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Functions of blood

1 – Transport.

2 – Immune Function

3 – Haemostasis [ Stoppage of bleeding ]

4 – Homeostasis [ Keeping body environment constant ].

Dr.Shaimaa N.Amin, HLS, 2024

COMPOSITION OF BLOOD

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Composition of Plasma

Dr.Shaimaa N.Amin, HLS, 2024

Sites of Formation??
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A/G Ratio

• 1.5 to 2.5:1
• Decrease in:
• Liver disease 
• Renal disease
• Infections
• Inflammations

Dr.Shaimaa N.Amin, HLS, 2024

Functions of plasma proteins

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Edema

Dr.Shaimaa N.Amin, HLS, 2024
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Buffer function 

Dr.Shaimaa N.Amin, HLS, 2024

Functions of plasma proteins

Blood viscosity 

Dr.Shaimaa N.Amin, HLS, 2024

Viscosity is a fluid’s resistance to flow or deformation. 
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Capillary functions
• Plasma proteins                       closes capillary pores           maintains 

capillary permeability.

Dr.Shaimaa N.Amin, HLS, 2024

Source of amino acids

Dr.Shaimaa N.Amin, HLS, 2024
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Erythrocytes (RBCs) count

Adult males: 4.5–6 million/mm3.
Adult females: 4–5.5 millions/mm3.
Infants: higher RBCs count than adults.
Children:      lower RBCs count than adults.
In old age: RBCs count decreases.

RED BLOOD CORPUSCLES
RBCS

“ERYTHROCYTES”

Dr.Shaimaa N.Amin, HLS, 2024

RBCS HAVE A BICONCAVE SHAPE

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Venous Blood

Dr.Shaimaa N.Amin, HLS, 2024
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Structure of Hemoglobin

Dr.Shaimaa N.Amin, HLS, 2024

19

20



2/22/2024

Reactions of Hemoglobin
1 - Oxygenation

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024

https://www.youtube.com/watch?v=XxElVpgNUF0
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Dr.Shaimaa N.Amin, HLS, 2024
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2 – With CO2

Dr.Shaimaa N.Amin, HLS, 2024

3 – With CO (Carbon Monoxide)

Dr.Shaimaa N.Amin, HLS, 2024
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2 – With strong oxidizing agents

Dr.Shaimaa N.Amin, HLS, 2024

Reactions of Hemoglobin

Dr.Shaimaa N.Amin, HLS, 2024

Types of Hemoglobin:
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Functions of RBCs
1 – Functions of Hb

- O2 transport from the lungs to tissues.
- Co2 transport from the tissues to the lungs.
- Buffer function
2 - Functions of RBCs membrane
Keeps Hb inside RBCs. 

Hazards of free Hb???

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024

29

30



2/22/2024

Erythropoiesis

Definition:
It is the process of formation 
of new  erythrocytes.

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Erythropoietin Mechanism

Reduces O2

levels in blood

Erythropoietin 
stimulates red 
bone marrow

Enhanced 
erythropoiesis 
increases RBC 
count

Normal blood oxygen levels Stimulus: Hypoxia due to 
decreased RBC count, 
decreased availability of O2

to blood, or increased 
tissue demands for O2

Start

Kidney (and liver to a 
smaller extent) releases 
erythropoietin

Increases 
O2-carrying 
ability of blood

Dr.Shaimaa N.Amin, HLS, 2024

Factors Affecting Erythropoiesis:
1-Oxygen Supply to the Tissues:

Dr.Shaimaa N.Amin, HLS, 2024
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(2)Diet:

A) Iron

B) Vitamin B 12

C) Folic acid

D) Vitamin C 

E) Copper and Cobalt

Dr.Shaimaa N.Amin, HLS, 2024

Factors Affecting Erythropoiesis:

Dr.Shaimaa N.Amin, HLS, 2024
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Iron absorption

Stool 

Apical Baso-L 

Dr.Shaimaa N.Amin, HLS, 2024

Regulation of iron absorption

Hepcidin Diet 
(mucosal 

block)
X X

Absorption 
Release Hepcidin 

Dr.Shaimaa N.Amin, HLS, 2024
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Liver, intestine

Other stores

Reduce  iron release 
from stores

Dr.Shaimaa N.Amin, HLS, 2024

Factors affecting hepcidin secretion

++ iron 
Inflammation 

Hypoxia
EPO

X

Dr.Shaimaa N.Amin, HLS, 2024
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CAUSES OF IRON DEFICIENCY

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Vitamin B12 & folic acid

• Synthesis of DNA (thymidine P3) 

• Deficiency:

-- RBCs division & maturation

 large  fragile RBCs

 anemia

Dr.Shaimaa N.Amin, HLS, 2024

Vit. B12 (Cyanocobalamine, 
Maturation F, Extrinsic F)

• Sources? 
• Daily requirements?
• Storage?
• Deficiency?
Failure of absorption
(not diet) except in vegetarians.

Dr.Shaimaa N.Amin, HLS, 2024
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Vit.B12 Absorption

Dr.Shaimaa N.Amin, HLS, 2024

Folic acid• Sources?
• Deficiency?
-- Diet 
-- Absorption
 Drugs

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Factors Affecting Erythropoiesis:
(3) Hormones

(4) Healthy Liver and Bone Marrow:

-

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024
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Blood Typing

Dr.Shaimaa N.Amin, HLS, 2024

Blood Transfusion

• O: universal donor
• AB: universal recipient 

Dr.Shaimaa N.Amin, HLS, 2024
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Erythroblastosis Fetalis

1st pregnancy 

Normal  

2nd pregnancy 

Sensitized Female

Delivery 

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Histamine  shock
Toxins  VC
Viscosity

↑ K  arrhythmia

Dr.Shaimaa N.Amin, HLS, 2024
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Importance of blood group determination

Dr.Shaimaa N.Amin, HLS, 2024

Anaemia???

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Hemolysis

Intrinsic disorders Extrinsic disorders
Hereditary spherocytosis Erythroblastosis fetalis
-- G-6-PD enzyme Infections
Sickle cell anemia Snake venom

Poisons
C/P
Jaundice 
++ reticulocyte count

Dr.Shaimaa N.Amin, HLS, 2024
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Effect of anaemia

Dr.Shaimaa N.Amin, HLS, 2024

Polycythemia

Dr.Shaimaa N.Amin, HLS, 2024
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Polycythemia

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024

Hemostasis and Blood Coagulation
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Hemostasis 

VC

3.

4. Dissolve clot

plug

Dr.Shaimaa N.Amin, HLS, 2024

N M C

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Why platelets adhere only to injured 
endoth.?

Collagen 

VWF Dr.Shaimaa N.Amin, HLS, 2024
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VWF

Platelets Plug: Adhesion

X X X X

Dr.Shaimaa N.Amin, HLS, 2024

Platelets Plug: Activation

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024
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Platelets plug: Proclotting

• PF3 provids an ideal surface for 
concentration & activation of clotting 
factors.

PF3

Dr.Shaimaa N.Amin, HLS, 2024

Platelets plug: Fusion

Irreversible

ADP

Thrombin

Enz.

Dr.Shaimaa N.Amin, HLS, 2024
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Vascular Injury

Platelet adhesion

activation & release

ThxA2, ADP

Platelet aggregation

Platelet fusion
Dr.Shaimaa N.Amin, HLS, 2024

Membrane phospholipids

Arachidonic acid

PG

Thx A2                                            PC
VC VD

++  Platelet release  Platelet release
++   aggregation  aggregation
--cAMP                                       ++ cAMP

PLase

COXPG PGAspirin ---

Dr.Shaimaa N.Amin, HLS, 2024
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Note

• Aspirin inhibits COX  --- TxA2 & PC
• Endothelium produce new COX
• Platelets cannot manufacture new COX
• Administration of small amounts of aspirin 

for prolonged periods  -- clot  preventing 
MI.

Dr.Shaimaa N.Amin, HLS, 2024

Aspirin 

Arachidonic acid Arachidonic acid

ThxA2 PC 

X XCOX

Platelet

COX

Endoth.

------- ++++
Dr.Shaimaa N.Amin, HLS, 2024
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Blood Clotting

• Plasma proteins (B- globulins) 
• Inactive serine protease enz.
• Activation  cascade effect.
• 3 groups.

Dr.Shaimaa N.Amin, HLS, 2024

Fibrinogen group
• I , V, VIII & XIII. (1, 5+8 = 13)
• Activated by thrombin.
• Not present in serum.

Dr.Shaimaa N.Amin, HLS, 2024
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Prothrombin group
• II, VII, IX & X. (1972)
• Need vit. K for synthesis
• Prothrombin is not present in serum.

Dr.Shaimaa N.Amin, HLS, 2024

Mechanism of clotting

1- Prothrombin                    thrombin

2- Fibrinogen                        fibrin  m.
Fibrin polymerize loose mesh

3- Tight stabilize fibrin clot

4. Factor X is activated by either intrinsic or 
extrinsic pathways.

XIII

X

Dr.Shaimaa N.Amin, HLS, 2024

87

88



2/22/2024

Dr.Shaimaa N.Amin, HLS, 2024

Summary

1- VC

2
3- Clot

Int. Ex.

Xa

TPL

Dr.Shaimaa N.Amin, HLS, 2024
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Anticlotting Mechanisms
(Limitation reactions)

General 

Smooth 
endo.

Remove of
Active 

Factors  
Heparin

Prevention of 
clot

Dr.Shaimaa N.Amin, HLS, 2024

Anticlotting Mechanisms
(Limitation reactions)

Specific 

ThxA2 
&

PC

Antithrombin 
III

9-12

Fibrinolytic
system

Prevention of 
clot

Dr.Shaimaa N.Amin, HLS, 2024
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Fibrinolytic system

Dr.Shaimaa N.Amin, HLS, 2024

Anticoagulants

In vitro :
• Na citrate: deionize Ca
• Na oxalate: precipitate Ca
• Silicon tube
• Heparin

Dr.Shaimaa N.Amin, HLS, 2024

93

94



2/22/2024

DicumarolHeparin

PlantMast cells & basophils.Origin

Competitive 
inhibition with 

Vit.K  R

Facilitates action of 
Antithrombin III 

Action

Only in vivo.In vivo & vitroSite of action

Slow & longRapid & shortOnset/ duration

OrallyIV / SCAdministration

Vit. KProtamine sulphate 1% 
Blood transfusion

Antidote

Dr.Shaimaa N.Amin, HLS, 2024

In vivo 

Hemostatic Function Tests

• CBC
• Bleeding & clotting time
• PT 
• INR
• aPTT
• PC

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

The Extrinsic Pathway and the PT

Dr.Shaimaa N.Amin, HLS, 2024
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International normalised ratio
The INR was devised to standardize the results.

Dr.Shaimaa N.Amin, HLS, 2024

- Activated Partial Thromboplastin Time test (aPTT)

-Prothrombin concentration(PC)

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Hemostasis 
disorders

Bleeding Clotting DIC

Dr.Shaimaa N.Amin, HLS, 2024

101

102



2/22/2024

Excessive bleeding

• Thrombocytopenic purpura (++ bleeding 
time) 

• Vitamin K deficiency (++ clotting time)

• Hemophilia (++ clotting time)

Dr.Shaimaa N.Amin, HLS, 2024

Purpura 

Dr.Shaimaa N.Amin, HLS, 2024
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Causes of --- vit. K

Dr.Shaimaa N.Amin, HLS, 2024

Hemophilia

A (8)

B (9)

C (11)

Dr.Shaimaa N.Amin, HLS, 2024

105

106



2/22/2024

HEMOPHILIA

Dr.Shaimaa N.Amin, HLS, 2024

++ Clotting
Thromboembolic Conditions 

Slow blood flow:
• long bed rest 
• varicose veins
• atherosclerosis

Dr.Shaimaa N.Amin, HLS, 2024
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DIC

Clotting Bleeding

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

Differential white blood cells: 

• A granular Leukocytes

• Granular Leukocytes

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024

a. Ingestion through phagocytosis, a food vacuole is formed.
b. The fusion of lysosomes with the food vacuole; the pathogen is broken down by enzymes
c. Waste material is expelled or assimilated 
Parts:
1. Pathogens
2. food vacuole
3. Lysosomes
4. Waste material
5. Cytoplasm
6. Cell membrane Dr.Shaimaa N.Amin, HLS, 2024
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Monocytes-macrophage system

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Lymphocytes

Immunity

-Immunity refers to all physiological mechanisms that enable 
an organism to recognize and defend against infectious 
agents. 

-These body defences can be grouped in two categories:

-Non-specific immunity 
-Specific immunity

Dr.Shaimaa N.Amin, HLS, 2024
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Dr.Shaimaa N.Amin, HLS, 2024
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The cellular Immunity:

-This type of immunity is mediated by 
T-Lymphocytes.

-T-Lymphocytes defend body against:
Viruses, Fungi , T.B. ,Cancer cells and
Foreign transplanted tissues.

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024
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Humoral Immunity:

Dr.Shaimaa N.Amin, HLS, 2024
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0

MAGED

Dr.Shaimaa N.Amin, HLS, 2024

Dr.Shaimaa N.Amin, HLS, 2024

The complement system
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