
What is the Gibbs–Donnan 
equilibrium?

When two solutions of different strengths 
are separated by a permeable membrane, 
their concentration on both sides of the 
membrane equalizes due to diffusion of the 
solutes as well as the solvent. However, if 
there is an impermeable solute in one of the 
solutions, the concentration of the solutions 
does not equalize. The final concentration of 
the solutions in such a situation is governed 
by the Gibbs–Donnan equilibrium. One 
of the consequences of the Gibbs–Donnan 
equilibrium is that the concentration of the 
solution with impermeable solutes remains 
higher even at equilibrium.

Cells contain impermeable protein anions. 
Hence, its equilibrium with the extracellular 
fluid (ECF) is of the Gibbs–Donnan type. 
Thus, the intracellular fluid (ICF) always has 
a higher concentration of solutes than the 
ECF. This results in continuous osmosis of 
fluids into the cell, which threatens to burst 
the cell. To survive, the Na+–K+ pump in the 
cell membrane continuously pumps out  
excess cations.

Define the terms osmoles, 
osmolarity, and osmolality.

One mole of osmotically active particles is 
called 1 osmole (Osm). Thus, a molar solution 
of glucose contains 1 Osm, a molar solution of 
NaCl contains 2 Osm (1 mole of Na+ and 1 mole 

of Cl−), while a molar solution of CaCl2 contains 
3 Osm (1 mole of Ca2+ and 2 moles of Cl−).

The osmolar concentration of a solution 
(in Osm/L) is called osmolarity. When 
expressed in Osm/kg of solution, it is called 
osmolality. Unlike osmolality, osmolarity 
is affected by temperature, which changes 
the volume of solution. Also, dissolution of 
solutes is associated with a slight rise in the 
volume of the solution. This increase is differ
ent for different solutes. Hence, when 1 mole 
of glucose is dissolved in 1 L of water, the 
osmolarity will be slightly less than 1 Osm/L.

Define tonicity.

When a membrane with unknown character
istics separates two solutions, osmosis may or 
may not occur between them. If no osmosis 
occurs, the two solutions are called isotonic. If 
osmosis occurs, then the solution that imbibes 
water is said to be hypertonic with respect to 
the other which is called hypotonic.

Explain why two iso-osmotic 
solutions are not necessarily 
isotonic?

Osmotic pressure depends on the total 
number of ions, while tonicity depends on the 
total number of permeable ions. Two isosmotic 
solutions have equal number of ions but not 
necessarily an equal number of permeable 
ions. In other words, toxicity depends on the 
membrane characteristics.
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What is the osmolarity of 0.9% NaCl 
solution?

The osmolarity of 0.9% NaCl solution is 
approximately 300 mOsm/L, as can be shown 
in the following calculations:

100 mL of 0.9% NaCl solution contains 
0.9 g of the NaCl.

1 L of 0.9% NaCl solution contains 9 g 
of NaCl.

The molecular weight of NaCl is 58.5.
∴ 58.5 g of NaCl is equal to 1 mole of NaCl.
∴ 9 g of NaCl is equal to 1/58.5 × 9 moles, 

i.e., 0.154 mole or 154 mmol.
However, each mole of NaCl releases  

2 Osm: 1 Osm of Na+ and 1 Osm of CI−. Thus, 
the osmolarity of 1 L of 0.9% NaCl solution is 
308 mOsm (154 × 2).



Define a cell organelle.

An organelle is defined as a subcellular entity 
that is membrane-limited and can be isolated 
by centrifugation at high speeds. It includes the 
nucleus, mitochondria, endoplasmic reti culum 
(ER), Golgi apparatus, peroxisome, lysosome, 
and the plasma membrane. The nucleolus, 
ribosomes, and cytoskeleton proteins are not 
membrane-bound and, therefore, not organelles.

What is the function of the Golgi 
apparatus?

It is concerned with posttranslational modi
fication and packaging of secretory proteins 
into membranous vesicles.

What are the functions of 
microsomes?

Microsome is another name for the smooth 
ER. It is the site of steroid synthesis in steroid
secreting cells. Cells secreting steroid hormones 
like the testis and the ovaries are rich in smooth 
ER. It is also the site of detoxifica tion of drugs 
and poisons in other cells, specially, liver cells. 
In skeletal and cardiac muscle, the smooth 
ER is called the sarcoplasmic reticulum. It 
stores Ca2+ in high concentration and plays an 
important role in muscle contraction.

What are the functions of 
peroxisomes?

Peroxisomes are cellular storehouses of 
metabolic enzymes. The peroxisome catalyzes 
a variety of anabolic and catabolic reactions. 

Peroxisomes in the liver detoxify alcohol and 
other harmful compounds.

What are the functions of 
lysosomes?

A lysosome is a membranous bag containing 
hydrolytic enzymes that the cell uses to digest 
macromolecules. Lysosomes bud off from the 
Golgi apparatus. Some of the granules of the 
granulocytic white blood cells are lysosomes. 
Phagocytic vacuoles fuse with the lysosome, 
whose enzymes digest the phagocytosed 
matter. The lysosomes also engulf wornout 
components of the cell in which they are 
located, forming autophagic vacuoles, and 
returns the digested products for reuse by 
the cell. When a cell dies, lysosomal enzymes 
cause autolysis of the remnants. Programmed 
cell destruction by lysosomal enzymes is often 
important in the process of development. 
For example, in the embryonic stage, the 
hands are webbed till lysosomes digest the 
tissues between the fingers. Small amounts 
of enzymes that leak out of lysosomes into 
the cytosol normally get inactivated due to 
the absence of acidic pH. However, large 
leakages cause tissue destruction. In gout, 
phagocytes ingest uric acid crystals and such 
ingestion triggers the extracellular release of 
lysosomal enzymes, which contribute to the 
inflammatory response in the joints.

Compare and contrast 
microtubules and microfilaments.

Similarities

 ● Both are made of protein subunits.

Chapter 2
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 ● Both maintain the structure of the cell 
and also permit it to change shape and 
move.

 ● Both are long polymers that move 
about by depolymerization at one end 
(the plus end) and polymerization at 
the other (the minus end).

 ● Both serve as “railroads” on which 
certain proteins called “molecular 
motors” can “walk.”

 ● Both lend some amount of structural 
solidity to the cell.

Differences

Microtubules Microfilaments
Tubular structures with a central lumen  
(~15 nm in diameter)

Filamentous structures

20 nm in diameter 3–5 nm in diameter
Made up of α-tubulin and β-tubulin  
subunits that form stacks of rings containing 
13 subunits

Made up of G-actin that are polymerized into 
two F-actin strands. The strands are coiled 
helically 

The “molecular motors” are kinesin and 
dynein

The “molecular motor” is myosin

Form the spindle, which moves the 
chromosomes in mitosis

When a cell divides, it is pinched into two by 
a constricting band of microfilaments

Transport secretory granules, vesicles, and 
mitochondria from one part of the cell to 
another. 

Abundant at the desmosomes and zonulae 
adherentes (intercellular junctions)

Abundant in lamellipodia, and in the core of 
intestinal microvilli
Microfilaments (actin) in skeletal muscle 
bring about contraction

What are the other types of 
filaments found in the cell?

Intermediate filaments have a diameter  
(8–10 nm) that is between (i.e., intermediate 
to) that of microtubule and microfilament. 
They are more abundant than either micro
tubule or microfilament. They are made of 
cytokeratin. Unlike microtubule or micro
filaments, these proteins are very stable and 
remain mostly polymerized. They serve as the 
“bones” of the cell, giving structural strength 
to the cell. For example, the nucleus sits in a 
cage made of intermediate filaments. In axons, 
the intermediate filaments are called neuro-
filaments. They maintain the axonal diameter.

What are the filamentous 
structures in the cell?

The filamentous structures include the 
centrioles, cilia, and flagella. All are hollow 
cylindrical structures with microtubules 
running in their wall longitudinally.

Name the different types of 
intercellular junction.

The different types of intercellular junctions 
are (1) zona occludens (or tight junction),  
(2) zona adherens, (3) desmosome (or macula 
adherens), and (4) gap junctions.



What are the constituents of cell 
membranes?

Membranes are complex structures composed 
of lipids, proteins, and carbohydrates. The 
major membrane lipids are phospholipids, 
glycosphingolipids, and cholesterol. 
Membrane phospholipids are broadly of two 
types: phosphoglycerides, which are rela
tively more abundant, and sphingomyelins, 
which is prominent in myelin sheath. 
Membrane glycosphingolipids include 
cerebro sides and gangliosides. Both are 
derivatives of sphingosine.

Briefly describe the structure of the 
membrane.

Membrane lipids exist as closed bilayers 
in which the hydrophobic regions of the 
phospholipids are protected from the aqueous 
environment, while the hydrophilic regions 
are immersed in water. Membranes contain 
two types of proteins: integral proteins and 
peripheral proteins. Integral proteins are 
anchored to membrane through a direct 
interaction with the lipid bilayer. Peripheral 
proteins are weakly bound to the hydrophilic 
regions of specific integral proteins. They are 
located on both surfaces of the membrane.

What are the functions of 
membrane proteins?

Integral proteins serve as (1) channels that 
permit the passage of selected ions through 
the membrane; (2) carriers (or transporters) 
that ferry substances across the membrane by 
binding to them; (3) pumps that are carriers 
which can split adenosine triphosphate (ATP) 
and use the energy derived for membrane 
transport of substrates; (4) receptors (located 
on the outside) that bind to specific molecules 
and send a chemical signal to the cell interior, 
initiating intracellular reactions; (5) enzymes, 
catalyzing reactions at the membrane 
surfaces—both outer and inner. Peripheral 
proteins serve as (1) cell adhesion molecules 
(CAM) that anchor cells to neighboring cells 
to the basal lamina, and (2) contribute to the 
cytoskeleton when present on the cytoplasmic 
side of the membrane.

What are the factors affecting 
membrane fluidity?

The fluidity of a cellular membrane depends 
on the lipid composition of the membrane, 
the density of integral proteins, and the 
temperature. The presence of cholesterol in 
the membrane makes it possible for the cell 
membrane to maintain its fluidity across a 
wide range of temperatures.

Chapter 3

Composition and Structure of the 
Cell Membrane





Compare and contrast simple 
diffusion and facilitated diffusion.

Similarities

 ● Neither of them involves energy 
expenditure and, therefore, can occur 

only from a higher to a lower solute 
concentration.

 ● Both are bidirectional, that is, can occur 
in either direction depending on the 
concentration gradient.

Chapter 4

Membrane Transport and 
Membrane Channels

Differences

Simple diffusion Facilitated diffusion
The rate of simple diffusion is directly 
proportional to the concentration 
gradient across the membrane and  
the permeability of the membrane to  
the solute

The rate of facilitated diffusion is governed by the 
kinetics of carriermediated transport and cannot 
exceed a certain maximum, called the Vmax. 
However, at low concentration gradients, its rate 
is higher than in simple diffusion

Examples of simple diffusion include 
diffusion of gases across the respiratory 
membrane and diffusion of solutes  
from blood to the cells through the 
interstitial spaces

Examples of facilitated diffusion are (1) the 
cotransport of Na+ with sugars (glucose, galactose, 
and fructose) and amino acids in renal tubular 
cells and intestinal mucosal cells, and (2) the 
counter-transport of CI−–HCO3

+, in renal tubular 
cells and gastric parietal cells

Compare and contrast facilitated 
diffusion and primary active 
transport.

Similarities

Both of them are carriermediated transport, 
the rate of which cannot exceed a certain 

maximum called the Vmax. The rate depends 
on three factors: (1) the concentration gradi
ent across the membrane, (2) the amount of 
carrier available (this is a key control step), and  
(3) the rapidity of bonding and dissociation of 
the carrier with its substrate.
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Differences

Facilitated diffusion Primary active transport
It is bidirectional, that is, it can occur 
in either direction depending on the 
concentration gradient

It is unidirectional, that is, the direction of 
transport depends on the disposition of the carrier 
in the membrane

It can never occur against a 
concentration gradient

It can occur against a concentration gradient. It can 
build up a concentration gradient where there is 
none initially

What is secondary active transport?

Secondary active transport represents a 
combination of primary active transport 
and facilitated diffusion. The primary active 
transport builds up a concentration gradient, 
which in turn provides energy for facilitated 
diffusion. It is exemplified by glucose trans
port across renal tubular cells or intestinal 
mucosal cells.

What are the different types of 
membrane channels?

Depending on the factor(s) that produce their 
opening and closing (gating), ion channels 
are classified into four types: the voltage-
gated channels that are gated by changes 
in membrane potential; the ligand-gated 
channels that are regulated by ligands, that 
is, chemicals that bind to it; the mechanically 
gated channels that are ion channels whose 
pore responds to mechanical stimuli like 
stretch, and resting channels that are not 
gated at all.

Briefly outline the ping-pong 
model of carrier-mediated 
transport.

The carriers for membrane transport are 
integral membrane proteins. In carrier
mediated transport, the carriers do not 
move through the thickness of the membrane, 
carrying its substrate with it. Rather, a ping-
pong mechanism is proposed. In this model, 
the carrier protein exists in two principal 
conformations: ping and pong. In the pong 
state, it is exposed to high concentrations of 
solute, and molecules of the solute bind to 
specific sites on the carrier protein. Transport 
occurs when the conformation changes to 
the ping state, exposing the carrier to a lower 
concentration of solute. In facilitated diffusion, 
the energy for the transition between the ping 
and pong states comes from the binding of the 
substrate to the carrier. In active transport, 
additional energy comes from the binding of 
ATP to the carrier.



Define mitosis and name its stages.

Mitosis is a type of cell division in which each 
of the two daughter cells receives exactly 
the same number and the same kind of 
chromosomes contained in the parent cell. 
Mitosis occurs in five stages: interphase, 
prophase, metaphase, anaphase, and 
telophase.

What is mitotic chromosomal 
disjunction and what are its 
consequences?

Nonseparation of chromosomes (chromo-
somal disjunction) results in abnormal 
mitosis. It usually occurs immediately after 
zygote formation and results in mosaicism. 
In mosaicism, the number of chromosomes is 
not the same in all the cells of the body. For 
example, nearly 50% of the body cell population 
may have a certain number of chromosomes, 
while the remaining 50% may have a different 
number of chromosomes (mosaic = designs by 
inlaying small bits of colored stone, glass, tile, 
etc., in mortar). If half of the cells in the body 
are 44 + XY and the remaining cells are 44 + 
XXY, the mosaicism is denoted symbolically 
as XY/XXY. Its mechanism is depicted 
diagrammatically in Fig. 5.1.

Define meiosis and name its stages.

Meiosis occurs during gamete formation 
(spermatogenesis and oogenesis). Like 
mitosis, it is preceded by the duplication of 
the chromosomes during interphase, but this 
duplication is followed by two successive cell 

divisions, meiosis-I and meiosis-II, both of 
which have the stages: interphase, prophase, 
metaphase, anaphase, and telophase. Meiosis-II  
is almost identical to mitosis. The result is the 
formation of four haploid daughter cells.

What is interkinesis?

The typical meiosis described above is seen 
only in the male. The primary spermatocyte of 
the male forms two secondary spermatocytes 
(after meiosisI) and finally four spermatids 
(after meiosisII). Both stages of meiosis begin 

Chapter 5

Mitosis, Meiosis, and Apoptosis

22 + XYY

22 + X

Fig. 5.1 Mitotic disjunction.
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after puberty, and are completed within a few 
days. However, the prophaseI takes about 
22 days—a disproportionately long time.

In the female, however, there are long 
intervals (interkinesis) separating the dif
ferent phases of meiosis. MeiosisI begins 
immediately after birth but gets arrested 
after prophase, only to resume after puberty. 
MeiosisII also gets arrested in metaphase, 
only to be completed after fertilization. 
Moreover, in meiosisI as well as in meiosisII,  
the two daughter cells are not uniform in 
size: one gets most of the cytoplasm, while 
the other gets little of it and is called the 
polar body. The polar bodies degenerate after 
sometime.

What is meiotic chromosomal 
disjunction?

Meiotic chromosomal disjunction results 
in abnormal gametogenesis. In the classical 
form of Klinefelter syndrome, chromosomal 
disjunction during meiosis results in forma
tion of an abnormal ovum. When fertilized, 
the abnormal ovum results in a zygote  
with the chromosomal configuration of XXY. 
The mechanism through which the abnormal 
ovum is formed is depicted diagrammatically 
in Fig. 5.2. 

What is apoptosis? What are its 
phases?

Apoptosis is genetically programmed cell 
death that does not significantly affect 
neighboring cells and tissues. It is distinct from 
necrosis, which is an unregulated cell death 
destroying larger tissue areas. Apoptosis is 
responsible for (1) death of intestinal mucosal 
cells as they reach the tip of the villus to be 
sloughed off; (2) death of epidermal cells as 
they reach the surface; (3) death of large 
number of neurons in the central nervous 
system that do not make appropriate synaptic 
contact with their target organs; (4) death of 
clones of lymphocytes that are likely to react 

with “self”; (5) removal of the webs between 
the fingers in fetal life; (6) regression of one or 
the other of Wolffian duct and Mullerian duct 
systems in the course of sexual differentiation 
in the fetus; (7) regression of incompletely 
developed Graafian follicles in ovary after 
ovulations; (8) cyclic breakdown of the 
endometrium, leading to menstruation; and 
(9) lens protein “crystalline” that is derived 
from the remnants of apoptotic cells.

The phases of apoptosis are induction, 
initiation, execution, and disposal. The 
induction phase is the stage of gene activa
tion. Several endogenous and exogenous 
stimuli activate the apoptotic genes through 
signal transduction. In the initiation phase, 
the activated gene initiates a proteolytic 
cascade involving a family of proteases named 
caspases (cysteine aspartase). In the execution 
phase, it completes the death program. The 
dying cell shrinks and loses its contact with 
neighboring cells. The cell deoxyribonucleic 
acid gets fragmented and the cytoplasm 
and chromatin condense. The nucleus and 

22 + XX 22 + O

22 + Y 22 + Y

Fig. 5.2 Meiotic disjunction-II.
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cytoplasm eventually fragment into multiple, 
small apoptotic bodies (karyorrhexis). The 
cytoplasmic blebs break away from the cell 
surface and eventually the entire cell breaks 

up (karyolysis). In the disposal phase, the cell 
remnants, called apoptotic bodies, are either 
phagocytosed, or are lost from the epithelial 
surfaces.



Multiple ChoiCe Questions

Answers Key

1. c
2. c

3. b
4. d

5. a
6. c

7. c
8. c

 9. a
10. c

 1. Which of the following is TRUE about 
vectors?
a) Vectors have a magnitude but no 

direction
b) Vectors have a direction but no 

magnitude
c) Vectors have a magnitude and a 

direction
d) Vectors have no magnitude and no 

direction
 2. Integral calculus is NOT relevant in which 

of the following?
a) Calculation of work done by lung and 

heart
b) Calculation of mean blood pressure
c) Calculation of hydrostatic pressure
d) Blood flow estimation

 3. In two compartments separated by a 
membrane, Gibbs–Donnan equilibrium 
occurs if
a) The membrane separating the two 

compartments is permeable to all 
ions

b) Both the compartments are 
electroneutral

c) The sum of diffusible anions 
and cations is equal in both 
compartments

d) All of the above
 4. Which of the following is TRUE?

a) Vestibuloocular reflex provides 
guided control 

b) Optokinetic reflex provides 
parametric control

c) Both are true
d) Neither is true

 5. Gravity affects blood pressure when a 
person is
a) Standing
b) Supine
c) Both
d) Neither

 6. Which of the following is TRUE?
a) Systemic capillary beds are disposed 

in parallel
b) Portal capillary beds are disposed in 

series
c) Both are true
d) Neither is true

 7. Which of the following are examples of 
oscillation?
a) Cheyne–Stokes breathing
b) Mayer waves
c) Both
d) Neither

 8. The passage of vesicles from Golgi body 
to the exterior is
a) Constitutive pathway
b) Nonconstitutive pathway
c) Both
d) Neither

 9. Calcium channels are
a) Voltage gated
b) Ligand gated
c) Mechanically gated
d) All of the above

 10. Apoptotic bodies are formed in which 
phase of cell cycle?
a) Induction phase
b) Initiation phase
c) Execution phase
d) Disposal phase


