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As a matter of fact, both the classica) books and the academic
teaching in physiology are restricted usually to one or the other
of these two aspects of the field of animal physiclogy.
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v ANIMAL PHYSIOLOGY

:S‘u?:h; hasié l;qderstanding in comparative and general physio-

- 105y shduld be of high profit to_the graduate and post. Eraduste
: 3tudents befofe they specialise in some definits bratich of T000oRY:
We must, thefefore, be very grateful o professors S. M. Dayand
S. A. Hag for their outstanding attempt to_present_here a concite
and comprehensive textbook of animal physiology.with illustratiess,
which will be of greatest help to students as well as tc Ej‘Ch"‘.——‘Eé
even to specialist physiologists who may. ‘r;m_h: _fam'xlia_r,‘,VMf

comparative approach to physiglogy.

{Ivan As's“evnmn:_ch_rk)
MD. D&

Professor and Heat
\pimal Poystelon




PREFACE

The teaching of-biology today is not the same as it was even
ten years ago. Th;e/A Ie of data _coming on top of one
am discoveries pour_in, would double the
content of our teaching in ten years. It 1d, therefore, be an

—_— 0
impossible task 1o_keer -~ fh T '
especially in the field of } | Leovo o '_ .
changes in its character, . . :
able task of a‘d_&i‘u‘a’t“ep;esentanon of the dynamxc slate of modern

physiology.

It is vitally important that students of Zoology at college and
University level shou]d be able to vxsuahze and animal as a com-

P N . RS

TTOTTRVYY

There are only a handful of books available on general and
comparative physiology in India. Even these are either too
abstruse and elaborate for our students, or hardly cover the
curricula and courses of, study. It §s hoped that the present book
will serve av'a basic materisl for medical students, graduate and
honours students of biology, £nd even those post graduate students
who specialize in a particular discipline of Zoology other than
physiology.
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The author will b thankful for_any addenda or corrigeads
that teachers ol' Zoology and Physiology may. suggEL for improve:
ment of the future editions, _ Some__shortcomings h: have (o be
overlooked due to the concise presentation_of yast materisl that
constitutes Animal Physiology.

5. M. Das
s, A, 1iaq_
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Chapter E

LOCOMOTION AND MOVEMENTS
(EFFECTOR SYSTEM)

Locomotion _and movements_of an animal are produced by
-ocomotion _anc movements_ol_an animal are procuced t

effectors, which are the parts by which animals respond to changes
in the environment, An_effector system may_consist of_indivi-
dual cells, collection of cells or p:&;_t__s of cel.ls by the use of which
the animal changes_its_own_position o, its own body parts.
Effectors cause movement by stimulation either through the
nervous system or by hormones. Cilia, flagella, pseudopodia as

e .

well as muscles are all concerned with movements. The action of
all these structures is based on alternate contraction and extension
(e.g., Vorticella) or contraction and relaxation {7z . earthworm and

most higher animals). The basic_ch ry ol‘ these changes is

INVERTEBRATES

CILIA

moto L

move B Tere

are present on the surface of the body in some coelemerates tur-
bellarians, rotifers, nemertines and some snmls,
Cilia_are absent in nematodesa- *
lOcﬂthns. Althoug_;h present in th

lamelhbranchs, gastropods and

e.g., JVaunnu;,



2 ANIMAL-PHYSIOLOGY

' feeding and respiratory currents, filtering of food particles and
conveying them 1o the oral opening through special ciliary ‘,m;: .
Ciliary movement is important for the transport of food in the
alimentary canal of some echinoderms molluscs, efe,, and bt

! a cleaning role, as the ciliated epithelium of frog’s mouth, and 'lbe

, cilia of the respiratory tract in mammals. Gilia can only fanction

’5 in an aquatic medium,

The ultra structare has been elucidated with the aid of
electron microscope studies for the cilia of the protozoans Pamm;
cium, Cyclidism, Ephelota as also for the gill cilia of Mytilus. .Am
cilia show a uniformity of structure and organization. é—ih%‘
& composed of 3 _plasma_membrane sheath_enclosiug 3 cent
filament, surrounding which are s pum%‘@m”‘"ﬂ?n«'
At its base of attachment there fusually a basal plate and 1::
anchoring process called the rootlet. The peripheral ﬁlamenla;
often called the outer fibres, are about twice as thick as the ax}

central
fitament

entral {itament

' Flasaia membrane
(t J petipheral Tilamen)

I

i

striations

C

Fig. 1. Structure of & cilium as seen under electron microscope.
A. Longoudinal section of basal plate of cslinm in Pasamecion
fm B, Transverse section of alam of Paramecivm.
- . ELotre cilium of Cyelrdium,

fbres (Fig. 1), Gilia often unite_or fuse to_form_compound
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nrganelles such_as the cirri of SLyIan_;:lxzn. They may form a
S o A

membranelle at the adoral region of some ¢ ciliates (e.£., Paramecium).
It is remarkable that the component cilia in these organelles beat
independently of each other when separated by micro-dissection ; if
reunited they show the same co-ordinated activity of undulatory
movement.

CILIARY MOVEMENT

Ciliary movement can be differentiated into four types:
(1) The simplest is 2 pendular movement flexing to and_fro
) ouly at its base (¢.4., fmg_pharxnx and Sy@thm)
(2} Beadingat.” T . ) .
up to the 1

the cilium_straightens from base to tipin i the reverse

dxrectlon 1 (.2 g,, cxlla of Lamellibranch gills) ;
(3).__‘.. me e v

directional locomotion. The cilia g;m;lzetachrunous
waves (Fig. 2) as_a. paddy field_afiected_by_a . breeze
(Opaling)... There _may, however, be cc complex mhag
activity involving a_combination_of I and 2 or 3 and 4.

Tig. 2. Cilia of Opalsna beating in metachronous waves,
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s 4
Theory of Ciliary Movement.——U)_p to XSM%
that the moving force occurs in the cell body proper, Wit

cihia actonly passively, Sch £ He:denham {51, h"{“":{;
pustulated that the cilium nself contains actwely__&'}l_'ﬁ-j

ible for the This is supported b hm

b g Hum show

factual observation that the waves passmg D“‘ algx_xgj_‘?/‘m wduc-
ne reduction in amj . . " Thd
tion would certain . . w-

only in the cell-body.

Like muscular_activi ) R
oqgen, the rate of con:
cium $1P
increase in the ciliary acuvx!y The cxhn in ‘El‘?ﬁmm,
beating within a few seconds in an_ oxygcn p lac king e
oTer
Adrenalin and low ations of acetyick in Abs6“°5 of
of beat of cilia as happens in muscular activity» en con-
caleium ions stop ciliary beating without affecting OXYE
sumption.
FLAGELLY, {
at ot &
The stmeture of a_flagellum is about the same 23 e

ich
cnhum anly \! is much lungcr and stoutcr. The flagelium,
22,

Cast forward

slow forward

backward

S Te i o I R
A B ¢ D

12, 5. Flagellar Socomoticn in Menes atrows shaw the direction of
tomation,
A Bas forward
U Stow forwasd,
C. Dackward,
D, lateral,

hatife
may b= tingle or multiple in a Bagellate or a sell, fs 8 vibra
v L'
et e gable of rapid pelular movement fram a foanan
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directed position to a position at right angles to the direction o
locomotion, the effective stroke being backwards as in an oar. Ir
rapid forward movement the effective stroke is a rapid pendula
movement, the recovery stroke being typical flexural recovery. I
slow forward movement the flagellar sweep .'E“X be re reduced Xt
dbout half the amplitt tude. Backward movement is brought abow
bm:xlatory activity of ‘the flagellum, with the wave passing
from base to the tip of the organelle. In lateral progressior
(Euglena, Monas), the flagellum is kept flexed at about 90° opposite
to the direction of movement, performing undulating movemeni
(Fig. 3).
SPEED OF CILIARY AND FLAGELLAR LOCOMOTION
The speed of locomotion of Paramecium is of the order of 1mm,
sec; while particles on ciliated epithelium in higher animals move
at more than 4 mmjsec. Euglena moves at about 0°2 mmjsec;
while Volvor when free swimming has 1 mm/second speed,

PSEUDOPODIA
Pseudopodia are found in pr animals, archaegeytes of

sEonges, endodermal Ce]Is s of coelentera!es, phagocytes of most

axial’ ﬁlamented axopodia | e.g Heliczoa); and (4) fine ine 2nasto-

mosmg podia, (e.g., Fi inifera), some of which becor become
reticulate and are called rehcnlopudla

N “ ee ome -

\ dia__cause amoeboid

1) flowing as a thin liquid
1 (i.e., ill defined pseudo-
podia as in ﬂ{w;gg)_; (2) one or more lobose pseudopodia
formed causing a rolling movement (as in 4mocka pmlm.:),
{3) radiating pseudopodia formed, g the animal Tn wat water
(as in dmoeba radiosa) ; (4) the pseudopodia become attached by
the tips and then contract drawmg up the animal (Difflugia and
Polystomella) ; (5) wheeling action caused by successive axopodia
being put out, attached and contracted, so that animal rolls on a
succession of spokes (e.g., Heliozoa),
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Chemical Basis of A hoid Movement.—Amubaconsists
of three layers: (1) a thin p]asm;lcmgnajpi‘j?ﬂ“.}éﬁ@jw
viscous plasmagel sheath under it; and (3) j{ﬂuid.]"-’*_”.”.“fm
nally in which the nucleus is suspend_egl. Locomotion in amoeha
according to Mast is effected in four steps: (1) atachr
ment to substratum; (2) solation of pl 1 at the temporary
posterior end , (3) strearming of plasmasol towards the temporary
anterior end ; and (4) formation of pseudopodinm with gelation
of plasmasol. The sol-gel balance is thus maintained by the same
amount of gelation at anterior end as solation at posterior end.
Initiation of movement in a resting amoeba oceurs 3,&!’05!“1“’553&\
by ATP action, This is proved by injection of ATP at posteriot
end causing solation of the gel and’fas}er‘_@ovemt’-ﬂ“"i"E‘e
amoeba. If injected at the anterior Vend }he“amoeba _fi‘i%‘ﬁf.s"ts
movement,

heaslwene s W W W
VoW w
[ W W
A v0 e woow W
B s stare

e LT T

posterior

e s

cortical gel

. {'} of anfplding)
et L,/) (z00¢ of wnfolding
c

Fig. 4. *

parts of a0
< . ined
The actual process of solation and gelation has been explo)®
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Lesi.aer o+ v e "Geltsere - 4

Physical Basis_of Amoeboid Locomotion.~In a resting
Amoeba there is always a zone of maximum resistance, a zone of
medium resistance and a zone of minimum resistance. With the
starting of solation the contraction is at posterior end, which is the
zone of maximum resistance. The sol thus flows forward_towards
the minimum resistant anterior end, since the sides have medium

direction of locomotion
I

gel changing to sol
{maximum vesistance)

tum
substratu sol changing to gel -

{minimum tesistance)

contracting gel tobe

(medium  resistance)

Fig. 5, Amocboid locomotion {solationfgelation resistance)
resistance (Fig. 5). It has been found that the flowing of sol into
the pseudopdium is through one of three ways: (1} by a number
of small rupture openings in the gel sheath, (2) by a few large
openings in the gel sheath, and (3) in fast movement by one large
rupture in gel sheath at anterior end, as in Amoeba limar.

Theories of A boid M. ~——Omitting the theori

of Schultz (1861), Schulz (1875) and Dxllinger {1905) postulat-

ing pro:oplmm contractility, streaming contraction and walking
theories, respectively, the recent theories aye
e recent theories p

(1) Sclesgel theory of Iymen (1917) and Mast (1932),
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(2) Acid secretion and _water_absorption (1923} theory of

Pantin (1923); and

(3) Molecular folding and unfolding theory of Goldav.:rc
and Lorch.—Electron microscopy reveals filaments resembling
myofibril flaments in the gel of A. proteus. Similarly the
axopodia of heliozoa and radioloria are highly contractile and
fibrillar.

MUSCLE -

mesoderm in all trip]oblasﬁc

smber of individual'éloﬂsilcd

Most muscles originate {rom th
animals, A Muscle consists of a

rott
¥ig 6 Ulirattmcrure of a striated muscle {fbres ar seen under an ¢lect
mictoseone).
A, Stractuge,
By Merchanivn of action,
. .ot od
muscle Gbres which have the property of contracting in lepgth 3
expanding in pirth when stimulated] Thus the vvplumﬂ_of“’;’;
tracted and relaved muile_fibret nmnfu’lhv:,nme. Must
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fibres are made up of 2 number of myofibrls, which consist largely
of a protein called myosin, wanls are_embedded in a
o ———

proteins actin and myosin, All these together, n_the contrac-
. - e : n alone is able to
iwiiicial fibrils of
' are added water,
actomyosin fibrils

contract.

In_the process of contraction ATP is changed into ADP
{Adenosine diphosphate). I -

A resting muscle ins: ad ine triphosphate—ATP,
phosphocreatine—PC, and glycogen. With _gontraction each
undergoes chemical change and releases energy. The actual
chemical process of energy release is as follows: o

(1) ATP is changed to ADP; and thisin turn is converted
into AMP (Adenosine 1 moncq:ohospl’n"é)‘L

(2) PC (phosphocreatine) is broken down into creatine and
phosphate ;

(3) Glycogen is converted into lactic acid ;
e

(4) Lactic acid is removed from the tissues by oxidation.

1 it ls not removed the muscle remai: acon
{ not_removed scle remains ln co
causmg cramps,

d state

The energy released by the first three reactions is utilized as
follows:

(1) Breakdown of ATP provides energy for lar con-

traction.

2) Brcakdown _of_PC supplies lies energy to re-synthesize ATP.

3) Brcnkdm\n _of_glycogen into lactic acid provide energy
for rel'ormmg PC from phosphale and creatine.
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(4) Oxygen *® acts with abort onc-ifth c(.\ar,cxr.ac'ul_\mm-‘l
ding ener8Y for rec conversiont o of the c@y“"!\gi"\l\"ﬁk

of lactic acid to glycogen-

1¢ may be added that preakdows of o
hvdro\vsis {addution of water) and jnvolves T oxidation ﬂ‘;:'
. ondis

pand versio

Al muscles contract t© perfor™
myosin fbril can contract 3% nd Bit ‘upﬂ_, /\‘;\“
o \ qal 0

own weights . and this3s exactly WP ng’,n,,

About 300, of the energy.is 1SS EEN_DS':‘, xl‘h\\e tbe ‘ "
guces heat I8 the body~— <ot four- — our 0% “e“
derived 110 “this source: M /E‘LE, ouscl®
undergoes fatigue, wh'\ch js the Tabiity 12 }O/“““e ﬂmon
This is caused by e ‘accum;:\aﬁ:)t\— of aggic’amd 3¢ \etw
of glycogen and ATP

7 aftef

An 1ndw1dua\ mu uscle comract\on s, ,mmated'(,g

et

.

fig: T+ Kym! geaph Rec? ¢ muscle actions,
A. Comnmon d re! on by 3% single stimulus:

o 1axaty
B. Tetanus contractio? by increas'mg frequen’
©. Fatigee due to com'mued app\\cnﬁon of stim’ mulie

of mmuh.

about 0’ 01 second € of lhe)pphcan of the stimulus: is 5
o s aof
known 281 the Jatent peri riod..] the next T pnases T.c. thE Pe“/
re\aﬁhon. fom, lasting 20O ut 0°05 second, the muscl® ceturos 1© [
agth and PE hysiologic? cal state. “TEVM“L are

T 1y 10 its

i d at close If \merva\s, ;\: uscle can nnot Telax <O ete:
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OPIgm__ll_le_ngtll This state is called clonus. If the muscle remams
in this state of conum is called tetanus.
muscles of the body as armays ina comracxad condition, provxdmg
the feel of a firm musele. This firmness of a muscle is ¢

and helgs to keeE the body ina pamcular posture wl

some fibres of a muscle arc contracted while others are relaxed and
=185 0% 3 muscle are cont Y Hers are 2
Festing, there being rotation of their roles. ithout tonus parti-

(Pohu! atonic muscles, which remam ﬂabby (also hyper
dwwdepsy and t tem us diseases).

Muscle bands function in groups called motox. aunits, each of
which is controlled by one Thotor neurone, ¢ e.g. hul‘ﬂ;{ eye muscles‘ ™
ve 2-6 fibres per motor unit; a cat’s leg up to 165 and other Iég >
Muscles up 1o 600 such units. Excepting_for_cardiac musclgs ~,
‘contraction in all muscles, whether striated or_not is _activated by ;'

Dotor-nerye jmpulses as.follows :

mutochoudria hid

striated
muyels fibre

e
o]

fuoctional fotds
A B

Fig 8. A. Motor end plate in striated muscle fibre of a mammal,
' B. T,8.of one branch of motor end-plate of mammal, (After
Prosser and Brown),

' 1. Nerve impulse— chemical transmitter acetylcholine) -

et
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end plate potential-> muscle impulse—+ activation of
Y, - e A e
myofibrils (Fig. 8) ; or

1ehotinel

2. Nerve impulse— chemical itter (a yiens 9l
junctional potentral-—s activation of myofibrils (Fig. 9)-

“stow’ axon
“fast® axon

. ‘iﬂhi’i‘aiﬁi' Y
e

end plato
huclei

muscle
nuclei

Fig. 9. Motor end-plate 1n Joeust leg muscle  {After Prosser and Brown)e

. at
A motor unit is thus activated to contract either fully or n
atall. This is called the all or nene principle,

INVERTEBRATES
. Muscles may B¢
Origin and Oy of Masel e i
53}140 have_originared in_protozoa, fvherta..cor}t\:a}c!\"e o and
preseat as myonemae nnd cee- oL, «h cois
Laothamnium) {Fig. .  the

ne system, (¥ag. 11). In coelen=

& neuro-fibriltar APFusutud, SUVELIL i
htrpmec-uee o R in
ctodermal cells.are arranged

tertes the muscle processes
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longitudinal as well as circular sets, which contract alternately and

granyles ) A

outer envelope
inner envelope

:.' elastte  fibre

kinoplasm

B

Fig. 10. A. T.S. of ectoplasm of Steutor,
B. T.S. of stalk of Zoothamniur,

have opposite actions. When longitudinal muscles contract the

transverse ,fibril

or
longitudinal
fibn!

Fig. 11, Silverdine system (Ki ) of 4
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tubular structure shortens and thickens and when the ciroular
muscles contract the body lengthens and narrows (e.8. Hydra,
Earthworm) (Fig. 12). In the intestines of vertebrates the same

“ﬂ“?‘mb

mﬂ!ﬂﬁh»
ﬂﬂmmm{m’-.

Al

oS LG B B T T

WikiseamenmgHiin.
O fimsesuoeagygifim.-

AR

@ﬁf‘_gé@mﬂﬂmmmum

L

~ B0

ﬁggﬂﬂﬁgﬁimummm-
LR T e

asaucunnnuunuuuuuﬁfﬂ_f]ﬂﬂﬂqﬂm-

Teaue ISR,
U T

502
(L EH R ——

O
m
!
o
I

Fig. 12. A to I—Locomotion jo Earthworm {wave indicated by arrows)
A new contraction wave starts at the anterior ends | ('n’f.

animal el and moves i Y of

cirular muscies ; when longitudisal muscles contract the

body shartens aud thickens, anchoring to the gronnd}.

alternate coordinated contractions_of circular an_d.Jongitudinzl
rainated 3.Q) cirewar ¢ nam
muscles pass_as a wave,_along_the tube, known as peristal;ﬂﬂa“
which_Torces_the_contents _in_one_direction. Ag@:r
circular muscles is sphincter. which closes off a tubular organ, &8¢~
the pyloric sphincter and_anal sphincter.,
e pyonit spncter Wspncier.

Ta higher animals, locomator muscles have usually two attach-
ments, one the spat of origin and other the spot of insertion.

£ .
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Usually two types of such muscles are present, antagonising each
other and called antagonistic_muscles. In arthropods the
skeleton is external (exoskeleton) and muscles internal, while in
Yertebrates straightening or extension of a joint is by extensor

Fig. 13. Typncal arrangement of opposed muscles,
A.  Inthe endoskeleton of a vertebrate,
B. 1In the exoskeleton of an arthropod.

muscles {Fig, 13). This can be easily seen in the action of biceps

polnt of articalation force exerted by mosete

. 1threst ul:l thrwst produced  vertical
¥y mescle et

Fig. 14, \k:!nnum of walkisg In an lnsect.
Leg used a1 a strut.
. leg uaed asaJever. {Aflter Chapman)
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and triceps, contraction of the biceps (flexor) bending the elbov,
and contraction of the triceps (extensor) straightening the elbow;
(i.e. when fiexor contracts the estensor relaxes and vice versa).

Muscle Fi fon in L jon.—Besides the alternate co
tracuon of circular and fongitudinal muscles for focomotion, alre2dy
seen in carthworm, and the flexion and extension of arthropod
joints by opposed muscles (Fig. 14), insect flight offers a challenge
in the physiology of locomotion (Fig. 15), This is so becawse the

wing

pleurat
Procesy faward pull
by
sterno—plearal

sterng -leara) mascle
sternal apaplyyis

c

Fig. 15, A cross section of insect thorax, iNustrating wing movement,
A. Wings stable in the ‘up position”,
B. Unstable position due ta inward pull by sternopleural muscles-
C. Wings stable in the ‘down position’, (After Ghiapman)

minimum time required for a complete cycle of contraction and
relaxation in a muscle, receiving a single nerve jmpulse is of the
order of 15 16 20 msec {1 msec=one thousand of a second}r At
the level of this rate of contraction and relaxation only 5010 7
complete cycles could occur in one second. But the wing beat of
some insects, such as mosquitoes and bees may be several hundred
cycles per second, which would mean 3 to ¢ wing movements fof
one smpul This however 15 nat physiologically possible. The
explanation lies in the fact that in 2 flying insect, the wings, wing
muscles and the thorax form an elastic system which exhibits
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T illating vibrations. The much slower nerve
impulses only serve to reinforce these occillations (Fig. 16).

indvction coil

switch

Fig. 16. A kymograph showing recording of muscle ¢

VERTEBRATES

Fishes are eﬂicxent stvxmmexs in_the_resistant medium of
P M LAY some force, Tbe
e o £ Tmehwave striking
the water postero-latenlly, the rcsultant foree of the two sides
causing the forward movement. As explained by James Gray
Iargc sweeping movements of lhc tail and caudal fin help in fast
ion_as the t} Torce ( (Fig. 18) propels the fish for-

wards,
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In Amphibia both aquatic (natatory), terrestrial wa}k'm.g
{ambulatory) and terrestrial jumping (saltatorial) locomotionis

water ooposwng the

Tateral mavemcat

!
AN
} Torward

componeet|

!

]

g the

water oppes!

1
( v

| *f

R
0
| force of water ‘?\3\

/ 3
Y

. 18, 1 f force in fish-locomotion in water.
Fig. 18. The lines of force in fisl iM‘ler P

present. The hind-limbs of the frog are much longer fh‘“‘ 'h;
fore-limbs, the elongation being due not only to fong thigh an
shank but a disproportionate elongation of the ankle. B‘“h:;
swimming and jumping it is the hind-limbs which are straighten
out and a powerful forward thrust is obtained against the .wam;‘
(swimming) and against the substratum (jumping), the webbing ©
thefoot adding to the thrust in water,
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The toads and the salamanders, however show walking or
crawling movements, The fore and hind-limbs of the same side

being extended while those of the opposite side remain Bexed
(Fig. 19).

Fig. 19, Stages in the walking locomotion of toad (arrows indicate
the fiexion and extension ofhmbs)

{modified after Gray)

fish .

well™ N —

verféhral colitmn which 1s axially situated in the fishes, becomes
totally dorsal in reptiles, so that most of the body hangs belcw

the Chalr af weartnhena A;- :‘.\ ali @ d T Lo b .
protrude . e T v

t&%‘hxmm
by the same alternate i
opposite sides.

Birds evolvejWhrqugh the evolution of

feathers wnder_two_ptima_requirements_of high power.and o
we:ght. The bodyuoLthe.bmh fo ebeammafiod oo ar

on, and flexion of the limi:s on the

to the wrist is adapied To give the bird a lift force ; while the outer
‘half from the wrist to the wing tip is for propalsion (driving force)
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and control of flight, The inner half of the wing is held rigidly
at a slight angle like the wings of a plane, while the outer fall

© ¥ig. 20, Stages in the locomation of a reptile (Note
that the vertebral column bends consi-
derably}

(emochfied after Romer)

with the large primary feathers stand out almost at*right ““slf’
to the rest of the wing during the downward beat of the wingsi®

SOt T LTl Lt ee fe o Masied b ohn Aavian nLﬂ;c_\“u

L T | ey toguthet
Py . ot © .t s barbules
' PO T - e

) ECYDEY‘"?
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the birds have special equipment for steering and balancing. 1t
steers by turning its tail up, down or sideways, spreading the tail
wide to give added lift when required. Balancing is done by
means of its wings by increasing the lift of the wingm
side and restoring itself to an even keel (Fig. 21),

Fig. 21, Soanng of a bird.
{after Storer) .

Birds show three types of flight in the main s— -
(1) Flopping flight (already explained) ;
(2) Soaring flight; and
(3) Gliding (coasting) flight.

Soaring flight can be seen in the flying eagle and vuiture in
land, and the alb_a.t_gss over the sea, During soaring the bird
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ri.ses in the air sailing on motionless wings, This is due to the
bird riding a rising curre};t ;f;:;m air,asc;;d_i’ﬁg—ma—“
t?le bird.  Ascending air currents are cansed by ‘s deflecting hill”
side, or by large ocean waves in the sea. Anctherf?.“s""nuﬁ.
ascending air current is thermal, when air is :heatedﬂb)'—“‘—e_sun
over land tracts or sea. The upward air current has the structure
of columns of air packed together. These columns have aif
Totating around their axils. The bird thus rides an up draught
of air between two counter rotating cylinders of air. Thisi1.80
specially with the large albatross of the sea which moves effort:
Jessly hundreds of miles after an QC?a;’; going ship.

Gliding is done by riding the ajr column but turned at an
angle or even horizontally. In short the aerodypamics of the
bird is almost the same as that of a highly efficient monoplane.

One physological condition in flight must be stressed. Althaugh the
sustained flight depends upon the strong breast muscles, yet they are reduced
in the afbatross, due to their habit of continuous soaring over the oceans g
the air carrents, as a glider air eraft does. On the other hand insipte of strol':g
breast muscles, the fow} and the turkey are incapable of sustained fight. This
18 due to insufficient supply of blood to the flight muscles, as can be seent !?Y
the colour of the muscles (wohite meat) of the chicken and the turkey, Theif
flight muscles bave fow blood vessels {on account of low matabolism} and
therefore appear white ; while the dark meat of their legs indjcates a good
blood supply, on accouat of which they are efficient and tireless runners (high
matabolism). Probably thelfastest matabolising vertebrate on the carth is
tiny humming bird, which shows the amazing hovering flight like a bee over
aflower While hovering it consumes about B0 cc of oxygen per gram of body
\:v_eight per hour (other birds consuming hardly 20 cc’s). Even at rest 18

metabolic rate is more than fifty times higher than man’s.

MAMMALS
Locomotion in mammals

The subject of mammalian locomotion has not beed
thoroughly worked out so far. However, generally speaking,
mammals have five distint modes of locomotion on Jand, water
aand in the air: (1) walking, (2) running, (3) leaping, (4) swim*
ming, and (5) flying.

£
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The horse (the most
cinematography) has four
(3) canter, and (4) gallop,

(1) Walking.—Mammals have a quadrl{peéal mode of loco:
motion, which i aman AF man hos basceanlblaadel  Te o agadry.
p:dul locome Tegs

i pushers and
knees forward. Thxs centrallses the long bones of the appendages
under the body. The *“push’ of the hind legs is more effective in
locomotion than the pull of fi fore legs.

Almost all primates can stand on their hmd llmbs and may

occasionally walk in this HAEE R A A
A complete walking cycl e
beclstrdke of onelegto.

(2) Runnings —All fast and easily running mammals (cur-
sorial) have evolved from good walkers; and speed and endurance
are the characteristics of these cursorial mammals. A full cycle
of motion is called a stride; and speed is the product of length of
stride times rate of stride.

Longer legs take longer strides, and_thus_produce faster
speed "(m impala, _dee deer et»:_.) (F:g. 22)

Natural
Selettigh To- wo-de--d faou Pai :
parucuh - : .
length "

the body (foot, shank, hand and fore-arm) are elungated wuh

respect to the segments close to the body (thigh and upper arm)

as in the horse. In addition, the_flexibility_of_ the backbone in

carnivores, speeds up the motion of its body, aswellas s of its
legsean.

Other. modifications in curgorial mammals to. increase, .speed,
besides lengthing of thg}lmbs arg

(1) The progressive change from plantigrade (man, apes)
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1o digitigrade {cats, dogs), and finally to unguligrade
(one toe-horse; two toes-camel, antelope). Even the

ptantigrade man becomes ungﬂg{ﬂfw)
when making a hundred yards dash.

Fog, 22,

@)

[

)

Stages in one siride of the horse in full gallop.
(1} First hind foot-fal,

(2} Second hind foot-fall,

13) First front foor-fall,

{4) Second front foot.fall.

(5) Unsupparted penod,

{8} First hind foot-fal),

{modified after Hildehrand}

The ab of id and dlavicle in hoofed
mammals, and the redunction of clavicle to a vestige in

carnivares, gives them freedom of movement of the
shoulder blade in fast lecomotion.

The shoulder blade pivots from a point about m‘id-
way in its length, adding about 4} inches to the stride
in jarge running mammals {cheetah, harse).

The suppl of the back-bone i the length of
the stride by several inches, through lengthening of the
back by extension, when the hind feet are pushing
against the ground. Thecheetah isﬁlba_ngmtof!bu
long-striding speciatisation for speed, by back-fexinh.
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: and ing its wrist-flexing by shppmg the
shoulder blades up, on the nbs about an inch. I
achieves a smqoth_f‘ggng_‘d motion.

&

=

Fast runners_have increased their speed by increasing |
their length of stride (the horse and the cheetah both
have a 23 feet stride) as also by the rapidity of succes-
sive rxdes (tbic}igetah has about 3.5 strides per second

and the horse about 2°5).

(6{’T_hg;5n_p_ort3qt mechanism for speed, is the co-ordinated

movement of as many joints as possible in the same
d:recnon at the same time. The shoulder blade and the
| pelvis are always rotating in the direction of the wing-
ing hmbs. (The pelvis of man rotates considerably
while walking and running, as shown by Muybridge,
which is more marked in hip-swinging females than in
males).

(3) Leaping.—The running jump_practised_by_some_animals
is called leaping ; the common examples of which are the Rabbit
and _Hare, the Deer and Aatelope the horse and man efe. The
leap is accompli ished by suddén lengthening of the running stride
by sudden extension of flexed limbs and backbone, with a sudden
push of hind limbs. Asin the frog, the thigh, shank and pes
remain folded and flexed to form alow Z position. These are

ddenl d out, with a back d kick of the hind limbs
on the ground ; and while running all the four limbs take part in
this push. This drives the animal upward and forward in a
deap.

traigh

In speedy runners and leapers (as in Deer) the body is com-
pressed and the limb joints highly flexible, slender and tapering.
Jumping locomotion of Kangaroos, Jerboos ete, are effected by the
much longer hind limbs, feet and the tail, which all help in achiev-
ing the jump from a resting position. The Tiger takes a running
leap on its prey and its spring isnota jump from the resting
position.
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(4) Swimming ~Swimming Is, such as the whales and
porposes and seals, do not paddle about thesea with their Oar-
like flattened limbs, which are used chiefly for balance and up and

down movements, The main propelling _gj@w‘l
caudal fin. The mechanism of tail ts for rapid locmo-

tion bas been studied in detail recently in the porpoise. 'I:he
action is similar to the screw propeller of a ship, and not the side
to side movement asseen in the fish tail. This is dueto fhe
borizontal position of the candal fin in aquatic mammals {unlike
that in fishes where it is vertical), Besides their bodies become
spindle-shaped to cleave through the water.

(5} Flying.—Flying ma 1s, such as bats and fiying fme_s,
bave long delicate fore limbs and fingers, to suppott thei this
membranous wings, The flying squirrels, lemurs, and Dermaptera
have normal limbs with Iateral extension of skin along the body
and limbs (palagium), by which they zolplans downwards from &
height,
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NUTRITION (DIGESTIVE SYSTEM)

All organisms, animals as well as plants_require_food for
supply of energy and_growth. The food requirements of plants
are different from animals. Most plants use the energy of sunlight
to'change C0, from the_atmosphiere nud_water into_sugar, the
pr’o‘cess*being called Photosynthesis. Animals, on the other hand,
géderally consume solid food, consisting mainly of carbohydrates,
proteins, fats and inorganic salts. Animals take in waterseparately,

R aratel
unlike plants,

There are four main types of nutrition according to the mode
of feedifxg in the animals: holozoic; holophylic; saprozoic and
sapro, h_g%. In_kolozoic nutrition animals ingest solid organic food,
which is digested and ultimately absorbed and incorporated in thé

tis oo Tt " ° nly in some simple
ar H v . ‘h_possess_photosyn-
th Saprozoic and Sapro-

phytic_animals_absorb dissolyed_organic compounds _as food, as in
many mastigophoran protozoa. Lastly, Parastic nutrition is charac-
terised by absorption of ready-made organic food_in_solution

{amino acids, sugars, dissolved fats and salts), from_the host’s

body._through general body surface or an alimentary system.

Physiologically, animal nutrition can be classified, according
to the source of essential Carbon and Nitrogen requirements, inta
autotrophic and Aelerotrophic nutrition, Autotrophic organisms can

ynthesise all ial organic pounds from inorganic sources,a
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~3 gV Slomela. ".v_.,'~:\—~"‘
of monosaccharides are D fmm:e {fruit sugar, and D-glwo:! (grape
sugar or dextrose), ©hese two sugars are readily absorbable by
all animals, Disaccharides are formed by the condensation of two
PAinpbentniiet Sty
monosaccharides with the _elemination of H,0. Their general
et e
formula is Cn (H,O)n- . Like monos:\cchands these are also
Kol gy
crystalline, €asily soluble in water and sweet in taste. The impor-
tant disaccha * e
rsacch

sucrose {cane -

large numbe.

ing to their component_units ¢ g. pentaosans (CH, O, )n, hexosans
(CT{,nOS)n, and so on. They are usually tasteless and noncrystal-
line~@nd are not readily soluble in water., The important
polysaccharids are cellulose, glycogen and starch,

e ST ONE L

| aliang fmede o masX and

2. Proteins

Proteins are universally present as cell constitutents, They
are remarkable for the large size of their molecules due to a high
molecular weight, Molecular weight of water is_183 salt 58;
glucose 180 ; while virus proteins. molecular_weights_range_from
1010 8,500 millions. But the protein molecule is always made
up of smaller building blocks called aminoacids. Aminoacids are
colourless crystalline compounds which form salts with bath acids
and bases. Some important amino-acids are :—

1. Neutral Aminc-acids

1. Glyine HCH(NH,). COOH
2. Alanine CH,. CH(NH,). COOH
IL. Acidic Amino-acids
1. dspartic acid HOOCG, CH,. CH(NH,). COOH

2. Glutamic acid HOOG. CH,. CH,. CH,(NH,). COOH

111, Basic Amino-acids

1. Arginine

NH=C(NH,). NH. CH,. CH; CH, CH(NH,). COOH
2. Lysine

CHLINE Y O OU. (R (TTNET §

~
NOYONLY
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Proteins are synthesized in animal tissues from aminoacids,
which again are synthesized by RNA, DNA action in the cell.
There are several ways in which a protein may be synthesized. 4
method 1s squeezing an H-atom from the amino group of one
ammoacd and an OH from another and then combining the

two.
, ‘?Q\:\LDLJL\"‘K
———m———y
NH,. GH,. CO | OH+H | NH. GH(CH,), COOH~
[ S

glycine alanine
NH,. CH,. CO. NH. CH(CH,). COOH+H.0
glycylalanine

This procees of synthesis is called condensation, and a large
number of such condensations combine to turn out some of the
giant protein molecules found in flesh or muscles. The amino-
acids join together ordinarly by successive coupling of amino and
corboxyl groups, termed_peptide linkage (—CO-<-NH—). If wo
ammoacids are joined by a peptide link (—CO—NH—) the
compound is called dipeptide (e.g. glvcylalanine); with more
aminoacids we get tripeptides, tetra-peptids and polypeptides;
depending upon the ber of i ids, It should be moted
that aminoacids are not arranged haphazardly but in a pattern
common to all proteins. The arrangement may be spherical or
helical,

3. Fats or lipids
All animal ussues contain some fats. Fats are insolu

water but are soluble in_organic solvents ¢. g. ether, benzene /.
Fats may be classified into; simple fats, compound fats and derived fols.
Simple fats are esters of fatty acids with alcobols, Compound fats
are esters of fatty acids with alchols and other group; whereas lflc
derived fats are derived from the above groups by hydrolysis-
Lxamples of simple fats are butter, beef fat, olive oil and_coconii—
oif, compound fats include lecithin, kephalin, plasmalogen (il
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found abundantly in the brain). The derived fats include fatly
acids and steroles.
e

Fatty acids are long chain compounds of general formula
R. COOH. These are of o e Ty
“satarated Tatty.acids valer o
satisfied by single bonds;

are held by double bonds, Common fatty acids are; formig acid

ormig acid,
acetic acid, butyric acid efe.
L Aen L

Steroles include hile acids, vitammn D and the sex hormones.
:1ds, vitam X horpn®
One of the best known steroles called cholestrol is abundently found
in nervous tissues. It_forms_about 17% of the solids of human
brain,

4. Vitamins
=

Vitamins have often been termed accessory food stuffs but
they are in realty essential food stufls without which no animal
can live for long. At first they were-considered to B amines,
thus the name vitamin (vital amines). Vitamins are required
only in_small quantities and all vitamins arc essential Tor all
animals since xsj;l‘e@yn_lhiﬂfq _by the body of some
animals. For example vitamin C which prevents ‘s‘c‘u;v';—i‘sf an
essential dictary requirement for man, monkeys and rodents, but
all other mammals seem able to synthesize it. Similarly vitamin K,
which is necessacy, for blood coagulation is synthewized by all
mammals by intestinal bacteria (intestinal flora). Vitamins are

of two kinds:—(1) water soluble; (2) fat soluble. The water

The fat soluble vitamins are A, D, E and K.

The formula, food sources, functions, and diseases in man
caused by deficiency of each one of these vitamins is given in the
table:—
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5. Inorganic Salts and Trace Elements .
-

Mineral salts are an essential constitutent of the food Tequire;,
ment in animals. They are essential not only for normal develop-
ment of bones, teeth, muscles, nerves, he heart and blood elc 5 but are

iy
indispensable as ions for tt the vital Phenomenon of, osmoregulanon.l
et ecidumdbai e i b

The important inorganic ic salts requued for nutrition are: sodium,
potassium, magnesnum, calcmm, iron, sulphur, phosphate and
mame The Trace elements reguu’ed bz mma]s are; chromium,

<opper, maganese, molybdinum, zmc _cobalt and venadmm.
e

Sodium, normally ingested as common salt by man, is also
present in small amounts 1n milk, vegetables, and meat. Scdium
and potassium chlorides and bicarbonates regulate osmotic pressure ;

e
deficiency of sodium causes painful cramps 1n_muscles, which can
e i twater et bl t ;
be cured by drinking saline water, Potgssium helps in regulating

. P
normal growth and normal functioning of muscles and alongwith
sodium is responsible for osmoregulation. However, excess of
esponsibe ~or oimoreguiation

potissx/um,ls._h_armful for_the heart, which ma stop—mﬁ'{.
dagnes is again essential for 1onic balance and for development
of_bones, muscles and nerves. It i3 an activator of enzymes. Its
e, b3 A8

2Bt s msvens ratnvdad armsth mamdtoon T omedin oY

- -~ular
ome
—_— R s for
growth of hanae Taath wentas Sacrae ot
of . P .
P .- SRR W e . -
isE . . —

Tt

as it has an essential role in the formation of respiratory
pigment, haemoglobin, It acts asa catalyst in many enzymatic
reactions, Its deficiency causes failure of R, B. C, and haemo-
globin produtiion i blood and fnally zespiratory failuse, Sulplmr
is necessary for synthesis of body proteins, Its deficiency has ¢ been
scen to retard normal growth, Plosphate is the ch >

phosphorous, which is essential for the farmation of bol::-sfm::;;f
and blood. The ATP-ADP reactions, so necessary in enzymatic

and me(:\bohc activities in Ihe body are 1mgoss|blc without t_phos-

phorus,  Its deficiency not only retards metabolism and growth,
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but also causes poor development of bones and teeth. Mi’
responsible for the regulation of basal mentabolic rate (BMR) of
1, " o -_/-__‘-N—-M»—“‘ .
all animals. Todine is essential for the production of !hxroxmﬂ)bY

thyroid gland. Its:gg ciency_causes eonthanan,

which can be cured by adequate doses of fodine.

Chromium forms a part of the pwxgﬂlﬁﬁ{_&—&gs'
Copper is’ 2 Constituent_of _haemocyanin in_most arthropod_and
molluscan blood_and also a parm some vertebrate enzyme
M activates_most_oxidation processes in the body, as 3l
actions of intestinal aminopeptidase and bone-phosphitase. Defi-
ciency of manganese causes malformation of skeleton. @ﬂ'”_"ﬁ
occurs in some enzymes including xanthane oxidase, which is impor

tant in the formation of uric acid. Zinc is 2 constitutent of
e E LISy ] Cobalt is 29
carbonic anhydrase and other respiratory enzymes. 0 o
essential component of vitamin B,; and thus necessary for formatio
] . . H i {

of blood cells and growth, specially in cattle which require it mor
- . f ‘

than other animals. Venadium is present in the respirator jgmen

enadvip ® n the I

of marine animals, specially ascidians.
A A S T

6. Water

Water is taken in by mos‘t animals in large quantities and fal‘ﬂ'l
the major constituent by weight, of every animal, wh_eLC__'.hLe}:
no_water (as on the moon) there can be no_life. Its uses 1o .' ‘
body are numerous: (1) it is an unsurpassed solvent, (2) it brin

. [ REPPER Nt :w‘wﬂs; (3) f“
e . (4) for osmoregulan'cﬂ

v ” circﬁlalm“f/vm
P bin thecell. The pbr@
no water no life, either plant or animal’ aptly stresses the imp®
tance ol water.

Feeding Mechanisms

There are various methods by which an animal obtaios i
food, depending upon the animal group to which it belongss an
more 5o on the nature of the food. Broadly speaking animals €3
be divided according to feeding mechanisms into four type:
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(Polyohaeta) ; Octopus Sepia, Loligo(Mollusca) ; and sea-cucut
ber (Echinodermata),

food yacuole

contractile
vacaple

pucleys

flagellate food s
A
A circumflperce b
foad cup
algal 4 O \
food 4}
elliste G
Tood 4
B Impor¢ C circuprallation

Par‘:;:lde :"tl A E
2

D Invagination

Fig. 23. Four types of food ingestion inAmoeba.

X t all
— There are some peculiar macrophagus feeders. A:::csh the

coelenterates have special Wby o it
food prey is paralysed (hypnotoxin) before ingestion. P.onse "
also injected by the larva of Dytiswus (Coleoptera), spiders us
scorpions (Arachnids) most cephalopods (Mollusca) ; and PO‘S“’.‘;rh
lizards and spakes (Reptilia) for capture of food prey. Pec‘l‘ ltric
the_electrocution_of pray. by electric Sshes (Torpedo end Ble
Eel). Still more peculiar is the feeding habit of the 5taf ;
which extrudes its stomach aver its bivalve prey after OP"“‘"g "on
shell by its numerous tube feet. Similarly, external dx.ge!“
_(before ingestion) is found in bowfly larvae and in the scorpion-
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Detritus Feeders.—Detritus feeders feed on organic matter in
soil_ and mud by the m‘otrudea__pharynx but others like the~
Holothurians shovel sand into the mouth, ~ A few fishes, such as
the sturgeon (Acipenser) and the carp (Cyprinus) feed habitually
on bottom detritus of streams and lakes. In all these casesthe
detritus ingested contains a ]a{g; _amount_of organic pamcles,

wmmod the rest consisting of mineral matter being
paS§ed out unchanged through the body.

Fluid Feeders.—Animals feeding on liquid food are common,
such are the sap-sucker butterflies and moths; sponging and lapping
bees and below flies ; the mosquitoes and sand flies ; bugs and lice;
ticks ad fleas; all of which have different types of sucking or

M ) . - ot - * para-
. ‘ : hook-
1 G " * . HTive

Parasitic feeding, apart from fluid feeding is by osmosis and is
charteristic of all extreme endoparasites, such as the Sporozoa

(protozoa), G da (platyhelminthes) and Rhi phala (crus.
tacea).

. e &
-8 mlmg Symb feeding may be classified apart

from the other types s of feeding mentioned above. In_this two
animals dgp_ep_g_gn each yther for then‘ food and feeding, ¢. g., the

hermit crab places a sea-anemcme on its back Bhd then pr Pproceeds to

feed on particls dropped by it. Snmnlarly ygqod_[gw

pnd s

_Digestion_
Digestion in animals begins after the ingestion of food. It is
of two main types: (1) intra-cellular digestion; () extra-celtul

digestion. Intracellular digesnon is found in n_protozoa, sponges,
some coelenterates and in the phagocytes (WB."CSJ of the blood of
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higher animals, Itisthe most primitive way of feeding in which

the food particles are taken inside a cefl, in a food vacyole for
al A e

Fig, 24. A—Cycloris in Caschesiam.
{After Green wood)
B-—Cyclosis in Paramecinm,
{After Shapiro)
(Note—areas of Neutsal and
acid digestion),

digestion, {Fiz, 24). The development of a digestive tract (enteros)
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is seen first in the simple coelenterate, Hydra ; but even here, there
isa certain amount of intra-cellular digestion by the pseudopodia -
bearing cells lining the coelenteron.

-~ Extra-cellular digestion may also be of two types 1.(1) external
(2) infernal igestion.  External digestion is seen among some macro-
phaﬂs us feeders, such as the ciliate Glaucoma w}uch P ozil}ces an/
exfernal proteinase. Amongst invertebrates the star
the stomach over the prey, and 2 considerable amount of digestion
taﬁe?pl?e before_the food,.is. ingested. Most cephalcpods and {
spxders inject a protease enzyme into the living prey, the external
digestion being so complete that only liquid food is taken into the
bogxrf the feeder.

_—
(eMe:hnmcal break down uf ﬁw}lIn internal digestion machanical
A ettt o
maceration and trituration usually preceedes digestion. In crus-
tacea_the food is_torn by the chelae, the food being held in the
mandlblehs‘__Other crustacea as weil as earthworms have a gzzzard
thh hard chitingus_teeth to_1 macerate t__llg”food, insect
jaws vs and 1 palps _ate used for the same purpo The radula of
sedJor_,r,p E g vegetable matter, The 1

PP £ DG

D.;s;rpeltis, in which the haemal spines of the cervical vertebae
project into the oescphagus and break the egg sbell as it passes
dow "~ .

hzet ) , N , "

somt

leelh, s I vt mpty

Physiology of Digestion

Enzymes.—Digestion is by chemical reactions of organic com-
pounds at an extremely high rate, through the agency of certain
bxolnglcal catalysts called enzymes. All enzymes are proteins which

L LAy ~--elzymes are proteins which



2 Aﬂmu-\’rx‘monouv
ible,s organic. Ac_atg‘_‘is\s m_an:‘,/a;\ ed Y
m. he majorit

1 atUre

€8

terases s

) E whil
nydropys® them}

@) }_ﬁl;!gas:x: w\:'\'cll hydrony®
Besides being suscept'\b\e to temperature, P
and absence § other enzymes: & pECu\ar'xty of &l is m“{
they nee actiuaud 1o some manner - cursot '0
epsin 1P ymoge™ presem in the secreting e ) “‘fh
1g activ hormone Gastrin The m2 Jatiod
¢ digestive enzymes are (Fig- 81}
iny, actiV: ymogen, _pw_d,x_mmg pep}.\}_ﬁﬂi‘
el
A jahibits acid i
to gastr'm;
300 of ga\l b\adder

@ tnz/vuzgurin i
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resistent 1o vertebrate digestion {for example, a wooly ball is
formed in the stomach of cattle, collected by licking their skins
that can be digested), Cellulose is digested by many inver \

=
5
P
2 Pt AN
S Ty
gl
2 ,
g / "
[ é .
g v .
& t b\
$
5 il 4l
& 7y 2 3 «#
PH
Fig, 25, Foeemwmiot e .
' ' T s e
tAner Muson)

such as roaches, termites and even cattle ta some extent. This is
done by a special enzyme called cellulase ar cellulobiase secreted by
their intestine or by microbes converting cellulase into sugar.

Protozea digest their food in food les, which underg
eyclosis in the cell and become rapidly acid, ¢.4,, the vacuolar con-
tents way have a pH of 4 in i After digestion the

acid concentration in the food vacuole returns to neatral i. £, @
pH 7. In general, protozoa digest proteins eatily, while they have
difficulty with carbohydrates and fats, However, Ameoba proteas
digests fats 10 fatty acids and glycerol; but A, dubia takes some
days to digest injected oils.
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fine particles or solutions can pass through. Surprisingly they also
have bile salts similar to that of vertebrates, to help in the diges-
tion of fats; while some decapods and copepods have peritrophic
membrane similar so that of insects.

Sawme ectoparasitic insects (mosquitoes and blood sucking flies)
also secrete an anti-coagulant to prevent the clotting of blood. In
most insects the labial glands contain a digestive enzymes, & &
amylase in cockcroach, protease in Jarval diptera efe. The food i
stored 1 the crop, which has no digestive secretions, but so0€
digestion may take place here by enzymes of labial glands, already
mised with the food or by the enzymes of the mid-gut being passed
forward into the crop, Although most of the digestion in insects
15 10 the mid-gut, in the cockroach fatis digested by yeasts and
bacteria in the crop. Insects have a peculiar saccular digestion, i
the md-gut. The food on leaving the fore-gut is enclosed in 8
thin, chitinous sac called the peritrophic membrane which is permeable
to both enzymes and digested food. Sucha peritrophic membrase
is absent from fluid feeding insects ¢. g., butterflies, moths, bugs,
fleas and lice. The chief function of the hind-gut in insects as
well as in most of the invertebrates is to absorb water, Joss of which
may lead to dessication and death. It is amazing that many
adult butterflies have no digestive enzymes at all except for invers
tase, since they feed on sugary solutions.

The molluscs are peculiar in having most of their digestion as
intra-cellular, although proteolytic and lipolytic enzymes 3T
liberated into the gut by breakdown of digestive diverticulae
(Fig 26). In the gut of some moliusca is presenta crystalline -rl)"l.
made up of globulin (a protein) which contains the enzyme amylase.
‘This peculiar crystalline style is secreted in the style sac in the
intestine and is rotated forward by means of cilia. 1t is gradusily
worn down in front to liberate the amylase. In many molluscs
there is a special fltering mechanism which allows only semall
“particles to pass into the digestive diverticula, where Turther intrd”
cellular digestion takes place.
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In echinoderms digestion is extra-cellular in the main, although
final digestion is intra-cellular, within the stomach and pyloric
caeca cells. The cardiac stomach secretes only mucus, while it is

é}j digestive quouws

Fig. 26. Arraggement of Digestive ductsand tubules in
the d ive gland of an Eul b h

(After Qwen).

the pyloric caeca which secrete the digestive enzymes—protease,
amylase and lipase. As already stated digestion before ingestion is
characteristic of the star-fishes, the enzymes being poured outside
its own body into the body of the prey, after which the partly
digested semi-fliud food is taken in, when the stomach is retracted

Digestion in vertebrates (Fig. 27)

The general process of digestion in all vertebrates is rather
similar and follows almost the same pattern as in mammals.
However salivary digestion is rare in fishes, amphibia, reptilia and
most birds. Surprisingly, an amylase has been demonstrated in
the buccal secretion of frogs and toads and also in the fowl, In

bony fishes no amylase is present in buccal secretion, amylase and
maltase being secreted predomi ly by the p
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The stomach in the lawer vertebrates secretes 2 pepsin-like

enzyme which is activated in only acid medium. Proteases are

(amylnse)
neateal pip

STOMACH
{pepsin,HCI)
acidic pH

seceetin

LIVER
(bile ealts) ==

INTESTINE
atkahae
°H

absorption JE

INTESTINE

undigested excreta
Fig. 27, Diagrammatic representation of

Digestion in vertebrates.

secreted in the intestine in the main, while amylase, disaccharase
and lipase are alsa secreted by the intestine (Fig. 27). 18 somme
fishes and birds small amounts of gastric lipase has been found.
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Although all these enzymes are very similar in their cbemical
composition in the classes of vertebrates, individual specificity of
the enzyme has been shown in fish pepsin, which 1s different from
the pepsin of birds and mammals. Similarly proteases of the fish
amphbia, repsiles and mammals are specifically different.

The acid pH of the stomach contents 1s not so high in fishes,
amphibia and birds, as in the mammals, being only about 4 to 4°5.
In some fishes such as rays, and some beny-fishes the stomach is
surprisingly alkaline, although pepsin 1s present. However, the
carmivorous sharks have a stomach acidity twice that of man, In
such fishes where a stomach is absent as in Holocephah and in
herbivorous teleosts, little pepsin is demonstrable. This absence of
stomach may be primary or secondary. In primitive fishes, such
as Cyclostomes, a stomach has not developed at all.  The herbivo-
rous bony fishes, such as carps, have lost the stomach secondarily,
due to vegetable low protein diet, in contrast to sharks and carni-
vorous fishes which have a high protein animal diet for digestion.
That originally the stomach was developed in vertebrates as a food
storage organ, is demonstrated by the fact that more pepsia is
produced by the phagus than by the stomach, in frog.

In birds there is some digestion in the crop, mainly by autolysis
and by bacteria,

Digestion in Mammals (Digestive Fuices)

‘The digestive glands in mammals are:

(1) salivary glands, secreting saliva; (2) gastric glands, secre-
ting gastric juice; (3) pancreas, secreting pancreatic juice; (4) liver
secreting bile; and () intestine, secreting succus entericus or intestinal
juice.

1. Salivary juice

Cotten 2o
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The salivary glands in mammals are usually three pairs;
arotids 3 sub‘m@xilla\jaj_ and, S“b“'_'sl_fiﬂi- Parotids secrete the
nzyme etgn{l_’n;‘ the sublinguals secrete only mucin ; whife the sub-
naxillaries secrete both ptyalin and mucin,

Ocdwarily some saliva is secreted to keep the mouth conti-
uously moist ; but with the stimulation by “Sight, sell 67 Taste of
vod, the secretory rate 5 increased more than tenfold. The
limulation 13 effected by a nervous mechanism, the salivary glands
1, mnerva!ed both by sym athotic and parasympathetic nerves,
nbrcz of which are present in Eclh the 7lhfmd‘9yth PM\Q:
upplying the salivary glands. These fibres arise in a region of
he medulla oblongata called salivary centre, which receives nerve
mpulse from higher centres of the brain, There is thus a saltrary
tﬁex caused by sight, smell or taste of food, (The dryness ol the
south in an embrassed speaker is due to inhibition of the salivary
entre in medulla, from the higher centres located in cerebral
lemisphers).

The digestive function of saliva is duc to the salivary amylase
?;;Cd piyalin which acts on starch. Starch is hydrolysed a3
oliows 1~

Strach-+ Amylase ——-Erythrodextrin4- maltose—-» Achroo-
lextrin maltose ———Maltase (the absorptable end product of
arbohydrates), The n_minﬁa‘{fe of salivary dif digestion is the

tomach and not the mouth, since Tood remains only for a very
e

hott TR TA the mouth,

pobuuode ey -

‘The functions of saliva are as follows :—

{1} T moistens and tubricates the food, and helps in form-
ing food bolus and deglutition;

(2} 1t digests starch and glscogen;

(3} It dissolves food substances and renders them fit for tast-
ing (undissolred food cannot be tasted) ;

(4} 1t has a role in water regulation of she body;
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(5) It has cleansing action on mouth awd

{6) It serves as a route for excretion of some amouuts of
2 DI IO ERETI0T Dl ———,
urea and uric acid.
[ ethinvrsiagb et

Certain odoriferous substances are secreted through salwa into
the maulh from 1 the blood.  If omons are plaffsl.mrgélffmhe
stumach thhout chewing, thhm a few minutes these can tmlt
in the mouth, . The allyl sulphxde of the onion 1s absorbed i the

blood and then excreted with the saliva.
2. Gastric juice

Gastric juice 15 a clear, colourless, sour, .acid, watery {ilﬂg_
(usually pH 1 to 3). It consists of 999 water aud 1%, HCI, enzymes,
inorgamc_salts and an iatrinsic factor which acts on an extrinsic
factor in food to from au anfi-anemic principle (lack of these factors
fead to anermia). Thestomach lining 1n man has about 35 mihion
gastric glands, which are usually branched 1n cardiac stomach and
colied in the pyloric stomach, There are three types of gland
cells in the stomach: (I) munn cells or goblet cells secrening mucus;
@ . . . e En et
€enz

1z -
ting Hui,
i

There are three phases in gastric secretion ;—

(1) The cephalic phase, when the sight, smell or taste of food
causes, secretion of appetite juice by reflex action, controlled by the
vagus nerve. Vagal stimulation results in the production of highly
acid juice rich in pepsin.

(2) The gastric phase; which is elicited by the passage of food
into the stomach and is due to the chemical stimulation of the
gastric glands by 2 hormone called gasirin, produced by the gastric
mucosa.

(3) The inlestinal phase; when there is gastric secretion due to
a hormone secretin from the duodenum, and is the last phase of
gastric secretion.
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The jmportant enzymes in gastric juice are chs'm. rennin and
pepsi -

small amounts of lipase; the HO concemmtion being about
05 percent: Pepsin is a powcrfu\ protease sgl'm'm proteins
Y e SP- ing T
into rotocses and pl‘p\oncs, only small amounts of awmino Acios

bewng formed. Renmin 218 00 the caseinogen of the milk an
N 5 et 20— . P
y;c\ds- Jpnmc:asml, which combines with calcium © form curdy

calewm paﬁﬁsﬁn. This is then attacked bY pepsi: The lipase
: st

ncti;{£y' of gas‘u'u: juice is a shight hydm}ysis of fats

The function’® of HCl in the gastrc jurce are many "™

[WRs p\'ov'\dcs a s\iugt_)_lg_acid pH for 2 tion of peps'\n',

ction & L2

2) 1t activates peps

by

ogen ;&h\c\\ is conw{t:_xlcd into pcpsin H

2

R hydro\yses some sugars nr_.d fats ,

4) Ivacts on pmmnh’n to convert jt o secretin which acti-
. ST e

vates £astncr pancte:\ﬁc and bile secretionys
(5 1t bacter'mc'\da\ in_actions

ORA can hydro&yse certaint forms of cellulose 1o some

extents an

nCat=

o 11 play® ag_lr}mo/ﬂam role In cm’diggjlnd Aoric sphinc®

e

ter control
e

3. l’anctcnﬁc Juice

The food is chumed in the stomach by the actiont of powerl'u\

gastﬁc pouscle the salivaty and gastri® juices.

“This partly d'gested food forms an acid chymt which is passed jnte
jntestine an verted intf: ﬂre ﬂuﬁ chylf. . Funl.\er .d’x'gest‘mn
now takes place by the actio® of pancreanc juices pile juice an

'mtest'ma\ juices:

?ancna’a\_'\& Slxicg_is a z.:olourl_e_ss,‘_a_\}c_al ne, watery fuid contait”
ing enzymes 27 d ¥ snic saltes e !

ot b

W am)logtir: (umv/lag) B

hief enzymes are s

2) Sucrosty
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(3) trypsin (protease) ;
(4) polpnucleo-peptidase ;
{5) carb;{;hpzptida!e;
(6) protaminase ; and
(7) steapsin (lipase).
Amylase acts on starches and dextrins to convert them into

i -sugar) i tose_and
maltose.  Sucrase splits sucrose (cane-sugar) ’i‘_‘llﬂ’c
glucose,

fucose,

Trypsin is formed from the precursor ifypsinogen, which is
actwa't.e:i by thc xntcft}ll‘al‘hormonc, enizrokxfzg',ti Trypsin isa

polypeptides, and converts them mto simple peptides and amino

acids. On the other hand, vpeplidase i 1 which
splitsTthe nucleic acid molecules into i

machanism, in which acid chyme extracts
mucose ~F tha dundanirm

the int '
et
is imm

secretin from the

Tha harmana carvatin 3e phenrhnd hey

4. Bile Juice
it

Bileisabitter, + Tt v R m
digestive juice prodi ) : . e
nuimn, Il enters l’; :

g
periods of digestion, when 1t is dxscharged by the b;le resetvnor

IR TR N TR T D) e

———————n—
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glyeocholate, manufactured by the liver cells, The impottant
physiological processes of fat dxgesuon and fat absorption are due
Aot
to the presence of bile salts. Strnngely thes¢ salts are not only
ot e
secreted_into  the § gut but also undergo circulation_with_blood in
the body and are in part reabsorbed and passed with partal bfood
into_the liver, where they accelerate secretion of bile. They af_e
ﬁnally excreted with the faeces. The bile pigments are bilirubin
and Biliverdin.  Bilirubin s formed by the breakdown of haemoglo-
bin, while biliverdin is formed by the oxidation of bilirubin,
Finally these pigments are reduced by intestinal bacteria (specially
in large intestine) into stereo-bilogen and uro-b1logen, which impart

the characteristic colour to the faeces.

The main functions of bile are :—

(1) Tt helps absorption of fats by forming complex salts of fatty
acids with bile salts; (2) it aids in emulsification of fats by bile
salts, which lower the surface tension of large fat globules, which
are broken up into smaller globules; (3) it serves as a channel for
excretion of bile pigments, cholestero}, inorganic salts, toxins et ;
(4) bile being alkaline, neutralizes the acid of the gastric juice;
(5) bile salts are absolutely essential for_absorption_of of vitamin K
and all the fat solube vitawins; (6) bile stimulates peristalsic and™
has a laxative effect (therefore doctors mmaxa-
tives) ; 17) bile helps in the liberation of secretin from the intes-
tinal mucosa ; and (8) bile precipitates proteases and retads their
passage through the intestine, giving more time for digestion by

the intestinal juices.

5. Intestinal Juice
Intestinal juice or suzcus entericus is secreted by the glands of
Brunner and crypts of Lieberkuhn. The glands of Brunner secrete a
. ' . * oteolytic enzyme, which
N m On the other
h:lnd the crypts of Lieberkuhn secrete an alkaline yeIIownsh liquid,

containing a large number of enzymes, h y ganic salts

and mucus.



NUTRITION (DIGESTIVE BYSTEM) 55
The main enzymes in the intestinal juice (Fig. 27) are:—

(I) erepsin—consists of aminopeptidase, acting on polypep~
tides, and dipeptidase acting on dipeptides, splitting
them into amino-acids;

(2) enterokinase—activates pancreatic trypsinogen to produce
jutihditiasen
trypsin ;

(3) lactase, maltase and suerese—act upon the polysaccharides
'_,.‘—l—-—_'_—&_‘___... - N

T T,

(#) Uipase—converts fats into fatty acids; and

ey 'S 1ot Tatty.qci

(5) amplase—converts residual starch into sugar.
e et e

The main stimulus for the production of intestinal juice is the
mechanical stimulus of the passage of chyle into the small intestine.
However, the secretion is regulated both by chemical and nervous
control. Of the hormones, enterokinin (a substance isolated from
the intestinal mucosa) isa specific secretory hormone increasing
the amount and enzyme content of the intestinal juice.

Digestive Enzymes

Class Enzyme[Sonrce Optimum pH
Protease Pepsin 2.0
Trypsin 8.0
Erepstn 7.7
Amylase Ptyalin 6.9
Pancreatic Juice 7.0
Lipase Pancreatic Juice 8.0
Gastric Juice 6.0

Some Peculiar Features of Digestion
1. Protection Against Self Digestion (Auto-digestion)

It is often asked why the strong proteolytic enzymes in the
stomach and intestine of vertebrates do not digest the cell lining
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of the glimentary canal. If pieces of stomach, intestinal wall ete.
are kept in acid pepsin, they get rapidly digested. Yet the living
stomach, intestinal wall and pancreauc cells remain intact for
years, while producing enough pepsin, trypsin and other digestive
enzymes, which would digest the whole animal, many times over.
Why then is there no auto-digestion? The answer was unsatisfac-
tory for many centuries  The main causes for prevention of auto-
digestion are—

(1) The proteolytic enzvmes (pepsin and trypsin) are not
elaborated as such in the stomach and pancreas glands cells.
Instead, these cells secretes nactive molecules of pepsinogen and
trypsinogen which are precursors of pepsin and trypsin respece
tively, When these inactive molecules reach the acid stomach or
the alkaline intestine, they loose a few amino-acids from their
enzyme molecules. This loss uncovers the active surface of the
enzyme molecule, so that it can start the work of catalysis. There-
fore the enzymes do not digest their own secreting cells,

(i) The mucous cells that line the digestive tract secrete a
layer of mucus which forms an effective barrier against the diges-
tive enzymes,

(3} It has been shown recently that the living cells of the
gut secrete certain specific anti-enzymes which from a ptotective
layer over the gut cells, counter-acung the action of enzymes.

" (If pathologusts require a picce of the stomach, intestine or pancreas for
investigations, the material has to be colected within twenty minutes of the
death of the man or the apima). After ths period auto-digestion sets 1n and the
cells form a digested mass).

—

2. Gut Ulcers

Ulcers are ing increasingl in most
of the world, Recent estimates being 5% in Western countries
and 10-20% in Kashmir and South India. Peptic ufcer is the
erosion in the lining of any part of the digestvie tract, as a result
of auto-digestion by the action of the enzyme pepsin, This in
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turn, is caused by an increase in acid content of gastric juic
(hyperacidity) which activates pepsin digestion of mucosa. If HCI
is introduced by continuous drip method into the stomach of a
dog, ulcers invariably develop.

Surprsingly, besides unwholesome food, hyperacidity results
from stress and strain of man in modern civilization. That,

hyperacidity is caused by emotional stress, high strung nature and
worry has been conclusively shown by IWolf and [Wolff1n U, S. A,
Peptic ulcers are of two types:—(1) Gastric; (2) Duodenal

(1) Gastric Ulcer

Gastric ulcer is caused by excess of the hormone Gasirin
secreted during the gastric phase of digestion. Due to this the
gastric glands work, so to say, over time causing excess acid
and pepsin to be secreted in the stomach. These secretiuns finally

erode the stomach lining and may actually perforate the stomach
wall in chronic cases.

(2) Duodenal Uleer

Itis the commenst ulcer in man caused by hyperacidity as
also overwork by the duodenal glands, Duodenal ulcer can be
differentiated from gastric ulcer, by the fact that duodenal pain
starts after 3-4 hours of a meal, whereas the gastric painstarts with
in the first hour of the meal.

Gut ulcers are dangerous as the man passes blood with faeces (Black motron)
when the gut wall has been seriously corroded. In order to neutralize the
hypracidity in patieots of gut ulcers antacids are prescnbed (s, g. Alumnium
hydorxide). In several cases vagolomy (remioval of vagus which stimulates
gastric glands) or even gastrectomy (removal of stomach) is carried out, A
modern method is to lower the of st h. An inflatabl

baloon
of the shape and size of stomach is inserted into the stomach of patient, into
‘which ice cold water from a refrigerator is pumped. This cools down the rate
of chemical activity of gastric glands. Stomach ulcers ace cured in 80%, cases
af such stomach cooling 13 repeated several times.

Absorption
Nutrients absorbed are: (1) end-products of digestion, uiz.

glucose, frutose, amino acids and fatty acids; (2) inorganic jons;
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(3) vitamins_and (4) water. The mam site of absorption is the
wtestine. However, amounts of some substances are absorbed
in the stomach, such as alcohol, condiments and some drugs.
Besides absorption of carfmhydrale, fermenatation occurs in the
t h of rumi Is, in which the stored food in the
rumen (first chamber of the stomach) is regurgitated and rumina-
ted (chewing the cud Fig. 28). This process enables salivary

rtswallowinn

Ktsno

Rx’nfsnaunn \

i
rumination

Fig. 28, Four stomach Chambers Runmunant (Goat, Sheep, Cattle)
Arrows indicate the course of food.

juice to mix thoroughly with the finely ground food during rumina
tion. When the food enters the r 1 after 1 llowing, it
is mixed with gastric juice and only, then passed into the omasum
and abomasum, where digestion take place. In other herbivores
products of carbohydrate fermentation are absorbed partly in the
caecum, but mainly in the colon.

The entire intestine is provided with thousinds aof mllﬂmh
increase grcznly the absorptive surl"_cs‘(l’lﬁﬁ) For example,
the villi of the small intestine in man provided an absorption
sufrace of about 10 Sq. meters, which is about 600 times greater
than the internal area of a cylinder of the same dimensions.
Absorption is not a matter of simple diffusion through the cell

membranes of the intestinal mucosa; but it is selcctive. The
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I . . ©3. .3 —tow.ano/ Af fags as fatty
oottt

myscle layer

Fig. 29. A—Magnified view of mucosa of small intestine showing
densely parked villi
B—A single villus~absorbing unit of small intestine, 1n L. S

Absorption of Glucose, Glucose isabsorbed even from hypotonic
solutions. The rate of abtorption of glucose (fructose, galactose
and mannose is twice as high as that of pentoses, when imbibed in
equal cancentrations. The capacity for selective absorption of
sugars (Fig. 30) can be experimantally abolished by freezing
the epithelial layer of the villi, when the rate of absorption of the
different sugars becomes the same, It is evident therefore, that
selective absorption requires a certain metabolic activity on the
part of mucosa cells. .

The absorption of glucose also involves the expenditure of energy. Itis
now belicved that glucose becomes phosphorylated with phosphates made avais
lable by the't of Ad ine Triphnsph (ATP) into Adenosine

i (ADP). The intestinal mucows hus coptous phesphatases, which
appear to catalyse this reaction, Phophorylation causes the maintenance of a
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gradient for sugars between the gut lumen and the cells, the energy supplied
bg ATE bang used for acuve transport, by Taoviag molecules across cell mema
branes at a faste rate.  (This 15 1n contrast to non-active transport in the filtra-
tion of Eﬂ;u—ﬂ_lbmugh the renal glomeruh)

1
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1 GLUCOSE , ® GALACTOSE 3 X FRUCTOSE
MANNOSE

¥ige 30.  Percentage absorption per hour of different sugars in the
small 1atestlne of rats,  (After Verzar and McDougall).
Absorption of Proteins and Amino-acids
Rapid absorption, of amino-acids and other protein by~
products is done by special_concentrated patches of willi in intes-
eclal _concentraled patches QL vilt i
tine, called Peyer’s patches,
The absotption of large portein molecules by young mammals at birth is
a by which 1 ity is d on the young by absorption of
antibodics ¥t the calustrum of the mother (in ruminats, horses, pigs, and rats).

The rate of protein absorption can be calculated {rom the
amount of amino-nitrogen in blood; as it increases corres-
pondingly after a protein meal (Fig. 31}.

Absorption_of Fats, Fatty acids, the end products of fats
cannot b readily absorbed unless there iy presence of bile salts,
which form easily_diffusable compounds l@m‘vmﬁﬁc

cells of the intestinal epithelium the absorbed "fatty acids are
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resynthesized into fat globules, which join the lymph stream of the
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Fig 31. Absorpuon of Raw meat by rats  (After Verzar and Mec
Dougall).

thoracic duct or fall into the portal blood stream. Pixoipholipids
and wﬁth&&gy change. .

Absorption_of Inorganic Ions. Tons pass through the gut wall
against concentration gradients (selective absorption). Nacl is
absorbed as quickly as dextrose; other cholordes and acetates are
absorbed more quickly than lactates and nitrates; sulphates and
phosphates are absorbed ata very slow rate. The phosphates
pass through the gut wall as phopholipids. Ironis only absorbed
as an fon as a component of any other organic substance. When
iron falls short the result is anaemia. Absorption of calcium is
effected by the pH of the intestine. It is only absorbed in a water
soluble form and if not precipitated in the intestine by any other
counstitutent of the diet. Amino acids and bile promote jts absorp-
tion and so does Vitamin D,



62 ANIMAL-PHYSIOLOGY

Basal Metabolic Rates

The basal metabolic rate (BMR) of different animals is
determined by the amount of oxygen used per gram of body weight
per hour. These are given 1n detail in the Chapter on Respiratfcn.’w

Temperature Regulation and Heat Balance

All living organisms have a narrow range of temperature
tolerance, ranging from-—1°C t04-30°C and a body temperature
from 2°C to about 38°C. All poskloth {cold blooded 1s)
change their body temperature according o their s“urr‘oand'x;gs,
¢. g. an earthworm has the temperature of the soil 1n which it
lives | the fish the temperature of water 1n which it swims; and
the frog, water temperature when aquatic and awr temperature
when on land. Homoeotherms (warm blooded amma}s) on the other

hand have to regulate’their body temperature and hence have a
budget of heat balance. Such animals are confined to the birds
and mammals.

Poikilotherms

In poikilotherms,
withstand the high desert temperatures of above 50°C even for a

few minutes. They survive in their natural habitat by escaping
from the heat by burrowing, going into shade or water. There
is however some heat balance by heat loss through conduction,
and this is somewhat balanced

insects and reptiles of deserts cannot

convection and evoporation;
against the heat gained through radiation of the sun and metabo-

lism of the body. Insectsasa whole can withstand far higher and
lower temperatures than other poikilotherms, ¢. g. some springtails

and mutes can stay alwe in 1ce, while quite a few insects live in hot

springs above 50°C.
Homoeotherms

Homoeotherms, which maintain a constant body temperature
whether the surrounding temperature is higher or lower are
capable of heat regulation and maintain a heat balance. These
warm blooded animals are typically Jand forms where heat regula.
tion is essential and some have secondarily become aquatic and
are'thus, still warm blooded (otherwise all aquatic animals are
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poikilotherms since water is a good conductor of heat). Thus the,
homoeotherms, arctic polar bear, the tropical black bear
and the brown bear, all intain a body perature of about
38°C, Temperature regulation is a continuous process of heat
balance, between heat gamned and heat lost. Heat gained is by
six methods .—~

(1) increase in metabolic rate;

(2) food supply and oxidation ;

(3) exercise i. ¢, movements; e

{4) shivering and tonus producing heaté“\

(5) diseases which cause fever; andi‘ )

{6) external heat by insolation and radfaQn.

Heat lost is by five or more methods ;
{1) by radiation from skinj
(2) by respiration;
(3) by excretion through urine and excreta;

{4) by evaporation of sweat (one gm of H,O evaporated-
means a heat loss of 536 calories of heat); and

(5) through superficial blood vessels by conduction
convection and radiation.
The Heat Balance
Heat Production Heat Loss
l |
]

| | i | [
Metabolism  Disease  Food Exercise Shivering

1 1 |
Skin Respiration Excretion

N Radiation
Sweat Vessels<<
|, / Convection
Evaporation  Conduction
Adjustments of body to counteract the effects of rising tempe-
Tatures are i—

(1) increased evaporataion of water from skin, sweat; by
panting from luags and increasing the respiratory rate r. g. the
panting and lolling of the tongue in the dog and the usual visit of
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above, since heat loss by evaporation will cause dessication and
death. Therefore in extremely hot climates small mammals such
as rats, mice, squirrels, and kangaroo rats spend the hot day ume
inside burrows where humidity is higher and temperature lower
than the outside.

The Kangaroo rat (Dipodomys) can live without drinking
water {as explained in Chapter on Qsmoregulation) by obtaining
metabalic water from its own body. This water 15 used for the
sparse sweating it exhibits. The camel uses up stored flud in
stomatch and from hump fat for temperature regulation, although
in long journeys in hot sun, its body temperature may rise from
34° 10 41° G before sweating starts.

Hibernation

Almost all poikilotherms in cold regions of the world cease
moving, feeding, and have a very low metabolic rate during the
cold season. This is the hibernation or quiescent state caused by
low temparature in most insects, snails, frogs and toads, lizards
and snakes efe. Some fishes such as crucin carp, marinka, and
some other small fishes in the north temperate region aggregate
in the bottom mud and stay in a condition of suspended anima-
tion, during the acute cold winter season.

Hibernation or winter sleep is also known in some homoeo-
therm mammals, ¢, g, hedgehog, some squirrels, dormouse,
hamster, marmot, bat and the brown bear.

All those become more or less poikilotherms during the cold
winter. Their metabolic rate, respiratory rate, heart beat rate
and temperature fall to extreme low levels, Growth is suppressed
during hibernation, All of them store fat before the hibernation
sets in, which is used as a source for the small amount of energy
required to keep them just alive.

In hib ing 1 taholi

is reduced by twenty to
hundred times (e.g. the marmot at 10°CQ and awake produces
2'8 KCl{kg/hour, but in hibernation or winter sleep at the same
temperature it produces only 0-09 KClfKg/hour). In hibernating
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bears the respiratory rate falls from 18 to 2/minute. Oxygen

ption my drop iderably, up 101/100th of the normal,
particularly in small mammals, e g. in a hibernating dormouse
the oxygen consumption lowers down to 300 mlfKgfhour from
8000 ml/Kg/hour.

The heart slows down to a mintmal rate and 13 even irregular
below 3° C, e. g. the heart beat rate of an active ground squirsel i3
200 to 400/minute, while that of a hibernating one is only 7 to
10/minute.

Iatheh {Cri ) stimulation of the vagus during
hibernation is without effect on the heart. In the hedghog and
the hamster the heart stops beaung at 1-3° G and the animal
wakens when air temperature drops te zero; but some mdwviduals
which do not respond actually die.  The temperature of hiber-
natmg h herms bles thas of poikiotherms, i, o the
bady temperature flucsuates roughly with the air temperature.
Bats can posuibly withstand longer and more frigid hibernation
than other mammals; in temperate zones hibernauon sets in from
0? C 1o =5° C; while tropical bats go ¢o slecp at °C. In an
experiment bats kept in a refrigirator for 144 day, without food
or drink were capable of awakening after 15 minutes at room
temperature and performed normal sustamed fhghts,

Dunng hibernation the endocrine glands undesgo reduction,
lwer glycogen becomes markedly reduced and a physiologucal
dormancy or even suspended ammation ety un, and the tesmperis
wre regulatory cenute in the bypothalamus s set back hkea
clock.

Aestivation

Althouzh takiog terperature a1 8 factor, aestivation is diame-
trieally apposed to hibernation, it is also a state of dormancy of
supeaded virality. Almoit all small pokijotheras in the wopics
in the hot and dry #2300 go 1o Fest utder the mud; tuhes under
stoness Intects, frogy and toads, lizards snd snakes in crevices and
hales, where they lie dormant unti} the extreme heat and drought
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abates with the summer showers. The lung fish Protopterus of
Africa burrows about 1 to 2 feet down into the mud and constracts
a stout ‘cocoon’ or mudball in which it lies curled with its nares
lying near the lid of the ‘cocoon’. It may remain inactive in the
‘cocoon’ for 2 to 3 months and emerges only at the onset of rains.
The twin factors of high temperature and dessication induce this
aestivation. Similarly the water snail (Pila) can ve 1n a condi-
tion of aestivation for years without food or water if temperature
and drought conditions persist. The senior author once kept
a Pila globosa in his laboratory drawer for four years, after
which it revived on being placed in rain water, In this case the
triggring mechanism for aestivation 1s dessication (unlike the cold
temperature triggering mechanism in hibernation).

Many insects aestivate as pupae 1 cocoons during the hot

and dry summer of the tropics e. g. some arthoptera, lepidoptera
sle.

Absorption of Vitamins

Generally speaking water soluble vitamins are absorbed frce,
i

- ¢., after their hydrolysis. The absorption of fat soluble Vitamins
— e Y
(A, D, E, & K is promoted by bilesalts. Although man and most
animals must obtam vuamms wnth thezr food some vitamins are
il e s 3 ————

- ’ o S 7 mommals

lange the
te

Absorption of Trace Elements

Magnesium and copper are absorbed in small amounts in
order ta keep the blood normal; Similarly, for normal functioning
of organs and production of hormones, such elements as iodine,
cobalt, zinc, (vanadium in ascidians) are important for metabolic™

processed,  Although needed in minute amounts, deficiency of
these trace el often cause boli

disturbances,
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Absorption of Water

Water can be absorbed through any part of the ahmentary
canal in small amounts. However, the largest guantity cf Waiter
is absorbed in the colon and rectum. In desert animals such as the
kangaroo “yat and horned toad, the cnly water imbibed is through
their food, which consists of hard desert plants. They may live
witbout drinking water for six months, Hére, nat only 1s almost
a’frwater re-absorbed in the large intestine and urinary tubles of
the kidney, but also metabolic water 15 produced by splitting up of
foods  Absorption of water “moisture through skin_is seen in ‘the
desert lizard Pbrynosoma in which the skm—-resembles blotting
paper {as also i Moloch horridus).



Chapter HIE

METABOLISM (UTILISATION OF ABSORBED
NUTRIENTS)

The nutrients absorbed through the alimentary canal are
utilized for the following purposes :—

(1) to build up new and repair broken down tissues including
extra-cellular constituents and cell produets, such as
ol obdbutig
hormones, enzymes and other secretions;

(2) to supply free energy, out of the bound energy, from the
molecules of nutrients;

(3) to build up reserve foods such as glycogen and fats.
build up reserve 10ods s glycogen anc 2%

Sﬁar metabolism (glucase, fructose, galactose and mannose)
The amounts of {ructose, galactose and mannose absorbed are

usually small. These hexose sugars are converted to glucose. We
may thus consider the metabolism of glucose only, All hexoses

can form phospl by bininig with phosphoric acid. Thus,
glucose, a hharide, is phosphorylated and then built up
into glycogen by a series of reactions,

The direction of the above-mentioned reversible reaction is
determined by the needs and activities of the animal. The break-
down of glucose by a series of reactions is called glycolysis, It
involves reactions of many enzymes and coenzymes and can go on

in all tissues, It begins by splitting of the 6 carbon hexose mole-
cule into 2, 3 carbon units with phosph {Triose phosphates) ;

and eventually each of these gives rise to a molecule of pyruic geid.
Each molecule of hexose thus gives rise to two molecules of pyruvic
acid ; but at the same time it bas lost four hydrogen atoms, which
—t
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without glycosuria (sugar in urine), If higher amounts of glucose
are injected iAto the blood, lljp:rglxca:mia results This is also true
of patients suffering from diabetes, in which the hormone jnsulin is
low or absent. If excess of insulin is injected into a hyperglycae-
mia patient the blood sugar may become sub-normal (hypogly~

caemia) and cause death.

All Vertebrates appear similar in carbohydrate metabolism,
although they differ in some details, The blood sugar of birds is
about twice that of Is, which is d with the paucity
of L cells and richness of 8 cells in the pancereas, This hyper-
glycaemia is useful for providing ready energy in active flight.

Glycogen is the main stored carbohydrate in all vertebrates;
but it is present also in some invertebrates such as Pelomyxa
(protozoan), the peritoneum of earthworms (annelida), the connec-
tive tissue and gonads of molluscs and the digestive diverticula of
crustacea, Helix p. ia, (a snail) ins another reserve
carbohydrate galactogen, which is similar to glycogen, but is not
attacked by amylase. On acid hydrolysis galactogen yeilds galac-
tose instead of glucose, ‘

One peculiar characteristic of glycogen is the fact that it can
produce, by partial d position, such pounds which give rise
to fats, the reaction steps of which are incompletely known. Itis
a time-old practice to fatten cattle by feeding with glycogenic
compounds. Thus, when a hog isfed on corn (which is almost
entirely starch) it gets fattened on it.

Protein Metaholism
— o n TRt

Proteins are synthesised from absorbed amino-acids. It has
been shown by using radioisotope labelled nitrogen, that the com-
plete formation of a protein molecule from its constitutent amino-
acid blocks may take as much as 25 minutes,

Many of the amino-acid molecules absorbed through the gut
go through a series of processes, in which nitrogen is removed and
ultimately excreted, the remainder being made available for other

uses, This is becuase protein nitrogen digested in animals is
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e+ o aode saais needed for the synthesis of bady proteins
v, tngnet gronth, It is especialy true of carmivores. “The

* . Lre v

o Dot deamination onfy occuss rapidly in lver and hidney.
In tasawination the amino-group is exchanged for the ketos
qevugs of a keto-acid; while in deamination there 35 an avidation
which removes the nitrogen as ammonia.  This ammonsa s excre-
A % pateests deenste s byt in terrestial ammals Turther
P o . (See Chapter on Excretion)

The non-nitrogen parts of the amino-acid or beto-acid mole-
cules, witimately help in providing eaergy for the animal by

oxidation.

Some aminpo-acids in addition to serving as building blocks of
body proteins have also 2 protective function. They combine with
T Some
is also
true for cells in general. - e
adds (like the gene pools )

i the apaviey and the
paohi, the amino-acid pools se
than for lawer ones.

Little is known of nitrogen metabolism in Jnvertebrates.
Possibly the separation of ammonia from ~* ~ cids 1s done «s in
vertebrates, by deamination process.

em to be larger for higher anirmals
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vertebrates), The greater part of the fat is stored as adipose

b and intr. lar fat. This fat can be available to
the tissues as and when required. A small amount of fat (constant
Jfat) remains always deposited in the brain, heart, lungs and kid-
neys, and stays there even during starvation. Thus, constant fat is
never removed or oxidised for energy production.

Stored fat is not inert asordinarily supposed. Thereisa
continuous decomposition resynthesis, and inter-conversion. Fatty
acids undergo a process called B oxidation by a series of reactions
involving several enzymes and coenzymes.

The chain of the fatty acid loses some carbon atoms re-
peatedly with gradual shortening of the chain. The glycerol
derived from fats is oxidized, with ATP, as a coenzyme to triose
phosphate, This may either be oxidised through the tricarboxyhe
acid cycle or synthesized to glucose or glycogen. Certain fatty
acids ziz. linoleic and arachidonic acids are now considered as
essential fatty acids. Deficiency symptoms such as scaly skin,
renal lesions and abortions develop if they are completely absent
from the diet.

Cold-blooded animals such as fish and frog tend to have a
higher proportion of unsaturated fats than the birds and mammals.
Cold region animals as a rule, have higher percentage of fats than
animals of the warm regions.

Vitamin and Mineral Metabolism

The importance of vitamins in prevention of diseases and the
formation of a part of some enzymes is-well known. For exam-
ple, the carboxylases are not active enzymes unless they are com-
bined with thiamine (vit. B, the anti beri-beri vitamin), Similarly,
Riboflavin {vit. B,) is required in some coenzymes. The role of
vitamin A in the production of visual purple is well known.

Inorganic substances absorbed by the gut are essential for a
host of bodily functions. Calcium carbonate, calcium phosphate «
<alcify the urganic matrix of bones in vertebrates. Surprisingly,
calcification is a reversible process and decalcification outbalances
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calcification, if calcium salts are lacking in the diet. Salts.
{specially chlorides) arc essential for the maintenance of esmotic
pressure of the body fluids,

Besides, there are specific effects of some metallic ions. For
example, excess of calcium causes tetanus and calcium rigor of the
heart, Calcium, however, is indispensable for the clotting of
blood, A blood sample can be prevented from clotting by the
addition of over 19, potassium, amonium or sodium oxajate,
which causes the precipitation of calcium in blood, thereby pre-
venting clotting. Phbophorus is required for phaspholipids and
phosphorylation; while iron js essential for haemoglobin, Defi-
ciency of iodine causes hyperthyrodism {goitre) since it formsan
essential part of thyroxin. Sowe trace elements such as manga-
nese, cobalt, and znic, act as catalytic agents of enzymes and their
reactions.

Anaerobic Metabolism

212,

Most end ites have bi of carbohyd:

as the source of energy. Anaerobic metabolism of carbobydrates
leads to the formation, not only of lactic-acid, but also of fatty
acids, such as pyravic, suceinic, veleric and higher fatty acids.
For example, veleric acid is produced by Ascaris; higher fauy
acids by Fasciola. Anaemia ir man, caused hy kelminth infec-
tions, hat been found to be due to the accumulation of these fatty
acids, which retard or reduce the production of haemoglobin.
Some protozoan parasites, such a malarial parasite {Plasmadiurm)
have a Kreb’s cycle; where others such as Trypanosoma do not
have it.

Most micro-organisms obtain the metabolic energy from
glycolysis or partial breakdown of absorbed food molecules with~
out any oxyges. In fact it is believed that the firse lving orga~
nisms on earth were anaerabie, due ta the virtual abseace of free
otygen in earth’s atmosphere. Oxygen way later produced as a
by-product of photosynthesis by green plants after which aerobic
metabolism became common in the animal world.,  Aerobic meta~
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bolism is certainly superior to an aerobic type, since the energy
obtained ;

breakdown of glycogen -» glucose —

= lacticacid ~-> CO,+HO,+Energy
is much more than by breakdown of glucose into lactic acid
anaerobically. .
Basal Metabolic Rates

The basal metabolic rates (BMR) of different animals are

determined by the amount of oxygen used per gram of body
weight per hour, These are given in detail in the Chapter on
Respiration.

Hibernation.—(Hedgehog, squirrels, dormouse, hamster,
marmot, and bat) :

(1} Homoetherms become poikilathermous during cold season
.at about 5°C.
(2) Temperature and heart beat rate fall to very low levels.

(3) Animals deposit fat during summer, the deposited fat
being used as a source of energy.

(4) Several endocrine glands show involution and conse-
quent fall in BMR.

(5) Stop feeding (fasting).

(6) Brown bear spends winter in dormant state ; but not typi-
cal hibernation ; since no striking fall of temperature or
heart beat; only polar bears hibernate.

(7) Bats—poikilothermus when not in flight, irrespective of
season ; hibernate in all cold countries.



Chapter IV
RESPIRATION (RESPIRATORY SYSTEM)

Respiration

. e [ and

change of oxygen and carbon dioxide through special respiratory
organs, siz. gills, tracheae, bqu lungs and Iungs (Fig. 33). In

earthmorm 12nd soait  Yaad veriebrate lnseet

Q { tysg tasg
1974 vesssel
diffucion
A / VY. atria
urmtrhl

tessestrial

achea

T:moth 2 fosect arna 3 setamantes 4 dl'l!.ﬂll:(.(e

Fig. 33. Different typ:: of respiratory mechavisma in aquatic, ferres-
i vrial and acrial animals.

3 1ited

some lower animals {¢. 2. p and

there are no special respiratory organs, but suflicient_oxygen f for
resparation i3 ¢ obtained by diffusion theough genera_ljgrl'ace of the

body. Inlmxal ot celluiar respiration is the relense of energy inside
the tissue by osidation of glucose an ﬂm In ? the t lssues
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. mm; whereas in
GO,, 40 mm.

tissue {loid
pressores
Oy = 40mm

Coy » 46 mm

tissoe capillanies

Fig. 34. D

of i
of gases in layers and tissues.
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ercent and
reen

' air; the
1 sea level
is soluble

in water, the dissolved dependi on ration of

oxygen in air, temperature and pressure. It is unEortant to note
that 2 all respnratory_exchange isthrough an aquatic_medium, whe-

the the ammal is_aquatic_o! or_terrestrial, 1f the lungs even in

drynor ,' y exchange can take place.

" One ml of oxygen is dlssolved in 100 ml of water at 0.8°C.
with increasing temperatures  the solubility decreases, ¢. g. at 15°C
there is only 0.7 ml of O, per 100 ml of water; and 37°C
the solubility is reduced to 0.5 ml of O, per 100 m! of water,

‘With an increa:
e e

in atmosphenc pressure_more O, is dissolved
AR beehoschtitbidins etk

in the water. The normal “atmospheric pressure at sea level is

760 mm and the partial pressure of O, is 153 mm. We can then say
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that 159 ma is the tentien of oxygen in water. In other words
the tension of a gas in solution is equal to the partial pressure of
the gas in the atmosphere in equiltbrium with the solution, This
bolds true in lung respiration as well. Since oxygen take uvpin
the lung is by diffusion in to the blood till the Oy tension of blood

is equal to that of the lung (Fig 35). With increase in altitude the

prlaAditidibe e

g W

h * leng aie H
s Co. = 0w &
s R €
al g . ’
3. &
Pg. 85, * Tt

oxygen conce?tration decreases is proportion with_the decrase in

e,
atmospheric. pressuge, 15bus, ot 18,000 feet the atmospheric pres-

sitre is one half that of sea level and amount of dissolved oxygen
is also one hall,
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Carbon dioxide, which is given out or expired in respiration c
jsabout 30 times as solublein water as oxygen and 1t forms

B e AT SRPI P e
' o . . r
b H e
in osmoregulation. i
——

Nitrogen 12 less soluble 1n water than oxygen and thus it is given off
quicker than oxygen 1f pressure 13 reduced. Nitrogen plays mo physiological
rale, being an inert gas.

However, in special circumstances it 1s of great impor-
tance.

Ifa man 13 exposed to sudden reduction in pressure, as an astronaut
ascending in the sky 10 a non-pressurised capsule, his blood may become filled
with mtrogen bubbles due to sudden reduction of atmospheric pressure. In the
same way when a diver 1 under compression, under the sea and is suddently
raued ta the surface, there is again release of nitrogen bubbles 1o the fine blood
vessels caustng decompression sickness, and blocking of nerves (as happened to
J B.S Haldane, F. R. S. in his expenments) often with fatal resuits,

B 1 expiration (Exch

GENERAL BODY SURFACE
poivabusishedisinini g utellichs

of gases in water or air)

As already stated small animals ¢. g, protozoa require a

small amount of O, and gaseous hange takes place
through general surface of the body, This is also true of
larger animals, such as 1 tes and annelids,

which are sluggish and do not have a high rate of oxygen consum-
tee TLo Lot . M ons

r
’ 1

“surface of the ELa_y_Tdm'usw‘r} takitig place through solution,
(2) GILLS B -

’ In large aquatic animals in which the skin is almost
impermeable to_respiratory gases oilfs aviea an
Three major groups of aqu aquatic
&ills viz. crustacea, mollusca anc
many larvae such as those of may flies, lung fishes, salamanders
as also early tadpole of frogs haVe unprotected external gills. ™’

- In Cray fishs, lobsters, crabs ef, (crustacea) the gills are
realatively large and covered by a ch\t\nonLg:u_erﬂw
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(Fig, 36, In Mollyses the gilg lie inside lhg_\mamle avity,
Wiieh again gy cova%d by a harg o ell, The Water jg Circulated
over the large Surface arez of o 8l folg, by the beating of

€y

.. Ay
v
Eills
Fig. 36, Gills of 5 Crayfish ag seen afre, Femovat op

the
®x0skeleton, {(After T.H. Huxlcy)
millions of cilia Covering the Surface of g, 8ills apg lining of the

Mong vertebrages Aquatje respiration s mog; high} deve-
loped iy fishes, I'-'l_c&)ostom?a 9 sharks the s

S S and g arks ¢} gglil_slits\gx;e £Xposed;
water | fowing jg\(fn:gr{@‘f% the Bouth_ang _gapg out
throughy the gijf slits (exctryeny), In bony “fpe {Fig37),ahard
oﬁ:‘u?u;:_? vers Ep?}lw th an OPerculay ening op each sige
through which the CUrrent goes out. Ty, OPens ang closes
its Mouth, thus dnwng the ncurren, nto the Opercula, champer.
the ack flp ing Preventeq Y ora] yy, 1Miarly, an o er-

SOME GILI, MODIFICATIONS FOR AQUATIC
RESPIRATION

. The CXterna} gill flamengg of some marine Worms (Arenjo.
cola), the larvae of Iung-ﬁshes and salamanders as well a4 the
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~early tadpole of frogs can be called blsod gills, since the large

flow of warer

mouth cavity

Cesophagus

Fig. 37. Disscction of head of a bony fish to show the mouth
cavity and gills. (Modified after Norman)

number of'slender gill ﬁlaments cuvered by dellcate eExdermls

ward

some

AT G, esent

(Zygoptore. " ' ' « wda
fewmterai as leaf h‘eAgpg_____‘ges con:alnanrg“um.
bersof supathoial tracheoles under a permeable_covering, A-
pecuhar type of aqu:mc respnranon by gl”s u found in the kisg
' niaining

. These

oxide in

water.

Another peculiar mode of aq respiration is the anal respi-
ration of some polychactes and : [T R o
an ascending ciliary current !
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ing into the rectum assisted by .antiperistalsis. Similarly, dragon-
fly nymphs Have rectal tracheal gills, dvater being pumped in and

abdomen tracheal gilis
o —

A \

trachea

B

Fig. 98  Trachea! mlls of lasval zygoptera,
A~Dorsal view ;
B~-Lateral view of one Jametta,
(After Tillyard)
out of the recturm. On the other hand the entire holothuroidea,
breathe by cloacal rx.rptnzmr] y drees with bmrched vascular davertis
thurians and thus obtains more oxygen), Among the vertebrates
some tortoises pump water in and out of the cloaca for ¢ i

(enal ol respivation)
ki didhadass

3. TRACHEAE
All adult msects andafew other arthropods have a_'_'gh)y

A S s -
specialized respiratory _systetn, 1n_whic ‘which Thsiead of blood xesseli ™

carrysng the oxygen to different parts of the body an solution, air air
is directly carrted to the tissues by a branching syswbes
called ‘teacheae. “The fracheae carty oxygen (in air) through
yalred openings called spiracles. Repeated branching of the tra-

cheae to form tracheoles, less than one thoux:mdth gf a mthme-
‘EE_Q:) n dlameter, ramxrymg to avery pan part of the jnsect's body :
insc~~ Teree, Jaoar st ..,.u. (i 20

Thes . , . -

ded ., - ., .
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form an air tube on water film or to filter out duts particles in_air
e

tracheqles

fissue “cells

Fig. 39. Innsects, the tracheoles bring oxygen direct to the
tissue cells {semi-diagrammatic).

{Fig. 40). Thus, in insects, blood is not needed for gagwgen
and carbon dioxide T

Fig. 40. Movements of hydrofig bairs surrounding & spiracle

A~1Insect submerged : hars close over spmdc
preventing entry of water.

B—Insect surfaced : hairs scparated by surface ten

tion exposing the 1piracle to air. {Afiere Chapman)

Some i c insects (¢, g. mosquito larvae) have po:tcnor air tubes
or respiratory_siphons, which _draw inair at surface "of water dnd
allow the larva to stay under water, A pcculmr ndaptahon of the
respiratory siphon is scen in the larva of Eristalis fly in which
thereis a posterior telrscapic sighor which can be drawn in and out
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(acc0rdmg to the depth of the water in which it lies) to keep the

Sealbnal S
terminal spiracle above the water surfaceml respiration
{Fig. 41).

sutface spiracle

telescopic T
respiratery siphao
Ui Al . sk

substratum

Fig. 41. Larva of Enstales with telescopic respiratory siphon.
(After I mms,}

4, BOOK LUNGS

All arachnids (:piders and scorpions ; ticks and mites) havea

- system of respiratory ¢ organs called Gaok {ungs, There are

four paxrs of boak lungs in scorpigns and one‘t_;?wo paizs in spi-
ders. Eaﬂgok fung contains a large number of ofleaf'hke horizon-
_talplates arranged as the leaves in a book, containing fine blood
“Vassels, Axr emers thmugh an external slit guarded by a valve
T B - plates, where oxygen

5 VERTEBRATE LUNGS AND AERIAL RESPIRATION

N #~=+jc_respiration
. Some Jishes

e PR,

0 Anabas, air-sacs in Meteropaewstes and arvoreséent organ n Glaniat.

ﬁshes have both aquatic and aerial respiration; since

“to survive shorter ar long periads if air when water is
—
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foul (without oxygen) or_has_evaporated from streams and pools
inhotand arid climates. The African lung fish Protopterus is

h

Amphibia (which are amphibious in habit) have three types

of respiration, viz. cutaneous (in water) buccal_and pulmonary (on
claneols ZHeE, £ "
land). The lungs have no mechanism of their own to force air

Interclavicolar

posterfor
toracicate saq

l;x\

Fig. 42. Double i in birds (di. i Solid
artows indicate passage of trache a in and ous of
lungs {first respiration} ; broken arrows show the
passage of luog air in and out of air szex (second
respiration).

inand out. The inspiration and expiration is plished by a
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buccal force pump, similar to the one described in aquatic respi-
ration of fishes. The structure of lungs is also similar to that of
the air bladder in fishes, containing only saeculi and alpeoli,

N anceax

Reptiles ha: sxm:l:_sf_liuﬂ,:s but the mz_e_n_szfoIds are_highl ly

convoh;x;d to sacculi, alveoli and xry'undrbulr"ln birds
breathmg is hlghly emcnem, as there is doub?z m xmlmn {an ﬂ)
Air s inspired right through th E

first respiration takes place. Thea

alveoli and are non-respxrnmry,

air through the alveoli of the lungs. This may be called a_second
respivation,  In water birds such as ducks and geese fhere Is a reflex
which produces stoppage of breathing (cpnoea) swhen their heads
are under water.

lnmammahanlung there is an adduional large chamber,

called the atrium into whxch the !ermmal branchioles end
(Fig. 43). -

branchiote

resputatary
branchiole

atveoli

Fig. 43. Atcia and alveolia in the lang of a
mam

= in wenwenals has been studied most
1 that moves in or out with

" ' ' . T Atrest the 63l volame

LATSVORAES S
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is about 500 mls; but the total capacity called sital capacily when
lungs are freely distended, is about 4,000 mls (4 litres). Atheletes

often have a much higher vital capacity (upto 6 litres or more)
some air is always left behind in the lungs after expiration. This
is called residual volum: , which is about 1 ,500 mls (1.5 htres) The

amount of fresh air taken into the lungs is about 10 Titre | per
2 pilbckichl

minute, at rest the respiratory rate bemg abo
mInTe, gt rest the resplratory JJeing anol

per mmgte.

MECHANISM AND REGULATION OF PULMONARY
RESPIRATION IN MAMMALS

Respxratlon is brought about by diaphragm and respiratory
muscles!extemal and xmercostals) Inlpzml;;; is eﬂ'ected (l) by
an antero-posterior enlargement in_ sxze ol the thomcxc cavny
caused by contraction and stralghtemng of 11 dxaphragm"’("j‘by
an elargement caused bmactmn of external lnter-gosta] muscIES
which pull the rib cage outwards. The negative pressure thus
caused in the pleural cavities brings about cxpansion of Iufigs,
causmg a lowering of pressure below the atmospbenc
pressure. re. Air thus rushes info the lungs until intr mtra-pulmonary
pressure equals atmospheric pressure.

Expiration is effected by decreasing the thoracic cavity: (i) by

the action of elastic forces (elastic recoil) ; (i1) by reduction of the
uon O TatT o - Ry

negative pressure in the pleural cavites caused by contraction of

e e ey are e e e mamirtn
intef-costal The int intra-f y air is thus compressed
e e —— . Iy
until its pressure rises above the atmospheric pressure when it is
forced out of the lungs. Expiration continues until intra-pulmo-

pas R S

nary pressure equals atmospheric pressure.

Regulalwn of respiration is performed by sxx types of neural
m::hamsm: i e Samonas maientn
st

{1 the medullary_respiratory centre (MRC) contrals it: (@) by
afferent nerve impulses; and (8) by chemical influences which
effect it directly or indirectly.

(2) The neurons which descend from the respiratory centre

into the spinal cord to synapase with the efferent neurons of the
respiratory muscles,
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{3) The efferent  aerver (viz. the phrenic and inter-costal nerves)
directly supplying the respi ¥ !

3

4) The preumataxic centre acts as an inhibitory mechanism to
interrupt discharge of medullary respi y centre g

{5) The Hmng-b"rezur vagal reffex mec!«.an_um also inhabits the

et
respiratory centre. "It accelerates the rate” and reduces the depth
of respiratory movements,

(6)_Afferent nerves from the carotid sinuses, aortic arch, carotid
and aortic bodies ef., which contain chemoreceptors, are stimu-
Iated by: (s} decrease in arterial O, tension; () increasein
arterial CQ, tension; and {¢) increase in H ion concentration in
arterial blood.

The main regulation of respiration is thus performed by the
respitatory centre (MRC), which is located in the

redulla gata. 1t is bil 1, each half being compossed of
both an inspi y and an exph y centre. The MRC is cons-
tantly under direct chemical control, the predomi factor being
the CO, tenswn of the arterial bloud An mcreaxe in CO, tension
v whxle a di P this

centre reducmg the respiratory rate.

Thus, the rate aod depth of breathing vasy directly {within limits) to the
rate of CO, production by the cells of the body ;so that the volume of air
breathed at any period is determined largly by the actual demand for otygen,
This is rearkably seen in aviators and divers, If an aviator goes up 20,000
feet, bis rate of respiration will keep falling, fnspite of the fact that his body
13 ia mcute want of oxygen. ‘This bappeps sinee with rarification of air the
€O, content is radically lowered and there is a decrease in the stimnlauon of
respiratory ceatre by COg.  Thus, he may die due to Jack of oxygen. On the
other hand, the diver with compressed air under the sea bas a high amount of
Oy to breath as his resprratory sate increases due to high CO, content stimula.]
ting the MRC., Thus, he may succumb to high oxidation or burming of
tivues,  We see thus that COy s more important than O, in regulating respi-
ration. If the amount of COy in iohsled airis increased by a few percent,
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he ventillation of the lungs is morc than doubled, but a decreasein Oy by a
ew percent has no effect whatsoever on the respiration rates (Fig. 44).

preumotaxic centre

Crom pulmomary
receptors  stimolating,
expirsiory centre

ercostal muscl
nd diathragm

Fig. 44. Medullary respiratory centre for control of res-
piratory rate.  (Arrows mdicate the direction of
ncrve impulses).

RESPIRATION IN AQUATIC MAMMALS

In aquatic and diving mammals such as seals, porpoises,
whales ¢tz., there is a surprising cessation of respiration from ten
minutes in the seal to two hours in the large whales. The oxygen
lack during this sub period is
ing ways :—

p d in the follow-

@The lungs are enormously larger than similar sized land
animals,

é; There is an enlargement of some veins into venous sinuses
whicli'store oxygenated blood for use under water.

fa s .

3. ) The heart beat falls in the seals from 150 per minute to

10,per minute. The rate of circulation is thus reduced and little
lactic acid or CO; enter the blood from the muscles.
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1

4. Thereis a high of myoglobin (muscle h
bin} which carries oxygen in the whale and the seal for use uader
water.

5. There is a fall m body temperature (aided by a fall in
temperature of deep waters) lowering the body metabolism, and

thus less oxygen is required.
.

6. During the diving period {apnoea), anaerobic respiration
occurs to some extent, 212., conversion of glucose inta lactic acid-

Ia all diving mammals that have been investigated_av ospgtt
p which has tobe'piﬂck when the anlmal surfaces
to breathe ¢ again. The oxygen debt 15 due to: i(a) Asing up of
oxyges from baemoglobin in the blood and in myoglobin, (8) the
iatic acid mechanism.

‘The whale surfaces from half to two hours of diving af
sounding and exhales by chaeacteristlc ypouting iu a column of vapour znd
spray. Next it lahales up to the vital capacity of lungs and sosnds
again  Although the whales are air breathers they are often fousd
atranded and dead on sea shores,  This Is heczuse ance beacked out of
water, the upth af gea water di ; sndthe weight
ol its bady callapses and crushes its longs, Thus, {t cavnot resplice sir
on Jand as the smatler seats and parpaisen cuu do.

INTERNAL OR CELLULAR RESPIRATION

soa - L e B oanires Fonen tha

The molecules of different foods absorbed (metabolites) are broken
dowa by nndiﬁoa and step  wise enzymc-cata}g:cd reactiont.
Eqergy oonl:uncd 7 metabolites iy frced by théir oxidation which
can be summ:med by the tquatmn s—
AH 4Oy > A+ H Oy 4 Enerpy —we e+ AL H, O
412 Oy +Energy;
in which AH; stands for oxidizable substrate, the oxidation
consisting of removal of hydrogen.  The easly stages of the oxida.
tian of a substrate are anaerobic and only in the last stage is
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oxygen mvolved as acceptor of hydroﬂen. For example, in the
R [t

. . o s~
e - L T
1 ot ; oy
[ .. ' . . m
being : -
CH,COCOOH+5 (O)———->3C0O,+2H,;0+Energy

(pyruvic acid)

In imemal respiration the actual breakdown of pyruvic acid
involves a_com hcated SeTies ofrea

ns known as Kreb's cycle

(Fig. 45), which requu‘e a number of of enzymes : and d coenzymes.

Pyruvic acid
(C:HO:)+ coenzyme A

|

acetyl coA

oxaloacetic
acd
M (CHO)
malic acid (CH.Op) citric acd  (CHWOn)

Cor

fumaric aad hetoglutaric acid
{CH.0) {CH.O)

& succinic gcid
(CHO,) co,
Fig. 45, Stages in the kreb’s {Pyruvic—citric acid} cycle.

¢

A typical dehydrogenation can be represented by the reac-
tion :
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dehydrogenese
AHy+-Kemm=2A-LXH,, where AH, is the original substrate,
X the hydrogen carries, A the oxidised substrate and XH, the
reduced carrier. This reduced carrier or with a second carrier
which posess greater affinity for hydrogen, ¢. g. ¢

KH,+O=X+H,0

or

XH,+XI=X+XIH (X being frst carrier
and XI being secand carrier).

A XExcal examjle of hydrogen carrier _Jscognzvme I, which
ot . ' a‘es,

AH,+COI (coenzyme I)—~——~—COIH:+AJ-Energy

Thg_@duced coenzyme I can again be reoxidised,. Debydro-
genisers or hydrogen carriers are found in the cells of all agimals
as coenzyme I, cytochromes efc., (coenzyme 1 being Adenine~—nico-
an amide—ribose pi it acid ; the cytoct is a haem~—

gen hase pound uni lly present in oxygen usieg
tissues—the respiratory rate of a cell is almest proportional to jts

cytochrome content),

RESPIRATORY PIGMENTS

- - .
) xpply in the internal respira

T ainipg_ res)xmh:{;/ Digmenti——

hﬂwuuan)ulh Wy ey haemocyanin (blue blood}; Aaemerythrin
s bl i g e mIn
{wilet Bload) ; and cklorocrusrin (green blood). Such Auids may
not be contained in blood vessels but as general body fluids.
Oxygen is transported in a combined state which these respira-
tory pigments and is never carried free. Haemoglobin is found
in some invertebrates and all vertebrates; haemocyanin in cruse
taceans and moljuscs, baemerythrin in some anuelids, and chioro-
crurin in many polychaetes.

s At
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RESPIRATORY PIGMENTS

Pigment  Mctal Colour Animal groups
present where present

Oxyge- Deoxyge-

nated nated
Haemoglobin  Iron Red Red Vertebrates
and scattered
invertebrates
Chlorocruorin  Iron Green Green Some poly-
chaetv s
Haemerythrin Iron Red Colourless Some annelids
Haemocyanin Copper Blue Colourless Most molluscs
an

arthropods

Haemoglobin (as also the other respiratory pigments) are pro-
tein compounds of metals, acting as carriers of oxygen, e. g.:

Hb (Fe)+ 40, === Hb (FeO,)4 (oxyhaemuglobm)
(red (purple)
Taking haemoglobin [molecular weight — €8,000; mole-
cular farmula~(C,,,H,,a,,OmN,,.SzFe)ﬂ as an oxygen carrier

it is knows that pwesem i o I . .ith
ferrous iron, ' -~ O
e - B 2
per atom of . . I

ferrous iron is changed to ferric by strong oxndxzers then the
stable methhaemoglobin is formed, which is incapable of combin-
ing with oxygen. .

The equlibrium situation in cellular respiration depends upon
the O, concentration in blood, which in turn depends on the O,
tension in blood. The tension of losding in blood is that O, ten-
sion (as partial pressure) at which the blood is 95%, saturated
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with 0,, On the Other hang the lensipn q/'lm[ﬂadz'ngis that tensipn
at which the blogg is only 509, Saturateq,

lungs, ence by e law of Partia] Pressyreg the O; tension
Need ng, 80 beloy, 50 mm %0 hiberage half 4, OXygen from the
blogg,

There j 2 decregg, in the affinity of haemoglobin for OXygen in

T
res, C his 15 'cesesfbe
Presence [} 2 and ghls 13_o, :‘griaz_ use, Since y¢ Increa;
amount of o, l(bemt@ in the tssyes,

only 4 Neghgiple amoune of Q,. Individual tissye cells receive
the OXygen througb lytuph and no, directly by blaud, which
Temajng only 1 the blogg €apillarjes normally.
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<catalyses the reaction. Finally plasma carries all CO, to the lungs
for/gisggus exchange.

What is the source of CO, in cellular respiration ? The
oot

immediate source is lactic acid, which is being continuously for-

med, during work, associated with release of energy in the follo-
wing steps i—

Carbohydrate -> Glucose — Insulin -» Glycogen

(food) (blood) (muscle)

1 1 osnh 5 ai + 1
pyruvic acid Iactic acid CO,+H,0+-Energy
e e e . . . R the

he
as
ad

RESPIRATORY QUOTIENT

Respiratory quotient (RQ) is a calculated measure 1o
express the ratio between the volume of CO, given out in a definite
- A e <
time and the volume of O, absorbed in the same time under the
same condition, It may be expressed as :—
et

Volume of CO, given out in time T
R. Q.=
Volume of O, absorbed 1 time t

Since the volume of a gas, under given condition of tempera-
ture and pressure is proportional 10 the number of molecules it
contains , 1t is easy to calculate the theoretical value for the chief
classes of food stuffs (assuming complete oxidation).

For all carhohydrates the equation is
Cx (HaOy) 4 KO, ————X(CO)+Y(HOy),

,in which case it is obvious that R. Q. is one,
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114
The fy; Tristean'n basan Q. —_
T 163

or 0L7Q,_since
2(;'H,\~OOC\C,,H,5
QH\OOC\~C,,H,,+ 163 0,~~~>u4co,+uoH,0
C‘H\sOOC\\C,,H’a,

The approximate value fo, the Quantjy, of Protejn brokey, down

im, © Obtajneq rom ¢4 Ditrogey, XCreted jn ghe

Urine, And jf the Volumeg o o, taken ,, angd co, Produced g0

known, the AMoyp;g of these concemed with Protej, DMetabolisy,

an also pg leularey s, from carbobydrate, fat apny Protein
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BMR (In an average man it is 40 Calories per square meter
body surface per hour, 37.5 cal/sq m body surface hour in an
average woman).

The best method for estimating BMR at the present time is the
experimental estimation of the amount of oxygen atilized for
energy release. BMR then usually means_r‘aigl_f OXygen consump-

tion by an animal at rest, ~"The oxygen consumption is estimated
.bm“re;xa-vﬁ_ or absorption by alkali of CO, produced in
resplratlon.

Sedentary animals such as sea.anemones and sand-worms
have O, consumption in mm?® per gram body weight per hour
(BMR) hardly 13 to 30. The trout has a BMR of 226, while man
has a lower BMR of about 200,

As a rule smaller the animal, the higher the BMR but the
same sized animals may differ in BMR due to difference in activity.
METABOLIC RATES OF DIFFERENT MAMMALS

Body weight Oxygen consumption
{gms) (mm3jgm. hour)
Mouse 25 1,580
Rat 226 872
Rabbit 2,200 466
Dog 11,700 318
Man 70,000 202
Horse 7,00,000 106

Elephant 38,00,000 67




Chapter V
CIRCULATION (GIRCULATORY SYSTEM)

Protozoa and the simple metazoa {e. g. sponges, corals, jelly
fishes ef¢.) have no vessels for transport of internal fluids. Some of
them however, have passages or cavities in which movements of
external fluids (sea or fresh water) takes place. That, there is no
need of a closed vascular system in the lower invertebrates is illus-
trated by the flat-worms (Turbellaria), in which the inner-most
cells are brought close to the epithelium by the worms flatness
itself, so that gaseous exchange can easily take place. Also, there
isno need for_circulation of food prod from the gut, since
there is an elaborate branching of the gut and no internal tissue is
far from the gut branches.

Some multicellular animals have internal spaces or cavities
between the body wall and alimentary canal (Coelom) containing
2 fluid {coelomic finid)used as a transport system. The first group
of amymals to have a closed system of blood vessels is Annelida
(earthworms, leeches eic.) where vessels branch into capillary networks,
in tissues, and organs of uutrition and respiration. Such an
arrangement is to be found in all vertebrates. Since the circulatory
fluid has to be forced through the vessels, a system of valves keeps
the direction of circulation constant. The propelling organs are
called hearts in all Is, which my | differ in ber,
arrangement and  structure.

The common earthworm, for exam-
ple, has 8 pumping hearts, around the front part of the alimentary
canal. The leech has two lateral contractile vessels comparable to
hearts. Similarly there are 13 hearts in cockroach for pumping
the haemocoelomic fluid. The arthropods have an open vascular
system, Here the blood is discharged from and into spacious
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sinuses in the tissues. In all cases of circulation, however, the
flow of the circulatory fluid being 1n one direction, it follows that
this fluid must eventually return to the heart and must some How
make a complete circuit (circulation) of the body.

There are there types of circulatory fluids : bloed, lymph and
haemocoelomic fluid. In the lower animals some of these fluids
may be combined, but in higher animals there are usually two
separate systems, one for the blood and the other for the lymph.
There may even be separate lymph hearts to drive the lymph.

Direction of Blood Flow

The umdirectional vascular circuit 1s ensured by a combina-
tion of the following mechanisms :—

(1) The antero-posterior asymmetry of blood : vessels. Gene-
rally a median vessel is broad at the antertor end and tapers poste-
riorly. This means less volume of blood in posterior than in anterior
allowing easier contraction (in which less force is needed) of the
posterior part. Thus waves of contraction begin at posterior end
pushing the blood forward, as in the shore-worm and the earth-
worm, .

(2) The Position of Pace-Maker Mechanisms (centres of
automatic stimulation for contraction), These are usually situated
at one end of the active stretch of the contractile vessel or heart,
By this mechanism, the wave of contraction can spread only in one
direction from that end towards the other end.

In ascidans (e. g. Ascidia, Herdmania) the tubular heart is
supplied with three pace maker centres, one at the middle and
one at each end. The two terminal centres act alternately, and
therefore the direction of blood flow is changed after a few heart
beats. This is the only example of reversal of circulation in the
whole animal kingdom.

(3) Sub-division of Heart into Chambers : Such an -
ment in common in most invertebrates, These subdivisions are loca-
ted serially and contraction of one chamber causes dilatation'of the
next chamber. The succession of contraction of these chambers,
thus decides the direction of flow. This is also true for simple
vertebrate hearts (in cyclostomes and fishes),
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. Inthe invericbrates, as well as the lower vertebrates, there
is 7o separation of arterial (oxygenated) and venous (deoxyge
nated) bloods. However, vertel with the separation of the
auricle into two halves and the ventricle into a rightand aleft
chamber, the two bloads become separated. This jsso in some
reptiles (cracadiles) and bitds and finally in the mammels
(Fig. 46). Here the venous blood is collected in the right auricle

2orty

buemsaud (mltest) ealre
palmanary srtery

sugeriar
vers cara

sizht

trlewpid valves Beewspud (altel) seesilaver
B slased C valves closed b walves clased

Fag. 46, A—Structure of buman heart as seen in 3 «agittal section.
B to D-—Action of heart valves. (Arrows wmdicate the
path of blood}.

passed into the right venticle and then transported into the lungs
through the pulmonary arte.Jes, for oxygenation. This js the
first passage of blood through the heart. The same blood after
oxygenation is returned to the left auricle and then to the feft
ventricle, to be pumped into the entire bedy through the aortic
arch. Thisis thus the second passage of the same blood through
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the heart in one cycle through the body. Since the same blood

capullaries,

t deoxygenated blood
blood

Xygenated

== blood

[exygenated
biood
pulmonary vein

Teft ventricle

dm‘ygenaled blood
z=

B

Fig. 47. A—Single circulation in which the blood passes only once
through the heart during each circulation,
B--Double circulation in which the blood passes through
the heart fwice during each circulation,

=)

passes two times via the heart, in one cardiac cycle the circulation
is termed double circulation in these animals (Figs. 47).
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(4) Special Sphincters and Valves These are present notonly

besrt of amphibian

Beazt of repuule beart of wsmmai

Fig. 48. D i of § of blood
thmuzh heart:—

of hik d blood gets
p:mly mlxed with de-ov(ygenaled blood, there being
a single ventricle.

B—Heart of Reptile : Ventricle is incompletely parti-
tioned, preventing the mixing of blood to a large
extent,

C—Heart of Mammal (and Bird) : Ventricle is_com-
pletely partitioned, preventing any mixing of oxy-
genated and de-c‘(ygena(ed blood,

(R. A—Right auricle : L. A.—Left auricle ; R. Vi—

Right ventricle , L, V.~Left ventricle ; V—-Ventricle).

semifunar valves

epening of
venule

A B C

Fig.49. Valyes in veins and their action (arrows indicate the
direction of blood-flow),
A—A vein cut open 10 show pairs of semulunar valves.
D—Blood allowed to pass in one dircetion only.
©Rack Anw of blood barne prevented by valtes.
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by a relaxation of its muscular walls (diastole). The heart beat
is not simnltaneous for the entire heart, but originates at oné
point and spreads asa wave of contraction (Fig. 50). A beart
Ppreparation in an isotonic salt solution goes on beating even after
cutting away the vessels, This can be seen in a heart which is
several inches long, as in Zimulus (Arachnida). Here the heart beat
originates in a compact cardiac ganglion which lies on its dorsal
median part. The heart beat is also maderated by a pair of late-
ra) nerves from the brain and from abdominal gangha, Stimula:
tion of the abd ! ganglia accel the heart beat, while
stimulation of brain or leteral nerves slows its down. This i
called an antagonistic mechanism which has been demonstrated
in invertebrate as well as vertebrate hearts. Thevertebrate medulla

cardio ccelrator
centre

depressor perse

vagus {seasary)

{ motor )
sympathetic =5

Fig. 81 Neurogenic antagonistic mechanism for control of heart-beat.
(Arrows indicate the direction of nervour impulse)e

has both a cardiac accelerator centre and a cardiac inhibtory
centre (Fig. 51).
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In Sepia (Cephalopoda) the vena ceva splits into two afferent
ranches, each of which leads into a contractile braachial heart;
he blood being collected from the gillsand poured by efferent vessels
ato a systemic heart. The beats of the two branchial hearts and
ystemic hearts are synchronised by a nervous mechanism. How-
ver, 1t is surprising that in the embryo the heart starts to beat be-
ore it is supplied by nerve fibres. It appears, therefore that the
leart muscle itself is the initial pace maker in the invertebrates,
nd is latter superceded by a nervous one.

In vertebrates also the heart begins to beat before any nerve
sanglia develope ¢, g. at ten somite stage in chick; while in rat
mbrys contraction starts even before the heart primordia fuse;
ind exterpiated parts of the heart (in normal Ringer’s solution)
»eat at different rates. The controversy between myogenic (mus-
sular} and neurogenic (nervous) theories of heart beat, is
herefore futile, 1 as much as both are present in invertebrates as
well vertebrates,

Thus it can be safely concluded that the origin of the heart
beat is myogenic ; while it is superceded by the neurogenic mecha-
pism in most higher animals.

Control of Heart Beat (Conductile Mechanism)

The origin of the control of heart beat has been discussed
above. However, the exact conductile mechanism as obtains
in higher vertebrates and specially mammals, is given below.

The control outside the heart is through: (i} the sympathetic
thoraco-lumbar fibres called the accelerator nerves; (i) vagus
nerve which carries parasympathetic fibres with it. Stimulation
of the accelerator nerve speeds up the heart beats while stimulation
of the vagus retards it.  But if both these nerves are cut, the heart
still continues to beat normally, This is because the heart has
within itself two neuro-muscular centres which are partly nervous
and partly muscular,

The first such centre is called the sinuw-aaricular (atrial)
node, (5. A. node) or node of Tawara. It lies embedded in the
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by a relaxation of its tar walls (diastole). The heart beat
is not simultaneous for the entire heart, but originates at one
point and spreads asa wave of contraction (Fig. 50), A heart
preparation in an isotonic salt solution goes on beating even after
cutting away the vessels. This can be seen in a heart which is
several inches lang, as in Limufus (Arachnida). Here the heart beat
origi ina compact cardiac ganglion which lies on its doral
median part. The heart beat is also moderated by a pair of Jate-
ral nerves from the bran and from abdominal ganglia. Stimula-
tion of the abdominal ganglia accelerates the heart beat, while
stimulation of brain or leteral nerves slows its down. This is
called an antagonistic mechanism which has been demonstrated
in invertebrate as well as vertebrate hearts. Thevertebratemedulla

cardio accelrator
centre

medally cardio
1
Oblongats nbibitor
centre

depressar nerre
(sensory)

Fig. 51. Neurogenic antagonisuc mechanism for cgn(ml of heart-beate
(Arrows indicate the direction of nervous impulse),

basboth a cardiac accelerator centre and a cardiac inhibtory
centre (Fig. 51).
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In Sepia (Cephalopoda) the vena ceva splits into two afferent
branches, each of which leads into a contractile branchial heart;
the blood being collected from the gillsand poured by efferent vessels
into a systemic heart. The beats of the two branchial hearts and
systemic hearts are synchronised by a nervous mechanism. How-
ever, it is surprising that in the embryo the heart starts to beat be-
fore it is supplied by nerve fibres. It appears, therefore that the
heart muscle itself is the initial pace maker in the invertebrates,
and is latter superceded by a nervous one.

In vertebrates also the heart begins to beat before any nerve
ganglia develope e. g. at ten somite stage in chick; while in rat
embrys contraction starts even before the heart primordia fuse;
and exterpiated parts of the heart (in normal Ringer’s solution)
beat at different rates. The controversy between myogenic (mus-
cular) and neurogenic (nervous) theories of heart beat, is
therefore futile, in as much as both are present in invertebrates as
well vertebrates.

Thus it can be safely concluded that the origin of the heart
beat is myogenic; while it is superceded by the neurogenic mecha-
nism in most higher animals.

Control of Heart Beat (Conductile Mechanism)

The origin of the control of heart beat has been discussed
above. However, the exact conductile mechanism as obtains
in higher vertebrates and specially mammals, is given below.

The control outside the heart is through: (i) the sympathetic
thoraco-lumbar fibres called the accelerator merves; (ii) vagus
nerve which carries parasympathetic fibres with it. Stimulation
of the accelerator nerve speeds up the heart beats while stimulation
of the vagus retards it. But if both these nerves are cut, the heart
still continues to beat normally, This is because the heart has
within itself two neuro-muscular centres which are partly nervous
and partly muscular,

' The firstsuch centre is called the sinu.auricular (atrial)
node, (5. A. node) or pode of Tawara. [t lies embedded in the
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wall of the right auricle in mammals, at the junction of the supe-
rior vena cavae. The second ceatre called the atrip {aniculo)
ventricular node or (A.,V. node), lies in the septum between
the right auricle and the right ventricle (Fig. 50). Its fibresare
continued into the inter-ventricular septum, as the atrio ventri-
cular bundle (bundle of His) extending upto the bases of the
papillary muscles of the ventricle, Thus the S. A. and the A. V.
node, together with the bundle of His co-operate 10 control the
rhythm of the heart beat even n absence of nervous stimulation
or control.

The cardiac impulse which sweeps over the heart, effecting
the cardiac cycle, originates in the S. A. node, which Is thus
known as the pace-maker of the heart, (in the heart of lower
vertebrates, e. g. fishes and amphibia, the heart beat originates in
the sinus venosus). From the S. A. node the cardiac impulse is
conducted to the A. V. node, from which the wave spreads along
the bundle of His, in its right and left branches (right and left
ventricles), to end finally in branching fibres (Purkinjee fibres) in
the ventricular musculature.

The Blood (Fig. 52).

The blood is the circulating body fluid in all higher animals
except for some invertebrates, e.¢. Hirudinea Arthropoda, Echino-
dermata efe.). Blood Is 2 tissue, containing different types of cells
capable of metabolic changes. As already explained in the Chap-
ter on Respiration, the blood contains four types of respiratory
pigments either in the fluid mamx (plaxma) or carried by the
blood cells {E globi ythrin and
chlorocruorinj. A[though haemoglobm is found in some scat-
tered groups of invertebrates it is the only respiratory pigment of
all vertebrate bloods.

Vertebrate blood is a cell-containing fluid, transparting
oxygen, food materials, salts, wastes, metabolic wastes and har-
mones, as and when y. It provides a means for
osmotic pressure of tissues and cells and a constant internal enviro-
nment, In addition it is 2 medium for mobilising defences against
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injury and disease. Blood is a short-lived tissue, all the cells being
completely replaced great many times during an individuals life

D

Fig. 52. Blood cells in Man~
A~-Erythrocyte (Surface view)
B-—Erythrocyte (side view)
C—Granulocyte
D—Lymphocyte

time. Inman it forms 7-8% of the body weight. The blood is
composed of the fluid plasma constituting 559, of the total and
the blood cells, 45%,.

The plasma or fluid matrix

Blood Plasma is a veritable gold mine of proteins, These are
of three types: (i) albumins; (i) globulins; (iif} fibrinogins,
The total dissolved salts (about 1% in plasma) consist of chio-
rides, bicarbonates, sulphates and phosphates of sodium and pots-
sium. Due to these salts the pH of the blood is slightly alkaline
(pH between 7.3 and 7.5 in man). Glucose, fats, aminoacids and
lecithin are other substances normally present ip the plasma. Be-
sides these urea is always transported in blood, dissolved in plasma.
Finally, the endocrine glands pour hormones into the blood, which
are carried by the plasma to target organ. Minute amounts of
anti-bodies and anti-toxins for the neutralization of foreign bedies
and poisons are also present in plasma,

The Blood cells or corpuscles: The blood corpuscles are of
three kinds (i) erytrocytes or red bloed corpuscles (R. B. Cs.);
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(i) lencacytes or white blood corpuscles (W, B. Cs), and
(#i7) the thromt tes or blood platel All the blood cells are
unattached and float freely in the plasma. It is surprising that
none of these cells divide or multiply in the blood.

leus)

The erythocytes in Is are leted (without
arcular, biconvex discs (except in camel where they are nucleated
and oblong), They are far more numerous than the leucocytes,

. and are formed from erythroblasts in the spleenin young andin
the red bone marrow at all ages. R.B. Cs. number from four
10 five million in each cubic millimeter of blood ; while the W.B.Cs
are only about 8,000 per cubic milimeter of blood in man.
The average life span of an R. B. Cs. in man (as counted by geiger
counter after injecting radioactive chromium) turns out to be only
65 days instead of 120 days previously estimated.

The leucocytes in mammals are of two main types; (i) granu-
locytes (about 65,/°) having a beaded nucleus and granular cyto-
plasm ; (i2) ag: locytes or lymphocytes (about 35,/%) having 2
large nucleus and produced in the lymph nodes. The life span of
granulocytes ranges from 4-12 days and agranuloytes about 2
few hours only.

The thrombocytes are small cell fragments without nuclei,
floating in the plasma, numbernng from two to four hundred
thousand in each cubic milimeter of blood.

BLOOD COMPONENTS AND THEIR FUNCTIONS

Plasma: (1) The water component maintains blood volume
and blood pressure ; forms the bulk of the lymph, provides trans-
port for all i in blood includi

(2) The mineral jons maintain osmotic balance, pH balance
(slightly alkaline), and proper functioniog of tissues.

(3) Plasma proteins (fibrinogin, prothrombin, albumins, glo-
bulins and enzymes) help in blood-clotting, maintaing O. P. and
pH and most important of all, form the basis for blood types and
antibodies.
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(4) Glucose is supplied to tissues for ready oxidation and
energy production.

(5) Urea, CO, and O,, absorbed foods, vitamins ¢i. are trans-
ported to and from cells of tissues,

Erythrocytes: R. B. Cs. consist of a spongy protein mate-
rial called stroma surrounded by a cell membrane. The compo-
sition of R.B. Cs. solids approxil + Haemoglobin—29% ;

Qther proteins—upto 1% ; Fats—1%, ; Other Organic substances—
0.2%, ; Inorganic substances—0.7Y%, ; Total solids—about 32°/,

Haemoglobin is packed in the interstices of the stroma.
Essentially haemoglobin consist of a large protein molecule called
globin, which is united with four molecules of a compound called
porphyrin (Fig. 53). Each porphyrin molecule includes four

N

pyrrole molecale

ubin
melecute

| —~bseme molecule

cl 3 Baeooglobin  motecaty
c < €
< C

hatme molecnle + globin  molecale

Fig. 53. Formauon and iton of a H. lobi Tecul
(After D*Amour)

pyrrole groups with differing side chains which produce the various
Linds of porphyrins. A molecule of porphyrin combines with an
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Leunkemia (blood cancer) produced in man is cansed by a sudden rise
of the W, B, C. count. This may be caused by exposure of body to
gamma rays, X rays or radioactive fall out from nucleas figsion
{A bomb, H. bomb), Besides there can be several other reasons, un-
known yet, Ing leukemia, the 11

g prod bone
is affe d, while in h 1 L ia, the h

inhabiting lymph nedes become over active. In the former the grapu-
locyte count may rise as high as 500,000 per cubic mm, and in latter
the lymphoeyte count may be as high as 200,000 per cubic mm. This
abnormal over-production of W. B Cs. uses up much of the available
food in blood With this over-production of white cell the R B. C.
count falls sharply resulting in severe anemia and consequent death.

Thrombocytes or Platelets

These small blood cells are numerous about 200,000 to
300,000 per cubic mm of blood. They are formed from large
cells in bone marrow, called megakaryocytes. Thrombocytes
have a life span of only about 4 days. The function of these
platelets is double : (s) they are involved in blood coagulation;
and (1) they plaster up small injury holes in the capillary walls,
‘They are finally destroyed in the spleen.

BLOOD VOLUME AND BELOOD PRESSURE

Blood volume and blood pressures in animals differ widey,
The blood volume as a percentage of body weight is highest i
crustaeea (25-37% in cray fishes) ; in cockroach it is 10,5%; i
fresh water mussel only 9%,. In the vertebrates the Pt
ratio falls 10 8.7% in dogfish and 8% in frog, d/,g;u/,',vﬁ:;
(absolute blood volume of a 60 kg. man will thus J« Bt
mately 5 liters). In the rabbititis only 6.5% while i- rg_ ;t;
fish it is the lowest, being 3%,. Blood pressure s ay ¥
systolic/diastolic pressures, In man it is 12025 g0
systolic pressurefdiastolic pressure) ; in the frog jr
while in the rayfish it 13 16/7.4 mm Hg. Howrsiv, , S yrarr
brates blood pressure 1s calculated as mean },:{, v o .
and diastole. In an active earthworm it jr35,.,, /.
water mussel only +.4, 9.6 in cray fishes; 5., )
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dragonfly nymph it is ashighas 33 mm Hg in the abdominal
haemacoel.

We have stated that the normal blood pressure of man is 120/80
mm Hg. However, these values vary considerably due to age, disease,
puberty efc. Ininfantsthe B.P. is about 90/60; in puberty 110/70;
and a fifty years old man has 110-135/75.85 compared to the normal
120/80 of acdults, There i also a sexual vaciation in B, P., that of the
female being somewhat lower than the male. Again, during sleep the
B. P. falls by 20 to 30 -am Hg.

In obese (fat) individuals the B. P. is always higher than
normal persons and therefore, they usually suffer from hyper-
tension, It should also be noted that during excercise, specially
violent exercise, the sytohic pressure may reach 180-200 mm Hg.
High Blood Pressure can be effectively reduced by the use of
Reserpine (a drug obtained from an Indian herb Raunwolfa—
‘choota chand’} which also cures hypertension temporanly.
{About 70°/, the people suffering from hypertension due from heart
jatlure}. On the other haund, the low pressure suffers from
traumatic shock in the hustle and bustle of the world of today;
and some may even die of low B. P, heart failure Jong after an
accident.

BLOOD COAGULATION

‘The most premitive far
the contractility of body musculature and blood vessels, whxch is
common in the soft bodied invertebrates. However, such a
device would fail in hard bodied invertebrates, such as arthro.
prods, and echinoderms. In such animals, the vascular fluid
contains cellular elements and special jellying proteins which
form plugs at the time of injury. In some of these hard bodied
invertebrates, cell agglutination is followed by plasmodium for-
mation, with fusion of protoplasm of several cells. This results
in the production of fibrous protein materral for entangling other
celis and this increases the size and strength of the coagulum or
plug. The invertebrate fibrous material is called cell fibrin,
but is not biochemically similar to the fibrin of vertebrate blood.

h 2o d, ds on
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In the vertebrate blaod, clots are composed of tangled pro-
tein fibres which develop from a plasma protein called fibri.
nogen, The conversion of fibronogen into fibre—like fibrin is an
enzymatic reaction initiated by chemicals released from injured
cells. Among the lower vertebrates (fishes, amphibia and reptilia)
the thromboplastic activity, responsible for conversion of fibron-
gen into fibrin, is almost completely contained in cells and
released only when they repture. However, in the mammals the
thromboptastic mechanism is controlled by several factors found
in the plasma. Recent researches, have demonstrated overa
dozen distinct factors in the plasma responsible for blood coagu-
lation In mammals fibrin formation is usually as follows :—

christmas factor
Platelets-+antih philic factor —~——~»product 1
(Factor IX)

proconvertin ; Ca-++

Product 1 + pr leri Thromboplasti
(factor VII)
Thromboplastin
Prothrombi Th bi
Ca +-+
Thrombin
Fibri —-—»Fibrin

Therefore, to start the clotting of blood the one factor neces-
sary is the enzyme thromboplastin, which activates protothrom-
bin of the plasma that is the precursor of thrombin. The action of
thromboplastin requires the presence of calcium jons, which are
normally present in blood plasma. Blood platelets (about half
millionfeu. mm of blood in man) are extremely sensitive to con-
tact with damaged tissues, when they disintegrate rapidly to
release thromboplastin in blood.

It has been stated that the thrombocytes of fishes and amphi-
bia provide all of the thromboplastic factors shown above.
Reptiles and birds are also deficient in plasma thromboplastic

components, and they rely more on vasoconsmcnon and tissue
thromboplastin,
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Several anticoagulants are present in mammalian plasma
to provide safeguards against clotting during circulation (leading
to thrombosis of heart, brain or other vital organs). Heparin,
a muco-polysaccharide, produced by the liver, is one powerful
anticoagulant, preventing intravascular clots, Another anticoa-
gulant hirudin is produced by the leech. The anticoagulants
of the saliva of blood-sucking insects prevent blood clotting at
the time of sucking of blood from hosts.  Similarly the venom of
the viper contains a powerfnl proteolytic enzyme which causes
haemolysis (breabing of R B. G and runming out of hae-
moglobin into plasma), when the snake bites man or other

mammals.

Prothrombin production requires Vitamin K for its synthesis;
in jts absence prothrombin 1s not formed at all, and the blood
does not coagulate  This vitamin K is normally produced by
bacteria in the intestine of man and other mammals. Thus the
destruction of intestinal flora by powerful broad spectrum ant1-
biotics can lead to fatal bleeding. One 1i ol,
which 1s formed in spoiled clover hay (alfa a[fa), causes internal
bleeding in cattle and hve-stock 1f they eat it. This 1s thus used
1 rat powsoas, since some rats bave an uncanny abdiy to avoid

poisoned bats,

This disease in man called (HAEMOPHILIA), which is congenital
and inherited aceording to Mendel’s Genetic laws, is cansed by the
failare of the blood to clot, dae to patient’s platelets failing to rupture
and release p: hi It is now ieved that the failure of the
platelets o rupture is caused by the absence of the ANTI-HAEMOPHI-
LIC FACTOR (A H F} which is essensial for the rupiure of platelets, As
a matter of fact, a substance called ANTLHAMOPHILIC GLOBULIN
(AHG) ptcpnredﬁumlbe blood of cattle is now being used in the

of hili: hilia occurs only {n males, but is
transmitted geaetically through the mother to her sons, The gene for
haemophilia, carried on the X chromosome is recessive in the female
{where X X are p: ). The ch in ¢the male
does not carry the gene doml for b hilia, Therefq this
< + 1% erame not being dominated by another gene {as only one X
P TN KTl LT IR R
. . Fro= sea 1 s gollerms

e M crett e .

«r s sl
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and the Czars carried this character which was expressed in some of
their male offspring , and as they kept a carefal genealogical chart it
was possible to trace the mode of transmission as a Mendelian reces-
sive character).

BLOOD GROUPS

Karl Landsteiner (N, L.) was the first man to discover the
types or groups of human blood in early 20th century. However,
the connection between fatal blood transfusions and blood groups
was established in practice much later. After examining the blood
of a large number of persons, he showed that transfusion aggluti-
nation {clumping) of blood was caused by two kinds of ‘adhesives’
(called agglutinogens) clumping the R. B. Cs. together ; one of
which he called A and the other B. Some persons had both the
types of such binding substances and were thus AB; whereas the
fourth type were those with no agglutinogen at all, and thus,
belonged to Zero group. Landsteiner found that the specific
agglutinogens bind R. B. Cs. in presence of certamn specific subs-
tances called agglutinins in the plasma.

By statistical analysis it has been caiculated that :—

‘(l) Type O (47% of all people) have agglutinogens in their
R. B. Cs, but have a and b agglutinins in their plasma,

(2) Type A (41%) bave A agglutinogen in R, B, Cs. and B
agglutinins in plasma,

(3) Type B (9°,) hdve B agglutinogen in R.B. Cs.; and a
agglutinin,

() Type AB (3°/,) have A and B agglutinogens but no agglu-
tinins,

As stated, above people with agglutinogen A in R. B, Cs. do
not bave the agglutinin a, presence of which would lead to the
clumping together of R. B, Cs. in the blood. However, the R, B.Cs.
contain the agglutinin b. Therefore, if blood from a person
belonging to group B is transfused into the body of an A group
person, the R. B. Cs. of the B blood will clump. It is thercfore
essential to know the agglutinin present in the recipients blood
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during a blood transfusion, which is normally determined by

addition of anti-sera (Fig. 85). If such a precaution is not taken,

A

o B AB
44 ants A serum ‘?g ;',
i i r/
¥
i BO Teachicn  Precipiste g Yescticn  precipitate

biond samples

U9 reection  pa reaction  PRRSiptate  preeipinage
[

A ; B ;tﬂ
e

Fig. 55. Blood group determination by the addiuon of anti-sera.

249wt B seram

the result will be fatal. The following table gives the compatibility
{matching) of the blood types.

Recipient
Group A Group B Group AB

Group O
Donor (agglutinogen (agglutinogen (agglutinogen (agglutino-
nil agglati- A aggluti~ B agglu- gen AB agg-
nin ab) nin §) tinin g) lutinin nifj
Type O No clumping No clumping No' clumping No clumpi
Type A 1 i No clumping ¢l ing  No clumpi
TypeB  clumpi lumping No clumping No clumping
TypeAB  clumpi lumping  clumping  No clumping

As is evident from the above table, blood from type O person
can be transfused into any type of recipient; type O is therefore
known as nniversal donor. On the other hand type AB can
receive bload from any type of donor; type AB is therefore called

the unlversal recipient.
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Rh factor

Even after matching the regular blood groups (O, A, B, AB}
an occassional transfusion still resulted in fatal blood clotting for
the reciepient, Landsteiner tried to find the cause of this abnormal
phenomenon. He found that R. B. Cs. of Macacus rhesus
(onemal monkey) when injected into a rabbit cause the rabbit to
produce a substance which clumps R. B Cs, of the monkey.
This he called a straight antigen—antibody reaction (antigen being
the monkey’s blood and the antibody produced by the rabbit’s
plasma).

It was found that by adding the some rabbit plasma to a
suspension of human R. B. Cs. the R. B. Cs. of about 85%/, people
tested clumped; while in 15°), blood did not agglutinate. The
859/, formed the Rh postive group as their R. B. Cs. behaved
as did the monkey's. The other 15, denote the Rh negative
group. Therefore, if to 2 Rb negative person, blood is transfused
from an Rh positive person (even if the blood group is compatible),
the blood acts as a foreign protein antigen causing clumping.

If an Rh negative woman marries an Rh positive man and
conceives an Rh postive baby, then the Rh postive cells of the
unborn baby cause the mother to produce antibodies against them.
These antibodies go on being concentrated in the mother’s blood
with each subsequent conception (taking that only Rh positive
babies are conceived every time) uatil they become so strong as to
be fatal for the now developing baby. 1In such cases to save the

baby the enitre blood must be replaced by Rh negative blood,
after birth.

Rh positive factor is dominant to Rh negative as regards jts
inheritance.

Inhertance of Blood Types (Fig. 56): Blood types are
heriditary. A and B are equally dominant to each other. The
presence of A or B is also d against their ab. (O).
Thus, a person may he either AA or BB (homozygous domipant) ;
AO or BO (heterozygous but still belonging to type A or B). The
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offipring of parents both belonging to type A {AA or AD) might
belong to cither type Aor O, If type A (AA, AD) mates with

Sa30rasagy

A Croreasds

Fig. 56 D. fon of b of blood
groups

(The preserce of A or B is dominant over theit

absence in O, while towards each other they are

equally dominant),

type B (BB, BO)] the offspring may belong to any of the four
groups. On the other hand, if gene A should meet gene B, such
an individual would be AB, since A and B are equidominant.

Genetic blood tests are sometimes carried out to establish pater-
nity. It may be stated that such genetic blood tests can only show
that Mr, 4 might or might not be the father and not that he positi-
vely is the father (also Supreme Court ruling). For example if Mrs,
4 (mother) is type O, und her baby type A, and Mr. 4 (‘“father™)
turns out be type O, he cannot possibly be responsible for the
child!

LYMPHATIC SYSTEM

The lymphatic system consists of (3} Iymphatic capillaries;
(#i) lymphatic vessels; (jii) lymphatic nodes; and (iv) lymphatic
fluid or Iymph. The lymphatic capillaries are extremely thin-
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walled vessels which send their ramifications into all the tissues of
the body. -

The lymphatic vessels formed by union of lymph capillaries
become larger as the smaller ones unites, At many such junctiens
lymph nodes (Fig. 57), are formed which are supplied by an

wt Lpmphetic
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Fig. 57. The structure of a lymph node (Afler Das}

afferent lymphatic and drained by an efferent lymphatic vessel.
Each lymph node, consisting of a cortex, medulla, and projecting
trabeculae, contains lymphoid tissue and lymph spaces, which
produce lymphocytes, Lymph is circulated by muscular contrac-
tions and movements of the body. Finally in mammals all the
lymph from the lower parts of the body enters a large vein (left
external jugular) through a Iymph vessel called thoracic dact.
Thus, the lymph is returned into the blood, where from it origi-
nally came.

Lymph (the fluid of the lymphatic system) transudes from
bloed plasma through any membrane which is partly permeable to
proteins. It forms sort of a secondary circulation to bathe ail
the cells of the body. The electrolytic and crystalloid content of
lymph is approximately the same as that of plasma, but the
protein content is only half of plasma,
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The osmotic pressure (OP) of lymph is lower than that of
plasma (i. e, it is hypotonic to plasma). The protein content of
lymph varies according to the part of the body from whick it is
collected (¢. g. lymph from liver is rich in protein), It also
contains fibringen, since it clots on standing. Again, the lacteals
of the intestine after a meal contain high percentage of emulsified
fat which gives it a milky colour.

The cellular contents of the lymph are mainly lymphocytes,
which are produced in the lymph nodes, These nodes swell up
when the lymphocytes fight an infection i. ¢, when a wound
septic or after an 1noculation.

Functions of lymph: (1) transport of nutrients; (2) pro-
duction of lymphocytes; (3) destructrion of bacteria and filtra-
tion of foreign bodies; (4) production of antibodies; (5) lubri-
cation of joints (synovial fluid).



Chapter VI
EXCRETION AND OSMOREGULATION

EXCRETION (EXCRETORY SYSTEM)

Excretion originated in animals due to the necessity of removal
of metabolic nitrogenous materials formed during activity of organs
in the body. Excretion iavolves the triple hanism of filteration
reabsorption and active excretion of metabolic wastes, Filtration
were the primary prerequisites for balance of water and salts in the
body (explained later) ; and excretion was combined physiologi-
cally with osmoregulation at an early stage of life, due to the ease

with which nitrogenous waste products could be removed from the
organism, in solution.

EXCRETION IN INVERBTERATES

The simplest type of excretion is found in the protozoa,
where the il le (which is jally an osmoregula-
tary organ) excretes the waste products. Glaucoma and Didinium
excrete on'ky ammonia; Amoeba forms ammonia and uric acid;
P Spis Euglena Conchopthirius, excrete both ammonia
and urea ; Colpidium ordinarily produces ammonia, but in a thick
culture it also forms urea. ‘These products are concentrated in the
contractile vacuole and expelled out of the organism along with
excess water (Fig. 58), However it has been demonstrated now
that elimination of ammonia and urea from the protozoan body
is to a large extent through the thin surface membrane. For exam.
ple, if the concentration of ureain a culture of Paramecium be
back-calculated to the rate of elimination of water by vacuoles
alone, then the concentration in vacuoles should be one part of”
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urea in 2,000-3,000 parts of water. But by injection of xanthy-
flml into the vacuoles (xanthydrol is sensitive to one part of urea
in 12 thousand parts of water) the results are negative, indicating
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that not even one part of urea 1n 12 thousand parts of water is
present in the contractile vacuble. Where did the higher concen-
tration of urea in the culture come from. Therefore, 1t can be safely
cancluded that waste products diffuse out through the cell wall,

Besides the wast products eliminated in solution, certain inso-
luble products are deposited as crystals, ¢, g. Faramecium has acid
calcium phosphate granules stored in the cytoplasm. Again, the
shells of F. infera and Radiolaria are 1 CaCO,, stron-
tium sulphate and silica, or even nitrogenous compounds. This is
further confirmed by the protoplasm lying outside the shell in
Foraminfera, as in Polystomella. The peculiar Muller, vesicles and
concrement vacuoles seen in some Protozoa Lotdes, Blepharoporthium

throw out solid concretions, (Fig. 59).
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In the coelenterates, uric acad has been demonstrated in the
sea-anemone Anemonia, and urea in other sea-anemones. No specia-
lized excretory organs are present and thus waste products escape

Fig. 5. Excrenon.
A—C

vacuole with ions mn the pro-
tozoan Blepharoprosthinm

B—Muller’s vesicle in the protozoan Loxodes con-

taimng concrement spherutes,

through the general surface. If the Protozoan excretion theory
of skeletons be applied to coelenterates, the huge coral rochs and
islands are nothing but excretory products of tiny hydrozoa and
actinozoa.

The platyhelminthes have evolved definite excretory organs
called protonephridia containing the charactersistic flame cells
(solenocytes). Although the chemical composition of excretory
products is incompletely known, there is evidence to show that the
chief excretory product is ammonia (Planaris, Fasciola, Taenia),
whereas nematodes ordinarily excrete 1/3rd as ammonia and the
rest as amino-acids and peptides. It may be mentiond here that
the protonephridia are osmoregulatory as well. Cercarize (of
trematodes) have a pulsating terminal excretory vesicle, the rate
of which slows down in salt selutions and stops in sea water.

Annelids have ammonia as the chiel excretory product ¢, 2.
the polychaetes and the feeches. Butin earthworms ammonia is
only 20%/,3 407, s being urea and the rest amino-acids and purines,
However, Phtreiima posthyna, the Indian Earthworm has ammonia



126 ANISAL-PRYSIOLOOY

and urea about 50-50, with traces of creatinine. The nephridial
system of the annelids as a segmentally paired otgan but in the
earthworms it is a most elab system ¢ g of th ds of
hric and phtic nephridia, These expe!l the waste
products outside the body and inside the gut respectively, Besides,
in the eartbworms uric acid crystals are ingested by the amoebocy.
tes of the coelomic fluid and after getting loaded they escape out-
side with the coelomic fluid. The gephyrian annelids store their
nitrogenous wastes as brown bodies in the coclom. A physiolo-
gical complication is the formation of nephromixium, in the poly-
chaeta, where the physiology of reproduction and excretion are
combined, and can be called the eatliest urinogenital system.

Liule work has been done on excretion of arthropods except
a few insects. Crustacen generally appear to escrete ampmonia and
amin-compounds as excretory products. Nitrogenaus wastes are
expelled by anteunary glands with bladder (green glands) of
decapods (Fig. 60), which are alse osmoregulatory in function. In

bladder

Fag, 60. Green gland with bladder as excretory organ in
Crustacea.

the crab Gancer, the excreted substances are purines, which how-

ever are absent in the crayfish. Again, like the skeletan of protozea
eleton of chitin and CaCO, can be

and ) ata, the
considered as products of excretion.

In lnsects uric acid is the normal nitrogenous product, but

ia and amino compounds have been

traces of urea, allantion,
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demonstrated severally in clothes moth, dipteran maggots and

ityscid beetles. Some Orthoptera convert allantion into alloatoic
acid.

The standard excretory organs of insects (¢, g. Rhodinus) are the
Malpighian tubules (Fig. 61), excreting both nitrogenous wastes
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Fig. 61. Di o il

and carbon dioxide. Secretion of potassium or sodium wurates is

common in the upper part of the Malpighian tubule; while its
lower part reabsorbs water and some ions, as well as precipatates
free uric acid (Fig. 62). The contents are excreted in most insects
by peristatlic action of the tubules,

Subsidiary excretory organs may be present, such as fat
bodies, storing uric acid, For example Colembella have nc
Malpighian tubules and wastes are stored throughout life in fat
bodies. The labial glands of some insects ; and the nephrocytes
(chains of cells along the heart or oesophagus) alsa store wastes.,
Calcium carbonate may also be deposited and excreted at ecdy-
4is, called ecdysial excretion. Similarly the white pigment in
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the wings of butterflies consists of uric acid formed during
larval llfe, stored in the fat bodies and trasferred to the wings

Fig. 62, Functions of parts of the Malpighian
tubule of the insect Rhodinus,
(After Wigglesworth)

at emergence of imago. The coxal glands of spiders eliminate

urates.
Mollusca excrete and amino ds; but vrea,
uric acid and purines heve also been detected. Sixty percent of
fon is fa, but the peculiar organ

fresh water mussel
of Bojanus contains concretions of magnesium phosphate. The

Lidneys of mollusca are responsible for only part of the excretion,
subsidiary excretion being by gills, mantle or even general body
sucface. Terrestrial slugs excrete chiefly urea; while the urine of
marine cephalopods (octopus, cuttle fish, ef.) contains ammonia,
trimethylamine, amino compounds and small quantities of urea

and purines.
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In the Echinoderms the water vascular system contains
small amounts of ammonia, urea, uric and amino componds.
These are excreted out of the water vascular system with general
flow of see water.

EXCRETION IN VERTEBRATES

The Vertebrate Kidney: We have seen that excretion
in invertebrates is carried out in the main by nephridia,
which are present in Platyhelminthes, Rotifera, Annehda and
Mollusca. Amaongst the chordates Amphioxus (Branchiostoma) also
has homologous nephridia. How and when nephridia evolved or
were replaced by the vertebrate kidney is not clear; but the
kidney has occupied the most important role in excretion and
osmoregulation in all the vertebrate series. It eliminates water,
ammonia, urea, uric acid, sodium chloride, sulphuric acid, and
phosphates.

Although the kidney is called a pronephros, mesonephros or
metanephros, according to the structure and stage of evolution,
it is always built on the same general plan, Essentially it con-
sists of 2 mass of coelomoducts (remaining one of the nephro-
mixium of the polychaets which open into 2 single longitudinal
collecting duct. The details of the highest evolved nephron or
excetory unit can be seen in the mammalian kidney, in which
all the coelomoducts have lost their openings into the coelom
and start as a blind Bowman’s capsule, In the cavity of
Bowman’s capsule lies a bundle of blood capillares from the renal
artery (afferent and efferent arterioles) forming the glome-
rulus (Fig. 63). The main segments of the nephron in mammals
are—

(1) A doubl lled B ’s capsule embracing a glo-
merulus and together forming a Malpighian capsule;

(2) a short and thin neck segment;
(3) a stout convoluted proximal tubule in the cortex;

(1) descending limb of Henle passing into medulla

be-
coming thinner and bending sharply outwards; .
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dulla. A ber of collecting tubules join and open into the
pelvis of the kidney.

It was B (1842) who deduced from the construction
of the Malpighian body, that water is withdrawn from blood in
the glowerulus, and is drained into the Bawman’s capsule (named
after him), However, he thought that all other elements of
urine were secreted by the kidaey tubules. Ludwig (1866) pose
tulated that all the constituents of urine were filtered by the
glomerulus and urine was only concentrated (through passive
reabsorption of water) by the kidney tubules.

Cushney (1926) accepted Ludwigs filteratian theory but con-
tended that passive diffusion could not explain reabsorption in
the tubules. He believed that excretion was a vital phemonenon
and not a mere physical process alone. Hyman established that
there was an effective filtration pressure in the glomerulus,
which could only be performed by live cells.

Urine Formation

The working of the nephron involves three processes: (i) a
physical process of filtration of a portion of the blood plasma
water with its dissolved solutes; (it) selective reabsorption of
some substances; and (iif) active secretion of certamn subs-
tances,

1. Filtration

It has been shown that the pressure in the capillaries of glo-
merulus is higher than that of any other capillary in the body,
being about 60 mm (30 mm in other capillaries). This high
pressure 1s sufficient to force blood flurd through the efferent
vessels of the glomerali. On account of this high pressure blood
fluid is driven through the walls of the thin capillaries. The
<capsular fluid formed by filtration contains all the compo-

nents of blood minus the plasma proteins, lipids (fats), and
cellular elements.

There is however, an O. P. factor which must also be con-
sidered, since blood cells and blood proteins cannot pass through
the glomerular capillaries, and the Bowman’s filtrate contains
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only water dissolved salts, urea, glucose ete. Thus the O. P. of
the blood is always higher than the filterate in Bowman’s capsule,
which acts as a force restraining the further flow of fluid into
the capsule. Therefore, the first step in urine formation in
vertebrates consists simply of the filtering of blood as it passes
through the capillaries of glomerulus into the Bowman's cap-
sule. The rest of the blood (after filtration) continues to flow
through efferent arteriols 1n to the capillaries surrounding the
tubules, where most of the fluid 1s reabsorbed and returned to the
blood.

There is definite recent evidence that the Malpighian bodies
act as ultra-filters, which separate water, along with certain other
compounds from the plasma; the filtering membrane being
permeable to molecular weights smaller than 70,000, Gelatin
(m w.~35,000} and even haemoglobin (68,000) may be passed
out while the normal serum proteins of higher molecular weights
are retained in blood.

2. Active Reabsorption

The reabsorbed substances from the glomerular filterate are
those which are important to the body, such as glucose, amino-
acids salts and water. They are called threshold substances,
Lecause for each of these, there is a threshold, beyond which the
fadney tubules cannot reabsorb them. The urine passed out of
the kidney tubules is much more concentrated than the glome-
rular filterate, on account of active reabsorption

Below are given some threshold substances in order of their
reabsorption by kidney tubules:
glucose 3

sodium i
chlondes }
patassium J
——e Threshold

almost completely reabsorbed

ammonia
phosphates
sulphates
Fureign bodies
urea

water
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Micturation

The act of emwptyingfurinary bladder is called micturation.
The urine from the renal pelvis is c yed by the )
ureter (exhititing peristaltic waves) into the urinary bladder.
The ureters have an oblique entrance into the bladder which
act as a valve and prevent reflux of urine back into the ureters,
when bladderis full.

When the bladder is full, the pressure stimulates the pressure
receptors in the bladder wall, which cause reflex contraction of
the bladder, with similtaneous relaxation of the sphincter around
the urethral orifice of the bladder. Ordinarily micturation is a
forcible reflex, expulsion of urine through the urethra. But this
reflex is controllable by most mammals, e. g. the dogs at the tree
and man in the bathroom.

Functions of the Kidneys

The mamm functions of the kidneys are summarised as
under ;—

(1) Excretion of Waste Catabolic Products and Toxic
Substances (described earlier).

(2) Regulation of the Water Content of the Body (ex-
plained later).

{3) Regulation of the O ic Pressure of Body. Os-
matic pressure is regulated by: (i) keeping constant the elec-
trolyte content of the body (achieved by selective reabsorption
of the filtered sodium and almost all potassium) ; (i) by retention
of certain vital substances such as glucose, amino acids phos-
phates, bicarbonates and proteins.

(4) Maintenance of the Normal Acid Base Equilibrium
of the Bleod. The pH of blood in man is maintained at 7.35
i. e, slightly alkaline. ‘This is due also to the ability of kidneys
to actively secrete Hydrogen ions as ammonia (Fig. 64).

All mammals, including the egg/laying monotremes are
ureotelic; their urine contains upto 87%), of the total N, excreted
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asurea. Inland mammals, since there is need for conservation
of water, the urea in the kiduey tubules may be concentrated as
much as hundred times by the reabsorption of water.

2] peatral
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Fig. ¢, Dugrammatic representation of pH scale.

In desert animals there is active tubular secretion of urea
on account of low water intake., On the other hand ruminants
use up the excretory urea as the ultimate protein source of the
body when kept on fow protein diet. Similarly camel and sheep
reduce urea excretion twenty fold under the same conditions.
Therefore ureatelic animals are nat highly dependent on water
supply as do the ammoniotelic animals.

Uricotelic animals are those adapted to dry environment
such as the earthworm Pheretime, and insects amongst invrete-
brates, which excrete Nitrogen in the form of uric acid. A
surprising amount of 91%, uric acid constitutes the highest per-
centage of N, excretion by the insect Rhodinus. Amongst verte-
brates the reptiles and the birds are uricotelic animals, Water
conservation is as important for lizards and snakes as for the
birds; in addition their hard sheiled eggs retain the embryonic
nitrogenous excretion in the form of inoeous uric acid, In the
desert lizard Phrynosoma (the horned toad) the urine is a solid
ball of uric acid. Similarly, in birds the urine is a semi-solid
mass of urie acid crystals (which may be seen as the white portion
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of the faces of the fowl where the percentage of N, excretion in
the form of uric acid is 87%/,).

The other compounds of N, excretion are guanine, creatinine,
trimethyl amine and allantion., Spiders excrete N, predomi-
natingly as guanine, the Malpighian tubules and the cloacal sacs
elaborating it. Creatinine is high in cat and the camel (10%,),
followed by the bat (8'5%,) and man (3:6%/,).

Nitrogen Excretory Products

In the forms of nitrogen excreted, the chief ones are ammo-
nia (NHj;), urea CO(NH,)? and urea acid

NH-CO
!

CO C--NH
RN
i co
[

NH— C—NH -

Ammonia, urea and uric acid imals are called

notelic, areotelic and uricotelic respectxvely

Ammonotely is probably the most primitive form of excretion
in aquatic animals, Among inverteb: various prott coelen-
terates, polychaets, leeches, crustacea, echinoderms, cephalopods,
pelycepods and some gastropods are essentially ammonotelic. The
fresh water teleosts {carps and cat-fishes) and the amphibian
tadpole larva are the only vertet hibiti Iy.
However, a distinction may be made between pnmary ammo-

notely and secondary ammonotely. The excreting material
is formed as ammonia and excreted assuch in primary ammo-
notely. In secondary ammonotely the kidney or liver (as in Helix)
contain a urease which breaks-down the first formed urea into
ammonia, which is thus a secondary product.

Ureotelic animals are specially the vertebrates, although the
earthworm Lumbricus has 89.4%, urea in its ureine.

The highest percentage of urea in both blood and urine is
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found in elasmobranch fishes (sharks, dog fishes and rays), in
which the blood contains 2.5% of urea {(which would kill any other
vertebrate on account of hyperuremia). This is a special
mechanism, explained later, for osmoregulation in sea water.
Adult amphibians are all ureotelic, the synthesis of urea being
done in the liver; whereas in elasmobranchs urea can be synthe-
sized in any tissue of the body except the brain and the blood.

SOME NITROGEN EXERETORY PRODUCTS .
NH, NH,
HN—C‘: (CHy),
Nl{"i CHNH,
(cjis Oraitbine
CHNH,
COOH
Arginine
NH,
Urea O=GC
NH, Guanine

Uric acid H,N—C=0

0=C C—HN
[ >G=0
N C-HN
Creatinine NH
VAN
HN=C N

{ N
H,C—NC H,C0

ORNITHINE CYCLE

Ureotelic animals, such as Lamellibranchiata, fishes, adult
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amphibia, Dipnoi and mammals, canvert ammonia into urea,

eliminated in the urine, conversion is in the following steps called
-ornithine cycle :—

(1) Ornithine: (amino-acid), reacts with ammonia and
carbon dioxid to give citrulline.

{2) This combines with one more NH, molecule to become
aginine.

(3) With the addition of one water molecule, arginine breaks
wmto Urea and Ornithine, in presence of the enzyme

arginase,
NH,
t ——>NH,
e
+H,0 |I (CHy)
{ CHNH,; +CO,+NH,—H,0
NH, COOH 1
] Ornithine i
NH=C v
! NH,
NH
| 0=C
{ !
| )i
(CHa)g ———(CH,)
+NH,—H,0
CHNH, CHNH,
COOH COOH
(Arginine) (Citrulline)

Some marine fishes, such as sculpin and the flounder, excrete
almost 23% of total N, as creatinine. Trimethyl amine has been
demonstrated in the urine of fishes (ophius, 19/, Carrasius, 16.8%/,
and Sculpin 23%,).
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Character':sﬁcs of notma\ Human Urine

Yolume. 11,500 ml[2% hours Composiﬁon
or 1 ml{per minute
total 60 gms[24 hours Urea..+-* VPRI .30 gms
solids Uric acide- 7" ....07 g™
s. G- ....\.020 Ammonin....... ....07 gms
pH. L6 (acid} Creatinine:--"" L et gms
NaCl --- 15 gms

Phosphat® (PO AITRTE 3 gms
Sulphate(SO‘) JER

WNitrogen excrelion has taken two evo\uﬁonary grendss

which jnvolve purin® metabo\ism —

) the end pmducts of prolein and purin€ catabolis® jead to
the fotmation of ammon'\a, rea OF uric acid}

resence of certai®

2) degradaﬁon of urea t© ammon'\a, in P
enzymes (urease uricase otc.), the chain eing proken at
various poi in both the gertebrates and 'mvertebrales,
e 800 guan'me, ceatinings a\anloin and n"\methy\
amine.
OSMOREGULATKON

There 18 no life withou! isis pecadt ter 1§ the
prime carrie 11 the essenth ybstances requir 4 for life func
tion of the cell OF (he Off nism. st jation ¥ animals 1%
the control smotic P ssure ad wate? palance { the pody:
Th fuids in € s of any animal 3% also tbe ids have 2
more oF 1ess cODS ant 0% ot pressure ) jch has t©© be
constam\y nd active y egul (¢ human Blood
15 67 ospheres which g equal ¥ ressure © column @
water 930 ft. he'\gh&). 1iving have @ embrane
coverings ich 1 semipes™ bl (dialys! e or has
aifferentid! ermeab\'\ly or watel lutes, perefore th
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O. P. inside body cells must be in equilibrium with the surroun-
ding bedy fluids.

If we place red blood cells of man in a solution of about 160
milimolar NaCl, which is osmotically equivalent to plasma, then
it retain its size and shape. This is because the cell is isotonic
(same O. P.) with the salt solution. But if placed ina more dilute
solution of NaCl, water enters the R. B Cs and they swell. If
imrersed in pure water the cells swell and burst (haemolysis),
being hypertonic (having higher O P.) to the surrounding water.
If the R. B. Cs. are placed in a higher concentration of NaCl than
16 milimolar, water leaves the cell and it shrinks (the cell being
hypotonic (lower O. P.) to the surrounding salt solution.

This can be better understood in the simple experiment of
placing sugar solution in an inverted thistle-funnel in water with a
dialysing parchment \: covering the funnel mouth (Fig. 65).

osoatic
pressure

[Semipermeable
membrane

Fig, €5, ExperImental demonstration of osmosis.
he height by which the solution rises
equals the pressure by which the water

entery the concentrated sugar solution.

The expenment shows the rising up of the sugar solution in the
tube of the thistle-funnel, which goes oo rising until the molar
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In the marine fishes, the hypertonic medium causes rapid
lossof body water (exosmosis), to compensate for which the fish
drinks more sea water. Both water and salts are absorbed by the
wtestine.  The water thus absorbed makes up for the water loss.
The salt cannot be excreted through the kidneys since urine of a
higher concentration than sca water is not possible, Therefore,
marine fishes excrete the excess salt absorbed, through special salt
secreting cells evolved by the gills. This salt excretion s fioma
lower Q. P. of the bluod to a higher O. P. outside (hypertonic

medwum).  Itis therefore, an active tragsport requiring energy.

(Itis unfortupate that man has no such special salt secreting organ
and therefore drinkiog sen water may even be fatal for bim, which has
given the well known phrase for sallors “water water everywhere, pot

& drop to drink®),

Osmoregulation in Fresh Water Fishes (Fig. 67),
In the fresh water fishes, water enters the body {endosmosis)
due to the higher O, P. of blood than the surrounding fresh water.

weter
bsorpren

salt
@& < 2bserPLOD
< N

2 Hynne
\x._;/ ‘:\\ (water ehoisction)
\j“ti (tne Hypetonic

z b frek witer)

It absorbs water, as its blood bas higher salt cone
centration than the fresh water around 1, excess
water being removed as utine,  Salt lack is made up
by salt absarption through glls. (After Nielsen)

Fig 67, Qsmoregulation in fresh water fish,
(

Therefore, fresh water fishes have to ges rid of this continuously
tnvading extra water by the kidneys; the kidneys of fresh water
fishes having a far Jarger number of glomeruli than the kidneys of
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blackish faeces, passed out of the cloaca (e.g. Uromastix and Phryno~
soma in the deserts and poultry in the farm).

All mammals must drink sufficient water as they are homoio~
thermal, and evaporation is one of the main-stays of temperature
control. Even the loss from the lungs is high, an average man
losing 400 gms of H,0 daily in his expired air as water vapour.
Similarly 15 goms/day are lostin sweat on a hot day ; ahout 100 gos
in faeces and 1500 gms/day in urine. (The volume of urine is
however controlled by an anti-dwretic hormone ADH, released
by the posterior prtuitary in response to increased O. P. of the
blood in dry atmosphere; no water is reabsorbed by the urinary
bladder as otherwise commonly supposed. On the other hand
when blood becomes diluted by more fluid intake, less ADH is
released from the pituitary and urine volume is jncreased).

SOME PECULIAR OSMOREGULATORY ADAPTATIONS

‘The desert kangaroo rat (Dipodomys) is remarkable for not only liviag
without drinking water for as long as six months, but for its capacity
to produce 2 very small amount of extremely concentrated urine, which
has two times the concentration of sea water The kangaroo rat is
therefore the only mammal which can drink sea water with impunity,
which weuld poison other mamsmals, FPossibly it Is the only vertebrate
which has such powerful kidoeys tu excrete high amounts of salts.
However, the kengaroo rats body contains as much water as other
mammals (average 66°%;). This body water is maintained by the
water of oxidation produced even from the dry foods they eat. The kangs-
roo rat bas po sweat glands, very little evaporation from the lungs,
and a low water content in Jaeces and nrine

Another deserticolous mammal presenting a sumilar situation
is the camel.” The kangarco rat comes out only in night and
stays in under-ground burrows during the day; while the camel
has to travel in the scorching heat of the desert day. The camel
does not store any large amount of water in water cells (in the
stomach) as commoniy believed nor does it store water in the
hump, which is pure fat. The so called water cells contain food
fermenting fluid, which has the same O. P, as blood (not water).
This fluid is absorbed in almost the same way as in our own
stomachs a3 required. The other source of water in long journeys.
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is from fat metabolism of the hump—oxidation water., Thirdly,
the evaporation of sweat, to control temperature, is reduced by
allowing the body temperature to rise up to 41°C before sweating
(early morning temperature of camel—34°C, nnon tempera-
ture—41°C compared to 37°C of man, morning, noon and
night). Finally, dehydration tolerance is 20% of body water
in most mammals, but the camel can afford to loose aver 40°,
body water, when other mammals would die. Thus after 2 long
desert journey the camel may drink almost 1/3rd of its body weight
of water in order to recoup the water loss,

The agquatic mammals and birds, such asseals, whales and
penguins, do not drink sea water as commonly believed. They
solve their water problem by eating large guantities of fish, which
not only have a high water content, butan O, P, of about 1/3rd
that of sea water. They have, however, specialized in prod
rather concentrated urine, gaining more water from the fish, than
loosing through urine, evaporation and respiration. The 80 feet
long baleen whales feed on planktonic crustacea, which are almost
80%/, water ; while the walrus eats clams and mussels containing
still higher amount of water. However, since they cannot drink
sea water, they have water conservation by producing concentrated
urine, concentrated milk (having 409/, fat content) and absence of
perspiration,

Sea-birds (gulls, and penguins) have a special salt excre~
ting gland in the head that excretes concentrated solution of NaCl.
“The salt excretion flows through the salt gland duct into the nasal
cavity, and falls off through the beak. Marine alligators, cro-
codiles, turtles and tortoises, have also developed a salt gland
close to the eye, its duct opening at the corner of the eye, (The
‘crocodile tears’ are therefore only a means for excess salt excre-
tion}. Tears are shed for osmoregulation and not emotion.

Thus in the case of these land vertebrates gone back to seé,
the extra salt imbibed with the food is removed by various addi-
tional mechanisms, the memcxency of the primary kxdney mecha-
niswm in sea water reminding one of their land ancestory,



Chapter VII
INTEGRATION (RERVOUS SYSTEM)

Every animal is excitable or irritable, and perceives stimuli,
translating them into nerve impulses which result in reactions.
Even the simple dmoeba is excitable and irritable i, ¢. sensitive 10
stimuli both external (exteroceptive) and internal juterocep-
tive). Here there is no nervous system at all, but the protoplasm
exhibits irritibility. In other pratozoa such ay ciliates (Paramecium
Stylonchic) there is a specialised neuro.motor apparatus in the
ectoplasm effecting perception of stimuli and co-ordination of
impulses to cilia for synchronous and metachronous movements.

The simplest type of nervous system is found in the coelen-
terates, where there is a nerve-net connecting one cell with many
others. Thiskind of nerve net is also found in localised parts of
echinoderms, foot and labial palps of mollusca, enteropneusta,
ascidians and also in the small intestine and blood vessels.
The cells of the nerve-net are both receptors aud. effectors
and no sensory or motor nerves are differentiated, nor is the cens
tral nervous system evolved yet,

In all these cates conduction is diffused, with complete :b'
sence of polarity jand a stimulus applied at one point r.fi\Chﬂ“". er
paints in the snimal in all directions. The only polarity exhibited
f1in the sea-anemones, where a centripetal {from tentacles .to
meientery) and a centrifugal (from mesentery to tentacles) polasity
i1obtained. One netve cell, called o receptor, pichs vp » stimulus
and tranmitsan impulse along & seniory or aflerent (bre toa
Junction between the afferent and the effector cell{~ The pawage
of an imputse through & synapse is always unidirectionsl.
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NERVE IMPULSES

A nerve can be stimulated by any ch in its environ~
ment, ¢.g., pressure, heating, chemicals efe. Such stimuli are
converted into nerve impulses, which pass along the nerves in-
dependent of the type of stimulus.

A nerve impulse passes along a nerve fibre involving both
chemical and electrical changes and requires the presence of
oxygen. In the resting fibre the exterior of the semipermeable
sheath has a positive charge with excess of Na¥ ions, while the
interior has a negative charge with fewer K* jons. Hence the
fibre is polarised. The impulse passes along the nerve fibre neutra-
lising this electric charge. The role of the Na*and K+ ions is to
produce an action potential (current flow) sodium ions moving
inwards and potasstum ions outwards (Fig. 68). This createsa

Direction of 5...Pulse
P re——

So—- ittt
T

”

Vogeph
Tri+4
st
Na*
Fig6s ., Di jon of the jovie

1 a nerve fibre during an impulse pastage. ¥
(After Hodgkin)

positive charge in the interior and a negative charge in the exte-
rior, After the passage of the impulse the fibre gets depolarised
and cannot carry another impulse for some time, until the move-
ment of K+ and Na* jons re-establish polarisation.

Although the polarisation is due to shifts in permeability of
Nat and K+ jons the energy for entry of Na* and K* is due 10
the chemical action of splitting of thiamine and its recovery by
glycolysis. Animpulse travelsat a uniform speed and with the
same intensity throughout a fibre.
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An impulse causes the finely branched ends of an axon (end
branches) to produce a chemical neuro-bumor sympathin, (a subs-
tance like adrenalin} which releases acetylcholine in the synpase.
Presence of acetylcholine continues to stimulate the next nerve cell
uatil an enzyme, choline esterase, inactivates it. Thus without
acetylcholine the progress of the i lse would ically
stop. A drug curare if imjected into a nerve fibre blocks
the passage of nerve 1mpules by preventing the production of
sympathin and acetylcholmne.

VELOCITY OF CONDUCTION

The velocity of conduction varies jn different neuroos, being
faster in myelinated fibres than in non-myelinated ones. In verte-
brates the velocity is faster in thin fibres with thick sheaths {e. &
4 p fibre of cat nerve) whereas in invertebrates it is fastest in thick
fibres with thin sheaths (e. g. 650 # squid giant axon fibre). Both
have the same impulse velacity of conduction at 25 m/ sec.

The velocity of nerve impulses in some animals is : Apdra nerve-

net, 0.1 to 0.2 m/ sec; Aurelia, 0.5 m/ sec; sea-anemone, Imf sec;
lobster, 6 to 12 mfsec in giant fibres; earthworm, 30 m/sec in
giant fibres: frog, 20 to 30 m/ sec; carp fish, 47 mfsec, Trout
fish, 50 m/sec and most mammals 120 m/sec.

EVOLUTION OF NERVOUS SYSTEMS

The first differentiation into central and peripheral nervous
systems occurs in flat-worms and annelids, the central ner.vnus
system comprising of one or more pairs of anterior gaﬂgll_a or
“brain’ and one or more ventral nerve cords extending postenor]yi
The annehds, arthropods and molluses have SUP“"‘Desopha_ge?
and suboesophageal ganglia connected and forming a n‘erve ring’.
The pripheral nervous system consists of nerves arising f.rom
the brain and ventral nerve cord, and supplying the various
organs of the boly, the nerves usually arising from ventral
ganglia,

Besides the bilaterally symmetrical nervous system of flat-
worms, annelids, arthropods and molluscs except gastropoda
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where torsion make it asymmetrical the echinederms have a radially
arranged nervous system conforming to their radial symmetry.
The highest evolved nervous system 1s present in the verte-
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brates where it is divisible into five ¢ (i) the brain
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(i) the spinal cord {constituting the central nervous system);
{iii) the cranial nerves, (ir) spinal nerves (constituting the central
peripharal nervous system); and (5) the autonomic nervous
isting of sympathetic and parasymphathetic

system
nerves.

Vertebrate nenrones (Fig. 69).

The structural unit of the vertebrate nervous system is the
neurone, which is the most specialised cell. Neurones have lost
the ability to reproduce. The approximate number of neurones
present in the nervous system of manis about one billion and
about half of these are lodged in the cerebrum This number
remains constant from young to old age in all vertebrates. Since
these cannot Itiply or be replaced, nature ins an eno-
rmous excess of neurones, only a fraction of the total number being
utilized for the general activities of the animal at one time. A
neurone posseses two special properties: (i) to react to stimuli; a'!\ﬂ
(#) ability to conduct an excitation or nerve impulse with high
velocity. In the larger animals including man, a n process
may be a metre in length, though less than a mm in width. .

The neurone has a large cell body which is always located in
the central nervous system or the peripheral ganglia. From the cell
body arises a long main process the axon passing along nerves
extending through the body of the animal. The other cell pro-
cesses are shorter and much branched, called dendrites. l}undles
of cell processes are associated as white matter in brain and
spinal cord the whiteness being due to myelin. The neurone cell
bodies, without myelin, are located in the grey matter only afld
are thus central in the spinal cord and peripheral i? the brain.
Neurones may be anipolar (motor with one axon, hipolar (sen-
sory with two axons) or multipolar (with many a)fon! e g Pur
kinje fibres of the cerebral contex).

REFLEX ARC

Besides being the structural unit of the nervous s):stem,a
It conducts the nerve impulse

called a reflex arc.

nearone is also a functional unir.
through a pathway, from receptor to effector,
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(Fig. 70). Every receptor is supplied by a sensory {afferent)

eellex are reflex ate

Fig, 70. Reflex arcs :

A—S5imple reflex arc.

B—Complex reflex are.
nerve ; and stimulation of a recepter effects a nerve impulse which
travels inward over the sensory dendrites into and out of the sen-
sory neuron’s cell body. The impulse then passes into the spinal
cord or brain by way of the axon of the sensory neurone, Inits
path the jmpulse through a ber of ing ltipol:

4 p
neurnes. Then the impulse js itted through a synapse into
a motor (efferent) neurone, which in turn passes its axon into the
effectors (muscles, glands efz.) for reaction. The simplest of reflex
arcs is the common knee jerk in man, In this only one connec-
ting neurone lies between the sensory neurone on ome side and
motor neurones on the other.

REFLEX ACTION
Each reflex action covers a reflex arc may be defined asan
involuntary response of a muscle or gland to the stimulation of a
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muscle or gland to the stimulation of a sense organ, A few exame
ples of reflex action are: convtiction of pupil in bright light
(Fig. 73}, blinking of eye at sudden, approach of an object; leap-

sormad gkt G brdt

boighe light

yept

aghincter

1adiay
mecies

1 P rormat 2 Pyt didetes
Pupil conteacts
Fige 78, Pupillacy refifexes,

ing reflex in a decapitated frog (Fig. 72); flexion of limbs of 2

Fig. 72. Leaping refiex 1o a decapitated frag.

spinal frog when stimulated by a prick (Fig. 73); salivation due
1o sight, small or taste of food . (A ruvning hen if decapitated,
continues running for a considerable distance without a heads—
pinal reflex).
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Receptor endings are of three typesi—

(1) exteroceptive, noting changes in the external environ-
ment

Fig. 73.  Flexion of legs 10 a frog with only
ind limbs and a portion of spinal
cord intact.
(2) interoceptive, sensitive to changes in the internal
environment ; and

{(3) proprioceptive, feeling, tension, pressure and orien-
tion. Thus, broadly, three kinds of reflexes may be re-
cognized ; () exteroceptive reflex, primarly protective
in character; (if) interoceptive reflexes, playing an
important role in the control of activities of internal
organs; and (#fi) proprioceptive reflex, largely con-
cerned with maintenance of posture and equilibriam,

Types of reflex arcs according to their respones to sti-
mali)
Reflex ares, are of six typess

(1) Simple reflex arc: stimulus ~ rfceptor (sense organ)
—> sensation— afferent neurone -»sensory impulse "
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body in dorsa) root ganglion ~» spinal cord ~» synaps
~refferent neurone ~» motor impulse — effector {muscl
or gland) -» reaction (¢, 2. knee jerk reflex in man
coustriction of pupil in bright light).

(2) Compound reflex are:is oge in which an impulse
catenng one sensory neurane influences several motor
neurones through intermediate adjustor neurones (e. 2.
wringing the hands when the toe is hurt).

(3) Co-ordinated reflex arc: js one in which a number of
muscles respond in an orderly fashion to produce a useful
reaction or movemeut. These are usually modified

hraugh ding to other parts of
cemrnl nervous system (e. g. reflex avoiding a speeding
car),

{4) Convulsive reflex arc: is one where a number of mus-
cles respond to an intense sensory stimulation in an
unco-ordinated fashion, This produces 2 disorderly and
useless . usyally e h spiaal
tissue (e, g. produced by a third degree burs or elecmc
shock, convalsive action in insanity).

(5) Chain reflex avc: these are such that act in a sequence,

the resp of one b ing the stimulus for other (e 2.
a kick on the leg resultsin a box on the ear of the
Ticker).

(6) Conditioned reflex arc: produce complex actions, per-
foced by reflex due to repeatad performance of a chain
act {¢. g. cycling, typing, avoiding obstacles, huager
praduced by ringing of dinner bell).

Reflex thus may be cerebral (Fig. 74), or spinal, uncondi-
tioned, superficial or deep, normal or abnorwal, uncrossed or
crossed (stimulation of one side of body causing reflex response on
the opposite sides, ¢. g, siphoas of Herdmania).
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In invertebrates the reflex action involves only one or two
neurones, but in all vertebrates atleast three neurones are present,
and at least one intermediate ( ing, fative, or adjustor)

Fig. 74, The neural pathways in the cerebral reflex arc.

(Cerebral Nerve Component). (After Goodrich)
neurone is utilised. In mammals special retarn impulses from
the cerebral cortex to the spinal cord are conveyed by special
cortico-spinal tracks. Several pathways of conduction provide a

hanism for impulses to be yed from a lower level (spinal
cord) to a higher level (brain) and vice zersa. These mechanisms
render possible the closest co-operation between parts of the central
nervous system and the performance of extremely complex acti-
vities in man.

CEREBRAL INHIBITION

Reflexes are caused by excitation from a specific stimulus; but a reflex
action can be inlibited by nerve impulses comming from cerebral cortex, which
is the highest centre in the brain. Thus a balance is maintained between
excitation and inhibition, to keep the animal in a state of normal activity,

Fuactions of Brain and Spinal Cord
The maio fanctions of the spinal cord are as follows :—

1. Ttserves as a centre for spinal reflexes;
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actsas a pathway for conduction of afferent impultes
reaching various levels in the brain;

serves for passage of efferent passages from differe motor
centres in the brain to the efferent neurone in the spinal
cord ; and

the passage of efferent impulses into the effectors
through the efferent neurones.

The functions of brain (with special reference to mammals)

are as follows t—~
The large cerebral hemispheres (cerebrum), the largest

part of the brain in vertebrates, are concerned wuh

the reception and correlation of affe
from the sense organs, and the intition of mo!or
[ to vol les, reponsible for mave-

ments. The cerebral hemxspheres also pass volun-
tary impulses into the spinal cord. Above all the
cerebral cortex segratates the sensations arising from
stimulation of different receptors of the bady, It
i and i the impulses into
1 1 activity exhibited by

analyses,
various patterns of
the vertebrates in general and man in particular,

All sensations (except smell} are received by the thalamus

from which ascending fibres pass to various regions
of cerebral cortex, A narrow strip of cortex i the
front part of parietal lobe is the seat for reception of
cutaneous senses, such ag touch, temparature or
pressure (Fig. 75). Anterior to the fssure of
Rolanda in the frontal lobes, lie the three successive
areas, motor cortex, premotor cortex and the
seats for eyc movements (responsible for contro}
of body muscles), Just ventral to Sylvian fissure in
the temporal lobe lies the seat of hearing or acoustic
centre 3 while ventero-lateral to the frontal Jobe lies
a small area af taste, smel! and flavour {gustatory
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centre). The centre for vision lies at the extreme
hind end of the cerebrum in the occipital lobe.
Therefore the arrangement is surprisingly upside

Tt

F:ssw/e vj:

Fissure of
Sybvius

Temporat
ta
Medulla Cevebellum
Otfomgats

Fig. 75. ]\f!jor cortical centres in man.
2, 3—Areas of cutancous sense.

4—Momr cortex.
6-Premotor cortex
8—Eye mavement centre.
17-18—Visual centre.
18--Eye movements.
22—Acoustic centre,
47—Gustatory centre,

downj i, ¢. sensation from the lower parts of the
body is received at the upper end and the sensations
from the head are received at the very bottom of the
cerebrum. Further, all the fibres over which these
sensations are transmitted are crossed over {. e, they
are from the opposite side of the body, It is appa-
rent, therefore that injury to the right side of the
cerebrum causes paralysis or malfunction of the Ieft
side of the body.

The olfactory lobes are the primary seats of smell ; ; they are

extremely large in animals which are smell feeders e, g, sharks
mole, dogs ¢ic. ’
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Cerebellam is small in the lower mammals (e g. squirrel) but
becomes well developed in the higher ones, being most developed
in man, It is connected to other parts of the nervous system by
afferent as well as efferent pathways. Afferent neurones conduct
impulses to the cerebrum or the spinal cord, while the efferent
impulses are conducted away from the brain or through the spinal
card, Thus the cerebellum co-ordinates both sensory and motor
functions, combining the various muscle contractions into orgamzed
body motions. An important function of the cerebellum is to
control the tone of skeletal les and the mai of reflex
equilibrium of the body.

The ventral connecting part between medulla oblongata and
the lobes of brain already di d, is the di phalos, the
thalamus of which serves to guide cerebellum in carrying out
voluntary movements, It also secves for the recogmition of certain
large sensations, such as exiremes of heat, cold, pain and wide
amplitude body movements. In the main, it is animportant
relay station in the ascending pathways of impulses which termi-
nate in the cerebral cortex,

The hypothalamus contains the optic chiasma in which
partial descussation of optic nerve fibres from the setina accurs.

: .

Physiologically the hypothak a ion of
nervous nuclei constituting the chief integrating centres of the
autonomic nervous system. Connected with it is the hypophysis
{pituitary which will be dealt with i a later Chapter} forming an
important meuro-endacrine system, called the bypothalmo-
hypophysial complex (Fig. 76).

Yabl, 4

The pineal gland or epith hasary
funcrion, while the metathalamus serves as a relay station in the
auditory pathway which extends from the scoustic labynnth to
cerebral cortex.

The optic Iobes in lower vertebrates are only two, corpora
bigemina, while in mamwals there are four lobes, corpora quadri-
gemina. Tney ace pumarily concerued with sight and their
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yemoval causes total blindness, It should be pointed out that
temoval of the thalamus and diencephalon (with aptic chiasma)
.also causes total blindness. It is surprising that enly the anterior

-
portal v.u. 0 w

wo/
adenohypophysis
Blood vessed

Fig. 76, N y cells 1 H; hal hy hysial com-
plex of mammal. (After Wessells)

‘part of corpora quadrigemina is concerned with sight ; the posterior
part has now been found concerned with hearing. (The mole has
rudimentary anterior corpora and has poor sight, while the squir-
rel has large anterior corpora, since it is a sight feeder).

The ventral part of the midbrain coatains nerve pathwnys by
which impulses from cerebellum reach the vol
and effect the “muscle sense’,

¥

r

The medulla obl ta ins the so-called vital centres
-of the body which are of l‘undamenml importance in maintaining
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Hife, These are: (i) respiratory centre; (if) the heart beat
centre; (iii) calibre controlling centre of the blood vessels;
{iv) the centre of nerve tracts connecting the spinal cord with
the brain; (1) deglutition centre; and (#) cough and vomi-
ting centre, Destruction of these centre causes death.,

For example when 2 man is hanged, he docs not die of suffocation. What
ectually happens 15 that the odontord process fof the second verecbra {axis)
wmashes through the septum transversum of the frst vertebra (atlas) sod
destroys one or more vital centres 1 the wedulla oblongaca, causing nstant
death,

PERIPHERAL NERVOUS S5YSTEM

This system consists of nerves given off from the brain and
spina} cord, Accordingly two types of nerves, the cranial (ses
Table} and the spinal are recognized. The cranial nerves,
ualike the ten in lower vertebrates are twelve in mammals.

The cranial oerves differ from the spinal netves in some
important respects: (i) there is no spatial regularity (i) they arise
from a single root {either dorsal or ventral); (i) the purely sen-
sory merves from sense organs bear noganglia; (ir) embryo-
Jogically they do not have a similar origin; () some are strictly
motor, some strictly sensory, while others mixed; and (21) only
some of the cranial nerves connect with the sympathetic division
of the autonomic system.

The spinal nerves are mixed nerves and are variable in the
vertebrates, but in mammals there are 8 cervical, 13 tharacic,
6 lumbar, 3 sacral and a variable number of candal nerves.
Typically spinal nerves issue segmentally and separately almost
equidistant from the spinal cord; but usually some nerves are
grouped together in parts of the body to form a plexus. These
are: (f} cervical plexus formed by the first 4 or 5 cervical
nerves; () hrachial plexus, formed by the last three cervical
nerves; (iti) luabar plexus, formed by the last four lumbar
nerves; and () sacral plexus, formed by the last three sacral

nerves.
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AUTONOMIC NERVOUS SYSTEM

This system controls the functioning of the heart, blood
vessels, alimentary canal, uterus, urinary bladder, lungs, liver,
pancreas and various glands, in vertebrates. The entire system
consists of a system of nuclei and fibre tracts in the brain and
spinal cord, composed of afferent and efferent visceral, pregan-
glionic and post-ganglionic neurones, as also autonomic ganglia
and plexuses. The chief functions of the autonomic nervous
system is to maintain a constant internal environment (homeo-
statig) with regard to concentration of salts, foods and waste pro-
ducts ; osmotic pressure, gas tension, temperature ¢f¢, It has a
close functional co-ordination with endocrine glands and thus it
operates in emergencies producing responses favourable to the
survival chances of the animal,

The autonomic nervous system consists of twe partsi—
(1) Sympathetic (thoraco-lumbar) ; and (2) Parasympathetic
(cranio-sacral), The two parts have usually an antagonistic
action. For both systems the chief controlling centre lies in:
(i) spinal cord ; (if} brain stem; and (fii) cerebral cortex (Fig. 77).

Sympathetic System: The sympathetic part consists of
ganglia and nerve fibres, passing out of the spmal cord alongwith
various spinal nerves. A chain of ganglia (20-24 pairs in
mammals) is present along both sides of the vertebral column,
Preganglionic fibres arise from the grey matter of the spinal
cord ; each synapses with a cell in a sympathetic ganglion and
energes as a postganglionic fibre before ipnervating a body
part. Usually a preganglionic fibre is shorter than a postganglio-
nic one,

The sympathetic ganglia may be arranged as cervical, tho-
racic, lumbar, sacral and caudal.

‘The first or superior cervical ganglia send fibres into the
vagus and sympathetic components, and also supply the pupil of
the eyes, salivary glands and arterioles of nose and throat. Thus,
they effect a controlling action on the heart, lungs; the i
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of the pupil, and dilation of arterioles of nose and throat. The
middle cervical ganglia send fibres into the vagus and also the

Sympathetic cervous
system

Parasympathetic pervous
system

cervical
sympathetics \ £y

part k},‘

spioal cord

%
Iv.-naxl:‘ar .
T
P > Y elvic aerve
s ) !
4 :
b Y !
R
sacral | ¥
pert 7] J :o\
£

geaitafia

Fig. 77. The bution of syr ic and
A nervous (dirgrammatic). b

sympathetic chain. The inferior cervical ganglia lead into the
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main sympathetic chain, running adjacent to the heart and des-
cending aorta, which they innervate.

The thoracic sympathetic trunk is important since it
give off a pair of splanchnic nerves near the diaphragm (in mawm-
mals), which penetrating it join a semilunar ganglion consisting
of about 20 fused ganglia. Collectively they form the solar
plexus, in conjunction with numerous nerve fibres that inner-
vate the viscera, and control penstaltic contraction and secreticzs.
(This is the spot which boxers often uses foully to paralise the
apparent—Ahilting the belly below the belt).

The abdominal sympathetic trunk passes poszesineir Bae
neath the kidneys and ends in as many gang¥z ar there = e
lumbar and sacral spinal nerves, sending Ziwes Zren 2 Zpre
inferior mesenteric ganglion, conroilirg the nelr3e vEmez. -

Parasympathetic System:
nervous system through IIlrd, VEX:
nerves and by way of IInd, IITrd =8 I3 s Sl merr
Accordingly the parasympathetic s e Ze 335
cranial parasympathetic 2= z 2oyt
part.

Though the autonomic Eires zoe sumnr e womery. 1. 'Y
N . Zamr, ther hove
a definite reflex activity. Therszes 70 5 g -
o ASERE, R, eetra refleveg for

the autonomic system, such e wim—s,, -
_ Te TEOTIT Fui 2oTE-
tion efe. BEEE I e

As stated above (he preneerc
TR 2l Saermyme s ebaeie oS
have usually a0 ant2zorisg, 2oz, L s =
T Gl

The imporumec!::r::::* S
everyday illustrationg, 7y mepenss
Towing involuntary symer., :

L drfior efzoe .

TR T 2% B ey
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—

Organ/systexn/ Effect of sympalbeu’r: Effece of pary.
fnxzction su‘mulau’on SYMpathetie
stl'mulau'an

Pupij of the eyo Dilatiop Constncn'on

SaIivary glangs Inhibin'on, resulring in Srimulation resyj
less ang thick Secretion, ting in Wuch thy,
Secretiop,

Heary bear Increage in hearg bear Decreage in heary
rate, beat ¢, te.
Bloog Pressure Increased b ducing Decreased by dila.

Y re !
the calibre of arterioeg, tion of Aarterioles,

Cons triction

Brancbioles Dilatiop,

Gastri and Noae Stimula!ion

Pancreqy;, Juice

Secretion

Adrenap;, Increases None

Secretion

Bladde, Storage reflex by Telaxa. Vcidx'ng reflex by
i U

tion of bladder wall ang Constriction of blag.
Constriction of spbincter. der y, and rgf,
i inc

Penpjy Ejaculation Erecn‘on
Ilio-coIon Contracn'on Causing Pain Relax, tion
Hajr muscleg Su‘mulated 0 erect hair None

% end,

BALR, Increageq Nogne
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The common stage fright is a similar ph by imul:
of aympathetics, when the person may be literally struck dumb, The pheno~
menon of the drying of mouth in fear, was used hundreds of years back to spot
a thief. The lined up suspects were d with dire if the
thief does not confess ; a small pebble was put in the mouth of each suspect
and taken after a very short time. The real culprits sonte come out dry
whereas all others were wet with saliva, Hercis an instance of sympathetic

inhibition practically stopping the h salivary 1 Simi-
larly sudden of a fearful authority or pl results in urina.
tion, specially in children imulation of the hetic fibres of vagus

can reduce the heart beat in most mammals and completely stop in ihe turtle.



Chapter VI
INTEGRATION (ENDOCRINE SYSTEM)

Fuactional integration of the animal body is brought about
by two means: (1) nervous (already discussed, Chapter Seven) ;
and (2) chemical and hormonal. Inthe first category fall such
functions as: (g} quick adjustment; {8) muscular activities and
correlation ; and (¢} responses to outward environment. In the
second category are paratively gradual functi such as:
(2) growth ; (5) metabolism; (¢) adjustment of tissues and organs
to one another; and (d) functional balanece of all enzymes and
even hurmones themsetves ; all tbese are largely controlled by the
, secreting d hormones,

4

INVERTEBRATE HORMONES
It was only after 1928 that the existence of hormones in inverte-
brates was discovered. This was the finding of a substance for-
med in the eye xtatks of the shrimp, which causes contraction of
the chramatophores and is now found to be true of all crustacea
which can change colour, This is comparable with the first dis-
covery of hormone secretin in the vertebrates, essential for
secretion of gastric juice. In the invertebrates the endocrine
organs are small and different in form and location in the different
The groups in which endocrines have been clearly
d are lida, arthropoda and mel There it
enormous scope for future work in this field.

groups.
d

In general there are two points worth noting in invertebrate
endocrinology: (1) there is a close connection between nervous
system and endecrine system in investebrates than in the vertebra-
tes; (2) iavertebrate hormones are different in chemical compo-
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sition and function from vertebrate hormones. The identifiable
vertebrate hormones in vertebrates are hardly three or four, e. g.
adrenalin, noradrenalin, s in and acetylcholine, if it can be
called a hormone, The injection of vertebrate hormones in inverte-
brates hardly affect their function.

In the annelida the only hormones known (without any
nomenculature) are: (1) an Inhibitory Hormone, preventing
sexual devclopment of immature worm, produced by neutosecre-
tory cellsin the brain; (2} 2 R g Hormone, infl
posterior regeneration in oligoch: and polych Asexual
reproduction and stolon formation in polychaetes is controlled by
another hormone secreted by the proventriculus and not the
brain.

In the crustacea the best known endocrine organs are in the
eyestaiks, the post oesophageal commissure, the pericardial wall
and the sinus gland (enclosing eyestalk ganglia) which are the
most potent sources of hormones, The chromatophores as also
movements of the pigments of retina are controlled by the sinus
gland hormones. Some have demonstrated a dibetogenic .princi-
ple keeping the blood sugar above a minimum, in the sinus gland
hormones. It has also three Mblting Hormones. The Pericar-
dial Hormones accelerate the heart beat. .

The best known invertebrate hormones are those which
control growth and molting in insects.

The main endocrine glands in ingects are corpus allatum,
par: intercerebralis, prothoracxc glands and corpora cardiaca.
The corp\us allatum. secretes an Inhibitory’ Hormosne which
prevents metamorphosis. {Glant silkworm ]arvac & inches jh
length, can be produced by t lanting corpus of young
larvae into the older larvae). The pars intercerebralis hasa
neurosecretion inducing molting and differentiation, and is thus
antagonistic in action o’ corpus allatum hormone, The prothe-
racic glands secrete a Growth differentiation *Hormone
{GDH), which is triggered ofl by another neurosccretory hormorne
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produced in the pars intercerebralis of the brain. In early larval
life the corpora allata secretes an inhibitory hormone called
Javenile Hormone or Status Quo Hormone (SQH), and thus
removal of corpora allata is followed by premature pupation,
metamorphosis and emergence of minute adults.

The queen bee produces a Queen Suhstance (hormone)
which licked from her body by young workers inhibits the develop~
ment of their ovaries. The arrest of growth in some insects called
diapause seems to occur by a hormone from the suboesophageal
ganglia. The Corpora cardiaca Hormone effects the chromato-
phore contraction,

In mollascs, specially in cephalopods and gastropods, hor-
mones have been demonstrated which control the chromatophores
and the development of gonads.

VERTEBRATE HORMONES

The main 8ndocrine organs in vertebrates arranged autero-
posteriorly in the body are: (/) pituitary (hypophysis),
(II) thyroid, (/II) parathyroid, (IV) thymaus, (V) pancreas
islets, (VI) gastre-intestinal muscesa, (VII) adrenals,
(¥Il}) gonadian tissues, and (X} aa anterior accessory organ,
pineal body (Fig. 78).

(1) PITUITARY HORMONES
hanr mA2

Pituitary bas long been called the master_gland of the verte-
brate body {Fig. 79). Usually this gland is divisible into three
lobes, from fish upto man. In mammals the lobes are termed:
(1) anterior lobe, which is glandular; (2) posterjor lobe,
which is smaller and npesrvous; and (3) the intermediate lobe,
consisting of a smali glandular mass lying between anterior and
posterior lobes.

1. Anterior Pitvitary (P/m_-_s_!)istali:) Hormones

These are three in the man iz, Growth Hormopes,
Ganodatropic Hormones and Metabolic Hormoges, GH
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(Growth Hormones) or STH (Somatotropic H )t
il —

Fig. 78. Endocrine, hormone secreting, ductless glands ’

of male and femalc bumans.,
(After Zuckerman)

These act as a direct stimulus to general growth. Overstimu.
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lation (hypersecretion) of anterior pituitary causes gigantlam,
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Fig. 79. Action of the pituitary hormones in triggering
secretions actions of other organs.
while hyposecretion leads to stu.nted growth or dwarfism,
Tnjection of GH stimulates growth in all classes of vertebrates. -

Gonadotropic Hormones: Four main categories of these
hormones have been identified: (¢} the F.S.H. or Follicle
Stimunlating Hormone; {8 _l_&;ﬂ;_yr Luteinising Hormone
(¢ 1LC.S.H, or soterestitial Celf Stimulating Hormone;
togenic Hormone,

{d) P.L. or_Prolactin or Lactogesic Hormon
F.8.H. causes B N .

il iunetac]

ovum. L.H. causer

ame el i~

-is “responsible for

O=y .
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ormation, P,L. or L genic Hormone is responsibl for main-
~ - e TR e
enance of corpus luteum and secretion of progesterone which

e

\ctivates milk secretion.
LVALES i

Metabolic Hormones: They have an indirect action:
() Thyrotropic Hormone stimulates development and controles
ccretion of the thyroid gland; (8) A.C.T.H. (Adrenocortico-
tropic Hormone) stimulates the production of steroids by the
adrenal cortex which activates metabolism of carbohydrates;
(©) N.P.N. (Non-Protein Nitrogen Affecting Factor) causes a
striking drop in the N.P.N. of the blood, which is a diagnostic
test made by injection of anterior pituitary extract. Thus it
accelerates protein synthesis in the body; and (d) Diabetogenic
Factor inhibits pancreatic islands from producing insulin,

2, Posterior Pitunitary (Pars Ngryosa) Eol‘mones

Posterior pituitary secretes the complex hormone called
Pituitarin. It contains two definite hormones: (a}) Pitocin
nataria.

(Oxgocin) ; and {§) Pitressin (Vasopressin):

(a) Pitocin (has an oxytocic effect on smooth muscles of
Y e el 8
stomach, intestine and urinary bladder; but is mosi

marked in the ~aee of wearina smagala ol fo. o

fies postnatal ) c
tions of the - . n "n,
e — 1 >

given to the mother cause intense contractions of

the uterus. It has also been held that the uterine

contraction during copulation for internal transport
NI (’ f%l';F:rms may be due to pitocin,

“(6) Pitressin causes constriction of nearly all blood_vessels
and its effects are: (i) action on the cardiovascular
system, causing a rise in_blood pressure; @) in
mammals however, there is an Anti-diuretic Factor

PIR Ay
Hormone (ADH) present which acts on the kidneys
by inhibiting water loss in the renal tubules i, A

- stimulates water reabsorption in the renal tubules
N
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Extirpation or damage of posterior gmmarx causes uncon-
trolled excretion of large quantities of dilute urine, a condition
known as diabetes insipidus in man, It has been observed
that the anti-divretic effect is controlled by the neuresecretory
cells in the hypothalamus, which respond to the concentraction of
chlorides or other solutes. Obesity can be reduced by injections
of posterior lobe extract ; and therefore obesity in man may be
due to deficiency of posterior pituitary hormone.

According to one view the pars nervosa may not be an
endocrine gland at all, but only a storage urE;n for hormones
(neurosccretions) produced in the supra optic and para ventri-
cular nuclei, from which nerve tracts supply the posterior pitui-
tary. Therefore, instead of only hypophysis, the hypothalamus
has an essential role in the secretion of pituitary hormones hypo-
thalamo-hypophysial complex,

3. Intermediate Lobe (Pars Intermedia) Hormone

Intermediate Jobe which is comparable to the pro-adenohy-
pophysis of fishes is active and important in only poikilotherms,
Its hormone I din (MSH-—Mel Stimulating Hor-
mone) causes extension of p1gmemgranules of the chromatophores
of the skin, producing changes in the skin colour., Its exact
function in birds and mammals 18 not known. However recent
evidence suggests that jt effects md-axliﬂnjymiiin_mg als,

‘The pars tuberalis present at base of pituitary in fishes and amphilua has
bccn shown to produce the ‘W’ substance that concentrates the pigment of the
3 and is thus ic to the action of

J 1% Thyrmd Hnrmoues

The secretien of thyrmd has been called thyroxin, but
it actually contains three hormones, for: (&) development;
(b) growth; and (¢) metabolism. Thyroxin is unique among  hor-
mones in that it is not easily digested and can thus be successfully

administered orally.
{a0) Developmental Factor: The developmental factor is
d iy détnon d in thyroid ised tad-
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poles which preventsthem from metamorphosing into
frogs, and large nine inch long tadpoles can be ob-
tained ed by feeding them on non-thyroid food upto ten
weeks, _On the otber hand tiny tadpoles (with thy-
s - Sy enRT e Al
roid) fed on th_yrcxa tissue are transformed into frogs,
as small as flies in ten days. In mammals this factor
effects normal posmatai aevelopment ; and lack of
thyroid hormones retards sexual and mental deve-
1yroid horm
lopment.
S

(6) Growth Factor: Thyroid insufficiency in_children
results in cretinism, a condition of retarded physi-

cal, sexual and mental developmem ; cretins havmg

aTow B.M.R., low heart beat ra rate, delayed er'_pnon
of teeth and often | deaf-muusm

(¢) Metobolic Factor: This accelerates the B.M.R. and
thus all bodily activities are heightened.

All these three factors isolated from thyrozin centain_jodine
{viz. iodothyroglobulin, di-iodotyrosine and thyroxin respectively).
Thyrold takes up iodine or iodide from the food; oxidises it and
mcorporates itinto a pro!em, thyroglobulin, which is stored in
the gland and then split by a proteolytic enzyme to form thyroxin,

thé_thyr_gg called phthalmic goitre. This can be e;sily
treated by inued administration of dilute p iodide
solution. Hypersecretion_causes _hypermetabolism (by 1009,
up—Graves disease), the symptoms being increased heart beat,
tremors, emaciation and protrusion of them.
secretion causee eratiniagrmn in Ahildran aed ———m A T O
in which the}

of Ambystoma

more can be :

“Thyroxin in L
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. PARATHYROID HORMONES
e e

Parathyroids have been found to take over the function of
thyroid in_an emergency or an removal uf(byrox s. The para-
thyroid hormone called Parafhormone is easlly destroyed by
protealytic enzymes, when given orally, The hormone has the

following six functions :—

1. Regulates calcium level of blood ;

2. regulates inorganic phosphate in blood;

3. regulates urinary excretion of calcjum and phosphate;

4. increases urinary output of water;

5. preserves normal itability of lar appas-
ratus, as removal or damage of parathyroids causes
irritibility, muscular twiching, spasms and finally para-
thyroid tetany and death; and

6. deposition of bony tissues is regulated since an over
secretion of parathormone leads to _have_softening,
skeletal decalcification and may lead to_a_ multiple

i il OB P
fraczures by mm
Parathormone and vitamin D : M of proper
.ot c T Tesobts moe - " " - ners¢ and
i,
- N - ' athormone
.- - lcmm and

phosplmc in the internal environment of the body. Adequate amoants of
vnamm D must be avartable to: the hQrmane to exert ity charactersstic efleciss

IV. THYMUS
—_—

Thymus was thought to be a lymphoid organ for a long time,
but its endocrine nature has been demonstrated recently, Experi-
mental data show that feeding of tadpoles by thymus tissue retards
metamorphosis but_accelerates growth. It is largest in young
animals (maximum size in man at two years age), while in adults

it becomes smaller, Exu’act of thymus 1njected into rats has been
el devel 1t and 1 sexual maturuy.

hown to g P
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V. PANCREATIC HORMONES
The islets of of Langerhans (Fig. 80); secrete the hormone

pancreatic glend
cells

Pangreatic
duct

{slet of langerhans

Fig, 80. Section of pancreas to show enzyme sccretion lobules
and insulin secreting islets of Lanrgerhans.
Insulin, which is a vital hormone ; extirpation or damage of panc-
reas causes death in all vertebrates. The essential functions of
insulin are:

(1) Prevents overproduction of sugar from protein and fat;

(2) promotes storage and peripheral utilizaiion of sugar by

enhancing phosphorylation of glucose, which is 2 pre-
requisite to oxidation ;

(3) blood sugar level is lowered ;

(4) storage of glycogen in liver an

: d muscle js promoted ;
(5) glycosuria (high sugar in urine) is prevenred .
CORTRATER TR In urine) s provented s

(6) the rate of ketone bady formation iy retispnt .
wurdiznd

~

{7) elimination of nitrogen by kidneys is rpdcrv,
Injections of insulin have been found 4 ;

of animl, spechaly i it js diab

create the weight
e

- The chief controlling rz.c:r;.; for

5 . wrretlon of jnsulin aC
(a) stimulation of Xth perye o of insulin

5223 8 omcentration of glew ™
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blood flowing through the pancreas, In short, there is more
secretion of insulin, if there is hyperglycemin (above normal

— vl { uinl. st
blood sugar) and less secretion if there is bypoglycemia (less than

normal blood slfgar)

Insulin is produced by the beta cells of the pancreas, while
another factor Glucogon (some time referred to as a separate
hormone) is produced by the alpha cefls. The action of glucogon
is to increase the blood metabalism of sugar by accelerating phos-

phorylation and break down of liver and muscle glycogen to yeild
Diabetes mellitus caused by lack of lisu-

glucose-1-phosphate.

lin can be treated by t thmuon of insulin, which must be
carefuﬂy regulated 1n amounts To:;)_gvent too miich giucose being
removed. This disappearence of glucose from the blood 15 by

conversion into lactate, farty acids, oxidation 10 C0; and synthesis
1o_glycogen (called four line conversion of glucose).
VI. GASTRO-INTESTINAL MUCOSA HORMONES
(Fig. 81).
The b of the
(not Jarge intestine) play an important role 1n the regulation of

gastro-intestinal enzyme secretion, as also the peristaltic move-
The gastro-intestinal hormones are : Gastria,

h and small intesune

ments of the gut.
Scretin Cholecystokinin, Enterogastrone, Villikinin, Duo-
<crinin and Pancreozymin.

(a) Gastrin: It issecreted by the pyloric mucosa of the
stomach, and is liberated by the action of chemical
substances (peptones, weak acids ef.) in the food
Gastrin is absorbed into blood and carried to gastric
glands, where 1t causes copious secretion of gastric
Jjuice,

{b) Secretin: It was discovered by Bayliss and Starling
in 1902, being the first hormone to be discovered.
Secretin s d by the duodenal on
stimulation by acid (HCl) chyme.
the pancreas and liver through blood causing copious
secretion of pancreatic juice and bile into the doude-

It also augments gastric secretion.

It is conveyed to

num,
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(c} Cholecystokinin: This hormone is secreted by the
muscosa of the duodenum, hiberated by fats and
fatty acids. It stimulates contraction of gall bladder
pouring bile into the doudenum. Gall bladder being

 GALL STOMACH
\ BLADDER

cholecystobinin+

gastynd J

e entro;gasltlne-

Fig. 81. Gastrointestinal hormones which regulate the secretion of
digestive glands. (A plus s1gu indicates stimulatory action
and a minus sign ichibitory action (Goroman and Bern),

absent in elephant, artiodactyla, rat and mouse cho-
lecytokinin stimulates relaxation of the bile duct in
these animals,

(d) Eoterogastrone: It is secreted by the duodenal
mucosd, and 1s liberated by the presence of fats and
carbohydrates in duodenum ; the hormone is conve-
yed 1o the stomach, where it inhibits gastric secretion
and gastric peristalsis. Thus its action is antago-
nistic to that of gastrin. Similarly urogastrone which
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is an excretory product of enterogastrone, inhibits
secretion of pancreatic juice and is thus antagonistic
10 secretin.

{¢) Villikinin: This hormone i secreted by the mucosa of

the small intestine. It promotes intestinal absorption
by stimulating the activity of intestinal villi,

nocrinin: It is produced by the duodenal mucosa
)} b inin: It i duced by the duodenal
and stimul the production of i
(sntestinal juice) by the intestina) glands,

{g) Pancreozymin: This hormone is secreted by the
mucosa of the small intestine. It acts on the zymo-
gen granules of the pancreas and increases the rate
of enzme output by the pancreas,

VI. ADRENAL CORTEX AND MEDULLARY
HORMONES

The adrenal glands, like the other vital endocrine glands, such
as pituitary, thyroid, pancreas etz on extirpation or damage result
in death. Each adrenal consists of two parts, the adrenal me.
dulla and the adrenal cortex. The important hormones secreted
by these glands are: Adrenalin, Noradrenalin and Cortin or
Interrenalin.

(a) Adrenalin: Adrenalin secreted by the adrenal medulla
is released intermittently under direct nervous cone
tral. Adrenalin is know as the Emergency Hor-
mone, since it is secreted in large amount only
during physiological stress, such as fear, pain, shock,
extreme cold and asphy¥ia. Its action §s immediate
and potent (Fig. 82) ; but more temporary than that
of other hormones. A dilution of one part in 400
willion suffices for immediate physiological effects.
Its pricary mechanism of action is to reinforce and
prolong the action of the sympathetic nervous system,
working in conjunction with it, The fuactons of
adrenalin are many:
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(1) Increase the strength and rate of heart beat;

(2) constriction of peripheral arterioles causing a
general rise in blood pressure;

/fﬁgf sirens

atrenstia
released wto b'ood

AL \\
A
72

| /

i o

{’

!
anes heart wereases biood  hier spleca  branchioics popils diate  hair stand
Text rmie  POOSITE uigases ghucow sestracts lax (ot cleas velB 40 eod

wacreasing | JRCTRSNAE
ROB.C couss fisg volume

Fig. 82. Action of the hormoae Adresalin when released in blood.

(3) dilatation of blood vessels of skeletal and cardiac
muscles ;

(4) contraction of the spleen releasing more erythro-
cytes in circulation to carry more oxygen;

(5) more rapid coagulation of the blood ;

(6) relaxation of bronchioles to allow increased
oxygen supply ;

{7) increase in oxygen c ption and
heat production;

(8) glycogenolysis (glycogen break down to Jactic
acid) in the liver and muscles;

{9) relaxation of hepatic sphincter;

(10) elevation of blood sugar level and thus postpon-
ment of fatigue;

(11) decrease the activity of digestive peristalsis and
contraction of the digestive sphincters;
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(12) relaxation of the bladder and contraction of its
sphincter;

{43} contraction of erector pili muscles and elevation
of hair;

(14) dilatation of the pupil, and

{15) increase in secretion of saliva.

(5) Noradrenalin (Arterenol) - This is a second hormone
secreted by adrenal medulla. Its functions are
similac to that of Sympathin (substance produced
at sympthetic nerve endings) and its action has
similar, although weaker effects as adrenalin.

(3) Cortin or Interrepalin: Itis a vitally important hor-
mone essential for life, secreted by the adrenal cortex. Extirpation
or failure of adrenal cortex causes upset in osmoregulation and to
blood volume in the body. [n man this causes Addison’s
disease, which is fatal unless cortin is injected. Its main func-
tions are :

(1) water and electrolyte balance in body Auids through its
action on kidney tubules;

{2) control of blood volume;

(3) control of carbohydrate metaholisem ,

{4) exerts a control over lymphoid tissue (immunity bodies
are released into the blood);

(5) influences the development of sex organs and appea-
rance of secondary sex characters; and

(6) speeds up developmental stages of the animal (hyper-
secretion of adrenal cortex causes such a precocious
development in a child that he may look like an old
person).

Adrenal function is almost entirely controlied by ACTH of the
anterior pitnitary, The adrenocortical hormones are ail steroids,
such as desoxycorticosterone, corticosterone and cortisone. OF
late cortisane is being used for treatment of rheumatoid arthritis

in man,
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VII. GONADIAN HORMONES

Gonadian hormones are essential for the production of germ
cells in both male and female animals; besides which they regulate
the proper development of the reproductive organs, and the deve-
lop of the dary sex ch (in conj with
cortin).

1. Male Gonadian Hormones.—The male hormones gene-
rally called Androgens are elaborated and secreted in the blood
stream by the interestitial cells of Leydig of the testes. Extirpa-
tion of the testes in young animals or in childhood (castration)
Prevents the appearence of secondary sex characters, the individual
becoming a eunuch in man. The main male hormones are:
(@) Testosterone; (b) Androsterone; (¢) Isoandrosterone; and
{d) Dehydroisoandrosterone.

(a) Testosterone: has the following functions :

(1) stimulating the devel of male y sex
organs;

(2) stimulating the activity and maintenance in func-
tional state of testes and erection of penis.

(3) development of normal male body form ;

(4) aggressiveness, voice and hairiness of the male; and

(5) catabolism of fat in the body (specially subcuta~
neous fat).
(6) Androsterone: has similar functions as testosterone *
but is less potent.
(¢} Isoandrosterone: is formed during metabolism and
action of testosterone.
(d) Debydroisoandrosterone : is also an effective male

hormone, which has been jsolated from the urine of
wale mammals and man,
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2. Female Gonadian Hormones,—The female gonadian
hormones are elaborated by the interestitial cells of the ovaries
(like the testes), but other female hormones are secreted by the
Graafian follicles in all vertebrates, and the corpus luteum and
Placenta during pregnancy in mammals, The main female hor-
mones ate: {g) Qestrogen or Qestradiol; (5} Progestin or
Luteal hormone; (¢} Relaxin; and (d) Chorionic Gonado-
tropin.

{a) Oestrogen: is the hormone which produces heat
(oestrus) in female mammals and is secreted by the
Graafian follicles also by the placenta, It has three
important functions:

(1) development of accessory sex organs jn the
female;
(2) maintenance in functional state of the accessory

sex organs ; and
ters.

3) of female dary sex

(6) Progestin: is produced by the corpus luteum in
mammals and comes into play only after implanta-
tion. Its main fuctions are:

(1) preparation of the uterine mycosa for implanta-
tion;

(2) influencing development of mammary glands
(which is later taken over by prolactin of the
pitaitary) ;

(3) inhibition of ovulation and menstruation during
pregnancy ; and

(4) maintenaace of normal pregnancy. Progestin is
also produced by the placenta},

(c) Relaxin: the third ovarian hormone is also produced
by the interestitial cells of the ovary, which increases

It’s main functions are:

in Jate preg Yo
(1) to relax the ligaments of the pelvic girdle, (and



IITITRATION {EXDOCRMYE SyyTead U
Drrefore oow wsed in crvams e relaning spoat
“"“i& )'

{2 o =fen the vapiza or vestidule wo facliae
Bk {Relexin i produced By the ovary
alooay,

{7) Chorionic Gomadotropin: ¥ secretad by plauts
f322. Its main functions are:

{1} to supplament the action of hypophvelal gonade
tropios {FSH, LHH and Prolactin® and it often
called APL {Anterfor Pituitary ILike Now

mone);
. (2) causes corpus lutenmm to persizty and
{3) safeguards the status quo of placenta.

The s2x of 33 animal is nermally genetically determinad, & ¢ whether it
3 going to be a axle or female,  Oa the other hand gonadian houmones have
en shown to affect the sex in amphibia, bindy, and mammaly, - Nbacrmal
econdary sex characters, such as developrent of breasts, reduction n alsa of
testes and penis, loss of hairiness in the male, have been recordad several timer
o man by the introduction of female gonadian harmones,  Only & few years
back in a factory manufacturing female hormone pills a targe number of worken
started loping breasts, with panied pain in the pelide reglon, awd
loss of i This effect of was by mere inhalation and contact
with the fine hormone powder. The workers resmed normabity only alter
months of androgen treatment.  Castrated deer donot geow antters, and no
fructose normally seereted with the semen of hulls and bucly, is formed afier
eastration. Chnnc(cnshtnlly both antlers and fructaee are restored by
injected into rastrated young kangaroos
causes the scrotum in front of the penis to be converted inta typlest Temals
marsupium or pouch.

Androgens and oestragens also play an important part in the
general psychic and cmotional life of Loth birds and mammals,
Thus the maladj between husband and wife may ba
partly due to imbalance in gonadian hortnones,

. A hen may crow, a cock may lay eggs; boys mny bo .changed
into girls and vice versa by operation; and fiecco Lulls tuened into
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The Pituitary Relasing Factor System, located in the hypothala-
mus N.P,O. (Nucleus Prooptics) and N.L.T. (Nucleus Lateralis
Tuberalis) which scerete polypeptides that control the function of the
pituitary gland. triggering release of pitmtary hormones.

Adrenal Medulla, which responds to a ncrvous 1oput by releanng
adrenalin into the blood stream.

Ld

bl

This knowledge of nervous endocrine-co-orrdination has lad the founda-
tion of the new science of neuro-endocrinology.

Hormones are today the prime weapons in combating over-
‘population (the pill); the genesis of cancer, immunological
protection, efe., which have enormous importance for the future
welfare of the world. Hormones should no longer be regarded as
merely chemical messengers in the blood stream; they play a part
in almost every living process.



Chapter IX
INFORMATION (SENSE ORGANS)

All animals find their food, mates, living niches, and avoid
and envir 1 hazards, by a system of special sense
organs or receptors, gathering requisite information. This infor-
mation is fed into the Central Nervous System through the
peripheral nerves to cause the desired reaction. In all higher
animals sense organs or receptors of the body are functionally
divisible into two main categories: (4) Organs of special sense,
limited to the head, such as, for smell, vision and hearing ; and
(B) General sensory system, distributed more or less diffusedly
throughout the body, for perceiving pain, touch, pressure, heat,
cold ete.

Receptors are again locationally divisible into three types:
(a) exteroceptors, receiving stimuli from the external environ-
ment; (5) interoceptors, perceiving stimuli from the internal
viscera, such as sensations of hunger and thirst; and (c) proprio-
ceptors, which are concerned with reception of control stimuli
from muscles, joints and other deep part of the body.

Exteroceptors: These are specialised to receive stimuli
which may be grouped into three main types: (1) mechanical,
(2) chemical and (3) radiant.

Mechanical receptors are of five types: (i) tangoreceptors
for touch and pressure; () phemoreceptors for hearing;
(iii) algesireceptors, for contact pain; (ir) electroceptors, for
perception of electric current; and () rheoreceptors for orienta-

tion in water current,
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Chemical receptors are: (i) olfactoreceptors for smell;
(ii) gustoreceptors for taste; and (iii) irritoreceptors for
chemical irritation.

Radiation (radiant energy) receptors are: (i) caloreceptors
for heat; (i) frigidoreceptors for cold ; and {iii) photereceptors
for light.

Interoceptors: These perceive: (i) appetite; (if) hunger;
and (fii) thirst.

Proprioceptors: These are: (i) myoreceptors for muscular
sense or tonus; (ii) nocireceptors for visceral pain sensations;
and (fii) equilibration and ori ion r 8.

23

A. ORGANS OF SPECIAL SENSE

The main organs of special senses in vertebrates are: nose
for olfaction, eyes for vision and the ears for hearing and equili-
bration,

1. Odour and chemical sense (Olfactoreception)

In invertebrates, insects have possibly the highest sense of
smell, e. g. male moth finds the female by the characteristic scent
emitted by the latter, the olfactory organs being usually situated
in the antennae. In grasshoppers and butterflies olfactory organs
are present in palps and in some flies in the labella, A special
chemical sense is present in some dipterans, bees and beetles,
enabling them to detect water vapour and its gradients. This
serves them to find water from long distances. Such faint chemical
sense is possible due to many odoriferous substances giving a range
of wave lengths,

Most carnivorous fishes and Is are i
(bighly sensitive to smell), such as sharks, dogs and big cats. On
the other hand anosmatic (having no olfactory sense) birds and
ufammals are kaown, ¢, g, toothed whales and most birds. (The
kiwi is an exception and can follow trails like a dog; this may
possibly be due to a non-flying mode of life). Most amphibians,
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reptiles, and the primates including man are microsmatic {baving
a little sense of smell),

The smell stimulus is received by the epithelium of the uppef
part of the nasal cavity and passed through the olfactory nerve
into the central nervous system. In land vertebrates only vola-
tile substances or gases can be smelt. In aquatic vertebrates
(¢.g. sharks) the olfactory organs are large, with their surface
areas increased by a large number of mucous folds arranged like
the leaves of a book. These are cailed Schneiderian folds in
fishes, It has only recently been found that olfactoreceptors in
the anterior part of nose respond to water soluble substances in
the main, while those at the back perceive fat soluble substances.

1fact: ptors 1n Is are the olfactory hair
cells, with their fine haiwrs projecting above the free surface,
which is always kept moist. The Bowman’s glands in the nose
~secrete this solvent which dissolve air borne molecules, thereby
facilitating olfaction, In cats and tigers a special vomero-nasal
organ of Jacobson is highly developed and is an accessory
olfaction organ. Being an invagination of oral mucosa, it can
smell as well as taste the food, perceiving flavour.,

The perception of smell is as much dependent on the sensi-
ty of alfactoreceptors, as on the nature of the compounds
smelt, For ple, a volatile pound, mercaptan, can be
smelt by man ata very low concentration of 4 X 10—1.1 grams/litre ;
on the other haud many well known substances gives no smell

at all.

2, Visual Sense (Phntorecepﬁon)
The perception of light waves is by' special photochemically

active carotenoid pigments (easily obtained from corm(s)., star-

i tazoa, such at Euglena, Phacus and others with an

"“gsff::“ plrz me!z\’zoa, the earthworms, for instance, are sensi-

:3‘}"]"; tr(’) light, possessing definite p'hum., N r'No ;Iﬁg:iw ansp u;:

lens-like structures for concentrating lig 4:. e.! i

formed in eye spots ©OF simple pho(or‘g:

brates to form an image are polychz

tivi
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containing emmatidia in their compound eves. Besides, true
<€yes are found in molluscs and vertebrates.

Light waves initiate in the neurons of photoreceptors, a
photochemical reception, which in turn initiates suramation and
discharge into the ive nerve fibres. The veriebrate eye
is highly sensitive to the photochemical reactions involved and it
isclaimed that even 5 light guanta may 1nitiate such a dis-
charge.

The eyes of vertebrates, in general, respond to a small part
of the electromagnetic spectrum, with wave lengths ranging from
380 to 760 mullimicra (visual light). The human wision ranges
from 397 to 723 mf* and is most acute at 510 mg. The infra-
red detectors of snakes, with which they find thewr rodent prey,
donot lie in the eyes, but in a separate pit near it. It is
sensitive to infra-red rays from 1.5 to 15 #. In a sunilar cate-
gory may be placed the special sense organs of many invertebrate
parasites, such as bed bugs, leeches and ticks, which make a
beeline for the warm-blooded host. Ultraviolet waves are, on
the other hand, perceived by planarians, and the water flea
Daphnia. A sensation of light 1s also produced on the retina of
man by X-rays.

The main problem of photoreception can be underlined
under two heads ; (f) petipheral mechanism; and (i) the central
mechanism. The initial event in the process of vision is a photo-
chemical reaction in the retinal cells. The mammalian eye con-
tains a rose coloured ph h
{visual purple). Itisa chromoprotein with a caroteniod as the
prosthetic group, Rhodopsin is produced in darkness and breaks
down rapisly in light into a yellow pigment retinine (visual
-yellow or vitamin A aldehyde) and a protein scotopin. If
one remains in the dark for some time, rhodopsin is completely

regencrated and rods become charged with it; if one goes out
into the bright sunhght, the breakdown is so quick that if he
returns to a shaded room, he perceives darkness, This breakdown

and 1ts prod imulate the nerve endi of the bipolar neu-
zones of the retina.

lly active pi rhodopsi;
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The photochemical cycle can be expressed as follows:

. Light
Visual purple-——————~— Transient orange

h
(RhTodcpsin) H {Lumirhodopsin)
II Vitamin A |
!
Vitamm A N | Light
+ N |
I ~ i
| i AN |
Light N
Visual white « - ———-——— Visual yellow
{Retinene)
Scotopin

For the resynthesis of rhodopsin, vitamin A is essential.
(Fresh water fishes have another vitamin A, vitamina A;. It
takes part in a similar photochemical cycle, the pigment corres-
ponding to rhodopsin being called porphyropsin). Vitamin A
deficiency results in “night blindness (nyctalopia); a person
suffering from this disease may require hundred times the light
intensity as he would with normal eyes. Night blindness is cured
by high vitamin A admunistration (as for aeroplane pilots).

Nocturnal animals can see at night and have strong vision in
dimlight, Thisis due to a special sensitiser layer in the choroid,
called tapetum lusidum, which also causes eyes to shine in the dark. In
addition to tapetum, night vision eyes have two other modifications :
{a) greater photosensitivity of the retina, duc to a large number of
rods ¢ (b) presence of a slit pupil instead of the round pupil of dlurnals.

Colour vision: Colour vision and the perception of bright
light is due to the cone cells in the retina (Fig. 84), containing
another pigment iodopsin (rod cells perceive noncoloured and
comparatively dim light). Animals such as sharks and primitive
fishes, rats and mice, with no cones in the retina, cannot discern
colours ; whereas vertebrates from some bony fishes to man have
an increasing number of cones in the retina (about 115 million
rods and 6.5 million cones in the human eye). The yellow spot
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colo.ur blind people) who have two photochemical substances; as
against the normal trichromats, with normal colour vision and
three photochemical substances,

The visual pathway (Fig, 85) consists of the chiasma,
formed by the discussation of some optic nerve fibres. Fibres

nglios cells
io vetina

optic verve, optic chiasma

ateral genicalate
bedy
opvisual
” fibres

optic lobe

Fig. 85. Route of the optic nerves {the visual pathway),
(After D*Amour)

from the right half of the left eye cross over to continue as the
right optic tract into the occipital lobe of the brain, Simi-
larly fibres from the left half of the right eye, cross over continue
as the left optic tract with the fibres from the left side of the left
eye. Thus the left side of the occipital lobe perceives the right
side of the visual field and the right side of the occipital lobe
sees the left visual field. This causes righting of the image

formed,
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3 Photoreception ang Equilibration

Sound is transmitted as waves of compression and depreﬂfon
of varioys media, and bearing is the reception and interpretation
of this stimylys,

Among invertebrates sound perception has been studied in
grasshoppers, crickets, cicads and some moths, These haz/e'an
auditory organ in the tibia of each front leg, essentially consisting
of sound sensitive cells covered by a thin membrane. Grass.
boppers have 5 sound perception ranging from 430 to 90,000 cycles
Per second, while some moths can listen upto 80,000 c., P- s
Souad Perception in animals is an attracting device for mating,

Wdentifying own species and enemies through ultrasonic echolo-
cation,

VERTEBRATE EAR

Sound travels faster in a denser medium (water) and glcuey
{aa rare medium (air). Therefore though basically ¢, z22lnry
Ofgans of vertebrates conform and work on the same princigley
(s0und perception by internal car), higher land verstigs: hage
evolved supplementary organs for sound amplification, ¢ uetiom
and transmission (external and middle ear),

INTERNAL EAR

The essential organ of hearing in ai{ YRt I the Inter-
mal ear, consisting of : (i) membrangs, Eliorrtneg (2 resmicir-
cular canals, a utriculus, a saceulys, T tamgaly 5 ozt
cochlea), and (ii) bony labyrinth s} P thy ppem iz
ous labyrinth.  The space betvery g3, ,,, FLLEAL fo filfad 2™
a fluid perilymph, while tndo]]n:;f, <rup
branous labyrinth,

e

L within tke =
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small ducts. The organ of Corti with receptor hair cells lies
stretched on a taut basilar membrane.

fenstra_ovalis
vestibular membrane

scala vestibuli
scala media

feostra seala b oGitar
votunda. tympant  pembrane

Fig. 86, Transmussion of sound m cochlea (inner ear) (diagram~
matic)  Arrows adicate the path of vibrations

Fishes have no cochlea, but the macula of sacculus can
perceive sound. In Ostariophysi there is a chain of Weherian
ossicles, which are the modifications of first four vertebrae.
These extend from the sacculus to the air bladder and transmit
sound waves amplified by the air bladder.

In amphibia the cochlea is absent and is represented by
lagena, a projection of the sacculus, There is a single bone,
columella auris in the middle ear for sound transmission,

Reptiles have a small cochlea and one columella auris, Snakes
have no tympanum at all and the columella is attached to the
quadrate, Therefore snakes are deaf to sound waves transmitted
in air; however they hear large amplitude sounds which reach
them through the ground. Birds have a definite though less deve-

loped cochlea.
Hearing (Fig. 87) : The external ear (in mammals) amplifies

the sound waves, leading them on the tympanic szmbrane and

vibrating it. The induced vibrations of the tympanic membrage

are itted to the membrane of the fenestra ovalis (oval
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window}, through the ear ossicles, where they cause vibrations of
the same frequency. Vibrations of the fenstra ovalis membrane

semicireular

tymparum camals

tlecteic bell

sooad  waves

evlerna
2uditory meatus
Fig. 87. Diagram to jllustrate heanng 10 man.

cause vibrations in the perilymph of scala vestibuli, basilar
membrane, scala tympani and fenstra rotunda (round window),
setting up a vibrating system.

On the basilar membrane rests the hair cells of the organ of
Corti, which stimulated by vibrations send impulses through the
nerve fibres of the cochlear branch of auditory (VHI) nerve,
These impulses are itted to the ic area in the tem-
poral region of cerebral hemispheres, which produce the sense
of bearing.

Perception range of different vertebrates varies: for man it is
from 16 to 20,000 c. p. s. ; and most sensitive at 2,000 c. p. s.; for
dog upto 30,000 c. p. s. ; while bats produce and perceive ultrasonic
upto 100,000 c. p. s. Thus bats and dogs hear high pitch sounds
inaudible to man.

The ability of vertebrate ear to perceive the intensityof
sound depends on wave frequency. (Insects on the other hand are
more sensitive to sound phase rather than pitch and tone. The
direction from which sound is coming is determined by the phase
difference obtained by the right and left ears, depending on the
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distance difference which the sound travels to reach the twoear
drums,

The acuity of hearing in mammals possibly depends on the
form and number of spiral turns in the cochlea of various
mammals. The spiral turns are : platypus, 3; whale, 13 ; borse, 23
rabbit, 2} ; man 23 ; cat and dog, 3 and some small rodents, such
as squirrels, rat, and mice, have 5 spiral turns.

Sound has two properties, loudness and intensity, which
are at times confused with each other. Loudness is what is heard
as auditory sensation, while intensity is a phvsical term expressing
the energy or physical power of the sound waves. Intensity of
sound is expressed in decibels (a decibel being one tenth of het
which is the logarithm of the intensity of sound as compared 103
sound which can be just heard). The rustling of leaves in a breez¢
has an intensity of 10 decibels and a loud peal of thunder, 70.

It has been established that the inteasity of sound affects a man
adversely, if it is above 100 decibels. Above 150 men become restless
and canaot concentrate Sounds above 200 decibels ia a confined $Pace
will turn most men insane within some hours. Exposareto constant
high iat:nsity sounds produced by the everyday activities of moders
civillsed man has been termed noise pollution. It is a serions probles in
the industrial citics and tows of the world, Efforts are being made
by U. N., UNESCO and other organisations to reduce, if not eliminate
noise pollution which affects the health, mentality, longivity e of
modern man, cractly as air and water pollution does, On the other
hand a low decibel masic has been found to affect map, cattle =68
milel animals, beaificially. The man relaxes cattle fatten and milch
cattle yeild more milk,

Echolocation in Bats (Fig. 88): Small bats (micmchiraptcra)
have been found to emit short bursts of ultrasonic sound waves
(inaudible to human ear), upto 100,000 c. p. s. The reflection t.ﬂ
echo of these waves give them the location of solid objects in their
path, such as obstacles and prey. A bat can avoid a maze ©
strings, stretched across a room, even after being blinded. The
incident sound is generated by vocal cords and reflected waves

teceived by ears.
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EQUILIBRATION

Tn most invertebrates studied, the reception of sound waves
and the process of maintainisg equilibriut are not functionally

Fig. 88. Echolocation in bats {the insect is located by means of
reflected sound waves (dotted curves) (After, Griffin)

connected, But in vertebrates the two functions are mainly
carried out by ears which may be called Stato-acoustic organs.

Some protozoa react 1o gravity, ¢. g. Paramecium positively
and Englena negatively, and perhaps possess some sort of geo-
receptors, Coelenterates and most arthropods have statocysts

for maintenance of a constant position with respect to earth’s
gravity.
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Essentially, these are hollow chambers with sensory recepir
cells on their inner surface, The chambers contain saod O
calcium carbonate grains (secreted or obtained from outside)-
These grains called statoliths are comparatively heavier thad t.he
surrounding medium. When these grains come into contact with
sensory cells by a change in position, the nerve endings are stimu®
lated. These start reflexes causing the animal to orientate i.'SElf
with regard to the force of gravity.

If the statocysts of a jelly fish are damaged, the animal i5' no
longer able to right itself and floats in an upside down position.
A moulting prawn if provided with iron powder instead of sand
incorporates these into statocysts. It can then be forced to swim
in any position by the manoeuverings of 2 magnet.

Semicircular canals with their ampullae are the main organs
of equilibration in vertebrates, These canals are placed at right
angles to each other in three planes, Hag-fishes have only 00
semicircular canal and lampreys two. They have thus got ont
plane and two plane ears, perceiving one dimension and two dimen-
sions respectively, as compared to the three plan¢ car of othet
vertebrates, sensitive to three dimensions. Patches of delicate
hairy cells supplied by the vestibular branch of auditory

P
nerve perceive stimuli caused by any movement of the endolymph-
Calcium salt

Each sensory patch is termed crista ampullaris.

concretions, called otoconia or grains are present, attached ta the
receptor cells, particularly in land vertebrates. They bave 2
function similar to those of invertebrate statocysts. As the three
semicircular canals are in three different planes, the combined
stimuli received by the ampullae allow detection of any positioﬂzl
shift,

In order to prevent the upsetting of this highly sensitive
apparatus by ordinary small body movements, semicircular cfﬂ}""[’
are lodged deep in the temporal bone. However, equilibration
mechanism is nat solely dependent on semicircular canals alone-
Eyes, pressure receptors and proprioceptors also contribute to the
maintenance of equilibrium and orientation.
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B. GENERAL SENSORY SYSTEM

Taste (Gustoreception) 1 The sense of taste possibly origi-
nated asa reaction to chemical stimuli, such as the positive response
of Amotba to food or weak acid; reaction of tentacles of sea
anemone to proteins; Jelly fish response to lipids, fats etz. These
can be termed general taste responses. However, in inverte-
brates, definite taste organs appear first in the insects, e. g, the
Cockroach on the labial and maxillary palps; the bees and wasps
on the antennae, butterflies and flies in general on the tm:sx.of
legs (leg taste). Experiments have shown that insects can distin.
guish between acid, alkali, salt, sweet sugar and bitter quinine.

In the lower vertebrates, fishes, frogs and toads appear to be
poor in taste, although copious taste buds are present in some
fishes, such as loaches and catfishes, on barbels. The tongue of
frogs and toads responds to only salts and acid. In the hig)fer
vertebrates taste buds (Fig. 89) ; are highly organised on the specia-
lised tongue and buccal cavity. The taste buds in human tongue

taste cetls taste hairs

connective "~ LA ey
tlsue "> (] ¢ A =
nerve fibres —Zi~o=

Fig. 89, A taste bud in section showing taste cells with taste hairs,

are distributed in four primary taste areas, for the tastes of sweet,
sour, bitter and salty. A sense of sweetness is sharply localised at
the tip of the tongue, saltiness along margins; bitterness on the
posterior region and sourness chiefly along the edges. Taste or
gustation is the perception of dissolved materials_ by, taste buds,
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Many tastes are not tastes at all, but a sense of touch, temperature
and pain, such as the bite of the ginger, the pepperiness of pepper
and heat of chillies, Others again are not tastes but smell, which
can be seen in a man suffering from acute cold, to whom nearly
everything is tasteless.

Some tastes cannot be sensed at all by some people, ¢. &
solution of one in 100 thousand phenyl-thiocarbamide (a harmless
substance) which tastes bitter to most people is tasteless for others.
In experiments 65.5%, people reported the substance bitter ; 28%
tasteless ; 2.3% sour; and 4.29 some other taste.

The nerve fibres for taste from the anterior two thirds of the
tongue pass into the VII (facial) cranial nerve; those from the
posterior third go into the IXth nerve (Glossopharyngeal), There
is a salivary reflex, for which the sense of taste is the chief sensory
component,

Pain (algesireception)

Pain is felt through definite, specialised free nerve endings
called algesireceptors. Pain is caused by excessive stimulation
of the nerve endings by too brilliant light, high intensity sound,
contact with acute cold, scalding heat, acute pressure efc. These
pain impulses are perceived more acutely by massed free nerve-

dings, the i ors, concerned with injuries (Fig- 90)-

Inlarge ber of invertet the skin is p d by chitin,
cuticle, shell ete., which reduce the chances of warning pain, and
thus algesireception in these skins is poor. Similarly, fishes and
reptiles with protective scales have also less algesireceptors.

In higher vertebrates numerous algesireceptors are present o
external skin and other exposed parts of the body. The pain
impulses can be perceived by the emtire C.N.S., there being
specific areas in the brain for pain responses alone (as also for
touch, pressure, heat and cold),, similar to ones which exist for
sight, hearing, smell and taste.

Touch (Targoreception)

Tangoreceptors are of two kinds: (a) thigmoreceptors or

tactile receptors ; and {§) pressure receptors.
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Tactile receptors are in the les of coel ates,
skin and tentacles of annelids, antennae of arthropodselc, In
vertebrates tactile receptors occur extensively on most parts of the
skin, being closely spaced on the face, palm or surface of hands

pain touch pressure beat

cold

SRR T

aciman ruffiors  kragse's
free nerve  meissner’s P
¢rdings corpuscle  COrpuscle  corpuscle  corpuscle
Fig. 90. of the skin-receptors for

Di . .
pain of touch, pressure, heat and cold,

and feet and tips of the fingers. This distribution can be felt by
touching a finger tip at two points, only 0.23 cms apart, giving
separate sensations of touch in man; whereas on the back of the
bedy we can feel separate touch sensation only at and beyond
6.7 cms. If the distance between two touch points is less than
6.7 cms only one touch sensation is produced. The touch recep-
tors are special Meissner’s Corpuscles (Fig. 90) in the dermis,
supplied by nerve endings.

When touch is sustained beyond temporary contact, it'is
interpreted as pressure. Pressure is sensed though specialised
Pacinian Corpuscles (Fig. 90) in the skin. These are located
more abundantly in places where they usually come into contact
with external objects. Thus the knee in man is more sensitive to
pressure than the thigh ; the friction areas of hands and feet much
more than the scalp; and the concave surface of the prehensile tail
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of Chameleon and Langoor monkey more than the convex
surface,

Pacinian corpuscles are present in the labia mafora of
females, for pressure. Besides these special end bulbs (Fig. 91);

fed
Couvolt;
eylinden

Fig. 91. Sensory end bulbs for pressure @
A—From hdman efitoris
B-~—From buman glans penis.
{After Das)
for pressure and extra-sensation are abundantly found on the
clitoris in female and glans penis in male, stimulating orgasm
and ejaculation respectively,
In some fishes the barbels around the mouth contain numerous
T ple in catfishes and loaches. Awphi-
bia have touch T on b of the tongue as
well as the skin, Reptiles have a highly tactile tongue, which in
snakes is seen as protrusible, forked and continuously flickering in
and out of the mouth. In general tangoreceptors are absent in the
scaly skin of fishes and reptiles, These are more abundant on the
base of oibrissae, with which burrowing and arboreal animals move
with ease.

hi ors, as for
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Heat and Cold (Thermoreception)

There are two types of thermoreceptors, viz. Caloreceptors for
heat and frigidoreceptors for cold. Ruffini’s corpuscles (Fig. 90) are
responsible for heat perception. They lie deeper in the skin and
are less numerous than the cold receptors. Hot temperature is
registered by the caloreceptors, but at a lower point they handover
the reception to frigidoreceptors for cold. Frigidoreception is by
specialised Krause's corpuscles (Fig. 90), which lie interopersed
between the less numerous caloreceptors.

Caloreceptors are practically absent from the front of eyeballs
and are abundant on the face, hands and feet. The hot or cold
effect is dependent upon the number of receptors involved. The
total effect of warmth or cold, for example is different if an ex-
ploratory finger is plunged in hot or cold water, than if the whole
hand is submerged at once. It is peculiar that the calo-and
frigidoreceptors are so specialised that even if a hot needle is placed
ona frigidoreceptor area, it will produce a sensation of cold and
if a cold needleis placed on a caloreceptor, it will produce a
sensation of heat,

It has been estimated by mapping of certain regions
that in the entire skin of 2 normal human adult, there are present
4 million algesirecep 5 hudred th d tangorecep 5 hun-
dred th d thi eceptors, 30 tt d cal ptors and 250
thousand frigidorecep Algesirecep therefore out ber all
the other receptors of the general sensory system. If this were not
50, animals would hardly be able to live, nnt capable of perceiving

iding or ove ing the diffe ! hazards, for
pain is a protective reaction in animals from amoeba to man.

[o] P pti (Rh jon): Rh are
entirely absent in land invertebrates, But four general kxnds are
recognizable in fishes and aquatic amphibia: (1) Lateral line

organs (2) Scattered pit organs, (3) Ampullae of Lorenzini and
{4) Vesicles of Savi,

Lateral line organs are found in cyclostomes, sharks and rays,
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most bony fishes and in some amphibila. The functional recep-
tors in the lateral line and special neuromast organs arranged ina
line sunk in the skin, on eachside of the body, each made up of
cells with sensory hairs embedded in a gelatinous matrix—the
cupula (Fig., 92). These are not able to receive current stimuli,
but also pressure of the water column above it and water pressure
against solid objects at a distance. They can therefore be termed
as distant touch recoplors.

The pit argans are isolated neuromasts sunk in the skin in
separate pits, in some fishes, Agitation of the water of pressure
perception is their chief function.

Ampullae of L ini are found abundantly in the skin of
the head and snout of cartillaginous fishes. Each ampulla consists
of a group of sensory cells and 2 tube with an external opening
containing sensory hair. Their function js to perceive pressure
and rheorecepti Vesicles of Savi are abundant in flat fishes
such as Torpedo.

‘With the help of all these receptors, fishes are enabled to
steer in water currents, even in darkness or in turbid waters, when
no landmarks are visible and this maintain their position by swim-
ming against the current or in some cases away with the flowing
tide or current. They also help by distant touch in making a fish
aware of approaching enemies, Jarge prey and obstacles in their

path.

Interoception
Appetite, hunger and thirst are sensations associated with
interoceptors in the digestive system. No dustinct receptor organs

have yet been ted for interocepti Appetite, hunger

and thirst are the three-primary caused by i ptors.
Appetite is a pleasant sensation brought about by int?mal
changes and reflexes, as 2 result of such external stimuli.as sight,
odour, o taste of food. Hunger, is an unpleasant sensation often

confused with appetite, It is the result of nutritional poverty in
y systems, and pot

blood affecting i ptors in the
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due to muscular contractions of an empty stomach as wsually

supposed. Thirst is also an unpleasant sensation, due to increase
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body. Thirst is not due to the mucous lining of the throat, The

animal to replace the lackof water in blood and the tisu
entire body cries out for water.

in osmotic pressure (Salt content of the blood) this com;
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Proprioception

These are definite sense organs closely related to pressure o
onesort or the other, through muscles, Tendons, joints, pesitios
of the different parts of the body etc.

These do not produce well defined sensation, but are con
cerned with the so-called general kinesthetic sense, Proprioceptior
can be seen in mechanisms of complicated acts, such as walking
skating, cycling, typing. tis primarily responsible for the feeling
of posture and equilibrium in ali vertebrates. In sompambulas
tion {sleep walking) the man balances and walks with his eyes
closed without falling, with the help of proprioceptoss.

Proprioceptors are therefore myor
equilibration and orientation feceptors.

P and aocireceptors,
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REPRODUCTION

Reproduction, in its broadest sense is the survival of the
species rather than the individual. A deﬁnmon n_is difficult but 2
close one would be_the production of an '\'1'
is_in_some way a different individu .l 1:
which _gave rise gave rise_to it. Reproducncn inoani 1o
into asexual and sexual. Asexual reproducticn is commoner
in the lowest animals ¢. g. Protozoa, Porifera and Coelenterata,
althuugh a vast majority of them also show sexual reproduction.

- ASEXUAL REPRODUCTION

Asexual reproduction is wide spread in protozoa and occurs by
three mechanisms (s) binary fission, in which the two daughter
cells are equal in size, the plane of division being transverse
(Amoeba, P. ium), longitudinal (Eug} Vorticella); and
oblique ( (Opa]ma), (6) Multiple fission as seen in sporogony and
SChleguny in sporozoa (Plasmodxums) and (¢) Budding, com-
mun in many Pmlozoa, e g. Vomcella (specxally in Suctoria

(R

or more cells ﬂoar tonether "and fuse (co:gpound larvae of sponges)

R L R
R d

In the ciliates binary oot e
l‘cnﬁntion of the parent "
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3

redifferentiation occur_in regeneration of amp
. ar0an. I
parts, while_many Ectoprocta and Tunicata become dedifferen-

tiated, with reduced bodies under adverse conditions, and under-
reconstitution (restitution).

s,
o

&,’,‘S'( Sponges and hydroids also have a remarkable capacity of
“Teconstitution of separated parts which reaggregate and producea
functional organism, A~~i=er ohie n cansmmnn s a Hudra,

" durelia, _sea-anemone, )
+{Chaetogaster) have
Pttt

- . _ . " example Hydra Schypho-
stoma ot dureud, awviae transversely, on the other hand sea-anemo-
tnes divide longitudinally.

n

In Convoluta, fragmentation appears to be the normal me-
thod of reproduction, as also some fresh water oligochaeta (Naias,
Elosoma efc.). Here division takes place at a definite fission
zone ; where several new segments are interpolated and reconsti=
tuted, only after which fission takes place. The axial gradients (first
demonstrated by child are so arranged that even if 2 chain of
many parts is formed as in Naias it swims about as one individual
until just before separation, In many Polychaetes there is regu=
Iar asexual reproduction by spontaneous fragmentation into short
Iengths, the anterior end of each fragment forming a head, Tbe

T s © et syllid poly-
LR - . . e fission and
- . separate 10
form sexual individuals (Syllis Lemésa) Corals_grow rapidly some-
tiwco onies by repeated longi}_ud_wL fission of polyps
nghed and secrete new skeleton,

In_sponges budding isa specialised one, by g
This 1s almost like vegetative reproduction in plants
the gemmae_may remain_attached and result in huge sponges.
However in adverse conditjons, the gemmae separate, form hand

cysts éalled gemmules Hydra is specially amenable to budding and

Texcept that
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secondary_or even tertiaty buds_may be produced, when_food is
plentiful,
har T I
Siphonophora, amoeng Ci ata have a characteristic diffe-
renuauon of the buds into_zooids with different functions, all
"\c‘ .y e .
staying together as one organism, exhibiting Kolymorghxsm
(Physala, Halistema), Diphyest. In these the zooids are differen-
tiated ir_xto pnumatophore_(floats), E{i"_"ﬂzPOid”. dﬁylozooids,
gonozooid etc. -

The compound ascidian (Clavellina, Botryllus Doliolum etc.)
all form bollow stolons containing blood vessels out of which a
series of buds appear, which in Doliolum become differentiated
into three types; the feeding gastrozooids protecuve dactyl-
zooids and reproductive genozooids. ~

SEXUAL REPRODUCTION

Sexual reproduction is the rule-in all multicellular animals,
begmmng from sponges. !he evolution of sex has playedakey
role in the diversification of the ammals The first sexual processes
are seen in the protozoa (con_]ug—a’(;on in Paramecmm) in which the
comWMu muclear ‘material.

" o = three processes of iso-

ninany ol _these asexual

. alternation of genera-
tions). T T

Tho aesamnn e - donm
L atic
. Too. ng
s S g Pewusced
by the male and female respectively). These may however be
formed in the same individual (hermaphroditism) Volox iy s herma-
phrodite and the sperms and ova of the same_ind ual form
zygotes, which develope into daugh lonies within le parent
calonyTand these in turn, may W\Dmes.
Hiﬁphmditisms Hermaphodism starting rom this origin
of yolvox have evolvedinto a N___...*__f‘\:;_"" which both
T e
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male .and female gametes are praduced . by.the same_individual.

In _ most_however, cross | fer ilization_is_usua]_due to protandry

{male gemetes maturing earlier e, g. Oxsters and Herdmania} or

Prm‘.ogyny @'emale gametes maturing ﬁrsl)_xu'c]ostome My-

xine and species of sparoidea and serranidae are invariably herma-

phrodmc amongst fishes, Myxine being protandrous. The eggs

dyxne being protandrou ~ET82

and sperms are produced ,m;differe_m‘_aga\s_o_f_(he same gonad

without self fertilization being obligatory except in the cypriondont

szulu: Whlch Is a self femlxzma hermaphragjte. The eggs of

o are usually..fextilized in

- “olychaeta and Echinoder-

2O B0 S

s _and trematodes leeches

althuug  have mﬂlzanon ‘MWOOM’
The_ arthropods and molluscs have copulation and_ferti

ane
before the egg mSIKeH in tbe vertebrat umsexual..

Sex Reversal: Although maleness and femaleness are charac-
SR AR Al e Tnen R A,
(enstxc of sexual dxffer iatio umsexual ammals, strange cases

old hen becommg a cock, andaboy turnmg intoa’ gu‘l (m e

toad the male regu]aﬂy turns later i mto 4 femals the Bidders ‘organ
gt o L

at the antenor end of testls actmg as a IUdlmemary,ovary)
‘ M toro fmevot~f Bewcllia, in which the

fem ) " . vmm long Here

the thch Tive away
e 5

and 1 mmmalwm com -

But l Tt Tasrnoe?

probc . . .

finall .

les of ¢ 1we

faml[y Calyptraeidae are
animals ; the young are small males which remain anached toa
female with their long copulatory Phallis reaching the seminal
receptacles of the much larger female. This is followed by a tran-
sitional stage in which the animal grows in size and undergoes sex
reversal. _The Phallus becomes absorbed, female genital ducts
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fertilization) the allators lives the interior of the Porous Cal-
careous shell, acting as a respiratory organ. For nutrition of the

Immature
follicle
e

" -
follicle

ovalation : release of pvum fegq)
B e e AR

Fig. 93. Stages in the develapment of Graafian follicle and
ova 1z mammals

embryo the egg (which is a.single cell, the largest such animal
cell being the egg of the Ostrich)_contains white yolk, yellow yalk

and albur
In mammals a layer of folhicular_cells_surround  the_ovum
{Graafian follicle) inside which are thg_‘V_itgllineNmirgp_gﬂwﬂle

zopa pellucida. At ovulation, the Graffian_follicle ruptures and

its walls become folded and vascular_to_form an endocrine organ,

the corpus luteum (Fig. 93) ; which secretes the_jmportant hor-
mone Pr The_follicle cells themselves secrete the

follicular hormone called Oestrone.

The mammalian ovary has the functions of :

(1) egg preduction (Fig. 95);
{2) elaboration of follicular hormone oestrone;

(3) production of a luteal hormone progesterone ;
e e e et e D
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{4) ovulation, often conditioned by coitus, and stimu-
lation of female organ;

(5) bousmg and nourishing of develaping young (FaHzcu!ar
gestancn intraovarian in Gumubrma fish; and

(6) thg_‘ov_a_x:y‘ also acts as a food_store,.singe thg{ev_ is
JSollicular atrecia (as in most fishes, in which mature ova
are resorbed as food).

The ovarian hormones control : (a) the secondary female sex

e iy
ch , (5) the developmer and maint e of accessory

reproductive organs; 5 (¢) the, Oestmus and menstrua] cycle ; and
te ones, uterus,

d) mternal changes in mammary glands, pelvic |
cervxx m. (an 94).

mammary glands

Fig. 94, Production of ovarian hormones and
accessory reproductive organs, and
also sccundary sex characters,

The Sperm and the Testes ,7/4!"9 u/&"'}“_’;’lﬁ_’_’._
Spermatozoa, are formed from the germinal_epithelium of

the testes, each consisting of a head, neck and a tail (Fig. 95)
——==ndy SACh consis ety

(the crustacean and echmoaerm sperms however have a large

head and three ™ ° R

This §s '
re‘JEL_W '
spevms.  Their_activity is .due_to_certain _phospholipids which
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breakdown giving them the _energy for locomotion, A sper-

matzzoan isa mmlﬁg_f_x_'actmn of the egg in volume in man the ratio
P Aol

Jfrﬁ

yolky cytoplagm <+

B em
=
Fig. 95. The sex cells in humans s
A—Ovum
B—Sperm

is about 1: 195 thuusand but some ﬁshe: (cod ﬁsh) may produce
5510 thousand, es six million egg
T&ﬁs: Testes may be compact (cockraach) or tubular
des). 1In the verteb testes el branchs have am-
pullary testes and in "the higher vertebrates testes are empact
structures formed of lobules, each lobule containing convoluted
iferous tubules in 1;
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Aundragen: Producing endocrine tissue has been recorded in
the testes of all vertebrate animals. They are of three types t—
(a) Interstitial cells;
(8) cells of Leydig, and
(¢} lobule houndary _cElls_ in the walls of seminiferpustubules
(sp'egi'al_l.y_ir_\‘_ﬁshcsl.
The testicular hormones_control: (4) stimulation for l’.’i"e'
ness; (B} development of accessory ;_reproductive organs (Fig. 97);

seminal  vesicles

vas deferens

penis

Fig. 97. The fully developed male reproductive organs in
maa coptrolled by testicular hormones.

and (¢} conformation of the male body; stimulation of the imale

ot Ll.the, mal
organs,

REPRODUCTIVE RHYTHMS_AND
~~BREEDING SEASONS
T Taenet : - o -
both_v - -
shed
Thytoms,
factors,
induces [
ha;dg;(-)y:'- .
sh-g\g!qding of -
ductive ,xh):

Palolo worm of x\\lanticj' oxIiE 2 remarkable rhylthm confornlu
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to lunar thythm. These worms swarm during a limited period,
from thelastquarter of Juneto July monsoon : During this time tails
of the worms separate which from the main tubiculous bady i. ¢.
the tails constituting the swarms liberate gametes before they die.
Some molluscs and sea urchins also exhibit a similar spawning

lunar periodicity.

Most_vertebrates exhibit regular breeding seasons. Burds
are very sensitive fo_seasonal and Tight periods. Their testes are

subject t0 great seasonal variation, enlarging in size, in_the bree-
ding_season (usually - © 1. LIRSS D PR b
non- breedmg season * . o . [

is due to Light effect

through the optic, Hypophysectomy may result in resorptmn of the

eggs:

(1) Fishes show a remarkable breeding season by light and
temperature 3
(2) Frogsmay be induced to spawn by artificial light,
even in December ; and
(3) Birds and Reptiles have a seasonal reproduction and
many snakes have been found to have an anaual cycle
of many enlargements of testes and spermatogenesis.
Reproductive rhytbm is stxn more xmgortam in mammals,
in which both * 7 at
the same time. 2l

marked in the
Ovulation in almost all mammals occurs during the period shortly

before or shortly after birth (exceptions are the armidallo and a
few lower Primates). Surprisingly oesle!‘u! accurs on]y aﬁer

copulation. In some mammals
tion occurs_about ten hours af

these is at the top of the fallopian X
itis u:ugljy in the lower part. The nmplext sexual rhythm in mam-

mals durmg only one season of the yrr ye n-~; ,
‘occurs during § pring. However t}',
tivara, Carnivora, Rodentia and n\

s

M



REPRODUCTION 219

breed in April in the northern hemisphere and September in the
southern. In most artiodactyla, however the rutting season is in
“utumn and the young are born in spring, since they have a loug
gestation period. In the weeds small carnivores and bats there is
defayed impl jon due to bl yst remaining dormant in the
ﬁrsf two cases and due to sperms being stored after copulation in
Bats until fertilization in spring.  Although Oesterus cycle fits in
with the anpual breeding cycle it may not necessarily synchronise.

There are few phases of the oestrous cycle: (a) mongesterus—

oue ovarian cycle in breeding seaton (most fishes) ; _(6)_dioesterus,

quiescent period is present be ween two_sexual activity phases, e. 2.
dogy, caty sand (¢) Polyoesterus which severa} breeding cycles

iy
N _one year e, g. rats, mice, rabbits efe, If there islong

itting in_on
period of guiescence it is called anoestes

Physiclogical changes in Oesterus: These are:

{a) degeneration of epithelium of wiecys;

{8} increase in blood eirculation and hypertrophy in external
genitalia;

(<) enlargement and cornification of vagina and uterus;

(d) development of mammary giands; and

(¢} ripening of graffian follicles.

Extracty of ovaries as also urine in both males and females in
otsterus, when injected into mice induce oesterus within twa days.
These Qest ic sub identified are, cesterone, oestriol,
oes:' ¢ and Equilenin (all_closely related to sterols).
Whnle all mammals are dependent for oesterusin some way on
1’8’“,‘ the strange stimules of full moonlight has hardly been
explamed.. The Malayan forest rat and most cats have increased
oestral activity during full woon periods. Domesticated mammals,
such ag cow, dog efe., may breed at any time of the year, since
€xcess of fo0d hae dietnehad tha posla  To wene
° | : .

. "
[}
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T n? thara

uol, euslnauon ot

Copulation The mechanism which brings_the opposite
gametes into_contact_with each other must be quite reliable:
Particularly in land animals in some groups there is no dEﬁ___,ﬂf_'e
organ for the transmission of sperms, however, irx_syge_ﬂ’ﬁclal
organ for this purpose is present, Some snaily have a highly
mﬂﬂg‘lﬁ‘l‘a?ﬁé;ﬁﬁwmﬁ-s}i&‘rzﬁeds semen_on to a leaf, which
he applies to the end of his palp. This palp is then inserted int.o
the genital openjog of the female. Octopus has a specially modi-

fied tentacle called hacto cotylus for this purpose. In_male sharks
laspers are_present for copulation (Glli_@gaera_s__l’ﬁv_e__a__ﬂ'ﬂﬂml

clasper in.addition).

' . USSP N al
desu, ) oo ." - sever

- S ' we noe
b . P e m—

- . mmals.

During copulation_the male introduces _Spern_x_slnio’the vagina of
the female, a process consisting of, two_ phases: erection 25

ejaculation, accompanied by contractions of uterus, vagina and

cervix in the female to ensure entry of sperms and fertilisation.

Fertilization: (Fig. 98,) It consists of three stages: (a)_con-

i nsists of three stag i
vergence 0f numerous spermatozoa _to the egg_and attachment o0
itsSuriace,. (6) intrusion of nsually one sperm head into the ovu@

— e " T ——
LRk Cielan af enorem and ame nnclei.  The snerm bores its way
T ; ,in all
R

. . vurons

32\&%&0[!]9! spermatoza,_ It is interesting to note_
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that the first sperms coming .into contact with corona radiata
in mammals die, and release hyaluronidase which effects liguifac-
tion of the jelly and dissolution of the cells of corona radiata.

fertilized cgg attaches
to uterine wall

Fig, 98, Fertilisation of egg and formation of factus {embry *
¢ -placenta) in mammals,
« (1) Fertilisation,
2) Implantation,
(3) Placentation.

Rﬁcwﬂ)‘}\\wpes of sgxerms have been -identified in_m

an, . the
larger an s v P
creerand fews? gynosperms, result

ting _in feciale embryo and the
smaller more numerous androsperms, producing male embryos.
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ool jon (M: lian) (Fig. 98, 2)

¥

After fertilisation and implantation in_the uterine wall, the
gastrula knob in thé “frophoblast sends out cells of Raubet, which
finally disintegrate, and the embryonal knob is converted into an
embryonal disc. The blast b greatly enlarged and the
zona radiata stretches and fnally dissolves away. The trophoblast
nself forms a part of the foetal membranes called the chorion.

o 1este 2D ihn menben fo Ensu!ed b}’.Jhﬂ-—imP@lajnc
- K .'_ i} >§pondmg uterine crypts In the
_ic_enzyme, s, This then forms

the foetus consisting of (a) Chorion, () the ammnion, ) The
:xuamoxs,__) the yolke sac, and | (z)_the embryo.

A The embryo lies in a watery fluid_enclosed_by the foetal
 \membranes exactly like an aguatic latva living in 3 pond of its

SRR, X
\iwp,ﬁgrggg the mothers, s body.__This 1s an e\udence for the aguatic

\Nr‘ncestory of mammals, s
ammalian Placenta (Fig. 98, 3).

At e eeenl connexioDS
- oo a 280 Of

LT T n and

' ves the
e . .., exere

tig&of(f{e‘ae‘\‘;el‘(;pil‘]g eu;-l;_x:'y-d'.
The first food for the embryo is pm‘g_d_gg._pj uterine_secretions.

which are absorbed by the swelling blastocyst in the cavity of the
wavae and angulates and i3
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to_the uterine connective tissue and lastly_to the walls of the
ta the wals o

maternal blood capillaries, \vhlch are broken down, The result it

that waternal bloed cxrcu‘lates not only in the uterine lacunae

thus formed, but also in the | of the thickened hoblasti
vili. However there is no_direct communication becween the
fortal and_maternal blood h of sut being
exclusively dus to selective diffusion though the wails of the foetal

and materpal capillaries.
—LR2RAl LpTane

Placental Hormones: Besides the action of gonadetropic

guldes 170 acton oo
hormones from the pxtu:tary, and ovarxan hormanes from the

pw..,l,‘.\_.,u S PN v RO

DR aid B
¢_are_somewhat dlﬂ"erent.

mare. 'lh y are bath glycoptmems whxch appear sxmxlar to

I!( I

- R . »
of pregoancy. hs action 18 simuat 10 et ol L. 5. ygrom !hé
pituttary). P. M, B7%n the other hands 15 ol uterine origin, and

has ap action similar to F. S, lus L, H, Unlike HOG it is not

acreyed -but 1 reIEﬁns in the blaad.
v

Another hormone Relaxin has been isolated from placenta ax
well as avaries of seveTRI THAmMmALS, the action of which is remark-
ah]e (a) u sphts and softens collagenous fibses and assocmed

Repmduccxon is so higbly linked with endocrinology today
that both of them have been combined into seproductive biology,

whith has teached 3 point where it can ke confidently stated that
reprod are grated on simitar lines throughout
alt venebmte classes, from cyclostomes to mammals including
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man. This reproductive cycle is controlled by neurosecretory
. et
centres o the bram whigh1n t urn mgger off release of gona o
g R

fomen ol 21

DY

1 . '

hundred mxllmn years ago. 7' R

ﬁshes, isa classxcal examgle o




Chapter XX
A SHORT HISTORY OF PHYSIOLOGY

1. Movement

The difference b i y and invol 1
wat first realised by Galen zs early A. D 130-200. He :ﬂso under~
3tood the opposite action of I i1 By exp

Galen was able to demonstrate the intimate relationship of a motor
terve to amuscle i, e a muscle was paralysed by cutting off jts
otor nerve.

The microscopic structure of muscle fibre was first described
by Stensen in 1664 and later more fully by Leeuwenhock (1715).
Jan Swammerdam who used frogs muscle-nerve preprations in
bis experiments concluded that the volume of a muscle remains
Contant in contraction as well as relaxauon.

Most of the knowledge about muscle action was obtained
from 1835 to 1880, Bexzelius discavered in 1841 lactic acid for-
mation in muscles. Time factor in ruscle contraction was worked
out byHelmholtz in 1850, All or none principle of muscle

fon was d d for the first time by Keith Lucas
in 1909, ATP in muscles was found by Lokmann in l929‘
Gopfert and Schaefer in 1938 di d the endplate p

2. Nutrition

The similasity between digestion of foodsin the body and
alcoholic fermentation fest occursed to Van Helmont {1577-1664),
though the exact mechanisa of enzyme action was not perceived
by him. Stensen;(1662) and later Sylivius (1663) elaborated this
view of chemical action of digestive juices on food. Pancreatic
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Jjuice was obtained by De Graaf in 1664, although its functions
were not known. In 1752 Reaumur studied the action of gastric
juice on food substances by a novel method, He induced his
tame kite to swallow sponges (which are indigestible) and later
regurgitate them, soaked with gastric juice, Reaumur placed
bits of various food stuffs in so obtained gastric juice and observed
the ch He concluded that certain fi (enzymes) were

present in the gastric juice which softened and disintergrated food

stuffs.
HC! was first identified in the stomach by Prout in 1823.

Classical work on gastric secretions and digestion was done by
an American military surgeon William Beaumont (1833).

Alexis st. Martin, a Canadian was shot through the sto-
mach. Beaumont who attended on him expected his patient’
death within twenty minutes. However, Alexis escaped death
miraculously {and as a matter of fact out lived the surgeon by
many years), But the hale of his stomach did not heal, Through
1his stomach opening Beanmont made various observations regat*
ding the secretion of gastric juice, the state of empty stomach, its
movements and the time taken to digest various types of foods
He wouid tie a piece of meat to an object and withdraw it pericdi'
cally to see how far digestion had proceeded. Later, a‘:tiﬁcfaf
gastric fistulae were made in animals, the technique being im"
proved by the famous Russian physiologist Pavlev (1898).

Secretin was discovered by Rayliss and Starling in 1902
while studying the effect of introduction of dilute HCl in the
duodenum (which resulted in the secretion of pancreatic juice):
‘The idea of phosphorylation in absorption was put forth by
Verzar in 1936, while active transport of digested food through
the intestinal mucosa had been escablishied by che fifties of thit
century, Vitamins as aceessory food stuffs, were rccogaized ia the
late ni h and early ith century, The name *Vicaais”

was originated by Fank in 1911,

3. Metabollsm .
Detailed metabolism of a host of substances became known
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by Growers (1877). Hammarsten {1176) stuudied blood coagu~
lation and showed that precursor of fibrin was fibrinogin. Existence
of prothrombin and its change into thrombin by calcium salts wat
established by Pekelbaring in 1891. Heparin was discovered by
Howell in 1928,

Land (1901) classified blood into groups by discovering
their compatibility.  {Agglutinogen, agglutinin and Rh factor).
With this classification blood transfusion became practicable.

Aatigen—antibody reaction was however, put to good use by
Jeaner i late 1700 swhen he immunised people against small po¥
by introducing artificial small pox virus (against the resentment of
church). Napolean had his entire army vaccinated.

Lymph: Lacteals were described by Aselli in 1622. General
lymphatic system was discovered by Bartholin (1653). Starling
(1894) contributed to most of the present knowledge about lympb-

6. CGirculation

Pul y circulation was blished as far back as 12t
century by Ibn Nafis. William Harvay (1628) first discovered
the general circulation of blood in the body. Malpighi (1661
discovered the capillaties. L (a physician in Napol s
army) invented stethoscope in 1819.

Much of the work regarding the properties of heart muscles

was carried out on frog’s heart by Harvay, Haller (1736) put
forth the myogenic theory of the heart beat origin, whereas
Legallois (1812) gave the neurogenic explanation for it.

Waber brothers in 1845 showed the inhibitory influence of
vagus; while the effect of sympathetic was d ted bY
Bezold (1862). First successful human heart transplant was per-
formed in late sixties by Chris Bernard.

7. Excretion

That the fo. ion of urine is jated with kidneys was
known from very early times. Ureaas a constituent of urine was
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s

ed by Cruickshank in 1797; it was the first organic

« substance prepared synthetically, by Wobler (1828). The first
quantitive analysis of urine was made by Berzelins in 1809.
Uric acid was isolated from human urine by Scheele and Berg-
mann in 1776,

Bowman in 1842 established the structural relationship bet-
ween uriniferous tubule, glomerulus and the the capsule, discovered
independently by Bellini (1662). Malpighi (1665) and Muller
(1830) respectively, Filtration-reabsorption theory was first
promulgated by Ludwig (1844) and later corrobrated by Cushny
(1917), Richards (1925) and Marshall (1928) studied the
kidney of frog and fishes respectively demonstrating active secre-
tion by the kidney tubules,

8. Nervous System

The bases of the anatomy of nervous system were laid by
Willis (1659) and Stensen (1662). Haller (1757) described the
function of perception and communications of sensations to nerves.
The electric nature of nerve impulse was first established by
Galvani (1786). Axon was discovered by Wagner (1851) and
the theory of neurone as a functional unit of nervous system was
put forth by Waldeyer (1891). The conception of synapseis
mainly due to Foster and Sherrington (1897). ’

The identification of various centres in the brains was carried
throughout the I9th century. The velocity of a nerve impulse in
frog was determined by Helmholtz (1850). Work on the syma-
thetic and parasympathetic part of the pervous system was carried
out by Gaskell (1885). Most of the modern work on reflex
actions was initiated by Pavlov (1903).

§. Hormones

Most of the present day knowledge about endocrine glands
and secretion has been obtained in the past 100 years. The term
}"Z"Mm was first used by Bayliss and Starling (1905); they also
discovered the first hormone, secretin,
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Adrenalin was the first hormone to be isolated an synthesized
by Stolz (1907).

Insulin was extracted and isolated by Banting and Bestio
1922. Thyroxin was isolated by Kendall in 1914 and :ymhesized
by Harington and Barger in 1927. Parathormone which regu-
lates blood calcium level was extracted by Collip in 1929, The im-
portant action of pituitary was demonstrated in 1935, when Evans
extracted growth stimulating hormone. Oxytocin was synthesized
by Da Vigneaud in 1953. Female hormones were isolated and
identified by Allen and Doisy in 1923, The first male hormone
androsterone was isolated by Butenandt in 1931,

10. Reproduction

Graafian follicles were discovered by Degraaf in 1672 and the
ovum first seen by Baer in 1827. Sperms were discovered by
Ham and described in detail by Leawenhock in 1678. Fora
long time they were considered parasites. The present knowledge
about reproductive physiology is recent, having been derived since
thirties.
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