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BODY FLUIDS AND CIRCULATION

You have leamt thal all lving cells have (o be provided with nuimients, O,
and other essenital subsiances. Also, e wasle or hamifnl subslanoes
produced. have to be removed conttouously for healthy functiontng of
Ussues. 1L Is Lherelore, essental Lo have efficlent mechanisms for thie
movement of these substances (o' the ¢ells and frdm the cells. Dilferent
groups of antmals have evolved different methods for this tremsport. Stmple
aorgantsms ke sponwes anid coelenterales ciroulate waler from telr
swrroundings through thetr body cavitles (o factliiate the cells (o exchange
these substances. More complex organtsms 1use special Madds wilkitn telr
hodies to {ansport such malerials, Blood s (e mosi commonly used body
Mutd by most of the higher organtsms including humans for this purmpose.
Another body fluid. lymph, also helps tn the transport of ceriain subsiances.
In this chapier. vou will learn about the compesittion and properties of
lilpod and lymph (Ussae Duld} and the mechanism of cdrcuitaiion of biood
is also explained herein.

i5.1 Bioon

Blood 15 a spectal connective Hssue consisting of a flutd matrix. plasma.
and [orimed elemenits.

15.1.1 Plasma

Plasma Is a stmaw colotred, viscous flukd constituling nearly 55 per cen of
the hlood. 90-82 per cent of plasma 15 waler and proieins contribuie 6-8
per cent of it Fibrinogen, globulins and albumins are the major proteins.
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Fibrinogens are needed for clotiing or coagulaton of blood. Globulins
primariy are tiwvolved m defense mechantsms of the body and the albumins
bl in osmotlc balance. Plasma also conlains small amounis of mineals
ke N, Car, M, HCO,, CI, ete. Glucose, aming actds, Iiptds, ele., are
“also present tn the plasma as they areatways in transit in the body. Factors
for coaguialon or clotting ol blvod are diso presend i the plasma In an
mactive fom. Plasma without (he clolling Eetors s called sevum,

15.1.2 Formed Elements

Erythrocytes, leucocyies and plateleis are collectively called formed
elements (Figure 15.1)and they constitute nearly 45 per cent of the hlood.

Erythrocytes or red blood cells [RBC) are the mosl abundant of all
the cells in blood. A healthy adult man has, an an average, 5 millions Lo
5.5 milllons of RBCs mm ? of blood. RECs are formed tn the red bone
manow in the adulis. RBCs are devold of nucleus tn most of the mammals
and are blconcave in shape: They have a red eoloured. Iron contaiming
complex protein called haemoglobin, henee the colour and name of these
cells, A healthy madividual has 12-16 pms of haemoglobin in every
100 m! of blopd. These malecules play a stgnificant role in transport of
respiraimy gases. RBCs have an average We span of 120 days after which
they are destroved tn the spleen (graveyard of RBCs).

Leucocyies are also knopwn as while blood cells (WBC) as they are
volouriess due to the lack of haemoglobin. They are rnocleated and are
relatively lesser tn number which: averages 6000-8000 mm~ of hlopd.
Leueocytes are generally short lived. We have two matn categories of WBCs
= granuloeyies and agranulocyies. Neutrophils, eostiophils and basophils
are different types of granulocyles, while lymphocyies and monocyles
are the agmotlocyies. Neutrophils are the mosl abundant cells (60-65
per cent) of the iotal WBCs and basophtls are the {east (0.5-1 per cent]
among them. Neutrophtls and monocytes [6-8 per cent) are phagocytic
cells which destroy forelen organisms entering the body. Basophils secrete
histaming, serolonin, heparin, elc., and are invoived In mammatory
reactions. Eosinophils (2-3 per cent) resist infections and are-also
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assoctated wilh allergie reactions. Lymphocyies (20-25 per cent) are-of
twix major fypes — "B and T forms. Both B and T lvmphocylés are
responsible for immune responses of the body.

Plaielets also called thromboceytes, are cell frasments produced from
megakaryocyles (spectal cells in the bone marmow). Blood normaily
contaiis 1,500,00-3.500,00 platelets mni °. Plalelets can release a variely
of substances mast of which are tnvolved tn Lthe coamuilation or clolting of
Mood. A reduction in thetr number ean lead to clotting disorders which
will lead (o excessive loss of blood from the body

15.1.3 Blood Groups

As you know, blood of Haman betnes differ in certain aspecls Uiongh i
appears Lo be stmilar. Varous types of grouptng of blood has been done.
Two such groupings — the ABO and Rh - are widely used all over the
world.

15.1.3.1 ABO grouping

ABO grouping is based on the presenioe or absence of two surface antigens
(chemieals that can tnduce immune redponse) on the RBCs namely A
and B, Similarly, (he plasma of different mdividuals conlaln two natural
antihodies (proteins produced in responsé o anbigens), The distribution
of antigens and antibodtes in the four groups of blood. A, B, AB and O
are given In Table 15.1. You probably know Lhial during bloed ransfusion.
any blood cannot be used; the blood ol a donor has (o be carelully matched
with the blood of a rectptent before any hlood transfusion to avold severe
problems of clumping (destmction of RBC), The donor's compatthility is
also shown In the Table 1501,

Tame 15.1 Biood Groups and Donor Compatibility
Biood Group  Antigens on  Antlbodies Donor's Group

RECs in Plasma
A A . antB A0
B B antt-A B0
AB AB il AB A B0
Q 4 il anti-A, B 0

From the above menttoned lable i s evident thal group *0° hlcod can
be donated to persons with any other blood group and henee '0F group
mdtviduals are called ‘untversal donors’. Persons with "AB'group can
accept blood fmom persons with AB aswell as the other groups of bleod.
Therelore, snch persons are called "uiliversal reciplents’.
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15.1.8.2 Rh grouping

Another antigen, the Rh antigen stimilar to one present tn Rhesus monkeys
{hence Rb), ts-also observed on the surface of RBCs ol majority (neardy 80
per cexil] of hhumans. Sudcli tndividuals are calléd Rh positive [Rls=)
and those in whom this aniigen 1s absenl are called Rh negattve (Rli-ve).
An Rbr-ve person. if exposed to Rir+ve blood, will form specific antibodies
agalnsi the Rh antigens. Therelore, Bh group should alse be matched
belore transhusions. A spectal case of Rh incomgatibility (mismatching)
has been observed between the Rb-ve blood of a pregnant mother with
Rh+ve biood of the loetus. Rb antigens of the foelus do not gel exposed (o
the Rhi-ve blotd of the mother in the fissi pregnancy a= Lthe iwe bloods are
well separated by Lhe placenta. However, during the delivery of the lirst
child. there 1s a possthility of exposure of the maternal blood to small
amonnis ol e Hh+e blood om (e [oclus. In'such cases, (e mother
siaris preparing antibodies againsi Rh aniigen o hier blood. In case of
her subsequent pregonancies. the Rh antibodies from the mother {Rh-ve)
can leak 1o the blood of the foetus {Rh+ve) and destroy the foctal RBCs.
This could be fEtal o the fortus or could cause severe anaemia and
Jaundice to the baby. Thits eondition 15 called erylhroblastosts foetalis,
This can be avolded hy admintstering-anii-Rh anttbodies to the mother
immediately afier the deivery of the {irst child.

15.1.4 Coagulation of Blood

You know that when you cot your finger or hurt yoursell, your woumnd
does not contmne to bleed lor a long tme: usually the blood stops lowing
aller sometime, Do gjou Know why? Blood exhibils coagulalion ar clolting
In response 1osn mjury of rauma. This 18 a mechanism to prevent
excessive loss of blood from the body. You would have observed a dark
reddish brown scum formed al the site of a cut or an injury over a pertod
of tmge. 1015 a clol or coagulam lormed matnly of a network of threads
called fibrins in which dead and damaged {ormed elements of blood are
trapped. Fibiins are [ormed by the comversion of inactive [ibrinogens th
the plasma by the ereyme thrombin, Thombins, in turn are formed from
another nactive substance present in the plasma called prothrombim. An
enzyme complex. thrombokinase. 1s required for the above reaction. This
complex s formed by a series of linked enzymie reacllons (cascade
process) tivolving a number of factors present in the plasm tnan insctive
state, An injury or a trauma stimulates the platelels in the blood lo release
cerlain [aciors which activale the mechanism of coagulation. Ceriatn
factors released by the Ussues at the site of tmjury also can inliate
coagilatton. Caletum jons play a very tmporiant role tn clotiing,



15.2 Lywurs (Tissue Fuum)

As the blood passes through the caplllaries in Ussues, same waler along

with many small water soluble substances move out into the spaces.

between the cells of tissues leaving the larger proieins and most of the
[ormed clements In the blocd vessels: This Dowd released oul 1s called the
Inlerstitial old or tssue Nuid. 1 has he same mineral distribution as
that in plasma. Exchange of nutnents, gases, ele., between the Hood and

the cells atways oceur trough this fhuid. An elaborate network of vessels.

called the lymphatic svstem coliecis this flutd and dratns it back (o the
majorveins. The Mud present i tie vmphatic system is called the lymph.
Lymph 18 a colourless fhuld containing spectalised lvmphocytes which
are responsthle for the immune responses of the body. Lymiph is atso an
imporiand carmier for nuinients, hormones, elc. Vals are absorbed through
Iymplh i the lacteals present in the mitestinal vl

15.3 Cmcuratory Parawars

The circulatory patlerns are of two lypes — open or closed. Open
circulatory system 1s present in arthropods and molluses In which blood
pumped by the heart passes through large vessels into open spaces or
body cavilles called sinuses. Anpelids and chordates have a closed
circulatory system (n which the blood pumped by (he heart 1s always

cirenlated through a clesed network of Blood vessels. This pattern Is.

considered (e be more advantageous as the flow of fluld can be more
precisely regulated.

All veriebratles possess a muscular chambered heart. Fishes have a

2-chambered heart with an atrum and aventricle, Amphibtans and the
Tepiiles (excepl crocodites) have a 2-chambered heart with twoattaand a
single veniricle. whereas erocodiles, birds and mammals possess a
4-chamibered heart with two atria and two ventricles, In fishes the heart
pumps oul deoxvgenated blood which 1s oxygenated by the gills and
supplted to the body parts from where deoxygenated blood 15 retumied Lo
the heart (single circulation). In amphibians and repiiles. the lefi atrum
recetves oxygenated blood from the @lls/lungs/skin and (hemght atrioim
gets (he desxvernaled hipod from olher body parls. However, they get mitxed
up in the single veniricle which pumps out mitsed blood (fncomplete double
ctreulation), In birds and mammals. oxygenated and deoxygenated hlood
received by the lefi and right atria respectively passes onio the veniricles of
the same sides. The venincles porop (L oul without any mitxing dp, Le, two
separale cirenlatony patliways are present tn these ofgantsms, henoe, these
antmats have double cireulatton. Let us study the human creolatory

system.
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15.3.1 Human Circulatory System

Human circulalory systeim, also calied the Blood vascular system conststs
of a2 muscular chambered hearl, a network of clased branching blood
vessels and blood. the Nuid which ts eirenlated,

Heart. ihe mesodermally derived organ. is siluated in the ihoracic
cavity, th betwesn Lhe two lungs. slighily tited to'the lell 1L has (e stze of
a clenched DsL It 1s protected by a double walled membranous bag,
pericardium, enclosing the perteardial lud. Our heart has four
chambers, two relatively small upper chambers called atria and two larger
lower chambers called ventricles. A tun. muscular wall called the inter-
atital sepluin separates the right and the left atna, whereas a thick-walled,
the mter-ventricular seplum, separates the left and the nght veniricles
(Flgure 15.2). The atrium and the ventricle of the same stde are also
separated by a thick fibrous tissue called the aifo-venirienlar septum.
Howsver, cach ol (hese septa are provided with an operitng through which
the two chambers of the same side are connected. The opentng between
the rght atrium and the aght ventricle is guarded by a valve formed of
three muscular flaps or cusps, the tdcuspid valve. whereas a bicuspid
or mitral valve goards the opemtng between (he left atrium and the lelt
ventricle. The opening= of Lhe right and (he lefl ventricles into the

Afmia

Venn cam,

Prlmeomary artery
Pulrnonie velns

Sitio-atrial node Left dbrivm
Right anrivm =
Altieeaitriculiy '_
T
Bundle of His
Chorelae tendinge
Right ventricle Left ventriele

=~ [Mtefvenirculit
|epim

Mdex

Flgure 15.2 Scction of o hitmon heart



pulmonary artery and the aorta respectvely are provided with the
semilunar valves. The valves in the Beart dllows the llow of blood only in
one directlon, Le., fom the atila Lo the ventncles and from the vendnicles

to the pulmonary artery or aoria. These valves prevent any backward

flow,
The entire heart 1s made of cardlac muscles, The walls of venfnicles
are mich thicker than Lhal of the aina. A specialised cardiae musculature
calied the nodasl Ussue 15 also dla:.nhulﬂi in the heart (Figure 15.2), A
patch of this tssue 15 present i the right upper corner of theTight atrom
called (he sine-atrdal node [SAN). Ancllier mass of thils Hssue 1s seen i
the lower left corner of the nght alnum close (o the atrio-ventricular seplum
called the atrio-ventricular node (AVN), & bundle of nodal fihres. atrio-
veniricular bundle (AV bundle) continues from the AVN which passes
through the atnio-ventncular sepla to emerge on the top of the inter-
ventncular septum and immediately divides Into a right and lefi bundle.
These branches give rise to minuie fthres throughout the ventricular
muscnlgture of the respective sides and are called purkinge fibres. The
nodal musculature has the abilily Lo generale action polenidals wilhoul
any external stimult, Le., it s auloexeitable. However, the mumber of sclion
potenials ihat could be generited in o minuie vary al different paris of
ihe nodal system. The SAN can generate the maxtriom number of action
podentials, Le., 70-75 min ', and 18 responsible for inittaling and

matniatnine the thythmic contractile activity of the hearl. Therelore, s

called the pacemaker. Our heart normally beats 70-75 Umes tn a minute
[average 72 beals min ¥).

15.3.2 Cardiac Cycle

How does the heart unctien? Lel us take s look. Tb begin with, all the
four chambers of heart are in a relaxed state, Le., they are in joint
diastole. As the tricuspud and bicuspid vatves are open. biood from the
pulmonary velns and vena cava llows Inlo the left and the rght ventricle
respectively through the left and nght atria. The semilunar valves are
closed al this stage. The SAN now generates an aclion potenital which
stimulates boll the atna o underpo a simulianeous contractlon - the
atrial systole. This increases the flow of tood into the ventricles by about
30 per cent, The action potential 1s conducied to the ventricular side by
the AVN and AV bundie from where the bundle of Histransmits il through
the entire ventrcular musculature. This causes the ventricular muscles
to contract, [(vemtricular systole), the atria undergoes relaxation
(diastole). eotnciding with the ventricular systole. Ventricular systole
Increases the venlnoilar pressure causing the closure of tricuspld sod
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euspid valves due 1o altempled backflow of blood mto the atrta. As
the ventrlcular pressure inereases further, the semitlunar valves guarding
the pulmonary artery (rtuht side) and the aorta (left side) are forced open,
allowing the blood in the venlricles (o flow through these vessels Inlo
the clroilalory pathways. The ventrelss niow elax (veniiicular diasiale)
and the ventricular pressure falls caustng the closure of semilunar valves
which prevenis the backflow of blood into the venirticles. As the
venlrcular pressure declines [oriher, the cuspld and bicuspid valves
are pushed open by the pressure tn Lhe atia exerted by the Blood which
was being emptied into them by the veins. The blood now once again
tnoves frecly to the ventricles. The ventricles and alria are now agaln 1n
arelaxed (Joinl diastole) state, as eatlier. Soon the SAN generales a new
action potenital and the events describerd above are repeated tn that
sequence and the process conuUniues.

This sequenital senl (o the heart which 8 evelically repeated 1s called
the cardlac cycle amd 1 conststs of systole and dastale of bath the atra
and ventricles. As mentioned carlier. the hieart beats 72 times per mimute,
Le., thal many cardiae cycles are perfonmed per minule, From thils il could
be deduced that the duration of a cardiae cyele 1s 0.8 seconds, Durning a
cardiac cycle, each ventricle pumps oul approxtmalely 70 mL of blood
which s called the stroke voluie. The stroke volume multplied by the
hezart rate (no. ofbeats per min, | gives the cardlac outpul. Therefore, the
cardiie output ean be defined as the volume of blood pumped cut by each
veniricle perminute andaverages 5000 mLor 5 itres 1 a healthy mdmaduoal.
The body Las (he ability foaller the stmke volume as well as e heart mile
and thereby the candiac outpul, For example, the cardiac outpul of an
athlete will be much higher than that of an ordinary man.

During each earding cycle two prominent scunds are produced which
can be eastly heard through a stethoscope. The first heart sound (lub) 1s
assoctaied with the closure of the incusptd and bicuspid valves whereas
the second Dhearl souid (dub) 5 assectaied wilh he elosure of Lhe
senthimar valves. These sounds are of clintral diagnostic signtficance.

15.3.3 Electrocardiograph (ECG)

You are probably miliar with this seene from a typleal hospiial televiston
show: A patient 1s hooked up 1 a monitoring machine that shows vollage
iraces on 4 screen and makes Lhe seund ~... pip... pip... plip.....
peeceresEeeceiecoceeeee” as Lhe patlent goes inlo cardiac arresL. This Lype
ol machine {electro-cardiograph) is used (o obtain an elecirocardlogram
(ECG). ECG |15 a graphical representation of the electrical activity of Lhe
heart during a cardiac pycie. To ohtain a standard ECG (as shown in the
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Flgure 15.3), a patient is connecied o the

cvaluatton of the heart’s [uncllon, mulliple
leads are dltached Lo the chesl regton. Here,
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machine with Umeeelectrical leads |onie o each 5
wrist and Lo the left ankle) that continuously
montior the heéart acuvity. For a detatled
T

we will lalk only aboul a standard ECG.
Each peak in Lthe ECG 1s tdentfled with a

letter from P Lo T that corresporuds to a spectfic Figure 15.3 Diagrammutic presenintion of n

elevirical activity of Lhe heart. stundard KOG

The Powave represents the electrical
excitation (or depolarisation) of the atria,
whiich leads to the contraction of both the atra.

The QRS complex represenis (he depolarisation of the ventricles.,
whilch mnttates the venrcular contraction. The contraction stars shortly
aller O and marks the beginring of e systole,

The T-wmve represenits (he retorm of he ventricles from exciled to normal
siale {repolarisation), The end of the T-wave marks the ebd of systole.

Obviously, by eounting the number of QRS complexess that acourina

given Ume period, one can detenmnine the heart beal mte of an individual,
Sinee the ECGs obtatned from different individuals have roughly the same
shape for a given lead configuration, any deviation friam this shape Indicates
a possihle abnomnality or disease, Henee. 1t s of a great clinlcal signifltance.

15.4 DouvsrLe CmouLaTiON

The blood flows strictly by a {ixed roule through Blood Vessels—ihe
artertes and vetns. Basteally, each artery and vetn consists of three layers:
an tnmer lming of squamous endothelium, the tunica intima, & middle
fayer of smooth muscle and elastic fibres, the tunica medls, and an
external layer of fibrous connective (issue with collagen fibres. the tunica
externa. The tunica media 1s comparatively thin in the veins (Figure
164

As meniioned earlier, the blopd pumped by the right venircle enters
Lhe pulmonarny artery, whereas Wie left ventriele putps blood 1nlo the
aoria. The desxygenated biood pumped Into the pulmonary artery Is
passed o o the lungs frony where (he oxygenated blood ts carried by
the pulmonary velos tato the lefl dirum. Thts pathway constitutes (he
pulmonary clrculation, The oxveenaled blood enlexing the aoria s
carried by a network of arteries, arierioles and capillanes (o the lissues
from where the deoxveenaled blood 1s collected by a system of venules,
velns and vena cava and emplied tnto the righl atrium. This 15 the
systemie cireulation (Figure 15,41 The systemie clrenlation provides
mutrients, (), and other essential substances to the Ussues and Llakes
CO, and other harminl substances away for elimination. A untque

vascular connecon exists between the digestive tract and liver called
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hepatic porial system. The hepaiic porial vein carries blpod from intestine
to Lhe liver belore 1t 1s delivered o the systemic circulation. A spectal
coronary syslem of blood vessels Is present In our body exclustvely [or
the clrculation ol blood Lo and [rom the cardlac musculalure.

™ Pulmonary Veln
, :

B

Vi caen —— Depessil aesitsi

ligreat welrm]

l

.’

Bl jinits  Laimmin ™ g riitane|s
Cuapiltliiiy Aitrry

Figure 15.4 Schematie plan of bood etreulatbon il

15.5 Recuratmios oF Carmac Acriviry

Nommal activittes of the heart are reguiated indnnstcally, 1.e., anlo regulated
by specialised muscles (nodal tissuel, hence the heanl is called myogenic.
A spectal newural centre in the medutla oblangata can moderale the camdiac
furction throagh antenomic nervous svstem (ANS). Neural signals through
the symipathielle nerves [part of ANS) can Increase the rate of heari beat.
the strength of ventricular contraction and thereby the cardiac outpul
O the other hand. parasynipalletic neuaral signals (another compotient
of ANS| decrease the rate of heart beal. speed of conductlon of action
Jpotential and thereby the cardiac ouiput. Adrenal meduliary hormones
can also increase the cardlac output.

15.6 Dmisorners oF CmcoLaTony SysTEM

High Blood Pressure (Hypertension): Hypertenston is the term for
blood pressure thal 1s hitgher than normat (120/80), In thts measurament
120 mm Hg [millimetres of mercury pressure] is the systolic. or pumping,
pressure and 80 mm Hg is the diasiolic, or resting, pressure, Ifrepealed
checks of blood pressure of an tndividnal ts 140/90 (140 over 80) or
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higher, it shows hypertension. High blood pressure leads (o hean discases
and alsa alfecis vital organs lke brain and kidney.

Coronary Artery Diseass (CAD): Coranary Arterv Discase. ollen referred
lo as atherosclerosis. allects the vessels that supply blood Lo the heart
muscle. L 18 cansed by depasits of caletum, fal. cholesierol-and Nbrous
Uasnea, which makes the lomen of arlerles Harmower.

Angina: 1L I5 also called "angitia pectorts’. A symplom of acule chesl paln
appears when no snough oxvgen ts reaching Lhe heart muscle. Angina
can ocour in men and women of any age hul 1 1S mare common amang
the middie-aged and elderiv. It ocours due o conditions thal alfect the
Hlood Jow.

Heart Fatlure: Hear| fathire meaiss (he state of heart when 1L ts not pumping
Mood effectively enough to meel the needs of the body. It 1s sometimes
calied congestive heart [atlure because congestion of the lungs 1s one of
the mam symptoms of this disease. Heart fGtlure 15 net the same as candiae
arrest (when the heant stops beating) or a hearn attack {when the hean

muscle ts suddenly damaged by an tnadequate blood supply).

Sunameasey

Vertebrales ctrenlile blood., a fald conmecttve Ussue, i thetrbody, Lo Lransport essestiial
subsiances lo (he cells and o carmy waste substances from there. Another fluid, lymph
(itssue Mutd) 5 also used lor the (Fanspor of certatn substances,

Hivod comprises of 2 hnd matrix, plasima and formed elements. Red blood cells (RBCs,
ervihimoevies), white blood cells (WBCs, lucocyies) and platelets (thromboecytes) constitute
the formed elements, Blood of humans are grouped tnto A, B, AR and O systems based
on the presence or absence ol two surface antigens, A, B on the RECs, Another blood
gromping is also dome: based on the presence or absence of another antigen called Rhesus
factor (Rb) on the surface of RBCs. The spaces between cells in the Ussues contatm a (foid
dertved from blood called tissue flutd. This Tatd called lymph 1s almost stmitlar to blood
except for the protetn content and the formed elements.

All vertebrates and a lew inveniebrates have a closed oireulatory systemn. Our circutalony
system conststs of a muscular pumphg organ, heart, a network of vessels and a fhid, blood.
Hezrt has two atria ardd twoveninides. Cardiac mmusculature is anto-exctiable. Stine-atnal node
(SAN) generates the maximum momber of action prolentials per mitmate (70-75/min) and
therefore. It sets e pace of he activitles of e heart. Henee U 15 called the Pacemaker The
aclion poteniad canses the atrta and then the ventrices 1o undenss contraction (systole} ollowed
by thelr ietaxation (dinstole). The systole [irces the blood (o move from (he atrtia (o (he ventricles
and (o the pulmonary artery amid the amia. The candiae cyele ts formed by sequenttal svents
the heart which 1s cyclically repeated and is called the camdlac cycle. Ahealthy person shows 72
such cyvles per minule. About 70 mL of blood 1s pumped out by each ventnicle diuring a
candlac cyele and U 1s called the stroke or beal volume. Volume of blood pumped oul by each
venitricle of heart per mimude 1s callerd the cardiae outpul aond i s egqual to the prodoct of stoke
volume and heart mie (approx S ires), The electrical acthity of the hesrt can be recorded from

e ]
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the body surface by psing elecirocardiograph and the recording is called
clectmocandicagram [ECG) which 1s.of clinical imporiarnice.

We have a complete double eireulation, Le., two ciiculatory pathways, namely.
Pulmaonary and s}rstulm. are presenl. The pulmonary cirenlation stans by (he
pumping of deosyeensted blowd by the nght ventricle which ts carmied to the lungs
where it is oxvgenated and returmed (o the left atrium. The systemic ciroulation
starts with the pumping of oxygenaied blood by the left ventricle to the aorta
which 1s carried toall the body tissues and the deoxyeenated blood from there is
cnllected by the vetns and returmed 1o the nght atrium. Though the heart 1s
antoexcitabile. its anetons can be moderated by nearal and hormonal mechanisms.:

Exurcises

1. Name (he components of the formed elements i the blood and mention one
major function of cach of W

2. Whalt s the imporianee ol plasma proteins?

3, Malch Cohimn | with Column 1 ;

Column I Column IT

fa) Eastnophits (1} Coagulation

{b) REC (M) Universal Recipfent
lc) AB Group {1t} Restst Infections
) Matelpts (v} Contraction of Heart
{e} Systnle (vl Gas transport

Why do we constder liloogd a5 a connecttve tssme?

What 1s the difference belsweets lymph amd Blood?

What ts meant by double cireulation? Whal 15 1ls stgntlicance?

Wrile Lhe differences between :

fa) Diood and Lymph

() Open and Clased systemm of elreulation

(c) Systole-and Dtastole

{d} I=wave and T-wave
8, Describe the evolutionary change in the pattern of heart among the verfebrates:
9, Why do we call our heanl myogemuc?

10 Sine-nirial node 18 mmbled the pacemaker of our hesrl. Why?

1l What ts the signicance of atno-ventmieular node and atrto-ventricular bundle

i the functiomng ol heart?

12 Denne a cardiac cycle and the cardiac ontpul.

13, Explatn heart sounds,

14 Draw a siandard BECO and explatn the different segmesits bl
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