+HE CIHCJLATORY SYS1HEM OF LISSEMYS WIBH HOTES ON oHE
COMPOSITIOR OF. BLOOD OF A TRW OTHER CHELONIANS AND
SOME SNAKSES '



ZHE CIRCULALORY SYSTEM

HEART-

Unlike other vertebrate hearts the chelonian
heart is broader then long, dorsi-venirally flatitencd
and the apex of the ventricle almost rounded. in
Lissemys (Figieet) it is shifted f£rom the mid-veniral
line towards the right. Besides,it also lies at an angle
to %hehlongitudinal axis of the body. The heart oif ‘

Pegtudo g;ggans lies along the longitudinal axis of the

body and does not show any tilting %o the side. The:
displacement and the tilting of heart of Lissemys to the
right seem 10 have occurred to provide room for ‘the

fully retractile head and the neck, In Geouyda trijuga

also the heart is somewhat shifted to the right, though
not to the same extent as in Lissenys. 'This slight

shift of the heart in Geomyds is due t0 the less dome-
shaped carapace than that of Testudo in which there is

enough room for the retractile neck and the head.

+he heart is covered by & fough, fibrous
pericardial membrane which is attached to the apex of

the ventricle by a thick strand of conneciive tissue;



the gubernaculum chordiss In Geomyda the mubernaculuwa

chordig is similarly developed, but in restudo it is

coupletely absent,

Ythe righ{t auricle is larger ‘than the left one.
the copenings of the two auricles into the veniricle
are sepsrated from one another by the inter-auricular
septum which projects slightly into the cavity of the
ventricls. To this free end of the sepitum are aitached
the thin mEmbranods auriculo-ventricular valves; the
mesial valve on the right and the lateral valve on the
left. these valves arc lavger than the aperiures they

guard. tThere are no chordae tendinge atitached to the

valves, a festure of the reptilian hesaris.

the wall of the ventricle is made up of loosely

arranged muscle fibres which gives a spongy texture to
that organ. the ventricle is divided into right and

left chambers by means of an incomplete septum. The

right chamber (cavum pulmonale; is smaller than the lef%

one {cavum dorsale). According to Mathur {(1946) the

inter~ventricular septum ig forumed by the union of the

dorsal and the ventral septoid procasses of the

ventricular wall. The right guricle opens into theccgvun

pulmonzale and also into the right side of the cavum
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dorsale. Due to the position of the right auriculo-

venitricular aperiture the cavum pulimongle gebs filied first

and when it is filled up completely,it flows into the

right half of the cavum dorssle.From the left auricle the

blood enters ithe left half of the cavum dorsale which is

comparatively a spajcious part. In the cavum dorsale a

partial mixing of blood seems to iake place,
THE ARPERIAL SYSYEH

_ ‘three main arteries arise from the right side
of the ventricle on ité ventral side. 0L these the
pulmonary trunk is situated on the lef{ of the left
systenic which is placed more towards the right side of
the heart. rhese two trunks are visible when viewed from
the veniral side., <he third trunk, the right systemico-
carotid arises almost dorsal to the lefv systemic. 1%
gives out the right systewmic which runs dorsal and after
meeting its fellow of the left side, proceeds as the
dorsal goria. the three openings viz., of the pulumonary,
left systemic and the right systemico-carotid,into the
venitricle,are situaied side by side and close o one

another,

After issuing from the venitricle the pulmonary



trunk runs antsriorly and the later divides into two
pulmonary arteries, the righit and the left one. tThe left
one is longer than the right one. A pulmonary artery
enters the lung with the bronchus of its side and later

form fine capillaries round about the alveolar chambers.

the right systemico~carotid drunk gives off the
right systewmic immediately afiter its origin and then it
branches off into two subclavian arteries of the right and
the left sides. ‘the subcluvian ariery gives o#f the the
‘conraon carotid., the common carctid and the subclavian of
the left side zre longer than those of the rignt side, This
is due %o the shifted position of the heard fto the righi
sides. The right common carotid avtery afier arising from
the right systemico-carotid trunk runs anideriorly and
enters the neck but the left one after its origin runs
parallel %o the subclavian of its own side at the base of
the neck for a considerable distance and then afier a
short journey through the trunk region it enters the neck
from the left lateral side. Bach common carotid passes ¥
through a yellowish thymus glaend of its respective side.
On its way, it‘gives out small vessels to this gland. %hen
each carotid proceeds anteriorly along a course parallel
to the vago-sympethetic nerve. At its middle each cerotid

gives off a branch, the vertebral-cerviculer ariery, which
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entars the spinsl cansl throuzgh the intervertebral
foramen of the third and the fourth cerviezl vertebrae,
this artery soon divides into an anterior and a posterior
branch which supply blood to the corresponding regions
of dhe spinal cord in the nock region.‘From the carotid
there sre various smell branches srising throughout ius
course upto the bass of the skull;y these supply blood %o
neck muscles, Yhe dorssl groups of muscles viz., the

spinalis cevico capitis, semispinalis and the longissimus

are supplied by ths dorsal cervicular zrieries. The
ventrgl cervicular arteries supply blood to the ventrsl

groups of the neck muscles viz., the longus colli, inteir-

s : . e octe-
frangversarii colli and i.t.c.obliguii muscles. There also

soume arteries erising from the common caroiid in the neck
region, the %racheal arteries which supply blood to the
trachea. How the common carotid of either side runs
FTarther anteriorly to ithe base of the skull, and there

it gives off a few principal arteriss viz., the common
hyoidean griery and the occlipital artery. The anterior
brunch of the common hyoidean artery the lingual, supplies
blood to the tongue muscles; while the itwe other vesnsels
supply blood to the hyoid muscles, The occipital artery
after arising from the coumon cusrovid runs to the dorsal
aide and supplies blooed to the occipital muscles. The

occivital zrtery then gives off a branch, ‘the superficial



temporalis artery, which supplies blood to “the depressor

mandibulae, adductor mandibulae externus, the adductor

mandibulae medius and the adductor mandibulae internus

muscles., After giving off the occipital artery the
common caroivid divides into the exiernal and internal
carotids. The exiternal carotid supplies blood to the

mandible, massetber, the adductor mandibulae muscles and

the skin ecovering the head region. the inﬁérnal carotid
enters the skull through the carotid foramen sfier pagsing
through the carotid canal of the pterygoid it enters the
cranium, Here it gives off itwo branches, a lateral and.

a medial oneg. The lateral one after running below the
brain passes out anteriorly of the cranium through a
foramen in the orbital region and enters the orbit where
it supplies blood %o the eye, eve muscles and the
Harderian gland present in the orbit. The medial branch

of one side meets its fellow of the other side forming

an anastomosis just behind the hypophysis.

‘“*he right subclavian artery G?iéf ) after
getting off the carotid ariery runs towards the lateral
side and gives off a thyroideal artery which supplies
blood to the thyroid gland, ‘he right thyroideal ariery

gives off branches to the cesophagus, the rectus cervicis

and the retrachens capitis colligue muscles. Mention
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should also be made of the goronary urbery which ariges
from the subclavian nesr the origin of the carotid artery,.
It runs backuards towards ithe heart. and supplies blood

%0 the heart musclesy a small branch of the coronary artery
continues backwards and goes to the pericerdial membrane.
the continuation of the subelesvian artery hereafier know

as the axilgry artery branches into two wmain vessels, the
anterior and posterior brachialss The antefior brachial
artery after its origin iummedistely gives off the scapular

artery which supplies blood %0 the muscles present on the

scapilay the trapesius and the rhomboideus muscles which
asre responsible for closing the anterior plastrel valve,
The anterior brachigl after supplying blood to these paris
runs on the dorsal side of the upper arm and gives off
small branches to the Iiriceps muscles. & deltoideus zriery
ariging from the anterior brgchial supplies blood to the
deltoideus muscles and a branch of the deltoideus aricry,

the arteris profundus brachii artery, runs on the venitral

side of the upper arm and then towvards the proximal end
of the foreerm to supply blood to the forearm muscles at
this reglon. An artery supplying to the biceps muscles
also arises from the anterior brachiazl artery. The
anterior brachial artery soon afier this enters the
forezrm und immediately bifurcates into two main vessels,

the radial and the ulnsy sriteries. The radial artery jusi



after its origin gives off a radisl recurrent ariery which
supplies blood to the proximal parts of the forearn
muscles of the radial side. After this branch the radial
artery prbeeeds to the dorsal side passing through the
space between the radius and the ulna. On its wey down

the radial artery gives off various branches to the muscles

of the forearm at this region. The radial .artery after it

emerges out on the dorsal side it continues as the radialis

indicus artery which later divides into four branches to
supply the muscles of the first four digits. The ulnar
braneh of the antsrior brachial artery runs along the »
ulnar side of the forearm and supplles blood to the
forearm muscles of this region through various branches,
¥Finally it gives off & small branchto the museles of the

last digit.

fhe posterior brachial artery (?igﬁmﬂ) is the
longest srtery in this region and gives off g number of
branches of which the first one is the cervical artery
which runs towards the base of the neck and enters the

neck %o supply the recitus cervico-~plastralis and the

trapezius muscles. From this cervical artery a branch,

the arteria intercostalis communis descendence artery”

goes to the dorsal side and eﬁters the gap between the

neural plates, ribs and the trunk vertebrae and runs

1

]



posteriorly backwards. From the arteria iantercosgtalis

communis descendens, at each vertebral space a thin

intercostal artery is given off which runs laterally
outwards slong the subural line of the cogial plates of
the csrupuace, These arteries supoly blood to the inner
as well as the outer muscle covering of the lung. Yhese

muscles correspond to the intercogtal muscles, znd the

dlaphragmabicus and the f$ransverse abdominis muscles

respectively. After giving off the cervical artery the
posterior brachial artery runs laterally backwards along

the margin of the carapace as the murgino-costial aritery.

It rung along with the marginal nerve posteriorly. Dorsal

to the pecsoralis muscle a branch of the msrgino-cosisl

artery supplies blood to the sub-goracoideus and the

muscles of the scapular region. Anether branch of the
nargino-costal srtery pierces through the supra-

coracoideus muscle and comes on the venitial side of the

muscle along with the supre-corscoideus nerve to supply
blood to the distal part of the pectoral muscle and the
plasiron at this region. The margino-costal artery runs
backwards along the margin of thoe carapace and on its
way gives off number of small branches, the arieria

intercostalis which supply blood to the inner and the

ouver wuscle coverings of the lung. The margino-costal

artery exiends posteriorly upto the level of the latersl
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pubic spine., A number of small branches besides these
meniiocned above arise from this sriery which supply blood

to the plasiren,

The pectoral artery (Figivew) arises from the
subclavian separately and comes on the ventral side of

the pectoral girdle piercing through the supra-=Coracoideus

muscle and the acroméo-coracoid ligament to supply blood

to the pecioral muscle.

The systemic¢ trunks - The right systemic trunk

is shorier than the leit one which after iis origin Zronm
the right systemico-carastid wsrunk, immediztely runs
towords the dorsal side and proceeds posteriorly backwerds
to meets its fellow of the other side. the lefit systemic,
on the other hand =rises independentl& from the heart and
runs parallel to the left pulmonery artery. The leit
gystemic is longer than the right one, Both the sysiemics
show a ligamentous connection with the pulmomary aritery
of their respective side., This ligamentous gtructure is

the remnant oi the defunct ducitus of Botallus. The left

systemic artery (Figise$) after running for a shoris diste
ance parallel 1o the lert pulmonary artery goes over the
oesophagus and the left brenchus, te the dorszl side.

Thereafter it proceeds. posteriorly +to meet the right
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systemic to'form e single vessel, the derssl sorifa.lefore
joining with the right systemic, it gives off a nmumber of
principal arteries of which the first one is‘ﬁhe vesopha=-
geal artery which supplles blood to the oesophagus. The
segond one is the coeliac artery which immediaiely after
its origin gives off three branches, the gustiric, <he
duodeno-pancreatic and the hepusiic ones. The gesiric
supvlies the stomuch, the duocdetno=pancrestic the duodenum
and whe pancreas and the heputie the liver. Hext to the
coeliac artery arises %the anterior meseniric ariery irom
the¢ left gystemic. The anterior mesenﬁ}ic artery bvranches
out profusely supplying the small intestine, large

intestine and the spleen,

the dorsal aovta (Fig.$1) is shorter than thed
of the other repitilian groups. It is- zenéPally. scen in the
other grouwps of reptiles, that the coelisc and the ante-
rior mesenﬁ?ic vrieries arise from the dorsal aorta, while
in this anims=l as it is common in other cheleonisns also,
these asrieries arise from the left systemic. Just afier
its formution the dorsal aorta gives ofif a pair of renal
arteries which run obliquely backwards towards the kidney,
The renal arteries of each side on reaching the kidney
gives rise to a gonadial ariery which supplies blood %o

the gonads. the rengl artery supplies blood o the adrenal



gland by a separate branch. Next to the renal arteries

a pair of vertebral arteries arise from the dorsal aorta.
Bach vertebral artery enters the veritebral column through
the vertebral space between the sixth trunk vertebra and
the corresponding neural plate lying above, After the
vertebral ariteries a large pair of vessels, the plasiral
arteries originate from the dorsal aoria. Bach one of
‘them runs towards -the lateral side and passing on the
dorsal side comes o the level of the anterior apex of
the femoral flap of its side and here it gives off .three
branches of which the anterior one supplies blood to the

exterital and the internal obligue muscles of the abdomen,

the?second one supplies the posterior marginal region of

the carapace and the plastren and the third one the

pubo~igchio-femorglis and the obturmtor internus muscles.

After this the dorsal aorta bifwkrcates intd the two
common iliasc arteries of the right and the left sides.
Eac¢h common iliac runs postero-laterally towards the
limbs and on its way gives out an artery, the arteria

intercostalis recurrens which turns towards the dorsal

side and enters the gap by the side of the vertebral
column and runs anteriorly to give off the intercostal

arteries of the eighth, seventh and the sixth intercostal

regions, A branch of the arteria intercostalis recurrens

supplies the tail muscle, the flexor caudae superficiglis
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znd another branch the median belly of the rebrachens

.

capitis colliqucs The posterior mesentric sriery arises

from the cowmmon ilis¢ and it supplies blood to the
gonadial ducts and the posiericr part of the rectun.
From the common iliac %he internal iliac avises and
supplies blood %o the cloasca, the rectum and to the
urinary bladder by & separztie branch from the internal
iliac.yﬁereafter the common iliac procceds as the
external iliac and then gives off a pelvic artery which
supplices blood to the Qelvic muscles. The external
ilize enters the thigh region by passing over the hip
muscles and supnlying blood to them. AT this level the
srtery is known us the femorsl artery which runs dorsally
on the thigh muscles and supplies theum by giving off
smell branches. 'the femoral tskes a turn to the veniral
gide and then imsediztely bifarcates into itwo arteries,
the anterior aﬁd the posterior tibial arteries. 'the
anterior tibial arlery runs on the dorsal side of the
tibia, while the positerior one runs on its veniral side,
both supply blood fo the muscles of their corresponding
regions. At the level of the carpals the anterior tibial
artery gives off four branches, while The posterior one
gives off two branches. All these branches arising fron
thel%ibial ariery supply biood to the foot and the toe

miscles,.



THE VENOUS SYSTIEY

‘Phe systemic veins could be arranged into three
groups, (1) the veins which drain blood from the heart,
(2) those which drain blood from the anterior limbs,
head, neck and the anterior part of the body all of
which culminate in the anterior vena cavae one on each
side. (3) vhe veins draining the bleecd from the
posterior limbs, posterior half of the body and those
from the visceral organs excepting the lungs. the
third group of veins énd-in the pesterior vena céva.
she two anterior vena cavae and the single posterior
vena cave open into the sinus venosus which in turn
opens into the right aﬁricle. fhe sinug venosus is &
more or less triangular‘chamber with its base facing‘
anteriorly and the apex posteriorly. At its two
anterior corners the superior (anterior) vena cavae
open into it, while at its apex the posterior vena cava

opens.

The right anterior vena cava (precavual) is

shorter than the left one. A precaval is formed by the

union of the subclavign and the jugular veins of its side.

The subclavian in turn is composed of the following

three main veins, the cutaneous, the brachislis and the
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pectoralis,

The c¢utasneous vein drazins blood from the skin
between the carapace and the plasivron. Besides this it

glso drains blood from the trapezius, rhomboideus, and

the rectus capitis cervico plastrelis muscleg. A vein

from the thyroid also opens into the cutaneous vein,
the brachiel vein is the longest of all the trie-
butaries of the subclavian vein. It drains blood from the

FYore-limb through various smaell veins which join together.

The veins draining blood from the pectoral, biceps

and the supre ¢oracoideus muscles join together o give

rise to the pectoral vein which in turn opens into the

subclavian of its side.

The juguler vein drains blood from the head and
neck. The Jjugulur veins of the either side are connected
with each other by & sinus at the base of the head on the
dorsal side. This union has resulted in an anastomosis
similer %o the one present in the birds which is, however,
on the ventral side at the base of the head. This type of
anastomosis has been necessitated by the presence of n

long versatile neck the movements of which sre likely to
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occclude the vein on certzin occasions. In such circums-
tances, there will be no obstruction in blood flow
towards the heart.as the other route will still be
available for the pmssage of Blood. Anbtherrpeculiarity
of the jugular veins in this snimel is that the right
jugular is not on the righ?t side of the neck but it is
on the mid-dorsal side. Moreover, it is very large and
capacious like az sinus. the union of the righ% und the
loft jugular occurs at two points on the dorsal side of
the neck, one at the base 0f the head ai the level of
the axis and the other at the 1ével of the seventh
cerviecal vertebra. the posterior anastomosis is a
gsingularity of the Chelonisg which is not found in uny
other group of vertebrates., Besides the right jugular
there is & thin vein which runs parallel to the jugular
on the right side of the neck which has been called as
the right longitudinal tributary (Hathur,1940) of the
Tight juguler.

the veins of the head and the neck:- The tem-

poral vein drains blood from the adductor mandibulae

externus, ithe g.m.medius, the g.m.internus, the masseter,

" the palpebralis and the tensor nasalis muscles. %he

maxilliary vein after draining blood from fthe maxillary

region ofi the head joins with the posterior auricular



vein which drains blood from dhe ocecipital muscles and

also from the depressor mandibulae muscle. After this

union the vein opens into the sinus formed by %he jugular
anagstomosis as already mentioned. The blood from the
Yongue, pharynx and the hypoglossus muscles and zlsgo
from the hyoid nmusecles is drained by the respective
veins from these regions and they open into the jugular
sims. The mandibulsr vein which drains blood from the
mandibular muscles alsc opens into the juguler sinus.
¥row the muscles of the neck Sthroughout its length
vgrious smell veins arise which open into the jugular
vein of their respective sides. the longitudinal
tributary of the right juguler slsc drains blood from
the neck muscles of its side. 1T opens into the right
Jugular a% the base of the neck before the latter

joins wish the lefi jugulav,

All the veins, except the longitudinal tributary
of the right jugular vein, are present on the left gide

of ‘the head and neck.

From each lung itwo maln veins emerge out which
Join with each other and form the pulmonary vein. #he
. left pulmonary vein is longer than the right one, and

runs parallel %o ‘the left precaval towards the heartb.
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The right pulnonsry is smeller and does not run parsllel
0 the precaval of its side but direcitly runs iowusrds the
heart. Both dhe puluonary veins go through the pericardial
membrane side by side and sepzrately open into the left
auriele. The openings of the pulmonary veins into the

lefts auricle ure not guarded by any valves,

Veins of the hind limb:— Theve are five digital
veins which recelive blood from the muscles of the toes
and theose of the tarsal vegion., All these digitul veins
doin %o form & doreal superficiel vein compursble to the
long saphenous vein of wan, There is also a nei-work of
veing on the ventral side of the foot which ultimetely
forms a4 big vein comparnble with the short saphenous vein
of wan., This Joins with the deep vein of the leg comparable
with the popleteal vein of man and finally joins with the
long saphenous vein to form the femoral vein., The femoral
vein receives various small~ve38els from the thigh muscles
and finally enters the body cévity where it is recognised
as the external ilisc vein. The external ilise joins with
the internal ilisc vein vhich receives blood from the
pelvic muscles and also from the ilio-costalis muscle.
The common iliae vein divides into twoe branches; one of
thewm, the lateral abdominal or the epigasiric (Hathur,1%940)

rung obliquely outwards and anseviorly on the lateral



gide and enters the liver at its posterier corner. The

prescnce of a pair of lateral zbdominal veins is a

(w4%)
characteristic of Chelonia in general buit RathkeAhas

observed that only the left abdominal is present in the
(19050
early stages in Chelone and Dernmochelys, Brun%e however,

mentions that the right abdominsl in Dermochelys is
present similar to the one of Tegtudo gracea in which

Us4g)
it is feebly developed. But as noticed by gaﬁhugg in

Lissemys punctata the right lateral sbdominal is very

wvaelledeveloped and the left one is not so much. 'the

second branch of the external iliac, the pelvic vein runs

transversely under the pelvic muscles to meet its fellow
of the othser side, the transversé pelvic veln is reslly
2 sinus and it also recelves number of veins Lrom the
pelvic and the tail muscles. From this sinus srises a
pair of renal porial veins, (vena renalis advehentes
posterior, Mathur 1940) which run towards the kidnies of
their respective side; and then enter it at its mlddle
of the outer bowder. On its way the renal porigl vein
receives a vein from the muscles of the ilium and also
a branch from the pelvic vein. The branch of the pelvic

opening into the renal porial receives a vein,from the

marginal vein, the vena renalis advehentes externa. There

is another vein coning from the vertebral region opening

into the wenal portal vein, This vein is coupsrable with
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the dorso-lumbar vein of the frog. From each kidney a
short but broad renal veing starts which meets its
fellow of the other side gnd forms the beginning of the
posterior vana cava . The posterior vena cava is &ls0 a
very shord but g broad vessel. It traverses through the
right liver lobe and when it emcrges out of the liver

it receives a pair of large hepatic veins.Finslly the
post cavel opens into the sinus venosus. From the
marginel region a pair of veins one on esch side enters
the anterior corner of the liver lobes of its respectiive
side. The marginal veins drain blood from the carapace
and the plasiron. The branches of the murginal veins
which open intoe the liver lobes are known ag the hepatic
tribﬁtazies from the shell. On the anterior border of
the lefy liver lobe opens a. large and well-developed
oesophugesl vein., This veln is formed by the union of
the %wo snmall veins one each from the either side of tﬁe
ocsophagus. Such an extensive drainage of blood Irom the
oesophagus suggesis the possibility of the oesophagesl
resgpiration being present and or that digestion takes

place in $his region.

The hepatic perital system in this gnimsl is not
so composite as scen in othery reptiles since the indivie

dual veins Trom the different parts of the alimentary
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canal,spleen and pancress open dirvectly into the liver.
The hepatic portal is made up of o pair of intestinal
veins draining blood from the intestinal region, a
gestric vein from the stomsch, a duodenal and a pencreatic

veinsg.

Tﬁa blood from ihe shell (carapace and plusivon)
is drained by vurious veins of which the Ffollowing are
the principal ones. At the margin of the curspace on
each side a longitudinal vein, the marginal, receiving

blocd from the carapsce and the plastron through many.

f

small branches. She msrginul also regeives number of
intercostal veins one each from the invtercosial region
of the carapace., The marginal vein is connecied
anteriorly with the subclavien vein of iits side, and
posteriorly with the kidney to which organ it gives oif
& tributary, This tributary to the kidaey from the

marginal is the vena rennlis cdvehentes externa (Mathur,

1940) as already mentioned. Indto the marginals anteviorly
snall veins from the posterior cervicsl region also open.
As alveady nmentioned the marginal opens into the liver

through & small vesscl,

The presence of venous sinuses, like these of
(ks 7 thy ¥7/
‘the jugulnr veing, the one of the pelvic veinsA and the

drainage of blood from various parts into the large
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liver lobes are of some significance which pépaps
serves as an adeptation to the diving hebit of the
aninal. Such sinuses sre present in Yestudo too but wre
too small to be of any positive value to the snimsl znid
must have become reduced owing to its terrestrial
habit. For diving habit the animel should be able to
hold up = large quentity of blood in the sinuses &s it
is so0 in the seenls and other diving memmals (Harrison,
1955), In Idissemys and the other diving forms this
hold-up of the blood in the sinuses is psrhaps
facilitated by the intsking of the heszd and the limbs
agnd the animasl remaining still in that position undser

BatCY
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NOWES ON 'PHE COMPOSLrIOR OF BLOOD OF LISSEMYS AND A

¥y OwlER CHELONLANS  AND  SOME  SNAKES

Blood 1s essentially the internal environment
of the anmmal body and through the long stretch of the
evolutlonary history of the vertebrates, it must have
undergone dynamic changes in i%s physico-chemical and
physiological constitution necessitated by intrinsic
as well as extrinsic fesetors. Florkin €1949) has
developed a biochemical approach to the understanding
of the process of evolution zgnd has suzgested that
the various biochemical changes taking place could be
correlated wiith the éorphological and ecological ones,
it has therefore become posaible for us to visualise
- a dynamic eq&ﬁliprium in the anwmal body, ereated as
a result of the impact of the new changes in the

external and the internal envirenments.

in the light of the new approach to the concepi
of evolution, physiological studies on the blood of
various veritebrates and groups of them should be enli-
ghtening., Buch work has already been done in the
comparative physiology of blood. Erlanger (1921)
estimated the blood volume of a number of mammals.

Hall and Gray (1929) gave the oxyphoric capacity of



the blood of some fishes. Lustifg and Ernest (193%7)
studied the piasma proteins of some vertebrates and
invertebrates. Menon (19%1) conducted his studies on
the plesma protedins, oxypheoric capaciiy, nubritive
capacity and blood wolume in a representaiive series
of vertcbrates and suggested that there is a progress-—
ive increcase in %ﬁe efficiency of the blood as we
ascend up the evolutionary ladder. Nair (1955)
studied the non-protein niirogen of the blood of

some reptiles and mammals, Rangnekar (1953) studied
the invertebrate blood along similar lines. Besides
these there are cerﬁain useful reviews and treaties
viz., Howe's (1925), and Handerson (1928), shd a very
handy coumpilation of the standard valuss in blood

(Albritton, 1953%).

0f these studies, those on the blood of reptiles
particularly of the chelonians and snakes are quite
meagre indeed while a lot of informetion is available
on the mammzlian blood. Repﬁiles being the ancesiral
stock from which higher gnimsls like birds and manmsls
have evolved it is all the more necessary io have a
fuller knowledge of this basic group of vertebrates..
Moreover it was observed that the blood of some snakes

tpake & long time to clot after it eas shed and that
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blood of the common pond turtle lake§ very readil& on
trying wo prevent clotting with polassium oxalaie. So
it was found proper o study the caleium conident and
its significance in the blood of these reptiles in

possessing such characteristics.

Again the presence of a gsiriated muscle sheath
on the wall of the lung in [Lissemys and Geomyda and
its aﬁsence in other chelonians like trionyx, Tesiudo
and bretmochelys seemcd 0 indicate the presence of
two different iypes of respiratory equipment in these
animals, Barlier (chapter.ﬂf(1) ) it was pointed out
thait shere should be an apyrecisble differancé in the
oxyphoric capacity of the blood in these two bypes of

chelonians,

the present work on the blood of some chelonians

and snakes is therefore an attempt %o throw some light

on the above mentioned aspectis and also to assess the

biochemical adaptations in general of the blood in these

iwo groups of repiiles.

Material, Methods and “eghniquess

the material chosen for investigations consisted
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oY the following chelonians:- Lissemys punciaia,

Geomyda trijusa, wrionyx gangeticus, tesiudo elegans
and Fretmochelys imbricata; snakes:= Vipera russelli,

Raja tripudians, Pbtyas mucosus and Natrix ¢p-

Pithing:

the pithing of the cheloniéns and snakes raised
a difficult problem but convenfént methods were devised,
For pithing the former a pair of crucible tongs was
held open with both haends at the head end and as soon as
the hemd came out, the tongs was closed in a sudden snap
thus holding the neck between the tongs. The aninmal
éould be easily pithed in this position. In the case
of ‘the Eretmochelys there was no difficulty at all
because of its ipsbility to retrzct iis head inside
the shell. It was bithed bytﬁlow on ihe head. For the
snakes a noose deviee was improvised., At the tip of a.
long banboo (5 to 6 ft.) a noose of sirong siring was
made and the long end of the gitring was held in the
right hand and the bambos in the othur, After the animal’s
head was through the noose the siring wa3si pulled in
g twinkle. the body of the snuke was ianmediately tied

t0 the bamboo. the animal was thus ready for pithing.
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Taking samples of blood for analysis:

P;ior 0 the starting of the work some clean tegt
tubes were prepered in the following manner for collecting
the blood. Into the test tubes, 0.1 nl of a8 stock solution
of 10 % potassium oxalate was pipetited and the inner side
of the tubes was throughly rinsed with the solution, the
test tubesg were then dried by heating genily thus ensu-
ring that a thin oxalate f£ilm was left on the inner wall
of each of the test tubes. About 5 to 10 ml of blood
could be taken into each test tube without the danger of
its being clotbed. In the case of the bleood of lLissemys
this procedure bacame unsuitgble because the oxalate mede
$he blood lake., But using a few erystals of potassium
citrute instead of oxalate the blood did not lake but a
few gruins of heparin wes found io be ideal. Heparin was
also used as the anticoagulant for all bloods when

calcium of blood was to be estinmated.

the blood was collected directly from the veniricle
by means of & clean, dry syringe and immediately ftransferr-
ed %o the test tubes and kept corked in s refrigerator. in
" the analysis of the plasma, blood was directly transferred
from the syringe for centrifuging into cenirifuge tubes

containing oxalate, citrate or heparin as the case may be,



Methods for the estimation of blood consbituents:

‘Yhe density of blood was estimeted by the dehy-
dration method b& heating in an eleciric oven at 10300.
the 1lapid content of blood was estimated by extraction
with ether using the soxhlet apparsaius. Blobd being a
fluid prior %o the extraction it was first mixed with
gome sodium sulphate and dried in an air oven for few
minutes and then transferred %o the fat extrasctlion
thimble which in turn was put into the extruetion

chamber of the soxhle®t apparaius for exiractiony

the total proteins, albumen,globulin and fibrino-
gen in blood were deterwmined colorimetrically. The
method followed was the sivandard micro-Kjeldahl method,
as given by Hawk (1949). the non-protein nitrogen and
glucose contents of blood were determined colorimetrica-
1ly according to ‘the methods of Folin and Wu. The
calcium, haemoglobin and iron centents in blood ﬁere
also determined colorimetriecally mecording to the
methods of Roe and Kahnj Wong and Kennedy respechively.
For all the colorimetric determimstions the Klett-
Summexrson Photoelectric Colorimeter was used, For the
determination of clotting time the capillary method was

adapted. The cell-volume was measured by centrifuging
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the blood in a graduated centrifuge tube at a speed of
about 3000 r.p.m., and by direct reading. the R.L.C.

count was done using the Spencex’s Haemocytometer,

Hesulis:

Vide 4okl ord L.WT,W 3,4, 536



Discugsions

1t is estimated that novmel humen blood contains
about 78 % weater and the rest solids (Bvans, 1947). ‘the
water Ealaaae of the blood is a vital maltier and is
kept more or less congtant by nervous and hormonal {act-
ors (Prosser, 1950)., Among the chelonisns situdicd, the
the blood of the fresh water onsgs, Lissemys and rionyx,
contained the highest amount of water 89.7 %. But in the
marine form, Eretmochplys, owing to the high ovsmotic
tongion of the sca water it is only B6.8 % which is loy~
er then even the land forms, Geomyda and Testudo, in
which it is 88.6 % and 88.9 ¥ respsctively., the scmie-
aquatic Geomyde has e slightly higer figure than the

purely terresitrial one, Testudo.

0Of the snakes,the Pbyas blood has e least water,
84.3 4 while the Vipera blood has the highest, 87.9 %
and of the aquabtic one, Natrix a close second having
87.1 % with the Naja in bﬂ%weenlwith B5.9 %o Bairix has
& high water content in the blood since it is a weter
snake, the reason why the viper which is a land form

has the hishest waler content in iits blood is doubiful.

The lowest figures with regard to density and
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total solids of the blood of vrionyx, lissemys, Geomyda
and Pestudo among chelonians and snskes seem t0 suggest
that this due %o the acquaition oi the ureotelic type
of excretion, But those of the marine juritle
¥retmochelys are comparatively high even more than the
uricotelie snske Vipera. 50 the differences in thess
aninals uzre egsentially due o the environment in which
.the arninnls live depending on whether in Ireshwater,

sey or on land,

With respeet to wotal proteins in the plasma the
chelonians show lowey figures than the snakes. Among
the snakes, the water snake, Wairix, stands the lowest
while anong ‘the chelonians also the gquatic ones cone
lower than the terresirinl ones namely Geomyda and.
‘testudo. there again the completely terrestrial Yestudo
has a higher figure than Geomyda. Redfield (1933) on
studying the total proteins in ﬁhe plasma of a number
of vertebrates Ifrom fishes to mammals, concluded thail
thore is an increase in the concentration of plasma
profeins as we go up on the evolutionary ladder. He
further suggéated that this increase is " parallel
with the development of a curdio-vasculur sysiem capa-
ble of containing blood &t increasing pressures.”

This idea appears to justify the presence of & higher
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concentration in the;plasma proteins in snuake blood, if
we believe thalt in snakes there exists a curdiv-vascular
gystem containing blood ail u higher pressure owing Jo
the externally compressed linesy shape of the snake body.
Again, there seems Lo be a relation between terrestrige-
lism and the mode of excretion. In the aguatic reptiles
the amount of total proieins in the pl&smé is less thQn
in the terrestrial forms and also, that in the uricotelic
ones»highef than in the ureotelic ones. this leadgfto
visualise twe lines of evolution, (1) ureotelic terres—
trialism znd (2) uricebelic teorrestrialism. whose
evolving along the former consisi of, amphibisns and
aquatic chelonians and mammalsy and those along the
latter_comprise the lizards, snakes and birds. ‘the
terrestrial chelonians e.g. Testudo therefore judging
from the concenitration of plasme proteins seem %o bhe
intermediste bebween the aguatic chelonians and snakes
with respect to uresotelism and uricotelism - Support
for this ides s a&iélable from the recent work of
Khalil and Haggag (19%%) which as shown that tortoises
are %o be considered as ureo-uricotelic animals,

Bupport is also avidlable from the following statement
of Baldwin (1949) * It may be, thevefore, that in the
dortoises and turiles we have an intermediate group,

lying between the ureotelic amphibia and the uricotelic
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snakes and lizards: perhaps the uricotelism of the more
progressive reptiles is still being evolved in the slow

but steady mannexy usually =zssociated with toritoises.”

It must however bhe @mphasised that more information from

an extensive work on the physioclogy of these animalg which is
already in progress under Dr.George in this laboratory, is

necessary to arrive at definite conclusions,

An exactly similar padtern of variaﬁ}on in that the
values for ithe snakes ave higher than those of 1the chelonians
and ithat among tho ehelénians those of the land forns are
higher than those of the aquatic ones.is seen in the globu-
lin content of the plasma as of its foital prosein content.
The same is true for ihe albumen content of the pluasma
also but for the slightly higher figure for the marine

turtle among the chelonians,

A& Hore or less similar variation in the non-proiein
nitrogen (HPN; content of plasma as in the Hotal proiein
is observed auong the repiiles studied, But a lower value
of 4%.65 NPN and '45%:76 ¥WPH { Nair, 1955) in the Vipera is
unexplainable as also the very high itotal protein Tigure

in Ptyas,

Yhe glucose content of blood of the various

reptiles show a wide range of variation., The chelonians



show higher {figures than the snekes., Among the former
again, Geonyda and restudo show the lowest while rionyx
and Iretmochelys the highest. Among the snulies Vipera
hus ‘the lowest and Raja the highest blood glucose figue
res, The aguatic chelonians in which the blood glucose

value is high are much more scbive than the terrestrial

cnes in which this value is low. Anong the snekes swudied

Vipera which has the lowest blood glucose figure is ihc
most inactive amongst these snakes whils haja which hes
the highest is the nmost active. the blood fat Tigures

3 s

also show @ more or less similar variation. So I

f—~]

#
&

o

inclined %o think that the glucose snd fat condenits of
the blood mey be with certsin limitations indicutive of

the extent oif the activity of the animzl.

it

e
o

a peculisrity of the snuke bdlood that in
nany cases it does not clot for a long time. In order
Yo offer a vossible egplaination for this phenounencn

the present study was conducted.bn estimsting the cloti-
ing time it is found thet the hlood of chelonians clots
in about 30 seconds while in the sneke Vipera it talkes
one and a half to two hours for the Dblood to clot.,
Hatrix took 25 to 30 minutes, Ptyas 4 4o 6 uinutes and

Haja 2 to 3 minutes.
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“he calcium content of the whole blood ss well
as plasma and the fibrinogen content of the blood in
these peptiles were studied in order %o see if they are
the factors responsible for this feature of the snake
blood, 1% is found that the calcium content of both
whole blood as well as plesma are much higher in the
snakes than in the chelonians, fhis high ¢aleium cont-
ent of the snake blood may be due to the famet %ha% they
swallow their prey whole %ogeﬁher with their bones.

But it seems significant that among snakes the blood of
Viperz which takes the longest o ‘clot ccnggns the
highest amount of cal¢ium while the blood of Naja which
clots in the shortest time has the least calcium in
blood, Does this show that a very high caleium level in
blood prevenis cloviing? this question does not gppear
g0 sirange as it does at the first instance, if we

take into account what Heilbrunn (1952) has to say on
the subject, viz.," Delezenne also noted that whereas
dilute solutions of calcium salis favoured the activa-
tien of the enzyme, more concentraited solutions had the
opposite efiect and he drew an analogy te blood in which,
as is well known, dilute culcium solutions favour cloti-
ing and more concenirated solutions prevent it. This is
an interesting statement in view of the fact that

modern thedries of blood clotiing emphagise the important

=
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Tole that a proteolytic enzyme,in the process.”

Taking into considerstion another factor ncuely
the fibrinogen content of the blood it is found that
snake blood coniains only about one-fourth the amount
of that in the blood of chelonizns. Buit the blood of
Naja which has the least Fibrinogen clois sooner than
the other snzke. bleods which contain more ofF fibrinogen.
Again it has been observed that ox blood which clobs
readily contains only 0,08 gm/100ml. of blood of
fibrinogenf Wunderﬂya 1944)¢lots readily when shed. So
it is mos® unlikely that low fibrinogen content of the
blood is the chief factor in the prolonged clotting

time of snske bloaé{

_ Anoither possible factor fuvouring this feature
of snszke blood is heparin. Dui on neuiralising heparin
0f the blood with touledene blue, there is no effecd
(Fair, 1954). 'the addition of muscle exiract which
contains throumboplastin, produced clotting (Hair,19%4).
30 it appears thal in snske blood thromboplastin is not

readily produced,

How reviewing the whole problem of delnyed

clotting of snake blood, it appeurs thai there are wore
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than one factors involved: those factors may be as foll-
owsi=

(1) zhe slow production of thromboplastin in the )
bloods

(2) the high calcium level of the blood.

i .
(3) ®he low fibrinogen content of the blood.

‘Hadr (1554) suggested that a possible explanat-
ion for this singularity of the gnake BHlood may be found
in @ tﬁé disproportionaie elongution of the body without
the necgssary high frequency of heait beatyg to pump blood
horizontally %o a long disﬁance," He furither oxplained
that under such cifsumstaneea, there is o possibility of
the ble@d slowing down at the posterior end of the body

and producing a thrombussformgtion..

i It seems quite reasonable to expect in the light
of %the ;bove suggestion that the snake bdblood scquired’
the %hr%@ properties. I have already suggested above,
it alea%seems possible that such eircumstances as those
faced b§ snakes vere responsible for the dinodsurs o
acquire;a bipedul mode of locomotion and a more erect
body poéture; Amgng ‘the snakes tpo ‘the Naja is able o
raise i%aelf with 1%s hood up unlike Vipera. [t is

i

interesting that in the former the clotting time ia only



two and a hal? to three winuies while in the lutier it

is one and a half to two ho&rs.

The blood of the chelonian Lissenys was found
t0 lake readily with oxalate bui not with cifvaie. It
was therefore suspecied that the caleium content of its
red corpuscles was low. the result obbained show that
the ¢calcium content of whole blood, plasma or cells
( calculated from the other two values on the bases of
the cell to plasma ratio in bloed) din Lissemys is nod
low but on the conirary that of Pestudo and Ureimochelys
are very low. 80 the calcium content of whole bloocd,
plasma or cells is not a Factor for the ready laking of
bloéd of Lissemys with oxalate, Perhaps the Lissemys

rad blood cells have a gregter pemseability to oxalate,

It has alréady been mentioned in an earlier
chapter shat with the evolution of lavger lungs in the
more adyancaﬁ chelonians viz., {rionyx, Eretmochelys
and testudo; a muscle sheath covering the lungs as seen
in Uissemys and %0 a lesser extent in Geomyda, which
helped the lungs to function as a pair of bellows and
whose presence guve the carly chelonians thedr survival
value, was logst., This loss of the wmuscle sheuth wmust

have been & very severe handicep for the animal and it
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became necessary 1o msoke ceritein new adjasiments in- the
body. They were (1) greater development and a more aci-
ive role of the flank cuvity muscles in the mechanism

of respiration. (2) Developmeht of larger lungs. (3)

Acquisition of a greater oxyphoric capacity of the blood.

the purpose of the present study on the oxyphoric capa-
city of the blood of these chelonisns is to acertain
whether the assumption regsrding the scquisition of a
greater oxygen storing ability of the blood in the

‘édvanced chelonians, is correct or not,

¥uch work on the oxyphoric capacity of:ﬁhe
vertebrate as well as invertebrate bloods has been done,
Hall and Gray (1929) estimsted the oxygen capacity of
the blood of ¢ertsin fishes and Brlanger (1921) the
blood volume of mammals. Prosser (1950) has presented
a lot of data on the haemoglebin content of the blood
of various vertebrates. Irving's work (19%9) on the
respiration of diving mammals is also enlighitening.,. In
the present investigation the cell volume, the R.B.C.
count, haemoglobin gnd ivron contents of the blood of
some chelonians and snakes huve been determined in
order to pbtain an index of the oxyphoric capaciity of
these bloods, whieh is directly proportional to the iren

content, The effeciency of the blood as an oxygen
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transporting system however is dependent on the cell

volume and the huemoBlobin concentration,

The resulls obtained show that the oxyphoric
capacity of the blood of Lissemys is the lowest with its
iron as woll as haemoglobin conitenis being as low as
22.98 » and 4,88 ¥ respechively. The figures obiained
for rrionyx and Bretmochelys are the highest in the

serics while those of Geomyda and restudo which are much
less active chelonians, come in vetween. 'the figures
obtainod for Geoupda and Yestudo are more or less the
same. From the above observetions it is clesr that in
the primitive Lissemys whieh possesses ihe‘muscle shoeath
on the lung ha@ 2 low oxyphoric capacity whereas ‘the
advanced chelonians that lost this nuscle sheath which
becume more of a hindrance %o the full developnent of,
the lungs, acquired a greater oxyphoric capacity of the
Blood. Geomyda, however, is intermediatc beiween Lissemys
and westudo physiologically and as alresdy wmentioned in

an varlier chapier, anatomically as well,
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