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 Physiology of Blood   yShemmar-Dr. Inssaf  Al    Lecture 1, 2, 3 

Blood is a viscous fluid which is pumped by the heart through a closed system of blood 

vessels. The normal total circulating blood volume is about 8% of the bodyweight 

(5600 ml in a 70 Kg man). 55% of this volume is plasma. Blood is composed of: 

1. Plasma. 

2. Cellular elements (red blood cells, white blood cells and platelets). 

Functions of the Blood 

1. Transport of O2, nutrients and hormones to the tissues. 

2. Caries CO2 to the lungs and other products of metabolism to the kidneys for 

excretion. 

3. Blood play a role in the regulation of body temperature. 

4. Blood helps to maintain the pH and electrolytes concentrations of interstitial fluid 

within the range required for normal cell functions. 

5. Blood has protective function such as combating invading microorganisms, 

mediating inflammation, initiating immune response to foreign materials and 

maintaining hemostasis. 

Plasma 

Plasma is a part of the extracellular fluid (ECF). The normal plasma volume is 4% of 

TBW (3500 ml in a 70 Kg man), plasma consist of an aqueous solution of proteins, 

electrolytes and small organic molecules. 

The major type of plasma proteins are albumin (4.5 g/ dl), globulin (2.5 g/ dl) and 

fibrinogen (0.3 g/ dl). 

  Functions of plasma proteins 

1. In colloid osmotic pressure, proteins exert an osmotic pressure of about 25 mmHg 

across the capillary wall, which is called the colloid osmotic pressure (oncotic 

pressure). It tends to pull water into the blood. 

2. Buffer: plasma proteins are responsible for 15% of buffering capacity  of the blood 

because of weak ionization of ( CooH ) and ( NH2 ) groups, helping to keep the blood 

pH constant ( at the normal plasma pH is 7. 4 ). CooH group act as hydrogen ion donor 

while NH2 group act as hydrogen ion acceptor. In alkaline solution, the protein CooH 

ionize act as acid and free protein anions, negatively charged while in acidic solution 
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the protein NH2 group act as base, taking up hydrogen ions and the protein carry a 

positive charge.  

3. Transport of other substances: In addition to lipids, hormones, plasma proteins 

also transport several metals and other substances such as transport copper by 

(Ceruloplasmin), bound hemoglobin (haptoglobin), T3and T4 hormones (thyroxine - 

binding globulin), non-heme iron is transported by transferrin present in β-globulin 

fraction. Calcium, Magnesium, some drugs, dyes and several cations and anions are 

transported by plasma albumin. 

 

4. Defense function: circulating antibodies of the globulin fraction have play a special 

role in the body immune. 

 5.  Bleeding arrest: fibrinogen and other plasma proteins are concerned with the blood 

clotting. 

6. Protein reservoir  

When depleted tissue proteins, the plasma protein can act as a source for rapid 

replacement of the tissue proteins. In addition to use blood amino acid to synthesis 

new tissue protein, also plasma protein become into the cell by pinocytosis, this 

proteins split into amino acids that back into the blood to synthesis cellular proteins. 

So the plasma proteins act as labile proteins storage medium. 

 

.prealbumin also called ,Transthyretin, Characteristics of Some Plasma Proteins 

All the albumin and fibrinogen of plasma as well as 50 – 80% of the globulin are 

formed in the liver and the remainder of the globulin is formed in the lymphoid tissues, 

mainly globulin that constitute the antibodies. 



 

3 

Hemopoiesis  

Hemopoiesis means formation of the blood cells. This process occurs at the different 

anatomical sites from emberyonic to adult life.  

1. In the early few weeks of emberyonic life, blood cells are produced in the yolk sac.  

2. After the third month of pregnancy, they are formed mainly in the liver, lymph 

nodes and spleen.  

3. During the latter part of fetal life and after birth, blood cells are produced by the 

bone marrow of all bones 

4. By the age of 20 years the active red marrow of long bones except humerus and 

femur have become inactive, yellow, fatty marrow and no more blood cells produce.  

5. Beyond 20 years blood cells normally formed in the marrow of flat or membranous 

bones as vertebrae, sternum, ribs and pelvis, also proximal ends of humerus and femur. 

Even in these bones the marrow becomes less productive with the age increases. 

Bone marrow  

The bone marrow is actually one of the largest organs in the body, approaching the size 

and weight of the liver. It is also one of the most active. Normally, 75% of the cells in 

the marrow belong to the white blood cell-producing myeloid series and only 25% are 

maturing red cells, even though there are over 500 times as many red cells in the 

circulation as there are white cells. This difference in the marrow reflects the fact that 

the average life span of white cells is short, whereas that of red cells is long. 

  Bone marrow is composed of 

1. Active cellular marrow which is called red marrow.  

2. Inactive marrow that infiltrated with fat which is called yellow marrow 

Genesis of Blood Cells  

The blood cells begin their lives in the bone marrow from single type of cell called the 

pluripotential hematopoietic stem cell, from which all the cells of the circulating blood 

are eventually derived. The hematopoietic stem cells (HSCs) differentiate into one or 

another type of committed stem cells (progenitor cells). The different committed 

stem cells, when grown in culture, will produce colonies of specific types of blood 

cells. A committed stem cell that produces erythrocytes is called a colony-forming unit-

erythrocyte, and the abbreviation CFU-E is used to designate this type of stem cell. 

Likewise, colony-forming units that form granulocytes and monocytes have the 

designation CFU- GM. 
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Growth and reproduction of the different stem cells are controlled by multiple 

proteins called growth inducers. One of these, interleukin-3, promotes growth and 

reproduction of virtually all the different types of committed stem cells, whereas the 

others induce growth of only specific types of cells.  

The growth inducers promote growth but not differentiation of the cells. This is the 

function of another set of proteins called differentiation 

Inducers. Each of these causes one type of committed stem cell to differentiate one or 

more steps toward a final adult blood cell. 

Formation of the growth inducers and differentiation inducers is itself controlled by 

factors outside the bone marrow. For instance, in the case of erythrocytes (red blood 

cells), exposure of the blood to low oxygen for a long time causes growth induction, 

differentiation, and production of greatly increased numbers of erythrocytes, infectious 

diseases cause growth, differentiation, and eventual formation of specific types of 

white blood cells that are needed to combat each infection.  

Factor regulating hemopoiesis (hemopoietic growth factors)  

1. Erythropoietin  

Stimulus for red blood cell production in low oxygen states is a circulating hormone 

called erythropoietin, a glycoprotein with a molecular weight of about 34,000.  90% of 

Erythropoietin is produced in the kidney and the remainder from other tissue like liver. 

Erythropoietin begins to be formed within minutes to hours, and it reaches maximum 

production within 24 hours. Yet almost no new red blood cells appear in the circulating 

blood until about 5 days later. From this fact, as well as from other studies, it has been 

determined that the important effect of erythropoietin is to stimulate the production of 

proerythroblasts from hematopoietic stem cells in the bone marrow, once the 

proerythroblasts are formed, the erythropoietin causes these cells to pass more rapidly 

through the different erythroblastic stages than they normally do. The rapid production 

of cells continues as long as the person remains in a low oxygen state or until enough 

red blood cells have been produced to carry adequate amounts of oxygen to the tissues 

despite the low oxygen; at this time, the rate of erythropoietin production decreases to 

a level that will maintain the required number of red cells but not an excess.  

In the absence of erythropoietin, few red blood cells are formed by the bone marrow. 

At the other extreme, when large quantities of erythropoietin are formed and if there is 

plenty of iron and other required nutrients available, the rate of red blood cell 

production can rise to perhaps 10 or more times normal. Therefore, the erythropoietin 

mechanism for controlling red blood cell production is a powerful one.  

2. Colony – stimulating factors (CSFs)  



 

5 

CSFs are stimulating committed stem cells to differentiate to a single line of cells 

such as  

a. Granulocyte – monocytes CSF (GM – CSF).  

b. Granulocyte CSF (G – CSF).  

c. Monocyte CSF (M – CSF).  

3. Interleukins ( ILs ) such as IL 1,2,3,4,5,6,7,12,13, they act in sequence to convert 

uncommitted stem cells to committed stem cells 

Also other factors are produced by macrophages, active T – lymphocytes, fibroblast 

and endothelial cells. 

 

Red Blood Cells (erythrocytes) 

The normal red blood cells (RBCs) are non – nucleated, biconcave discs. The red cell 

membrane is flexible and exhibits a remarkable deformed into any shape, RBCs able 

to change its shape and can be pass through narrow capillaries and return. The 

biconcave shape of the RBC provides a high surface area to volume ratio, mean 

diameter 8µm and thickness is 2.5µm. The normal range in adult male is 4.5 – 6.5 

million / cu.mm and in adult female is 3.5 – 5.8 million / cu.mm. 

A major function of red blood cells is to transport hemoglobin, which in turn carries 

oxygen from the lungs to the tissues. When it is free in the plasma of the human being, 

about 3 percent of it leaks through the capillary membrane into the tissue spaces or 
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through the glomerular membrane of the kidney into the glomerular filtrate each time 

the blood passes through the capillaries. Therefore, hemoglobin must remain inside red 

blood cells to effectively perform its functions in humans. 

  

The red blood cells have other functions, they contain a large quantity of carbonic 

anhydrase, an enzyme that catalyzes the reversible reaction between carbon dioxide 

(CO2) and water to form carbonic acid (H2CO3), increasing the rate of this reaction 

several thousand fold. The rapidity of this reaction makes it possible for the water of 

the blood to transport enormous quantities of CO2 in the form of bicarbonate ion from 

the tissues to the lungs, where it is reconverted to CO2 and expelled into the atmosphere 

as a body waste product. The hemoglobin in the cells is an excellent acid-base buffer 

(as is true of most proteins), so the red blood cells are responsible for most of the acid-

base buffering power of whole blood.  

 

The life span of the normal RBCs in the circulation is 120 days, after that the old RBCs 

are destroyed by macrophages in the mononuclear phagocyte system as liver, spleen 

and bone marrow. The basic substances needed for normal RBCs production are amino 

acids (proteins), iron, vitamin B12, folic acid and vitamin B6. 

 Erythrogenesis (Erythropoiesis) 

Erythrogenesis is the process of erythrocytes formation. Clinical measurement of 

erythrogenesis activity by reticulocytes count, because of reticulocytes passes to the 

blood and after 1 – 2 days in the blood it became mature erythrocyte. The normal range 

of reticulocytes in adult is 0.5 – 2.5 %. 

Regulation of Erythrogenesis 

deficiency at the tissue   2stimulating RBCs production is hypoxia (OThe main factor 

level), therefore any condition that causes decrease of O2 transport to the tissues lead 

to increase of RBCs production such as 

1. Low blood flow. 

2. Anemia. 

 3. Low hemoglobin. 

4. Poor blood flow. 

5. pulmonary disease. 

Hypoxia does not act directly on bone marrow but stimulates the secretion of important 

regulating hormone like erythropoietin. Other factors are stimulating erythropoietin as 

cobalt, epinephrine, norepinephrine, prostaglandine and androgen. 
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Function of the erythropoietin mechanism to increase production of red blood cells when tissue 

oxygenation decreases. 

and   12Requirement for Vitamin B-Maturation of Red Blood Cells

Folic Acid 

A common cause of red blood cell maturation failure is failure to absorb vitamin B12 

(Cyanocobalamin) from the gastrointestinal tract. This often occurs in the disease 

pernicious anemia, in which the basic abnormality is an atrophic gastric mucosa that 

fails to produce normal gastric secretions. The parietal cells of the gastric glands secrete 

a glycoprotein called intrinsic factor, which combines with vitamin B12 in food and 

makes the B12 available for absorption by the gut. It does this in the following way: 

 

1. Intrinsic factor binds tightly with the vitamin B12. In this bound state, the B12 is 

protected from digestion by the gastrointestinal secretions. 

2. Still in the bound state, intrinsic factor binds to specific receptor sites on the brush 

border membranes of the mucosal cells in the ileum. 

 

3. Vitamin B12 is transported into the blood during the next few hours by the process 

of pinocytosis, carrying intrinsic factor and the vitamin together through the 

membrane. Lack of intrinsic factor, therefore, decreases availability of vitamin B12 

because of faulty absorption of the vitamin.  

 

Once vitamin B12 has been absorbed from the gastrointestinal tract, it is first stored in 

large quantities in the liver and then released slowly as needed by the bone marrow. 

The minimum amount of vitamin B12 required each day to maintain normal red cell 

maturation is only 1 to 3 micrograms, and the normal storage in the liver and other 

body tissues is about 1000 times this amount. Therefore, 3 to 4 years of defective B12 

absorption are usually required to cause maturation failure anemia. 
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Folic acid (Pteroylglutamic Acid) is a normal constituent of green vegetables, some 

fruits, and meats (especially liver). However, it is easily destroyed during cooking. 

Also, people with gastrointestinal absorption abnormalities, such as the frequently 

occurring small intestinal disease called sprue, often have serious difficulty absorbing 

both folic acid and vitamin B12. Therefore, in many instances of maturation failure, the 

cause is deficiency of intestinal absorption of both folic acid and vitamin B12.  

 

Hematocrit (HCT) or packed cell volume (PCV) 

The PCV or HCT is the volume of RBCs per unit volume of the whole blood. The 

normal range in adult male is 40 – 54 % and in the adult female is 37 – 47 %. PCV is 

affected by 

1. Number of RBCs. 

2. Shape of the RBCs. 

3. Plasma volume. 

Clinical Uses of PCV  

PCV is used to detect 

a. Anemia. 

b. polycythemia. 

 

c. hemoconcentration and hemodilution. 

PCV is increased in polycythemia and dehydration but is decreased in anemia.  

 

Polycythemia   

Plycythemia means that the red blood cell count commonly rises to 6 to 7 million/mm3, 

about 30 percent above normal value. There are two types of  polycythemia 

 

1. Physiological polycythemia  

A common type of secondary polycythemia, called physiologic polycythemia, occurs in 

natives who live at altitudes of 14,000 to 17,000 feet, where the atmospheric oxygen is 

very low. The blood count is generally 6 to 7 million/mm3; this allows these people to 

perform reasonably high levels of continuous work even in a rarefied atmosphere. 

 

2. Polycythemia Vera (Erythremia)   

This type is occurred in pathological condition in which th e red blood cell count may be 

7 to 8 million/mm3 and the hematocrit may be 60 to 70 percent instead of the normal 40 

to 45 percent. Polycythemia vera is caused by a genetic aberration in the hemocytoblastic 

cells that produce the blood cells. The blast cells no longer stop producing red cells when 

too many cells are already present. This causes excess production of red blood cells in the 



 

9 

same manner that a breast tumor causes excess production of a specific type of breast cell. 

It usually causes excess production of white blood cells and platelets as well. 

 

Erythrocyte Sedimentation Rate ( ESR ) 
 

ESR is the rate at which the RBCs sediment by rouleax formation (RBCs aggregate and 

become arranged one on the top of the other). ESR is not specific test but it helps in the 

diagnosis of the diseases. The normal range in adult male is 0 – 15mm / hr and in the adult 

female is 0 – 20mm / hr. 

 

Factors affecting ESR 
1. Composition of plasma protein 

Increase concentration of fibrinogen or globulin lead to increase rouleaux formation result 

in increase in the ESR. 

 

2. Concentration of RBCs 

Increase RBCs concentration or high PCV lead to increase the viscosity of the blood lead 

to increase to the sedimentation, result in decrease in the ESR. 

 

3. Shape of RBCs 

RBCs with abnormal or irregular shapes as in sickle cell anemia and spherocytosis, this 

interfere with the rouleaux formation or unable to form rouleaux lead to decrease in the 

ESR. 

 

Hemoglobin ( Hb ) 

The basic chemical steps in the formation of hemoglobin. First, succinyl-CoA, formed in 

the Krebs metabolic cycle, binds with glycine to form a pyrrole molecule. In turn, four 

pyrroles combine to form protoporphyrin IX, which then combines with iron to form the 

heme molecule. Finally, each heme molecule combines with a long polypeptide chain, a 

globin synthesized by ribosomes, forming a subunit of hemoglobin called a hemoglobin 

chain (α and β ). Each chain has a molecular weight of about 16,000; four of these in turn 

bind together loosely to form the whole hemoglobin molecule.   

 
Hb begins synthesis in proerythroblast and contineous slightly even into the reticulocytes 

stage. Mature RBCs  can not synthesize Hb. Red blood cells have the ability to concentrate 

hemoglobin in the cell fluid up to about 34 grams in each 100 milliliters of cells. The 

concentration does not rise above this value because this is the metabolic limit of the cell's 

hemoglobin-forming mechanism In normal people, the percentage of hemoglobin is 

almost always near the maximum in each cell. 
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Synthesis of Hb 

The affinity of Hb for O2  is affected by PH, temperature and concentration of RBCs 

with the 2, 3 diphosphoglycerate (product of glucose metabolism). Thus the increase 

in this factors lead to decrease in the affinity of Hb to O2 . 

Hb is broken into its constituents (globin and heme ). Globin is catabolized in the liver 

into amino acid the enters the circulation. Heme is converted into biliverdin , in turn 

converted into bilirubin, enters the liver where its   conjucated and becomes water – 

soluble and secretsby liver into the bile. 

Jundice is the yellowish discoloration of skin and mucous membrane due to increase 

bilirubin concentration in the body fluids, is detectable when plasma bilirubin above 2 

mg / dl. 

Normal Hb Types 

1. Hb A: is the normal Hb in adult, consist of 2α and 2β chains, Hb is predominant 

type in adult 96 – 98 % of total Hb. 

3 % of the total Hb,  –: this type is presence in the normal adult, about 1.5 2Hb A. 2

consist of 2 α and 2 δ (delta). 

3. Hb F: the main type of Hb in fetus and new born, consist of 2α and 2 γ (gamma). 

In the normal adult is 0.5 – 1 % of total Hb. 

4. Embryonic Hb 

a. Gower 1 Hb: consist of 2 zeta and 2 epsilon chains. 

b. Gower II Hb : consist of 2 alpha and 2 epsilon chains. 
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Genetic abnormalities of Hb (hemoglobinpathies) 

1. Sickle – cell Hb or Hb S  

Hb S has normal α chains but in each β chain glutamic acid at the sixth position is 

replaced by valine.Thus the RBCs become sickle and lose their deformability and 

hemolyze. 

2. Thalassaemias 

In this type the amino acid sequence is normal but polypeptide chains are impaired or 

absent like α and β thalassaemias are decreased or absent α and β polypeptides. 

 

 

 

 

 

Sickle Cell Anemia 

Anemia 

Anemia means deficiency of hemoglobin in the blood, which can be caused by either 

too few red blood cells or too little hemoglobin in the cells.  
 

Types of anemia 

1. Aplastic anemia 

In this type bone marrow may be destroyed and become unable to produce blood 

cells as in excessive X – ray exposure. 

2. Hemolytic anemia 

Hemolytic anemia is occurred due to excessive destruction of RBCs as a result of 

abnormalities of red cell membrane or Hb such as hereditary spherocytosis ( RBCs 

are small , spherical in shape and fragile ), sickle cell anemia. 

3. Hemorrhagic anemia 

a. Acute hemorrhagic anemia: In this type loss of large volume of blood over a short 

period. After rapid hemorrhage, replaces the plasma within 1-3 days. 
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b. Chronic hemorrhage: loss of small volume of blood over long period, thus this 

patient need to form a new RBcs.  

4. Megaloblastic Anemia: deficiency of vitamin B12, folic acid, and intrinsic factor 

from the stomach mucosa, lead to slow reproduction of erythroblasts in the bone 

marrow. As a result, the red cells grow too large, with odd shapes that called 

megaloblasts. 

Red cell indices 

Red cell indices (absolute value of RBCs) are MCV, MCH, and MCHC. They can be 

used to classify anemia according to the sizeof RBCs and their Hb concentration. 

1. MCV (mean corpuscular or cell volume): MCV is the average volume of red cell. 

The normal range in adult is 70 – 96 fl. Therefore: 

a. If the MCV within the normal range, they called normocyte as in acute blood loss 

anemia. 

b. If the MCV less than the normal value, so the RBCs called microcytes as in iron 

deficiency anemia. 

c. If the MCV above the normal value, are called macrocyte as in B12 and folic acid 

deficiency anemia. 

2. MCHC (mean corpuscular or cell Hb concentration): It is the weight of Hb in 100 

ml of packed red cell. The normal range is 31- 35g / L. Therefore: 

a. If the MCHC within the normal value, so is called normochromic as in acute blood 

loss anemia. 

b. If the MCHC less than the normal value, the RBC is hypochromic asin iron 

deficiency anemia. 

3. MCH (mean corpuscular or cell Hb): MCH is the average weight of Hb in RBC. 

The normal value is 27 – 32 pg (pictogram). 

MCH express the Hb amount in absolute unit without taking cell size, thus its limited 

use and less useful in the classification of anemia 

Platelets (Thrombocytes) 

Platelets are the smallest cellular elements of the blood, disc - shaped. They are non 

nucleated granulated bodies, 2 – 4 µm in diameter, they are formed in bone marrow 

from megakaryocytes which are fragmented into the platelets and released into the 

circulation. The normal range in adult is 150,000 – 400,000 cells / cu.mm. 

The life span is 7 – 10 days, then they are eliminated from the circulation mainly by 

the tissue macrophage system. The platelets serve multiple functions in the hemostasis 

and defense mechanism in the body. 
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Factors regulated platelets production: The production is regulated:  

1. Interlukins (IL 1, 3, 6) 

2. Colony – stimulating factors that control the production of megakaryocytes. 

 

 

 

 of BloodPhysiology     yShemmar-Dr. Inssaf  Al     4Lecture  

White blood cells (leukocytes) 

White blood cells (WBCs) are nucleated cells. The real value of the white blood cells 

is that most of them are specifically transported to areas of serious infection and 

inflammation, thereby providing a rapid and potent defense against infectious agents 

bacteria, fungi, viruses and tumors. The normal range of total WBCs in adult is 4000 – 

11000 cells/ cu.mm. 

WBCs are classified by several ways, one of these classification is according to the 

presence or absence of specific – staining granules in the cytoplasm, so WBCs are 

divided into: 

A. Granulocytes (polymorphonuclear leukocytes) 

The diameter of these cell is 10 – 15 µm. There are three types: 

1. Neutrophils: In which granules stained with the acidic and basic dyes, the normal 

value in adult is 40 – 80 %. 

2. Eosinophils: In which granules in the cytoplasim stained with the acidic dyes, the 

normal value in adult is 1 – 6 %. 

3. Basoplils: In which granules are stained with the basic dyes, the normal value in 

adult is less than 1 – 2 %. 

B. Agranulocytes 

1. Lymphocytes: There are small and large lymphocytes, 6 – 16 µm in diameter. The 

normal value in adult is 20 – 40 %. 

2. Monocytes: Is the largest WBCs, with 15 – 20 µm in diameter. The normal value 

in adult is 2 – 10 %. Occasionally, plasma cells are normally present in the blood. 

The most important function of these cells are: 

1. Neutroplils 
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The important function of nutrophil is phagocytosis (cellular ingestion of the offending 

agent). The mature neutrophils attack and destroyed bacteria, viruses and other 

injurious agents. 

2. Eosinophils 

This cell migrate to the tissues which infected by parasites and attach by special surface 

molecules to the parasites, then release substance that kill parasites. Also eosinophils 

migrate toward inflamed allergic tissue and detoxify some substances released during 

the allergic reactions, eosinophils level is elevated in the allergic disease and parasitic 

infections. 

3. Basophils 

Basophils and mast cells contain heparin and histamine which play a role in the allergic 

reactions. 

4. Monocytes 

The granulocytes and monocytes protect the body against invading organisms mainly 

by ingesting them (i.e., by phagocytosis).  

The lymphocytes and plasma cells function mainly in connection with the immune 

system. 

Leukopoiesis 

Leukopoiesis is the process of WBCs formation. Early differentiation of the 

pluripotential hematopoietic stem cell into the different types of committed stem, from 

those cells committed to form red blood cells, two major lineages of white blood cells 

are formed: the myelocytic and the lymphocytic lineages. 

  

The granulocytes and monocytes are formed only in the bone marrow. Lymphocytes 

and plasma cells are produced mainly in the various lymphogenous tissues-especially 

the lymph glands, spleen, thymus, tonsils, and various pockets of lymphoid tissue 

elsewhere in the body, such as in the bone marrow and in so-called Peyer's patches 

under the epithelium in the gut wall. 

  

The white blood cells formed in the bone marrow are stored within the marrow until 

they are needed in the circulatory system. Then, when the need arises, various factors 

cause them to be released. Normally, about three times as many white blood cells are 

stored in the marrow as circulate in the entire blood.  

The lymphocytes are mostly stored in the various lymphoid tissues, except for a small 

number that are transported in the blood.  

 

Life Span of the White Blood Cells 
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The life of the granulocytes after being released from the bone marrow is normally 4 

to 8 hours circulating in the blood and another 4 to 5 days in tissues where they are 

needed. In times of serious tissue infection, this total life span is often shortened to only 

a few hours because the granulocytes proceed even more rapidly to the infected area, 

perform their functions, and, in the process, are themselves destroyed.  

 

The monocytes also have a short transit time, 10 to 20 hours in the blood, before 

wandering through the capillary membranes into the tissues. Once in the tissues, they 

swell to much larger sizes to become tissue macrophages, and, in this form, can live 

for months unless destroyed while performing phagocytic functions. These which 

provides continuing defense against infection. 

  

Lymphocytes enter the circulatory system continually, along with drainage of lymph 

from the lymph nodes and other lymphoid tissue. After a few hours, they pass out of 

the blood back into the tissues by diapedesis. Then they re-enter the lymph and return 

to the blood again. 

 

White Blood Cells Enter the Tissue Spaces by Diapedesis  

Neutrophils and monocytes can squeeze through the pores of the blood capillaries by 

diapedesis. That is, even though a pore is much smaller than a cell. 

 

White Blood Cells Move Through Tissue Spaces by Ameboid Motion  

Both neutrophils and macrophages can move through the tissues by ameboid motion.  
 

Many different chemical substances in the tissues cause both neutrophils and 

macrophages to move toward the source of the chemical. This phenomenon is known 

as chemotaxis. chemotaxis depends on the concentration gradient of the chemotactic 

substance. The concentration is greatest near the source, Chemotaxis is effective up to 

100 micrometers away from an inflamed tissue. 

Phagocytosis  
The most important function of the neutrophils and macrophages is phagocytosis, 

which means cellular ingestion of the offending agent. Phagocytes must be selective of 

the material that is phagocytized; otherwise, normal cells and structures of the body 

might be ingested. Whether phagocytosis will occur depends especially on three 

selective procedures. 

First, most natural structures in the tissues have smooth surfaces, which resist 

phagocytosis. But if the surface is rough, the likelihood of phagocytosis is increased. 

Second, most natural substances of the body have protective protein coats that repel 

the phagocytes. Conversely, most dead tissues and foreign particles have no protective 

coats, which makes them subject to phagocytosis. 

Third, the immune system of the body develops antibodies against infectious agents 

such as bacteria. The antibodies then adhere to the bacterial membranes and thereby 

make the bacteria especially susceptible to phagocytosis. To do this, the antibody 

molecule also combines with the C3 product of the complement cascade, which is an 

additional part of the immune system. The C3 molecules, in turn, attach to receptors 

on the phagocyte membrane, thus initiating phagocytosis. This selection and 

phagocytosis process is called opsonization. 
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Phagocytosis by Neutrophils & Macrophages 
Phagocytosis by Neutrophils: The neutrophils entering the tissues are already mature 

cells that can immediately begin phagocytosis. On approaching a particle to be 

phagocytized, the neutrophil first attaches itself to the particle and then projects 

pseudopodia in all directions around the particle. The pseudopodia meet one another 

on the opposite side and fuse. This creates an enclosed chamber that contains the 

phagocytized particle. Then the chamber invaginates to the inside of the cytoplasmic 

cavity and breaks away from the outer cell membrane to form a free-floating 

phagocytic vesicle (also called a phagosome) inside the cytoplasm. A single neutrophil 

can usually phagocytize 3 to 20 bacteria before the neutrophil itself becomes 

inactivated and dies. 
 

  

Phagocytosis by Macrophages: Macrophages are the end-stage product of monocytes 

that enter the tissues from the blood. When activated by the immune system, they are 

much more powerful phagocytes than neutrophils, often capable of phagocytizing as 

many as 100 bacteria. They also have the ability to engulf much larger particles, even 

whole red blood cells or, occasionally, malarial parasites, whereas neutrophils are not 

capable of phagocytizing particles much larger than bacteria. Also, after digesting 

particles, macrophages can extrude the residual products and often survive and function 

for many more months. 

Once a foreign particle has been phagocytized, lysosomes and other cytoplasmic 

granules in the neutrophil or macrophage immediately come in contact with the 

phagocytic vesicle, and their membranes fuse, so the  digestive enzymes and 

bactericidal agents into the vesicle. Thus, the phagocytic vesicle now becomes a 

digestive vesicle, and digestion of the phagocytized particle begins immediately. Both 

neutrophils and macrophages contain an abundance of lysosomes filled with 

proteolytic enzymes and large amount of lipases. 

Both Neutrophils and Macrophages Can Kill Bacteria  
In addition to the digestion of ingested bacteria in phagosomes, neutrophils and 

macrophages contain bactericidal agents that kill most bacteria even when the 

lysosomal enzymes fail to digest them. This is especially important because some 

bacteria have protective coats or other factors that prevent their destruction by digestive 

enzymes. Much of the killing effect results from several powerful oxidizing agents 

formed by enzymes in the membrane of the phagosome or by a special organelle called 

the peroxisome.  

 

These oxidizing agents include large quantities of superoxide (O2
-), hydrogen peroxide 

(H2O2), and hydroxyl ions (OH-), all of which are lethal to most bacteria, even in small 

quantities. Also, one of the lysosomal enzymes, myeloperoxidase, catalyzes the 

reaction between H2O2 and chloride ions to form hypochlorite, which is bactericidal 

effect. 
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Some bacteria as tuberculosis bacillus, have coats that are resistant to lysosomal 

digestion and also secrete substances that partially resist the killing effects of the 

neutrophils and macrophages. These bacteria are responsible for many of the chronic 

diseases, an example of which is tuberculosis.  

 

Role of Neutrophils and Macrophages in the inflammation 
  

When tissue injury occurs, whether caused by bacteria, trauma, chemicals, heat, or any 

other phenomenon, multiple substances are released by the injured tissues and cause 

secondary changes in the surrounding uninjured tissues. This tissue changes is called 

inflammation.  

 

Inflammation is characterized by 
 

 1. Vasodilation of the local blood vessels, with consequent excess local blood flow. 

 

 2. Increased permeability of the capillaries, allowing leakage of large quantities of fluid 

into the interstitial spaces. 

  

3. Often clotting of the fluid in the interstitial spaces because of increased amounts of 

fibrinogen and other proteins leaking from the capillaries. 

 

 4.  Migration of large numbers of granulocytes and monocytes into the tissue. 

  

5. Swelling of the tissue cells. Some of the many tissue products that cause these reactions 

are histamine, bradykinin, serotonin,prostaglandins, several different reaction products of 

the complement. 
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 Blood Types (Blood groups) 

The membrane of RBC contain a variety of antigens (Ags) are called agglutinogens, at 

least 30 are common and 100 are rare. Two groups of Ags are the most important and 

more likely than others to cause blood transfusion reaction, so there are : 

1. ABO system of Ags. 

2. Rh system of  Ags. 

Antigenicity Causes Immune Reactions of Blood 
 

When blood transfusions from one person to another were first attempted, immediate or 

delayed agglutination and hemolysis of the red blood cells Often occurred, resulting in 

typical transfusion reactions that frequently led to death. Soon it was discovered that the 

bloods of different people have different antigenic and immune properties, so that antibodies 
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in the plasma of one blood will react with antigens on the surfaces of the red cells of another 

blood type. If proper precautions are taken, one can determine ahead of time whether the 

antibodies and antigens present in the donor and recipient bloods will cause a transfusion 

reaction. 

 

The ABO System 

  According to the ABO system of Ags, blood are grouped into four major types; A, B, O 

and AB. According to the presence or absence of agglutinogens or antigens (Ags) A and B 

on the membrane of RBCs, so the blood types are : 

a. When only type A antigen is present, the blood is type A. 

b. When only type B antigen is present, the blood is type B. 

c. When both A and B antigens are present, the blood is type AB. 

d. When neither nor B antigen is present, the blood is type O. 

A and B Ags are found in many tissues in addition to blood as salivary glands, saliva, 

pancreas, kidney, liver, lungs, testes, semen and amniotic fluid. The A and B antigens are 

actually complex oligosaccharides that differ in their terminal sugar. On red cells they are 

mostly glycosphingolipids, whereas in other tissues they are glycoproteins.  

Some individuals with A Ag have additional Ag called A1, thus the A group is subdivided 

into type A1 (those with both A Ags) and A2 (those with only the A Ag), so there are six 

ABO groups instead of four; B, O, A1, A2, A1B1, A2B2.the difference between A1 and A2 

appears to be quantitative; each A1 cell has about 1,000,000 copies of the A antigen on its 

surface, and each A2 cell has about 250,000. 

Antibodies (Agglutinins)   

Antibodies (Abs) against red cell agglutinogens (Ags) are called agglutinins. Agglutinins 

against A and B Ags are inherited. Individuals with type A blood always have antibody 

against Ag B, called anti – B agglutinin, when their plasma is mixed with type B cell, the 

agglutinin and B cell Ag react causing the type B cell to become clumped (agglutinated) and 

subsequently hemolyzed. Similarly individuals with type B blood have anti – A agglutinin. 

Individuals with type O blood have circulating anti – A and anti – B agglutinins 

Immediately after birth, the quantity of agglutinins in the plasma is almost zero. Two to 8 

months after birth, an infant begins to produce agglutinins-anti-A agglutinins when type A 

agglutinogens are not present in the cells, and anti-B agglutinins when type B agglutinogens 

are not present in the cell. A maximum titer is usually reached at 8 to 10 years of age, and this 

gradually declines throughout the remaining years of life. 
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The agglutinins are gamma globulins, as are almost all antibodies, and they are produced 

by the same bone marrow and lymph gland cells that produce antibodies to any other 

antigens. Most of them are IgM and IgG immunoglobulin molecules. 

 

Genetic Determination of the Agglutinogens 
A and B Ags are inherited as Mendelian dominants. ABO blood groups are determined by 

two genes one on each of two paired chromosomes.  
These genes can be any one of three types but only one type on each of the two 

chromosomes: type O, type A, or type B. The type O gene is either functionless or almost 

functionless, so it causes no significant type O agglutinogen on the cells. Conversely, the 

type A and type B genes do cause strong agglutinogens on the cells. The six possible 

combinations of genes are OO, OA, OB, AA, BB, and AB. These combinations of genes are 

known as the genotypes, and each person is one of the six genotypes. 

 Relative Frequencies of the Different Blood Types are O (47 % ), A ( 41 % ), B  (9% ), AB 

(3% ) 

 

Agglutinin Agglutinogen Blood type Genotype 

Anti – A,  anti – B __ O OO 

Anti – B A A OA  or AA 

Anti – A B B OB  or BB 

__ A  and   B AB AB 

       

Blood types with genotypes, agglutinogens and agglutinins. 

 

Blood typing test 

This test is used for determination of  blood type by mixing red cells of person with 

appropriate antisera on a slide and seeing if  agglutination occurs. 

Transfusion Reactions 

Dangerous hemolytic transfusion reactions occur when blood is transfused into an 

individual with an incompatible blood type, ie, the recipient has agglutinins against the red 

cells of the donor, so the RBCs of the donor are agglutinated. It is very rare that the donors 

agglutinins cause agglutination of the recipients cell because the plasma of the donor 

becomes diluted by all the plasma of recipient, decreasing the titer of agglutinins to a level 

too low to cause agglutination. The blood of donor does not dilute the agglutinins in the 

recipient plasma to a major extent, therefore the recipients agglutinins can cause agglutinate 

the donors cells. All transfusion reactions cause either immediate hemolysis resulting from 

activation of complement system or later hemolysis resulting from phagocytosis of 
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agglutinated cells. As a result of hemolysis, Hb is released from RBCs into the plasma. The 

severity of the resulting transfusion reaction may vary from an asymptomatic minor rise in 

the plasma bilirubin level to severe jaundice and renal tubular damage (caused in some way 

by the products liberated from hemolyzed cells), with anuria and death. 

Cross – matching test 

In cross – matching test the donors RBCs is mixed with the recipients plasma on the slide, 

then checked agglutination 

a. If agglutination occurs that means the donor blood is incompatible with the recipient 

blood, thus blood transfusion can not occur. 

b. If agglutination is not occur that means compatible occur between blood donor and 

blood recipient, thus blood transfusion can occur. 

Persons with AB group have been called universal recipients because they 

have no acirculating agglutinins and can be taken blood from any type without 

developing trasfusion reaction. While persons with O blood group have been 

called universal donors because they lack A and B antigens, thus type O blood 

can be given to anyone without producing transfusion reaction.  

Red blood cell type Sera 

Anti – A 

Sera 

Anti - B 

O _ __ 

A + __ 

B __ + 

AB + + 

 

          Agglutination of cells of the different blood types with anti – A and anti – B    agglutinins. ( + ) 

: agglutination occur,   ( _ ) : No agglutination occur. 

 

The Rh System 

The Rh blood type system is also important when transfusing blood. The major difference 

between the ABO system and the Rh system is the following: In the ABO system, the plasma 

agglutinins responsible for causing transfusion reactions develop spontaneously, whereas in 

the Rh system, spontaneous agglutinins almost never occur. Instead, the person must first 

be massively exposed to an Rh antigen, such as by transfusion of blood containing the Rh 

antigen, before enough agglutinins to cause a significant transfusion reaction will develop. 
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Rh Antigens - Rh-Positive and Rh-Negative  

 
 There are six common types of Rh antigens, each of which is called an Rh factor. These 

types are designated C, D, E, c, d, and e. A person who has a C antigen does not have the c 

antigen, but the person missing the C antigen always has the c antigen. The same is true for 

the D-d and E-e antigens. Also, because of the manner of inheritance of these factors, each 

person has one of each of the three pairs of antigens.  

The type D antigen is widely prevalent in the population and considerably more antigenic 

than the other Rh antigens. Anyone who has this type of antigen is said to be Rh positive, 

whereas a person who does not have type D antigen is said to be Rh negative. However, it 

must be noted that even in Rh-negative people, some of the other Rh antigens can still cause 

transfusion reactions, although the reactions are usually much milder.  

About 85 % of all white people are Rh positive and 15 % Rh negative. 

 

 

The Antibodies 

The antibodies ( Abs ) of the ABO system which develop spontaneously, while in Rh system  

the  anti – D Ab does not develope without  exposure  of  a D negative individual  to D – 

positive  red  cells. This exposure by : 

 

1. Transfusion  of  Rh positive blood to Rh negative recipient. 

 

2. Entrance of  Rh positive fetal blood into the maternal circulation of an Rh – negative 

mother. 

 

The consequences of the formation of  anti – Rh agglutinins in each two conditions as 

follows : 

 

1. Transfusion of  Rh – positive blood to Rh  - negative blood 
 

 If an Rh-negative person has never before been exposed to Rh - positive blood, transfusion 

of Rh - positive blood into that person will likely cause no immediate reaction. Anti - Rh 

antibodies can develop in sufficient quantities during the next 2 to 4 weeks to cause 

agglutination of those transfused cells that are still circulating in the blood. These cells are 

then hemolyzed by the tissue macrophage system. Thus, a delayed transfusion reaction 

occurs, although it is usually mild. On subsequent transfusion of Rh-positive blood into the 

same person, who is now already immunized against the Rh factor, the transfusion reaction 

is greatly enhanced and can be immediate and as severe as a transfusion reaction. 

 

 

 2.  Erythroblastosis  fetalis (Hemolytic Disease of the Newborn) 

 Erythroblastosis fetalis is a disease of the fetus and newborn characterized by agglutination 

and phagocytosis of the fetus's red blood cells. In most instances of erythroblastosis fetalis, 

the mother is Rh negative and the father Rh positive. The baby has inherited the Rh-positive 

antigen from the father, and the mother develops anti-Rh agglutinins from exposure to the 
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fetus's Rh antigen. In turn, the mother's agglutinins diffuse through the placenta into the fetus 

and cause red blood cell agglutination. 

 After anti-Rh antibodies have formed in the mother, they diffuse slowly through the 

placental membrane into the fetus's blood. There they cause agglutination of the fetus's 

blood. The agglutinated red blood cells subsequently hemolyze, releasing hemoglobin into 

the blood. The fetus's macrophages then convert the hemoglobin into bilirubin, which causes 

the baby's skin to become yellow (jaundiced). The antibodies can also attack and damage 

other cells of the body. 

The jaundiced, erythroblastotic newborn baby is usually anemic at birth, and the anti-Rh 

agglutinins from the mother usually circulate in the infant's blood for another 1 to 2 months 

after birth, destroying more and more red blood cells. 

 An Rh-negative mother having her first Rh-positive child usually does not develop sufficient 

anti-Rh agglutinins to cause any harm. However, about 3 % of second Rh-positive babies 

exhibit some signs of erythroblastosis fetalis; about 10 % of third babies exhibit the disease; 

and the incidence rises progressively with subsequent pregnancies. 

Treatment  

Treatment for erythroblastosis fetalis is to replace the neonate's blood with Rh-negative blood. 

About 400 milliliters of Rh-negative blood is infused over a period of 1.5 or more hours while 

the neonate's own Rh-positive blood is being removed. 

Also an anti-D antibody that is administered to the expectant mother starting at 28 to 30 

weeks of gestation. The anti-D antibody is also administered to Rh-negative women who 

deliver Rh-positive babies to prevent sensitization of the mothers to the D antigen. This 

greatly reduces the risk of developing large amounts of D antibodies during the second 

pregnancy. 
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Hemostasis and Blood Coagulation 

HEMOSTASIS 

Hemostasis: is the process of forming clots in the walls of damaged blood vessels and 

preventing blood loss while maintaining blood in a fluid state within the vascular 

system. A collection of complex interrelated systemic mechanisms operates to 

maintain this balance between coagulation and anticoagulation. In addition, the balance 

is affected by local factors in various different organs. 
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Mechanisms of Hemostasis: 

1. Vascular constriction. 

2. Formation of a platelet plug. 

3. Formation of a blood clot as a result of blood coagulation. 

4. Growth of fibrous tissue into the blood clot to close the hole in the vessel 

permanently.    

Vascular Constriction  
Immediately after a blood vessel has been cut or ruptured, the trauma to the vessel wall 

causes the smooth muscle in the wall to contract; this instantaneously reduces the flow 

of blood from the ruptured vessel. The contraction results from  

 

1. Local myogenic spasm. 

2.  Local autacoid factors from the traumatized tissues and blood      platelets.  

3. Nervous reflexes. The nervous reflexes are initiated by pain nerve impulses or other 

sensory impulses. 
 

 Formation of the Platelet Plug 
1. Platelets adhesion. 

 

2. Platelets aggregation. 

 

 

Platelets adhesion 

When blood vessel injured, platelets adhere to the exposed collagen. The adhesion is 

occurred by presence of van Willebrand factor ( vWF ), this factor is a protein 

synthesized by endothelial cells and megakaryocytes. vWF is required for the adhesion 

of platelets because of this factor forms bridges between platelets and subendothelial 

components allowing platelets to adhere to the damaged vessel wall. vWF also act as 

carrier protein for factor VIII. So deficiency in the vWF result in secondary reduction 

in the factor VIII level in the plasma. 

Platelets aggregation 

After adhesion of platelets to collagen, initiated platelets activation by ADP, thrombin 

and platelets activation factor (PAF), this factor is released from monocytes, 

neutrophils and platelets. 

Activated platelets appears as swell, pseudopodia formation, become sticky and adhere 

to collagen and release different substances such as serotonin and thromboxane A2 
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which enhance vasoconstriction, ADP and thromboxane A2 activate other nearby 

platelets and increase their stickiness and this causes circulating platelets to adheret to 

the platelets already attached to the collagen, so platelets aggregate (platelet stick to 

each other) and form platelet plug at the site of the injury. 

Blood Coagulation 

Platelets plug is converted into the clot by formation of fibrin. The clotting mechanism 

is responsible for the formation of fibrin involves a cascade reaction s in which inactive 

enzymes are activated and the activate enzymes in turn activate other inactive enzymes. 

Coagulation is initiated through  

a – Extrinsic mechanism. 

b – Intrinsic mechanism. 

Extrinsic Mechanism 

This mechanism or pathway is occurred as a result of entry of certain 

phospholipoproteins in the blood which are released from damaged tissues, thus they 

are called tissue factor or tissue thromboplastin. They are not found normally in the 

circulation (they extrinsic to the circulation). 

Tissue thromboplastin activates factor VII, tissue thromboplastin and activated factor 

VII (VIIa) with the presence of Ca ions lead to activate factor X. 

Intrinsic Mechanism 

It begins when blood comes in contact with collagen underlying the endothelium in the 

blood vessel. In vitro (outside the body) it begins when blood comes in contact with 

the negatively charged surfaces of glass. 

Factor XII will be activated and this activation is catalyzed by high molecular weight 

(HMW) kininogen and plasma kallikrein also platelet phospholipid is released and play 

a role in subsequent clotting reaction. Activated factor XII (XIIa), then activates  factor 

XI, this reaction also requires HMW, kininogen, then activated factor  IX (IXa) forms 

a complex with active factor VIII (factor VIII is activated by thrombin). The complex 

of IXa and VIIIa activate factor X. platelet phospholipids and Ca ion are necessary for 

full activation of factor X. 
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System for naming blood clotting factors. 
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After activation of factor X either by extrinsic or intrinsic mechanisms, both of them 

proceed by a common pathway (activated factor X) in the presence of tissue 

phospholipid (part of the tissue factor) or platelet phospholipid, Ca ion and factor V, 

catalyzes and conversion of prothrombin to thrombin. 

Prothrombin is a plasma protein, an alpha2-globulin, having a molecular weight of 

68,700. It is present in normal plasma in a concentration of about 15 mg/dl. It is an 

unstable protein that can split easily into smaller compounds, one of which is thrombin, 

which has a molecular weight of 33,700, almost exactly one half that of prothrombin. 
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At first factor V is inactive but once thrombin begins to form the proteolytic action of 

thrombin activates factor V. Activated factor V (Va) greatly accelerates the protease 

activity of Xa. 

Thrombin catalyzes the conversion of soluble plasma protein fibrinogen to insoluble 

fibrin (the process involves remove of two pairs of polypeptides from fibrin). The fibrin 

is initially a loose mesh of interlacing strands, it is converted by the formation of 

covalent cross – linkages to dense, tight aggregate this reaction is catalyzed by active 

factor XIII (fibrin – stabiliz factor) and requires Ca ions. Factor XIII is present normally 

in small amounts, also released from the platelet entrapped in the clot and is activated 

by thrombin. 

Vitamin K is required by the liver for normal activation of prothrombin, as well as a 

few other clotting factors. Therefore, either lack of vitamin K or the presence of liver 

disease that prevents normal prothrombin formation can decrease the prothrombin level 

so low that a bleeding tendency results. 

Blood Clot 

  
The clot is composed of a meshwork of fibrin fibers running in all directions and 

entrapping blood cells, platelets, and plasma. The fibrin fibers also adhere to damaged 

surfaces of blood vessels; therefore, the blood clot becomes adherent to any vascular 

opening and prevents further blood loss.  

 

An especially important difference between the extrinsic and intrinsic pathways is that 

the extrinsic pathway can be explosive; once initiated, its speed of completion to the 

final clot is limited only by the amount of tissue factor released from the traumatized 

tissues and by the quantities of Factors X, VII, and V in the blood. With severe tissue 

trauma, clotting can occur in as little as 15 seconds. The intrinsic pathway is much 

slower to proceed, usually requiring 1 to 6 minutes to cause clotting. 

 

Clot Retraction 

  
Within a few minutes after a clot is formed, it begins to contract and usually expresses 

most of the fluid from the clot within 20 to 60 minutes. The fluid expressed is called 

serum because all its fibrinogen and most of the other clotting factors have been 

removed; in this way, serum differs from plasma. Serum cannot clot because it lacks 

these factors. 

Clot retraction is occurred by:  

 

1. Platelets: are necessary for clot retraction to occur. Therefore, failure of clot 

retraction is an indication that the number of platelets in the circulating blood might be 

low. Electron micrographs of platelets in blood clots show that they become attached 

to the fibrin fibers in such a way that they actually bond different fibers together. 

Furthermore, platelets entrapped in the clot continue to release procoagulant 
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substances, one of the most important of which is fibrin-stabilizing factor, which 

causes more and more cross-linking bonds between adjacent fibrin fibers. In addition, 

the platelets themselves contribute directly to clot contraction by activating platelet 

thrombosthenin, actin, and myosin molecules, which are all contractile proteins in the 

platelets and cause strong contraction of the platelet spicules attached to the fibrin. This 

also helps compress the fibrin meshwork into a smaller mass. The contraction is 

activated and accelerated by thrombin, as well as by calcium ions released from 

calcium stores in the mitochondria, endoplasmic reticulum, and Golgi apparatus of the 

platelets.  

As the clot retracts, the edges of the broken blood vessel are pulled together, thus 

contributing still further to hemostasis. 

 

2. Fibrinolysis: by the components of fibrinolytic system. 

 

Anticlotting mechanisms 
In vivo ( inside the body ) the action of clotting mechanism is balanced by limiting 

reactions that tend to prevent clot in uninjured blood vessels and to break down any 

clots that do form, also prevent or limit excessive growth and extension of the clot in 

the injured vessel. These mechanisms are included: 

 

1. The smoothness of the endothelial cell surface, which prevents contact activation 

of the intrinsic clotting system. 

  

2. A thin layer of glycocalyx on the endothelium (glycocalyx is a mucopolysaccharide 

adsorbed to the surfaces of the endothelial cells), which repels clotting factors and 
platelets, thus preventing activation of clotting. 
 
 3. Thrombomodulin: a protein bound with the endothelial membrane, 

thrombomodulin, which binds thrombin. Not only does the binding of thrombin with 

thrombomodulin slow the clotting process by removing thrombin, but the 

thrombomodulin-thrombin complex also activates a plasma protein, protein C, that acts 

as an anticoagulant by inactivating activated Factors V and VIII. 
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Thrombomodulin 

 

4. Antithrombin III 

Antithrombin III is an α2  - globulin that circulates in the plasma. It inhibits clotting 

factors IXa, Xa, XIa, XIIa. It combin with heparin (natural anticoagulant) which 

increase the effectiveness of antithrombinIII in removing thrombin and clotting factors 

IXa, Xa, XIa, XIIa. 

5. Heparin 

 Heparin is produced by many different cells of the body, but especially large quantities 

are formed by the basophilic mast cells located in the pericapillary connective tissue 

throughout the body.  

Heparin is another powerful anticoagulant, but its concentration in the blood is 

normally low, so only under special physiologic conditions does it have significant 

anticoagulant effects. However, heparin is used widely as a pharmacological agent in 

medical practice in much higher concentrations to prevent intravascular clotting.  
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The complex of heparin and antithrombin III removes several other activated 

coagulation factors in addition to thrombin, further enhancing the effectiveness of 

anticoagulation. The others include activated Factors XII, XI, X, and IX. 

 

6. Plasmin (fibrinolysin) 

 Plasmin is the active form of plasminogen, it glycoprotein synthesized in the liver and 

present in the plasma. Plasmin is an enzyme that lyse fibrin, fibrinogen and produce 

FDP ( fibrinogen degredation product ) which inhibit thrombin 

Activation of plasminogen is occurred by: 

 

a. Tissue plasminogen activator (t – PA), synthesis mainly by endothelial cells. 

 

b. Urokinase type plasmninogen activator, synthesis mainly by kidney. 

These two factors consider as extrinsic activators. 

 

c. Intrinsic ( blood ) activator which derived from plasma or blood cells such as 

kallikrein which stimulate fibrinolysis by acting as plasminogen activator. 

 

 

7. Prostacyclin 

 Prostacyclin is produced by endothelial cells, inhibits platelets aggregation and 

promotes vasodilation. Thromboxane A2 is produce by platelets from their common 

precursor, arachidonic acid (release from membrane phospholipid by phospholipase A2 

enzyme by cyclooxygenase pathway). It promotes platelets aggregation and 

vasoconstriction. 

The interaction between the platelets aggregation effect of thromboxane A2 and 

antiaggregating effect of prostacyclin causes clots form at the site when blood vessel 

is injured but keeps the vessel lumen free from clot. 

The thromboxane A2  - prostacyclin balance can be shifted toward prostacyclin by 

administration of low doses of aspirin because of aspirin causes irreversible inhibition 

cyclooxygenase pathway, this explain why use aspirin in low doses in the prevention 

of myocardial infarction ( MI ). 

Abnormalities of Hemostasis 

Bleeding tendency is abnormal bleeding may occur in different conditions, can be 

seen in the skin and mucous membrane such as: 

1. Petechiae which are pin point purplish hemorrhagic spots. 

2. Purpura which are extensive area of red or dark purple discoloration. 

3. Ecchymosis (bruises) bleeding in the subcutaneous tissue. 

4. Hematomas is collection of blood. 
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Also bleeding can occur in the internal organs and from the body orifices. 

Bleeding tendency is occurred due to: 

1. Vascular disorders. 

2. Platelets disorders. 

3. Disorders of blood coagulation. 

Vascular disorders 

1. Damage of connective tissue of vessel as in senility and hereditary disease. 

2. Damage of endothelial blood vessel as in some infections and drugs.  

Platelets disorders 

Normal platelets number and function is needed for normal hemostasis. 

A. Thrombocytopenia (low platelets count) due to many causes such as 

deficiency, radiation,  12Decrease production of platelets such as in folate and B. 1

chemotherapy and marrow replacement. 

2. Increase destruction of platelets by some drugs or in certain condition as in 

idiopathic thrombocytopenia purpura (specific Abs against the platelets to destroy 

them ). 

B. thrombocytopathy (abnormal platelets function) as in von Willebrands disease, is 

inherited disease in which the platelets can not adhere to vascular subendothelium 

because of deficiency of von Willebrand factor (vWF). 

Disorders of blood coagulation 

1. Classical hemophilia ( hemophilia A ) is occurred due to deficiency of factor VIII, 

its relatively common in male also its X – linked disease. 

2. Christmas disease ( hemophilia B ) is occurred due to deficiency of factor IX, its X 

– linked disease and sever bleeding can occur. 

3. Deficiency of vitamin K can cause decrease synthesis of prothrombin, factors VII, 

IX, X in the liver because of vitamin K is necessary for synthesis of these factors in 

the liver. 

4. Liver diseases which causes defect in production of coagulation factors suchas 

prothrombin, fibrinogen, VII, IX, X…..etc. Because of many or almost clotting 

factors are synthesis in the liver. 
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5. Thromboembolic conditions 

An abnormal clot that develops inside blood vessel is called thrombus, this occur 

when : 

a. slow blood flowafter operation or delivery. 

b. Increase viscosity of blood. 

c. Endothelial surface is roughened. 

d. Congenital absence of protein C. 

e. Resistance of activated protein C due to mutation in the gene of factor V which 

prevent activated protein C. 

f. Mutation in protein S (co-factor to protein C) and antithrombin III. 

When break off  bits of the thrombus and travel in blood stream to distance site of 

injury of blood vessel, these called are emboli. Emboli do not stop flowing until they 

come to narrow point in the circulatory system. 

To treat or prevent thromboembolic conditions, anticoagulants can be used clinically 

as : 

1. Heparin 

Heparin is prepared almost pure form, its given intravenous injection. It binds with 

antithrombin III to increase its effectiveness of inhibiting thrombin and factors IXa, 

Xa, XIa and XIIa. 

2. Cumarin derivatives as warfarin which is given orally and acts by inhibiting the 

action of vitamin K, thus decrease synthesis of prothrombin and factors VII, IX, X. 

Blood Coagulation Tests 

Hemostasis function is examined in the clinic to evaluate the possibility of abnormal 

bleeding and to help in the diagnosis and management of the disease, these tests are: 

1. Platelets count. 

2. Bleeding time. 

3. Prothrombin time (PT). 

4. Activated partial thromboplastin time (APTT). 

5. Thrombin  time (TT). 
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Platelets count 

To know if the patients suffering from thrombocytopenia or not, thus when platelets 

count is : 

1. 50000 – 100000 / microliter of blood result in bleeding occur after major trauma. 

2. 20000 – 50000 / microliter of blood result in bleeding may occur after minor 

trauma. 

3. Below 20000 / microliter of blood result in spontaneous bleeding may occur. 

Bleeding time 

This test is doing by small wound in the skin and measuring the time it takes to stop 

the bleeding. 

Bleeding time is screening platelets number and function. The normal value is 2 – 7 

minutes which depend on the method used. It is prolonged in thrombocytopenia, 

disorders of platelets function such as in the von Willebrands disease. 

Prothrombin time (PT) 

PT is evaluated the generation of thrombin and formation of  fibrin by the extrinsic 

pathway. The normal value is 11 – 15 seconds which depend on the procedure and 

reagent. PT is prolonged by deficiency of one or more factors in the extrinsic 

pathway as VII, X, V, prothrombin and fibrinogen. Thus abnormal PT is occurred in 

the liver diseases and vitamin K deficiency. Clinically, PT is used to control the oral 

dose of anticoagulant therapy as warfarin. 

Activated partial thromboplastin time (APTT) 

APTT is measured the time required for generation of  thrombin and fibrin by the 

intrinsic pathway, thus APTT is evaluated the activity of  prekallikren, HMW 

kininogen, XII, XI, IX, VIII, X, V, prothrombin and fibrinogen which involved in the 

intrinsic pathway. The normal value of APTT is 30 – 40 seconds which depend on 

the procedure and reagent. Abnormal APTT is occurred in some cases as in classical 

hemophilia, Christmas disease, von Willebrands disease and liver diseases. Clinically 

APTT is used to control anticoagulant therapy  as heparin. 

Thrombin time (TT) 

TT test is measured the final reaction of fibrin formation from fibrinogen. The 

normal value is 10 – 15 seconds which depend on the method and reagent. TT is 

abnormal if fibrinogen concentration is below 100 mg /dl and in the presence of 
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thrombin inhibitors such as heparin and fibrin degradation products. TT test can be 

used to monitor heparin therapy. 

Disseminated intravascular coagulation 

Is a serious complication of septicemia, extensive tissue injury, and other diseases in 

which fibrin is deposited in the vascular system and many small- and medium-sized 

vessels are thrombosed. The increased consumption of platelets and coagulation 

factors causes bleeding to occur at the same time. The cause of the condition appears 

to be increased generation of thrombin due to increased TPL activity without 

adequate tissue factor inhibitory pathway activity. 
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Immunity 

The human body has the ability to resist almost all types of organisms or toxins that 

tend to damage the tissues and organs. This capability is called immunity. 

Immune Response 

Immune response can be divided into 

1. Innate immunity ( non adaptive). 

2. Adaptive immunity (Acquired). 

Innate immunity 

Innate immunity is resistance that is pre – existing and is not acquired through 

contact with a non self (foreign) entity known as an antigen. It is non specific 

defense, it includes the following: 

1. Phagocytosis of bacteria and other invaders by white blood cells and cells of the 

tissue macrophage system. 

2. Destruction of swallowed organisms by the acid secretions of the stomach and the 

digestive enzymes.  

3. Resistance of the skin to invasion by organisms.  

4. Presence in the blood of certain chemical compounds that attach to foreign 

organisms or toxins and destroy them such lysozyme, basic polypeptides, the 

complement complex and natural killer lymphocytes.  

Adaptive immunity (acquired) 
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Adaptive immunity is occurred after exposure to an antigen ( e.g: an infectious agents) 

is specific immunity and mediated by either antibodies (humoral immunity) or 

lymphoid cells (cell – mediated immunity). It can occur by: 

A. Passive immunity 

Passive immunity is transmitted by antibodies or lymphocytes preformed in another 

host. The passive administration of antibody (in antisera) against certain viruses e.g: 

vaccine of hepatitis B. 

B. Active immunity 

Active immunity is induced after contact with foreign bodies or antigens 

(microorganisms or their product) this contact with antigens may consist of clinical or 

subclinical infection, immunization with live or killed infectious agents or their 

antigens. 

Antigens 

1. Antigens are substances that can mobilize the immune system and provoke an 

immune response,it characterized by 

a. Most large, complex molecules that are not normally present in the body. 

b. Help distinguish self| from nonself. 

2. Complete antigens are characterized by 

a. They have immunogenicity (the ability to stimulate formation of specific 

lymphocytes and antibodies production). 

b. They have  reactivity (the ability to react with the lymphocytes and antibodies). 

c. Antigens include nearly all foreign proteins, nucleic acid, lipids, and many large 

polysaccharides, proteins are the strongest antigens. 

d. Other antigens as microorganisms. 

e. Generally small molecules like peptides, nucleotides and many hormones are not 

immunogenic. 

f. These small particles can link with other substances and become immunogenic. 

Humeral immunity 

This type of immunity is called humoral immunity or B – cell immunity because B 

lymphocytes produce the antibodies. 
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Nature of the antibodies 

The antibodies are gamma globulins called immunoglobulins (abbreviated as Ig), and 

they have molecular weights between 160,000 and 970,000. They usually constitute 

about 20 percent of all the plasma proteins.  

All the immunoglobulins are composed of combinations of light and heavy polypeptide 

chains. Most are a combination of two light and two heavy chains, some of the 

immunoglobulins have combinations of as many as 10 heavy and 10 light chains, which 

give rise to high-molecular-weight immunoglobulins. In all immunoglobulins, each 

heavy chain is paralleled by a light chain at one of its ends.  

The end of each light and heavy chain, called the variable portion; the remainder of 

each chain is called the constant portion. The variable portion is different for each 

specificity of antibody, and it is this portion that attaches specifically to a particular 

type of antigen. The constant portion of the antibody determines other properties of the 

antibody, establishing such factors as diffusivity of the antibody in the tissues, 

adherence of the antibody to specific structures within the tissues, attachment to the 

complement complex, by which the antibodies pass through membranes, and other 

biological properties of the antibody.  

Structure of  

immunoglobulin  

 

Classes of Antibodies  
There are five general classes of antibodies, respectively named IgM, IgG, IgA, IgD, 

and IgE. Ig stands for immunoglobulin, and the other five respective letters designate 

the respective classes.  
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Two of these classes of antibodies are of particular importance: IgG, which is a bivalent 

antibody and constitutes about 75 percent of the antibodies of the normal person, and 

IgE, which constitutes only a small percentage of the antibodies but is especially 

involved in allergy. The IgM class is also interesting because a large share of the 

antibodies formed during the primary response are of this type. These antibodies have 

10 binding sites that make them exceedingly effective in protecting the body against 

invaders. 

Specificity of Antibodies  
Each antibody is specific for a particular antigen; this is caused by its unique structural 

organization of amino acids in the variable portions of both the light and heavy chains. 

The amino acid organization has a different steric shape for each antigen specificity, 

so when an antigen comes in contact with it, multiple prosthetic groups of the antigen 

fit as a mirror image with those of the antibody. 

 

Formation of Antibodies by Plasma Cells  
Before exposure to a specific antigen, the clones of B lymphocytes remain dormant in 

the lymphoid tissue. On entry of a foreign antigen, macrophages in the lymphoid tissue 

phagocytize the antigen and then present it to adjacent B lymphocytes. In addition, the 

antigen is presented to T cells at the same time, and activated helper T cells are formed. 

These helper cells also contribute to extreme activation of the B lymphocytes. 

  

Those B lymphocytes specific for the antigen immediately enlarge and take on the 

appearance of lymphoblasts. Some of the lymphoblasts further differentiate to form 

plasma blasts, which are precursors of plasma cells. In the plasma blasts, the cytoplasm 

expands and the rough endoplasmic reticulum vastly proliferates. The plasma blasts 

then begin to divide at a rate of about once every 10 hours for about nine divisions, 

giving in 4 days a total population of about 500 cells for each original plasma blast. 

The mature plasma cell then produces gamma globulin antibodies at an extremely rapid 

rate-about 2000 molecules per second for each plasma cell. In turn, the antibodies are 

secreted into the lymph and carried to the circulating blood. This process continues for 

several days or weeks until finally exhaustion and death of the plasma cells occur. 

  
 

Antibodies act mainly in two ways to protect the body against invading agents: 

 

1. By direct attack on the invader.  

 

2. By activation of the "complement system" that then has multiple means of its own 

for destroying the invader. 

 

Direct Action of Antibodies on Invading Agents  
Because of the bivalent nature of the antibodies and the multiple antigen sites on 

most invading agents, the antibodies can inactivate the invading agent in one of 

several ways, as follows:  

Mechanisms of Action of Antibodies  
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1. Agglutination, in which multiple large particles with antigens on their surfaces, 

such as bacteria or red cells, are bound together into a clump  

2. Precipitation, in which the molecular complex of soluble antigen (such as tetanus 

toxin) and antibody becomes so large that it is rendered insoluble and precipitates  

3. Neutralization, in which the antibodies cover the toxic sites of the antigenic agent  

4. Lysis, in which some potent antibodies are occasionally capable of directly 

attacking membranes of cellular agents and thereby cause rupture of the agent. 

Cell – mediated Immunity  

Cell – mediated immunity or T – cell immunity is mediated by T lymphocytes. It is 

responsible for delayed allergic reactions and rejection of transplants of foreign 

tissue. 

Lymphocytes 

Lymphocytes are key elements in the production of immunity. After birth, some 

lymphocytes are formed in the bone marrow. Most are formed in the lymph nodes, 

thymus, and spleen from precursor cells that originally came from the bone marrow 

and were processed in the thymus or bursal equivalent. Lymphocytes enter the 

bloodstream for the most part via the lymphatics. At any given time, only about 2% of 

the body lymphocytes are in the peripheral blood. Most of the rest are in the lymphoid 

organs.  

Types of T Lymphocytes 

1. Helper T cell 

Helper T cell is T cell help in the function of the immune system by forming 

cytokines that act on other cells of the immune system as well as on the bone marrow 

cells. 

There are two types of helper T cells 

a. T hlper 1 (TH1) cells are secreted IL – 2 , Y – interferon and concerned primarly 

with cellular immunity. 

b. T helper 2 (TH2) cells are secreted IL – 4, IL – 5 and interact primarly with B cells 

in relation to humoral immunity. 

2. Suppressor T cells 

They are play a role in the regulation of humoral and cellular immunity. They are 

suppressing the function of cytotoxic and helper T cells. 

3. Cytotoxic T cells (killer cells) are direct attach cell capable of killing 

microorganisms. 

4. Memory T cells 
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Memory B and T cells are cells that have been exposed to an antigen and are readily 

converted to effector cells when later encounter with the same antigen. 

 

Cytokines 

Cytokines are hormone-like molecules that act, generally in a paracrine fashion, to 

regulate immune responses. They are secreted not only by lymphocytes and 

macrophages but by endothelial cells, neurons, glial cells, and other types of cells. 

Most of the cytokines are initially named for their actions, eg, B cell-differentiating 

factor, B cell-stimulating factor  

Some of the principal cytokines include: 

1. Interleukins ( IL 1, 2, 3, 4, 5, 6, 7, 12, 13 ). 

2. Tumor necrosis factor. 

3. Interferons. 

4. Colony – stimulating factors. 

 

Complement System 

Complement is a collective term that describes a system of over 30 proteins, many of 

these are enzymes present in plasma as inactive.The principal actors in this system 

are 11 proteins designated C1 through C9, B and D. 

Three different pathways or enzyme cascades activate the system: 

1. Classic pathway: The classic pathway is initiated by an antigen-antibody reaction. 

That is, when an antibody binds with an antigen, a specific reactive site on the 

“constant” portion of the antibody becomes uncovered, or “activated,” and this in 
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turn binds directly with the C1 molecule of the complement system, setting into 

motion a “cascade” of sequential reactions.  

2. Mannose-binding lectin pathway, triggered when this lectin binds mannose 

groups in bacteria 

3. Alternative or properdin pathway, triggered by contact with various viruses, 

bacteria, fungi, and tumor cells. 

The proteins that are produced have three functions: 

1. They help kill invading organisms by opsonization, chemotaxis.  

2. lysis of the cells; they serve in part as a bridge from innate to acquired immunity 

by activating B cells 

3. aiding immune memory by activating B cell. 

Cell lysis, one of the principal ways the complement system kills cells, is brought 

about by inserting proteins called perforins into their cell membranes. These create 

holes, which permit free flow of ions, with disruption of membrane polarity. 

 Antigen Recognition 

The number of different antigens recognized by lymphocytes in the body is extremely 

large. The recognition ability is innate and develops without exposure to the antigen. 

Stem cells differentiate into many million different T and B lymphocytes, each with 

the ability to respond to a particular antigen. When the antigen first enters the body, it 

can bind directly to the appropriate receptors on B cells. However, a full antibody 

response requires that the B cells contact helper T cells. In the case of T cells, the 

antigen is taken up by an antigen-presenting cell and partially digested. A peptide 

fragment of it is presented to the appropriate receptors on T cells. In either case, the 

cells are stimulated to divide, forming clones of cells that respond to this antigen 

(clonal selection). 

Antigen Presentation 

Antigen-presenting cells (APCs) include specialized cells called dendritic cells in 

the lymph nodes, spleen and the Langerhans dendritic cells in the skin. Macrophages 

and B cells themselves can also function as APCs. In APCs, polypeptide products of 

antigen digestion are coupled to protein products of the major histocompatibility 

complex (MHC) genes and presented on the surface of the cell. The products of the 

MHC genes are called human leukocyte antigens (HLA).  

The genes of the MHC, which are located on the short arm of human chromosome 6, 

encode glycoproteins and are divided into two classes on the basis of structure and 

function. 
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The Class I antigens are composed of a 45-kDa heavy chain associated noncovalently 

with 2-microglobulin encoded by a gene outside the MHC). They are found on all 

nucleated cells. 

The Class II antigens are heterodimers made up of a 29- to 34-kDa chain associated 

noncovalently with a 25- to 28-kDa chain. They are present in antigen-presenting 

cells, including B cells, and in activated T cells. 

T Cell Receptors 

The MHC protein–peptide complexes on the surface of the antigen-presenting cells 

bind to appropriate T cells. Therefore, receptors on the T cells must recognize a very 

wide variety of complexes. 

Markers on the surface of lymphocytes are CD ( clusters of differentiation ). CD8 

occurs on the surface of cytotoxic T cells that bind MHC-I proteins, and CD4 occurs 

on the surface of helper T cells that bind MHC-II proteins .The CD8 and CD4 proteins 

facilitate the binding of the MHC proteins to the T cell receptors, and they also foster 

lymphocyte development. The activated CD8 cytotoxic T cells kill their targets 

directly, whereas the activated CD4 helper T cells secrete cytokines that activate other 

lymphocytes. 
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B Cells 

B cells can bind antigens directly, but they must contact helper T cells to produce full 

activation and antibody formation. It is the TH2 subtype that is mainly involved. 

Helper T cells are pushed along the TH2 line by the cytokine IL-4. IL-12 pushes 

helper T cells along the TH1 line. 

Autoimmunity 

Sometimes the processes that eliminate antibodies against self antigens fail, and a 

variety of different autoimmune diseases are produced. These can be B cell- or T 

cell-mediated and can be organ-specific or systemic. They include type 1 diabetes 

mellitus (antibodies against pancreatic islet B cells), myasthenia gravis (antibodies 

against nicotinic cholinergic receptors). 

 Tissue Transplantation 

The T lymphocyte system is responsible for the rejection of transplanted tissue. When 

tissues such as skin and kidneys are transplanted from a donor to a recipient of the 

same species, the transplants "take" and function for a while but then become necrotic 

and are "rejected" because the recipient develops an immune response to the 

transplanted tissue. This is generally true even if the donor and recipient are close 

relatives, and the only transplants that are never rejected are those from an identical 

twin. To treat this rejection by administration of drugs as azathioprine, glucocorticoids 

and cyclosporine 

 

 

 

 

 

 


