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Boov FLuios

* In an averaqe adult  the bodx{ fivids Composed of 95 -60 %
of the ‘ot body mass.

e The body fuids are Pmsen} in two majos  Compaztment .

O Intracellvlar Fluid  ( Fluid foside cell)

® Extracellvlar Fluid  CPuid ovtside cell)
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® Blood 1s a speciah'zed \l'O'w'cl connechive Yissve.

* Tt consist of blood plasma and fosmed elements.

e Tt 1s the ’rransPoﬂe\r of 02 and (02 Inside our body .

* It Is civculated around the body through he  blood vessels .

» Hemo}olog\' is the branch of scence in which we s’cudy about
blood, blood {bﬁmina Hssves € disorders related to them.

Basic P(OPerh‘es of blood

e Tt Is denses and more Viscous than wales

e Tt has q Sh:ghﬂt, alkaline PH frange.

o The temperature of blood 12 3g°C.

e The colour of the blood vares wih its Oxygen content. qugenakd
blood appears bright fed , while deox\{gena}ed blood appears dlark
ed .

e Tn Males , the volume s about S-6 lite

o Tn Females, the volume of blood 1» about 4-5 litre,

-

Funchons of blood
e The mayos tunction of blood is toanspostation of 02 € (0a quses.
e Tt also helps \n the tsanspostation of nuksients € melaboliic wastes.
e Tt reguates the body temperafure.

o Tt fequlates wales balane .
o Tt provids protecion ~ agoinst infection through  WBCs .
e Tt lso helps In blood clotting .




COmPonen%s of blood

BLoaD
FORMED ELEMENTS BlooD PLASMA
[ ] C 1l
Red blood Cells| [white blood @lis| |Platelets| [Wates | | Pooteins | [Other Solutes
C | ] - Albymin
Giranulocytes Agranulogytes - Gilobulin
- Neutfophills Monocytes - Fibrinogen
- Eosinophills Lymphoytes
B BGsoPhiHs

A blood s composed of two components :

® Blood Plasma
» Plasma (S57)

@ Formed Elements
—1— wecs < Platelets (>17.)

‘ —+ RBCs (LS7.)

(omposition of  Blood




O Blood Plasma

* Plasma 1s a pole yellow coloured iquid ~ component of the blood .

e Tt s obowt 5S7- of totol blood volume

e Tt is omposed of various (mponents like wates , poleins, minewls ek.

® When fibuinggen 15 femoued from Dblood , then remaining part I8, known
0s  Serum.

Componen’rs of Blood Plosma
Water | : 907. of total plasma, Nelps In absorbiion € Transportation.

Protein | Albumins : Maintoin osmolic pressure
Grlobulins . Inuolve In the defense mechanism

Fibinggen - Helps in blood clotting .

Oher solutes | - Other solutes [ncludes MNat, (™ k', (17, HCog etc
which helps tn muscle contraction , Tmpulse generalion
acid- base bolance etc.




O _fomed Flements
formed elements of blood ts maitly composed of -
® Red Blood (s (RBCs)

e White Blood Cells (WB(s)
® Platelels

Red Blood Cells

o Red blood (ells (R8G) also known 0% Enythrocytes.
e Tt \s (omposed of 4s7. of total blood Volume .
o Tts shope Is Qenerally clsulas of  biconcave
e Tts (lour s fed dve to the presence of  haemoglobin.
o Tis (ount Is about 5-4 milion RBGs [w) n males and
4% million RBCs [l (n females.
e Tis diameles 1s about -8 um € thickness is about 2.um.
e The total life spon of RBGs Is abovt 120 dmd,a.

o The majos fonction of ReGs [s franspostation of 02 € (0a.

Haemaalabin
. NOrmaT blood Contains lB—ng of Haemoglobin per 100 m| volume .
o In short It Is represented by Hb
e {Hp = 4 Haem unit t A globin chain .

x 1 Hp molecle Contains 4 ofom of Tron (Re)
% Now each ofom of tron contain 1 molecvle of Oq
x <0, 1 Hoemoglobin molecle contain 4 malecwles of Qa

% Now , One RBGs (ontain about 9250 million Hb molecules .
# S0, 1 RBGs (onfain appox 1000 milion  molecules of O |,‘P§“5|-

AAAAAAAA



White Blood Cells

. Thelf are olso known as 0% leucocytes

* Tts shape Is Qenerally amoeboid .

* Tt s colovrless I nahre.

. The\, are much less (n number (ompared fo enythiocyles.

e The normal count of WRBCs are S000-. 10,000, WRCs [ Wl..

o Tncreased level of WBCs leads fo Levkemia ( Blood Cances) .

WRE
WBCs are classified nto fwo ™ajos cak/ques 1
® G\mnmocq’(es
® A/qr_onu\ocqhs

Giranulocytes

e About 1S7. Of WBCs are Qranulocytes € When observed  undes
Microscope these cells shows the Presende of qronules .

o They ar also of three fypes -

Neutrophills | : They are about 60-0 7. of total WACs
They ock as O fisst line defense agaist bacteria €

uiruses

Eosinophills |+ They are about 2-H7- of total WRCs
They cavse dllergic reackons ond play an tmportant
ole fn fmmyne system.

Basophills |: They are about 0-5-17- of total WBCs
They secrete Semtonin < histamine  which 1nvolved tn
inflammation .




P\gmnu\ocq%es
. Thet, do not Contaun any type of Granles

* They ar of generally two types

Lymphocytes | They are 20-987 of tofal WBCs
They generally exist in two dlifferent fosms
@ B Lymphocytes  (develop {rom bone marow )
@ T Lymphoytes (develop fiom thymus )

Monocytes | They are 3-87- of fota) WBCs
Wwhen moanocytes enters o the tissues, 1t converts into

macrophages .




Platelets

. “\c\f are also known @& thrombocytes .

¢ The ngwmol platelets count 1S approx 1,550,000 - 4, 00,000 Pla}dds/u!.
. M e of disc shaped. |

¢ Thes diameles Is about 2-4 UM

* Theis life span is abot Sto 3 da%

e i P‘“‘Y’ m‘}ios wle In  Haemostasis ( blood ;C'OJ'""CJ‘)




HAEMOPOIESIS

* In Haemopoiesis , Haemo E ReFeth fo blood cells
Poiesis - Referred 10 ‘development’

e The word HaemoPoiesis efers fo the deueloPmerﬁ € producton
of all the blood cells (RBCs, weGs, Plofelets)

® Haemopoiesis (an olso be known as 'Hemopoiesis‘ o *Hemalopoiesis ',

® In a heathy adult pesson , oppfoxiamotely 10 - 10 new  blood  cells
are produced doim in oder o maintain the constont level of blood
In ovr body.

* Now, @l these blood Cells are developed from a special type of cell
(alled Haemotopoeitic stem (ells

Stte of Hema\oPoiesiS

AGE SITE

Fefjus 0-2 months Yolk Sac
2- S months Lives , Spteen
5-9 months | Livew, Spleen, Bone Marow

Aftes  Birth Bone Marrow
e fomahon of RBCs (Enythroqyte) - Brythropoiesis
o Fomation OF wBCs ( leukoqytes) - leukopoiesis

o formation of Platelets (Thromboytes) - Thrombopaiesis
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| EryTHRopoiES!S |

o Formation of RBGs is alled as Emythropoiesis

e Red blood Cells are also known as emythrogytes which  contain
o Hoemoglobin that qives rted @lovs to blood .

o The folol \ife span of RBGs s around 120 dagg.

e The proeess of enythropoiesis takes plae in the red bone marow .

Process of Efg’mroPoiesis

Hemadopoietic Stem Cell

. )
| Q |

|Bady Normoblogt

Tntermediate  Normoblost )

|

Late Nomoblos )

|

Retculocyte

|

Erythrocyte




Chﬂﬂﬁ during Erythmpoiesis
o Reduction In size of ’r;ie el (fom 2540 -2 microns)
* Disappeorance of nuclevs
* Appeamnce of hemo/qlobin
* Disappearance of cell organells

Important events duting ew+h10{>oiesis
1 U 1

STage OF ERYTHROPOIESIS IMporTANT EVENTS
Hematopoietic Stem (el Erythropoiesis starts
Proerythroblast Syntnesis of hemoglobin start
Early Notmoblast Nucleoli  Disappears
Intermediote Nomoblast Hemoglobin starts appearing
Late Normoblost Nuclevs Disappears
Rehculoqyte Retculum (s formed
Enythrocyte Reticulum disappears , Cell -» biconcawe

Reaulation oF En,hmpoiesis
o Too few RBG leads to h‘s§ue hypaxia
e Too mony RBGs leads fo Increosed  blood viswosiy.
e Tt is fequied o mointain a bolane of RBGs produckion < destruckion,
* Eyhropotein fequlates the  production of fed blaod cells .

® The number of ted blood cells remains constant | because the

bone marrow produces the ted blood cells ( erythrocytes)  of
rote o which they are destroyed .

AAAAAAAA



Destruction of Enythmcytes (Haemolysis)

* The total life spon of R8Cs s abovt 120 d and heir
breakdown or haemolw;\‘s carmed out by pha,goa/h‘c reliculoendothelial
cells.

e Tron Velensed by haemolysis is reused In the bone mamow to

Yom haem0ﬂ\o bin .
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FormaTion OF HAEMOGLOBIN

® Haemoglobn'n IS Q pl'qmcnked profein present In the RBGs of blood.
o It cames Oxygen and qives red colour fo RBGs
* It contubs 4 Haem € 4 Globin chains .

Globin Chains| + | Haem [ Tron Atom{H 02

— Gilobin Chains [ 4 | Haem hImn Atom [ Oa

HAEMOGLOBIN Grlobin Chains [+ | Haem (— Tron Atom 0z
— G1lobf;1 Chains | + | Haem (— Tron Atom [ O

8 chain 1
A chain A
Structure of Haem
CH=CHs
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5\'m+hesis of . Haemoqlobin

Gilyeine +  Succiny! GA -

S - aminolevunic. acid.

Porphobilogen

Hydroxymethy bilane

Uroporphyrinogen - T

(oproporphyninogen - T

Protoporphyrinogen - T

Protoporp hq;ﬂ'n

Heme

+

Globin

Hemoglobin




* Angemia |1s a greek word meanin/q "\D\"rhoul’ blood .
e Tt 18 simp\\, defined as feduced hoemog\obu‘n Concentfalion n

blood dve {0 which oxygen Catrm/f'n% capacity of blood decreases -

Sum?}oms of Anaemia
wéakness |

* Tiredness

e fale skin

Fast heartheat

® Shortness of breath

® Chest Pun

Types of Anaemia
© Tion deﬁu'enct{ angemiq
@ Aplastic  Anaemia
® Haemolytic Anaemia
@ Sickle Ul Anaemia
®. Pesnicious  Anaemia

Tron  Deficiency Anaemia

o Tt 15 most common fom of anaemia cavsed dve Yo exessive blood loss.

* Women afe o greater NSk for ifon defitiency anaemia duve to the
Menstrval  blood loss .,

¢ Tn pregnancy , uses of iron increased dwe to the Qrowth g

which qlso results in |ron deﬁ‘cfena( anaemiq




Aplastic Anaemia

* Aplastic angemia is a blood disordes In which 4he body's bone
Marow  doesn't mMoke enough blood ells.

* Damage to the bone mamow's stem cells uses aplastic anaemia

® It is coused due to foxins such as arsenic, benzene o5 due to

mdiakions € diseases such 0%  Hiv

Haemolyhe Anaemia

* Hoemolyic angemia is a condition in which red blood cells are
des{tO\fed and removed from dhe blood stream before 4heir  Normal
life span .

Tt s (wsed due {0 early destructions of red blood cellx or due

o {mmune disorders and infedlions .

Sickle Cell Anaemia
e Tt is 0 seriovs Gnaemia 1 which body makes sickle (C) shaped

fed blood cells
e Sickle cells contain  abnormal haemoglobin that casses the cell o

have a Sikle hape 4hot tends fo block the blood fiow
® Sickle cells U&Ucllg die ofter 10- Q0 dmf,

| Pernicious  Anaemia
o Pesnicioud Andemia 1S 0 ondiion 1 Which the body  doesn't make.

healthy RB(s | becawse It doesn't have enough Vitamin By
® Tn th's Obsotbhon of Vitamin Rp ets decrenses,.




|HAeMoOSTASIS

Haemostasis s also known as 'Blood C\o’:an' or  Blood Coagulation’
Tt 1s a fast senies of action for the body to Stop bleeding. <

loss of blood .
* Hoemostasis occurs Wwhen blood | presenf ovtside the blood vessel .

* Haemostasis simply stonds for prevention of blood loss fom a

broken Dblood vessel .
e Tt fequites  vanous c\om‘ng fodors and chemicals released by

Platelets and injured issves.

Steps of Haemostasis
e Vascular Spasm /[ Vasoconstriction

o Plotelets Plug formodion
e Blood CloHinﬂ

Vascolor  Spasm .

e T+ Is also known as vasownsirichon.

e i is the blood vessel's first fesponse towards injury.
* As the name fndicates Tn this step blood vessel gets  contracted.
o The constiction of blood vessels reduces the amount of blood 2

Iimits +he blood loss.
e It 1s a femporoy response.
e Tt is most effective in Smaller blood vessels
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Platelet Plug Formation

o Platelets pl an important role in haemostasis process.

e In tis step platelets stick +03e+her to form a plug that +emporanf
Seols the breakage in Ine walls of the Dblood vessels.

* The platelet P‘Uﬂ formaton s activoled by a fodor colled  Von
Willebrand Factor (VWF)

e Platelels in “the Dblood vessels oMached with -oo\\aaen fibres <

become much more  Shckief .

o After that they release Some chemical Messengers such as  ADP,
Setotonine , Thromboxane As . This phase Is called platelet release

reachion .
o ADP (awse more Dplatelets 1o shick ouer vessels.
e Sefotonine and thromboxane Az Enhances vascular spasm and

platelet plug formakon .




Blood Clom'ngT
® Tt is the main and final proess of blood clothing.

* Tt Is the process by which blood clot w‘brms: |

® It s a complex procedure of enzymatic feactions in the presence
of vorious cloting fodors which Tesults in the fomakion of clot

over the |‘Qiured blood vessels .

Tt (an be divided mto three pal’nway)s '-
O Intrinsic Pa%hwox(
@ Extninsic  Fothwoy
® @©mmon Potnway

C loth'ng Factors

NUMBER FAcTor NAME

Fl'bn‘nogen

Prothrombin

Tissue Factor  ( Thromboplastin )

(alcium Jons

Proaccelesin / |abile Faclor

Praconvertin | Stable Faclos
Antihaemophilic  Factoy A

Christmas  Factor / Antinaemophilic Faclor B
Stoart Factor / Prower Factor

Plasma Thromboplastin /| Antibaemaphilic Facter
Hageman Factor

Fibrin sfabih'zing Factor

HEHHHREYdEKRE R

e (lotking factors always wriken i roman numbers
e fodor YL is not in the existence




Intrinsic  Pathway

e This 15 @ Comp\e'x Paﬂ\w € 0Ccurs stowltf.

* This Poihwmf ocwrs dve fo blood traumg.

® Tn this pa’rhwm{ when blood vessel Gets injured , then endothelrol
Hssve lnside blood vessel also gds domaaeol and blood (omes In
direct Contact with (ollagen fiores of connective Hssue Prewﬂ arounc|
the endothelial Hssve . |

* Now damage to the endotheliol tissve Cause domage to platelets
which results in te Trelease of phosphoh‘pfds by platelels .

® Now all these events achvates CloHa‘nﬂ factor XL which Ulh'mo&eh/
achvates factor X In the presence 0f " (a** tons .
* Once fador X is achivoted , 1t combines with factos X £ achvate enzyme

Prothrombinase .

Extinsic Pa&hwm’:

o Tt is a simple pathway € occurs rapidly

e This Pc&hwa}f occurs dve fo Hssve trauma |

o Tn tnis pathway tissue factor (Thremboplastin) activates factos V1L
which ulkimodely achvates fador X In the presence of (a2t lons .

® One fador X is achuated, it combines with facdos ¥ ¢ adivales
erzyme.  Prothrombinase .

Common  Pathway

e In (ommon pa}h{»a\f enzyme. Pmlhrombmse onverts  Prothrombin
into Thrombin

* In finol stage thrombin converts  Fibrinogen into Fibrins in he fore
(@?* that forms clot over the damaqed blood vessels.  \Em=m




INTRINSIC PATHWAY

Blood Trauma

|

ExTRINSIC PATHwAY

Exposure of (ollagen Fiores
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* A blood group s a type of classification of blood , based on the
presence ond absence Of various Ontigens € antbodes .

e The anligens presents On fhe surface of Red blood Cells

* These ontigens may be proteins , (arbohyclrates , glycoproteins etc.

Types of Blood Giroup Systems

There ore two mam blood grovp Systems
® ABo System
@ Rh System

ABO SysTEM

o The ABO System is the most important  Dlood qroup system in

human blood transfusion.
o Karsl Landsteiner discovered the ABO Dlood grovp system n (901 .
o Adriano Sturli # Alfred Von Decastello " who worked under londsteiner

chscovered type AB (n 1302,

Basics of ABO System |
o Based on the presence and absence of antigen A ond oankigen B

blood 1s divided Info 4 groups.
® A, B, AB ond O Qroup.




Grroup A Girowp B Giroup AB Giroup O
Red Blood o @ @
Cell Type
Antibodies 3"']}"{ >—Y—< None >-I—< >—-I—<
A A ®
Antigens f ® f f ? None
Donor's Girovp| A O B,0 A, B,AB,0 0

Blood Giroup A
ReCs of #is blood group contains  A- Antigens .
o These blood groups contains B- Antibodies .

e (on feeive blood fom Giovp A and 0O

e (an donate blood 4o Group A and AB

Blood Giroup B
o RBCs of this blood group Confoins B- Antigens
o These blocd groups  (@ntoun  A- Antibodies

o (on Yecelve blood from @lroup B and 0O

® (on donote blood 4o @roup B and AR




LYMPHATIC SYSTEM

® A lymphatic system is a network of hssves organs and vessels
thot help to maintan the body's flvid balanee and  protect 1t
from viuses and bactenos . '

* The lymphatic system Is maly consist of a clear wotery fd , Callec)
Lymph.

* The lymphatic system s an impovtant part of Circulofory - System
as well as Tmmune Sustem. Without 1t neither the crevlatosy  now
the \mmune System  will work

e The lymph fravels only n one dhrechion , it cloesn't crculate .

Funchons of L\!mgho.h'c System

© | Retum Fluid from Tissves to Blood

In the daily bosis approx 3 littes of fluid loss from blood capillanes
that |s absorbged / collected in the lymphatic veseels and again
transfered into the blood .

@ | Absotb ond Transport fats € lamge Molecules

Special lymphatic capillanies (alled lacteals in villi of small intestine
obsoro oll lipids ond fob soluble vitamins and also lymphatic copilaries
(ollected 25-507. of blood proleins  leak from blood capillaries .

@ | Body Defense / Trmunity

Lymphatic  System i an important component of immune  system.
(ontoins  WBCs thot desfm?x baderia and viruses




Veins
Arleries

Lymph
Node

Lympnatic
Vessels

Lqmphah'c (bpillanes

Pasts of Lymphatic System
s Lvmph
) LquhOHC Nessels
® \ymph Nodes
° TOH-S“S
» Spleen
. ThlfmUS (rland




[ Lymen

° L\,mPh 1S a clear wa}en/ fluid that flous +hrou/qh the lt/mphah'c vessels.

o The ompositon of lymph s similar fo plasma .

o It mainly contains water (457) and WBCs specially - Lymphoeytes
plasma Pro’(ems, tat | lipids etc.

o Generally lymph is colourless  but in small intestine lorge amount of

fot gets obsorbed into the lymph | which Qiues lymph a milky
appearance . ..

Formation of Lymph

Appfex As we know that blood cisculates through the bod\{ but
dusing this process approx 3 litres of {iuid drains out from  bloo
Cnpillan'es thot Is (ollected Into O vessel colled as ll/mphaﬁc vesse| s
ond this exess 3 littes fiud s called Lymph .

Flow of Lymph

Blood (apillanes
v
Interstiial ~ Fluid
v
Lymphatic Capillaries
+
Lymphotic  Vessels
¥
Lymphatic  Duds
v
Venoug Blood




LyMpHATIC VESSELS |

® Lymph veseels are thin walled, valved structures +hat cary lymph .
o Studurally they are similar to blood vessels . |
o L\;mphah'c Vessels begfn as |qmphah'c capillaries  which _|oins up
to form  lymphalic vessels .
® Now, these lymph vessels joins fogether to form fwo larger dludks :
© The right lymphatic duct
@ The dhoracic duct ( left lymphatic duet )

e The wall of lymphatic vessels is made up of endotheliol Hissue .

e In small {ntestine , a speciah‘zeo\ lymphatic copillaries present called ay
Lacteals which absorbs fats and lipids

e Lymphatic vessels cntains [ymph nodes

o Lymphatic Vescels found in oll ¥ssves and omans of he body
except the central nesvous system , gntemal ear , epidermis layer
bones | teeth and cortilage etc.

Upward movement
of Lymph

Lymphadic . Vesse)




LvyMPH MNOOES |

A lymph node is a small oval or bean shoped organ present

along the \\mehah‘c vessels .
o It fitters lymph before it is retum into the blood.
. '(ha, are gre\,fsh P\‘nk In colovy
o There are approxiamalely 500~ 600 lymph nodes {n human .
o These nodes vary in size © Some qre as smoll as pin head £ Some

are as large as an almond.

Sinus

Afferent Lymphatic

Ovier < Vesse)
(ortex
Tnner <+—
Cortex Capsule.
Trobecvlae
— Efferent Lymphatic
Vesse)

Structure of Lymph_Nodes
o Tt's stucture 1s bean or kiclney  Rhaped
o Tts \m3+h \Ian/ from 1- 95 mm.
o There ore five majos parts in the structore of |ymph Pode
© Afferent 1ymphatic vessel
® Cu{)sule
® (ortex
® Medulla
® Efferent Ilymphahic vesse]




Afferent Vessel |: These are the lymphatic Vessels through which lymph
enters into the lymph nodes .

(apsule | Tt 15 the outer covering of lymph nodes

(ordex [t Tt s the upper part Inside the lymph nodes (ontoins
mainly lymphocytes € macrophages € further divided into 2 patts.
Ovuter Cortex
Toner (ortex

Medulla |. Tt 1s the |nner part inside the lymph node contain s mainhf
B- lymphocytes , plasma cells and macrophages

Efferent Vessel |- These are the lymphalic Vessels that carries lymph
away fom the lymph node.

S?ecial Charactenistics of |ymph nades
e The lymph node s the only lymphotd organ present 10 the path
of \\mehah'c Vessels .

o The onll{ lymphou‘d orgen h(wincd afferent € efferent lymphatic vessels .
o The Onl\f Organ that ~ filters the lymph.

Funchons of Lymph Nodes

o The |\{mph node' f"mers the %Jre\'gn Substance from he ll{mph.

¢ The hfmph node ontang R+ T |qmphocq+es (wBCGs) which help
In the defense mechanism.

o Wlet{ also helps n  the produchbn of P\asmo profeins ke globuh'n,

. The\f ontaun macrophoges  that deshn%;s the {brefgn substances
b\{ phaaocx{’rosis,




SPLeeEN I

® Spleen is the |amest lymphatic oman.

o It s slightly oval 1 shape.

o It is locoted below the diaphragm behind the Stomach
Ot mainly  ontaing  [ymphocytes , monocytes and  neutrophills

Funchions

o Tt Plougg on fmportant fole in phagoa,{osu's of baderia | damaged RB(s
and platelets .

® Tt helps In the formation of blood before birth .

Tt stores and releases blood in Hmes of demancl

® The Spleen confains B and T lymphocytes which helps to  praduce
antibodies

Artery

Spleen
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