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b Fig.26.2: Red blood cells.

er of erythrocytes per cubic millimetre differs in different animals.
11 count of erythrocyte in adult male is about 5 million and in
cubic millimetre blood. Ininfants, the count is 6. 7million, where

1ion.
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0d the count remains high. R
o : Val‘letlt?s of leucfocytcs. Determination of the different varieties
s known as differential count of white blood corpuscles. Leuco-
main types 1. Granulocytes and 2. Agranulocytes.

BC with granules in the cytoplasm and the nucleus is unlobed.
produced in the bone marrow and are of three types, namely neu-
phils and basophils.

se of granulocytes in the blood is called granulocytosis. Diminution
s called granulocytopenia and complete disappearance of granu-
as agranulocyfosis.

are of the following types:
Scavenger cells

sut 79% of the total leucocyte cou

2 multilobed nucleus (2-7 lobed). '
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Hor

| ' i|laries by a process
ut through the capillaries by a]

e agocytic and devour foreign par-

ber of neutrophil 1s

nt. Aneutrophil has agranular

s are capable of passl!
5. As thesecellsare highly ph i
» called scavenger cells. The abs0

unt. The cytoplasm contains

e co
like eosin.

iCh o o ¢ lute pumber of cosinophils is 150-




|
Platelets |

Monocyte

d elements of blood. .
s are to bring about destruction and dgy; |

Fig.26.5: Forme
The important functions of eosinophil
fication of toxins of protein origin.

c. Basophils

Basophils are about 0-4% of the total leucocyte count. The nucleus is lobeday |

the cytoplasm contains granules of various sizes which take deep I?asic Stains,
The absolute number of basophil is 0-100 per cu.mm. Basophil has some pos:
sible role in local anticoagulation and formation of ground substance.

2. Agranulocytes
Agranulocytes are produced in the lymph nodes and spleen, and are of two

types: lymphocytes and monocytes.
Lymphocytes

These are about 25-30% of the total leucocyte count and their absolute numb¢ |
is 1500 to 2700 per cu.mm. They have a large nucleus compared to the siz¢ of
cy;oglﬁm; he cytoplasm i? basoll)lhilic without any granules. Lymphocytesar i |
vided into two groups, namely small |
s Y ymphocytes and large lymphocytes. “\

S They are large leuc_:ocytes forming about 5-10% of the total leucocyte cout
eir absolute number is 350-800 per cu.mm. The nuclei are h hoe shape?
They are motile and have the power of engulfing bacteria i

3. Blood Platelets or Thrombocytes

Thrombocytes are a type of fop :
soherical el R mmf H:‘g::gl g:ements in the blood. They ar¢?

The number of platelets in human blgg

%

reticuloendothelial cells.
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They mitiate blood clotting
tion or syneresis is directly
od. They are also concemed
hydroxytryptamine.

Present in the bJq

ion pf blood vessels, liberating OF

ood
sp.orts oxygen from the |

Bt ungs to the tissues and CO2 from the

rts food from the i -
| .Isfwastepmgl; 1:1testme, ﬁrst to the liver and then to the tissues.
e ¢fs to the kidneys, and to the sweat glands for

els thfillllwrlmones frorp the endocrine glands to the target organs.
g p O1the plasma proteins, it maintains a constant pH.
maintaining the water balance of the body.

ntat the body temperature by transporting the heat from the interior
ody to the surface.

t?;e organism from the infection of foreign substances.
its own loss by means of the clotting mechanism.

Blood Cholesterol Level

s alipid. Man contains 150 to 250 mg per 100 ml of blood.

curs as free cholesterol and 70% as cholesterol esters. The
esterol is also called bound form.

the cholesterol level is low. It gradually increases with age. After 55
ency to decrease.

e cholesterol level is incre
is decreased.

] during pregnancy.
lood cholesterol leve

ased just before menstruation. During

] above normal is called hypercholesterolae-

blood cholesterol level below normal is called

I Oles’;erol leads to atherosclerosis characfterised by deposition of

t:;:)(isls a risk factor for coronary thromb osis, myocardial inf-
g Level
; Urea ) : -
5 |o?(rjmed from protein metabolism. It is synthesized
te 10

dis20to 40 mg per 100
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the bloo during diarrhoea,
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32 of Heart Beat

The rhythmic contraction and relaxation of heart is called heart heot
The heart beats 72 times/minute.Each heart beat takes 0.8 seconds. ‘
Each heart beat consists of a systole (contraction) and a diastole (r<214g
Origin of Heart Beat ‘

The heart beat is caused by impulse (electric current). The impulse causes
heart to beat. 1
The impulse is produced by nerves or muscles,
In Arthropods and Annelids, the impulse is produced by nerves. The neni@
supplying the heart produce acetylcholine, The acetylcholine initiates the hea

genic heart. !
Inlower vertebrates like fishes and amphib; ; » o

: ‘ tes DS

the muscles of sinus venosys, Pitibians, the impulse origins

In birds and mammals, the heart ; : >
tissue called sinuatrial nod;, beat Impulse arises from a spherlcal m

Sinuatrial node is a small strip of ¢ g: w
cardige : < cifudh
the upper part of lateral wall of righg k. t'l:tel:sde with nerve fibres Selnni o
cava. ~hjust below the opening of sup

/ithy : s¢ 0
are called P cells (facemaker cells). Th;?om c]oenfftl')actzle elemen tségi’_ir
muscle fibres of atrium. Muscle fibres are continu



1 of SA node Stops heart bea'(:rt beat is accelerateq.

of SA node decrea
Hng Increases the hea
de generates current at

S€s the heart beat rate
It beat rate |

the
rate of 70 ¢o 8¢ per minute (Average 72

lpf lmpaflse Jfrom the pacemaker to o
conduction of heart beqt.
eats when the impulse passes through the heart muscles,

¢ ciol:iducted throughout the heart by a conduction system. The
11includes
\ '_:_';4 icular node (AV node)
and left bundle branches
situated at the apex of right atrium.

ted in the right posterior portion of intra atrial septum.
rom SA node are conducted throughout right and left atria.

es reach the AV node through three sets of internodal fibres.

ther parts of the heart

b . internodal fibres of Bachman
ernodal fibres of Wemhe?ad(
temOdalﬁb].‘eS Offzzzrzr,; node, converge towards AV node

the fibres of A\l//?:?;?iz. 1t divides intoright and left branches.

jcular P ¢ the entire ventricles.
; : AV node.
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Chap: 32 : ORIGIN AND CONDUCTION OF

Neun-,genic Origin

me animals lik
i5) 'fllllesl(l)eart beat odgjn;i?)l;r’[?lngi?; nld Some Annelids (4renicola and Lumbri-
;leu,rogen ic heart. Wationofnerves. This type of heart i called

HEART BEAT 299

rogenic heart.
Myogenic Origin

In majority of amme.tls like mol_luscs and vertebrates, the heart beat originates in
the muscles of t.he_ heart itself. This type of heart is called myogenic heart. The
myogenic heart is inhibited by acetyicholine,

Inall vertebrates, the heart beat is initiated by the heart muscles. In lower verte-
brates like fishes and amphibians, the heart beat originates from the wall of sinus
venosus. Inhigher vertebrates like birds and mammals, the heart beat originates from
aspecial kind of muscles called sinu-auricular node. This node is situated in the
upper part of the right auricle where the superior vena cava opens. This node is richly
supplied with blood capillaries. The impulse for heart beat originates from this node.
Hence it 1s called pace maker or heart of hearts. When the pace maker is destroyed
the heart beat stops. When the pace maker is stimulated by heat or electric current,

the rate of heart beat increases.
Rhythmical chemical changes occur in the sinu auricular node. These chemical

changes supply the spark or impulse for each contraction.
Highlights
r SA node

Sinuatrial node is the impulse generating tissue located in the right

atrium near the opening of superior vena cava.

It is called pacemaker.
It is a mass of heart mus

cle without contractile elements.

] tes.
Iti f heart muscles called cardiomyocytes.
It Lsarsngieiﬁé)rem capacity to generate impulse (electric current).

S to beat.
L e mates thglgiéziﬁsu(;ply through ramus nodiatrialis from

The SA node receives

the rj rtery. ;
I%hitsciorrx?gr‘\zfg;et:i b;ycranial nerves (vagus nerve) and sympathetic

nerves fSA node
; : creases the rate 0 :
Stimulation of vagus nerve derves, increases the rate of SA node.

Stimulation Ofsympatheﬂcl::fed the heart beat 1s accelerated.

When the SA node 1s stimu
Destruction of SA node stops heart beat. |




Blood
34 = Pressure

The lateral pressure* thgt the blood exerts against its walls is called blood

pressure. The blood pressure is caused by the following factors:

1. The contraction of the ventricles.

2. The resistance to the passage of blood through arterioles and capillaries. This
factor 1s commonly called peripheral resistance.

The pressure existing in the arteries is called arterial blood pressure.

The blood pressure is high during systole and it is called systolic blood pres-
sure.

It is low during diastole and it is called diastolic blood pressure.

The difference between these two pressures is called pulse pressure.

The blood pressure is high in the aorta situated near the heart. It gradually
decreases as it goes away from the heart. It is low in the capillaries. The blood
pressure is minimum in the veins. _ _

For clinical purpose, the blood pressure is meagured from the large arteries Qf
the arm. The systolic blood pressure in an ideal man is 120 mm Hg and the diastolic

blood is 80 mm Hg. ' :
"l%r: Sssylgtz;fc blood prissure may yary from 110 0 135 mm Hoais ciasi

blood pressure may vary from 70 to 90 mm Hg. Blood pressure is measured in

. . i H 5 -
mlllugve}:ers Kf m erg&'g’ﬁg’::,nessj)is 50 mm Hg., this means th_at the force exerted is
SUfﬁciente::);)SS%rz Scoh ;mn of mercury upto a level of 50 mm height. Ifthe pressure is

up to 100 mm.
umnofmercuw . ter. A pressure of 10 cm. of

in cm. of wa :
Sometimes pressure 15 measured / to aheight of 10 cm. One

On of

— s exerted at right angles to
y e when forcel : _ : .
* Lateral pressure 1S that pressur ; tug o filled ith a circulating fluid.

the direction of flow at any point within

Resistance is opposition to force. ‘
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chap. 34 : BLOOD PRESSURR:

the gauge. This is diastolic presgyre. SPGB

e Theairis completely let out and the cuffis removed.

| ¢ The normal blqod pressure of man is 80/120mm Hg, That 18, diastolic pressure
s 80mm Hg and systolic pressure is 120mmHg,

Resistance of Blood Flow

Resistance is the impediment to blood flow in a vessel. It cannot be measured
but can be calculated from blood flow and pressure.

if the pressure difference between two points in a vessel is 1 mm Hg and the
flow is 1 ml/sec., then the resistance is said to be 1 peripheral resistance unit
(PRU).

The rate of blood flow at rest is close to 100 ml/sec. and the pressure difference
Trom the systemic arteries to the systemic veins is about 100 mm Hg. Therefore, the
resistance of the entire systemic system, called the total peripheral resistance, is
epproximately 100/100 or 1 PRU. '

When the blood vessels throughout the body become constricted, the PRU rises
0ashighas 4. When the vessels become greatly dilated, the PRU can fall to as little
as(.2.

In the pulmonary system, the mean arterial pressure averages 16 mm Hg

nd mean left atrial pressure averages 4 mm Hg., giving a net pressure difference

of 12 mm Hg. Therefore, the fotal pulmonary resistance at rest is (f).lllzdiﬁr[ljg.
IS can increase in disease conditions to as high as 1 PRU and can fa g

®Xercise as Jow as 0.03 PRU. _ ;
Effect of Pressure on Vascular Resistance

CI"Sing Pressure .
~ All blood vessels are elastic an l
Mcreases, the diameter of the blood vessels a

1 . B y " l'n .
"SSistance of the vessel. So reduction ult 3p()’ es;u:;; gl AR
m 4
As the arterial pressure falls from

. hC blOOd
0 5 Cfa”S to 20 mm”g ,t i
{ . g Ila’ metres Of the veSSClS. When the prebsur : ' i “ .
CIOWS entﬂ‘ el y Ihl'S pressure at Wthh the blOOd Stopb ”O“i'll]lg 1S Cla C( l‘(,'rlﬂca
: 1 essure A tt \4 e ”lC arterio es, C 0Sse SO com-
b hlS pressure the Small eSS lS,

Pletely that all flow ceases.

Critical

hen the blood pressure

istensible. Hence w
d disten his in turn reduces the

soincrease. T .
creases the resistance.
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Chap. 38: EXCRETION
S i

e A"antfgll':led from urj \ - p
10. Al:Il;ntolnic a(:iclilrl g Ruine calalytic action of the Chzyme uricase.

4 ;Llfiﬁ);:gdnf:lolgny?ilralﬁtg;ﬁ Zg OXidation, It is catalysed by allantoingse
theml‘?:ii 1ill' ¢ formed by the breakdown of nucleic acids. Some animals excrete
12. Creatine

nmeﬁ;tgﬁi Z’ﬁi :Ir]za;}:;fhll; rilsjs?thesized inthe /iver from three amino acids

13. Creatinine

Some mammals excrete Creatinine. It is derived from creatine.

Origin of Excretory

Products

The diet contains proteins in addition to other components. Proteins are di-
gested into amino acids in the alimentary canal. The amino acids are absorbed into the
blood and are transported to the cells.

In the cells, amino acids are used for synthetic (anabolism) and destructive (ca-
tabolism) processes. : :
In the process of catabolism, ammonia (NH,) is released from amino acids.
Ammonia is highly toxic and it must be el.imm‘ated from the bod_y as the ;:nc_i product.
Aquatic animals dispose out am?oma as 51:51110 :i;?cti Ogmgs eliminate NH,
AP such as urea, ; AR
k Comlgs I:I?c?;};gf?;gil;tjrdm g to the end products produced by them. They

dre: | -
Ammonotelic animals Purinotelic am_mals
Ureotelic animals Guanotelic animals
Uricotelic animals

a / - ; Eg. All aquatic
The ammals 1 ] lled armmonotelic animals; Eg. A

. excreting ammonia are C

anm 1 E ;

The animals excreting urea are called ur
"ammals, '

The animals excreting uric acid
"ails, reptiles and birds. :
The animals excreting purines are ¢

i i nine are ca
_ The animals excreting guanine
“Orpions.

t which
th Animals are classified based on the produc
*lota] €Xcreted nitrogen.

eotelic animals; Eg. Amphibians,
are called uricotelic animals. Eg. Insects,

urinotelic animals. :
lﬁgg guanotelic animals. Eg. Spiders,

accounts for 50% or more of

ia
Origin of Amma?n?qoacids. It is formed as a result

f s :
Amm wn product© ' the liver and tissues.
: ia is the chief breakdown P curs in the

Of o RS WS CIMOL DESES . © o .o gy or
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Pyramid

Fig.39.2: Kidney of man.

~Theureter entering the hilus expands to form a funnel- like structure called pel-
"s. The pelvis is produced into a number of cup-like structures called calyces (calyx,

Afferent Arteriole
; Efferent Arteriole
Cortex BN
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i Human kidney has twq typ

€sofn

1. Cortical nephrony e_;_)}%r}?: Ii&:li;?y hgre:
ghian ¢
cortex. 85% ofne
- The Malpighian

_ Inner ¢
Each nephron consists of tWo parts namely -0

1. Malpighian corpyscje |

2. Renal tubule.

The Malpighian corpuscle is 4 globular structure Joc
ron. It1s also called rena/ corpuscle.
Itis the filtration unit of the nephron.
Itis located in the cortex of the kidney.
The Malpighian corpuscle is formed o
1. Bowman capsule
2. Glomerulus.

Bowmans capsule is a double-walled cup. The inner wall is cglled visceral
layer and the outer wall is called parietal layer. The visceral layer contains pores. The
space lying between the two walls is called capsular space. The capsular space of
the Bowman capsule is continuous with the lumen of the tubul_e.

The Bowman capsule can be compared to a fun-nel fvzth a filter paper.

The cavity of the cup contains a network of capillaries called glomerulus.

The glomerulus receives blood through a small arteriole called afferent vessel.
Similarly, the blood comes out from the glomerulus through another arteriole called
eﬂen:’[’{f vgissel. \ d Bowman capsule are together called Malpighian corpuscle.

¢ glomerulus an : i
The Bowman capsule leads into the tubular é)ncgtlon
The renal tubule is formed of three componens.

1. Proximal convoluted tubule

2. Henle's loop :

3. Distal convoluted tubu e.l -
The proximal portion of the tubule arl

: Juted tubule. ; o
IIIIany coils calle(grzx;’z:;lp cot;’:i:;?l called Henle's loop. 1t has three regions
tleads into an U sha

¥ pi. d a distal ascend-
P | descending limb, 2 middle hair pin bend an
.“I€ly a proximal desce
e lim b. '
The descending limb is made Ith
Thick descending segmer;
Thin descending segnent

.. Thick descending segment1s
Hed tubyle,

orpuscles are in the outer
phrons are this type.

corpuscles remain in the
rtex near the medulla.

2. Juxtamedullayy hephrons

ated at one end of the neph-

ftwo components, namely

from the Bowmans capsule is thrown
iIlt()

ftwo components namely,
0

: imal convo-
‘quation of the proxima
- oct contin
the direc
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t ~ — Collecting
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Fig.39.6: Nephron.

Hormonal Regulation of Kidney

Sl
When one drinks more water, kidney excretes more water. When oneis inth

In amount.
s, the urine will be dark yellow, more concentrated and below normal in am

' : air, the body loses body ﬂuids via
$sbecause when he is exposed to the hot, dry uid is conserved by the kidneys.

Sweatmg; buta considerable fraction Ofthel:)eoi(il)::iased or decreased by the kidneg
Thus ¢ ine formation can ete water more an

ording tohtel:lle;actlie Oiggsn ilow do the kidney know when 0 €Xct

Wy em :

"0 conserve water? us has special centres for the

alam ; ;
1815 done by the hormones. The hJ;’;?;hWhen the body fluid supplyis low,

| 1 the
thillatlon of body fluids called o‘s*morencc?iﬂout : apulses to the posterior (obe of
; eCentr . and they sen | |
mtuitary. es are stimulated B o

: . retes @
gy, ¢ 'esponse to this stimulus, 1t S€¢
e L ]
DH) or vasopressin.



ule are Separated_j
epithelium. Artef
¢ Wman Caps eaﬂ

nd protein fi¢° plot
o as those of e b°
125ml/ min®




N RMATION OF URINE

Fo
' Bo e
OWman “aPSuIe

\fferent

Visceral layer

Parietal layer

Fig.41.1: Malpighian corpuscle.
+ Osmotic pressure.
+ Hydrostatic pressure.
+ Constriction of glomerular arterioles.
v Sympathetic stimulation.
+ Hormonal factors.

Nephron

o Secretion
tration

Bowmans capsule
Blood vessel (Glomemlus) [trafiltration, reab-

) ; owing u
g4 2: Mechanism of urine [ omatwﬂtfjﬂ-
sorption and Secr
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2. Reabsorption ke of useful substances 1f]_1]tto_ ;:;Lareol%i 2021 the Slop,

Reabsorption s the intaes so[‘glomcrtllﬁ-iol I;“l .ol . 'Butanor»

lar filtrate. l‘\k‘l_\'d”-\”‘lho.ml I.,. yfurine, i e about l A)O_ the g Omem.larﬁhrate A

yltol.5 Imt;f Jfalomerular filtrate 1s reabsorbed into .

99% ¢ I;WNY’ tion because useful substange, ol

lar filtrate. It

80 litre

man excretes onl |
The remaining bulk 1.€ e
" " + » 1@ 1
Reabsorption is selective 1

o retained in the glomeru
sorbed and the wastes are reta

o
Malpighian |-
corpuscle

Ultrafiltration Reabsorption

Secretioy
Fig.41.3: Formation of urine.
The useful substances of glomerular filtrate are reabsorbed 1nto the blood by
way of the capillary network enveloping the uriniferous tubule.
Reabsorption is the function of the renal tubule.
The following substances are reabsorbed from the glomerular filtrate of theu:
iferous tubule:

I. The amino acids, glucose, protein and Phosphate are reabsorbed int
first part of the proxima] tubule.

2. Sodium chloride and bicarbonates are absorbed along the proximal fubi:
and the distal tubyle.

3. Potassium is reabsorbed i the

, -are reabsorbed.in negligible amount.
OVes into th : cghigible am »
Atthe end of the dyct, ghe urine ?Scl?]l s duct, the renal fluid is called #"

ore s m
YPertonic t plasma ~oncentrated than the original gl

\ j

mosi - Tate about 179 [itres arereab®™,

1S which jg a passive and non-€1%
UCose :

> AMNIN a¢jds and vitamins isan’ _f

|
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( ; oa hey ~

11 <o clean up a dirty room. T, = tey can pe Compareq

Wl " Grniture 5y T SEGGNE ol Ted to the :
| )();‘M/’/( _/u)l!l(l(l( (/a[)/(,’ Ch(llrs : ear e hoyge

& Js. Once the waste has be {elidres 01;:1?;?(515177)8 €mpties the yo,
ridhs: . sed off a1 i ‘as well as the

| | cretlon : ‘ re returneq

Vo eretion 15 the iﬂcf/(zaSe of unw
[“ht‘ conccntrz}tlo-n of certain qu

" olomerular filtrate. Again urine

wife
m Q/‘

‘wlfcsubstanccs' into the lumen of the urinary tuby]e hary epithelium secretes
" [his secretion mainly occurs in the o :

; b onvoluted tubyleg

g : uric acid, an e : :

} ’\i (:gglle"’l’ PP 7 XCretory product i secreted mto the proximal conyo-
" K*and H' ions are secreted by the distal convoluted tubules

| Potassium, ammonia, urea are also secreted into the tubuies

' (reatinine and phosphates are other substances secreted.

Vioreover, a number of foreign substances introduced into the body for thera-
e or diagnostic purposes are also removed from the plasma mainly by the tubular
gépmelimn. Such substances include penicillin, phenolsulphonaphthalein, etc.

Hair-pin Counter Current

| Multiplier Theory
This theory was proposed by Wirz (1951) angi Bray (1960). It explains the

- ‘mition of concentrated urine. This system operates in the hairpin-like loop of Henle.
ile " Inthe descending and ascending limbs, the renal fluid flows in the opposite di-

inand hence the name counter current. The mechanism of this theory to pro-
‘woncentrated urine can be summarised as follows: : :
The entire length of the nephron is permeable to Water Wlﬂclitge exfhepggcféggﬁz
tding limb of the loop of Henle. Sodium is actively pumped from the

%o the interstitial fluid ofmedulla. : ding limb
i ses into the descending
 The sodium pumped out of the ascending limb pas ding limb through the loop

Ak . ‘ , n
-?ﬁfmple diffusion. The sodium again passes 100 the asce |
Y+ nle and the collecting
i i loop of Henle :
: s IS reci £ sodium, the 100] o
ro e resutalnt ofthlsthrecqculahtilonl Oconccntrated fluid. As a result vigllz e
I ¢ Constantly bathed in a . ghly e diffuses .
e Passes through the collecting duc

the

'In-

:ne. The
ar more concentrated urne

. a f b Thls
. ~onQ[n this way, the body is able t0 excriz_cment exchanger mechanist™
qwzlnt'rateq urine is produced by the C(‘i)w;mma e

Sm s available only in birds an¢ ™




