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Preface

“Assessment drives learning”

he purpose of assessment is not just to assess

learning but also assist learning. The new CBME
curriculum proposed by the Medical Council of India
(MCI) calls for an outcome-based teaching-learning
approach and transition from just acquisition of
knowledge to application and practice of knowledge.
Assessments need to be designed to suit the newer
teaching-learning methods and to assess if the
required competency has been achieved or not.

The purpose of bringing out this book is to
introduce the I MBBS students to the new format of
questions that is most likely to be asked during the
internal assessment and the university examination
and also equip them to face these exams without fear.
Students can use this book for self-assessment of
learning, preparing for internal assessment and
university examination.

The book has been compiled by group of teachers
who have undergone MCI recognized training in
revised basic medical education technologies and

advanced course in medical education. The questions
in this book have been arranged according to
competencies as listed in the MCI curriculum
document. Various types of questions including
structured long essays, modified essays, short
answers, and multiple choice questions are added.
These questions have been framed according to the
guidelines set by the MCI with appropriate use of
verbs at each level of Bloom’s taxonomy of cognitive
domain. The questions not only assess recall but also
higher levels of learning.

We would like to acknowledge all the people who
are involved in the preparation of this book especially
Shri SK Jain (Chairman), Shri Varun Jain (Managing
Director), Shri YN Arjuna (Vice President——Publishing,
Editorial and Publicity), Ms Ritu Chawla (GM Production),
and Ms Jassi, and of CBS for their all-time support
and bringing out this book in record short time.

We hereby wish all the readers of the book all the
best in their endeavors.

Happy reading!

Sushrutha Academy
sushruthaacademy@protonmail.com
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General Physiology

1.1 DESCRIBE THE STRUCTURE AND FUNCTIONS OF A MAMMALIAN CELL

SHORT ANSWERS

1.

Write the functions of plasma membrane.

e Itis a protective membrane that encloses cell body
e Itis also called cell membrane or plasmalemma.

Functions

1.

Protective function: The cell membrane protects
the cell organelles and cytoplasm from external
substances by forming a mechanical barrier.

. Permeability: Since the plasma membrane is

selectively permeable to some substances and
impermeable to others.

. Exchange of gases: Oxygen and carbon dioxide

can diffuse into and out of the cell through
cell membrane as they are soluble in the cell
membrane.

. Absorption: Some substances are absorbed

through cell membrane, especially nutrients.

. Excretion: Some unwanted excretory wastes are

thrown out of the cell through plasma membrane.

. Maintenance of shape and size of cell: It prevents

water accumulation and maintains cell size
through NAK ATPase channels.

. Which organelle is called suicide bag of the

cell? What type of enzymes does it contain?
And what is its function?

Organelle
* Lysosome is called the suicide bag of the cell.

These are membrane bound vesicles within the
cytoplasm of a cell.

Enzymes

1.

Amylases: They digest carbohydrates

2. Proteases: They digest proteins
3. Lipases: They digest lipids
4. Nucleases: They digest nucleic acids

Functions

1.

Degradation of macromolecules that have been
engulfed by phagocytosis, pinocytosis or endo-
cytosis.

. Degradation of damages organelles is carried out

by lysosome by formation of autophagolysosome.

. Removal of excreted products is done by lyso-

somes.

. Some lysosomes have been found to have secretory

function. Examples are perforin and granzymes
which can destroy microbes, serotonin by mast
cells carry out allergic response and melanin
secretion from melanocytes.

. What are the peculiarities of mitochondrial

DNA?

Mitochondria

* Are called powerhouse of the cell
e [t has an outer membrane which encloses the

cytosol



2

The inner membrane is thrown into numerous
folds which have 5 enzymes required for Krebs
cycle.

Mitochondrial DNA

The matrix of the mitochondria houses the DNA.
Most of the DNA is packed within the nucleus. But
a small portion is enclosed within the mitochondria.
It is around 16,500 Da in mass.

It is inherited from the mother as only nucleus
of the sperm takes part in zygote formation

Competency Based Qs & As in Physiology

and other cell organelles are derived from the
egg.

This DNA is responsible for production of enzymes
that takes part in respiratory cycle and specific for
cells having mitochondria.

Due to its small size and ease to isolate, it has been
a target for genome sequencing projects.

It lacks introns as against DNA in the nucleus.
Also, it has the ability of translation using a single
t-RNA sequence.



General Physiology 3

1.2 DESCRIBE AND DISCUSS THE PRINCIPLES OF HOMEOSTASIS

SHORT ESSAYS

1.

Explain the different feedback mechanisms
operating to maintain homeostasis with
examples.

Homeostasis is a phenomenon of maintenance of
constant internal environment.

Feedback Mechanisms

Any change in pattern of any system activates
sensors

These signals reach a control centre.

The effectors bring about the necessary change by
causing the required action.

. Negative Feedback Mechanism

A change in homeostasis causes to inhibit the
natural activity to bring the change under control
Example: Thyroid hormone regulation

| Increase in serum thyroxine levels (hyperthyroid state) |

v

| Detected by the pituitary gland |

v

| Negative feedback on TSH secretion |

v

| Decrease in TSH secretion |

| Decrease in thyroid levels |

Fig. 1.1

The same holds good for FSH regulation also.
Another example of negative feedback is water
regulation.

Decreased |_ Normal water B Increased
water content content water content

v \ No deviation I / v
Stimulation of No stimulation of

osmoreceptors in Thirst osmoreceptors in
hypothalamus hypothalamus

A 4 A 4

ADH secretion from
posterior pituitary

Decreased
ADH secretion from
posterior pituitary

Increased
Increase

in water
intake

Decrease
in water

intake

!

v

Increased water Decreased
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Fig. 1.2

2. Positive Feedback Mechanism

In this type of feedback, there is increase in the
activity in the same direction.

Examples are blood clotting, labor, milk ejection
reflex.

‘ Baby suckles at the breast |

v

‘ Afferents reach the pituitary |

v

‘ Oxytocin release |

v

‘ Milk ejection from the breast |

v

‘ Baby suckles more |

Fig. 1.3

2. What is milieu intérieur? What are the

mechanisms which help in maintaining fluid
osmolality?

Milieu Intérieur

Milieu intérieur literally means internal environ-
ment.

Claude Bernard, a scientist in the 19th century
explained that multicellular organisms live in a
perfectly organized and coordinated environ-
ment—which he called milieu intérieur.

It is the extracellular fluid which house various
types of cells and contains many nutrients, ions
and various other structures required for
sustenance of cells.

It is further divided as blood and interstitial fluid.

Homeostasis in Maintaining Fluid Osmolarity

.

ADH Mechanism

Hypothalamus plays an important role in detecting
osmolarity of blood through osmoreceptors.
Osmoreceptors sense a variation-decrease or an
increase in osmolarity in the blood.

Increase in blood osmolarity

May be due to water loss or due to inadequate
solutes in blood

When the osmolarity is increased, thirst increases
and the osmoreceptors are stimulated.

Thirst causes the person to drink more water
This causes stimulation of posterior pituitary to
secrete antidiuretic hormone.
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e ADH acts on the distal convoluted tubule to absorb
more water through increased formation of
aquaporin channels and increases water reabsorp-
tion.

e This causes dilution of ECF and decreases in
osmolarity.

Decrease in blood osmolarity

* May be due to water loss or due to inadequate
solutes in blood

* When the osmolarity is increased, thirst increases
and the osmoreceptors are stimulated.

* Thirst causes the person to drink more water

* This causes stimulation of posterior pituitary to
secrete antidiuretic hormone.

* ADH acts on the distal convoluted tubule to absorb
more water through increased formation of
aquaporin channels and increases water reabsorp-
tion.

* This causes dilution of ECF and decreases in
osmolarity.

* The reverse happens in decreased osmolarity.

Decreased |_ Normal water & Increased
water content content water content

v \ No deviation | / v
Stimulation of No stimulation of

osmoreceptors in osmoreceptors in
hypothalamus hypothalamus

v
Increased
ADH secretion from
posterior pituitary

'

\4
Decreased
ADH secretion from
posterior pituitary

Increase
in water
intake

Decrease
in water
intake

\4

Increased water N —_— Decreased
retention by | LR LT water retention
kidneys content by kidneys
Fig. 1.4

2. RAAS Mechanism

* Renin is a hormone secreted by juxtaglomerular
cells.

e It is secreted when there is a decrease in Na*
concentration in the thick ascending limb.
Sympathetic stimulation also causes renin release.

* Most of the actions are produced due to formation
of angiotensin II.

Action on adrenal cortex

* Renin stimulates the adrenal cortex to produce
aldosterone.

e Aldosterone is a mineralocorticoid and increases
sodium retention and thus increases osmolarity.

Action on glomerular apparatus

¢ Itconstricts the afferent arteriole and decreases the
blood flowing into the glomerulus and thus
decreases glomerular filtration. This increases the
ECF volume.

¢ [tleads to contraction of the glomerular mesangial
cells, thereby decreasing the surface area of
glomerulus.

¢ Jtincreases sodium reabsorption from the proximal
tubules.

Action on brain

* Angiotensin II increases water intake by
stimulating the thirst center.

* It increases the release of ADH from posterior
pituitary.

SHORT ANSWERS

1. Explain negative feedback mechanisms with
2 examples.

Feedback Mechanisms

* Any change in pattern of any system activates
sensors.

¢ These signals reach a control centre.

¢ The effectors bring about the necessary change by
causing the required action.

Negative Feedback Mechanisms

* A change in homeostasis causes to inhibit the
natural activity to bring the change under control
* Example: Thyroid hormone regulation

| Increase in serum thyroxine levels (hyperthyroid state) |

v

| Detected by the pituitary gland |

v

| Negative feedback on TSH secretion |

v

| Decrease in TSH secretion |

v

| Decrease in thyroid levels |

Fig. 1.5

* The same holds good for FSH regulation also.
* Another example of negative feedback is water
regulation.
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Decreased |_ Normal water & Increased
water content content water content

v \ No deviation | / v
Stimulation of No stimulation of

osmoreceptors in osmoreceptors in
hypothalamus hypothalamus

\4
Increased
ADH secretion from
posterior pituitary

!

\ 4
Decreased
(BIS9=2E0) | ADH secretion from

in water posterior pituitary
intake

Increase
in water
intake

v

Increased water Decreased
retention by »| Normal water | water retention
kidneys content by kidneys
Fig. 1.6

2. Define homeostasis. Give the examples for
positive feedback mechanisms.

* Homeostasis is a phenomenon of maintenance of
constant internal environment.

Positive Feedback Mechanisms

* In this type of feedback, there is increase in the
activity in the same direction.
* Examples are:

1. Blood clotting

2. Labor

Onset of labor

- Positive feedback
Contraction of uterus |<+7

A 4

Movement of fetus
into cervix

v

Dilatation of cervix

A

Release of oxytocin
from hypothalamus

Transmission of

v

Movement of fetus
through cervix

impulses to
hypothalamus

A

A

Stimulation of
receptors in cervix

from the receptors

Discharge of impulses

1

Injurgntg l;llgggir\]/gssel Stoppage of bleeding
A
v
Formation of
prothrombin activator
+ +
v
Conversion of Conversion of
prothrombin »  fibrinogen
into thrombin into fibrin

Fig. 1.8

3. Milk ejection reflex

| Baby suckles at the breast |

A 4

| Afferents reach the pituitary |

v

| Oxytocin release |

A 4

| Milk ejection from the breast |

Fig. 1.7

A

A

| Baby suckles more |

Fig.

1.9
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1.3 DESCRIBE INTERCELLULAR COMMUNICATION

SHORT ESSAYS

1.

Explain the types of intercellular communi-
cation. Mention one physiological significance
of each.

Types of Intercellular Communication
Also called cell junctions.

1.

Tight Junctions (Fig. 1.10)

Also called zona occludens, it is an intercellular
occluding junction between two cells which does
not allow passage of macromolecules.

Each tight junction consists of one-half ridge from
each cell and the junction occupies the space
between the two cells.

They only allow specific molecules to pass through
it.

Physiological importance

i. Blood-brain barrier: Tight junctions between
capillaries form blood-brain barrier which does
not allow penetration of chemicals across it thus
protects the brain from harmful chemicals
present in the blood.

Jam

Occludin

EOMONo
A

5

Claudin

YA

ii. Gastrointestinal tract: Tight junctions in the
epithelium of the mucosa of the stomach do not
permit entry of substances to be absorbed
excepting a few lipid-soluble substances like
alcohol.

iii. Renal tubular cells

2.

¢ Tightjunctions are present on the luminal side
of the tubular cells which allow Na* ions and
water to diffuse in.

* They are sensitive to ADH and control the
amount of water absorption.

Gap Junctions (Fig. 1.11)

These are intercellular junctions that allow passage
of ions and smaller molecules between two cells.
These are present in the cardiac muscle and basal
epithelium of the gut mucosa.

Physiological significance

a
AR

()

y A
A

()

A

A—A
L

They help in fast conduction of action potential.
As a result, multiple cells with gap junctions
function as a single unit—syncytium. These are
found very commonly in smooth muscles of
viscera like gut, bile ducts, uterus and many blood
vessels.
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Membrane of
adjacent cells

L

Cell membrane

-

Connexins
1 )
) mem—
)
Connexons ll' lIII
_ o
e —) Closed
Open

Extracellular space

Fig. 1.11

The cardiac muscles also are connected by gap
junctions. They act like a syncytium such that
cardiac cells are connect with each other. The heart
is divided into atrial and ventricular syncytium by
a fibrous band. As a result, action potential is
conducted at the same time through all fibers of

atria. Similarly, all muscle fibers of the ventricle
contract together.

¢ Insmooth muscle of the gut, these smooth muscles
are connected with other by gap junctions, length-
wise such that peristalsis waves are conducted
lengthwise.

* Estrogen acts on the uterine muscle to increase in
gap junctions and forms a syncytium. During
parturition, the whole uterus contracts as single
unit.

3. Anchoring Junctions (Fig. 1.12)

* These form connections between actin filaments
of one cell to another, just below tight junctions.

e The proteins responsible for this are called
cadherins.

* Desmosomes are cell-to-cell junction, where
intermediate filaments are held together. There is
thickening of membrane intervening between two
cells.

Physiological significance

* Adherent junctions are present in the intercalated
discs between cardiac muscles. During contrac-
tions the cells are held together tightly.

¢ They are also present in epidermis.

Plasma membranes Cytoskeletal filaments

CELL 2

Extracellular
matrix

Intracellular
anchor proteins

V

Transmembrane
adhesion proteins

Fig. 1.12
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SHORT ANSWERS

1. What are gap junctions? What is its physio-
logical significance?

Gap Junctions

* These are intercellular junctions that allow passage
of ions and smaller molecules between two cells.

* These are present in the cardiac muscle and basal
epithelium of the gut mucosa.

Physiological Significance

* They help in fast conduction of action potential. As
a result, multiple cells with gap junctions function
as a single unit—syncytium. These are found very
commonly in smooth muscles of viscera like gut,
bile ducts, uterus and many blood vessels.

* The cardiac muscles also are connected by gap

junctions. They act like a syncytium such that
cardiac cells are connect with each other. The heart
is divided into atrial and ventricular syncytium by
a fibrous band. As a result, action potential is
conducted at the same time through all fibers of
atria. Similarly, all muscle fibers of the ventricle
contract together.

In smooth muscle of the gut, these smooth muscles
are connected with other by gap junctions, length-
wise such that peristalsis waves are conducted
lengthwise.

Estrogen acts on the uterine muscle to increase in
gap junctions and forms a syncytium. During
parturition, the whole uterus contracts as single
unit.
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1.4 DESCRIBE APOPTOSIS—PROGRAMMED CELL DEATH

SHORT ESSAY

1. What is apoptosis? Give its physiological
importance with examples.
Apoptosis
* Apoptosis is defined as programmed cell death.
e It is under genetic control, and thus referred to as
‘cell suicide’.
e [t is not associated with inflammation.
¢ Itisrelated to the word “ptosis"—which means “fall’
Physiological Significance
1. Intrauterine life
¢ It helps in normal development of organs.
* It helps to sculpt organs, create the interdigital
web spaced.
2. In adulthood
* About 10 billion cells die every day to maintain
stem cell homeostasis
* In the bone marrow, millions of copies of stem
cells are produced. They are destroyed by
apoptosis to maintain normal miles.

3.

If a cell is damaged by radiation or virus, the cell
is destroyed mediated by P53 gene. Its importance
has shown by the loss of P53 gene leading to an
increased propensity to cancers where there is
altered genetic make-up introduced by a
mutagenic stimulus.

. Itisnecessary for regression of certain ducts during

sex differentiation in fetus (e.g. wolffian duct).
Also, failure to absorb one of such ducts can lead
to fistulae.

Example: Patent urachus, patent ductus arteriosus.

. Apoptosis of auto-aggressive T cells is needed to

prevent autoimmune conditions.

. Apoptosis is an important cause for shedding of

endometrium during menstruation.

. Increased apoptosis leads to pathological

neurodegeneration as in Alzheimer’s disease,
Parkinson’s disease and AIDS.

. Decreased apoptosis leads to malignancies and

autoimmune conditions.
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1.5 DESCRIBE AND DISCUSS TRANSPORT MECHANISMS ACROSS CELL MEMBRANES

SHORT ANSWERS
1. Define

A. Osmotic pressure
B. Osmosis
C. Osmolality

A. Osmotic Pressure

e It is the pressure created by solutes in the fluid
which drive fluid towards the region containing
them by osmosis.

* Each solute has its own osmotic pressure.

B. Osmosis

Passive movement of water or other solvent mole-
cules across a semipermeable membrane from a
region of higher concentration to a region of lower
concentration along the concentration gradient is
called osmosis.

C. Osmolality

¢ Itis a measure of a fluid’s ability to create osmotic
pressure.
e [tisalso called osmolar concentration of a solution.

2. Explain Facilitated Diffusion
Facilitate Diffusion

e It is a type of diffusion across a semipermeable
membrane where water-soluble larger molecules
are transported with the help of a carrier protein,
irrespective of the concentration gradient.

=\

* Based on the carrier protein, there are two types:

1. Channel proteins: A passageway is formed by
proteins which lead to fast passage of small ions
and water molecules.

Example: Potassium ions in nerve fiber, water
molecules.

2. Uniporters: They carry a single molecule at a
time along a concentration gradient. Binding of
the molecule causes conformational change in
the protein.

Example: Sugars, aminoacids.

3. What do mean by secondary active transport?
Give examples.

Secondary Active Transport

* Transport of a molecule or an ion across a
semipermeable membrane with the help of another
ion (usually sodium) and a carrier protein.

* It can be in the same direction as sodium or in
opposite direction.

* When both the ions are being transported, it is
called co-transport and when the ions are
transferred in opposite directions, it is called
counter-transport.

Examples
1. Sodium co-transport (Fig. 1.13)
* The carrier protein called symport takes both
the ions in the same direction.

J

=

SGLT2 Glucose Glucose
O O
Glucose GLUT2
@
4 Na'/K"
Na pump ||
Na » Na
K’ K’
Proximal

\ tubule lumen

Fig. 1.13
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In proximal convoluted tubules of the kidney,
the sodium and glucose molecules are carried
towards the inside of the cell at the same time.
Iron, urea, iodine and amino acids are also
co-transported with sodium in the proximal
convoluted tubules.

The carrier protein has two sites for attachment
of these substances.

When both the substances attach, the carrier
protein undergoes conformational change and
leads to inward turning of the protein.

Then the molecules detach from the carrier
protein and transported into the intracellular
space.

dium counter-transport mechanism (Fig. 1.14)
The carrier protein is called antiport.

Sodium is exchanged for various molecules
along with sodium.

Na’

Ca H
Fig. 1.14

11

Sodium calcium channels are present in all cells.
In this, sodium influxes along with efflux of
calcium at the same time.

Others are Na*— H* counter-transport in renal
tubular cells, sodium—-magnesium, Na*-K*, Ca*™*
-Mg**, Ca**—K* counter-transport mechanisms.

4. Explain Na* -K* transport mechanism and give
its physiological importance (Fig. 1.15).

Na-K Transport Mechanism

¢ They are transported by active transport across the
cell membrane with the help of a carrier protein
and use of ATP.

o It
o It

is called the Na-K-ATPase pump.
transports sodium from inside the cell to outside

and brings in potassium from outside to inside.

Physiological Importance

* This pump is very important to maintain the
integrity and volume of the cell. Na* ions have
more affinity to water molecules. Increase in Na*
ions cause the cell to swell and die.

* As three sodium ions are removed for every
2 potassium ions, a negativity is created within the
cell. This helps in creating a negative potential
which is the basis for many activities like action
potential in neurons and muscle fibers. Hence, this
pump is said to be electrogenic.

Active transport

Na* K
SOREXERERE RO X8 2
< REXEDZEZN2S '
225 ”::zz’;:o "

K+

Active transport against concentration
gradient with input of energy

Fig. 1.15
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5. What is the physiological importance of tight

junctions? Explain with 2 examples.

Tight Junctions: Physiological Importance

Also called zona occludens, it is an intercellular
occluding junction between two cells which does
not allow passage of macromolecules.

Each tight junction consists of one-half ridge from
each cell and the junction occupies the space
between the two cells.

They only allow specific molecules to pass through
it.

Examples

1.

Blood-brain barrier: Tight junctions between
capillaries form blood-brain barrier which does not

allow penetration of chemicals across it thus
protects the brain from harmful chemicals present
in the blood.

. Gastrointestinal tract: Tight junctions in the

epithelium of the mucosa of the stomach do not
permit entry of substances to be absorbed
excepting a few lipid-soluble substances like
alcohol.

3. Renal tubular cells

* Tight junctions are present on the luminal side
of the tubular cells which allow Na* ions and
water to diffuse in.

* They are sensitive to ADH and control the
amount of water absorption
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1.6 DESCRIBE THE FLUID COMPARTMENTS OF THE BODY, ITS IONIC
COMPOSITION AND MEASUREMENTS

SHORT ESSAYS Hypotonic

1. Define osmosis. When RBCs are suspended in
hypotonic solution what happens to the cells?
Mention 2 examples for isotonic solutions.

Osmosis

* Osmosis is defined as passive movement of water
molecules across a semipermeable membrane from
a region of higher concentration to a region of lower
concentration along the concentration gradient.

e It should flow towards the region of higher
concentration of solutes.

* 0.9% solution is considered isotonic. Solutions with
concentration of NaCl lesser than that are consi-
dered hypotonic and concentration more than 0.9%
are considered hypertonic.

Fig. 1.16

RBC Suspended in Hypotonic Solution

* When RBCs are suspended in hypotonic solution, ) )
water enters the RBC and causes lysis of the cell. ~ Examples for Isotonic Solutions
This is called osmotic fragility. * (0.45% saline is considered half-normal saline. It is
* Normal osmotic fragility of nRBC is 0.45% for used in conditions called diabetic ketoacidosis to
older RBCs and 0.35% for younger RBCs. rehydrate the cells.
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1.7 DESCRIBE THE CONCEPT OF pH AND BUFFER SYSTEMS IN THE BODY

SHORT ESSAYS

1. What is metabolic acidosis? Why does it occur
in diabetes mellitus?

Metabolic Acidosis

e It is an acid-base imbalance in the body
characterized by increase in organic acids in the
blood due to metabolic derangements.

Diabetic Ketoacidosis

e It is a complication of type 1 diabetes or insulin
dependent diabetes.
It is potentially fatal
In this type, there is absolute deficiency of insulin.
Itis characterized by increased ketones in the body.

Pathophysiology (Figs 1.17 and 1.18)
It is precipitated by a stress or an infection which
causes excess counter-regulatory hormones in blood.

2. What are the different mechanisms with which
pH is regulated in the body?

Mechanisms of pH Regulation

* Acid-base balance is key regulator for maintenance
of homeostasis. A lot of enzymes are dependent
on normal pH of the body

1 Insulin |

v

‘ 1 Lipolysis |

* Normal pH of ECF is 7.38-7.42

1
pH = IOg F

where H" is the concentration of hydrogen ions or
protons

* An increase in pH causes alkalosis and a decrease
in pH causes acidosis.

* Whenever there is a disturbance in the pH, there
are three compensatory mechanisms that kick
in:

1. Acid-base buffer mechanism
2. Respiratory mechanism
3. Renal mechanism

1. Acid-Base Buffer Mechanism

e An acid-base buffer is a combination of a weak
acid with a strong base salt.

e It acts immediately. It is of three types:

i. Bicarbonate buffer system
— It consists of a weak acid, carbonic acid and a
base salt-sodium bicarbonate.
- Its pKis 6.1. It is not a very strong buffer but
is very efficient due to both acid and base
buffers work separately and simultaneously.

A
| Glucagon I

v
‘  Carnitine acetyl transferase I

\ 4

’ 1 Plasma free fatty acid I

| fCamnitine palmitoyl transferase |

y

A
’T Hepatic free fatty acid I

v

’ 1 Free fatty acid oxidation I

—» | Ketosis |<—

\ 4
Ketoacids neutralized by buffers, mainly HCO,

A

A

| | HCO, reserves |

N

A

| High anion gap metabolic acidosis |

Fig. 1.17



General Physiology 15

‘ | Glycolysis | ‘ 1 Gluconeogenesis | ‘ | Uptake

v
‘ 1 Fructose -2,6-bisphosphate |

v v \ 4
‘ l Fructose-1,6-bisphosphate | TPhosphoenoI- l GLUT-4
pyruvate transporter
il carboxykinase

| | Phosphofructokinase |

v
| | Pyruvate kinase |

—»‘ Hyperglycemia |<7

v
’ Osmotic diuresis |

‘ Volume‘d'epletion I

v

‘ Dehydration |
Fig. 1.18
- In acidic environment — InRBCs itis present as potassium dihydrogen
o0 When the pH decreases in situations where phosphate and dipotassium hydrogen
there is excess H', it combines with NaHCO, phosphate.
to form carbonic acid and Na*. — In acidic environment
o Carbonic acid (H,CO,) is a weak acid and 0 W}}en a strong acid like HCl is added to
readily dissociates into CO, and H,O. fluid consisting of phosphate buffer, hydro-
— In alkaline environment gen ions combine with Na,HPO, to form

o When there is excess HCO,, the milieu NaH,PO, (sodium dihydrogen phosphate)
becomes alkaline. — In alkaline environment

s o When a strong base-like NaOH is added to
o The H,CO, acts as the buffer. The OH" ion a fluid consis’gng of phosphate buffer, OH-
combines with NaH,PO, to form disodium
hydrogen phosphate.
iii. Protein buffer

— It is present in plasma and erythrocytes.

— The proteins which take part in buffer system
are hemoglobin (most powerful), C-terminal
carboxy group and N-terminal amino end of
glutamic acid, side chain amino group of
lysine, imidazole ring of histidine.

— They have a pK of 7.4. hence, they are power-

of the base combines with H* of the carbonic
acid and forms water.
o Na* combines bicarbonate to form NaHCO,

ii. Phosphate buffer system
— This buffer system consists of a weak acid:
Dihydrogen phosphate as acidic substance
and sodium dihydrogen phosphate as the
salt—NaH,PO,
— It has a pK of 6.8. hence more powerful than
bicarbonate system.

— It consists of disodium hydrogen phosphate ful.
as the base—Na,HPO, — When a deoxygenated hemoglobin molecule
— It mainly operates in the intracellular fluid is exposed to low pH, it readily combines with

and renal tubules. hydrogen ions.
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2. Respiratory Mechanism

When pH of the blood falls, there is an increase in
hydrogen ions.

It combines with bicarbonate in blood to form, H,O
and CO,,.

CQ, is easily blown out by hyperventilation by the
lungs. Hyperventilation is caused by chemorecep-
tors which are triggered by hydrogen excess.

. Renal Mechanisms (Fig. 1.19)

In presence of acidosis, kidneys excrete hydrogen
ions and retain bicarbonate ions.

In cases of metabolic acidosis, kidneys play an
important role in preventing metabolic acidosis,
by excreting excess H* ions

It is done by 3 methods:

i. Bicarbonate mechanism

— Excess bicarbonate and H* in urine combine
to form H,CO, (unstable). It dissociates to form
H,O and CO, which enter the tubular cell.

— In presence of carbonic anhydrase, they form
H,CO, which is catalyzed into H* and HCO,

— Bicarbonate ions enter the interstitium

— The H" ions are exchanged for Na* at the
luminal end.

ii. Phosphate mechanism
— In the tubular lumen, Na,HPO, splits into Na*
and NaHPO,

- In the tubular cell, H,O + CO, = H,CO,. It
splits immediately into H* and HCO;-

— The H* is exchanged for Na*

— The H* combines with NaHPO, to sodium
dihydrogen phosphate

ili. Ammonia mechanism

— Ammonia is generated with the tubular cell
from glutamine.

— It is transported to the tubular lumen in
exchange for Na*

— The hydrogen that is normally excreted
combines with ammonia to form ammonium

— Thus, for each molecule of ammonia formed
one H* is excreted and NCOj is retained.

Plasma Tubular cell Glomerular filtrate
CO, +H,0
HCO, «—+——HCO, H ——> '
Na' < Na" < Na'Na"HPO,
Glutamine H'A™ v
+ NaH,PO
b( NH, — NH, =~ 214
4 3 \
Glutamate NH,'A”
+ /v
i\l NH, — NH; -
v
o-ketoglutarate Urine

Fig. 1.19
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1.8 DESCRIBE AND DISCUSS THE MOLECULAR BASIS OF RESTING MEMBRANE
POTENTIAL AND ACTION POTENTIAL IN EXCITABLE TISSUE

SHORT ESSAYS

1.

The resting membrane potential of a nerve is
-70 mV. Substantiate.

Resting Membrane Potential

It is the potential difference across the membrane
of aneuron prior to beginning of an action potential
and its value is =70 mV. That means the potential inside
the nerve fibre is -70 mV lower than its exterior.
The factors involved in maintaining this potential
is the ionic gradient created across the membrane.
It is mainly maintained through Na-K pump and
Na-K leaky channels (Fig. 1.20).

Role of Sodium Potassium Active Pumps

It is a powerful pump that continuously pumps
K* ions inside the cell and Na* ions outside the
cell with the help of ATP.

It is an electrogenic pump, in the sense that, it
pumps 3 Na* ions out and allows two K* ions
inside the cell.

As a result, a negative charge is created. Also, a
gradient is created.

Na* (extracellular) 142 mEq/L Ratio: 0.1
Na* (intracellular) 14 mEq/L (inside:outside)
K* (extracellular) 4 mEq/L Ratio: 35
K* (intracellular) 140 mEq/L (inside:outside)

Role of Leak Channels

These provide leakage of ions across the membrane
and are 100 times more permeable to potassium
influx.

As a result, passive influx of sodium ions is much
less compared to passive outflux of potassium
ions.

Further efflux of potassium ions is prevented by
relative positivity outside the cell which prevents
its efflux and negativity within the cell which keeps
the potassium within.

. Explain the ionic basis of the action potential

in skeletal muscle

lonic Basis of Action Potential

Action potential is a series of electrical changes that
occur in membrane potential when the muscle or
nerve is stimulated (Fig. 1.21).

Voltage-gated sodium and potassium channels
play an important role in causing an action
potential.

It has three phases: Latent phase, depolarization
and repolarization.

Latent Period

. Outside

bty
bess

K ADP

Fig.

\
\\ //
8%5% &%&% \ll
é% % / \\
/ \
/

1.20

It is the time taken when no change takes place
in the membrane potential after applying a
stimulus.

There is no change in resting membrane potential
(<90 mV)

It is 0.5-1 ms in length.

Stimulus artifact: It occurs at the time of application
of stimulating electrode due to leakage of current
from the stimulating electrode to the recording
electrode. It occurs prior to latent period.

Na" ’K+
\
\ //
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\
K \
Na® K
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K -Na
“leak” channels
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D Depolarization
l ¢ Itis a positive wave. For the first 15 mV it is very
slow.

+60 —
* Jonic basis for initial depolarisation: Represented

by A in the diagram: It is due to opening of new
sodium channels.

—— Spike potential
+40 —

Overshoot

e | —
<«—w
B — O

increase in slope of the depolarization wave.
Depolarization crosses the isoelectric point (0 mV)
and overshoots by +55 mV.

+20 —

I
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I
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:
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: * After about 15 mV of depolarization, there is an
|
I
Isoelectric base :
[}
1
1

ittt e e

| PN S ¢ Jonic basis for firing level: Opening of more and
more sodium channels. It is represented by B in
the diagram.
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Repolarization

¢ [Itis marked by reversal of potential from positive
to negative. Ionic basis: Closure of sodium ions and
opening of potassium ions. It is marked C in the
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Atfter
hyperpolarization

Firing level

—60 -

Stimulate artifact
After
depolarization

* It is followed by slow repolarization. Ionic basis:
Open potassium ions leading to continuous influx
of potassium ions.

¢ It is then followed by a slow hyperpolarization.
Ionic basis: Potassium channels remain open for
longer than sodium channels leading to further
efflux of sodium ions leading to hyperpolarization.

I I I i It is represented as D in the diagram.
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R Repolarization 1. Give the normal resting membrane potential

Latent period of nerve, skeletal muscle and smooth muscle.

Resting membrane potential * Resting membrane potential is the difference
Fig. 1.21 between the electrical potential that exists within

A. Opening of sodium channels leading to influx of and outside a cell prior to exc1tat10‘n.
sodium ions, B. opening of more and more sodium ¢ Also called transmembrane potential.
channels causing influx of Na+, C. closure of sodium Nerve - 70 mV

channels and opening of potassium channels leading

to efflux of potassium, D. continued efflux of potassium Skeletal muscle  —90 mV
ions leading to increase in negativity inside the cell Smooth muscle  —50 to =60 mV



General Physiology 19

1.9 DEMONSTRATE THE ABILITY TO DESCRIBE AND DISCUSS THE METHODS USED TO DEMONSTRATE
THE FUNCTIONS OF THE CELLS AND ITS PRODUCTS, ITS COMMUNICATIONS AND THEIR
APPLICATIONS IN CLINICAL CARE AND RESEARCH

SHORT ESSAY/SHORT ANSWER

1. Explain patch clamp technique.

e [t is a method to measure ion current across
biological membranes.

* Jtwas discovered in 1992 and is useful for studying
ion potential across cell membranes.

Procedure (Fig. 1.22)

* The cells isolated for the body and is isolated in a
dish.

e It is placed in culture media and placed in the
incubator.

* A micropipette with an opening of around 0.5
micron is placed on the surface of the cell under a
microscope.

e Itis filled with saline solution.

* A recorder is fitted to the pipette and is connected
to an amplifier.

* The pipette is applied firmly to the surface of the
cell and gentle suction is created.

* The part of the cell membrane within the pipette
is called the patch.

Methods of Studying lon Potentials (Fig. 1.23)

1. Cell attached patch: The cell is intact and allows
flow of current through the channels under the
micropipette.
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2. Inside-out patch
* When the pipette is gently pulled out, a part of
the cell is broughtout.
* Now the inside of the cell is exteriorized.
¢ Then, this part of the cell along with the pipette
is placed in another solution.
* This procedure helps to understand effects of
differentionic concentration on the cell membrane.
3. Whole cell patch
e If the pipette is advanced further, the solution
in the pipette mixes with the ICF.
* When the mixing is complete, an equilibrium is
reached.
e It is useful in studying current flow through all
channels.
4. Outside-out patch
* From the whole cell patch, a portion of the
membrane is torn away from the cell.
* Immediately, the free ends of the torn membrane
seal to form a vesicle.
¢ The vesicle is placed in a bath solution and the
fluid within the cell behaves like ICF.
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A. Cell-attached patch

C. Whole cell patch

B. inside-out patch
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D. Outside-out patch
Fig. 1.23






