

















Unit 1 O Aims and scope of comparative physiology

Structure
1.1 General physiological functions and principles
1.2 Validity of comparative approach
1.3 Organisms and cell physiology
1.4 Suggested questions

1.1 General physiological functions and principles

The science of physiology is the analysis of function in living organisms.
Physiology is a synthesizing science which applies physical and chemical methods to
biology. The term physiology originated from the greek word ‘Physiologikos’ which
means ‘discourse on natural knowledge.” French physician Jean Fernel introduced
the term in 1552. Physiology is thus a branch of science that deals with normal
functions of the body. -

In the science of physiology, there is nothing supernatural about life. All the
living processes of an organism can be explained on the basis of physico-chemical
changes and structural pecularity. The progress of ancillary subjects like biology,
microscopic anatomy, physics, chemistry, have been very useful in understanding the
working processes of the living organisms. All physiological processes are governed
by basic laws of physics and chemistry. Accordingly to the changes in the environment,
functional alterations also occur and thus the survival is made possible. Hence, it is
held that Thysielogy is a tripod science, its three legs being Anatomy, Physics and
Chemistry. To know physiology, one has to study the subject with a sound basic
knowledge of these three subjects. Blood flow through cardio-vascular system is
governed by the ‘Laws of fluid dynamics’, exchange of fluids between different body
compartments is regulated by hydrostatic pressure and osmotic pressure ; transfer of
information signal involving transaction and development of action potential ; exchange
of gases, and solutes obey the laws of diffusion. A study of all these physical
phenomenon in the body comes under the head Biophysics. Biochemistry is the
branch of science that explains the functions of the body on a chemical basis. All
biochemical reactions including energetics are all governed by chemical laws and
principles of thermodynamics. A study of structure of an animal comes under the
study of Anatomy. The study of gross structure is called macroscopic anatomy, while
the study of fine structures is called microscopic anatomy. Histology, cytology,
histochemistry and cytochemistry all come under the study of microscopic anatomy.
Medical statistics is a branch of science that deals with evaluation of experimental
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data. These are used to confirm the authenticity of any observed change in the
functions of the body.

In short, the whole purpose of Physiology is to explore, with the help of modern
techniques, the normal functioning of the living organisms—their principle, their
mechanism and their control.

A short summary of physiological study

The structural and functional unit of a living body is a cell. A collection of
similar cells having same origin and performing same function but held together by
intercellular substance is called a tissue. There are unicellular and multicellular animals
in the world. When a multicellular animal is analyzed in terms of cell, it is complicated
and is seen to be made up of huge number of cells of various shape and size, and
a large amount of intercellular substance. But if the animal body is analyzed in terms
of tissue, it is found to be made up of basically four types of tissues like, epithelial,
connective, muscular and nervous. The term ‘organ’ is used to denote a structure
being made up of those four types of tissues and is responsible for a particular
function. For example, liver is an organ made up of hepatic cells which are epithelial
cells ; it has connective tissue fibres forming septa, walls of blood vessels contain
smooth muscle cells i.e. muscular tissue ; it has nerve supply, so it possess nervous
tissue. Liver has many functions including secretion, excretion and metabolism.
Hepatectomised animal will not survive. Finally, many different organs join together
to constitute a ‘system’ responsible for a particular function. For example, the excretory
system, responsible for excretion is made up of organs like kidney, ureter, urinary
bladder and urethra. A multicellular animal has many systems in it like skeletal,
muscular, cardiovascular, respiratory, excretory, endocrine, reproductive, nervous etc.
There is a question why so many systems are present in an animal body including
humans. A critical analyses revealed that every-one of them is necessary for the
living organism. The ultimate aim of any living organism is to survive in the world.
- For survival one has to do work. For doing work energy is necessary. Hence, every
living organism must have a mechanism to yield energy for doing work. Food is the
source of energy. The items of food are carbohydrate, lipid, protein (calorigenic
food); vitamins, minerals and water. Of these, the catorigenic foods gives energy,
hence the name. When these foods are oxidized energy is released. For example—

60, : _
CH, 0, —— 6CO, + 6H,O + energy.

thus, a molecule of glucose, when oxidized to CO, and H,0, energy is liberated.
It is seen from the equatlon that, to achieve this, oxygen is supplled by respiratory
system. So this system is required. Next about the food, monosacclaride, say glucose,
is utilised by the cell ; but the carbohydrate food that we eat is not monosacharide.
They are either polysacharide like starch or glycogen or disaccharide like sucrose or
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lactose. Hence, in the body there should be a system to convert these poly- and di-
saccharides to monosaccharides so that they can be utilized in the body for not only
supplying energy but also for forming any carbohydrate like substances in the body.
This conversion of complex food to simplest substances is called digestion, which is
carried out by digestive system. Hence, this system is also necessary.

Next comes the distribution of food. Digestion occurs in the digestive tract, the
end products of digestion are produced in the small intestine. From here the end-
products-are to be transported to the cells all over the body. This requires a transport
system. This is done by cardio-vascular system. Hence, the animals cannot go without
this system. When the foods are utilized by the body by way of metabolism, many
intermediate products are formed which are harmful to the body and need elimination
to outside the body, e.g. urea. Thus a system has to be developed to cause excretion
i.e. excretory system. To maintain a structure, a skeletal system is required ; for
movement, mascular system is necessary. All these different systems must be properly
regulated. For such regulation, endocrine system and nervous system have been
developed.

1.2 Validity of comparative approach

For practical purposes, physiology has been divided into three categories, like—
i) Cellular physiology, (ii) Physiology ‘of -special groups, and (iii)) Comparative
physiology.

An understanding of comparative animal physiology requires some background
knowledge in general zoology, animal morphology, biochemistry and cellular
physiology. . _

Comparative physiology is the study of organ function in a wide range of groups
of organisms. Comparative animal physiology integrates and co-ordinates functional
relationships that occur in more than one group of animals. It is concerned with the
ways in which diverse organisms perform similar functions. Study of the comparative
physiology reveals that, generally dissimilar organisms may show striking similarities
in functional characteristics as well as in responses to the same environmental stimulus.
On the other hand, closely related animals frequently react differently to their
surroundings. Light, temperature, O, tension and hormone balance are used or are
considered as variables for each function. Comparative physiology uses in addition -
to these, species. or animal type as a variable for each type of function. Comparative
animal physiology use kind of animal as an experimental variable which is a unique |
kind of biological generalization. Comparative environmental and behavioral
physiology constitutes a bridge between molecular and organismic biology.
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The most important function of comparative physiology is to put man into
perspective in biological history and phylogenetic relationships.

To achieve the goal, the plan for the study of comparative physiology is made
to examine the relation between components of the environment and the whole
organism and to analyze the interactions in terms of organs and cell physiology. -

For the applied biologist, comparative physiology has practical application in
describing the physiology of economically important animals. For the ecologists, it
helps the understanding of restriction of plants and animals to particular habitats. For
the medical physiologists, the comparative viewpoint places man in his proper
biological perspective. For the general biologist, it provides meaning to natural
variation, and general principles which can be reached only with kind of organism
as a variable. ' o

1.3 Organisms and cell physiology

1.3.1 Diffusion

Particles, molecules and ions have a tendency to spread uniformly in the entire
available space by their incessant random movements. This tendency to spread is
called diffusion. Though they are moving at random in all directions, a greater number
of particles move from a region of higher concentration to the area of lower
concentration, than in reverse direction. Hence, there occur a net diffusion from
higher to lower concentration and the two concentrations become equal. In this state
equal number of particles move in all directions and the net diffusion is zero.

Fick’s First law of diffusion states that the rate of diffusion (flux) of a solute
particle is directly proportional to the magnitude of concentration gradient and it
occurs down the concentration gradient.

Graham’s law states that the diffusional flux (J) of a gas varies inversely with
the square root of its density (P) and molecular weight (M).

Diffusion coefficient (D) denotes the diffusibility of the particle or gas. In case
of solid the ‘D’ is the mass of solute diffusing across 1 sq cm area in 1 sec, down
a concentration gradient of unity. Diffusion coefficient of a gas is the volume of gas
that diffuses across 1 sq. cm. area per second, down a partial pressure difference (AP)
of unity. '

Diffusion is directly proportional to :

(i) Concentration gradient / Pressure gradient / electrical gradient.
(i) Solubility in the medium
(111)) Temperature of the medium
(iv) Cross-sectional area through which diffusion is taking place.
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Diffusion is inversely proportional to :

)
(ii)
(iii)
(iv)
v)

Biological application

1.

Distance to be travelled / thickness of the membrane
Diameter of the diffusing particle

Viscosity of the medium
Shape of the particle—spherical particle diffuse easily than elongated particle.

Charge of the particle and charge of the pore. If the charges are same, diffusion
will be less, if the charges are opposite, diffusion will be more.

1

Absorption of certain substances like pentoses, some minerals, some water
soluble vitamins from intestine 1s carried out by diffusion. Same is the case
of renal reabsorption of urea.

Water, water soluble substances pass largely by diffusion through water filled -
pores of the cell membrane. This is dependent on the pore size and size of the
diffusing particle. Pore size is about 0.8 nm. Hydrated K* ion is 0.4 nm in
diameter, hydrated Na* ion has 0.5 nm diameter. Hence, movement of K* is
two times faster than the movement of Na*. Glucose and galactose molecules
have a diameter of 0.85 nm. Hence, they cannot pass via pores. They pass via
membranes after combining with some carrier.

There are voltage gated ion channels in the membrane. When these channels
open, ions move by diffusion along electrochemical gradient.

Exchange of resplratory gases occur by way of diffusion. The partial pressure
of O, is higher in alveolar air and lower in the deoxygenated blood. So O,
cnters blood from the lungs. Alternatwely, the partial pressure of CO, 1s
higher in deoxygenated blood and lower in the alveolar air. So, CO, dlﬁ"uses
from blood to alveolar air. In the same way, due to difference of partial
pressure, O, flows from the oxygenated blood to the tissue cell and CO,
diffuses from the tissue cells to the blood. -

During hyperventillation, alveolar size is increased. Hence, the surface
area is increased and wall thickness of the alveoli is decreased. So, rate of
diffusion of O, and CO, is increased.

The alveolar surface area per unit body weight is larger in children than in
adult humans. So, the resting O, uptake from the alveoli is higher in children
than in adults.

There is a difference of partial pressure of O, and CO, between alveolar air
and inspired air. So, O, and CO, diffuse down thelr respectlve pressure gradients
between the terminal bronchloles and alveoli. This is how the alveolar air has
its O, renewed and CO, partially removed.
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7. When the cell size is increased, the surface volume ratio is decreased. This

decreases diffusion of gases and solute across the plésma membrane, per unit
volume of the cell. Enhanced cell-size also decreases rate of diffusion.

8. Replacement of cutaneous respiration across the general body surface by gill
respiration and pulmonary respiration enhances the respiratory surface. So,
respiratory exchange increases with the evolution of gills and lungs.

1.3.2 Osmosis

The movement of solvent from solvent side to the solution 31de at or from dilute
solution to a concentrated solution, when the two are separated by a semipermeable
membrane is called osmosis. Semi permeable membrane is that membrane which
allows only the solvent molecules to pass through and not the solute molecules.

Osmotic pressure (OP) is the pressure which has to be applied on the solution
side to stop the osmotic inflow into it from pure solvent.

Van’t Hoff’s laws of osmotic pressure

1. It is directly proportional to the molar concentraion of the solute so long as
the temperature remains constant.

n =k
(where, n = Osmotic pressure, k, = constant, ¢ = molar concentration.)

2. Osmotic pressure of a solut:on is directly proportional to the absolute
temperature (T), so long as its concentration remains constant.

n = k,T (where, k, = constant)
3. Van’t Hoff - Avogadro law :

Identical numbers of moles of different solutes produce an identical osmotic
pressure, when dissolved in the same volume of the solvent at the same temperature.

Osmotic pressure (OP) is expressed as atmosphere, mm of Hg or dynes per sq.
cm (dynes cm?).

1 mole of a nonionized solute is equivalent to 1 osm (osmole). Osmolarity of
a solution is its solute concentration in osmoles per litre of the solution. A solution

of one mOsm of any solute in a litre possess an osmotic pressure of 19.3 mm Hg at
38°C. Osmolatity of a solution is its solute concentration in Osm per kg of solvent.

It can be determined by—
1. Osmometer.
2. Barkley—Hartley method.

3. Freezing point method. This method depends on the direct proportionality
between the osmotic pressure and the depression of freezing point of a solution.
Depression of Freezing point is measured by Beckmann Thermometer.
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At = KM [where, M = Molal concentration of solute.
At At = Depr:ession of freezing point of the
or, M = ' solution.
f . '
K, = Cryoscopic constant] _
The freezing point of one Molal solution is called cryoscopic constant (K;) / -
molal freezing point.

The K, for water is — 1.858°C
1 = CRT
7 = Osmotic pressure in atmosphere.
where C = Molal concentration
R = Molar gas constant (0.082 litre atmosphere)
T = Temperature in Absolute scale.
A sample of urine freezes at —0.56°C. Calculation of its OP at 37°C

_ —0.56 _
Molal conc. C = —gzg=0.3

The sample will have OP at 37°C (n = CRT)
0.3 x 0.082 x 310 = 7.6 atms.

or, 7.6 x 760 mm Hg.

Osmotic work

When substances are transferred from lower concentration to higher concentration,
osmotic work must be performed upon them. But when substances pass from higher
to lower concentration, osmotic work is done by them.

Relation between osmotic work and concentration: change is given by the
equation—

_ C, G
W.in = NRT In T, or, 2.3 \NRT log C,

[W. s = Minimum osmotic work in small calories involved in the transfer of N
moles of substance from a molal concentration of C, to a molal concentration C,.

R = Gas constant = 1.987 cal/mole/degree

T = Absolute temperature

In = Natural log _

2.3 is the factor for converting natural log to the log to the base 10.

Calculation of osmotic work to be done to transfer or secrete 3.545 g of CI- from
plasma urine at 37°C, when the CI- concentrations in plasma and urine are 0.1 and
0.2 Mol respectively.
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CI- conc. in Plasma ......... 0.1 Molal C,

CI" conc. in Urine ......... 0.2 Molal C,

Osmotic work to be done to transfer / secrete 3.545g of CI- at 37°C in urine.

N =0.1, R=1987, T =310

W.. = NRT 23 log (éz
1

- 0.2

= 0.1 x 1.987 x 310 x 2.3 log {7

= 141.7 log2

= 141.7 x 0.301

42.65 cal

Osmoticity and tonicity

The osmoticity of a solution depends on the total solute concentration, both
diffusible and nondiffusible. Whereas, tonicity of a solution depends on the
concentration of nondiffusible solute only. Hence, two solutions may be isosmotic,
but may notbe isotonic.

Protein | Protein

2M 1.8 M Solution A is isosmotic with solution B,
Urea But solution A is hypertonic to solution B.
02 M '

A SM B

Similarly, two solutions may be isotonic but may not be isosmotic.

Protein Protein

1M IM Solution A and B are isotonic, but the Solution B
Urea is hyperosmotic to Solution A.
02 M SM = Semipermeable membrane.

A SM B

Solvent always flows from by hypotonic to hypertonic solution. In biological
system, tonicity is considered because biological membrane are not strictly
semipermeable. They allow some solutes to pass.

Biological application of osmosis

1. Hemolysis, crenation, plasmolysis : RBC is hemolysed or animal cell ruptures
if placed in hypotonic solution. This happens because solvent flows from
hypotonic solution to RBC or cell. Consequently, they swell and burst at a
certain degree of swelling. Similarly, these cells or RBC will shrink (crenated)
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if placed in hypertonic solution. It is due to osmotic outflow of water from the
hypertonic solution. Plant cells lose water when placed in hypertonic solution.
So, the cell membrane collapses and withdraws from the cell wall. This is
called plasmolysis. Plant cells swell if placed in hypotonic solution, but they do
not burst due to rigidity of cell wall. '

. Osmotic distension of RBC : Osmotic pressure of RBC fluid is 1.5 atm.,

“higher than plasma, due to higher electrolyte concentration in RBC than plasma.
So, RBC remain slightly distended, but they do not rupture. However, due to
genetic disorder, Vit-E deficiency, or selenium deficiency and other defects,
RBC may not be able to withstand such distension and rupture.

RBC of camel are more resistant to osmotic distension. Camel can drink
more than 100 litres of H,O in 10 minutes. Blood becomes temporarily highly
hypotonic, but RBCs do not rupture. It has been observed that RBC may be
distended upto two times its volume, but hemolysis does not occur.

Osmotic pressure of plasma is higher than tissue fluid. It is due to plasma
proteins. Total osmotic pressure of plasma is about 5453 mm Hg and that of
ECF is 5430 mm Hg. The difference of 23 mm Hg is due to plasma proteins.
It is called colloidal osmotic pressure of plasma. This osmotic pressure,
hydrostatic pressure i.e. capillary pressure and pressure of the tissue fluid play
an important role in the exchange of body fluid across the blood capillaries.
Owing to pressure differences, fluid passes out from arterial end of blood

Cap Pr > OP S HO
Arterial
end of the 0
0]
Cap Pr < OP H,0
Venous end

capillaries to the tissue fluid and body fluid enters from the tissue fluid into the
capillaries at the venous end. These forces also govern the flow of fluid between

any two compartments.
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In Kwashiorkor, (a form of childhood malnutrition), hepatic cirrhosis and
nephrosis, plasma protein concentration is decreased. So, colloidal osmotic.

pressure is decreased. This decreases water retention by the plasma and so
edema develops.

4. Osmotic pressure plays a vital role in the absorption of water from intestine and
kidney tubules. :

5. Water absorption by plant roots is also governed by osmotic pressure. Root hair
cells have higher osmotic pressure than surrounding soil-fluid. So, water enters
into root hair cells. Water moves from one cell to the next cell by cell to cell
osmosis and thus other cells are also distended. Hence, the cells become turgid
and rigid and they stand erect on watering.

1.3.3 Donann membrane equilibrium

When a non diffusible ion in present in a solutlon, the distribution of diffusible
ions across the membrane will be unequal. This was observed by Donann and it is
called Donann membrane equilibrium.

Na R (4 Nacl. In the compartments A and B, NaCl solution
Na* is present. The two compartments are

1(+ separated by a semi-permeable membrane.

cr _ Which allows NaCl to pass through but not

} : the nondiffusible ion R. When R is not

present the ion distribution in the two

A M B compartments is :
Na* A = Na' B
ChrA=CI'B

Na* x CIF A=Na*B x CI' B
But when the nondiffusible ion (R) is added the distribution of diffusible ions
become unequal :
Na*A > Na* B
CrA<CIB
Na* AxCl-rA=Na*"BxCI'B _
The unequal distribution depends on the nature of nondiffusible ion. In a situation,

as described above, where the nondiffusible ion is negative there will be more positive
diffusible ion in the compartments that contains the nondiffusible ion.

Because of such unequal distribution of diffusible ion, there will be a pH
difference, a potential difference, and an osmotic pressure difference on the two sides
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of the membrane. If we consider the distribution of H* and OH- then there will be
more H* in the compartment that contains negative nondiffusible ion. Hence, there
will be a pH differnce in the two compartments. The fluid in the compartment where
the nondiffusible negative ion is present will have a lower pH (acidic) compared to
the other compartment. Because of the presence of negatively charged hemoglobin in
RBC, the pH of RBC fluid is less than plasma. The membrane is permeable to Na
and Cl. Concentration of Na* in A is more than Na* concentration in compartment -
B. The concentration of Cl is less in compartment A than in the compartment B.
Thus Na ions in A will try to move from compartment A to compartment B and CI-
will try to move from compartment B to compartment A. This can only be prevented
by developing an opposite electrical gradient. Hence, the side of the membrane where
the non-diffusible negative ion is present is negatively charged and the other side of
the membrane is positively: charged. Donnan Phenomenon plays an important role
in the development of resting membrane potential. It can be shown by calculation
that total solute concentration in the compartment that contains the non diffusible ion
is more compared to the other compartment. '

In the diagram of the concentration of NaR is taken as ‘a’ and the concentratlon
cfNaCl as ‘b’ then at equilibrium, the concentration of NaCl in the two compartments
wii! be :

a Na' b Na' atx Na ¢ b—-x

aR” b Cl . aR~ Na*
' xCI”
b-x
CI”
A B . A B

Concentration of Na*A will be (a+x) and CI- A will be x. Whereas concentration
of Na* b will be b-x and CI- will be b-x. Since the product of the concentration of
Na* and CI” will be equal in the two compartments. The equation can be written as

(b-x)? = (a+x)x. From the equation the value of x in terms of a and b will be
) - 4

X = . Thus the amount of NaCl (x) that has moved from compartment B to

compartment A is inversely proportional to the concentration of non diffusible ion'in
compartment A. When the concentration of NaCl (b) will be large relative to the
concentration of nondiffusible ion (a) the value of x will be more. If specific arithmetic
number is assigned to a as 1 mole and b as 2 mole then specific value of x will be
obtained.
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ifa=
Na- a=1mol

Na' ., _ Na'....l.8 ¢ Na'...1.2
a+x mol and b = 2 moles
Cl (b—z}lmol bz cl..o0gf{Cl..12
x mol =
o (box) X=——0r- R.....1.0
a mol. mol 4 3.6 mol ( 2.4 mol
A M B 114 A B

=~ or 0.8 mol.
5
Thus the total solute concentration in compartments A is 3.6 mols and in
compartment B is 2.4 mols. Hence the osmotic pressure of the solution in compartment
A will be more than in compartment B.

The Donnan principle operates to regulate the distribution of electroyte ions
across the membrane of living organism. However, the plasma membrane is not a
strictly semipreamble membrane. It has selective permeability property. Thus the
membrane may be impermeable to some diffusible ion and in that case such ions do
not move following Donnan phenomenon. However this may produce Donnan effect.
Thus Donnan effect is there but its quantitative evaluation is difficult. Deviation from
Donnan Phenomenon has also been found. The distribution of cations, Na*, K*, Ca®*
an Mg between plasma and lymph follows Donnam principle. They are high in
plasma than in lymph. Plasma has a higher concentration of negatively charged
nondiffusible ion protein. The difference in the composition of glomerular filtrate and
plasma also follows Donnan principle. The glomerular filtrate contains less amount
of positive diffusible ion and more amount of negative diffusible ion compared to
plasma. This is also due to Donnan effect because of negatively charged plasma
protein. Peculiarly, however, the concentration of Cl” is higher in lymph than in
plasma as required by Donnan principle, but the concentration of HCO, in the
plasma is little higher than in lymph which is contrary to Donnan principle.

1.3.4 pH and buffer

pH is negative logarithm of concentration of hydrogen ion (CH) to the base 10.
pH = —log CH _

It is a measure of the H* concentration of a solution. It is determined by pH
mcter. :

Buffer is a mixture of weak acid and its salt or weak base and its salt.
Henderson— Hasselbach equation of a buffer solution is given below.

Salt
pH = pKa + log ed pKa is the dissociation constant of the buffer acid. In
AL

a buffer solution with equal amount of salt and acid. pH = pKa
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Each buffer has a pH and a capacity.

The pH of a buffer depends on the pKa and salt ratio. The capacity of a buffer
depends on the salt/acid ratio and on its amount. The buffers can not prevent the
change of pH but it can resist the change of pH when any acid or base is added to
it. For example when any strong acid is added to a buffer sol the salt of the buffer
react with the strong acid added. As a result, equivalent amount of buffer acid is
produced. Because buffer acid is a weak acid the pH is not changed much. However,
as the salt/acid ratio is altered, there should be a new salt/acid ratio, so pH will
definitely be changed.

CH,COONa
CH,COOH

Thus the buffer present in our body fluid help to resist the change of pH during .
production of metabolic intermediates. The buffer of our body has a high salt/acid

HCO;~ 20 ‘ .
Hzcg3 = -7 - Such a buffer is good for handling acids. Important buffers

present in our body fluid are bicarbonate, phosphate and protein buffers.

— >
+HCl CH;COONa + HCI —> CH;COOH + NaCl

ratio e.g.

1.3.5 Poiscuille’s Law

This law states the relationship between pressure gradient, resistance and voluine

flow.
P, —Ppm (r)*

8nL
Where, Q = volume flow in ml/sec.

Poiscuille and Hagen equation 1s Q =

P ~ P, = pressure difference between 2 points
(dynes/cm?.)
r = radius of the tube in cm.
L = length of the tube in cm.
n = viscasity of the fluid in poise.
It is revealed from the equation that |
1) It pressure gradient is doubled, the flow will be doubled.
2) If the length of the tube or viscosity is doubled, the flow will become half.
3) If the radius of the tube is doubled. The flow will increase 16 times.
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A8 i In Poiseuille’s experiment the fluid was

- aob | a constant visocity fluid (Newtonian fluid)
| . 1278 the tube was a rigid tube.

° _ This law is applicable in closed

3or - 128 2" vascular system but it is not obeyed in toto,

g 2sb () s | g because the vascular tubes are not rigid but

o LU distensible.

: E“;E With a Newtonian fluid flowing

23 &  through a rigid tube the pressure flow curve

(Fig 1.1) is linear (1) because the resistance

1 is not changed as pressure is increased (2).

But with flow of blood in a vascular system

o4 e ' —Ts0 23 it is not so (3) because the resistance is

Fig 1.1 : The relationships of flow, pressure and

PRESSURE (mm Hg)

changed (4). It is very high at low pressure.

resistance in nondistensible tubes using Newtoning When there is no flow (closing pressure).

fluids (dotted lines) at constant temperature
(Poiseulle’s law) and blood in vessels (solid lines).

At high pressure the resistance is almost
constant so flow becomes more linear.

1.4

Suggested Questions

N

i

10.

12.

Why respiratory exchange increased with the evolution of gills and lungs ?
How alveolar air gets its O, renewed and CO, partially removed ?

Why resting alveolar O, uptake is higher in children than the adults ?
Why rate of diffusion of respiratory gas is increased in hyperventillation ?

Whaf is diffusion ? Name the factors which iavour the rate of diffusion/
oppose the rate of diffusion.

State the Fick’s law of diffusion and Graham’s law of diffusion.
What is diffusion coefficient ? _
Describe the role of diffusion in the transfer of respiratory gases.

Describe why evolution of gills and lungs is advantageous compared to
cutaneous breathing.

Gill and lung respiration is better than cutaneous respiration—1Justify.

What is Donnan membrane equilibriuin ? State the role of Donnan phenomenon
on osmotic pressure difference across the plasma membrane ?

Why pH of RBC fluid is less than plasma ?
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13.
14.
13,

16.
i
18.
19.

Write the Henderson-Hasselbotch equation for a buffer solution.
Mention the factors on which the pH and capacity of a buffer depends.
Describe the role of pressure gradiant and resistance on the volume flow in

a closed vascular system.
What is osmosis ?

What is osmotic pressure ?

State the laws of osmotic pressure.

State the role of osmotic pressure in the exchange of fluid across the blood

capillaries.
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Unit 2 0 Thermoregulation

Structure

2.1 Regulation of body temperature in hoﬁeothermic animals specially
mammals
2.2 Temperature regulation in poikilotherms

2.3 Hibernation
2.4 Suggested questions

2.1 Regulation of body temperature in homeothermic animals
specially mammals

Animal organisms have been classified into two groups depending on their
capability of regulanon of body temperature namely, homeothermic and poikilothermic
animals.

Homeothermic Animals : The animals which maintain their body temperature
more or less constant inspite of changes in the temperature of the environment are
called homeothermic animals. They are also called warm blooded animals. Birds and
mammals belong to this category.

Poikilothermic animals : The animals which do not maintain a constant body
temperature and it varies as the environmental temperature is changed are called
poikilothermic animals. They are also called cold blooded animals. Fish, amphibia,
reptiles and invertebrates belong to this group.

In homeothermic animals a balance is maintained between heat gain and heat
loss mechanisms present in them and thus the body temperature is kept constant. This
is achieved by the operation of a complex neuro-hormonal mechanism regulated by
the temperature controlling centre located in the hypothalamus.

Birds and mammals have a normal body temperature ranging between 40° —
43°C and 36° — 39° C respectively.

Normal body temperature in human subject

The normal body temperature of man ranges between 35-8 — 37:3° C when
measured by introducing clinical thermometer into the mouth cavity (oral temperature).
The temperature recorded from arm pit is called axillary temperature. It is slightly
lower (37° C) than oral temperature. The rectal temperature is sllghtly higher than
oral temperature (about 37° C) The superficial temperature i.e. skin or surface
temperature ranges between 29-5° C and 33:9° C. The average temperature in deeper

22



tissue is called core temperature. It is always more than oral or rectal temperature.
It is about 37-8°C (100° F).

The body temperature is slightly more in chlldren than adults. It shows diurnal
variation. It is about 1° C less in the morning and it reaches maximum value in the
afternoon (1° C more than normal). The body temperature is increased in exercise,
emotion and after meals. It is slightly less in females than males and the temperature
rises sharply immediately after ovulation (0-5° C — 1° C). It is reduced 0-5° C in
sleep.

A constant rectal temperature can be maintained in a nude human subject at air
temperature or 0 — 1° C for 1-2 hours. In dry air maximum tolerance to h:gh
temperature has also been observed e.g. 200° C in a nude subject and 260° C in
heavily dressed man.

Heat gain and heat loss mechanisms of the body

The body will gain heat from the environment if the body temperature is less .
than the environment and vice versa by way of conduction, convection and radiation.
Thermogenesis and thermolysis : Heat production/gain is thermogenesns, heat loss is
thermolysis in the body. However, the physiological processes of heat gain mechanism
are shivering and nonshivering thermogenesis and vasoconstriction. On the other
_hand, physiological processes of heat loss from the body are vasodilation, sweating
and fenting. The mechanism by which the body temperature is normally adjusted is
known as thermotaxis.

Temperature regulating centre
A balance is-maintained between thermogenesis and thermolysis and thus the
body temperature is maintained. There is a temperature regulating centre in the
hypothalamus which maintains this balance and thus help maintain homeothermy. If
this part is destroyed the animals become poikilothermic. '

On the basis of ablation and stimulation experiments it was shown that the
anterior hypothalamus act as hot responsive centre, stimulation of which increases
heat loss and dereases heat gain. The posterior hypothalamus acts as a cold responsive
centre, activation of which stimulates heat gain mechanism and inhibits heat loss
mechanisms. :

However, subsequent studles were made with physzologlcal stlmuh like cooling
and heating the hypothalamic regions by diathermy or by using thermodes. The
studies revealed that the temperature detecting centre for both heat and cold are
Jlocated in the anterior hypothalamus, whereas the centre initiating heat loss or heat
gain mechanisms are present in the posterior hy.pothalamus.

Microelectrode studies on the hypothalamic neurons revealed the presence of
different temperature sensitive neurons in the anterior hypothalamus.
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(a) Some warm sensitive neurons respond on local heating of hypothalamus and
they stimulale heat loss mechanism.

(b) Some respond to local cooling of hypothalamus and they activate heat gain
machanism. ' :

(c) There are some neurons whose rate of firing is changed in response to
peripheral warming or cooling.

(d) There are neurons which respond to a rise in both hypothalamic and peripheral
temperatures.

(e) There are neurons whose firing rate remain unchanged with temperature
variation. :

Serotonergic and cholinergic neurons are involved in temperature regulation,
Mayers and Sharpe observed in monkey with push-pull technique using saline that
when the doner 1s cooled a transmitter is released which can cause shivering in
receipient. Similarlv heating the animal causes the recipient to lower body temperature.
Subsequently it was observed in ‘saline withdrawal’ technique that saline withdrawn
from donor monkey during cooling contained increased concentration of serotonin.
Liberation of noradrenaline was augmented by peripheral warming.

Mayers et al reported the presence of a heat conservation and production pathway

originating in the anterior hypothalamus is passing through the posterior hypothalamus
and there is a heat dissipation pathway originating in the posterior hypothalamus.

ANTERIOR, PosTERIOR They proposed a

Blood (AMINERGIC) (IONIC) mechanism of action of
[+]e] - e .

Tornperature\" hypothalamus n the

temperature regulation on the
basis of experiments in monkey.

Pyrogens =—p
Drugs -,

Serotonergic neurons in
the preoptic region increase
their firing in response to
cooling. This causes activation
of cholinergic pathway to the
posterior hypothalamus and

PERIPHERAL . .l
INPUT heat production is initiated
Fig 2.1 : Diagram of a model to account for temperature regulation (Fig, 2.1).
under normal conditions as well as during a pyrogen-induced fever. . .
Factor which affect the aminergic ‘thermostat’ in the anterior The noradrenergic neurons

hypothalamus at given, and the outflow from the posterior in the anterior hypothalamus are
hypothalamic ‘set point’ is mediated by a cholinergic system which

passes through the mesencephalon. 5H = 5-hydroxytryptamine ; stimulated due to warming.
NE=noradrenalin ; ACh = acetylcholine. (Fro Myers, R. D. (1971). They inhibit the serotonin

Pyrogens and Fever. CIBA Foundation Symposium Elsevier, T . .
Amsterdam.) cholinergic heat production
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pathway by noradrenergic blockade of the synapse of serotonin—cholinenrgic junction.
Such suppression of the heat production pathway permits the second cholinergic
system in the posterior hypothalamus to activate the efferent heat loss pathway.

Set-point in the hypothalamus

Different experimental evidence indicate that there is a ‘set point’ in the
hypothalamus which is like that of a tharmostat. When the temperature goes above
the set point heat dissipation is increased and the temperature is lowered and brought
back to set point. On the other hand if the temperature goes below the set point heat
production occurs, the body temperature is raised and the set point in reached.

The presence of warm and cold sensitive neurons in the hypothalamus indicate
that the combined action of these neurons play the role of hypothalamic thermostat.
Thus temperature sensitive neurons in the anterior hypothalamus form the basis of a

‘set point’ mechanism:

It is held that over a physiological range of hypothalamic temperatures both -
warm and cold sensitive neurons or sensors are active. However a change in
temperature will increase the discharge of one type of neuron and will decrease the
firing of the other type. Hence, there will be a value of hypothalamic temperature at
which the actmty of the two sets of sensors will be balanced in terms of body

: temperature  regulating

Physiological range of responses which they
hypothalamic temperaturs produce. This will be the
setpoint value of
hypothalamic temperature.
There are hypothalamic
neurons whose firing rates
remain undltered by changes
in hypothalmic temperature.
These neurons or neural
firings can provide a
‘reference signal’. The
difference between the firing
rates of these temperature

' _ insensitive neurons and the
Fig 2.2 : Determination of hypothalamic ‘set-point’ temperature by the e
balance of activity in warm and cold-sensitive neurons. The response temperature sensitive neurons
characteristics of these temperature sensors have been represented by provide an ‘error signal’. The
bell-shaped curves. The interrupted portions of these curves are a dlrcctlon and magnitude of
hypothetical projection based on the suggestion that the temperature- th . I’ il
sensitive characteristics of these sensors may be similar to those of the the ‘error signa w1
warm and cold receptors in-the cat’s tongue as described by Hensel determine the extent -of

and Zotterman. operation of heat gain and
heat loss mechanisms to bring the temperature to the set point level (Fig 2.2).

Activity
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Basic mechanism of temperature regulation

A change in body temperature, with reference to ‘Set point’, stimulates
thermoreceptors present on the body surface as well as inside the body. These impulses
(originate due to stimulation of receptors) reach the hypothalamus via neural pathways
and stimulate it. Altered temperature of blood also activates it. It then modifies the
heat gain and heat loss mechanisms via posterior hypothalamus, as required and the
body temperature is kept constant. It is believed that in the cold the neural impulses
are very important part in hot, the altered temperature of the blood is the most
effective slimulus. It has been observed that when one hand is immersed in hot water,
vasodilation is seen in the other arm. But this does not occur if the blood flow from
the arm immersed in hot water is blocked. Similarly, if one hand is immersed in cold,
there occur vasoconstriction in the other hand but this does not stop even if the blood
flow for this region in blocked.

Temperature regulation in the cold

When the body temperature tends to decrease on exposure to cold environment,
the following changes occur to keep the body temperature normal.

The cold receptors present in the body are stimulated, the neural discharge in the
nerves attached to this is increased. These impulses and also the decreased temperature
of blood stimulates the temperaure detecting centre in the anterior hypothalamus.
This results in stimulation of thermogenesis and inhibition of thermolysis.

Thermogenesis is the primary motor centre for shivering and locatd in the
dorsomedial portion of the posterior hypothalamus. Impulse discharge from here
increase the tone of skeletal muscles throughout the body. The arrector pili muscles
also contract. Thus heat production is increased. During maximum shivering body
heat production can be increased four to five times normal. Intially there occur
uncoordinated muscle twitches, the intensity of which increases until the rhythmic
activity of visible shivering appears. It has been, shown that tensing the muscles can
raise the heat production to 2-3 times the basal level, shivering starts when the body
temperature goes below critical temperature.

Non-shivering thermogenesis also starts at the same time. Impulse discharge via -
sympathetic fibers reach the adrenal medulla and causes discharge of adreno medullary
hormones adrenaline and noradrenaline. Neural impulse also cause release of TRH
from hypothalamus which causes release of TSH from anterior pituitary. This hormone
stimulates thyroid gland and causes secretion of T, and T, hormones. The calorigenic
effect of these hormones increase heat production. Adrenaline increases glycolyis and
fatty acid oxidation. It increases lipolysis specially from brown fat, and the oxidation
of the released fatty acid is increased. Beside heat production it helps in heat
conservation by preventing heat loss by way of vasoconstriction. Thyroid, hormones
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specially triiodothyronine (T,) increases general metabolism and heat production. It
is held that calorigenic effect of thyroid hormones is due to increased ATPase
activity, oxidative phosphorylation, glycolysis as well as uncoupling of oxidation and
- phosphorytation. It also increases the calorigenic effect of adrenaline. Beside
thermogenesis, there occur vasoconstriction in the body. This is caused by increased
sympathetic discharge from posterior hypothalamus. This vasoconstriction decreases
heat loss from the body and thus heat is conserved, and body heat production is
increased. Along with this, there occur inhibition of sweating and this is another
mechanism to prevent heat loss. In this way by stimulating shivering and nonshvering
thermogenesis and vasoconstriction and inhibition of sweating, body heat production
is increased and heat loss from the body is inhibited. As a result, fall of temperature
is prevented and normal body téemperature is maintained.

Different exprimental results indicate that :-

(1) The controlling centre for integrating and coordinating various temperature
conservation function is contained in the posterior hypothalamus, although it is not
thermosensitive. ' _

(2) Critical temperature is the external temperature below which heat production
has to be increased by shivering thermogenesis to maintain normal body temperature.
It differs with species. In case of a tropical animal it is between 20°-30° C, whereas
in arctic animal like huskey dog the basal heat production may not increase even at
- enviromental temp, below —30°C. In this respect it is 20° C in a nude human subject.

(3) In case of muscle shivering both flexors and extensors are stimulated.

(4) The nerve inpulse goes to the muscle via lower motor neuron being activated
by tecto-spinal or rubro-spinal tract and not by pyramidal tract.

(5) Shivering begins when environmental temperature is below critical temperature
(20°C in case of nude man). The degree of shivering increases as the ambient
temperature is decreased. - .

(6) In respect of body temperature shivering begins when the core temperature
goes below the set point (37° C in case of man). Shivering is increased as the body
temperature goes much below the set point.

(7) Shivering is more if both air and core temperature are low.

(8) When air temp:.rature goes below 27°C, vesoconstriction occurs.

Temperature regulatlon in hot environment

When the body temperature tends to increase on exposure to hot environment
the following changes occur to maintain the normal body temperature.

The hot receptors present in the body are stimulated. Nerve inpulse in generated
in the nerve fibres attached to them. These impulses as well as increased temperature
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of blood stimulate the temperature detecting centre located in the anterior
hypothalamus. This results in inhibition of thermogenesis and stimulation of
" thermolysis.

Vasodilation and sweating cause thermolysis. It has been found that when the air
temperature goes above 27° C the skin vessels dialate. This helps in heat loss from
the body to outside.

Sweating : The sweat glands are innervated by sympathetic cholinergic fibres.
When body temperature is increased impulse goes to the sweat glands from posterior
hypothalamus via this pathway and cause secretion of sweat. Evaporation of sweat
takes away the latent heat of vaporisation from the skin surface and thus the body
is cooled.

It has been found that above 29° C environmental temperature, very little heat
can be lost by convection. So, vasodialation does not help much in heat loss from
‘the body. Above 35° C environmental temperature, the body loses heat entirely by
evaporation. The air temperature at which sweating begins has been found to be
about 31° C and for those lightly clad is 29° C in humans (the average skin temperature

is about 34° C). ' '

In respect of body temperature, when it goes above the setpoint, sweating begins.
It increases as the body temperature is increased. It has been found that the degree
of sweating is related to skin temperature and core temperature. When both core and
air temperature high the degree of sweating is more. It has been observed that maximum
rate of sweat secretion for thermolysis (thermal sweat) may be as high as 1.7 liters/
hour or-more. When one liter of sweat is evaporated 580 Kcal of heat is lost from
the body

As sweat coures from the blood rapid sweating demands a large cutaneous blood
flow and so requires cutaneous vasodialation. This is brought about by :

(a) External heat acting directly on the blood vessels.

(b) Reflexly from cutaneous warm ending. .

(c) By the rise of blood temperature acting directly on the hypothalamic centre..

(d) Activity of sweat gland secretion leads to formation of bradykinin which acts
as vasodialator.

If the air is humid, sweat cannot be evaporated and so sweating cannot hélp in
heat loss. '

The secretion of sweat also show adaptation. If exposure to heat is continued,
the sweat secretion is increated, it starts at a lower temperature, i.e. threshold for
sweat secretion is decreased. The NaCl content of sweat is decreased by the action
of aldosterone secreted in this condition. This prevents salt loss from the body. In
case of excessive sweating, water and salt should be ingested to prevent dehydration
and salt deficiency.
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It has been shown that some birds and mammals allow their body temperatures
to vary widely, either regionally in the body or in the whole body for sametime.

Temperature regulation in new born .

The new born of all species, including human infants are of smaller size compared
to their corresponding adults. Hence, they have greater surface area in relation to
their body weight. This poses a great problem in the maintenance of normal body
temperature. ' :

A fall in body temperature can be prevented by decreasing heat loss and increasing
heat production, cutaneous vasoconstriction has been found to occur in response to
cold even in premature babies. The new born has a higher capacity to increase its
heat production. A newborn animal or human infant, when exposed to cold hunch
themselves and tucks their limbs to reduce effective surface area. Brown adipose
tissue plays a very important role in heat production in infants. Fatty acid produced
from lipolysis in brown adipose tissue are oxidized within these tissue as well as
oxidized in other tissues after being carried there via circulation.

Tempurature regulation in non-sweating animals

In non-sweating animals, evaporative heat loss is achieved by other means. In
case of birds panting and gular flutter help in evaporative heat loss from respiratory
tract. Gular flutter, however, has been shown to be metabolically less expensive. In
respect of heat gain in cold, these animals respond to cold by shivering. Muscular
activity appear to be-their only means of increasing heat production. Non-shivering
thermogenesis has not been demonstrated in them. They lack brown fat and fail to
show a thermogenic response to norepinephrine. However, they depend on white
adipose tissue for compensation in cold.

When plenty of water is available, some birds may increase their cooling by
urinating on their legs. Kangaroo rats have no sweat glands. Evaporation from the
lungs is a great source for heat loss in them. However, due to scarcity of drinking
water, they do not use much water for heat regulation, rather they are nocturnal and
move for food only during night when the environment is cool.

Small animals such as rodents have no true sweat gland and also do not pant.
They avoid heat by living in underground burrows.

~Behavioral regulation of body temperature _

Animals have been found to change their behaviour. by regulating their body
temperature. In a cold condition the animals including humans are found to curl
themselves or remain close together to prevent heat loss. Alternatively, in hot weather
the animal stretch themselves to increase the surface area to favour heat loss. The
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rodents, specially in deserts have been found to enter into burrows in the daytime to
avoid heat. Moreover, they become nocturnal so that this may be able to acquire food
at night. This type of temperature regulation has been found to be much documented
in several poikilotherms, both vertebrates and invertebrates.

Some use solar energy, while others utilize metabolic heat to raise the body
temperature. The terrestrial environment is more prone than aquatic to sudden
temperature changes. The most successful terrestrial poikilotherm insects and reptiles
have made use of behavioral response to avoid extreme temperature or to elevate
temperatures sufficiently for certain activities. Some reptiles have well developed
sensory organs for this purpose. The infrared sense organs in the facial pit of rattle
snakes can detect a temperature difference of the order of 0-001 to 0-005° C. This
helps the animal to orient themselves to warm and cool environments. It also helps
the animal in detecting a wam blooded and cold pray. The insects use solar or’
metabolic energy to warm up before flight. Social insects like ants, termites and bees
may regulate their temperature in their nest or hives through varied activities.

Temperature regulation in aquatic animals

Water has high thermal conductance and a high heat capacity. Hence, the thermal
loss to water is much higher than to air of the same temperature. The cooling power
of water may become as high as 100 times as great as for air.

Many whales and seals live and swim in the near freezing water. However,
regarding body temperature they are similar to other warm-blooded animal. It is
around 36°-38" C. There are three ways by which aquatic animals can cause heat
balance in cold condition.

(1) They can live with a lowered body temperature.
(2) They can increase their metabolic rate to increase heat production.
(3) They can increase their body insulation to reduce heat loss.

[t has been found that several species of seals and dolphins have resting metabolic
heat production twice as high as would be expected from their body size. However,
in the harp seal, their metabolic rate remained same in water even when the temperature
goes down to the freezing point. (The critical temperature for harp seal in water is
below freezing point, but it has not been determined). Thus the effecti: . solution to
the problem is to develop effective insulation and this is done in these animals.

They have a thick blubber under the skin that acts as an insulator. In seals, the
temperature of the skin surface is identical to that of water but at the depth of about
50 mm (the thickness of the blubber), the temperature is nearly that of core temperature.
The seals and whales being such well insulated feel difficulty in heat loss when the
temperature of water in increased. In such a situation its skin temperature is increased
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to eliminate heat. This is achieved by increasing blood flow through the blubber to
the superficial layer of the skin which is well supplied with blood vessels. The
cutaneous blood vascular system permits a precise regulation of the amount of heat
that reaches the skin surface and thus is lost to the environment. Since the insulator
is located internally to the surface of heat dissipation (skin), blood can bypass the
insulator and heat loss during heavy exercise or in warm water can be independent
of insulator. - -

In arctic land mammals, furs act as insulator. It is located outside the skin
surface. The surface temperature of the body skin under the fur is close to core body
temperature. Most of the insulation resides outside the skin surface. In case of polar
bear fur is the insulator. But it has also a substantial layer of blubber under the skin.
This is very important. When the polar bear swim in cold water, most of the furs get
wet, most of the insulation value of furs is lost, the blubber plays an important role
in heat conservation. Hence, blubber plays an inportant role in samiaquatic way of
life.

In seals and whales, that lack blubber, have flippers are flakes. These appendages
are well supplied with blood vessels and can lose substantial amount of heat if
required. However, they require heat conservation in the cold which is achieved by
~ developing heat exchanger system. It has been found that in the whale flipper, each
artery is completely surrounded by veins. Thus, as warm arterial blood flows into the
flipper, it is cooled by the cold venous blood that surrounds it in all sides. The arterial
blood therefore reaches the periphery precooled and loses little heat to the water. The
heat has been transferred to the venous blood, which is pre-warmed before it reaches
the body. This kind of vascular heat exchange arrangement is called counter current
heat exchanger, because blood flows in opposite directions in the two vessels.

2.2 Temperature regulation in poikilotherms

Poikilothermic animals attain the temperature of the environment where they
live and do not maintain a constant body temperature like homeotherms. But some
poikilotherms have some regulation of body temperature and thereby keep their body
tempereture above the ambient temperature. Such temperature regulation has been
developed to satisfy their requircment to combat thermal stress.

The insects are poikilotherms, but they face thermal problem because of high
rate of metabolism during their flight. If the insect is too cold its muscles will not
contract suitably for flight. In such a situation, it can increase the temperature of their
flight- muscle by contraction similar to shivering in man. On a cold day a butterfly
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or moth has been found to vibrate their spread cut wings for several minutes before
take-off. At this stage, the temperature of the flight muscle has been found to be
raised to about 35° C within 6 minutes in an ambient temperature of 20° C.

Snakes and lizards have been found to expose themselves to the sun in the early
morning and raise their body temperature above the surrounding temperature by
sunbasking. A lizard caught in the early morning at Peru (altitude—15,000 ft.), had
a body temperature of 31° C. Later in the day it avoids sun and in hot days take
shelter under rocks or cool burrows. A desert lizard save itself from overheating by
behavioral changes because its lethal temperature is about 45° C and it will die if it
is exposed to such temperature for 10 — 15 minutes. ' '

Active temperature regulation has been observed in snakes. Large python has
been found to coil their bodies around their eggs. At a room temperature of 25°C,
the snakes maintain their body temperature about 5° C higher and this is achieved by
spasmodic muscle cantraction like shivering in man. .

2.3 Hibernation

Sometimes the animals pass through a state of dormancy to overcome adverse
conditions. Dormancy is a general term for reduced body activities, including reduced
metabolic rate. Dormancy has been variously classified according to its depth and
duration e.g. sleep, torpor, hibernation, winter sleep and estivation. All these are
specific physiological conditions, attained and maintained to pass over unfavorable
conditions.

Torpor : 1t is a state of inactivity often with lowered body temperature and
reduced metabolism that some homeotherms enter into so as to conserve energy
stores. Small endotherms, because of their high metabolic rate are subject to starvation
during periods of inactivity when they are not feeding. During these periods some
animals enter into a state of torpor in which the temperature and mebabolic rate
subsides. Daily torpor is practicised by many terrestrial birds. Several species of
small mammals also undergo torpor e.g. Shrews.

Estivation : 1t is a state of dormancy in response to high ambient temperatures
and/or danger of dehydration. It is also called summer sleep. Some species of both
vertebrates and invertebrates exhibit estivation. Well known as estivators are African
lungfish (Protopterus).

Hibernation : 1t is a state of deep torpor, or winter dormancy, in animals in cold
climates, lasting weeks or months. Hibarnation is a well regulated physiological state
that permits survival during most unfavourable part of the year. In this state the body
temperature is greatly lowered and the metabolism, respiration, heart rate are greatly
reduced.
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As the ambient temperature goes below the critical temperature the heat production
is increased to keep the body temperature normal. To have this, more food is required.
In the winter, the food supply is short. So the animal cannot consume adequate food
necessary to increase the metabolism so that the body temperature is kept constant
and the animals will succumb to cold.

In such a situation, the animals give up homeothermy and pass into the state of
hibernation and remains dormant. It remains in this state during the unfavourable
condition. When the environmental condltlon becomes favourable it awakes and
becomes active again. :

Hibernating animals

It is 'seen in some mammals are birds. Pearson classnﬁed homeotherms into
obligatory, stubborn and indifferent. Some members of the stubborn and indifferent
homeotherms truly hibernate. Mammals that hibernate are some monotremes
insectivores, rodents and bats. :

Preparation for hibernation

Hibernation usually occurs annually and the animal prepares itself for hibernation
by accumulating food. In hiberating bats circadian rhythm in body temperature and
metabolism has been observed and this rhythm has been found to disappear as
hibernation continues. Ultradian rhythm, however, has been found to persist for at
least four years in hibernating golden-mantled squirrels. The animal gradually enter
into hibernation when the ambient temperature is below a critical temperature.

Many mammals and a few birds regularly hibernate in each winter. The body
temperature drops almost to the level of surroundings. Heart rate, respirations,
metabolism and many.other functions are greatly reduced. They show little response
to external stimuli with the active life suspended, they can survive a long winter.
Most animals that hibernate are of small size. Thus many rodents, hamstars, pocket
mice, hibernate. insectivores at high lattitude, (e.g. hedge hog) bats hibernate. Humming
birds, insect eating swifts and some mouse also hibernate. After the hibernation
period is over, they revert back to prehibernation state. This is called arousal.

State of hibernation

In the state of hibernation the plysmloglcal status of the ammal is some what
different.

1. The body temperature is very close to the ambient temperature and rises and
falls with it. The colon and esophageal temperature may be 2-3° C above air
temperatures. When air temp is 0°C, animals tend to hold their body temperature .at
about 2°C and the 0, consumption increases. _

During h:bematlon the thermostat activity of hypothalamus is reset at a low
level as 20°C or more below normal. At ambient temperature between 5° C — 15° C,
many hibernators keep this body temperature as little as 1°C above ambient temperature.

i
)
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During hibernation, the thermoregulatory control operate at a low set point and with
a reduced sensivity.

2. Prolonged period of suspended respiration develops, the rate of breathing may
be reduced to even one or less per minute. Due to reduced respiratory exchange
blood of many hibernators become acidic. This acidosis may further lower enzyme
activity due to departure from optimal pH of metabolic enzymes.

3. Heart rate is marked'y reduced. In case of active ground squirrel whose heart
rate is 200 — 400/minute drops to 7-10/minute in the hibernating state.

The P — T interval of ECG in lengthened. Block of conduction may result in
uncoordinated beats, vagal stimulation has been found to show no effect on heart.
That hibernants can maintain there physiological functions at a low temperature is an
adaptive phenomenon. For example, impulse conduction through nerve is blocked at
9°C in rat (non-hibernant) but at 3-4° C in hamstar (hibernant). Na-pump mechanism
is almost completely inhibited at 5° C in non hibernants, but in hibernants it still
persists.

4. Blood flow is reduced, cardiac output shows a small decrease and that is
accompanied with decreased heart rate. Stroke volume, however, remains unchanged,
‘'WBC count may be reduced and hematocrit slightly diminished. Clotting time has
been prolonged it is due to a decrease in prothrombin. Serum Mg"™ has been found
to be high. Metabolism is reduced by 20 — 100 times. The RQ corresponds to fat.

5. Activity of nervous system does not entirely stop when the body cools. Citellus
shows low amplitude cortical waves at 5° C and at a brain temperature of 6-1°C it
can still localize sound, erect pinae, vocalize and move.

6. Hibernation can last for weeks or for several months in cold climates. Many
hibernators arouse periodically (once a week or every four to six weeks) to empty the
bladder and defecation.

7. Some hibernators become temporarily resistant to X-irradiation.

8. It is a state in which dormany or torpor occurs that is much more pronounced
than deep sleep.

Hibernating animals revert back to original normal state under favourable
condition — the term called arousal. The time taken to go into hibernation is often
"much higher than the time taken for arousal. In ground squirrel, the time taken for
attaining the peak torpid state'is about 12 — 18 hours but arousal requires less than
3 hours. The hibernators are usually small. There are no large hibernators. They
undergo winter sleep. This is because, they have less need to save fuel. This is again
due to their normal BMR is low relative to their fuel stores owing to allometry of
metabolism and fuel storage. Secondly, because of large mass and low BMR a
prolonged metabolic effort would be required to raise the body temperature to normal
level for a very low ambient temperature. For example, a large bear would require
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at least 24 — 48 hours to warm up to 37° C from a hibernating temp of 5°C. Warming
up of such a large mass would also be energetically very expensive. -

Arousal from hibernation

The hibernant retains its ability to arouse when the ambient temperature increases
appreciably. The animal warms up again and returns to the warm blooded state.
Arousal from hibernation is a rapid awakening with warming starting from thoracic
* region. It is a process of self rewarming and does not require external heating. It is
a rather rapid process. The rectal temperature can increase by nearly.20° C in an hour.
Awakening starts with an explosive outburst of heat production and the peak
. metabolism is maintained for sometime (e.g. 1/2 hr for marmot) after which the heat
production subside gradualy into its basal state. :

The rewarning during arousal from hibernation is most expensive.

During arousal, heat is produced by violent muscular shivering and oxidation of
fat in the brown adipose tissue. Brown fat or brown adipose tissue are present in
smaller or larger patches along the neck and between the shoulders. These cells are
filled with fat and with large mitochondria (responsible for brown color— hence the
name brown adipose tissue or brown fat.) The tissue has rich blood supply and
connected by sympathetic nerves. Here oxidation of fat yields high amount of energy
because in these cells uncoupling of oxidation and phosphorylation occurs. It is
caused by a protein called thermogenin (MW 32 kDa). Hence, heat is produced at a
very high rate. Besides fat it also oxidizes other substrates supplied with blood. The
heat production is turned on by noradenaline or by nervous stimulation. This brown
" fat is found in all hibernating mammals, but it also occurs in many new born mammals
including man. It is rather peculiar that they are not seen in a number of birds which
regularly hibernate. In most mammals, the brown fat has been found to be lost but
it remains in hibernators. ‘ : _

The rewarming occurs differently in different parts of the body. It has been seen
that the anterior part of the body that contain vital organs like heart and brain warms
much faster than the posterior part. In this respect, rewarming of the heart at the
begining is not only essential but must be an initial step because the proper functions
of the heart is needed to supply circulation of oxygen for all other organs. The major
‘mass of brown fat are also located in the anterior part. It has been observed that the
reheating process in the posterior part begins only when the anterior part has reached
near normal temperature. " :

Control of hibernation

Hibernation — arousal is the cyclic phenomenon operating in hibernating animals.
It is regularly controlled. Neuroendocrine involvement has been well documented in
this process. ' _

A circadian rhythm has been noticed. The begining of hibernation cycle is usually
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associated with a particular time of the year, but it is not necessarily induced by low
temperature or adequate food.

Yearly cycle of hibernation is influenced by the duration of the daily light cycle
and is also associated with a dark cycle.

A well regulated heat production require a well coordinated Central Nervous
System (CNS). e.g. European Hedgehog keep the body temp. at +5° to +6° C as the
ambient temperature goes below freezing temperature. Aes imilar well regulated
torpor has been observed in West Indian humming bird Eulampis jugularis which
like other humming birds readily becomes torpid. The body temp. of Eulampis,
when torpid, approaches air temperature but if air temperature drops to below 18° C
it results for the fall (in body temperature) and keep the body temp at 18 — 20°C.

It is seen in hamstars that in case of lesion in post-hypothalamus, they fail to
enter into hibernation. However in case of lesion in anterior hypothalamus, the ground
squirrel may enter into hibernation but they fail to arouse.

Adrenalectomized animals do not hibernate and in hibernation adrenal cortex is
depleted. Hibernating animals do not respond by thermogenesis to injection of
norepinephrine. '

2.4 Suggested questions

1. Explain homeothermic and poikilothermic animals. Discuss the role of
hypothalamus in the regulation of body temperature.

2. Write briefly on the regulation of body temperature in poikilotermic animals.
‘3. How body temperature in regulated in aquatic animals.

4. Describe how body temperature is regulated in hot/cold énvironment.

5. Comment on temperature regulation in infants.

6. Write a note on behavioral regulation of body temperature.

7. How body temperature is regulated in non sweating animals

8. What is hibernation ? Write a note on the preparation for hibernation.

9. What is arousal ? Describe the process.
10. Write briefly on the neuroendocrine involvement during hibernation.
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Unit 3 U Communication among animals

Structure

3.1 Bioluminescence
3.2 Pheromones and other semiochemicals
3.3 Audio signal

3.4 Suggested questions.

3.1 Bioluminescence

The emission of light of visible spectrum by living organism is called
bioluminescence.
It is a process in which living organisms convert chemical energy into light.

Luminescent organisms have been observed throughout the ages. Christopher
Columbus during his historic voyage across the Atlantic noticed mysterious patches
of luminescent light around the water of his ships. Aristotle observed that the flesh
of dead fish and damp wood appear to luminescence. Subsequently it was shown that
glow in dead flesh was dependent on oxygen. Raphael Dubois was the first to isolate
the light producing chemicals from ‘clams’. This paved the way for the characterization
~ of the molecular chemical and physiological mechanisms behind the process.
Bioluminescence has been observed in thousands of species including bacteria, fungi,
and marine animals. Bioluminescence can be defined as the emission of ecologically
functional light by living organisms. It is primarily a marine phenomenen with a few
exceptions seen in freshwater and terrestrial organisms, light emission plays an
important role in the life of bioluminescent animals. -

Types of bioluminescent animals

Many organisms produce light with the help of photogenic organs, tissues or
cells. This is called self-bioluminescence e.g. fire-flies. Some other orgamsms emit
light which is actually produced by some symbiont bacteria present in their bodies.
This is called hetero-bioluminescence e.g. Loligo and some fishes.

Bioluminescent organisms

Although it is basically a marine phenomenon many animals exhibit this. It is
seen in Protozoa, Cnidaria, Annelida, Arthropoda, Mollusca, Echmodermata,
Protochordata and Fishes. It is not seen in terrestnal vertebrates

Photogenic devices
In some cases, e.g. protozoa the chemicals and enzyme required for light
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production are diffused throughout the cell; in ophiuroids the light producing apparatus
is present in photogenic cells present in body surface. In higher organisms definite
photogenic organs are present which produces light. These organs have been best
studied,in insects and fishes. These are paired organs in insects being located in the
head and abdominal segments. Typically, each photogenic organ has a layer of
photocytes containing mitochondria, required chemicals and enzymes for chemical
reaction. These cells are arranged cylindrically at right angles to the translucent
cuticle which permits light to pass through it. Behind the photocytes, there is a
reflecting surface chiefly consisting of urate granules. They receive oxygen through
air tubes or tracheoles (Fig. 3.1).

Nerve
Trachea

o)--—— Reflector layer

z Urate crystal

Photocyte

~— Tracheole
Luciferin granule

Tracheal end cell

Mitochondria

-—— Epidermis
~— Cuticle
Fig 3.1 : Photogenic organ of a fire-fly. (After Chapman)

A number of fishes, mostly deep sea forms, possess charasteristic luminescent
organs called photophores. These organs are probably specialized gland cells of the
epidermis. They show considerable variation in their number and mode of distribution
on the body. These glanduler structures generally occur along the lateral and ventral
sides of the body and head. They may be arranged in one or two rows extending on
the sides from head to tail as in Scopelus and Halosauropnis or they may be located -
in some limited parts of the body. Besides these organs, a few large and complex
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organs may be present on different parts of the body e.g. suborbital organ in Opostomias
micripnuhs, Scopelus benoitii and Pahystomias microdon. Large photophores present
on the elongated first finrays of pectoral, dorsal fins of Angler fishes. In toad ﬁsh a
large number of photophores are present along the lateral line. :

~ Fishes with luminescent organs have world wide distribution. Majority of them
are bathypelagic living at a median depth (500 — 2500 meters) and sometimes migrate
to the surface at night. Some species are also found in deeper waters. |

Luminescent organs are of two main types. Some species are self luminous. In
others the light is produced by symbiotic bacteria. Self luminous photophores are
found in some elasmobranchs (Squalidae and Torpidinidae) and in the teleost belonging
to the families Stomiatidae and Myctophidae (or Scopelidae). These photophores 4re
simple and complex. The simple photophores consist of a series of radially arranged
glandular tubules that receive branches from the adjoining cranial and spinal nerves.
In more complex photophores additional structures like a reflecting layer and a lens
like structure also develop. The suborbital organ of Pachystom:as microdon is quite
complex in structure. It is a cup like structure and its wall is composed of several
concertric layers. Externally there is a layer of black pigment and numerous giandular
tubles are present in the cup. A thick layer of light reflecting spicules is present in
the cup where axial part is full of a number of radially arranged glandular tubules.
The mouth of the cup is occupied by a lens-like structure and the skin forms a
covering like an iris diaphragm over it. The organ is supplied by a branch of fifth
cranial nerve. Both simple and complex photophores may be present in the same
species. -

Luminescent organs in which light is produced by symbiotic bacterla are found
in a large number of species belonging to different familics like Malacocephalus
laevis, Monocentris japonicus, Photoblepharon, Anomalops, Lewgnatkus and the
Angler fishes. -

Structurally these photophores consist of a large number of glandular tubules
that secrete luminous bacteria. In some genera e.g. Malacocephalus, the highly vascular
gland opens by a duct on the ventral surface of the fish in front of the anus
(Malacocephalus), species of some genera (Photoblepharon and Anomalops) possess
an elongated luminescent organ below each eye. It consists of numerous long parallel
glandular type with rich blood supply. The organ has pores opening to the exterior
at the anterior end a ‘reflector layer’ at the hind end.

Since these luminescent organs produces light for long periods due to bacterial
luminescence, mechanical devices have developed to turn the light on and off. In
Anomalops, the light is cut off by moving the luminescent organ downward by a
hinge, so that it comes in contact with a black pigmented tissue. In Photoblepharon
~a fold of black tissue is drawn up like an eye lid over the organ to cut off the light.
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Bioluminescence reaction

Reaction occurs between the substrate luciferin and the enzyme luciferase in
presence of oxygen. Bioluminesence is an enzymatically catalyzed chemiluminescence.
In chemiluminiscence the reaction releases energy but instead of being lost as heat
or coupled to some synthetic reaction the energy is used for the specific excitation
of a molecule capable of releasing the energy as a photon. The energy of the photon
is not fixed, but depends upon the color of the light. The energy, E, is given by the
fundamental equation E = hv. when h is the planck’s constant and v is the frequency.
For bioluninescence, where the light is in the frequency range correspoding to wave
length between 450-600 nm. the energy involved ranges from about 65 — 45 k cal per
mole of photons (an einstein). '

French scientist Dubois coined the term luciferin (color peaning) which is the
substrate and the enzyme called luciferase that catalyzes the reaction.

Luciferin and lucifeurase are now used an generic terms to refer to the substrate
and the enzyme involved in any bioluminescent reaction. Although different specific
molecular species are involved in each different class or group of organisms, the
general reaction mechanisms have certain close similarities and thus can be represented
by a generalized equation. Luciferin is a heat stable, heterocyclic phenolic compound
with a molecular weight of 280 and an emperical formula C ; H, N, S, O,. There are
different types of luciferins like bacterial luciferin, Dinoflagellate luciferin, Vargulin,
Coelenterazines, Firefly luciferin.

Luciferases are heat-sensitive enzyme. Firefly luciferase belongs to acyl adenylate
thioester forming super family. The enzyme of different organisms have different
amino acid composition and structurs. For exemple pure bacterial luciferase is a
simple protein with MW 79 k Da. Fire fly luciferase has a MW of approximately
100 k Dal. with two different subunits and one active centre per molecule.

Giese (1973) proposed the following scheme of reaction within photOCytes in
firefly.

1. At first luciferase catalyzes reaction between luciferin (LH,) and ATP, the
products formed are Adenyl-luciferin and pyrophosphate.
LH, + ATP ————— LH, —AMP + PPi
luciferase

2. -Next, the enzyme catalyzes oxidation of adenyl-luciferin by atmospheric
oxygen with the production of high-energy adenyl-oxyluciferin and water

LH, - AMP + % O, ————— > L - AMP* + H,O
2 2 2
luciferase (High energy
adenyl-oxyluciferin)
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3. In the next step, high—energy adenyl - oxyluciferin spontaneously returns
to ground state liberating its energy in the form of light.

L-AMP" — L — AMP + light.
(Ground state)
4. Later, adenyloxy-luciferin breaks down into oxyluciferin + AMP
LAMP — L + AMP

(Oxyluciferin)
important characteristics of the reaction :
(a) Luciferase acts best at a pH of 78
(b) The activity is highest at 23° C.
(c) Atmospheric oxygen and ATP are required for their reaction.

(d) Divalent cations like Mg*, Mn*™ or Co** stimulate luciferase action and the
ionic environment probably also controls color of the light produced.

(e) Different types of luciferin — lumferase control the colour.

N_ N - C—O—P—O Rib —{ Adenine
/I\ > { HI [
.~~8" s o ,0 |
H AMP
A Luciferyl adenylate

/.

PP; ¢ : \
>z’/ {0,
Luciferase *
ATP /.-‘ . _
Q = r‘m . covs
Luciferin \ N N:r o
' HO/O:s s

regener_alin‘g-““k___ «—" Oxyluciferin
areactions

Fig 3.2 : Important components in the firefly bioluminescence cycle.

HO

Physical properties of colours :

.(a) The light produced is not hot, it has a temperature below 0-001° C.
(b) The light is free of UV and infra red rays.

(c) Intensity of light is low.

(d) Wavelength of light ranges from 5000 — 6000 A.

(¢) The light may be of different colours.
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* The annelids give blue light. Amongst fireflies, Fulgora gives white light,
many species produce yellowish green but Pyrophorus gives out green light from
thorax, and red light from abdomen. Fishes produce blue or bluish-green light. The
Dragon fish, however, emits red light. It is known as dragon light. It is peculier that
only dragon fish can perceive red light. This allows them to haunt unseen and find
prospective mates without alerting their own enemies (Fig. 3.2).

- Some organisms emit light continuously but some emit flashes that range in
duratlon from about 1/10th of a second to 10 seconds.

Regulation of bioluminescence

Mechanical, nervous and hormonal processes control light production. In protozoa,
mechanical stimulation by waves in the sea stimulates light production. In higher
organism nervous regulation exist. In insects, when the nerves supplying photogenic
organs are stimulated acetylcholine is produced. It reacts with ATP and CoA and
forms acetyl CoA which in turn stimulates luciferase action. In fishes, photophores
are under the control of Vth cranial nerve and spinal nerves.

Adrenaline has also been found to stimulate photophore activity.

Importance of bioluminiscence

1. Light flashes help the organism to find out prey, to escape from danger to
puzzle and frighten their enemies, to attract opposite sex.

Many deep sea fishes illuminate the surroundings are thus help to find out preys.
Many organisms attract their preys by light flashes e.g. deep sea fish, fireflies. Deep
sea fishes can frighten their enemies by sudden flashes of light. Flashes of light may
act as a mating signal.

2. There are several well known instances of bioluminescence during sexual
behaviour. In some cases the light plays a part in the timing of reproduction and in
synchronising the activities of males and males. The mating of fireflies often depends
on a very accurate signaling system, the males flash their lanterns as they fly
approximately 50 cm above the ground if a female sees one of these flashes within
3—4 meters, she may be expected to flash back after an exact interval of 2 sec at 25°C.
This attracts the male in her direction.

3. Luciferin — luciferase system is a highly sensitive test for detection and
determination of ATP. In the laboratory pure firefly luciferin and luciferase are used
to measure minute quantities of ATP by the intensity of light flash produced. As little
as few picomoles (10> mole) of ATP can be measured by this processes.

In can also be used as a sensor for the determination of intracellular calcium
concentration in the micromolar to nanomolar range.

4. Bioluninescence can help in detecting energy problems in human cells. This
technique is now used to study abnormalities like ailmens of heart, muscular dystrophy,
urological problems etc. It has been found that injection of luciferin and luciferase
exhibit different reactions in normal and cancerous cells.
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5. In pest management it is used as a tool for mapping the distribution pattern
of organisms.

6. The bright luminescence generated from lucnferase assay made it ideal for
sensitive non-radioactive assay.

7. It helps in the detection of life in an unknown planet. Presence of ATP an
indication of life, is ditected by bioluminescence technique in the soil of an unknown
planet.

8. This technique is used in the study of genetics. It is used to detect the
presence of some gene in a cell and to determine whether the gene is turned on or
off. It has been shown that taking a single gene from the jelly fish aequorea and
attaching it to the gene of another organism make the cell glow green when that gene
is turned on. The jelly fish gene encode a protein called green fluorescent protein
(GFP). When the jelly fish is disturbed, Ca*™ bind to aequorin and produces blue light
in the absence of GFP, but in presence of GFP green light is produced. The scientist
Charles was able to get GFP to shine green in the absence of Ca™ and aequorin by
simply shining a blue light on it. This discovery has a broad application in the area
of genetics.

3.2 Pheromones and other semiochemicals

The term ‘pheromone’ is originated from the greek words ‘pherin’, to transfer,
and ‘hormone’, to excite. It describes a class of chemicals that are communicated
between animals of same species and that elicit stereotyped behavioral or
neuroendocrine responses. Some pheromones, called releaser pheromones, elicit an
immediate response. While others are termed as primer pheromones, which induce
long-term changes in behavioral endocrine state.

Pheromone induced responses are mediated primarily through vomeronasal organ
(VNO). It is also known as ‘Jacobsons’s Organ’. It is part of the olfactory system.
It is present in a variety of non-human vertebrates as well as in humans. VNO was
first discovered by Ruysch (1703). He was a military doctor. He found it in a soldier
- with a facial wound. It was named as Jacobson’s organ after the name of Jacobson,
who discovered it in animals. Since 1985, many scientists were able to demonstrate
VNO in most humans. VNO is located bilaterally on the anterior third of the floor
of the nasal septum. It opens into the nasal cavity by a pit which varies in size from
0.2 to 2 mm. It is situated 1-2 cm. from the posterior margin of the nostril. It is lined
by a pseudo-stratified columnar epithelium, 60 um in depth that lie on a thick basement
membrane.

The VNO neuro-epithelium contains three cell types—

(i) Small polygonal dark staining basal cells measuring about 6 um in diameter,
called Basal cell.
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(i1) Tall cylinder/columner cells with densely staining cytoplasm called Dark
cell. '

(iii) Tall columner calls like the dark cells, but lightly stained, hence called Light
cells.

All these cells differ from surrounding respiratory .epithelium in the nose by
having no cilia.

Compounds occurring naturally on the human skin were found to cause a local
depolarisation when applied directly to the VNO. This depolarisation had the
characteristic of a receptor potential. Subsequently it was shown that these compounds
were 16-androstenes and estrenes. These compounds did not produce response from
olfactory epithlium. Moreover, olfactory stimulant (e.g. cineole) has no effect on
VNO. A pheromone called vomeropherin (pregna-4, 20-diene-3, 6-dione (PDD),
-caused evoked potential in VNO and also changed gonadotropin pulsatility in males,
resulting in a reduced level of LH and testosterone. PDD also decreased respiratory
frequency, increased heart rate and also caused event related changes of EES pattern.

Stern and McClintock (1998) have shown that odourless axillary compound
from the armpits of women in the late follicular phase of their menstrual cycle
accelerated the preovulatory surge of LH of recepient women and shortened the
menstrual cycles. Axillary compounds of the same donor collected later in the menstrual
cycle (at ovulation) showed the opposite effects—they delayed the LH surge of the
recepients and lengthened their menstrual cycle. Savic et al (2001) showed that
‘androstadienone’ (a human, in particular male secretion) caused activation of
hypothalamus of women (gender-specific action), but not in men. It also activates
anterior part of the Inferior Prefrontral Cortex (PFC) and the Superior Temporal
Cortex (STP) (in addition to olfactory area). The PFC and STP have been implicated
in aspects of attention, visual perception and recognition and social congnition.

A pheromone can act as a reinforcing agent or a one-trial conditioning agent in
which the presence of a pheromone converts a second odour (that of the partner or
infant) in conditioned stimulus. Mice can distinguish one another by odour. This
odour 1is genetically determined and partly specified by the H-2 major
histocompatibility complex (MHC) gene located on chromosome 17. Genes located
on chromosome Y also regulate production of some odours. The human equivalent
of MHC locus is HLA (Human Leucocyte Antigen). There are odourous substances
secreted in the mouse urine. These odours many play a part in pregnancy block
(Bruce effect), aggression and other mouse social behaviours. It is held that, in
human, axillary odours have chemical differences which makes the discrimination
possible. Some of these individual specific odours may be under the control of HLA
genes. Studies have shown that women prefer those male odours that have HLA
types different from their own. However, this preference is reversed if they use oral
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contraceptives. Schaal (1980), reported that, mother could recognise their own newbomn
infant from the smell of a previously worn T-shirt. Infant also prefer breast or axillary
pads from their own mothers, distinguishing the odour from other kin.

Receptors or at least their own RNA, for phenomones have been found in the
human olfactory epithelium. However, presence of pheromonen receptor protein
expressed in the surface membrane of an olfactory receptor neurone and the response
of this receptor protein to a ligand (a potential pheromone), have not been convincingly
observed as it is in case of olfactory receptors.

Androstenone is the male human pheromone, that helps to attract women. In
practice, it is blended with favourite cologne to produce a cologne odour that will
attract women. Similarly, androstenol is the female human pehromone, that helps to
attract men. It has been observed that once men detect the female human pheromone
scent, they subconsciously become more attracted, more receptive an more willing to
offer attention. Regarding the mechanism of action, it is held that the chemical scent
triggers the part of the brain, where the sexual attraction feeling starts. Once, the
powerful feeling of sexual attraction sets in, it moves a person generally more attentive
and responsive to the person, who is the source of that sexual attraction. -

In humans, pheromone production is primarily linked with secretion of apocrine
glands of skin, other glandular secretions and the moist areas of the body like axillae,
mouth, feet and genitals. Freshly produced apocrine secretions are odourless. They
are transformed to odourous products by microorganisms. The type and density of
cutaneous microorganisms on different areas of the body interacting with skin and
other glandular secretions give rise to a variety of odours from various body sites.

Types of pheromones

The pheromones are of different types like sex attractant pheromone, fear
pheromone, aggresive pheromone, marker pheromoen etc.

1. Sex attractant pheromone : In case of Gypsy moth, the female secretes
pheromones which is perceived by thousands of males with the help of their antenae
which bear olfactory epithelium. Sensation followed the releaser pathway to manifest
behavioral changes. This pheromone can attract thousands of males from a distance
of half a mile. This has also been found in humans. It has been possible to synthesize
it in the laboratory for use in pest control. Similar female sex attractant pheromones
are also secreted by male animals, e.g. a secretion from salivary gland of male boar,
a secretion from preputial gland of musk deer. .

2. Fear pheromone : It has been observed that if an animal is frightened, fear
pheromones are produced. If such a ‘frightened animal’ is put in a cage having
normal animals, the latter are also frightened. These pheromones are secreted in the
urine of frightened animals. If a smaple of such urine is applied to a normal individual
in a small quantity, the normal animal get frightened.
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3. Aggressive pheromone : It is particularly found in male mammals. If some
adult and sexually mature bandikoots put in a single cage, they become aggressive
to each other. They start fighting and eventually might dle This pheromone is secreted
from prepuital gland.

4. Marker pheromone : Some animals secrete marker pheromones which help

them to identify their territory. It is secreted from sebaceous gland of female blacktail
deer and from anal gland of tigress.

‘3.3 Audio signal

The production and perception of sound is not only a means for communication
it is also important for detection of environment and navigation.

Some animals have both sound production and sound detection systems, some
-may have ‘either. Many animals can hear but cannot communicate with sound. A
source of sound can serve as a warning even in those animals which cannot produce
sound but is capable of hearing. In cases where sound is used for communication the
production is often restricted to one sex, usually male and the principal function of
sound is related to male attraction and maintenance of teritory. Animals use various
types of sounds for various purposes but all are related to better survival. Insects can
produce and perceive a wide variety of sounds which are used for communication
often with the opposite sex. -

' Among invertebrates, communication through sounds are limited to a few groups
of insects, especially Orthoptera, Hymenoptera, Cicadidae and perhaps some
Crustaceans. The first two groups produce sound by stridulation, rubbing a toothed
structure accross a ribbed plate. This results in the production of a burst of pulses
extending upto 40 — 50 KC / sec. Cicadas produce sound by vibrating a thin section
of cuticle, some decapod crustaceans make sound by thumping the substrate with
their-pinchers. Hearing is more widespread and is accomplished most commonly by
a modified tracheal structure, the tympanic membrane. This is called tympanic organ.
This may be located in the legs in Orthoptera, Arachnida and Crustacea in the thorax
or abdomen as in Lepidoptera and Homoptera or in the antennae as in Diptera. The
number of receptor neurons also vary for 2 in case of Moth to 70 or more in the
Locust, but they all respond to the same frequencies determined by the properties of
the tympanic membrane.

In these cases there may not be any frequency dlscnmlnatlon but sensitivity
vaires and intensity discrimination is possible. The principal function of these organs
is to detect a sound, its recognition apperently by the number of bursts per secound
and its localization. Some insects respond to sounds in human audio range. They also
respond to ultra high frequency sound as are produced by bats. Sound reception and
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its processing help a moth to escape its predator bat. Cicadas sing species-specific
songs conisting of complex pattern of clicks and rasps. Courtships and rivalry calls
of male crickets can be identified as species specific, each produced by a patterned
sequence of muscle contractions. Male lycosid spiders produce courtship and threat
sounds by scraping the palps, the frequency of the courtship sounds increases when
a female displays legwaving. Some species of bees signal in the hive, the location of
feeding places; honeybees also produce sound as a part of communication from
foragers to other workers; the sounds are produced by skeletal movements caused by
contraction of wing muscles at 250 Hz. Duration of each sound has been found to
be related to the distance between the hive and the food — duration is short if the
distance is less and long if the distance is more. Sound vibrations can be received-by
Johnshon’s organ present in flies. Vibrations in substrate water and air are important
to insects as warning signals, aids to locomotor and posture control and communication.
Sounds serve many orthopterans for social communication. Coding of sound in
insects is mostly dependent on temporal patterning of pulses by amplitude and not
much by frequency and harmonies as happens in case of vertebrates.

Vertebrates

Among the vertebrates, the most sophisticated use of sound for communication
is performed by birds and mammals. However, other vertebrates also use sound in
different functions.

In case of aquatic animals, fish-have a variety of sound receptors like skin,
lateral line, and three labyrinthine chambers. They use the first two to detect
displacement and low frequencies. Several teleost fishes produce drumming granting
or scraping sounds others, produce sound by vibrating there air bladder schooling
calls and the sound possibly serve simple communicative functions spemally in
intraspecific alarm and in reproductive behaviour.

The sounds are mostly produced by contraction of muscles along the swim
bladder or between the pectoral girdle and the swimbladder. A few kinds of fish
produce sound by resonating the swim bladder. Elasmobranchs lack swim bladder,
yet they respond to low frequency sound even after their lateral line is damaged.
However, usefulness of sound is limited because most fishes have poor hearing
capability. They respond only to low frequency upto about 1000 cps at high intensity.
This is because they do not have a specialized cochlea or any. means to concentrate
acoustic energy on the otolith.

Some fishes have Weberian ossicles (Weberian apparatus) linking saccules and
airbladder. Airbladder acts as a tympanic membrane, pick up vibrations in water.
These fishes hear sounds upto several thousand cycles/sec and are several thousand
times more sensitive than fish without weberian ossicles. Frogs emit mating calls
which are species specific. Cetaceans can detect direction of sound in water. A
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porprise (Tursiops) with its eyes covered has been found to emit sound pulses 1 —
1-5 msec duration, repeated about 16/sec while cruising ; and accelerating to 190/sec
when near a reflecting object such as a fragments of fish. The whales emit sound
which may constitute songs lasting several minutes and which are repeated many
times. An individual whale may be distinguished by its song, the intensities are high.
‘In the layer of water frequented by whales, the songs may carry for many miles.

Terrestrial vertebrates

The terrestrial vertebrates have found much tore complicated uses of sound.
Sound is produced by devices which are used in passing air via respiratory passages.
The nature of the sound ranges from simple hiss of reptiles to the resonating vocal
sacs of amplihia, the syrinx of birds and the larynx and vocal cords of mammals
(with lips and tongue helping in man). However most of the anurans in amplibia do
not make sounds, among the reptiles only the lizard of the family gekkonidae utilize
sound for communication. Even in birds and mammals, nearly all can hear well,
though there are some which are usually mute. Animals show maximum sensitivity
within a restricted range of frequency. Frogs show maximum sensitivity between
3,000 to 4,000 cps. In the bull-frog response is greatest in the range of 100 — 200 cps,
which is used as a mating call. Snakes and most lizards have less well developed ears
and respond only to local sounds of a few hundred cps.

'The hearing mechanism in birds and mammals are highly developed. Behavioral
and electrophysiological studies revealed that they have same absolute sensitivity,
differential frequency and intensity determination and dynamic range. The principal
mechanism of sound perception in birds and mammals have been described. When
the sound wave strikes the tympanic membrane, it vibrates. These vibrations are
amplified and transmitted through the ear ossicles in the middle ear to the oval
window of the internal ear. This causes vibrations of the basilar membrane. The
auditory receptors present here are excited (hair cells in the organ of corti). As a
result, nerve impulse is generated in the auditory nerve (cochlear division of VIIith
nerve) by auditory transduction. These impulses reach the auditory cortex and thus
perception of hearing occurs. The perception of sound involves perception of pitch,
intensity and direction of sound.

In mammals (except bats) cochlea is coiled. It has 2-75 turns in man, 3 turns in
cat, 4 turns in pig and guineapig. Frequency perception range in man is 16 Hz to
20 KHz with maximum sensitivity between 1KHz — 3KHz. Some dogs can hear upto -
35KHz and rats and guineapigs can hear upto 40 KHz. Primates hear better at low
frequency than mammals such as opossum and hedgehog. '

Significance of audio signal

In general, sound is a basis for species recognition, communication, predator
detection and echolocation. Insects produce and perceive a wide variety of sounds
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which are used for communication often with the opposite sex. Many fish produce
sounds that are used for communication. Frogs emit mating calls which are species-
specific. Baby mice and other rodents call their mother particularly in cold using
ultrasonic calls of 60-90 Kc/sec.

A general function of calls in song birds is for the establishment of territory and
for the attraction of a mate. Song-patterns have species characteristics that are
genetically determined. Crows are gulls, have a variety. of calls like— alarm, distress, '
assembly, chorusing are others. Cave dwelling birds use echolocation. Vocal signal
is the best way for communication in humans. Vocal signals are used by them not
- only for communication, but also for scolding, quarrelling etc. Humans also use
sound in the field of industry and medical diagnostic centres. Ultrasound is used not
only for diagnosis, but also for treatment. '

Infrasound - : ,

Recently it has been discovered that homing pigeons can detect very low frequency
sound as low as 0.05 Hz (1Hz is 1 cycle per sec ; 0.05 Hz corresponds to 1 cycle
per 20 seconds). This response to infrasound is lost or reduced if middle or internal
ear is damaged. Such responsiveness is very important in birds because infrasound
is produced during thunderstorms, earthquakes, and wind over mountain ranges.
Since infrasound are aftenuated much less in air (attenuation of sound is inversely
related to the square of the wavelength), it travels over a long distance and thus can
be detected hundred or even thousand kilometres away. This helps the birds to
determine the direction. ' -

The elephant can communicate with each other using infrasound. Because the
infrasound undergoes very little attenuation in air, these may be audible for
~ communication specilly in a forest habitat. Some animals show abnormal behaviour
prior to earthwake and this may be related to perception to infrasound.

Perception of infrasound and its use for correcting direction and to make
communication has been observed in birds and elephants.

Echolocation _ .

The power to localize an object using the echo of a sound is called Echolocation.
It is a complicated process. It is comparable with audiolocation devices and rader
~ device invented by man. Animals that echolocate use echoes of sound they produce
to locate the objects in its path. Some animals both aquatic and terrestrial are capable
for echolocation. It is particularly well developed in bats but exists also in other
animals notably whales, dolphins, shrews and a few birds. - ‘

Origins of echolocation |
The ability to detect and understand the environment is essential for survival.

_ Special sensory devices like vision, hearing, taste and smell can be used to know the
environment. For locating an object in the environment vision/light and hearing
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sound are very much helpful and in the dark, echolocation is the only correct device
available for this purpose. Hence, animals which have to move in the dark have
developed echolocation devices to locate an object in its pathway and this helps in
capturing a prey in navigation. '

Basic principles of echolocation

The animal produces a sound which strikes an object in its pathway and produces
an echo. The echosound reflected from the object is detected by the auditory apparatus,
‘analyzed and thus. the position of the object is ascertained.

Echolocation in different animals

Sound waves travel at a slower rate in air compared to water. The intensity of
sound is more quickly attenuated in air compared to water. High frequency sounds
are more rapidly attenuated. The higher the frequency of a sound the shorter is its
wave length. There is an inverse relationship between frequency of sound waves and
the size of the object that can be detected by its echo. Hence, detection of small-sized
object requires high frequency sound. Frequncy also influences directionality of hearing.
High frequency sound is capable of detecting the direction of sound more accurately.

In view of these different properties of sound the members of animal kingdom
adapted different mechanisms for echolocation depending on their habitat and
requirement. All animals do not echolocate and different types of echolocating
mechanisms have been observed. Echolocatior: has been found to be well developed
and studied extensively in some animals including bats in terrestrial habitat and
cetacians in aquatic habitat.

The bats emit echolocation signals through mouth (oral emitters) or nose (nasal
emitters). Most microchiropteran are oral emitters. Only members of Nycteridae,
Megadermatidae Rich Rhinolophidle and Phyllostomidae are nasal emitters. Usually
high frequency and high intensity sounds are emitted. The detailed mechanisms of
echolocation show variation in different genera of bats. Most bats emit 20 — 100 KHz
frequency sound and the an intensity of 110 decibel (in bronze bat). Narrow (CF) and
broad band (FM) signals are used. CF helps in detecting the object but cannot exactly
localize it, this is done with the help of FM.

Insectivorous bats capture an insect by three phases of acoustical orientation. In
the first phase sound pulses (100 — 20 KHz) with an interval of 50 msec is sent.
When the prey is detected pulses are sent with shorter intervals and this is the second
phase. In third on final phase a buzz like sound is emitted, the frequency is decreased
duratian of pulse is decreased (0.5 msec) and the interval between two signals is also
reduced. Finally the bat scoops up the insect with its wings or in the webbing
between its hind legs guiding the insect to its mouth.

The quality, frequency, duration and number of occurrence of sound impulse per
second show much variation in different genera of bats. The nature of the sound may
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be ‘click’ type or ‘buzz’ type. In vespertiliomidaes the duration of pulse ranges from
1- 4 msec. The frequency may be upto 120 ke¢/sec but drops slowly. Rate of pulse
discharge is less than 10/sec at rest but rises above 100/sec while hunting or avoiding
obstacles. In horseshoe bats, the frequency of pulse is 85 — 100 kc/s, duration is high
40 — 100 -msec. The pulse repetition rate is slow and it is less than 10/sec. If the size
of the object is close to the wave length of sound wave, the reflection of sound is
better. Thus the frequency of sound wave emitted by bats depends on the size of the
object it has to be detected. To locate small size object higher frequency is required
. (the wave length of a sound of 30 KHz is about 11'5 mm which is roughly the size
of a small moth)

There are bats which can avoid or dodge wires with a diameter of 0-5mm. This
happens when the wavelength of sound is 5 mm. It has been observed that bats will
not be able to avoid hitting a wire when'its diameter is less than 1/10th of the wave
* length of sound.

Regarding detection of distance several theories have been proposed. It is proposed
that distance is detected from the time difference between the transmission of
ultrasound and the reception of its echo. Mohra proposed that distance is understood
from the loudness of the object pye opined that the cochlea can understand the
difference between two types of notes— the emitted note and the received echo note.
Auditory nerves carry the information about the difference between these two notes
to the brain. From this difference between these two notes, bats estimate the distance
of object. It has been observed that vespertilioned bats can delect insects at a distance
of 50 cm — 1 metre in the dark by echolocation. On the other hand the horseshoe bats
can detect insects even at a distance of 6 meters. That echolocation is effected
through auditory apparatus has been observed. Spallenzam did experiments with
blind folded bats and observed that they can capture insects in the dark and the can
return to their place of residence for a distance. Griffin noted that blind bats can
capture insects which do not produce any sound and they can detect and chase
pebbles and cotton spitballs thrown into the air. _

The intensity of sound emitted for echolocation is very high and can be compared
to the sound of jet engine which can damage the ear, but this is necessary because
the intensity of sound drops faster in the air than water. It can damage the ear. A
deafening mechanism has been observed in bats to handle the situation. When the
sound is emitted the tensor tympani muscles attacted to tympanic membrane and the
stapedius muscle attached to stapes contract. As a result the malleus is.pulled inward
away from the tympanic membrane and the stapes is pulled outward away from the
oval window. In this way transmission of sound wave to the internal ear is reduced.
However if this reduced phase is continued the reception of reflected sound will be
disturbed. But this does not happen because these two muscles immediately after
contraction relax and thus the ear osscicles get back to their specific position and
sound transmission standard becomes normal. - '
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The bats change their sound frequency during capturing prey of different sizes.
They emit sound to 10 kc/sec (wave length 34 mm) to capture large sized prey and
sound over 130 kc/sec with wave length of 5 mm to capture small-sized prey. By
" using echolocation, a bat can capture two seperate mosquitoes or fireflies in about
0-5 sec. The fish eating bats of Trinidad can even use echolocation to find and
capture their under-water prey by detecting the ripples that are produced on the
surface of water when a fish swims just under the surface of water.

Different experimental evidence indicate that a number of morphological and
neuronal modifications help the bats in detecting the echoes. The snout in covered .
by couplex folds and the nostrils are spaced to produce a megaphone effect. The ear
develop large pinnae which help to capture echoes. The eardrum and ear ossicles are
small and light which provide high fidelity at high sound frequencies. Contraction of
the muscles of ear ossicles reduce the sensitivity of the ear during the emission of
high intensity sound; immediately the muscles relax and the capability of sound wave
transmission reverts back to normal. (This is common in the ear of mammals). The
bones housmg the middle and inner ear are insulated from the rest of the skull by
blood sinuses, connective tissue and fatty tissue. This reduces direct transmission of
sound from the mouth to the inner ear. The auditory centres of the brain occupy a
very large portion of the brain to receive the auditory signals and through the process
of neural computation, construct from the auditory cues, a spatlai representation of
the external world.

Bat-moth predator—prey mteracuon

Experimental results indicate a remarkable series of adaptations by certain moths
in response to predation by bats. Nocturnal of some families e.g. Nocteridae have
- developed sensitive auditory system to receive the frequencies emitted by bats. When
these moths detect the approach of a bat, they alter their levels of flight, when the
bats become nearer, the moths fly irregularly. When the bats become very close, the
sound is very loud and repitition rate is also high. The moths dive directly on the
ground. The moths themselves produce ultrasonic sound to detect the attacking
predator. Some moths develop a noise-making organ on each side of the thorax.
When the moths are disturbed, these organs produce trails of clicks with prominent
ultrasonic components. It has been shown in laboratory experiments that flying bats
turn away from their targets when confronted with moth-produced pulses. Hence,
these pulses protect moths from the bats. The bats sometimes, in case of capturing
-moths, abandon echolocation for detecting the prey ; but instead listen to sounds
produced by the prey. Echolocation signals of bat hélps the moth to detect the foraging
bats. Moths have been shown to be able to detect the cries of bats at a distance of
30 meters,

Echolocation in blrds _
At least two species of birds have been shown to usé echolocation. The oil birds
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(Steatornis) of South America and the cave swiftlets (Collocalia) of South-east Asia
are not closely related but both live and nest in deep caves. The best known are the
oilbirds or guacharos. They have been found to fly freely in the dark caves without
hitting the walls or other obstacles. They use sound of 7000 Hz., which are audible
by man. The nature of the sound they produce is like that of ticking of a typewriter.
It has been observed that if ear of these birds are plugged, they fail to orient themselves
in the dark. However, they are able to fly in"a lighted room using their eyes.

Echolocatlon in aquatic animals

Echolocation has been observed in marine species. Tony shrews use a variety of
sounds (30-60 kcps) to explore strange pieces of unfamiliar objects. Both dolphins
and whales use echoes to avoid colliding with objects and with the ocean bottoms
as well as for finding food. It is very useful in locating food deep under-water when
- the visibility is very low or zero. A trained dolplin has been found to locate a dead
fish in the tank which cannot be seen in man. The dolphins produce sound by
vibrations in the nasal sac system near the nasal plugs. That the source of sound is
not larynx but nasal has been confirmed using imaging tools such as CAT, MRI, and
RET scans. The nasal sac system consists of a series of muscular valves and compliant -
" sacs associated with the blow holes. The muscles associated with these air sacs
contract synchronously with the echolocation clicks, while the muscles around the
larynx do not. A pair of small, dorsal fatty projection with a lip-like structure, called
‘museau de singe’ (also called monkey lips) control the passage of air through this
system. Cranford hypothesized that the passage of pressurized air past the liplike
structure (museau de singe) produce sounds in much the same manner as the glotis
in man. It has been suggested that sound waves produced by the nasal sacs are
focussed in the forward direction through a structure called melon (which is situated
anterior to the monkey lips). It is a lens shaped fatty structure that gives a dome
shaped profile to the forehead of many odontocetes. The lipid composition of melon
has been analyzed and its acoustic properties suggest that it may serve as an ‘acoustic
lens’ to focus outgoing energy. The echolocation capability of sperm whale has been
inferred on the basis of data from other odontocetes. The click of a sperm whale
consists of pulses. Clicks lasts for roughly 10 — 20 msecs, and the clicks are rapeated
from less than one click per second to 40 per second. The sonar clicks are produced
in the front of the sperm whale’s had by pnematic action of the ‘museau de singe’
like that of dolphins. The sperm whale head acts as a sound reflector. Experimental
evidence indicate that diving sperm whales use trains of clicks for echolocation of

prey.
: Some small cetaeceans that inhabit turbid water have tiny eyes and presumably
are dependent on echolocation.
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Ambient noise imaging (ANI)

It refers to the use of sound to see underwater. Taylor et al., using powerful
computers and models inferred that dolphins might be able to detect using ANL
These models predict that dolphins use ANI to see useful images for tens of meters
underwater. It has been suggested that dolphins and perhaps other marine mammals,
have a whole new way of seeing with sound.

Multiple uses of Echolocation calls

Echolocation helps the animal to detect the direction, distance, size and texture
of the objects in its environment. It is seen in birds and mammals. It is mostly
developed in two groups of mammals. The microchiropteran bats are some cetaceans
like porpoises and dolphins. Two groups of birds also use it.

~ Echolocation signals are used by bats for communication, as well as for orientation
and locating prey. By modifying signal design some bats exploit habitats. Echolocation
calls display considerable geographic variation within a species. L. cinereus in Arizona
had calls with a minimum frequency 53-8% higher than the minimum frequency of
calls in Menitoba (26:0 kHz versus 16-9 kHz). Eight of 12 species studied showed
a difference of 3 kHz in different geographic location. Under certain conditions same
bats add an extra pulse to the echolocation calls. It has been observed that when one
bat is very close to other bats, the former lowers its call frequency and add a warning .
‘houk’ to the signal.

Echolocation calls communicate several klnds of information. Same rely on
signals of conspecifics to locate day roosts, mating sites, hibernation sites and feeding
areas. The solitary forager E. maculatum in contrast reacted aggresively to the playbacks
of calls of a conspecific individual. This bat either attacks the speaker or abruptly
moves away. _

Echclocation calls provide vocal signatures. This is the basis for mother-young
recognition in a number of species. In a captive colony individuals recognize each
other by listening to echolocation calls. Vocal signatures -are individual interactions
among foraging bats. A number of species are known to alter their signal design
when changing from foraging in open areas to these closer to obstactes.

3.4 Suggested questions

What is audio signal ? Write briefly on its different uses.

Give an account of transmission and reception of audio signal.

What is echolocation ? Write briefly on the echolocation in aquatic animals.
Why high frequency sound is used for echolocation ?

Comment on the utility of CF and FM band in the echolocatlons

Write briefly on bat-moth predator-prey lnteractlon

Sk
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10.
11.
12.

What is Ambient Noise Imaging (ANI)?

What is biioluminescence ? Write a note on its regulation .

Describe the reactions of bioluminescence with a note on the enzymes
involved in the process. |

Write a short account on the importance of bioluminescence.

What are phenomones ? Write a note on vomeronasal organ.
Write briefly on the different types of phenomenes.
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Unit 4 O Contractile elements, cell and tissues among
different phylogenic groups

Structure

4.1 Muscle Structure and function correlation.

4.2 Movements—amoeboid, ciliary and flagellar.

4.3 Specialized organs (eg : electric organs and tissues)
4.4 Suggested questions

4.1 Muscle structure and function correlation

Muscle cells are specialized cells. They use ATP energy to generate force or to
do work. Because work can take many forms like locomotion, pumping of blood or
peristalsis, several types of muscles have evolved. The three basic types of muscles
are skeletal muscle, cardiac muscle and smooth muscle.

Skeletal muscles are attached to bones, spans a joint and thus helps in joint
movement and locomotion. They are voluntary. Their activity is controlled by nervous
system. They play a key role in numerous activities like maintenance of posture,
locomotion, speech, respiration etc.

Structure

Individual cells are of variable length. They may be as long as 25 cm, but their
diameter ranges from 10-80 pm. Each muscle cell is covered thinly by a connective
tissue layer called endomysium. Individual muscle fibres are then grouped together
and get a covering of another connective tissue called perimysium. These are called
fesciculus. Finally fasciculi are grouped together and they are covered by another
connective tissue sheath, known as eipmysium. This epimysium covered structure is
the muscle. At the ends of the muscle, the connective tissue fibres join to form
tendon which are attached to the bones. All the muscle fibres are not of uniform
length and extend the entire stretch. The fibres of shorter length become attached to
the connective tissue inter lacing the muscle fibres. More than 600 muscles have
been identified in the human body. Some are small and consists of few hundred
fibres, but large muscles may contain several hundred fibres.

Each muscle fiber is multinuclated, bounded by the plasma membrane called
sarcolemma. The protoplasm within is called sarcoplasm or myoplasm. Besides
common organelles, the sarcoplasm contain myofibrils and sarcoplasmic reticulum.
The myofibrils run along the length of the cell. They show alternate dark (Anisotropic)
and light (Isotropic) bands. Proper alignment of the bands give rise to transverse
bands and the longitudinal disposition of the myofibrils that gives rise to longitudinal
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striations. These two together gives the muscle fibre a cross-sectional appearance. At

g the middle of the light band there is
a dark line called Z-line. Thus a
myofibril becomes made up of Z-
line honded units. These are called
sarcomere. Average length is 2 um.
Each sarcomere is bonded at both
sides by Z-line. At the centre there
is A-band and on either side there is

=T .-:’-" —-Mu.......wmnﬂhmtl I-l?and. The A-band is madg up of
— s T - Fllamént (Actin flament) thick filament, called myosin. The -
—r——t— - I-band contains the filament called
. A n, . . ‘.
M-band ::,,,,’,,,: HIAN N Sy ' actin filament. At the middle of the
- AT H-zone, there is a fine” dark line
r” ;r called M-line. The actin filaments
°°e°e extend from the Z-line to the border
:r". - ' . of the H-Zone. Thus there is an area
Actin M.band filshent where both A-band and I-band
Fig 4.1 (a) : Anatomical organisation of skeletal muscle ~ overlap, or myosin-actin overlap.
from gross to moelcular level (diagrammatic). This overlapping zone is called
O-band