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It is a great pleasure to bring out the Ninth Edition of LPR’s Fundamentals of Medical Physiology in a completely revised and
student friendly format. The entire book (Two volumes) is upgraded as per the latest new revised regulations by the CBME.

Every effort has been made to incorporate the latest concepts, clinical applications to prepare all the medical students to be
ready to face the challenges that they encounter when they enter the Portals of the Hospital.

This Edition would also help the students to meet the challenges, when they face the patients with problems related to
old age, obesity, etc.

The present edition (ninth) is updated keeping in view the needs of both Indian and International medical students.

The section that deals with Integrated Physiology topics, like, Exercise, Yoga, Body fluids, Growth curves, Cytological
methods, Neonatal Physiology, Heat stroke, etc. enhances the utility of this book and it makes this book highly useful even for
other Professionals.

Some special topics, like Clinical Case Scenario, Numerical Formulas, Physiological Problems, Rapid Review Questions
and Answers, which include Rapid Review Points and MCQs would help the students to have quick revision of the subject.
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Preface to the Eighth Edition

It is a pleasure to bring out the eighth edition of LPR’s Fundamentals of Medical Physiology in a completely revised and
student-friendly format. This edition has been thoroughly updated based on the latest Competency-Based Medical Education
(CBME) curriculum. The entire subject of Physiology is divided into competencies and sub-competencies. Scenario-based and
task-based questions are given at the end of each section to enable the students to do the self-assessment test and appear in the
exams with confidence.

What is Competency?

Competency is defined as “the ability to do something successfully and efficiently”. CBME is an approach to ensure that the
graduates develop the competencies required to fulfill the patients’ needs in the society. Teaching of Physiology to the medical
graduates is as per the CBME-2019.

l. Goal

The broad goal of the teaching of undergraduate students in physiology is to provide the student with comprehensive knowledge
of the normal functions of the organ systems of the body to facilitate and understand the physiological basis of health and
disease.

Il. Objectives

A. Knowledge: At the end of the course, the student will be able to:
1. Explain the normal functioning of all organ systems and their interactions for well-coordinated total body functioning.
Assess the relative contribution of each organ system to the maintenance of the milieu interior.
Elucidate the physiological aspects of normal growth and development.
Describe the physiological response and adaptations to environmental stress.
5.  List the physiological principles underlying pathogenesis and treatment of the disease.
B. Skills: At the end of the course, the student will be able to:
1. Conduct experiments designed for study of physiological phenomenon.
2. Interpret experimental/investigative data.
3. Distinguish between normal and abnormal data derived as a result of the tests which he/she has performed and
observed in the laboratory.
C. Attitude and communication skills: At the end of the course, the student will be able to:
1. Show due respect to the persons who volunteer to be examined for the purpose of learning clinical examination.
2. Communicate effectively with peers and teachers.
3. Demonstrate the ability of team work.

Ll
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D. Integration: At the end of the first-year integrated teaching, the student should acquire an integrated knowledge of organ
structure and function and the regulatory mechanisms and tests to assess the functional status of organ systems.
The student should know the basic features of clinical conditions explained at the end of each chapter. This helps the
student in getting ready with the clinical knowledge before he/she enters the portals of hospital.

L Prakasam Reddy
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Early Clinical Exposure (ECE

.

Concept

Early clinical exposure (ECE) to the first professional medical undergraduates is a method adapted by medical educationists to
expose the undergraduate students directly to the patients during their first-year course.

It is highly challenging to introduce clinical subjects to first-year undergraduates who are supposed to learn basics in

Physiology, Anatomy and Biochemistry. It is believed that this Early Clinical Exposure will make them appreciate the importance
of first-year subjects as a part of clinical medicine in their medical career.

Methods in Early Clinical Exposure

Early clinical exposure (ECE) can be performed by:

1. OPD visits: Students observe how doctor-patient interaction takes place.

2. Visit to the wards: Students observe how doctors, paramedical staff and nursing sisters deal with the inpatients.

3. Case presentation: The students will be given a case presentation about a system-based module.

4. Case discussion: The in-charge doctor would explain and discuss the relevant case with the students. For this purpose, the
students are taken to the wards.

5. Problem-based learning: A clinical case scenario on a specific topic is created and a discussion may be initiated with the
student active participation.

6. Demonstrating the clinical-based investigations: Investigations recorded from the patients should be explained about
their recording analysis and significance of their variations.

Advantages

1. It creates interest in the undergraduate students and motivates them to think beyond the first-year subjects as they read the
disease process.

2. It helps the students to remember the features of the disease, the investigations and the drugs used for the management of

a disease.

Probable ECE Modules as per CBME-2019

MR

Acute Myocardial Infarction (STEMI, Non-STEMI)
Parkinson’s Disease (PD)

Spinal Injury

Type 2 Diabetes Mellitus

Acid-Base Disorders
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10.
. Hypertension
12.
13.
14.

v »®» N

Obesity

Ascites

Chronic Obstructive Pulmonary Disease (COPD)
Thyrotoxicosis

Acid Peptic Disease

Jaundice
Anemia
Cushing Syndrome
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Competencies

Competency-Based Undergraduate Curriculum for the Indian Medical Graduate

CODE COMPETENCY CHAPTER
General Physiology
PY1.1 Describe the structure and functions of a mammalian cell. 2 and 63 (Vol. 1)
PY1.2 Describe and discuss the principles of homeostasis. 7 (Vol. 1)
PY1.3 Describe intercellular communication. 2(Vol. 1)
PY1.4 Describe apoptosis — programmed cell death. 3(Vol. 1)
PY1.5 Describe and discuss transport mechanisms across cell membranes. 4(Vol. 1)
PY1.6 Describe the fluid compartments of the body, its ionic composition and measurements. 6 (Vol. 1), 9 (Vol. 2-Int. Phy.)
PY1.7 Describe the concept of pH and Buffer systems in the body. 6 (Vol. 1), 9 (Vol. 2—Int. Phy.)
PY1.8 Describe and discuss the molecular basis of resting membrane potential and action 5(Vol. 1)
potential in excitable tissue.
PY1.9 Demonstrate the ability to describe and discuss the methods used to demonstrate the 11 (Vol. 2-Int. Phy.)
functions of the cells and its products, its communications and their applications in Clinical
care and research.
Hematology
PY2.1 Describe the composition and functions of blood components. 47 (Vol. 1)
PY2.2 Discuss the origin, forms, variations and functions of plasma proteins. 57(Vol. 1)
PY2.3 Describe and discuss the synthesis and functions of hemoglobin and explain its breakdown. 51 (Vol. 1)
Describe variants of hemoglobin.
PY2.4 Describe RBC formation (erythropoiesis and its regulation) and its functions. 48,49 and 50 (Vol. 1)
PY2.5 Describe different types of anemias and Jaundice. 52 (Vol. 1)
PY2.6 Describe WBC formation (granulopoiesis) and its regulation. 54 and 55 (Vol. 1)
PY2.7 Describe the formation of platelets, functions and variations. 58(Vol. 1)
PY2.8 Describe the physiological basis of hemostasis and anticoagulants. Describe bleeding and 59and 60 (Vol. 1)
clotting disorders (Hemophilia, purpura).
PY2.9 Describe different blood groups and discuss the clinical importance of blood grouping, 61 (Vol. 1)
blood banking and transfusion.
PY2.10 Define and classify different types of immunity. Describe the development of immunity and 56 (Vol. 1)

its regulation.



XXXII
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CODE COMPETENCY CHAPTER
PY2.11 Estimate Hb, RBC, TLC, RBC indices, DLC, Blood groups, BT/CT. Topic for Practicals
PY2.12 Describe test for ESR, Osmotic fragility, Hematocrit. Note the findings and interpret the test 53 (Vol. 1)

results, etc.
PY2.13 Describe steps for reticulocyte and platelet count. Topic for Practicals
Nerve and Muscle Physiology
PY3.1 Describe the structure and functions of a neuron and neuroglia; discuss nerve growth factor 8(Vol. 1)
and other growth factors/cytokines.
PY3.2 Describe the types, functions and properties of nerve fibers. 9and 10 (Vol. 1)
PY3.3 Describe the degeneration and regeneration in peripheral nerves. 11A (Vol. 1)
PY3.4 Describe the structure of neuromuscular junction and transmission of impulses. 11B (Vol. 1)
PY3.5 Discuss the action of neuromuscular blocking agents. 11B (Vol. 1)
PY3.6 Describe the pathophysiology of Myasthenia gravis. Topic for Practicals
PY3.7 Describe the different types of muscle fibres and their structure. 12 (Vol. 1)
PY3.8 Describe action potential and its properties in different muscle types (skeletal and smooth). 15and 16 (Vol. 1)
PY3.9 Describe the molecular basis of muscle contraction in skeletal and in smooth muscles. 13and 16 (Vol. 1)
PY3.10 Describe the mode of muscle contraction (isometric and isotonic). 13 (Vol. 1)
PY3.11 Explain energy source and muscle metabolism. 14 (Vol. 1)
PY3.12 Explain the gradation of muscular activity. 13(Vvol. 1)
PY3.13 Describe muscular dystrophy: myopathies. 15(Vol. 1)
PY3.14 Perform Ergography. Topic for Practicals
PY3.15 Demonstrate effect of mild, moderate and severe exercise and record changes in Topic for Practicals
cardiorespiratory parameters.
PY3.16 Demonstrate Harvard Step test and describe the impact on induced physiologic parameters Topic for Practicals
in a simulated environment.
PY3.17 Describe strength-duration curve. 15 (Vol. 1)
PY3.18 Observe with Computer assisted learning (i) amphibian nerve - muscle experiments Topic for Practicals
(ii) amphibian cardiac experiments.
Gastrointestinal Physiology
PY4.1 Describe the structure and functions of digestive system. 83 (Vvol. 2)
PY4.2 Describe the composition, mechanism of secretion, functions, and regulation of saliva, 84, 85, 86, 87 and 88 (Vol. 2)
gastric, pancreatic, intestinal juices and bile secretion.
PY4.3 Describe GIT movements, regulation and functions. Describe defecation reflex. Explain role of 89 and 91 (Vol. 2)
dietary fiber.
PY4.4 Describe the physiology of digestion and absorption of nutrients. 90 (Vol. 2)
PY4.5 Describe the source of GIT hormones, their regulation and functions. 92 (Vol. 2)
PY4.6 Describe the Gut-Brain Axis. 91 (Vol. 2)
PY4.7 Describe and discuss the structure and functions of liver and gall bladder. 87 (Vol. 2)
PY4.8 Describe and discuss gastric function tests, pancreatic exocrine function tests and liver 85, 86 and 87 (Vol. 2)
function tests.
PY4.9 Discuss the physiology aspects of: peptic ulcer, gastrooesophageal reflux disease, vomiting, 85,89 and 91 (Vol. 2)
diarrhea, constipation, adynamic ileus, Hirschsprung’s disease.
PY4.10 Demonstrate the correct clinical examination of the abdomen in a normal volunteer or Topic for Practicals

simulated environment.



Competencies XXXIII

CODE COMPETENCY CHAPTER
Cardiovascular Physiology (CVS)
PY5.1 Describe the functional anatomy of heart including chambers, sounds, and pacemaker 64 and 68 (Vol. 1)
tissue and conducting system.
PY5.2 Describe the properties of cardiac muscle including its morphology, electrical, mechanical 65 (Vol. 1)
and metabolic functions.
PY5.3 Discuss the events occurring during the cardiac cycle. 68 (Vol. 1)
PY5.4 Describe generation, conduction of cardiac impulse. 66 (Vol. 1)
PY5.5 Describe the physiology of electrocardiogram (ECG), its applications and the cardiac axis. 67 (Vol. 1)
PY5.6 Describe abnormal ECG, arrythmias, heart block and myocardial Infarction. 67 (Vol. 1)
PY5.7 Describe and discuss hemodynamics of circulatory system. 72 (Vol. 1)
PY5.8 Describe and discuss local and systemic cardiovascular regulatory mechanisms. 69, 71 (Vol. 1)
PY5.9 Describe the factors affecting heart rate, regulation of cardiac output and blood pressure. 70,74, 75 (Vol. 1)
PY5.10 Describe and discuss regional circulation including microcirculation, lymphatic circulation, 62,73,76,77,78 and 79 (Vol. 1)
coronary, cerebral, capillary, skin, fetal, pulmonary and splanchnic circulation.
PY5.11 Describe the pathophysiology of shock, syncope and heart failure. 81 and 82 (Vol. 1)
PY5.12 Record blood pressure and pulse at rest and in different grades of exercise and postures in Topic for Practicals
a volunteer or simulated environment.
PY5.13 Record and interpret normal ECG in a volunteer or simulated environment. Topic for Practicals
PY5.14 Observe cardiovascular autonomic function tests in a volunteer or simulated environment. Topic for Practicals
PY5.15 Demonstrate the correct clinical examination of the cardiovascular system in a normal Topic for Practicals
volunteer or simulated environment.
PY5.16 Record Arterial pulse tracing using finger plethysmography in a volunteer or simulated Topic for Practicals
environment.
Respiratory Physiology
PY6.1 Describe the functional anatomy of respiratory tract. 93 (Vol. 2)
PY6.2 Describe the mechanics of normal respiration, pressure changes during ventilation, lung 94, 95 and 96 (Vol. 2)
volume and capacities, alveolar surface tension, compliance, airway resistance, ventilation,
ventilation-perfusion ratio, diffusion capacity of lungs.
PY6.3 Describe and discuss the transport of respiratory gases: Oxygen and Carbon dioxide. 98 and 99 (Vol. 2)
PY6.4 Describe and discuss the physiology of high altitude and deep sea diving. 104 and 105 (Vol. 2)
PY6.5 Describe and discuss the principles of artificial respiration, oxygen therapy, acclimatization 104 and 106 (Vol. 2)
and decompression sickness.
PY6.6 Describe and discuss the pathophysiology of dyspnea, hypoxia, cyanosis asphyxia; 102 and 103 (Vol. 2)
drowning, periodic breathing.
PY6.7 Describe and discuss lung function tests and their clinical significance. 97 (Vol. 2)
PY6.8 Demonstrate the correct technique to perform and interpret Spirometry. Topic for Practicals
PY6.9 Demonstrate the correct clinical examination of the respiratory system in a normal Topic for Practicals
volunteer or simulated environment.
PY6.10 Demonstrate the correct technique to perform measurement of peak expiratory flow rate Topic for Practicals
in a normal volunteer or simulated environment.
Renal Physiology
PY7.1 Describe structure and function of kidney. 107 and 108 (Vol. 2)
PY7.2 Describe the structure and functions of juxtaglomerular apparatus and role of renin- 107, 115 (Vol. 2)
angiotensin system.
PY7.3 Describe the mechanism of urine formation involving processes of filtration, tubular 109, 110, 111 and 112 (Vol. 2)

reabsorption and secretion; concentration and diluting mechanism.
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CODE COMPETENCY CHAPTER
PY7.4 Describe and discuss the significance and implication of Renal clearance. 113, 114 and 8 (Vol. 2—Int. Phy.)
PY7.5 Describe the renal regulation of fluid and electrolytes and acid-base balance. 113, 114, and 8 (Vol. 2-Int. Phy.)
PY7.6 Describe the innervations of urinary bladder, physiology of micturition and its abnormalities. 117 (vol. 2)
PY7.7 Describe artificial kidney, dialysis and renal transplantation. 116 (vol. 2)
PY7.8 Describe and discuss renal function tests. 116 (Vol. 2)
PY7.9 Describe cystometry and discuss the normal cystometrogram. 117 (Vol. 2)

Endocrine Physiology

PY8.1 Describe the physiology of bone and calcium metabolism. 122 (Vol. 2)

PY8.2 Describe the synthesis, secretion, transport, physiological actions, regulation and effect 119, 120, 121, 122, 123,
of altered (hypo and hyper) secretion of pituitary gland, thyroid gland, parathyroid gland, 124 and 125 (Vol. 2)
adrenal gland, pancreas and hypothalamus.

PY8.3 Describe the physiology of thymus and pineal gland. 127 (Vol. 2)

PY8.4 Describe function tests: Thyroid gland; Adrenal cortex, Adrenal medulla and pancreas. 119, 121 and 126 (Vol. 2)

PY8.5 Describe the metabolic and endocrine consequences of obesity and metabolic syndrome, Topic for Practicals
Stress response. Outline the psychiatry component pertaining to metabolic syndrome.

PY8.6 Describe and differentiate the mechanism of action of steroid, protein and amine 119 (Vol. 2)
hormones.

Reproductive Physiology

PY9.1 Describe and discuss sex determination; sex differentiation and their abnormities and 128 (Vol. 2)
outline psychiatry and practical implication of sex determination.

PY9.2 Describe and discuss puberty: onset, progression, stages; early and delayed puberty and 128 (Vol. 2)
outline adolescent clinical and psychological association.

PY9.3 Describe male reproductive system: functions of testis and control of spermatogenesis and 129, 130 and 131 (Vol. 2)
factors modifying it and outline its association with psychiatric illness.

PY9.4 Describe female reproductive system: (a) Functions of ovary and its control; (b) Menstrual 131, 132, 133 and 134 (Vol. 2)
cycle—hormonal, uterine and ovarian changes.

PY9.5 Describe and discuss the physiological effects of sex hormones. 139 (Vol. 2)

PY9.6 Enumerate the contraceptive methods for male and female. Discuss their advantages and 131 and 138 (Vol. 2)
disadvantages.

PY9.7 Describe and discuss the effects of removal of gonads on physiological functions. Topic for Practicals

PY9.8 Describe and discuss the physiology of pregnancy, parturition and lactation and outline the 135,136 and 137 (Vol. 2)
psychology and psychiatry disorders associated with it.

PY9.9 Interpret a normal semen analysis report including (a) Sperm count, (b) Sperm morphology Topic for Practicals
and (c) Sperm motility, as per WHO guidelines and discuss the results.

PY9.10 Discuss the physiological basis of various pregnancy tests. 135 (Vol. 2)

PY9.11 Discuss the hormonal changes and their effects during perimenopause and menopause. 134 (Vol. 2)

PY9.12 Discuss the common causes of infertility in a couple and role of IVF in managing a case of 140 (Vol. 2)
infertility.

Neurophysiology

PY10.1 Describe and discuss the organization of nervous system. 17(Vol. 1)

PY10.2 Describe and discuss the functions and properties of synapse, reflex, receptors. 18, 20, and 22 (Vol. 1)

PY10.3 Describe and discuss somatic sensations and sensory tracts. 23,24, and 25 (Vol. 1)

PY10.4 Describe and discuss motor tracts, mechanism of maintenance of tone, control of body 28, 29,32,33and 34 (Vol. 1)
movements, posture and equilibrium and vestibular apparatus.

PY10.5 Describe and discuss structure and functions of reticular activating system, autonomic 38and 44 (Vol. 1)

nervous system (ANS).



Competencies XXXV
CODE COMPETENCY CHAPTER
PY10.6 Describe and discuss spinal cord, its functions, lesion and sensory disturbances. 21 and 35 (Vol. 1)
PY10.7 Describe and discuss functions of cerebral cortex, basal ganglia, thalamus, hypothalamus, 26,27, 30, 31, 36,
cerebellum and limbic system and their abnormalities. 37 and 42 (Vol. 1)
PY10.8 Describe and discuss behavioral and EEG characteristics during sleep and mechanism 39,40 and 41 (Vol. 1)
responsible for its production.
PY10.9 Describe and discuss the physiological basis of memory, learning and speech. 43 (Vol. 1)
PY10.10 Describe and discuss chemical transmission in the nervous system. (Outline the psychiatry 19 (Vol. 1)
element).
PY10.11  Demonstrate the correct clinical examination of the nervous system: Higher functions, Topic for Practicals
sensory system, motor system, reflexes, cranial nerves in a normal volunteer or simulated
environment.
PY10.12 Identify normal EEG forms. Topic for Practicals
PY10.13 Describe and discuss perception of smell and taste sensation. 141 and 142 (Vol. 2)
PY10.14  Describe and discuss pathophysiology of altered smell and taste sensation. 141 and 142 (Vol. 2)
PY10.15  Describe and discuss functional anatomy of ear and auditory pathways and physiology of 143, 144, 145 and 146 (Vol. 2)
hearing.
PY10.16 Describe and discuss pathophysiology of deafness. Describe hearing tests. 147 (vol. 2)
PY10.17  Describe and discuss functional anatomy of eye, physiology of image formation, physiology 148, 149, 150, 151, 153,
of vision including color vision, refractive errors, color blindness, physiology of pupil and 154 and 155 (Vol. 2)
light reflex.
PY10.18  Describe and discuss the physiological basis of lesion in visual pathway. 152 (vol. 2)
PY10.19 Describe and discuss auditory and visual evoke potentials. 147 and 156 (Vol. 2)
PY10.20 Demonstrate (i) Testing of visual acuity, colour and field of vision and (ii) hearing Topic for Practicals
(iii) Testing for smell and (iv) taste sensation in volunteer/simulated environment.
Integrated Physiology
PY11.1 Describe and discuss mechanism of temperature regulation. 1 (Vol. 2—Int. Phy.)
PY11.2 Describe and discuss adaptation to altered temperature (heat and cold). 1 (Vol. 2-Int. Phy.)
PY11.3 Describe and discuss mechanism of fever, cold injuries and heat stroke. 1 (Vol. 2—Int. Phy.)
PY11.4 Describe and discuss cardiorespiratory and metabolic adjustments during exercise; physical 2 (Vol. 2-Int. Phy.)
training effects.
PY11.5 Describe and discuss physiological consequences of sedentary lifestyle. 3 (Vol. 2-int. Phy.)
PY11.6 Describe physiology of Infancy. 7 (Vol. 2—Int. Phy.)
PY11.7 Describe and discuss physiology of aging; free radicals and antioxidants. 4 (Vol. 2—Int. Phy.)
PY11.8 Discuss and compare cardio-respiratory changes in exercise (isometric and isotonic) with 2 (Vol. 2-Int. Phy.)
that in the resting state and under different environmental conditions (heat and cold).
PY11.9 Interpret growth charts (physiology of growth and growth charts). 10 (Vol. 2—Int. Phy.)
PY11.10 Interpret anthropometric assessment of infants. Topic for Practicals
PY11.11 Discuss the concept, criteria for diagnosis of brain death and its implications. 5 (Vol. 2—Int. Phy.)
PY11.12 Discuss the physiological effects of meditation. 6 (Vol. 2—Int. Phy.)
PY11.13 Obtain history and perform general examination in the volunteer/simulated environment. 13 (Vol. 2-Int. Phy.)
PY11.14 Demonstrate Basic Life Support in a simulated environment. 106 and 10 (Vol. 2-Int. Phy.)
PY11.15 Discuss COVID-19. 12 (Vol. 2—Int. Phy.)
PY11.16  Discuss AIDS - Acquired Human Immunodeficiency Syndrome. 13 (Vol. 2=Int. Phy.)
PY11.17 Describe the causes, types and therapeutic indicators for cancer 14 (Vol. 2=Int. Phy.)

ADOTOISAHd 1VIIdIN 40 STVLININVANNA



Abbreviations

1,25(0H), CCF

2,3-DPG
5HT
ABP

AC

ACE
ACh
AChE
ACTH
ADH
ADP
Adre
AHC
ANP
ANS

AP

APC
APUD cells
ARAS
ARDS
ARP
ARP
ATP

AV block
AV node
BAO
BBB
BBB
BER
BFU (E)

1,25-dihydroxy cholecalciferol
2,3-diphosphoglycerate
5-hydroxytryptamine

Androgen binding protein
Apneustic center

Angiotensin converting enzyme
Acetylcholine

Acetylcholinesterase
Adrenocorticotrophic hormone
Antidiuretic hormone

Adenosine diphosphate

Adrenaline

Anterior horn cell

Atrial natriuretic polypeptide
Autonomic nervous system

Action potential

Antigen presenting cells

Amino precursor uptake and decarboxylation
Ascending reticular activating system
Adult respiratory distress syndrome
Absolute refractory period
Argyll-Robertson pupil

Adenosine triphosphate
Atrioventricular block
Atrioventricular node

Basal acid output

Blood brain barrier

Bundle branch block

Basal electric rhythm

Burst forming unit (erythrocytic)

BMI
BMR
CA

CAC
CAM
cAMP
Cb

CBG
CCK-PZ
CCM
CFU (E)
CIC

CL
CLIP
CN

co
COHb
COMT
CP

CPK (cK)
CRH
CRO
CS syndrome
CS

CSF
CVC
DAG
DBP
DC
DCN

Body mass index

Basal metabolic rate

Carbonic anhydrase
Cardioacceleratory center

Cell adhesion molecules

Cyclic AMP

Carotid body

Corticosteroid binding globulin
Cholecystokinin pancreozymin
Counter current mechanism
Colony forming unit (erythrocytic)
Cardioinhibitory center

Corpus luteum

Corticotrophin like intermediate lobe peptide
Caudate nucleus

Cardiac output
Carboxyhemoglobin
Catechol-0-methyl transferase
Creatine phosphate

Creatine phosphokinase
Corticotrophin releasing hormone
Cathode ray oscilloscope

Carotid sinus syndrome
Conditioned stimulus
Cerebrospinal fluid

Cardiovagal center

Diacylglycerol

Diastolic blood pressure
Diffusion capacity

Dorsal cochlear nucleus
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DCT

DE
DHCC
DHEA
DI

DN
DNA
DNV
DOPA
DRG

EC coupling
ECF
ECG (EKG)
EDRF
EDTA
EEG
EGF
EMF
EMG
EP

EP

EPP
EPSP
Fab
FEV
FRC
FRF
FSH
FTM
FVC
G-CSF
GFR

GH
GHRH
GIP
GIT
GLUT-2
G-M CSF

GnRH
GP

GRP

H-B reflex
HB

HbA
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Distal convoluted tubule
Diffusion co-efficient

Dihydroxy cholecalciferol
Dehydroepiandrosterone
Dyspneic index

Dentate nucleus
Deoxyribonucleic acid

Dorsal nucleus of vagus
Dihydroxyphenyl alanine

Dorsal respiratory group
Excitation-contraction coupling
Extracellular fluid
Electrocardiogram

Endothelium derived relaxing factor
Ethylene diamine tetra acetate
Electroencephalogram
Epidermal growth factor
Electromotive force
Electromyogram

Erythropoietin

Evoked potentials

End plate potential

Excitatory postsynaptic potential
Antigen binding fragment
Forced expiratory volume
Functional residual capacity
Facilitatory reticular formation
Follicular stimulating hormone
Fractional test meal

Forced vital capacity
Granulocyte colony stimulating factor
Glomerular filtration rate
Growth hormone

Growth hormone releasing hormone
Gastric inhibitory polypeptide
Gastrointestinal tract

Glucose transporter-2

Granulocytic monocytic colony stimulating
factor

Gonadotrophin releasing hormone
Globus pallidus

Gastrin releasing peptide
Hering-Breuer reflex

Heart block

Adult hemoglobin

HBE
HbF
Hb-0D curve
hCG
HDL
HPL
HPNS
HR
ICF
ICN
IDDM
IF

IGF
lgG

IL

ILN
[ON

IPSP
IRF
J-G apparatus
JVP
LATS
LBBB
LDL
LGN
LH

LH
LMN
LN
LOS
LPH
LSD
LTP
LVH
MABP
MAO
MCH
M-CSF
MCV
MEPP
MGN
MIS
mm

His bundle electrogram
Fetal hemoglobin

Hemoglobin oxygen dissociation curve

Human chorionic gonadotropin
High density lipoproteins
Human placental lactogen

High pressure nervous syndrome
Heart rate

Intracellular fluid

Inferior collicular nucleus
Insulin dependent diabetes mellitus
Interferon

Insulin like growth factor
Immunoglobulin G

Interleukin

Intralaminar nuclei

Inferior olivary nucleus

Inositol 1,4—bhiphosphate
Inositol 1,4,5—triphosphate
Inhibitory postsynaptic potential
Inhibitory reticular formation
Juxtaglomerular apparatus
Jugular venous pressure

Long acting thyroid stimulator
Left bundle branch block

Low density lipoproteins
Lateral geniculate nucleus
Loop of Henle

Luteinizing hormone

Lower motor neuron

Lateral nucleus

Lower esophageal sphincter
Lipotrophin

Lysergic acid diethylamide
Long-term potentiation

Left ventricular hypertrophy
Mean arterial blood pressure
Monoamine oxidase

Mean corpuscular hemoglobin
Monocytic colony stimulating factor
Mean corpuscular volume
Miniature end plate potential
Medial geniculate nucleus
Mullerian inhibitory substance
Micrometer (106 m)



MMC
MMEFR
mOsm
mRNA

MSH

MVV

NA

NA

NC

NG

NIDDM

NIP

NK cells
NMJ

NO

NREM sleep
NTS

0C

ON

Osm

oT

OVLT
PaCo,
PaCo,

PAG
PAH
Pa0
Pa0
PBI
PCO
PCT
PD
PDGF
PECO
PEFR
PEO,
PESP
PG
PGO spikes
pH

Pi
Picogram
PIH

PL
PO

2

2

2

2

2

Migrating motor complex

Maximum mid expiratory flow rate
Milliosmoles

Messenger RNA

Melanocyte stimulating hormone
Maximum voluntary ventilation
Noradrenaline

Nucleus ambiguus

Nucleus cuneatus

Nucleus gracilis

Noninsulin dependent diabetes mellitus
Nucleus interpositus

Natural killer cells

Neuromuscular junction

Nitric oxide

Nonrapid eye movement sleep
Nucleus tractus solitarius

Optic chiasma

Optic nerve

Osmoles

Optic tract

Organum vasculosum of lamina terminalis
Partial pressure of CO, in alveoli
Partial pressure of CO, in arterial blood
Periaqueductal grey matter
Para-aminohippuric acid

Partial pressure of O, in alveoli
Partial pressure of O, in arterial blood
Protein bound iodine

Partial pressure of CO,

Proximal convoluted tubule
Potential difference

Platelet derived growth factor
Partial pressure of CO, in expired air
Peak expiratory flow rate

Partial pressure of O, in expired air
Post extra systolic potentiation
Prostaglandins

Ponto geniculo occipital spikes
Negative log of (H*)

Inorganic phosphate

Micro microgram (10-'2 g)

Prolactin inhibitory hormone
Phospholipid

Partial pressure of O,

PP
PR
PRH
PRL
PShG
PSNS
PTH
PTP
PTSH
PVLN
PVN
R form
RAIU
RAS
RBBB
RBC
RBF
RDS

REM sleep
RES
RMP
RNA
RP

RP

RQ
RRP
RT,

RV
RVLM
SA
SA-node
SBP
SCC
SCN
SDA
SGLT-2
SGR
SN
SNP
SNS
SON
SRS-A
SS

SV

Abbreviations XXXIX

Pulse pressure

Peripheral resistance

Prolactin releasing hormone
Prolactin

Pregnancy specific b-1 glycoprotein
Parasympathetic nervous system
Parathyroid hormone

Post-tetanic potentiation

Placental thyroid stimulating hormone
Posteroventrolateral nucleus
Paraventricular nucleus

Relaxed form

Radioactive iodine uptake
Renin-angiotensin system

Right bundle branch block

Red blood corpuscles

Renal blood flow

Respiratory distress syndrome of
newborn

Rapid eye movement sleep
Reticuloendothelial system
Resting membrane potential
Ribonucleic acid

Receptor potential

Refractory period

Respiratory quotient

Relative refractory period
Reverse T,

Residual volume

Rostral ventrolateral medulla
Sinus arrhythmia

Sino-atrial node

Systolic blood pressure
Semicircular canals

Superior collicular nucleus
Specific dynamic action
Sodium glucose transporter-2
Substantia gelatinosa of Rolando
Substantia nigra

Supranormal period
Sympathetic nervous system
Superior olivary nucleus

Slow reacting substance-anaphylaxis
Somatosensory area

Stroke volume
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T, 3, 5, 3 tri iodothyronine ucs Unconditioned stimulus
T, 3, 5, 3 9’ tetra iodothyronine (thyroxine) UMN Upper motor neuron

TBA Thyroxine binding albumin viQ Ventilation-perfusion ratio
TBG Thyroxine binding globulin VC Vital capacity

TBPA Thyroxine binding prealbumin VCN Ventral cochlear nucleus
BW Total body water VD Dead space

TGF Transforming growth factor VIP Vasoactive intestinal polypeptide
TLC Total lung capacity VMC Vasomotor center

TNF Tumor necrosis factor VMN Ventromedial nucleus
TPO Thrombopoietin VN Vestibular nucleus

TRH Thyrotropin releasing hormone VR Vasa recta

TSH Thyroid stimulating hormone VR Venous return

TV Tidal volume VRG Ventral respiratory group

TVC Timed vital capacity WBC White blood corpuscles



Secﬂonl

GENERAL
PHYSIOLOGY

Cell says, “I am the real worker. All the body activities are the outcome of my hard work.”
Living things consist of one or more cells. Each cell can live independently of the rest.
Cells can arise only from the other cells.
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Homeostasis

COMPETENCY

Competency achieved after reading this chapter:

PY1.2 - Describe the principles, mechanism and significance of homeostasis.

CHAPTER OUTLINE

e Introduction

e Importance of Homeostasis

e Body Systems that Participate in Homeostasis

e Factors of the Internal Environment to be
Maintained Homeostatically

INTRODUCTION

Maintenance of a relatively stable internal environment within
physiological range is called homeostasis (homeo=same)
(stasis=to stay or stand).

The word ‘homeostasis’ was coined by an American
physiologist, Walter Bradford Cannon. Its equivalent word
in French is “milieu interieur” was coined by a French
physiologist, Claude Bernard. The internal environment must
be kept relatively stable within the physiological range.

The word “internal environment” means extracellular fluid
that bathes the cells.

Whenever there is a change in the internal environment,
it is immediately brought back to normal level by various
mechanisms combinedly called homeostatic mechanisms,
for example, during exercise, there is a change in volume,
electrolyte composition, pH and blood pressure. All
these parameters are brought to normal level by different

e Components of Homeostatic System
e Homeostatic Regulatory Mechanisms

homeostatic mechanisms. Figure 7.1 shows the relation
between the interstitial fluid, cells and plasma.

Cell

Plasma
(blood)

Blood
vessel

Interstitial fluid
FIGURE 7.1: Relationship between the interstitial fluid, cells and plasma



IMPORTANCE OF HOMEOSTASIS

*  Homeostasis forms the basis of physiology.

* Homeostasis is essential for the optimal activity and
survival of cells specifically and optimal activity of body
as a whole.

¢ Understanding of homeostasis helps in the diagnosis and
treatment of a disease.

¢ Disruptions in homeostasis can cause disease or death.

For the functioning of homeostatic mechanism, the body
must recognize the deviation of a physiological activity from
the normal level. Fortunately, body is endowed with sensors
that detect the deviation. These sensors alert the control
center, which in turn sends information to the effectors to
either accelerate or inhibit the activity so that the normalcy
is restored.

BODY SYSTEMS THAT PARTICIPATE IN
HOMEOSTASIS

Two important systems are mainly concerned with the
enforcement of homeostasis. These are nervous system and
chemical system.

Nervous system corrects the deviation rapidly and brings
it back to normalcy. The chemical system takes a long time for
correction of the deviation from normal. Both these systems
maintain homeostasis by influencing all the other body systems.
The following systems participate in homeostatic mechanisms:
¢  Circulatory system
® Digestive system
® Respiratory system
¢ Urinary system
®  Musculoskeletal system
¢ Integumentary system
* Immune system
® Nervous system
*  Endocrine system
One or several of the above systems may participate in a
specific homeostatic mechanism. For example, respiratory
system, renal system, blood and digestive system participate
in acid-base balance.

FACTORS OF THE INTERNAL
ENVIRONMENT TO BE MAINTAINED
HOMEOSTATICALLY

The following factors of the internal environment are main-

tained within a physiological range by the above body systems.

® Concentration of nutrients, like glucose, amino acids,
fatty acids, etc.
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Ve N

Deviation ( Correction
Sensor Effector )
\ ~ Control /

. center

FIGURE 7.2: Components of homeostatic system

*  Concentrations of O, and CO,.

®  Concentration of waste metabolic products, like urea,
uric acid, creatinine, etc.

®  The pH of the body fluids.

® Body water level and concentration of electrolyte, like
Na*, K, ClI', HCO,, etc.

®  The body temperature.

®  Extracellular fluid volume and blood pressure.

I RECALL Discuss the significance of homeostasis.

COMPONENTS OF HOMEOSTATIC
SYSTEM

The homeostatic system is a self-regulating mechanism that
occurs in a cyclical pattern (Fig. 7.2). This includes:

Sensors: These recognize any deviation from normal level of a
physiological parameter and feed to control center.

Control center: This receives the information about variation
in the physiological parameter from sensors and activates
effector system.

Effector: This receives the information from control center
and corrects the deviation. Nervous system corrects the
deviation rapidly while the chemical system takes a long time
for correction.

HOMEOSTATIC REGULATORY
MECHANISMS

The homeostatic mechanism in the body is responsible for
maintaining the normalcy of various body systems. Whenever
there is any change in the behavioral pattern of any system,
the effectors bring back the normalcy either by inhibiting and
reversing the change or by supporting and accelerating the
change depending on the requirement of the situation. This
is achieved by: (a) Feedback system and (b) Feed forward
mechanism.
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Feedback Systems ~ Normal cortisol
levels

A

Feedback systems are processes in which part of the output

signal of a system is fed back to the input signal to control the
v

behavior pattern of the system. The final response is either in

the opposite or the same direction as that of the initiating |_{Cortisel ~ TCOI’USO|“S ecretion
stimulus.

Two types of feedback mechanisms operate to maintain v
the normalcy of a system. These are discussed as follows: ( Stimulationof Stmulatesicoriizol

ACTH secretion from —— secretion from

Negative Feedback [ | Srteterpitulfan | - adrenal cortex
Negative feedback is the one to which the system reacts in :
such a way as to arrest the change or reverse the direction of | NO"'::\'I;OS"“”' le
the change. The final response is just opposite to the initiating :
stimulus. It opposes the initial change and restores it to within 1
the normal range. Many homeostatic mechanisms in the body
function through negative feedback. _ TCortisol ~ |Cortisol
Example 1: Adrenocorticotrophin hormone (ACTH) and
cortisol secretion: ACTH released from the anterior pituitary
gland stimulates cortisol secretion from adrenal cortex. The " Inhibition of ACTH Inhibition of cortisol
increase in blood cortisol levels inhibits secretion of ACTH secretion from — secretion from
from anterior pituitary gland so that cortisol secretion from | | ggruitary ) adrenal cortex

the adrenal cortex decreases. On the other hand, low cortisol FIGURES 7.3A AND B: Regulation of cortisol levels
levels induce the pituitary gland to secrete ACTH. This
ACTH then stimulates cortisol secretion to normal levels

(Figs 7.3A and B). Decrease in ECF volume

Example 2: Regulation of extracellular fluid volume

e  When extracellular fluid (ECF) volume falls below v v
normal, it stimulates antidiuretic hormone secretion and Increase ADH [ Skt e
thirst center. Water reabsorption from kidney and oral _ secretion ~ of thirst center
intake of water restore ECF volume to normal levels. l i

®  When ECF volume increases above normal levels, {m\ [ 4 oraiinaks
antidiuretic hormone secretion and thirst center are from kidney | ‘ of water ‘
inhibited. Water is not absorbed from the kidney and at 4 [ —|7
the same time oral water intake decreases. Excess water |
is excreted into urine. This restores the ECF volume to A "~ NBPWPECGE volume restored
normal level (Figs 7.4A and B). ‘

Other examples: _ Increased ECF volume

® Regulation of blood calcium ‘

®  Regulation of body temperature h v

®  Regulation of blood pH Less ADH ‘ Thirst center

®  Regulation of blood pressure and blood volume (_ segrsfion L Ll

Therefore, negative feedback can restore the normal state, but l l

cannot prevent the initial disturbance. "m\ "’W\“

into urine of water |

Positive Feedback o I
Positive feedback is the one to which the system reacts in such |

a way as to increase the intensity of the change in the same B ~ ECF volume restored

direction. It amplifies the initial change in the same direction

as that of initiating stimulus till the final response is stabilized.

FIGURES 7.4A AND B: Regulation of extracellular fluid volume



FSH secretion ——— Set'snglaéis
from anterior | | 9
pituitary secretion
from ovary

Release of / Stimulates LH
ovum from [ secretion from

graafian follicle | | anterior pituitary
(ovulation) —— gland

\\

FIGURE 7.5: Ovulation-physiological positive feedback
Abbreviations: FSH, follicle stimulating hormone; LH, luteinizing hormone

Positive feedback systems are less common and occur in both
physiological and pathological states.

Physiological positive feedback: This is very useful in
life processes, e.g., (i) Ovulation, (ii) Parturition, (iii) Clotting
of blood, (iv) Depolarization and repolarization in a nerve
cell.

Follicle stimulating hormone (FSH) is secreted by anterior
pituitary. This stimulates secretion of estrogen from the ovary.
The increased blood estrogen levels stimulate luteinizing
hormone (LH) surge. This LH surge triggers release of ovum
from the graafian follicle. This is a useful physiological process
for the perpetuation of the species (Fig. 7.5).

Pathological positive feedback: A pathological positive
feedback can cause death of the organism when there is severe
hemorrhage, e.g., shock or death due to hemorrhage.

Hence, negative feedback is always concerned with maintenance
of homeostasis. Some positive feedback mechanisms disturb
homeostasis and cause disease or death.

Feed Forward Mechanism

Feed forward mechanism is another type of regulatory
process used along with negative feedback systems. This
initiates responses in anticipation of a change, e.g., the
regulation of body temperature (Fig. 7.6) in response to
change in environmental temperature.
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' Brain center

T Efferent pathway |

; Afferent pathway |

- Stimulation of ) ‘ Vaso- | Contraction
) temperature constriction of skeletal
@ ocrtors | ensitive ‘ muscle
S nerve endings \ l
; | |Body 1 [ tHeat
Srtrlrmulus /" temperature {Heat loss production
" Response

FIGURE 7.6: Feed forward mechanism

The temperature sensitive nerve cells are present inside
the body and in the skin. When body temperature begins to
fall, these nerve cells respond and initiate negative feedback
regulation of body temperature.

When the outside temperature falls, the nerve cells
immediately detect the change and relay the information
to the brain, which then sends out signals to the blood
vessels and muscles, resulting in heat conservation and
increased heat production. In this manner, compensatory
thermoregulatory responses are activated before the cold
temperature of outside environment can cause the internal
body temperature to fall.

Importance

When the body homeostasis is disturbed due to failure of the
homeostatic regulating mechanisms, disease develops.

Disease: It is a pathological process in which a part or the

whole body is not performing its normal functions.

Homeostatic mechanisms may fail due to:

®  Congenital metabolic disorders

®  Aging of the organism

®  Environmental factors (UV radiation, chemical pollutants,
etc.)

®  Abnormal number and type of chromosomes

Preventive and curative methods are employed to restore

homeostasis.

I RECALL Discuss the mechanism and significance of homeostasis.
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Self-Assessment/Review Questions

Write the functions of the intercellular junctions.

2. What is secondary active transport? Give an example.

wn

7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

What is its clinical application?

. Briefly write about endocytosis, exocytosis and

phagocytosis with examples.

. Name the fluid compartments. Write about the

determination of any one of them.

. What is the ionic composition of ECF and ICF?
. What is meant by homeostasis? Mention the basic

mechanisms that maintain homeostasis with examples.
What are the functions of Na-K ATPase?
Write briefly about intercellular communication.

Differentiate between resting membrane potential and
action potential.

Define gap junctions and their functions.

What is an active transport?

Define osmosis.

Write short note on endoplasmic reticulum.

What are structure and function of cell membrane?
Define fastening junctions.

Define cotransport.

What is carrier-mediated transport?

LONG ANSWER QUESTIONS

1.

What is the principle underlying the measurement
of body fluid compartments? Classify the body fluid
compartments and give their normal values.

A person with severe diarrhea develops dehydration.
What is the effect of dehydration on blood pH and
other components? How will you manage?

Which of the body fluid compartments gets expanded
in generalized edema? List any two causes of edema.
Explain the reason for generalized edema in hypo-
proteinemia.

Of the two types of edema, intracellular and extracellular,
which one is more dangerous? Give your reasons.

1.

SHORT ANSWER QUESTIONS CLINICAL CASE-BASED QUESTION

1.

Mrs Nirmala is a 40-year-old teacher. She was suffering
from severe diarrhea for the last 5 days, the stools were
watery and copious. She also complained of shortness
of breath and fatigue set since morning.

Lab report:

1. Fasting blood sugar 100 mg/dL
2. pH 7.24

3. PaCoO, 30 mm Hg
4. Na* 134n, Eq/L
5. Cl 106 mEq/L
6. HCO, 15 mEq/L

7. K* 4.2 mEqg/L

a. Explain the lab findings.

What is the condition that the person is suffering
from?

What is the cause of your clinical diagnosis?

How can you treat this case?

What is the effect on her body fluids?

What is the effect of this on urine output?

S

~ean

MULTIPLE CHOICE QUESTIONS

1.

Oral rehydration therapy utilizes one of the follow-
ing mechanisms for rapid restoration of body fluids
level:

a. Cotransport
c. Diffusion

b. Filtration

d. Endocytosis

Gap junctions are present in one of the following
tissues:

a. Skeletal muscle
c. Cardiac muscle

b. Neurons

d. Epithelial tissue

The normal ECF value of a 70 kg person:

a. 10L b. 14L

c. 28L d 2L

Resting membrane potential develops mainly due
to:

a. Kt efflux
c. Cattinflux

b. ClI-influx
d. Na* efflux

ANSWER KEY TO MCQs

4, a




10.

11.

12.

13.

14.

15.

5.

Decrease in colloidal osmotic pressure leads to:
a. Dehydration

b. Edema

¢. No change in the body fluid

d. Acidosis

Isotonic fluids should contain:

a. 290 mOsm/L b. 350 mOsm/L

c. 10 mOsm/L d. 400 mOsm/L
Aquaporin channels transport mainly:
a. HO b. Na*

c. Cat* d. Glucose

Genetic material is present in another organelle
apart from nucleus:
a. Centrosome
c. Mitochondria

b. Lysozome
d. Golgiapparatus

Water moves from the capillary into the interstitial
space mainly by:
a. Osmosis
c. Filtration

b. Active transport
d. Solventdrag

Na*, K* gradient across the membrane is mainly
maintained by:

a. Na*-Ca* pump b. Na*™-K* pump

c. H™-K* pump d. Na* pump

One of the following specifically blocks the Na*
channel:

a. Alpha bungarotoxin

b. Tetrodotoxin

c. Tetraethylammonium

d. Eserine

One of the following is not a second messenger:
a. NO c. IP,
b. cGMP d. cAMP

Microfilaments are made up of:
a. Calmodulin c. Actin
b. Myosin d. Titin

Peroxisomes of cells have one of the following as

their function:

a. Digestion of engulfed bacteria with the help of
lysosomes

b. Breakdown of long chain fatty acid and detoxifica-
tion

c. Steroid synthesis

d. Transport of proteins

Resting membrane potential will be greater in:

Larger diameter fiber

. Small diameter fiber

2

16.

17.

18.

19.

20.

21.

22,

23.

24.

Self-Assessment/Review Questions 65

Na-K pump contribution to RMP in excitable tissue
is:

a. 4mV b. 15mV

c. 60 mV d. 10 mV

A fall in ECF K* concentration would cause:
a. Decrease in membrane potential

b. Hyperpolarization

¢. Increase Na* influx into the cell

d. None of the above

Depolarization current in nerve fiber is brought
about by:

a. K efflux c. Na* efflux

b. Na*influx d. K*influx

Depolarization current in smooth muscle is brought
about by:

a. Na*influx

c. Ktinflux

b. Ca™ influx

d. CIinflux

The prepotential of cardiac SA nodal cells is caused
by:

a. Decreased K* efflux and Ca** influx

b. Increased K* efflux and Ca** influx

c. Decreased Na* influx and K* efflux

d. K*efflux alone

Plateau phase of plateau type of action potential is
mainly caused by:

a. Sustained K* efflux

¢. Natinflux

b. Ca*influx

d. Na*-K* pump

Lysosomes of a cell are concerned with all of the
following; except:

a. Protein synthesis

c. Autolysis of the cell

b. Intracellular digestion

d. Inflammation

The part of action potential that coincides with
absolute refractory period is:

a. Depolarization

c. Depolarization and 1/3 of repolarization

b. Hyperpolarization

d. Afterdepolarization

One of the undermentioned potentials is propagat-
ing and follows all-or-none law:

b
c. Both of them a. EPSP c. IPSP
d. None of the above b. Action potential d. MEPP
ANSWER KEY TO MCQs
b 6. a 7. a 8. ¢ 9. ¢ 10. b 11. b 12. a 13. ¢ 14. b
a 16. a 17. b 18. b 19. b 20. a 21. b 22. a 23. ¢ 24. b

15.
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25. With regard to homeostasis all but one is true:

a. There is a sensor sensitive to the controlled
variable

b. Positive feedback is important

c. The measured value of the controlled variable is
compared with a reference value

d. The controlled variable tends to oscillate around a
mean value known as the set point

26. The following statements are true about plasma

membrane; except:

a. Consists of bilayer of phospholipids
b. Contains glycoproteins

c. Isreadily permeable to water

d. Isreadily permeable to ions

27. All but one of the following statements are true

with regard to osmosis across the plasma lemma:

a. Water moves up from a lower to a higher solute
gradient

b. Cells swell in the hypotonic solutions

c. Proteins are the most important osmotically active
solutes in the ECF

d. Increased intracellular hydrostatic pressure would
help to oppose osmotic swelling

28. One of the following statements is not true about

G-proteins:

a. They bind to GDP when activated by agonist
receptor complexes

b. Consists of three main subunits

c. May activate membrane-bound enzymes leading
to second messenger production

d. Split off the a-subunit when active

29.

30.

31.

32.

One of the following statements is not true with

regard to action potential:

a. Itis a graded potential

b. Itis conducted over the surface of the excited cell

c. ltis produced by threshold stimulus

d. It is associated with a repolarization phase caused
by outward movement of K* ions

Depolarization in an excitable tissue may be due to

the following factors; except:

a. Na*influx

b. Ca*influx

c. Associated with increased membrane permeability
to Na* in nerves and striated muscle

d. K*influx

One of the following is not true in relation to

membrane bound receptors:

a. Bind to the agonist receptor according to the law of
mass action

b. Sometimes structurally integrated into ligand-
gated ion channels (LGICs)

c. For Ach they are called nicotinic and muscarinic
receptors

d. Consist largely of carbohydrate

With regard to intercellular junctions one of the

following is not true:

a. Tightjunctions help limit the epithelial permeability

b. Gap junctions are regions where cells are more
widely spaced than normal

c. Syncytial nature of tissue is dependent on gap
junction

d. Desmosomes promote the transmission of tension
from cell to cell

ANSWER KEY TO MCQs
25. b

26. d 27. c 28. a 29. a

30.

d 31. d 32. b




Rapid Review Questions and Answers

What is a cell?

Ans. Cell is defined as structural and functional unit of
an organism.

Mention the main components of a cell.

Ans. The main components of a cell are:

= Nucleus
®  Cell membrane and
= Cytoplasm.

Name the organelles present in the cytoplasm of a

typical mammalian cell.

Ans.

= Endoplasmic reticulum

= Mitochondria

= Golgi apparatus

= Centrosome

®  Lysosomes

®  Peroxisomes

= Ribosomes

What are the functions of endoplasmic reticulum?

Ans.

m  [tis of two types: Granular and smooth endoplasmic
reticulum. Granular endoplasmic reticulum produc-
es protein substances. Smooth endoplasmic reticu-
lum produces steroid substances. The proteins and
steroids are packed into membrane bound granules
which are emptied into the golgi apparatus.

®  Inmuscles, itis concerned with the calcium dynamics.

What are the functions of mitochondria?

Ans.

®  The sausage-shaped mitochondria vary in numbers
depending on the activity of a cell.

®  They mainly participate in the production of ATP
during aerobic metabolism.

What are the functions of Golgi apparatus?

Ans.

= Golgi apparatus resembles that of dinner plates
arranged one above the other.

m  This accepts the various substances synthesized by
the endoplasmic reticulum and packs them into
membrane bound vesicles like, secretory granules,
lysosomes, peroxisomes.

10.

11.

What are the functions of centrosome?
Ans.
= Participates in cell division by forming spindles.
= Responsible for the production of microtubules.
What are the functions of lysosomes/lysozymes?
Ans. Lysosomes contain a variety of hydrolytic enzymes
called Lysozymes.
= Participate in cell digestion.
= Participate in removing old senile organelles.
®  Destruction of pathogens during phagocytosis.
m  Called suicidal bags as they cause autolysis of the cell.
What are the functions of peroxisomes?
Ans. Participate in detoxification and neutralization of
oxidative radicals.
What are the functions of ribosomes?
Ans.
= Ribosomes are made up of RNA and proteins.
m  They are concerned with synthesis of proteins.
What are the functions of nucleus?
Ans.
= Nucleus is the chief controlling organelle of the cell
that controls all the cellular activities.
= It contains chromosomes that contain genes.
= The genes are made up of deoxyribonucleic acid
(DNA).
®  Genes control the hereditary characteristics of a
given organism.
®  There are two types of nucleic acids: Ribonucleic
acid (RNA) and Deoxyribonucleic acid (DNA)
m  RNA = base + ribose + phosphate
There are three types of RNA:
1. Messenger RNA (mRNA)
2. Transfer RNA (tRNA)
3. Ribosomal RNA (rRNA)
These are concerned with protein synthesis.
®  DNA = base + deoxyribose + phosphate
O It consists of two chains of nucleotides, which
form a double helix. The two chains are held
together by hydrogen bonds.
O The genetic information is transferred from
DNA to RNA, which participates in the
synthesis of specific proteins.
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12.

13.

14.

15.

16.

17.

18.

Name another organelle that contains DNA apart from

the nucleus.

Ans. Mitochondria contains DNA that helps its own

synthesis of protein and its multiplication.

Write the functions of cytoskeleton.

Ans. Cytoskeleton consists of three different types of

protein filaments. They are:

i. Microfilaments
ii. Intermediate filaments

iii. Microtubules

Functions

m  Provides support and determines the cell shape.

m  Helps the movement of organelles inside the cell and
the entire cell during phagocytosis.

What are cell adhesion molecules (CAMs)?

Ans. These are proteins by which cells are attached to each

other. These are laminin, integrins, IgG, cadherins and

selectins.

Functions

= Embryonic development and tissue formation

= Inflammation and wound healing

m  Metastasis of tumors

= Holding the tissues together

®  Preventing apoptosis

What is the latest concept about structure of cell

membrane?

Ans. The cell membrane is considered a fluid mosaic.

(Singer and Nicholson, 1972)

What are the advantages of the membrane fluidity?

Ans.

®  Enables the movement of membrane components
that help the cell movement, growth, cell division,
cell secretion, endocytosis and formation of cell
junctions.

= Allows the continuous change in the position of
membrane components.

m  Helps in self-sealing, if torn.

Which components are responsible for fluid states of

the cell membrane?

Ans. Fatty acid tails and cholesterol are responsible for

the fluid states of the membrane.

What are cell nembrane proteins? Give their functions.

Ans.

= Intrinsic proteins: Usually serve as enzymes.

®  Extrinsic proteins: Usually contribute to cytoskeleton
and also serve as adhesion molecules.

= Transmembrane proteins: These serve as receptors,
ion channels, carriers, pumps and enzymes-These
are called integral proteins.

19.

20.

21.

2.

23.

What are the components of cell membrane? Mention
their functions.

Ans. The components of cell membrane are: 1. Choles-
terol, 2. Phospholipids, 3. Carbohydrates and 4. Proteins.

m  Lipids form a selective barrier between cytosol and
external environment.

= Carbohydrates join with lipids and form glycolipids.

= Carbohydrates join with proteins and form
glycoproteins.

= Glycolipids and glycoproteins have role in:
O Structural stability
O Cell recognition (antigen)
O Participate in transport

immune responses.

What are the functions of the cell membrane?

Ans.

= Forms a protective boundary for the cell organelles.

= Controls diffusion of electrolytes and various other
substances.

mechanisms and

= Participates in the genesis of biopotentials.

= Provides surface contact for hormones, drugs and
enzymes.

= Links adjacent cell by intercellular junctions.

What do you mean by selective permeability of the cell

membrane?

Ans. Cell membranes allow free passage of nonpolar

uncharged lipid soluble molecules (O,, CO,, N,, steroids,

etc.) while polar, charged water soluble molecules (ions,

glucose, urea, etc.) penetrate the membrane slowly

utilizing channels or carriers.

What is the advantage of selective permeability of the

cell membrane?

Ans. This helps to maintain an electrochemical gradient

across the cell membrane. This, in turn, is responsible for

the development of membrane potential.

Name the intercellular junctions and their functions.

Ans. The intercellular junctions are: Desmosome;

Tight junction; Gap junction.

Desmosomes act like rivets or spot welds between the

cells and provide a strong union between them. It is

formed by cadherin and is present in skin, myocardium,

etc.

Tight junctions provide a strong union between the

cells and are formed by claudins. They participate in the

formation of blood-brain barrier, blood-testis barrier.

These junctions provide strength and stability to the tissue.

Gap junctions are communicating junctions contributed

by connexon protein channels. These permit free passage

of ions, sugars, amino acids with less than 1000 molecular

weight between the cells and are present in cardiac

muscle, smooth muscle, layers of myelin sheath, etc.



24. What is apoptosis?

Ans.

m  Apoptosis is a natural or programmed death of the
cell under the genetic control.

m It is initiated by infections, death receptor ligands
(caspases) drugs, X-rays, free radicals, etc.
O Useful for sex differentiation
0 Cyclical degeneration and regeneration of body

tissue (Endometrial cycle)

= Abnormal apoptosis may lead to autoimmune

diseases, hemolytic anemia, cancers, etc.

25. What is the difference between passive and active

transport processes?
Ans. Passive transport does not require energy and active
transport is dependent on energy (ATP).

26a.What are the different transport mechanisms which

transport substances through the cell membrane?
Ans. Transport mechanism:

Transport mechanism

|
v v In

Passive Active Vesicular
transport transport transport
1. Phagocytosis
2. Pinocytosis
usion ‘ Facilitated 3. Exocytosis
diffusion

Primary
active transport

Secondary
| active transport

y

Cotransporti I

7Symport \ Antiporti

26b.What are the ion channels? Give examples.

Ans. Ton channels are made up of proteins through which

water soluble ions move across the membrane. The ion

channels are:

= Leakage channels: Function under resting state. Na*
and K* pass through these channels.

®  Voltage-gated channels: Separate channels are
present for Na* and K* ions. Na* channel opens when
the voltage drops by 15-20 mV. K* channel opens
when the voltage across the membrane reaches above
‘O’ mV.

= Chemically-gated channels: These are present at the
NM Junction (on the motor end plate).

m  Mechanically-gated channels: Touch or pressure
opens up these channels present on the sensory
receptors.
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= Osmotically active channels are present in the
hypothalamus.

= Thermosensitive channels are present in the
thermoreceptors.

26¢. What is diffusion? Mention the factors that influence

27.

28.

29.

30.

31.

diffusion of a given substance.

Ans. Substances pass through the membrane along the

electrochemical gradient due to the kinetic energy of the

continuously moving particles.

Factors that influence diffusion are:

= Concentration gradient

®  Temperature

= Lipid solubility

m  Surface area of the membrane

There is a direct relation between these factors and rate of

diffusion.

= Thickness of the membrane.

= Molecular size is inversely related to the rate of
diffusion.

Differentiate between simple diffusion and facilitated

diffusion.

Ans. Simple diffusion takes place along the electro-

chemical gradient passively by the kinetic energy of dis-

solved particles, e.g., diffusion of molecules through the
membrane.

Facilitated diffusion is carried out with the help of carrier

protein, e.g., glucose transport into the RBC and muscles.

(GLUT-4). It exhibits saturation.

What is non-ionic diffusion?

Ans. Sometime, an undissociated substance diffuse from

one side of the membrane to the other side and then

dissociates. This is called non-ionic diffusion. It is seen in

GIT and kidneys.

What are channels?

Ans. Channels are transmembrane proteins that allow dift-

usion of water soluble substances, e.g., Na or K channel.

What are channelopathies?

Ans. Channelopathies are the diseases affecting the

protein channels due to genetic mutation. Disease,

like myotonia or periodic paralysis may develop due to
channelopathies.

What is osmosis?

Ans.

m  Passive flow of solvent through a semipermeable
membrane from lower solute concentration to a
higher concentration of solute.

m  The pressure required to prevent the movement of
solvent from lower to higher concentrated region
through semipermeable membrane is called osmotic
pressure.

= The osmotic pressure of a given solution is called
osmolality or osmolarity.
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32.

33.

34.

35.

36.

37.

38.

39.
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= The osmolality of a given solution is measured by
milliosmoles (mOsm).

= Normal osmolality of human plasma is 290 mOsm/L.

Give relative contribution of various plasma compo-

nents of osmolality of normal human plasma.

Ans.

¢ Crystalloids like Na* and its associated ions 270 mOsm/L
* Plasma proteins 2 mOsm/L
e Other substances 5 mOsm/L

What is colloidal osmotic pressure?

Ans. Colloidal osmotic pressure also called oncotic

pressure, is expressed in mm Hg. Colloidal osmotic

pressure of plasma proteins is 25 mm Hg (<2 mOsm/L).

What is the importance of colloidal osmotic pressure?

Ans. Colloidal osmotic pressure prevents the accumula-

tion of fluid in the interstitial space (prevents edema).

What is tonicity?

Ans. The osmolality of a solution relative to plasma is

called tonicity.

What is an isotonic fluid? What is its clinical

significance?

Ans. Solutions that have the same osmolality as plasma

are called isotonic fluids, e.g., 0.9% NaCl, 5% glucose.

Isotonic solutions are given clinically to restore the blood

volume in hemorrhage and tonicity and volume of ECF

in dehydration.

What is hyperosmolar coma?

Ans. Hyperosmolality due to Na* or glucose can cause

coma by causing water outflow from the cells, i.e., cellular

dehydration.

How does primary active transport differ from second-

ary active transport?

®  Primary active transport uses energy directly from
ATP hydrolysis, e.g., Na*-K* pump, Ca** pump, etc.

m  Secondary active transport indirectly uses energy
from ATP hydrolysis. This uses potential energy
generated by concentration gradient, which depends
on ATP. Seen in GIT. Glucose is absorbed in the
presence of Na* by the renal tubules.

What are the features of Na*-K* pump?

Ans.

®  Jtis present in all the cell membranes.

= This is the main contributor to basal metabolic rate.

= ]t maintains ionic concentration gradient across

the membrane, which is the basis for the resting

membrane potential.

It helps in passive absorption of HCO, and H,O.

It regulates the cell volume.

Activated by thyroid, insulin, aldosterone hormones.

Inhibited by hypoxia, metabolic poisons, digitalis

and low temperature.

40.

41.

42.

43.

44.

What is vesicular transport?

Ans. Some large molecular substances which cannot
diffuse or pass through the protein channels are either
taken in (endocytosis) or taken out of the cell (exocy-
tosis). This is carried out by membrane bound vesicles.
This type of transport is called vesicular transport, e.g.,
(i) Phagocytosis; (ii) Pinocytosis; (iii) Exocytosis (cell

vomiting).

= Disease causing pathogens are taken in by
phagocytosis.

m  Water soluble immunoglobulins (IGS) are taken in
by pinocytosis.

= Hormones, enzymes, etc., are released by exocytosis.

What is ‘G’ protein?

Ans. ‘G’ proteins are membrane-bound regulatory pro-

teins that influence the formation of second messengers,

which help in cellular activities.

= The second messengers include: (i) Cyclic AMP,
(ii) IP3 and DAG.

m  These also influence ionic channels and gene
transcription.

Define homeostasis.

Ans. Maintenance of a constant internal environment

is called homeostasis. Volume, electrolyte composition,

pH and temperature of ECF is regulated. The word

homeostasis is given by Cannon and ‘milieu interieur’ is

given by Claude Bernard.

How is homeostasis regulated?

Ans. It is regulated by feedback mechanisms:

m  Negative feedback mechanism

®  DPositive feedback mechanism

Negative feedback mechanism: This reacts in such a

way as to arrest the change or reverse the direction of

the change with the final response just opposite to the

initiating stimulus, e.g., regulation of BP.

TBP - | BP

4 BP - T BP
Positive feedback mechanism: This amplifies the initial
change in the same direction as that of initiating stimulus
till the final response is obtained, e.g., (i) Ovulation;
(ii) Clotting of blood.
Differentiate diffusion from osmosis.
Ans.

Diffusion Osmosis

e Both solids and liquids
diffuse through the
permeable membrane

Only solvent diffuse through
semipermeable membrane

e Molecules pass from
higher to lower
concentration till
equilibrium is established

Solvent molecules pass
through the semipermeable
membrane from lower to
higher till osmotic pressure
gradients disappear.
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46.

47

48.

49.

50.

51.

. What is transcellular fluid?

Ans. Fluid present in the spaces lined by epithelium is
referred to as the transcellular fluid, e.g., CSF, synovial,
peritoneal, pleural, ocular and pericardial fluids.

Name the different compartments of total body water
and their normal values.

Ans. Total body water

Today body water
(60% of body weight)

]
v - {

ECFV ICF
(20% of body weight) (40% of body weight)

|
T

/ Plasma " Interstitial and |
(25% of ECF)

transcellular fluid
(75% of ECF) |

. How do you measure total body water and ECFV?
Ans. To measure total body water substances that
penetrate all compartments of body fluid volumes are
used. For example, deuterium oxide, aminopyrine.
Measured by indicator dilution principle.

Amount D,0O injected —
Amount excreted

Total body water = — - -
Final concentration attained

= ECFV can be determined by using substances
that remain in ECF. For example, insulin, sucrose,
mannitol, etc.

Name some conditions that lead to dehydration.

Ans.

= Diarrhea ®  Addison disease
= Severe vomiting = Diabetes mellitus
= Burns

Name some conditions that are associated with edema.
Ans.
= Malnutrition (L{COP)
= Nephrotic syndrome
®  Heart failure
= Lymphatic obstruction
Why dehydration develops rapidly in infants and in
children than adults?
Ans. The ECFV/ICFV ratio is larger in infants and
children than in adults, but the absolute ECFV in children
is smaller than in adults.
Define pH. Mention normal blood pH.
Ans. pH is defined as the negative log of H* ion concen-
tration.

pH = -Log,  (H")

Normal blood pH ranges 7.35-7.45.

S52%

53.

54.

55.

56.

57.

58.

59.
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What are the major ions of ECF and ICF?
Ans.

ECF ICF

Na* K*

cr PO,
HCO; Mg~
Ca* Protein

What is the blood pH compatible to life?

Ans. The pH compatible to life is 7.7-6.9 clinically blood
PH <7.35 is called acidosis and blood pH >7.45 is called
alkalosis.

What are buffers?

Ans. Buffers are substances that prevent a change in pH
either by taking extra H* or donating a free H* to the
solution. For example, Hb proteins act as buffers.

When is the buffering capacity of a system greatest?
Ans. When the amount of anion (A") is equal to the
amount of undissociated acid (HA), i.e., when [A~]/[HA]
is equal to one.

Substances with PK close to pH are effective buffers.
What is a mole and molar solution?

Ans. When one gram equivalent weight of substance
dissolved in one liter of solution is called one molar
solution. One molar (gm equivalent) of any substance
gives the same number of molecules, i.e., 6.023 x 1023
molecules.

What is an osmole and milliosmole?

Ans. One gram molecular weight of non-ionisable
substance dissolved in one liter of solution gives an
osmotic pressure of one osmole. The unit for the osmotic
pressure is osmole. One thousandth of an osmole is called
milliosmole.

What is equilibrium potential? Mention the normal
values for each ion.

Ans. It is the membrane potential at which the electrical
and concentration forces of an anion are equal so that
there will not be any further net movement of that ion
across the membrane.

For example, in neurons - equilibrium potential.

1. ENa* - +65mV
2. EK* - -94mV
3. ECI- - -70mV

Name the membrane potentials.

Ans. The membrane potentials also called bioelectric
potentials are:

®  Resting Membrane Potential (RMP)

®  Graded Potential or Local Potential
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60.

61.

62.

63.

64.

65.

= Action Potential (AP)
= Summated Potentials.
What is resting membrane potential (RMP)?
Ans. The potential difference across the membrane at
rest is called resting membrane potential. It is also called
transmembrane potential. It varies from -10 to -100 mV.
Negative number potential indicates negative inside
compared to outside.
What factors determine RMP?
Ans.
= Jtis mainly decided by the K* ion efflux because of:
O Its high concentration gradient.
O High membrane permeability and
O Non-permeability to PO and proteins. The
EK (potassium equilibrium potential) is almost
close to the RMP.
= [Insignificant Na* in flux.
= Na*-K* Pump (3:2 ratio).
= Cl and Ca** play insignificant roles.
®  Gibbs-Donnan equilibrium also has insignificant role.
What is Nernst equation?
Ans. Nernst equation helps to find out equilibrium
potential for a given ion or it gives information about
the contribution by a specific ion movement across the
membrane to RMP.
RT C
—1In

out

Nernst equation - E. =
i ZFQ@

E = Equilibrium potential, R = gas constant

T = Absolute temperature, z = valency of the ion

F = Faraday constant, In = log symbol

C, and C_ = concentration of ion inside and outside.

What is GHK equation (Goldman, Huxley and Katz)?
What is its significance?

Ans. GHK equation explains the role of Na*, K* and Cl-
ions in the genesis of RMP. This is based on:

m  Polarity of the ions;

= Concentration gradient;

= Permeability of the membrane for the ion.

What is graded potential?

Ans. It is a local potential that develops in the tissue or
cell and is a response to a subthreshold stimulus.

For exmaple:

®  Generator potential

= Motor and plate potential

®  Electrotonic potentials

Define action potential (AP).

Ans. The sequence of changes that appear in the mem-
brane potential following excitation. It consists of:

= Depolarization

®  Repolarization and

= After hyperpolarization

66.

67.

68.

69.

70.

How does an action potential develop?

Ans. It may develop by either:

®  Na'influx (Nerve fiber)

®  Blockage of K* channel (Islets of Langerhans) or

m  Ca™ influx (Smooth muscle)

Name the properties of action potential.

Ans.

®  Threshold stimulus

= All or none response

m  Refractory period

= Conductivity

Threshold stimulus: A strength of stimulus that causes

an AP.

All or none response: AP is generated to its fullest level

when a stimulus above threshold applied irrespective

of its strength. With subthreshold strength no AP is

generated.

Refractory period: It is the period of response to the

first stimulus during which an action potential fails to

develop to a second stimulus. Usually, it coincides with

the duration of spike potential.

Basis: The basis for refractory period is that the inactivated

Na* channels cannot be reactivated until repolarization is

partly completed. AP bestows RP to an excitable tissue.

Types of refractory period:

= Absolute Refractory Period (ARP): It is the period
of response to the first stimulus during which AP
fails to appear even to the strongest second stimulus.
It corresponds to the entire depolarization and 1/3rd
repolarization of an AP.

= Relative Refractory Period: It is the period of
response to the first stimulus during which a second
stronger stimulus can elicit an AP. It corresponds to
the later 2/3rd of repolarization.

Conductivity: Action potential gets conducted along an

excitable tissue due to spread of depolarization. AP is a

self-propagating potential.

= Summation: AP cannot be summated.

= Relation between frequency and stimulus strength:
The frequency of APs is directly proportional to the
strength of the stimulus.

What are the strength duration curves (S-D curves)?

Ans. A curve showing a relation between strength and

duration of stimulus is called S-D curves. These are

utilized to study the excitability of a tissue.

Define Rheobase.

Ans. Rheobase is the minimum strength of stimulus

applied for an adequate time to cause excitation of tissue.

What is utilization time?

Ans. The duration during which the rheobase strength of

stimulus should be applied to cause excitation.



71. What is chronaxie? Give its significance.

Ans. It is the shortest duration during which double the
rheobase strength of stimulus and should be applied to
cause excitation.

Significance: It gives an idea about the excitability of a
tissue.

There is an inverse relation between chronaxie and
excitability. It is also utilized to compare excitability of
different tissues.

72. Differentiate graded potential from action potential.

Graded potential Action potential

Propagating types of
potential

¢ Local nonpropagating
potential

e Graded response and can be It cannot be summated

summated

e Does not follow all or none Follows all or none law

law

It exhibits refractory
period

¢ |t has no refractory period

It is a response to thresh-
old stimulus and above

e |tis aresponse to
subthreshold stimulus
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RAPID REVIEW POINTS

Na*-K* pump—Primary active transport ratio—3:2
(Na:K) major contributor to BMR.

Homeostasis maintained mainly by negative feedback
mechanism.

Body water level is 60% of body weight with ECF and ICF
ratio—20%:40%.

Infant and children suffer from dehydration rapidly due
to high ECF/ICF ratio.

Compatible range of body fluid pH is 7.7-6.9.

Refractory period of tissue limits its rate of response to give
stimuli.

RMP ranges from -10 to -100 mV and is mainly due to
K* efflux.

0.9% of NaCl (isotonic solution) commonly used as a
substitute for blood in hemorrhage and other conditions.
Apoptosis maintains the number of tissue cells within
normal range.
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