changes in biomolecuksiag Ostwald viscometer. Measurement
of viscosity of biological and non-biological sarepl

12.Refractometry: Study of sugars/proteins/amino acids

13. Study of UV absorption spectra of Proteins and eia@cids.

14.To study the protein-ligand interactions by Scatdlot.

Unit 396.2C: Advanced Cell and Membrane Biophysics F.M. 25, 02 Credits

Learning Objectives: To understand the cellular nature and its struttm@phology with the
help of staining methods and fluorescence spedpyscAlso know the kinetic activity (by
measurements of Km and Vmax) of enzymes and iansigin assay methods. Measurement of
membrane potentials explains the permeability aftmrane in different situations.

Skill development / Job Opportunity: After complete these practical courses studentse tas
opportunity join as a Research Assistant, Laboyatdechnician, Enzyme Analyst and
Chromatography Analyst at several research andchbradstry laboratories. They also recruit as
Quiality Control or Quality Assurance officer atfdient Govt. and privet sectors.

To study the effect of temperature, pH, metal ionenzyme activity& kinetics

To study the chromosomal DNA morphology by Feulgeaction (root tip cells)

To study of membrane potential using fluorescepegtsoscopy

To observe the stained & unstained Prokaryotes KaBwtes

To characterize the subcellular fractions and et of Liposome

To study the permeability of model membrane (Lipnspanions.

To demonstrate the cell fusion using high DC (Qi@arent) field.

To identify the Cytochemical DNA/RNA with the Methgreen-pyrominmethod.

To isolate and purify the enzymes- isolation of aminidase from egg white

10 To study the effect of cholesterol on the anionmEbility of a phospholipid membrane.
11.Enzyme Assays (LKH, beta galacotsidase, acid phagbo arginase, Succinic De —
hydrogenase): Time, Temp, Protein concentratiofaotors. LKH: Km &Vmax.

© 00N Ok LONE

Special Paper D: Neurophysiology
PHY 396.1 D: Experiments on Neurophysiology - | F.M25, 02 Credits

1 Gross examination dissection of human brain: Idieation of cerebral cortical sulci and gyri,
caudate, putamane, globus pallidus, septal argathglamus, thalamus, corpora qudrigemina, corpus
callosum, anterior/ posterior commissure, cerebgdeduncle, cerebral ventricles, crus cerebri,
pyramid, hippocampus, amygdala fornix.
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2. Desection and study of animal brain: Study of $sgations of brain of rat, cat, dog to identifyunkei
of basal ganglia, thalamus, hypothalamus, amygdaldy of the structure of mid brain, pons, medulla
oblongata, spinal cord.

3. Study of spinal preparation in rats and cats: $greparation by surgical method and observation of
physiological parameters and behaviour in the stdgpinal shock and stages of recovery, study of
decerebrate preparation in rats. Study of ceratieliey in rats: observation of changes in muscle ton
and behaviour after complete of partial removaldifferent parts of cerebellum.

4. Stereotaxic technique : principle and use of staseo apparatus.

5. Experimental animal preparation by different methad animals (rat): Aspiration, Electrolytic,
Chemical lesioning

PHY 396D.2: Experiments on Neurophysiology - I F.M. 25, 02 Credits

1. Experimental electrical stimulation in animals {cat): Study of electrical stimulation of different
portion of brain, by electrical stimulation and ebstion of changes in muscle tone, behaviour,thear
rate, respiration, blood pressure, evaluation @fteblytic lesion.

2. Experimental chemical stimulation of brain: Micr@ation of acetyl choline, epinephrine, nor-
epinephrine, serotonin, histamine, kainic acidiffecent regions of brain and cerebral ventriclad a
study of changes in physiological parameters.

3. EEG and ECoG in experimental animals: recordingpointaneous electrical activity of surface and
deeper parts of brain of experimental animals iteand chronic condition. effect sfimulant and

depressive drugs on ECoG.

. Evoked potential study in experimental animalscording of auditory and visual evoked potentialats.
. Study of experimental epilepsy rat.

. Behavioural study in experimental animals:

. Exploratory behaviour in open field.

. Exploratory behaviour in hole board

. Light dark transition test.

. Active social interaction test.

. Pento barbital sleeping time.

Maze tests.

. Locomotor movements in rats: Recording of locomaetmvements in rats by Kymograph at rest and

after injection of stimulant drug.

. Study of neuroendocrine functions:

. Effect of stress on estrous cycle, ovary, adrehgtpid, and pineal.
. Effect of lesion of different neural structure eidecrine function.

. Studies of blood pressure and heart rate in exgertiahanimals:
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a. Effect of bilateral carotid occlusion on blood mese and heart rate in cats.
Effect of stimulation of medullary pressure areaheart rate and blood pressure

Special Paper E: Ergonomics and Sports Physiology
Unit 396.1E: Experiments on Work and Sports Physiagy-I F.M. 25, 02 Credits

Learning Objectives: The course will provide support to develop the peatskill for measuring
different physiological parameters related to tigsical efficiency of sports persons and the
learners will be able to assess the level of playdimess of a person for general and specific
sports event.

1. Measurements of heart rate at rest and differenkinwg conditions.
2.  Classification of workload, continuous recordinghefrt rate by heart rate monitor.

3. Determination of maximal heart rate, cardiac cost@ardiac efficiency by step test method,
bicycle ergometer and treadmill.

Determination of steady state.
Determination of endurance time.
Measurement of body temperature, (oral, axial,)skimest and different working condition.

N o o bk

Recording and interpretation of ECG at rest andkimgr condition, effects of posture on
ECG.

Recording and interpretation of EMG at rest andkingy condition.
Determination of pulmonary ventilation, static afyhamic lung function tests.
10. Static and dynamic balance test.

Unit 396.2E: Experiments on Work and Sports Physiagy — Il F.M. 25, 02
Credits

Learning Objectives: This course will help the students to evaluatepgédormance of sports
persons by means of biochemical, physiological l@nchechnical parameters. This training will
enhance the employability of the students in thetsield. Determination of V@max by direct
method; determination of Vnax by indirect methoQueen’s college test, 12 min-run test, non-
exercise test, Astrand rhyming nomogram method

1. Determination of lactic acid and pyruvic acid imdd before and after exercise.
Determination of Haemoglobin level before and aébegrcise.
Anaerobic power test (modified Margaria method).

Measurement of flexibility, agility, power and menal work capacity.

a k~ 0N

Measurement of reaction time (hand, foot) and mamnime, determination of simple and
choice reaction time.
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6. Measurement of blood pressure, sweat rate duriagcese.

7. Determination of muscle strength by dynamometemdigip strength, pinch strength, leg and
back strength.

8. Measurements of body fat in human by (a) skinfolethod , (b) anthropometric method
densitometric method, determination of body contpmsi

9. Determination of somatotypes.

10. Gait analysis.
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Semester V:(Theory: 150 + Practical: 150)

Theory
(Total Marks: 150, 12 Credits)

Paper: PHY-401
Unit 401.1: Endocrinology F.M. 25, 02 Credits

Learning Objectives: The unit will help to develop an understanding loé structure-function
relationship as well as mechanism of the endo@ystem in maintaining body homeostasis and
health. The student will be better able to leamn ititegrative workings of endocrine signaling
system and endocrine pathologies.

Skill development / Job Opportunity: After completing these theory courses studentsivaile
the opportunity to join as a Research AssistanseReh Scientist, Endocrinologist Assistant,
Clinical Endocrinologist, Endocrine Nursing anddriility Specialist.

Module |

General concepts of endocrinology and hormonal adn: Chemical nature of hormones,
Endocrine, paracrine, autocrine and intracrine s$ecre biosynthesis, storage, release and
transport of hormones. Hormone receptors-typeqeat@s, synthesis and life cycle, protagonists,
antagonists and up down regulation of receptorglddu receptors- detail structure, mechanism
of action, ligands, Cell surface receptor- detailicture, mechanism of action, Measurement of
Hormones.

Neuro endocrinology: Neural control of glandular secretion —neuro sémmethypothalamus-

pituitary axis, hypophyseotropic hormones and neemdocrine axes —TRH, CRH, GHRH,
somatostatin, prolactin regulatory factors, GnRIHd aantrol of the reproductive axis; effect of
ghrelin, leptin on the hypothalamus and neuro ende@xis, neuroendocrine related diseases.

Module ||

Hypothalamo-hypophysial axis and anterior pituitary hormones: functional significance,
pituitary transcription factors, pituitary stem Iselanterior pituitary structure, physiology and
disorders of different pituitary (anterior) axesypbthalamo — hypophysial - gonadal axis,
hypothalamo-hypophysial-adrenal axis, GH-IGF-1 axis

Posterior pituitary/Neuro hypophyseal hormones:synthesis, release and regulation of neuro
hypophyseal hormones, role in osmoregulation, ttteirel smooth muscle movements, clinical
aspects. Diabetes insipidus.

Module 11

Thyroid gland: Anatomy and histology of thyroid gland, TSH;anhd Tasynthesis, secretion and
regulation, role of lodine in hormone synthesis, @Rl T4: plasma transport, cellular uptake,
intracellular binding, activation and inactivatior§ and Tcellular mechanism of action; thyroid
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function; role of thyroid hormones in growth, diféatiation and metabolism, in pregnancy, in the
fetus and newborn; Thyroid cell, gene and proteipression; Disorder: thyrotoxicosis, risk

factors, sign and symptoms, treatment and prevengodemic and exopthalmic goiter and
autoimmune disease; Calcitonin secretion and ftstfans.

Adrenal gland: Anatomy and histology of adrenal gland, Synthesigetion and regulation of
adrenal hormone, Functions of adrenal hormone:sraiemetabolic, vascular, physical and
emotional stress, anti-inflammatory role; Diseagmeral idea about Addison’s diseaSashing
syndrome, Adenomas, Adrenocortical carcinoma, Nsastoma, Pheochromocytoma,
Congenital adrenal hyperplasia-Cause, risk facggs, and symptoms, diagnosis and treatment
and prevention management

Module IV

Hormones involved in calcium metabolism role of parathyroid hormones,
dihydrocholecalciferol, calcitonin and sex hormgnegokines and growth factors in calcium
metabolism; Calcium sensing receptor, Parathyrdiida on bone cells and kidney, osteoporosis
- primary and secondary type; phosphorus metabolism

Pancreatic and gastrointestinal hormone:role of insulin on ribosomal activity for protein
synthesis, role of insulin and glucagon on carbo#i protein and lipid metabolism,
gastrointestinal hormones.

Immunity and endocrine system:thymic hormones; autoimmunity — tolerance of selfigens;
mechanism of autoimmunity genetics of autoimmuaftthe MHC, examples of autoimmunity in
endocrine system like Hashimoto’s diseases, Gralis&ase, juvenile diabetes mellitus.

Unit 401.2: Reproductive Physiology F.M. 25, 02 Crhts

Learning Objectives: The major objective of this unit is to provide stats with a sound coverage
of human reproductive biology including the struetwand function of the male and female
reproductive tracts, gametogenesis, fertilizatisexual differentiation and development, early
embryogenesis, fetal development and preparationbfah, and maternal adaptations to
pregnancy, hormonal control of reproduction, cargmion, infertility and current reproductive
technologies.

Skill development / Job Opportunity: After complete these theory courses students Hawve t
opportunity join as a Research Assistant, Rese@oibntist, Gynecological Assistant, Clinical
Reproductive Consultant, Reproductive Nursing,riify Specialist and Public Health Officer.

Module |

Male and female reproductive systemssex differentiation— role of SRY gene, different
transcription factors. AMII and other hormones odiers of sex, gonadal differentiation, female
and male pseudo hermaphroditism, sexual infantjlfaticulogenesis, ovulation,
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spermatogenesis and its hormonal control, menstyudé¢ with special reference to biochemical
aspects; steroidogenesis-its different pathways cell-two gonadotrophin hypothesis for ovarian
steriodogenesis and its hormonal regulation; envivental factors like temperature, hypobaric
atmosphere, light-dark cycle on reproduction, effeof nutrition, stress and exercise on
reproductive functions.

Module Il

Physiology of pregnancy and lactationphysiology of implantation, pregnancy maintenases,
biorhythm, role of endocrine, autocrine, paracrfiaetors in pregnancy regulation, ectopic
pregnancy, endometriosis, foeto-placental unite rof blastocyst in pregnancy maintenance,
maternal adaption to pregnancy, endocrinology atupiéion, physiology of lactation and
physiological importance of lactation, applicat@imolecular biology to reproduction.

Module 111

Contraception: principle of contraception, hormonal contraceptvel their molecular action,
IUD and their molecular action, principle of thevdlopment of herbal contraceptive.

Oxidative stress and reproductive activitiesioxidative stress markers, role of oxidative stress
on reproductive system.

Module 1V

Fetal and neonatal physiology: Embryology and epigenetics of fetus; Regulations of
embryogenesis, Angiogenesis, Placental developmiagulation of placental circulation,
mechanisms of transfer across the human placerasic® of cardiovascular and respiratory
physiology of fetus and their changes at birth;ao@penesis and histologic development of the
liver functional development of the kidney in utemevelopmental Immunobiology, intra-
amniotic infection/inflammation, fetal inflammatongsponse syndrome, placental function in
intrauterine growth restriction, endocrine factaffecting neonatal growth, development of the
enteric nervous system and gastrointestinal mptilietal and neonatal nutrition; factors in
embryonic and fetal tissue differentiation, nutmt@l and environmental effects on the fetal
circulation,

Pineal gland and reproduction: Anatomy, histology, vasculature and nerve supplyiokal
gland; synthesis, secretion regulation of pinealmume (melatonin); role of melatonin on
reproduction and other common functions, anti-gahaahd pro-gonadal role of melatonin,
pathophysiology and clinical significance of mefdto
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Paper: PHY-402

Unit 402.1: Cell and Inheritance Biology F.M. 25, @ Credits

Learning Objectives: To develop detailed knowledge regarding cell stmed, subcellular
organelles and their functions, cellular interaasio life cycle, signaling and coordination.
Moreover in-depth understandings to be developeghathological conditions and cell-based
technology.

Module |
Cells: Evoloution of cells, the nature, classificationddnnctions of cells.

The plasma membranestructure and functions of plasma membrane, thebreme proteins and
lipids, membrane fluidity and dynamic nature ofgplea membrane, membrane transport, electrical
properties of membranes, regulation of intracetltd@ansport, membrane pumps, active transport,
ion channels, osmosis, membrane and lipid bilayatep diffusion.

Module Il

The cytoskeleton: function and structure of cytoskeleton & its role motility, roles of
microtubules, microfilaments and intermediate figants, cilia and flagella.

Subcellular organelles and cellular interactive stuctures: endomembrane system,
endoplasmic reticulum, golgi complex, lysosome, iaudar trafficking (secretion and

endocytosis), the endocytic pathway: phagocytosichondria-peroxisome-chloroplast: protein
sorting; cellular interactions: with extracellularaterials, with other cells; tight junctions, gap
junctions, integrin and plasmadesmata, nucleubyvel.

Module 1l

Cell signaling and signal transduction: Basic ideas about cell signaling, quorum sensing,
bacterial chemotaxis, light signaling in plantsargl & bacterial two-component systems

extracellular messengers and their receptors, Geiprecoupled receptors and their second
messengers, calcium as intracellular messengeeipityrosine phosphorylation,interrelationship
among different signaling pathways, nitric oxideiagercellular messenger, programmed cell
death: apoptosis

Module IV

Cell cycle and differentiation: In vivo cell cycle control and their regulation, M phas&iosis
and gamete formation, recombination and geneti@a#ity, DNA repair, cancer and oncogenes;
fertilization and early development, stem cell b@l, embryonic stem cells and cloning, cellular
differentiation, epigenetic control, cell cultufielorescence activated cell sorting.
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Unit 402.2: Biotechnology F.M. 25, 02 Credits

Learning Objectives: To develop in-depth knowledge about basic prinsipskill development
of tools and techniques employed in biotechnol@ggo the target is conceptual developments
regarding major achievements in biotechnology.

Module |

Cloning vector: biology of cloning vectors- plasmids, cosmids, laalphage, single stranded
DNA phages, M-13 phage, animal viruses, Ti-plasmBRIC, YAC, how to choose a right type of
vector.

Module Il

Genetic engineering and biotechnology: Restriction endonucleases, recombinant dna
technology; transformation, transfection, microatien and shot gun method; genetic mapping;
transposons and their uses in genetic manipulaergening in gene cloning: blue-white
screening, eukaryotic & bacterial gene knock-oatter based recombinant protein expression, 2
and 1-D gel electrophoresis, protein sequencirig;directed mutagenesis; genomic library, c-
DNA cloning. transgenic animal, gene targeting, f@genetic element, general recombination,
restriction mapping; RFLP, RAPD, AFLP techniques.

Module IlI

Stem cells and tissue culturestem cell for therapeutics - diseases like diahdteart disease
etc, reproductive cloning and its applicationsh$égenesis and transgenic animals, cloning model
as- DOLLY; animal cell cultureprimary cell lines, cell clones, organ culture] tgbes in culture,
cell environment- nutritional requirements, suldssacell characterization-karyotyping, growth
rates, isoenzymes and differentiation- normal aadsformed cells; brief history of the human
genome project, utility of the project, future deabes of the project.

Module IV

Methodology in genetics and biotechnologyfermentation and their use, biofermenter, agarose
gel electrophoresis, southern, northern and wesbdotting and hybridization techniques,
autoradiography, immune -autoradiography, genecityxiesting, DNA finger printing and foot
printing; dot-blot; nucleic acid sequencing; polyase chain reaction. RT-PCR, nested PCR,
FISH, GISH, immune fluorescence microscopy, flowtoayetry, microarray technology,
bioinformatics, genomics, proteomics and computatidiology.
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Paper: PHY-403
(Special Papers)

Special Paper A: Microbiology and Immunology

Unit 403.1A: Microbial Genetics: Advanced Studies AVl. 25, 02 Credits

Learning Objectives: To develop advanced knowledge regarding basic festof genetic
constitutions observed in microbes. In additiotetrn the different models of gene expressions,
diverse factors in gene expression and their basithanisms of action, prospective applications
in technology.

Skill development / Job Opportunity: this course wil enable students to acquire advance
knowledge in microbial genetics that will help thento go for higher research in premiere
areas of biology. Also they will develop skills foteaching jobs in higher learning centers.

Module |

Bacterial genetics: chromosome and plasmids, genes, genetic recomrma@onjugation:
mechanism of bacterial conjugation, high frequettapsconjugants, Transduction: generalized
transduction vs specialized transduction, transébion: bacterial competence, comparative
prokaryotic genomics, and transposition.

Virology: General properties of viruses: virus structureyreadf virion, virus attachment to host
cells, classification, reproduction and multiplicat, bacteriophages, single stranded filamentous
DNA bacteriophages, lytic phages, lysogenic bagpdrages - lambda, transposable phage, RNA
bacteriophages, animal viruses, viriod and priafessical bacteriophage T4 and T7 genetics,
Virus pathogenesis, prevention and control of vitiseases.

Module Il

Genetics in eukaryotesgenome complexity, composition of eukaryotic chrgomoes, structure
of chromatin: euchromatin and heterochromatin, gismt DNA molecule per chromosome,
packaging of chromosomes, nucleosome, repetitived Ddatellite DNAs, DNA renaturation
kinetics, replication of DNA and replicon in eukatgs, the mutability and repair of DNA, linkage,
molecular mechanism of crossing over, gene cormersichromosome mapping, the yeast
genetics.

Expression of the genomeMechanism of transcription, RNA splicing, transbatj the genetic
code.

Module 1l

Regulation of gene expressionexternal signals influencing gene expression, tepssof gene
expression to be regulated, protein in gene reigalathe DNA binding motifs, activity of genetic
switch, the regulation of transcription in prokatg® and eukaryotes, role of chromatin in the
control of gene expression, DNA methylation andeggitencing, operon.
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Module 1V

Transposable Genetic Elementsdiscovery of transposable elements, types of tes@ps,
transposable elements in bacteria, IS elementssgosable elements in eukaryotes, genetic
significance: mutation and genetic analysis, apgibm of transposable elements.

RNA and Gene ExpressionRNA in regulation of gene expression: attenuataonti- sense RNA,
RNAI, micro-RNA, siRNA, snRNA, snoRNA, piRNA.

Unit 403.2A: Clinical Immunology F.M. 25, 02 Credis

Learning Objectives: To develop advanced knowledge in relation to imnhogioal mechanisms
in relation to infection and several immunologi¢cathniques having clinical and analytical
significances.

Skill development / Job Opportunity: with advancedknowledge in Immunology the students
may opt for higher research and teaching professian

Module |

Infection immunity and inflammation: Infection immunity in bacteria, viruses, fungi, and
parasites; types of cell adhesion molecule (CAMychanism of inflammation.

Module I

Hypersensitivity and autoimmunity: IgE-mediated (type-I), antibody-mediated cytotogtipe-

II), immune complex-mediated (type-lll), and deldy&pe hypersensitivity (type-IV);auto
immune disease: (a) organs specific autoimmuneasiéseHashimoto’s thyroiditis, good pastures
syndrome, insulin dependent diabetes mellitus, &sadisease, and myasthenia gravis. (b)
Systemic autoimmune disease- SLE, multiple sclsyobeumatoid arthritis.

Module IlI

Tumor & transplantation immunology and AIDS: tumor immunology, tumor antigens,
oncogene and cancer induction, cancer immunothergpgs, mechanism of transplantation
rejection, prevention of graft rejection, immundidency diseases including AIDS (primary and
secondary immuno-deficiency).

Module IV

Vaccination and immunological techniquesvaccine and vaccination, immunoassay of antigen
by ELISA: sandwich and competitive ELISA, Chip asgsachemoluminescence immune assays,
ELISPOT assay, Epitope mapping: T-cell and B-geiliapes, immune electron microscopy- SEM
and TEM, flow cytometry (FACS), immunofluorescerzased imaging techniques, gel-shift
analysis, CAT assay.
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Special Paper B: Biochemistry, Molecular Endocrinabgy and Reproductive
Physiology

Unit 403.1B: Advanced and Applied Biochemistry F.M25, 02 Credits

Learning Objectives: The unit aims to provide an advanced understanadfitige core principles
and topics of Biochemistry and their experimentasis, and to enable students to acquire a
specialized knowledge and understanding with am@ackd background in applied biochemistry
which will be of particular relevance to the phaomatical and biotechnological industries.

Skill development / Job Opportunity: This course may enable students to become a motecula
biologist/biochemist /Population Biologist or creanterest in higher learning in these areas at
several research institute.

Module-l

Molecular Biology: Mechanism and regulation of replication in bactearal viral and eukaryotic
DNA, Reverse transcriptase, Mitochondrial and abpptest DNA replication, DNA synthesis in
vitro. Integration, Excision and Recombination di®- The Holliday recombination intermediate,
Non-reciprocal and site-specific recombination. DRépair. Transcription-Transcription and post
transcriptional processing of RNA in bacteria, Aptise RNA, Viral RNA transcription in
prokaryotes, Transcription in eukaryotic cells, tiee zipper transcription factors, Processing of
eukaryotic RNA, Editing of RNA.

Synthesis of proteins —The architecture of ribosnteansfer RNAs, Protein synthesis in
prokaryotes and eukaryotes, Post translational gsing of proteins. Regulation of gene
expression in prokaryotes, structure and mecharo$ndifferent operons. Gene Silencing-
Mechanism of action of RNAi and micro-RNA. Recemtvances and applications of gene
silencing.

Genetics and Population Biology:Mendelian and Non-Mendelian inheritance. Sex linked
inheritance. Gene Mapping. Chromosomal aberratidutation. Human cytogenetics-
Karyotyping; chromosomal banding; Genetic diseageenomics-functional and structural
genomics; Chromosome walking; Chromosome jumpingef®utline of human genome project.
Epigenomics. Genetic analysis in microbes- mechamiof DNA transfer; Mapping by
recombination; Genetic map Bf coli.

Population Genetics:Variation and its modulation, effect of sexual @guction on variation
(Hardy-Weinberg Equilibrium); Sources of variati®election balanced polymorphism.

Module-Il

Immuno-chemistry: T-cell receptors: molecular structure and gene ruegdéion of CD2, CD3,
CD4 & CDS8; Immune response genetic control of theoKines, characteristics and function;
Cytokine Receptor and Network; Chemokines and cl@maeceptor; Monoclonal antibodies, T-
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cell Hybridomas; Hybridoma technology. Immunoassagmunoprecipitation, ELISA, RIA,
Western Blot, Southern Blot, Northern Blot. Immumistochemical techniques.
Microbial biochemistry Membrane chemistry of Gram-positive and negativedya, Bacterial

peptidoglycan synthesis and cell division, Energgtabolism in bacteria - fermentation, aerobic
and anaerobic respiration and bacterial photosgighe Entner—Doudoroff Pathways;
Tricarboxylic Acid Cycle and the Glyoxylate Bypa&acterial toxins. Virions, Viroids; prions,
Microbes in gastrointestinal tract. Fermentatiochtelogy-Primary and secondary metabolites;
Single cell proteins. Viral proteins.

Neuro-chemistry Neuroral metabolism, Metabolism and transport ofhamacid, protein, nucleic
acids, metabolites in brain. Brain functions motala by growth factors, hormones, and
cytokines. Molecular aspects of neurotransmitt@syomediater, neuromodulators. Biochemistry
of developing and aging brain. Interaction of nepiharmacological drugs with brain metabolites
and their specificity at target organs.

Module-Ill

Proteomics, genomics and metabolomic€oncept of Proteomics. Purification, separation and
identification of proteins. Protein identificatidsy 2D gel electrophoresis, mass spectrometry,
MALDI TOF (peptide mass fingerprinting), Protein aroarrays, proximity ligation. Peptide
sequence analysis by tandem mass spectrometryicApphs of proteomics.

Genomics:Genome annotation- Methods for annotating genoomesacterizing functionalgenes,
Gene Expression, Comparative Genomics, Populatienofics. DNA microarray and its
application in disease investigation. Micro/si Ri&hnology and applications in studying gene
functions.

Introduction to metabolomics world. Metabolite iti&oation, pathway identification and
pathway integration. Application of metabolomics.

Biotechnology:Concepts of Biotechnology. Recombinant DNA techggldrestriction mapping-
Restriction fragment length polymorphism (RFLP).Gmanc and cDNA library. Analysis of
genomic DNA by Southern hybridization.

Gene knock out; gene therapyTransgenic animal. Site directed mutagenesis. Gangeting.
DNA finger printing. Dot-blot; Nucleic acid sequeng; Polymerase chain reaction. RT-PCR,
nested PCR, FISH, GISH, microarray technology.

Principles of nanotechnology.Properties and characterization of nanoparticlemdwaterials
and their different properties. Concept of Nanormmtblanohybrids. Nanobiotechnology. Concept
of nanofabrication. Application of nanotechnologycancer therapy and in other diseases.

Module-1V

Biochemistry of xenobiotic toxicity

Biochemical basis of detoxification-phase | and gghd reactions and their interrelationships.
Inducers and inhibitors of microsomal metaboliasfarmation. Extra microsomal enzymes and
their role in detoxification. Effect of toxicants gtructure, biosynthesis and catabolism of pretein
lipids, carbohydrates and nucleic acids, Mutatiests. Toxicological evaluation of recombinant
DNA-derived proteins. Cytotoxicity, methods to testico gens. Metal toxicity—Arsenic and lead.
Nonmetal—-oxygen and ozone.
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Applied and industrial biochemistry

Biochemical effects of food, toxins, edible oilsdaanvironmental pollutants on human health.
Application of enzymes in industry, diagnostics anddicine, agriculture, researchnmobilized
enzymes immobilization of enzymes by chemical amgsjral methods; its application in industry.
Large scale production of enzymes, enzyme reactors.

Unit 403.2B: Applied Molecular Endocrinology and Reroductive Physiology
F.M. 25, 02 Credits

Learning Objectives: The unit aims to provide an advanced understanalirggpplied molecular
endocrinology and reproductive physiology and tlegiperimental basis to acquire a specialized
knowledge and understanding with the course.

Skill development / Job Opportunity: After finishing this course students may get joks a
reproductive biologists at Govt. and privet reskanstitute and companies.

Module |

Hypertension: Hypertension and its classification, Essential asetondary hypertension

hormones involved in hypertension with special ne&iee to role of aldosterone, Renin-
angiotensin and aldosterone system and their coemierand functions, physiological disorders
in endocrine system related to hypertension, manageof hypertension.

Hormonal basis of Diabetes mellitusiDDM, NIDDM. Insulin receptor signalling in relatito
the development of insulin resistance. GeneticBalfetes, Maturity onset diabetes of the(MODY)
and its subtypes. Complications of diabetes mellitnacrovascular and microvascular.Immune
reaction for diabetes development. Managementaifedes mellitus.

Cholesterol metabolism and obesity and its hormonategulation: Cholesterol, lipoprotein —
their synthesis and metabolism. Hormones involvecholesterol and lipoprotein synthesis.
Adipose tissue as an endocrine organ. Pathogemnesisclinical features and complication,
treatment and management of lipid disorders anditybe

Module I

Drug abuse: Different types and effects of drug abuse on d#iférphysiological system.
Management of drug abuse.

Alcohol addiction: Physiologicaleffect on growth and endocrine system and managewient
alcohol addiction,

Aging: Effects of aging on Leydig and Sertoli cells. emitue and reproductive system.

Recombinant DNA technology in endocrinology:Gene transfer methods and application of
transgenic mice in endocrinology and reproductivgsmlogy. Production of recombinant insulin,
recombinant human growth hormone.
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Module Il

Fertilization : Role of zona pellucida protein in fertilizatidiolecular aspects of fertilization with
special reference to integrin, complement, eggigepeceptor. Acrosome reaction and cortical
reaction.

Implantation: physiology of implantation, implantation window leécof maternal hormone and
blastocyst in implantation, role of uterine aggiutiin implantation.

Maintenance of gestation molecular aspect of hCG synthesis, molecular @spk placental
steroidogenesis, GnRH- gonadotrophin axis in placetetection of gestation from immunological
aspect.

Module IV

Intratesticular regulation of testicular function: sertoli cell-leydig cell axis for steriodogenesis,
sertoli cell-leydig cell cross talk in spermatoggsetight junction in testis-structure and funatio

Contraception: Hormonal contraceptive and their molecular acti) and their molecular
action, principle of the development of herbal cacéptive.

Pedigree analysisgeneral aspect of pedigree analysis, differentsygdgedigrees, problems of
autosomal dominant, autosomal recessive, sex clsomal dominant and sex chromosomal
recessive pedigree.

Special Paper C: Biophysics and Electrophysiology iin Structural Biology

Unit 403.1C: Mathematical Expression of Biological Methods,
Electrophysiology of Cells and Radiation Biophysics F.M. 25, 02 Credits

Learning Objectives: This paper will help the students to acquire knalgke about advanced
electrophysiological methods with emphasis on modechniques like voltage clamp, current
clamp, patch clamp and Single fibre.It also prosidesights into radiation biology and modern
medical imaging systems and therapeutic equipment.

Skill development / Job Opportunity: After finishing this course students may engage@ as

Research Associate, Radiologist Assistant, andtielgtysiology specialist at several research
institute, Atomic power plant and Water Producti@ompany. They also appointed as a
Spectroscopic Analyst, Laboratory technician atd@dogy and Brain wave imaging assessment
center.
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Mathematical methods and their applications in biobgical systemsintroduction to numerical
methods, solutions to non-linear algebraic equatimnthe method of iteration and Newton aphson
method, numerical integration by trapezoidal rufel &impson’s rule, numerical solution of
ordinary differential equations by picard’s methafdsuccessive approximation, Euler’s method
and Runge-Kutta method; Ordinary differential equed of the first degree and first order
(variable separable method, linear equation of &dlis), linear differential equations of the
second order with constant coefficients. The Lapldcansform, Inverse Laplace transform,
application of Laplace transform to solutions dffetential equations, Fourier series and their
applications. Physico-mathematical foundationshaf ttynamics of non-linear processes;basic
rules for differentiation (Without derivation) amdaximum and minimum their application in
biology, Geometric meaning of integration, and ajaion in biology.

Bioinformatics: Introduction, definition and history of bioinfornies; Internet, resources,
repositories, databases of bioinformatics, pairwésguence based alignment, relationship
between sequence and structures, structural bromafiics, genomics, proteomics, human genome
project, software packagesequence analysis tools, NCBI, BLAST (Basic Logiddgnment
Search Tool) FASTA, Multiple Alignment, Sequencelgsis using EMBOSS.SCOP Data Base;
Domain Data Base, Quality assurance of data basesture comparison and alignment.

Basics of biomechanicsintroduction and overview of biomechanics, Classifion: Biofluid
mechanics, Bio tribology, Comparative biomechan@smputational biomechanics, Continuum
biomechanics Cardiovascular biomechanics, and $pastnechanics; biological application of
biomechanics, Kinematic concepts of analysing hummation, the biomechanics of human
muscle, spine, Soft body dynamidsone growth and development. Nature of modeling and
remodeling of bones during body movement and Wslfav of bone remodelling. Analyse the
forces at a skeletal joint for various static arythamic human activities. Calculate the energy
expenditure and power required to perform an dgtiMiever: Human lever system and its
application in body movement. Basic determinantgaifs, Gait cycle and Swing phases, Time
sequence, Neural control of gaits, Prostheses &d3ds, Muscle mechanics, Load velocity
relation, Length tension relation.

Module Il

Electrophysiology of cell membrane and its overviewDifferent electrical signals in human
body. Potential of nerveHodgkin-Huxely equation, Hodking-Kartz experimen&oldman
equation.Action potential- ionic basis, gating kiog and physio-pharmacology of different ion
channels. Receptor potential- general transduanechanism, stimulus—receptor relationship,
adaptation of receptors. Modern techniques in geltelamp, current clamp, patch clamp and
Single fibre. Computational electrophysiology. Bemtricrecognition Assay (BERA).Skin
contact impedance of electrodes. Biological Transduand Measurement of Physiological event.
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Heart, brain, muscle and their electrophysiology:Electrocardiogram (ECG), Principles of
Electrocardiography,10-20 Electrode system, sowtd&CG voltage: dipole theory, vector
analysis of ECG , changes of ECG potential in déifé cardiac abnormalities myocardial ischemia
and infraction, hypertrophy, different types offgsthmias; Electroencephalogram (EEG): Brain
Potentials, EEG Electrodes, source and mechanisfarwfation of rhythmic pattern of EEG,
characteristics of EEG waves. EEG pattern changesdeep. Diagnostic Application of EEG
abnormalities of EEG. EEG Telemetry system, EEGteé3ysartifacts, Faults, troubleshooting
&maintenances. Electromyogram (EMG) —Principle, dedure: Skin preparation and risks;
Surface and intramuscular EMG recording electrolfisssimal voluntary contraction motor unit
action potential (MUAP).EMG signal decompositionVl& signal processing: Limitations and
Clinical application.

Advancement of electrophysiology in the light of sgcial scenesPhotoreceptor potential —

genesis of potential in light and dark phase, miogrof potential. Molecular mechanism of photo
transduction process. Electroretinogram (ERG) -rattaristics, physiological and clinical

significance. Chromatic properties of retinal, L@Bd striatal cortical neurons. Binocular and
stereoscopic perception; Molecular mechanism ohleae stimulus related potentials and its
transduction. Olfactory receptor potential- chagdstics and molecular mechanism of
transduction. Ultramicroscopic structure taste pemes, taste receptor potential- molecular
mechanism of transduction. Abnormalities of taste.

Module 11l

Advanced in radiation physicsintroduction, atomic structure models, Constituesft@tomic
nuclei, Isotope, Radioactivity, laws of RadioadyiAlfa, Beta, Gamma rays, Properties of
Electromagnetic radiation, Particle accelerate digzbcyclotrons & synchrotrons; Classification
of radiation — ionizing and non-ionizing, Nucleausture, Nuclear reactions, Radioactivity,Modes
of radioactive decay-alpha decay, beta decay, gadeway, Activation of nuclides, Accelerators,
Cyclotron, LINAC, reactors. Heavy charged partiddebleutrons, attenuation coefficient- linear,
mass, electronic & atomic, HVL, Mean free path, édpsion edges, LET. Cathode Ray
Oscilloscope (CRO): Instruments, principle anduge in biology. Photon interactions, types of
indirectly ionizing radiation, Photon beam attemuatHVT & TVT, Typesof photon interaction,
Photon fluence and energy fluence, kerma, cemarladdaose, quantities used in describing a
photon beam, Percentage Depth Dose (PDD); Photdeletfect, Coherent scattering, Electron
interactions: Electron-orbital electron interacipklectron-nucleus interactions.

Radiochemistry and Radiobiology Radiolysis of water, Production of free radic&8stheir
interactions, Competition kinetics, Kinetic congtastudies of transient species, Pulse radiolysis,
Diffusion kinetics & Physicochemical effects, Roliescavengers, G-value; Action of radiation on
living system — Viruses, Prokaryotic & Eukaryotiells Cellular radiation action, Radio
sensitization and protection, Target theory, Simfie& Multi hit theory, Multi target theory.

Radiobiology: Introduction, classification of raticms in radiobiology, irradiation of cells, type
of radiation damage, cell survival curves, measergnof radiation damage in a tissue, normal
and tumor cells, therapeutic ratio, oxygen effeefative biological effectiveness, dose rate and
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fractionation, radio protectors and radio sengiizRadiation syndrome, Early and late effects of
radiation, Effect of Chronic exposure to radiatibose effect relationship, Genetic burden.

Radiation protection and radiotherapy: Introduction. principles of radiation protectiertime,
distance, shielding, quantities and units use@admation protection, physical quantities, radiation
protection quantities, organ dose, equivalent deffective dose, committed dose, collective dose,
justification of medical exposure, optimizationexfposure and protection, dose limits, ALARA,
ICRP and AERB regulations. Natural & Man-made radiraexposures or principles of dose
equivalent limit (DEL) radiation protection, Maximupermissible dose (MPD), Evaluation of
external & internal radiation hazards, Radiatioatection measures in industrial establishment,
Radioisotope labs, diagnostic & therapeutic inatedh & during transportation of radioactive
substances, disposal of radioactive waste, admatigt & legislative aspect of radiation
protection.

Radiotherapy: Introduction, principles and scopegcsication of dose, clinical diagnosis: Gamma
Camera, Positron Emission Tomography (PET), SiRtjleton Emission Tomography (SPECT),
Cobalt-60 machine and its therapeutic use in bioca¢dcience, Therapeutic application of radio
isotopes, application of UV radiation for treatnsertiological effects of radiation and ultrasound
and Radioisotope used in biology and Medicine, (@pg & diagnosis).Autoradiography;
Radioimmunoassay (RIA): Overview, principle, Instrentation, clinical use. Concepts of
teletherapy & Brachytherapy.

Module IV

Basic concept of biomedical microscopic imagingrinciple, instrumentation and application of
microscopy- Specialized microscopy techniques- phase contradt dark field microscopy,
differential interference contrast (DIC), Fluoraesce microscopy, time lapse fluorescence, and
fluorescence resonance energy transfer (FRET)fénémce microscopy, labelling biomolecules
for fluorescence microscopy, atomic force microgcGpFM).

Advanced medical imaging systems and therapeutic Egoment’s: Introduction to medical

imaging, Physical aspects of medical-imaging, Rpie¢ Practical System, Medical utility of X-
ray imaging, Fluoroscopy, Xeroradiography, Mammegsa Angiography, Myelography, Laser
applications in biomedical field and telemedicine.

Spectroscopic TechniquesSpectroscopy- Basic principles, nature of electigme#ic radiation,
Interaction of light with matter, Absorption andission of radiation; Atomic & Molecular Energy
levels, Electronic, vibrational and Rotational dpescopy of molecules, transition and
selectionrules; Basic principles, Techniques & Desvith Instrumentation involved, applications
of UV—Visible spectroscopy IR & Raman spectroscopy, FT-IRFourier transformation Infra-
Redppectroscopy, Fluorescence spectroscgpyAtomic Absorption spectroscopy, NMR
spectroscopy ESR SpectroscopyMass Spectroscopy (GC-MS).
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Unit 403.2C: Non-ionizing Radiation, Photophysicsiad Experimental Methods
in Structure Elucidation F.M 25, 02 Credits

Learning Objectives: This paper helps the students to acquire knowletigait physicochemical
fractionation and electro-analytical techniquesal$o explains the principles of photochemistry,
non-ionising radiation, optical & diffraction tediques and crystallography.

Skill development / Job Opportunity: After finishing this course students may engagea as
Research Associate and Molecular Biologists, Chtography specialist at Govt. and privet
research institute and companies. They also apgbed a Crystallographic Analyst, Laboratory
technician at different diagnostic center.

Module |

Non-ionizing radiation physics: Introduction, common sources and sign and sympiaihmon
ionizing radiation-their physical properties, varsotypes of optical radiations-UV, visible & IR
sources, Lasers-theory and its mechanism, optrcglepties of tissues, theory and experimental
technigues, interaction of laser radiation witlstiss, photothermal, photochemical, photo ablation
electromechanical effect, radiofrequency microwaeliation, production and properties,
interaction mechanism of RF with biological systethermal and non-thermal effects on whole
body, lens and cardiovascular systems, tissue ciearzation and hyperthermia and other
applications. Ozone umbrella & it’s significanceydbnic radiations, Characteristics of microwave
and radio frequency radiation sources, interactiwith living system, biological effects, safe
exposure limits and prevention of health hazards.

Transducer: Fundamental properties and principleaoisducers; Types: Resistive Transducers,
Thermo resistors, Thermistors, Metallic strain gesjgPotentiometric Transducers magneto
resistive transducers, piezoelectric transducedudtive Transducers, Signal inducers, Mutual
inducers, Capacitive Transducers, Biological traeed and capacitors,Signal Conditioners for
Transducers, Transducer Amplifiers

Biomagnetism: effects, applications. Electrical @dpnce and biological impedance, principle and
theory of thermography, applications in biology &dicine.

Photophysics: Nature and measurement of light, Light sources sk} properties of excited
molecules; Photophysical spectra, Action spectratic@ activity, Photophysical kinetics of
bimolecular processes Photophysical processesrefiuence, Photophosphorescence, Action
spectra, Optical activity, Basic principles and $a@f photochemistry, Quantum photochemical
principles.Photo activation of biological systenf@hotodynamic dyes and mechanism of
photodynamic action on cells.

Photochemistry: Photochemical primary processes, Thermal versusophemical reactions,
Types of photochemical reaction, Photochemistrgmino acids and proteins, Photochemistry of
DNA & RNA and its constitutes, Recovery from phdtemical damage.
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Module ||

Physicochemical fractionation &electro-analytical tchniques Chromatography-Basic
concepts of adsorption & partition chromatogragfipnds of adsorption interactions, Importance
of adsorption phenomenon. Principle, experimengtlup, methodology & applications of all
types of adsorption & partition chromatography noetfrchromatography using paper, thin layer,
HPTLC column (gel filtration, ion exchange, affyjitgas (GC,GLC) and HPLC: types of HPLC
Mobile phase elution , normal phase and reverseg@HdPLC, column packing material,
efficiency of column ,types of HPLC-principles oethodologies ; HPLC pumps- efficiency and
suitability, Different injectors and Detectors; |&xchange Chromatography.

Centrifugation & ultracentrifugation -Basic principles of Centrifugation, Relative Céfoigal
Force (RCF), Factors affecting Sedimentation vgp8edimentation Coefficient, Measurement
of Sedimentation Coefficient. Choice of Rotors:Ebangle Rotors, Vertical tube rotors, Swinging
bucket rotors. Instrumentation and application: Kbgs Centrifuges, High Speed Centrifuge
Ultracentrifuges. Principle of Differential, DensitGradient, Rate zonal and Isopycnic
centrifugation. Preparation of Density Gradientdeat materials.Applications of Boundary
Sedimentation, Determination of Molecular Weight.

Module IlI

Optical and diffraction techniques: Fundamental principle, instrument design, methaus$ a

applications of polarimetry, light scattering, seftometry. Circular Dichroism and optical rotatory
dispersion: Plain, circular and elliptical polatipa of light, Absorption by oriented molecules,

Dichroic ratio of proteins and nucleic acids. Clesudichronism (CD), optical rotatory disperson

(ORD), Relation between CD and ORD, applicatio®©&D in conformation and interactions of

biomolecules, Determination of structural corr@a in biomolecules using absorption

spectroscopy.CD spectra of di, oligo and polypesidtructure of supra-molecular structure i.e.
membranes and ordered aggregates of chromophores.

X-ray diffraction methods: General remarks on protein-structure determinafrom X-ray
diffraction, data neutron diffraction, electronfdaiction, Synchrotron diffraction. Bragg'’s law &
Bragg's diffraction equation, diffraction methodsatle's method, Weissenberg diffraction camera
and powder method, calculating electron density Batterson maps (Fourier transform and
Structure factors, convolutions), phases, modeldimg & evaluation. General remarks on
Protein-structure determination from X-ray diffiact data, Neutron diffraction, Electron
diffraction, Synchrotron diffraction,

Crystallography: Principles of x-ray crystallography: Unit celglccontent, crystal symmetry,
crystal systems, Bravais lattices, symmetry elemamtd operations, point groups and space
groups. Atomic scattering factors and structuretoi®ec amplitude and phase, Fourier
transformation. Crystals, molecular crystal symmaetmiller indices, reciprocal lattice. Types of
crystals: Metallic crystal, ionic crystal, covalesrystals, Molecular crystals. Crystallization of
proteins, preparation of heavy metal derivativestdPson synthesis, isomorphous replacement
methods, structure factors of centro-symmetric and-centrosymmetric crystals. Scattering
factor, structure factor expression, reciprocatidaf Ewald’'s sphere, Ewalds construction,
electron density equation, phase problem, Pattefsoction, molecular replacement method,
Crystallization of proteins, structure factors oérfro-symmetric and non-Centro symmetric
crystals. Important software for visualization argfinement. R- factor, Validation of the
structures.
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Module IV

Circadian Rhythms and Extra retinal photoreception: General failures of circadian rhythms,
Entrainment to environmental cycles, Mechanismsi@iadian rhythms, Circadian organization
in multicellular organism including human; Concepif extra retinal photoreception with
reference to invertebrates, Vertebrates, Possiiele af extra retinal photoreception.

Photobiological phenomenon:Photoactivation of biological systems, Photodynadyes and
mechanism of photodynamic action on cells, Virud&steins and nucleic acids, Concepts,
Mechanism and Significance of photomorphogenesistdperiodism, Phototaxis, Phototropism,
Photosynthesis, Light acceptor, system, Photosystam Photosynthetic reaction centre,
Photophosphorelation.

Photo-medicine: General concept, overview amgtical properties of skin, acute and chronic
effect of sunlight on skin, Photosensitivity, Photacity, Photo allergy and clinical implication,
Beneficial effects of sun and artificial light eggr Photoprotection, Photoimmunology.
Mediphotonics: Lasers in dermatology and cell gloApplication of ultra-fast pulsed lasers in
medicine and biology, modern application of Fibptics in medicine.

Special Paper D: Neurophysiology
PHY 403.1 D: Neurophysiology of Brain F.M. 25, 02 f&dits

Module |

Sensory functions sensory coding, conscious perception, sensoricabrcolumn, audition: fourier
analysis by cochlea, responses of auditory fibsgmtial localization; vision: retinal interneurons,
mechanism of adaptation, visual fonn recognitidaneptosia, achromatopsia; Smell and taste: neural
processing in olfactory and taste pathways; paighdr neural processing of pain, hyperalgesia and
allodynia, neuropathic pain; Neurophysiology of lamattention.

The control of posture Vestibular contribution to posture, visual anbestcontribution to posture

Module 1l

Motor functions: local motor control, sensory feedback from mustéscending pathways; global motor
contro: Motor cortex - motor cortical column, cez#bm - neural processing in cerebellar cortexabas
ganglia neural circuitry through components of bgaaglia; initiation of motor movements, movements
of the eyes

Sleep and cortical arousalreticular formation, thalamocortical circuitryEEB, evoked potential,
sleep stages, neural mechanism of REM sleep, nagmetphatography.

Module il

Conditioning and learning: classical conditioning procedure, measurementoofditioned response,
conditioning controls, conditioning-variables, ewieptive and interoceptive conditioning; classical
conditioning techniques - autonomic nervous systathcentral nervous system techniques, instrumental
conditioning, escape and avoidance conditioningram conditioning-reinforcement, intracranial self
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stimulator, discrimination and maze learning; ctinding and psychopharmacological investigations.

Memory: theories of memory - sensory, short term and Ie@rghtmemory, declarative and non-
declarative memory, neuroanatomy of memory, neurbasis of memory - LTP and hippocampus,
molecular biology of memory, amnesia, Korsakoffsdspme.

Module IV

Emotion and behaviou: neural systems in emotional processing-limbistesyms, orbito-frontal cortex
and amygdale, fear and rage; sexual behaviourgagign, brain chemistry and behavior; neurobiology
of motivation.

Cerebral lateralization and specialization anatomical asymmetries of brain, split brain,ctional
asymmetries of brain, variation in hemispheric sgemation.

PHY 403D.2: Applied and Clinical Neurophysiology F.M. 25, 02 Credits

Module |
Cognitive development classical theory of cognitive developmengbject recognition,

development of attention system, language acauisituring development.

Plasticity of brain: plasticity in normal adult brain- reorganizationhuman cortex; cortical maps and
experience, morphological changes, synaptic pigstic

Neuroendocrinology: hypophysiotropic hormones and neuroendocrine &ysothalamo-hypophyseal
axis in stress and depression, neurogenic precepioloerty, anorexia nervosa, circumventricular esga

pineal gland.

Module Il

Neuroimmunology. neural-immune interactions- autonomic nervoustesgsand lymphoid organs,
neuroendocrine-immune system interactions; intemastof cytokines with brain, central nervous sgste
lesions and intra cerebroventricular infusionsgelfof stress and depression on immunity.

Neural regulation of biorhythm: characteristics of circadian clock- free runniigck, entrainment,
Zeitgebars, phase relation to zeitgebers; Biorhytsleep- wake cycle, feeding, thermoregulation,
endocrine and reproductive rhythms, neural basgrofdian rhythmicity -pacemakers, suprachiasmatic
nucleus, alteration in environmental times- jet Egft work.

Metabolism of brain and effect of malnutrition: brain metabolism, and undernutrition and the
developing brain, malnutrition on learning and bhabar.

Module 11|
Aging of brain and associated dysfunctionsstructural and chemical changes of the aged hibren.

Neurobiology of drug abuse long term effects of drug of abuse on CNS; taleea dependence and
withdrawal.
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Neurotoxicology: effect of neurotoxicants - lead, mercury, arsemanganese, carbon disulfide,
toluene, trichloro ethylene, insecticides.

Module 1V

Disorders of brain: epilepsy, prion, fragile x-syndrome, Parkinsatisease, Huntington's chorea, Alzheime
disease, depression, autism.

Methods of study of brain: Functions and instruments used in neurophysiol8ggreotaxic technique,
aspiration and electrical lesion, electrical anderoltal stimulation; EEG, Evoked potential.
Neurobehaviour. Neurochemistry. Principle and dseArT, MRI, PET, CRO, poly-writer.

Consciousness and Brain Mind interaction Hypothesis relating to brain mind problem, Coossi versus
unconscious processing, neuronal groups and carssekperience.

Special Paper E: Ergonomics and Sports Physiology

Unit 403.1E: General Ergonomics F.M. 25, 02 Credits

Learning Objectives: From this special course the learners will be émdiged about the
knowledge of ergonomics and its applications. Ti$ also deals with environmental ergonomics
in workplace as well as man-machine interface inkatation.

Module |

Brief history and components of ergonomicsbrief history of the development of Ergonomics.
Role of the subject in community development, dgéin of Ergonomics, role of the subject in
industry and agriculture; characteristics of marchnae-environment system, fitting the man to
the task and fitting the task to the man, humatofaapplication in system design.

System ergonomicssystem classification, man—machine-environmetetriace, goal of safety,
goal of productivity, factors of system design.

Cognitive ergonomics and human information processg- cognitive task analysis, cognitive

ergonomics in problem solving and decision makingman information processing model,
coding and cognition, role of short term and loag¥t memory, cognitive system, cognitive model
of human operator.

Ergonomics standards: 1SO standard, OSHA standard.

Module 1l
Work rest cycle: physiological parameters during work and rest amd other allowances.
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Kinensiological factors Kinensiological analysis of human body movemententific basis of
human body movement, biomechanics of human spmesrland upper extremity.

Man-machine interaction: interaction of man and machine through contral display; different
types of controls and displays- visual, auditoryd &actile, control —movement stereotype,
Compatibility — types, relationship with controlcadisplay design, coding of controls, design of
symbols and labels.

Module 11

Environmental ergonomics:illumination- effect of illumination on visual penfmance, factors
related to illumination and visual performancendtds of illumination for working and living
aspects: other aspects of visual environment, dlasker, colouretc, principles of lighting in VDT
work station. lllumination and reading performance

Noise-definition and measurement of noise, sound predswes: continuous, intermittent and
impulsive noise; physiological effects of noisejseoand health hazards, noise induced hearing
loss; noise and performance, noise reduction teciesi

Vibration- transmission of vibration, resonant frequenciebwhan body and organs; effect of
vibration on comfort, performance and health; viloraof hand tools, measurement of vibration,
preventive measures against vibration.

Module IV

Thermal ergonomics thermal balance -factors, temperature and cloriattors- thermal indices;
scale of comfort and heat stress indices- effediveperature, WBGT, wind-chill index, heat
stress index, 4 hour predicted sweat rate; heassst@nd performance, control measures against
heat stress; Cold stress and performance.

Protective clothing and equipment: physiological aspects of clothing comfort, indicatf
comfort or stress, effects of the environment,dioghing microenvironment.

Chemical environments — harmful chemical in industries and their effects health and
performance, preventive measures.

Unit 403.2E: Applied Ergonomics F.M. 25, 02 Credits

Learning Objectives: This course encompasses different applied aspéatsgonomics. The
principle of design of workstation, seat, and heouads etc. The learners also be able to learn about
the occupational diseases and work-related mudcelital problems.
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Module |

Anthropometrics- structural and functional anthropometry; principt@pplied anthropometry in
ergonomics — maximum dimension, minimum dimenstost-benefit analysis, three dimensional
digital anthropometry and its application

Work station design —general principles, workspace design for standind seated workers,
requirements on Physical dimensions variabilityacte posture, clearances, protection etc,
application of anthropometric data to the layoutvofk space, biomechanical aspect of workplace
design, human factors in VDT workstation design.

Module Il

Seat design Problem of seating, design for seating for suppod comfort in sitting posture-
principle of back rest design, role of anthropometimensions in seat design, concept of dynamic
chair.

Design of equipment and hand tools general ergonomics principle, design criteria.

Working posture - variation in different tasks, spine and pelviated to posture; musculoskeletal
problems in different postures; different methodsanalyzing work posture, biomechanical
methods of posture analysis, behavioral aspeqostire.

Module IlI

Human computer interaction — text characteristics of VDU, illumination, erranalysis; design
of computer terminal workstations, software- uségiiface design, virtual environments, problem
of VDT workers.

Musculoskeletal disorders (MSD — causes, relation to the tasks, management &f,vtpetitive
motion injuries- types and management.

Job design principle of job design, physical and mental dajiizes, task analysis- time and
motion study.

Design of manual handling taskshealth effects, type of task, biomechanical modélower
back trouble, recommendation of load handling, ptadde work load, design of manual handling
tasks —lifting, carrying, pulling and pushing.

Module IV

Occupational diseasesoccupational diseases of workers in agricultumeustry and mines;
occupational stress and its management, evaluatioocupational stress.

Musculoskeletal disorders (MSD—causes, relation to the tasks, management of MSD.

Shift work — circadian rhythm, problems with shift work, nigitrk and health, organization of
shift work.

Selection and training of workers Methods, models of training and instructions
Human factors application in industries- in manufacturing, process control, and transpiorta
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Semester IV

Practical
(Total Marks: 150, 12 Credits)

Paper: PHY-494

Unit 494.1: Advanced Physiological Studies — | F.M25, 02 Credits

Learning Objectives: The students will get hands on advanced trainingifiarent parameters
of electrophysiology, physical efficiency and negptoysiological parameters

© 0 N o gk~ wbdpRE

L e o
A w N P O

EEG recording of normal human subject in differstiatus by multichannel recorder.
Determinations of VO2 max by Queen’s college test.

Determination of hearing threshold by audiometer.

Estimation of physiological active substance by BPL

ECG recording and interpretation, determinatioelettrical axis of heart.
Determination of percentage of body fat and dediedly weight.
Electroencephalographic study in humans in diffes¢émges of sleep and awakefulness.
Measurement of GSR in resting and different strggsindition.

Measurement of dark adaptation time.

Colour perimetry, measurement of visual acuity.

. Assessment of color vision of eye.
. Steriotaxictechnique lesioning of a specific braiea.
. Study of reflexes in Spinal and Decerebrate frog.

. To demonstrate the effect of UV and Gamma raystirdvision, Enzymes, Proteins and

DNA, cell membrane.

Unit: 494.2 Advanced Physiological Studies — Il F.M25, 02 Credits

Learning Objective: Students from different specializations will gehtdeon trainings on certain
specialized advanced techniques in Microbiologynlmology, Biochemistry and Endocrinology.

1.
2.

Identification of urease activity for supplied bexth.
Identification of catalase activity for suppliedcberia.
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10.
11.
12.
13.

Amplification of a target DNA by polymerase chagaction and identification of amplified
DNA by agarose gel electrophoresis.

Tissue processing and staining by automatic tipsoeessor and stainner.
Determination of Abs by Ouchterlony double diffusi@st. (Demonstration).
Delayed type of hypersensitivity response (DTH)r{ldastration).

Study of the effect of cryptorchidism on testicudaud adrenal cholesterol.
Study of estrous cycle after administration of kgtit estrogen or hCG.
Measurement of hormone by ELISA techniques.

Determination of acid phosphatase activity in thepied tissue sample.

To study bioluminescence of live fire flies by agdating light intensity with time.
To isolate cellular fraction by centrifugation meds.

To determine the molecular weight of biomoleculssg ultracentrifuge

Paper: PHY-495
(Special Papers)

Special Paper A: Microbiology and Immunology
Unit 495.1A: Advanced Techniques in Microbiology AM. 25, 02 Credits

Learning Objective: To get in-depth practical training on microbialeantion related diagnostic
techniques, and several methods related to midrgbereetics.

Skill development / Job Opportunity: the skills dewelop in microbial techniques will help
generate interest among students regarding such rearch areas and thet may prefer to go
for higher research and training in these areas omicrobial research.

© 00 N o g s~ wbdhE

Determination of sensitivity of bacteria to diffetantibiotics.

Determination of minimum inhibitory concentratioMIC) of antibiotics.

Assay of antibiotic and vitamins.

Isolation, purification and identification of eniebacteria from water and foodsamples.
Isolation of antibiotic resistant mutantskscherichia coli by replica-plating technique.
Estimation of toxoid by bioassay.

Experiment for demonstrating bacterial conjugation.

Virology: Isolation of bacteriophage by dilutionaihg in soft agar.

Determination of host range Wirbio cholerae phages.
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10. Lysogenic phages and their induction by UV-lightidnycin C.
11. Isolation of chromosomal DNA of bacteria and visation by agarose gel electrophoresis.
12. PCR (Polymerase chain reaction).

13. Observation of DNA (autoradiography) Southern, Nem and Western blotting techniques
(demonstration).

14. DNA, RNA and Protein Sequencing (Demonstration).

Unit 495.2A: Clinical Immunology F.M. 25, 02 Credit

Learning Objectives: Intensive practical trainings to be developed omimological and related
cytological techniques with clinical significance.

Skill development / Job Opportunity: The training in such Immunological techniques may
help students to choose career in higher learningeaters in Immunology and they may select
for teaching and/or research career.

N o 0o k&

8.
9.

Type | hypersensitivity reaction from anaphylacsicock patients, C - reactive protein
measurement. Delayed type of hypersensitivity rasedDTH) (Mouse model).

Phagocytosis experiments, cell isolation from fl@ffusion and study the functional activity
of cell.

Cytology and histology of major organs and endecgands (permanent slides and fresh
preparation).

Histological changes of lymphoid organs after tt&ABprimed or LPS-primed animals.
DNA fragmentation and apoptosis.
Blood grouping, ABO blood grouping and Rh typing.

Giemsa stain of blood films (Thick and thin) fortelgtion of malaria parasites, filarial
parasites, and abnormality in WBC count (Leukerdifferent type of anemia disorders in
platelet).

Commercial kits-based diagnosis of malaria patjenesasurement of IgE level.
Southern, Northern and Western blot technique.

10.2D gel electrophoresis of proteins.

11. Hemagglutination test.

12.Training regarding sophisticated instruments (Qmln Students may be taken to visit

different advanced laboratories in leading Instisutsuch as 1ISc, Bangalore; CCMB,
Hyderabad; TIFR, Mumbai; Industrial Toxicologicalestarch Centre, Lucknow; IICB,
Kolkata; 1ITs, Institute of Microbial Technology, handigarh; National Institute of
Immunology, Delhi; NICED, Kolkata; NCCS, Pune etc..
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Special Paper B: Biochemistry, Molecular Endocrinabgy and Reproductive
Physiology
Unit 495.1B: Advanced Experiments on Biochemistry  F.M. 25, 02 Credits

Learning Objectives: The objective of this unit will provide hands oaitring for bioanalytical
techniques used for the isolation, purificationg aharacterization of biomolecules, differential
centrifugation techniques as well as immune-biocbamtechniques for the utilize of the
biochemical methods for research purpose.

A. Analytical Techniques in Biochemistry

1. Separation of amino acids and sugars by paper dtography
Separation of amino acids and lipid fractions kg thyer chromatography.
Purification of proteins by salt precipitations asedumn chromatography.
Separation of mixtures of proteins by SephadexF8ehtion (column).
Separation of proteins by Polyacrylamide Gel Etggtioresis (PAGE).
Agarose gel electrophoresis of chromosomal & plddDiNA.

N o gk~ woDbd

Assay of mitotic indices.
8. Isolation of Goat RBC membrane and estimation of/K& ATPase
B. Determination of Isoelectric pH of proteins

C. Assay of vitamins

1. Estimation of ascorbic acid in biological samplbk@d, tissues etc.) by methods using
different oxidizing agents

2. Spectrofluorometric methods.
E. Differential centrifugation Techniques
Isolation of subcellular fractions.
F. Immunobiochemical Techniques
1. Immunoelectrophoresis and Immunodiffusion techrsque
2. Separation of Splenic Lymphocytes.
3. Separation of Peritoneal Macrophages.

Unit 495.2B: Advanced Experiments on Endocrinologynd Reproduction F.M.
25, Credits 02
Learning Objectives: The objective of this unit is to demonstrate thpegknents on the assay of
hormones and different reproductive biomarkers gadetic experiments as well as on female

model animals to assess their normal anatomicalpdnydiological and parameters related to
endocrinology and reproduction by hands on train@atpniques.

A. Assay of hormonal bio-molecules and other techques in endocrinology
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1. Bio-assay of oxytocin and epinephrine
2. Hormone assay-ELISA. RIA
3. Measurement of hormones by spectroflurometer

4. Study of localization steroidogenic enzymes inisesivary and uterus by histochemical

methods

5. DNA and chromosomal studies in endocrine and reptee disorder

6. Karyotypic study

7. Pedigree analysis-Autosome and sex chromosomedgbadigree

A. Technigues in Reproductive Physiology

» Experiments on female reproduction

1. Study on estrous cycle-effect of synthetic estrag@h hCG injection.

L

Study on ovariectomy (unilateral and bilateral¥fe@s on ovarian and adrenal cholesterol
Study of acid and alkaline phosphatase activihagerus of ovariectomized animal.
Study of immunological methods for pregnancy dédect

Basic experiment on superovulation study in mice i@

Optional Training Programme / Laboratory Visit:: Training in higher research institute
are to be arranged for the students to learn sawanae techniques in reproductive
physiology and they are also to be taken for vigitdlifferent national laboratories. The
student shall submit a report during practical exation for special paper.

Special Paper C: Biophysics and Electrophysiology itlh Structural Biology

Unit 495.1C: Advanced Medical Biophysics F.M. 25,2DCredits

Learning Objectives: The goal of the unit is to train the next generatd structural biologists
and biophysicists to be very familiar with the lgashemical and physical principles important in
every living organism and to train the studentshim biological and physical sciences including
medical and veterinary medicine.

Skill development/Job Opportunity: The students may join as an Electrophysiologist,
Laboratory Technicians, Cardiology Assistant anddaech Assistant at different Government and
non-government laboratory and companies.

1.
2.

3.

Five Mathematical assignment based on Module-I

Internet search for Bioinformatics resources; DNAd &Protein sequence, file format
conversion; The PROSITE Database.
Radiation Exposure survey using area survey matetdosimeters.
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4. To record and analyze the Electrocardiogram (EG@)ta draw the mean Electrical axis.
To measure the Evoked potentials.

5. Electrophysiological recording (EEG, ECG, EMG, E®{&art rate, respiration, pulse rate,
heart sound, etc.) of cardiac, brain, muscle.

6. Brachytherapy source: 1) Check for integrity of $o@rce, 2) Calibration using an Isotope
calibrator, 3) Plotting of Isodose curves using ¢tbamber and/or film.

7. Recording of simple muscle twitch (SMT). Effectintreasing frequency of stimulus on
SMT

8. Determination of strength-duration curve, measurgroecontraction kinetics of excitable
tissues, measurement of conduction velocity of eisve. Genesis of fatigue

9. Effect of Vago-sympathetic Trunk and White Crestehine on heart muscle. Effect of
Vagal stimulation showing Vagal Escape.

10.To study the effect of drugs on skeletal muscl®matls — Nicotine and Atropine.

11.Modern techniques in voltage clamp, current clapgch clamp and Single fibre.

12.Conformation of Nucleic acid by Spectral study.

13.Methods of sample preparation for microscopy

14.CRO and its biomedical application. Experiment)gslectrophysiological techniques:
Skin receptors and demonstration of dermatomesom Muscle spindle, Golgi tendon
organ activity demonstration in toad/frog.

15.To demonstrate the effect of UV and Gamma raysefirdosision, Enzymes, Proteins and
DNA, cell membrane.

16.To measure the Output of Gamma ray teletherapg.unit

17.To study the renal stone or oil content of oil seesing Infra-Red (IR) Spectroscopy.

18.To perform the structural analysis of amino acstsall peptides using NMR Spectrometer
19.To perform the Free radical spectral analysis uEiS& spectrometer

Unit 495.2C: Advanced Separation Techniques and Phaphysics

Learning Objectives: This practical paper will help students to learmochatographic and
spectrophotometric principles and techniques. Thely also get hands on training on
centrifugation methods and application of ultradémges. Students are also required to submit a
laboratory visit report on the basis on their visikny National laboratory.

Skill development / Job Opportunity: The students may join as a laboratory Technicians,
Chromatography analyst, Research Assistant atrdifteGovernment and non-government
laboratory and companies.

1. To perform the fractionation of protein, sugars asapon from fruit juice using
TLC/HPTLC

Cellulose acetate strip Electrophoresis of Amindsend protein.

Column Chromatography for Proteins, Pigments, aratids.

Agar Gel Electrophoresis of Proteins
One- and two-dimensional ascending & descending &h@ paper chromatography of
amino acids & sugars

ok wb
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6. To isolate and characterize photosynthetic pigmebys Chromatography and
Spectrophotometry.

7. To perform the separation of Proteins using HPLC

8. To determine the molecular weight of biomoleculssg ultracentrifuge

9. To isolate cellular fraction by centrifugation meds.

10.To study the survival of E. Coli. as a functionfflence of UV radiation (254 nm) at
different temperature.

11.To study the photo reactivation process in E. Coli

12.To study the effect of visible light intensity atmche of irradiation on photo reactivation
process.

13.Measurement of Pressure, Movement, Force, Frequénchime using different
transducers.

14.To study bioluminescence of live fire flies by agating light intensity with time.

15.To study chemiluminescence in a chemical transfooma

16. Effect of lasers on biomolecules and cellular Syste

17.To obtain relation between concentration and Réfra¢ndex (RI) using Refractometry.

18 Training Program/Laboratory visit (Optional): Stutkewill submit a report on the basis
of their visit training in some advanced Natiorsddratories such as IICB, Bose Institute,
NICED-Kolkata, IIT- Kharagpur, Guwahati; NBRC, All&4 Jodhpur, Bhubeneswar; NIH
and DRDO-New Delhi, NIMHAN- Bangalore, and NCBS-Rwetc.

as a part of their practical syllabus.

Special Paper D: Neurophysiology (PHY 495D)

PHY 495.1 D: Advanced Neurophysiological Studiesk  F.M. 25, 02 Credits

1 Study of the nerve cell: staining of neurons bystyleviolet and Nissl fast violet stain in the pifira
section of the spinal cord and cerebellum.

2. Study of central nervous system architecture byaterylin van Giessen method and Mallory’s
phosphotungstic acid hematoxylin method.

3. Experimental neuroanatomical studies:

a) Nauta — Laidlaw method / Marchi’'s method
b) Fink — heimer procedure.
C) Cupric silver method.

d) Rapid Golgi cox method / Bulchawosky method.
4. Tracing nerve tract horseradish peroxidase teclesiqu
5. Vital staining of nerve fibre by Methylene blue imed.
6. Measurement of neurotransmitters:

a) Spectroflurometric method for measuring acetylaimli epinephrine, non-
epinephrine, dopamine, serotonin in microdissebtath regions of rats

b) HPLC method for measuring neurotransmitter.
7.  Electrocardiographic study in humans in resting stnelss condition.
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8. Electromyographic study in humans in different etagf sleep and wakefulness

9. Electroencephalographic study in humans: recordffid=G in humans in different stages of sleep
and wakefulness.

10. Evoked potent study in humans: Brainstem evokeeérmati and auditory evoked potential in
humans.

PHY 495.2 D: Advanced Neurophysiological StudiesH F.M. 25, 02 Credits

1. Studies of blood pressure in humans:

a) Effect of posture changes on blood pressure and faea.

b) Effect of vestibular stimulation on blood pressarel heart rate

C) Valsalva maneuver.

2. Perimetry: visual field determination with diffetezolours in perimeter in resting and stressfulidicon.
3. Audiometry: study of frequency threshold curve imfans.

4. Biofeedback: EMG biofeedback studies.
5. Study of galvanic skin response (GSR): measurenféB6R in resting and different stressful conditio

6. Experimental of Chronobiology:
7. Recording of 24 hours body temperature to studyadian rthythm of body temperature
a) Recording of heart rate to study circadian rthytsfmesting heart rate

8. Neuroimmnological studies: PMN assay, cytotoxicagssPLN assay, phagocytotic assay in
experimental animals in resting condition and adtegss

9. Training programme / Laboratory Visit: Studentslwilibmit a report on the basis of their visit
training in some advanced national laboratorieh as NBRC, New Delhi: NIMHAN, Bangalore;
NCBS, Pune; AIIMS, New Delhi etc as a part of thggictical syllabus.

Special Paper E: Ergonomics and Sports Physiology

Unit 495.1E: Experiments on General Ergonomics andEnvironmental
Ergonomics F.M. 25, 02 Credits

Learning Objectives: They will be able to get practical training on exating work stress and
environmental conditions in a work station. Theyl {garn analysis of work posture and time and
motion studies.

1. Evaluation of occupational stress- development oéstjonnaire, quantitative
evaluation technique, pain mapping.

2. Measurement of different heat stress indices: WBEIT,,CET, RSR; measurement of
relative humidity.

3. Determination of hearing loss of different groupsvorkers by audiometric method.
Measurement of illumination level by lux meter ifferent working areas.
5. Measurements of noise level in different workinatisins.
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6. Measurement of vibration level.

Determination of environmental conditions surrowmgdihe workers determination of
concentration of dust and particulates in air.

8. Product analysis - Pair comparison test.
9. Determination of center of gravity of human bodyden resting and working
conditions.

10. Biochemical study of work posture, joint angle studietermination of spinal
curvature, analysis of posture by video graphichomét— OWAS, REBA, RULA,
OCRA etc.

11. Time and motion study, job analysis.
12. Peg board test.

Unit 495.2E: Experiments on Ergonomic Design and Gxup Projects F.M. 25,02
Credits

Learning Objectives: The students will be trained on the applied antbnogtry. They will get
practical training by means of field studies in Wgace and industries. They will learn to write
report of industrial visits.

1. Anthropometrics measurements- static and dynanmthr@pometric measurements for
different design consideration- design of seat,kngtation, consumer products, personal
protective equipments hand-tools, etc.

2. Workshop on biomathematics and biostatistics.
3. Simulation of work and sports model by the computer
4. Group Projects* -

* Field study in industrial establishments and otkeork stations to study man —machine
interactions

*Students are to be taken for visiting differerdustrial establishments for ergonomic evaluation
of man-machine-environment system and they aretalbe taken for visiting different advanced
laboratories such as - Central Labour InstituteniBay), Ergonomic Laboratory, IIT (Bombay),
Defense Institute of Physiology and Allied Scien@@slhi), Netaji Subhas National Institute of
Sports(Patiala), Sports Authority of India (Bange)o Rani Lakshmi Institute of Physical
Education (Gwalior). Central Mining Research Ingét (Dhanbad), National Institute of
Occupational Health (Ahmedabad), Regional Labostitite (Calcutta) etc. The student shall
submit a report during practical examination foe@pl paper.
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Paper: PHY-496

Unit 496.1: Project F.M. 25, 02 Credits

Learning Objectives: This practical paper will help students to exeautesearch project under
the guidance of a teacher (laboratory based ait haked) for a period of 6 months which can
specialize in a more advanced area as part ofe¢beimunity heath and infection, specific disease,
pharmacology or industry related research project.

Project work and report preparation: The candigdlehave to carryout a project work on any
topic of his/her choice and has to prepare a repothat.

Unit 496.2: Project F.M. 25, 02 Credits

Learning Objectives: This practical paper will help students to prefaré to learn how to present
report, and to explain the results.

Project report presentation: the project work will be evaluated based on theairakeassessment;
seminar delivered by the student as well as vivaevan the project report.

Note:

1. For semester examination four questions each of 5arks are to be set in each unit of
theory papers, taking one question from every model, with one alternative to each
question from the same module.

2. Each student has to take one special paper amongetithoices declared in each session
from the five special papers included in syllabusSpecial papers will be taught in Semester
[lland IV.

3. For the project paper of Semester IV 10 marks (05 mrks in each unit) will kept for
internal assessment and the remaining 40 (20+20) mka will be evaluated during
semester examination.
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