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CIRCULATORY SYSTEM

l“k\ AR 1 A S) O\ N " S "
THo CRoRiatony RN consise of thive indepandent systoms that work together:

ha ast §aantiovaseniay -
the hoart (nandionaseulan, langs (pulmonan ), and arteries, veins, coronary and
portal vonsely (vatemie),

Tho xyatom ix rosponsible for the fow of blood, nutrients, oxyaen and other gases,
and as wall as hormones to and fom cells

Components of circulatory system
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- P - - -
- . ~ '.. 2 b ": & X
A Ciroadating Rk ~ the dload, hy on s Vonle
k! AN A \.‘\ = W VR l’\.i\\\? f:"\')ii“r B
':‘, 'f\a L ‘nn\\s\\ N AN AN o 'h\\ \\A - —— - »
(AN AR PR QU = R R ARt ) 3
) 4 by \blom©

pagma 524
(A) The circulatory fluid-the blood \ /2 ;’ku"f{ tfk g8

The Moad i the maduam i which dissehad RUITRRLE, Rases, hormones, amd nwastes are
amsportad through the bady. 1 i made wp of two main components, (1) plasma and (i) cells or
=] ~ ke Dodies (white blood ol rad hlood eelis, platelen), The weight of the blood  ouwr

R

Doy is adout 1A afour dhody,
) PLASMA : Tt has deen estimatad thatmaw
voheme of the Bland, and eells o ell-hike bodies

et

§ o -

(O The Bland vessely, artorien, capillavies and veins

ormal person plasia constitutes about 33% by
about 43% hy volunwe of the blood,

onts and wastes are dissolvad, Water
of the dissolvad

SIN (VR L varying

in which protIns, alts, putrt
asma, 1% awe dissolvad substanees, Aost
inrainad at @ conxant ot pearly constant level, but oth

ahREAIOCS 20T WA

comoeninaty O
The subs esolved of proset i plasma vary i their concentrations, with the condition of
Thie sahstanaes SIS " s aton. T ot
‘; with the portion of the system wader examnaton. The solutes can be dividad
and :{ htt RS ~

Plasena is primanly waker
¥ rnl
~onstiTaies about Ae of pt
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ws) - Plasma N X
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chlorfdc the ordinary table salt. Even if the total concentration of dissafvad 1.,
remains the same, shifis Substane,,

in the concentration
h

of particular jon can create serious disturbances. he norma} ol
uman blood is 7.4; and it is maintained between narrow limits, bec

ause the chag
| C) y\vould afect the chemical reactions of the body.

of
§ In piy
2. The plasma proteins constitute 7-9 percent by weight of the

' ! plasma. Mos of these
proteins are synthesized in the liver. Some of the globulins. call

ed immunoglobuyling or
antibodies, arc produced in response to antigens. by lymphocytes: and then are passed to
plasma, and lymph.

b
The proteins like prothrombin acts as a catalyst in blood clotting process. Fibrinogen takes
part in the blood clotting process. Immunoglobulins play important
against discase,

role in body' de fenses

3. Organic nutrients in the blood include, glucose, fats, phospholipids, amino acids g
lactic acids. Some of them enter the blood f

rom the intestine (absorption). Lactic s
produced in muscles as a result of glycolysis. and is transported by blood to liver Ch

teaterol
is an important constituent, it is metabolized 10 some extent, but also serves as precursor of
steroid hormones.

) 4. Plasma also contains nitrogenous waste products formed as a result of cellular
v A5 are carried 1) : live re they are producedto the orgas
Bk l metabolism. These products are carried from the liver where they are pr 8

from where they are removed i, kidneys)Urea and small amounts of uric acid are presente
N i . .
plasma,

5. All the hormones in the body are carried by blood - 5o they are present in the plasma

-

6. The gases such as CO2, O2 are present in the plasma of the blood ¢
N ) L ’ EAJLhuoCUEeS
P’ (ii) BLOOD CELLS AND CELL LIKE BODIES : .__—1%&%((}&,('
elets
These include red blood cells, (Erythrocytes), white blood cells (leucocytes) and platelets
\ /457 Hoermadpbin
(a) Red blood cells (Erythrocytes) : NSy o

imerous of the cells in the blood. A ¢

Mm@

ubic millimeter contains SEpRumi
vimmales. and FERmilon infemates: These cells, when formed, have nucleus,

it is'lst fore they enter the circulatorytiuid or blood. 95% of the cytoplasm of red bloo
cells is the red pigment, called haemoglobin the remaining 5% consists of enzymes, salts*
@ other proteins. The red cells once mature, do not divide

. —_

‘Sﬁ // "T{Eﬂ blood cells are formed principally in the red bone marrow of short bomﬂsuch asth
74 / Sternum, ribs and vertebrae .In the embryonic life, they are formed in the liver and spleet
The average life span of red blood cell is about four months after which it breaks down ¥*
Misintegrates in the liver and spleen - partly by phagocytes by-phegocytosis

These are most ny

C Y
.‘15‘;‘&. 'Y
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HUMAN HEART

The heart is a ho
to pump blood arou

pumps around 5.7 litres

NS
(#ed bone
/ gmnu/o%ﬁ@g

o

g
_(NEB)
(b 'hite blood cells cucocytes):
) White blood cells (L ytes): \ &?fb@/’)UIOC /qu :nsggﬁ) (/\/UL

These blood cells are ¢ ,
re colourless, as they do not coritain pigments. One cubic millimetre of

bl Od { 1 S 2
0 t lcorjl l‘l\l’l‘\ 7i(:-(‘)0::1(:}SOOODiit.hcm‘ 1 hcy are much larger than the red blood cells There
are at 1eas .l < (l Cr¢ yp(;s \\Y UCh can bC distinguiSth on thc b i [! . /
dsl1S Ofthe Sha ~ Ofthe"

nucleus s ity :
ueleus and density of granules in the cytoplasm They can be grouped into two main types

1 an
granulocytes % . :
granulocytes and agranulocytes. Granulocytes, include neutrophils, eosinophils and

basophils. They are formed in the red bone marrow

Agr:.lnuloc_\'tc?* are formed in lymphoid tissue, such as those of the lymph nodes spleen
tonsils. adenoids and the thymus. Agranulocytes include monocytes and lymphocytes (B and
T). Monocytes stay from 10- 20 hours in the blood, then enter tissues and become tissue

macrophages, performing phagocytic function,Lymphocytes have life spans of months or
cells

even years: but this depends on the body’s need for these
un :
against foreign invaders, and use circulatory system to travel to
llaries and reach the site

Leucocytes protect'the body
he site of invasion. Mopocytes and neutrophils travel through capillar
of wound where bacteria have gained entry. M_aggphageiandmmlﬁpm feed on bacterial
invaders or other foreign cells, including cancer cells (Fig. 14.21). They typically die in the
process, and their dead bodies accumulate and contribute to the white substance called pus,

AN : e
<;een at infection sites.
"ﬂ\'a asophils produce m _ 4 substance that inhibits blood clotting. These also produce
actions and in responses to tissue

hat participate in allergic re
Lymphocytes help to provide immunity against the disease.

(c) Platelets : F/bz /n)ogem —:;:7 /[: /b 2{/7/7( IhSO/Ub/e)
Gl s of large cells called megakaryoctyes Eig 422y

t are fragment
hem. There is no pigment in them. Platelets help in conversion o
rin. Thefibrin threads enmash red

ma protein, into insoluble form.fib
the area of damaged tissu¢, ultimately forming a blood clot.

al to prevent bleeding until the damaged tissue can be

chemicals, such as histamine, t
damage and microbial invasion.

These are not cells, bu
There is no nucleus int
ibrinogen, a2 soluble plas

blood cells and other platelets in
The clot serves as @ temporary s¢

repaired
Jak'h
gan which beats over 100,000 times a day

llow muscular or
0 miles of blood vessels. The heart

nd the body's 60,00
of blood in a day throughout the body.

points slightly -

d at the centre of the chest and

, The heart is situate
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On average, the heart beats about 100,000 times a day, i.e. around'g
billion beats in a lifetime. A

« The average male heart weights around 280 to 340 grams (10to 12
ounces). In females, it weights around 23% to 280 grams (8 to 10 |

ounces). Fr; Q _]0 oul :

M= —12 ot
« An adult heart beats about 60 to 80 times per minute, and newborn

babies heart beats faster than an adult which is about 70 to 190 beats
per minute

External Structure of Heart (/P@XICQ ydiql (O \/1 [’J )Pb’l Caz/d]_.

One of the very first structures which can be observed when the external structure of the heart is v1ewed is the
pericardium.

Pericardium

The human heart is situated to the left of the chest and is enclosed within a fluid-filled cavity described as the

pericardial cavity. The walls and lining of the pericardial cavity are made up of a m\e:;BEane k&own as the
pericardium. =

,\‘:\

The pericardium
is a fibre
membrane found
as an external
covering around
the heart. Tt

Scanned with CamScanner



the heart t di QOV
eart to expand it o
pand itself when it is full, The pericardium has two exclusive layers—

. ;’lscer a: II:ayer # It directly covers the outside of the heart
. arietal Layer: It forms .
a sac around the outer region of the heart that contains the fluid in the

pericardial cavity. (U
¢pr —(upyl ,
//’/’FUV)(/»( on

Structure of the Heart Wall<——— MC‘H'O 2 Pum
The heart wall is made up of 3 layers, namely:
Epicardi : . ézchj :7 \{tlltfe |
nlg;:a;m;:?;; Isiplcardlum 1s'the outermost layer of the heart. It is composed of a thin-layered
erves to lubricate and protect the outer section.
’w/ contributes to the thickness and responsible for the|pumping action
Endocardium — It is the innermost layer that lines the inner heart chambers and covers the heart

08 ot
Y&
Myocardium — This is a layer of muscle tissue, anwe middle layer wall of the heart. It
enting

INTERNAL STRUCTURE OF HEART
\ L
\OW (ix}eéml

Chambers of the Heart” —
The internal cavity of the heart is divided into four chambers: 5 0
e

« Right atrium }Woﬁ% -

« Right ventricle

Left atrium R {

Oﬁ Left ventricle —7 'l:h‘d\/ %

THetwo atria are thin-wallembers that receive blood from the veins. The two
T chambers that forcefully pump blood out of the heart.

ventricles are thick-walled
heart chamber wa

Differences in thickness of the . .
reflects the amount of force each chamber is required

of myocardium present, W
encrate.

hich

553 genaftéaiﬁifiﬁd’ffom Tsyétér’r‘{i'&mems(;* e
1€ pulmj@_ﬁaryvems

. Valves of thg\ H eart
Z 2 s (leaﬂets) that act as ope-way inlets for blood

are actuylly flap ) that y inlets £
4 ventricle and one-way outleis forblood; leaving
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valves. Furthermore, it prevents the blood from sticking to the inn
- s er walls, thereby prev
| potentially fatal blood clots . E— ‘%UC{—UX Ob hfaé
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ventricle. Normal valves have 3 flaps (leaflets), except the mitral valve, |t

only has 2 flaps. The 4 heart valves are:

\~ , .
c \&/ -« Tricuspid valve. This valve is located between the right atrium and t
774 right ventricle.
. Pulmonary valve. The pulmonary valve is located between the right

ventricle and the pulmonary artery.

_ Mitral valve. This valve is located between the left atrium and the left
%\ 3 ventricle. It has only 2 leaflets.

N\
\/- Aortic valve. The aortic valve is located between the left ventricle and
the aorta %«7

How do the heart valves work?

As the heart muscle contracts and relaxes, the valves open and shut. This lets blood
flow into the ventricles and atria at alternate times. Here is a step-by-step description

of how the valves work normally in the left ventricle:
emp .
«  When the left ventricle relaxes, the aortic valve closes and the mitral valve opens.
This lets blood flow from the left atrium into the left ventricle.

« The left atrium contracts. This lets even more blood to flow into the left ventricle.

/ @CU&P/(/ \Valves

/Q.& %i0 \/@tzb(/’c ol

valves \Ecus/?id Qe s

/ Postic [l ves

N\ @]wﬁ/ﬂ\ffjﬁ/ \/0] es

S e mf/Uh,’]?f
\/alves

Scanne d with CamScanner



Fillec %@(@9‘”“7 hill pih blod

» When the left ventri .
This is so bloo degglcle._% the mitral valve closes and the aortic valve opens.
WS 1nto the aorta and out to the rest of the body.

Yl}ll;z;he liﬁ]:’/zr;glc]le Is relaxing, the right ventricle also relaxes. This causes the

P ary close and the tricuspid valve to open. This lets blood flow into the
right ventricle that Wwas returned to the right atrium from the body.

« When the left ventricle contracts, the right ventricle also contracts. This causes the
pulmonary valve to open and the tricuspid valve to close. Blood flows out from the
right ventricle to the lungs before it is returned to the left atrium as fresh, oxygenated

blood. ! ‘
i Pu[mOH as) Ciycujation (LePl
Types of Circulation Sgﬂ‘@lfmc Cﬂ'_—/fXCU/CLHOI’) ————’5 Fepa |

« Pulmonary circulation is a portion of circulation responsible for carrying
deoxygenated blood away from the heart, to the lungs and then brings oxygenated
blood back to the heart.

« Systemic circulation is another portion of circulation where the oxygenated blood is
pumped from the heart to every organ and tissue in the body, and then back again to
the heart.

Now. the heart itself is a muscle and therefore, it needs a constant supply of oxygenated blood.
This is where another type of circulation comes into play, the coronary circulationy

« Coronary circulation is an essential portion of the circulation, where oxygenated blood

1S
supplied  superior venacava right | tricuspid right | pulmorey.  foulmonany
fo the atrium | I ventricle |  valve | artery ‘
heart. Inferior vena cava \ valve ] ’ :
. . b - y\-[\ P ; ‘

This is Rlev 7' B0 §*

left A\ left .

O ~ ventricle atrium
R | S L =
' 'gﬁlbr

/Veanvn 5= &

[ ;
Circulation OfW
Blood R
Through the s
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importax_n as the heart is responsible for supplying blood throughout the body.
organs like the brain need a steady flow of fresh, oxygenated blood to ensyre
functionality.

EARDIAC CYCLE, blood pressure and heart beat
O* Qgekelaxation phase - diastole.

The deoxygenated blood enters right atrium through vena cava, and oxygenated blood enters]‘
atrium through pulmonary veins. The walls of the atria and that of ventricles are relaxed. As th
atria arelilled with blood, they become disténided’and have more pressure than the ventricles, |
This relaxed period of heart chambers is called diastole. !

.
1

O \ Atria Contract - atrial systole

The muscles of atria simultaneously contract, when the atria are illed and distended with blood,
this is called atrial systole. The blood passes through tricuspid and bicuspid valves, into the twc
ventricles which are relaxed.

O ' 338 ¢ Ventricles contract - ventricular systole
/ . .
When the ventricles receive blood from atria, both ventricles contract simultaneously and the
blood is pumped to pulmonary arteries and aorta. The tricuspid and bicuspid valves close, and
£liibb? sound is made! Ventricular systole ends, and yentﬁcleérelax}tme?é@:é:ﬁﬁém
es at th ryand agitarelose simultancously, and ‘dubb” sound is mac
1 the help of a stethoscope)?

— o S

Ofié complete heart beat consists of one systole and one diastole, and lasts for about{Q.8:_T_s§'c"ég§‘
In one’s life, heart contracts about 2.5 billion times, without stopping /

}
|

5. Blood Pressure and Rate Ol{lOW of Blood

I8 the measure of force with whic

(e e B

Fis the h blood puishes up-against-the walls of blood vessels7IFisHh
force that keeps bloodjlowinig fror the:heart (o all the capillary fietworks in the body. This
‘ressure is generated by the contraction of ventricles (ventricle systole) and isAtrhé.‘ﬁighest in
aorta, then gradually reduces in arteries. The walls of arteries are elastic and the low of blood
stretches them, and it is felt as pulse. During diastole] the relaxation phase of the cardiac cyclé
the heart is not exerting pressure on the blood in the arteries and pressure in them falls. The.
pressure reaches its high point during systole (systolic pressure which in normal individualsi
120 mm Hg) and its low point during diastole (diastolic pressure which in normal individuals
ranges be-:tween 75-85 mm Hg). The blood pressure gradually declines . The decline of the bl
: pressure 1n successive parts of systemic circuit, is the result of friction between th owing" '
e 'and the walls of the blood vessels - thus blood moves from a region cf higher pressure to i
- region of lower pressure. ’ P ;v

aee —

\

feing
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1) The'diterence between systolicand diastolia v . < DT —
ST sy SIONIC and diastolic pressure continues to diminishuntil it disappears
mtyqeapillgpgsand YeiﬁS:"' — ”"""‘j“;“'“g-‘h«w‘ A e S Y xm"-;i%iﬁ::!d*-&"‘f‘&“‘”" ARHEE

11) The rate Of,tiO_OQ@?}’Qgg_gsgto fall as the blood moves through the branching arteries and
anenole§. therate is lo\t;est in tﬁ@lﬁ@é‘;\and increases again in the venules and veins. These
changes in mmﬁmﬁﬁ%ges in the total cross sectional area of the vessel
syvstem. Theﬁow of blood in veins is maintained by the contraction of surrounding muscles and
the action of semilunar valves which prevent backflow of blood. Muscular activity including
breathing movements help normal low of blood in the body.

A.BLOOD VESSELS
Arteries

7
« Have thick walls of muscles.
« These help in carrying blood away from the heart. All arteries except

pulmonary artery carry blood from the heart to ether-parts. [UNJ6
Pulmonary artery brings blood from the heart to the lungs and hence termed as

Pulmonary artery as term pulmonary indicates its relation to lungs.
These have internal lumens that are small passages for blood.
These have relatively high pressure as the heart pushes the blood with the

pumping.
Veins
rry blood from organs to the heartl
ated blood except for the pulmonary vein which
s to the heart.

« Its function is to ca
« It always carries deoxygen
carries blood from the lung

o The walls are thin.
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