
Blood physiology:
Haematology is the study of blood, the blood-forming organs, and
blood diseases.
Haematology includes the study of etiology, diagnosis, treatment,
prognosis, and prevention of blood diseases that affect the
production of blood and its components, such as blood cells,
hemoglobin, blood proteins, and the mechanism of coagulation
. Blood is a specialized bodily fluid that delivers necessary substances
such as nutrients and oxygen to the cells and transports metabolic
waste products away from those same cells.
Blood is composed of cells suspended in a liquid called blood plasma.
Plasma, which constitutes 55% of blood fluid, is mostly water (92% by
volume), and contains dissipated proteins, glucose, mineral ions,
hormones, carbon dioxide.
Albumin is the main protein in plasma, and it functions to regulate
the colloidal osmotic pressure of blood.
The blood cells are mainly red blood cells and white blood cells, and
platelets
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Function of blood

1- supply of oxygen to tissues (bound to hemoglobin, which is
carried in red cells).

2- Supply of nutrients such as glucose, amino acids, and fatty
acids (dissolved in the blood or bound to plasma proteins (e.g.,
blood lipids).

3- Removal of waste such as carbon dioxide, urea, and lactic acid

4 Immunological functions, including circulation of white blood
cells, and detection of foreign material by antibodies.

5- Coagulation, which is one part of the body's self-repair
mechanism

6- Messenger functions, including the transport of hormones
and the signaling of tissue damage.

7- Regulation of body pH.

8- Regulation of body temperature.



Red blood cells
The red blood cells have other functions besides transport of 
hemoglobin. For instance, 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 (HCO3 –) 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
Normal red blood cells,  are biconcave discs
The shapes of red blood cells can change remarkably as the cells 
squeeze through capillaries.Actually, the red blood cell is a “bag” 
that can be deformed into almost any shape. Furthermore, because 
the normal cell has a great excess of cell membrane for the 
quantity of material inside, deformation does not stretch the 
membrane greatly and, consequently, does not rupture the cell, as
would be the case with many other cells.



Concentration of Red Blood Cells in the Blood. In normal men, 
the average number of red blood cells per cubic millimeter is 
5,200,000 (±300,000);
in normal women, it is 4,700,000 (±300,000). Persons living at 
high altitudes have greater numbers of red blood cells. .
Quantity of Hemoglobin in the Cells
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. Furthermore, in normal
people, the percentage of hemoglobin is almost always
near the maximum in each cell. However, when hemoglobin
formation is deficient, the percentage of hemoglobin
in the cells may fall considerably below this
value, and the volume of the red cell may also decrease
because of diminished hemoglobin to fill the cell.



Areas of the Body That Produce Red Blood Cells. I

n the early weeks of embryonic life, primitive, nucleated red 
blood cells are produced in the yolk sac. During the middle 
trimester of gestation, the liver is the main organ for production 
of red blood cells, but reasonable numbers are also produced in 
the spleen and lymph nodes.Then, during the last month or so of 
gestation and after birth, red blood cells are produced 
exclusively in the bone

marrow. , the bone marrow of essentially all bones produces red 
blood cells until a person is 5 years old. The marrow of the long 
bones, except for the proximal portions of the humeri and 
tibiae, becomes quite fatty and produces no more red blood 
cells after about age 20 years. Beyond this age, most red cells 
continue to be produced in the marrow of the membranous 
bones, such as the vertebrae, sternum, ribs, and ilia. Even in 
these bones, the marrow becomes less productive as age 
increases.



Genesis of Blood Cells

The blood cells begin their lives in the bone 
marrow from a single type of cell called the 
pluripotential hematopoietic stem cell, from which  
all the cells of the circulating blood are eventually 
derived. By successive divisions of the 
pluripotential cells ,the different circulating blood 
cells. Formed

As these cells reproduce, a small portion of them 
remains exactly like the original cells and is 
retained in the bone marrow to maintain a 
supply of these, although their numbersdiminish
with age. Most of the reproduced cells,

however, differentiate to form the other cell 
types Called committed stem cells.



The different committed stem cells, , 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 i. . Likewise, colony-forming units that 
form granulocytes and monocytes have the designation

CFU-GM..

Growth and reproduction of the different stem cells are 
controlled by multiple proteins called growth inducers. Four 
major growth inducers each having different characteristics. 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. 
Differentiation of the cells.This is the function of an other set of 
proteins called differentiation inducers. Each ofthese causes one 
type of committed stem cell to differentiate one  or more steps 
toward a final adult blood.



Stages of Differentiation of Red Blood Cells

The first cell that can be identified as belonging to the

red blood cell series is the proerythroblast. Once the 
proerythroblast has been formed, it divides multiple times, 
eventually forming many mature red blood cells. The first-
generation cells are called basophil erythroblasts because 
they stain with basic dyes; the cell at this time has 
accumulated very little hemoglobin. In the succeeding 
generations,  the cells become filled with hemoglobin to a 
concentration of about 34 per cent, the nucleus condenses to 
a small size, and its final remnant is absorbed or extruded 
from the cell. At the same time, the endoplasmic reticulum is 
also reabsorbed. 





The cell at this stage is called a reticulocyte. During this reticulocyte
stage, the cells pass  from the bone marrow into the blood capillaries 
by diapedesis (squeezing through the pores of the capillary
membrane). The remaining basophilic material in the reticulocyte
normally disappears within 1 to 2 days, and the cell is then a mature 
erythrocyte. Because of the short life of the reticulocytes, their 
concentration among all the red cells of the blood is normally slightly 
less than 1 per cent.
Regulation of Red Blood Cell Production—Role
of Erythropoietin The total mass of red blood cells in the circulatory
system is regulated within narrow limits, so that (1) an
adequate number of red cells is always available to
provide sufficient transport of oxygen from the lungs
to the tissues, 
(2) the cells do not become so numerous that they impede blood 
flow.



Tissue Oxygenation Is the Most Essential Regulator of Red

Blood Cell Production. Any condition that causes the

quantity of oxygen transported to the tissues to decrease 
ordinarily increases the rate of red blood cell production.

1- when a person becomes extremely anemic as a result of 
hemorrhage or any other condition, the bone marrow 
immediately begins to produce large quantities of red blood 
cells.. 

2- destruction of major portions of the bone marrow by any 
means, especially by x-ray therapy, causes hyperplasia of the

remaining bone marrow, thereby attempting to supply the 
demand for red blood cells in the body.



3- At very high altitudes, where the quantity of oxygen
in the air is greatly decreased, red cell production is
greatly increased. In this case, it is not the concentration 
of red blood cells in the blood that controls red cell 
production but the amount of oxygen transported to the 
tissues in relation to tissue demand for oxygen.
4- Various diseases of the circulation that cause
decreased blood flow through the peripheral vessels,
and particularly those that cause failure of oxygen
absorption by the blood as it passes through the lungscan
also increase the rate of red cell production. This is 
especially apparent in prolonged cardiac failure and In 
many lung diseases, because the tissue hypoxia resulting 
from these conditions increases red cell production, with 
a resultant increase in hematocrit and usually total blood 
volume as well.



Erythropoietin Stimulates Red Cell Production, and Its 
Formation Increases in Response to Hypoxia. :

The principal stimulus for red blood cell production in low 
oxygen states Is a circulating hormone called erythropoietin, . 
In the absence of erythropoietin, hypoxia has little or no

effect in stimulating red blood cell production. But

when the erythropoietin system is functional, hypoxia

causes a marked increase in erythropoietin production,

and the erythropoietin in turn enhances red

blood cell production until the hypoxia is relieved.

Role of the Kidneys in Formation of Erythropoietin. In

the normal person, about 90 per cent of all erythropoietin

is formed in the kidneys; the remainder is formed mainly in 
the liver..



At times, hypoxia in other parts of the body, but
not in the kidneys, stimulates kidney erythropoietin
secretion, which suggests that there might be some
nonrenal sensor that sends an additional signal to the
kidneys to produce this hormone. In particular, both
norepinephrine and epinephrine and several of the
prostaglandins stimulate erythropoietin production.
When both kidneys are removed from a person or
when the kidneys are destroyed by renal disease, the
person invariably becomes very anemic because the 10
per cent of the normal erythropoietin formed in other
tissues (mainly in the liver) is sufficient to cause only
one third to one half the red blood cell formation
needed by the body.



Effect of Erythropoietin in Erythrogenesis. When an

animal or a person is placed in an atmosphere of low oxygen, 
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 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. In addition, once the proerythroblasts are formed, 
the erythropoietin causes these cells to pass more rapidly

through the different erythroblastic stages than they

normally do, further speeding up the production of

new red blood.



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 available, 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.



Maturation of Red Blood Cells—Requirement for 
Vitamin B12 (Cyanocobalamin) and Folic Acid

Because of the continuing need to replenish red blood

cells, the erythropoietic cells of the bone marrow are

among the most rapidly growing and reproducing cells

in the entire body. Therefore, as would be expected,

their maturation and rate of production are affected

greatly by a person’s nutritional status.

Especially important for final maturation of the red

blood cells are two vitamins, vitamin B12 and folic acid.

Both of these are essential for the synthesis of DNA,

because each in a different way is required for the 
formationof thymidine triphosphate, one of the essential



building blocks of DNA. Therefore, lack of either vitamin 
B12 or folic acid causes abnormal and diminishe DNA 
and, consequently, failure of nuclear maturation and cell 
division. 

Furthermore, the erythroblastic cells of the bone marrow, 
in addition to failing to proliferate rapidly, produce mainly 
larger than normal red cells called macrocytes, and the 
cell itself has a flimsy membrane and is often irregular, 
large, and oval instead of the usual biconcave disc , These 
poorly formed cells, after entering the circulating blood, 
are capable of carrying oxygen normally, but their fragility 
causes them to have a short life, Therefore, it is said that 
deficiency of either vitamin B12 or folic acid causes 
maturation failure in the process of erythropoiesis.



Maturation Failure Caused by Poor Absorption of Vitamin B12 
from the Gastrointestinal Tract—Pernicious Anemia.

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) Then, 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, causes diminished availability

of vitamin B12 because of faulty absorption of the vitamin.



Formation of Hemoglobin

Synthesis of hemoglobin begins in the proerythroblasts and 
continues even into the reticulocyte stage of the red blood 
cells .Therefore, when reticulocytes leave the bone marrow 
and pass into the blood stream, they continue to form minute 
quantities of hemoglobin for another day or so until they 
become mature erythrocytes. There are several slight 
variations in the different subunit hemoglobin chains, 
depending on the amino acid composition of the polypeptide 
portion. The different types of chains are designated alpha 
chains, beta chains, gamma chains, and delta chains. The 
most common form of hemoglobin in the adult human

being, hemoglobin A, is a combination of two alpha

chains and two beta chains



Because each hemoglobin chain has a heme prosthetic group 
containing an atom of iron, and because there are four 
hemoglobin chains in each hemoglobin molecule, one finds 
four iron atoms in each hemoglobin molecule; each of these 
can bind loosely with one molecule of oxygen, making a total 
of four molecules of oxygen that can be transported by each 
hemoglobin molecule.

The types of hemoglobin chains in the hemoglobin molecule 
determine the binding affinity of the hemoglobin for oxygen. 
Abnormalities of the chains can alter the physical 
characteristics of the hemoglobin molecule as well. For 
instance, in sickle cell anemia, the amino acid valine is 
substituted for glutamic acid at one point in each of the two 
beta chains. When this  type of hemoglobin is exposed to low 
oxygen, it forms elongated crystals inside the red blood cells 
that are sometimes 15 micrometers in length. These make it 
almost impossible for the cells to pass through many small 
capillaries, and the spiked ends of the crystals are likely to 
rupture the cell membranes, leading to sickle cell anemia.



Formation of hemoglobine



Iron Metabolism

Because iron is important for the formation not only

of hemoglobin but also of other essential elements in

the body (e.g., myoglobin, cytochromes, cytochrome

oxidase, peroxidase, catalase), it is important to understand

the means by which iron is utilized in the body.

The total quantity of iron in the body averages 4 to 5

grams, about 65 per cent of which is in the form of

hemoglobin. About 4 per cent is in the form of myoglobin,

1 per cent is in the form of the various heme

compounds that promote intracellular oxidation, 0.1

per cent is combined with the protein transferrin in the

blood plasma, and 15 to 30 per cent is stored for later

use, mainly in the reticuloendothelial system and liver

parenchymal cells, principally in the form of ferritin.



transport and Storage of Iron.
Whena iron is absorbed from the small intestine, it

immediately combines in the blood plasma with a beta
globulin, apotransferrin, to form transferrin, which is
then transported in the plasma. The iron is loosely
bound in the transferrin and, consequently, can be

released to any tissue cell at any point in the body.
Excess iron in the blood is deposited especially in the liver

hepatocytes and less in the reticuloendothelial cells of
the bone marrow. In the cell cytoplasm, iron combines
mainly with a protein, apoferritin, to form ferritin, and
varying quantities of iron can combine in clusters of
iron radicals with this large molecule; therefore, ferritin
may contain only a small amount of iron or a

large amount. This iron stored as ferritin is called storage
iron.



Smaller quantities of the iron in the storage pool are in an 
extremely insoluble form called hemosiderin. This is 
especially true when the total quantity of iron in the 
body is more than the apoferritin storage pool can 
accommodate.

When the quantity of iron in the plasma falls low,
some of the iron in the ferritin storage pool is removed
easily and transported in the form of transferrin in the
plasma to the areas of the body where it is needed.A
unique characteristic of the transferrin molecule is that
it binds strongly with receptors in the cell membranes
of erythroblasts in the bone marrow. Then, along with
its bound iron, it is ingested into the erythroblasts by
endocytosis. There the transferrin delivers the iron 

directly to the mitochondria, where heme is 
synthesized.



In people who do not have adequate quantities

of transferrin in their blood, failure to transport iron

to the erythroblasts in this manner can cause severe

hypochromic anemia—that is, red cells that contain

much less hemoglobin than normal.

Daily Loss of Iron. A man excretes about 0.6 milligram

of iron each day, mainly into the feces. Additional quantities of
iron are lost when bleeding occurs. For a woman, additional
menstrual loss of blood brings longterm iron loss to an
average of about 1.3 mg/day.

Absorption of Iron from the Intestinal Tract

lthe iver secretes moderate amounts of apotransferrin into the 
bile, which flows through the bile duct into the duodenum. 
Here, the apotransferrin binds with free iron and also with 
certain iron compounds, such as hemoglobin and myoglobin
from meat. This combination is called



transferrin. It, in turn, is attracted to and binds with

receptors in the membranes of the intestinal 
epithelial cells. Then, by pinocytosis, the transferrin
molecule, carrying its iron store, is absorbed into 
the epithelial cells and later released into the blood 
capillaries beneath these cells in the form of plasma 
transferrin.

Iron absorption from the intestines is extremely

slow, at a maximum rate of only a few milligrams per

day even when large quantities of iron are present in 
the food. 



Regulation of Total Body Iron by Controlling Rate of Absorption: 
total body iron is regulated mainly by altering the rate of 
absorption.

Anemias
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. Some types of
anemia and their physiologic causes are the following.

Loss Anemia.bood-1
After rapid hemorrhage, the body replaces the fluid portion of the 
plasma in 1 to 3 days, but this leaves a low concentration of red 
blood cells.
If a second hemorrhage does not occur, the red blood cell 

concentration usually returns to normal within 3  to 6 weeks.
In chronic blood loss, a person frequently cannot   absorb enough 

iron from the intestines to form hemoglobin  as rapidly as it is lost. 
Red cells are then produced that are much smaller than normal 
and have too  little hemoglobin inside them, giving rise to 
microcytic, hypochromic anemia,



2- Aplastic Anemia. Bone marrow aplasia means lack of functioning bone 
marrow. For instance, a person exposed to gamma ray radiation from a 
nuclear bomb  blast can sustain complete destruction of bone  marrow, 
followed in a few weeks by lethal anemia.  Likewise, excessive x-ray 
treatment, certain industrial  chemicals, and even drugs to which the 
person might   be sensitive can cause the same effect.

3  Megaloblastic Anemia. 
Based on the earlier discussions   of vitamin B12, folic acid, and intrinsic factor 

from the  stomach mucosa, one can readily understand that loss  of any one 
of these can lead to slow reproduction of  erythroblasts in the bone 
marrow. As a result, the red cells grow too large, with odd shapes, and are 
called  megaloblasts. Thus, atrophy of the stomach mucosa,  as occurs in 
pernicious anemia, or loss of the entire  stomach after surgical total 
gastrectomy can lead to   megaloblastic anemia. Also, patients who have 
intestinal  sprue, in which folic acid, vitamin B12, and other   vitamin B 
compounds are poorly absorbed, often   develop megaloblastic anemia. 
Because in these states   the erythroblasts cannot proliferate rapidly enough 
to   form normal numbers of red blood cells, those red cells  that are 
formed are mostly oversized, have bizarre   shapes, and have fragile 
membranes. These cells  rupture easily, leaving the person in dire need of 
an adequate number of red cells.



4- Hemolytic Anemia. Different abnormalities of the red   blood cells, many of which are hereditarily acquired,

make the cells fragile, so that they rupture easily as  they go through the capillaries, especially through the

spleen. Even though the number of red blood cells   formed may be normal, or even much greater than

normal in some hemolytic diseases, the life span of the   fragile red cell is so short that the cells are destroyed

faster than they can be formed, and serious anemia    results. Some of these types of anemia are the

following.

- hereditary spherocytosis

- sickle cell anemia

- erythroblastosis fetalis,,

Effects of Anemia on Function of the   Circulatory System

The viscosity of the blood, depends almost entirely on the blood concentration

of red blood cells. In severe anemia, the blood viscosity may fall to as low as 1.5 times that of

water rather than the normal value of about 3. This   decreases the resistance to blood flow in the peripheral

blood vessels, so that far greater than normal  quantities of blood flow through the tissues and return

to the heart, thereby greatly increasing cardiac output.

Moreover, hypoxia resulting from diminished transport of oxygen by the blood causes the peripheral

tissue blood vessels to dilate, allowing a further increase in the return of blood to the heart and

increasing the cardiac output to a still higher level , sometimes three to four times normal.Thus, one of the

major effects of anemia is greatly increased cardiac output, as well as increased pumping workload on the

heart.

The increased cardiac output in anemia partially   offsets the reduced oxygen-carrying effect of the

anemia, because even though each unit quantity of blood carries only small quantities of oxygen, the rate

of blood flow may be increased enough so that almost normal quantities of oxygen are actually delivered to

the tissues. However, when a person with anemia begins to exercise, the heart is not capable of pumping

much greater quantities of blood than it is already pumping. Consequently, during exercise, which

greatly increases tissue demand for oxygen, extreme tissue hypoxia results, and acute cardiac failure

ensues.



•Polycythemia

Secondary Polycythemia. Whenever the tissues become  hypoxic because of too little oxygen in the breathed

air, such as at high altitudes, or because of failure of  oxygen delivery to the tissues, such as in cardiac

failure, the blood-forming organs automatically  produce large quantities of extra red blood cells. This

condition is called secondary polycythemia, and the  red cell count commonly rises to 6 to 7 million/mm3,

about 30 per cent above normal.  A common type of secondary polycythemia, called

physiologic polycythemia, occurs in natives who live at altitudes.

Polycythemia Vera (Erythremia). 

In addition to those  people who have physiologic polycythemia, others have a pathological condition known as 
polycythemia vera, in which the red blood cell count may be 7 to 8  million/mm3 and the hematocrit may be 60 to 70 
per  cent instead of the normal 40 to 45 per cent. 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 .  In polycythemia vera, not only does the hematocrit

increase, but the total blood volume also increases, on some occasions to almost twice normal .As a result, the 

entire vascular system becomes intensely engorged. In  addition, many blood capillaries become plugged by 

the viscous blood; the viscosity of the blood in polycythemia Vera sometimes increases from the normal of  3 times the 
viscosity of water to 10 times that of water.



Resistance of the Body  to Infection: I. Leukocytes,  Granulocytes, the Monocyte-Macrophage System,  and Inflammation:
Types of White Blood Cells. Six types of white blood cells are normally present in
the blood. They are polymorphonuclear neutrophils, polymorphonuclear eosinophils, polymorphonuclear basophils, monocytes, lymphocytes,
Concentrations of the Different White Blood Cells in the Blood.
The adult human being has about 7000 white blood cells per microliter of blood
Genesis of the White Blood Cells
Early differentiation of the pluripotential hematopoietic stem cell into the different types of committed stem cells. Aside   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 myelocytic lineage , beginning with the myeloblast; the lymphocytic lineage, beginning with the

lymphoblast

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 underneath the epithelium in the gut wall.

Life Span of the White Blood Cells
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. 

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, still later, they re-enter the lymph and return to the blood again and 
again; thus, there is continual circulation of lymphocytes through the body. The lymphocytes have life spans of weeks or months; this life span 
depends on the body’s need for these

•cells.

Neutrophils and Macrophages  defened Against Infection

It is mainly the neutrophils and tissue macrophages  that attack and destroy invading bacteria, viruses, and injurious agent

The neutrophils are mature  cells that can attack and destroy bacteria even in the   circulating blood. Conversely, the tissue macrophage

begin life as blood monocytes, which are immature  cells while still in the blood and have little ability fight infectious agents at that time. 
However, once they   enter the tissues, they begin to swell—sometimes  increasing their diameters as much as fivefold—to great as 60 to 80 
micrometers, a size that can barely seen with the naked eye. These cells are now called  macrophages, and they are extremely capable of 
combating intratissue disease agents

Neutrophils and monocytes can squeeze through the pores of the blood capillaries by diapedesis
Both neutrophils and macrophages can move   through the tissues by ameboid motion,



white Blood Cells Are Attracted to Inflamed Tissue Areas by  Chemotaxis. 

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.  When a tissue becomes inflamed, at least a dozen

different products are formed that can cause chemotaxis

toward the inflamed area. They include (1) some  of the bacterial or viral toxins, (2) degenerative products

of the inflamed tissues themselves, (3) several reaction products of the “complement complex”

and (4) several reaction products caused by plasma clotting in the inflamed area, as well as other

substances.

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 .

.  phagocytosis 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.



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. Once Phagocytized, Most Particles Are Digested by Intracellular Enzymes. 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, thereby dumping many digestive enzymes and 
bactericidal agents into the vesicle. Thus, the  phagocytic vesicle now becomes a digestive vesicle, & digrestion of 
bacterial agents  begin.

Monocyte-Macrophage Cell   System (Reticuloendothelial System)

, after  entering the tissues and becoming macrophages,  another large portion of monocytes becomes attached

to the tissues and remains attached for months or even years until they are called on to perform specific local  protective 
functions. They have the same capabilities  as the mobile macrophages to phagocytize large quantities of bacteria, 
viruses, necrotic tissue, or other  foreign particles Thus, the body has  a widespread “monocyte-macrophage system” in 
virtually all tissue areas.

The total combination of monocytes, mobile  macrophages, fixed tissue macrophages, and a few specialized endothelial 
cells in the bone marrow,  spleen, and lymph nodes is called the reticuloendothelial system.

Macrophages present at different site of the body: in subcutaneous tissue of skin ( histeocytes), in slymph node , spleen , 
liver sinasoide (kupffer cells), brain. 



Inflammation

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

multiple substances are released by the injured tissues  histamine, bradykinin, serotonin, prostaglandins, several different 
reaction products of the complement system , products of the blood clotting system, and  multiple substances called 
lymphokines.

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 excessive amounts of  fibrinogen and other 
proteins leaking from the capillaries; (4) migration of large numbers of granulocytes  sand monocytes into the tissue; 
and (5) swelling of the tissue cells.

Walling-Off” Effect of Inflammation. One of the first

results of inflammation is to “wall off ” the area of injury from the remaining tissues. The tissue spaces and the lymphatics
in the inflamed area are blocked

by fibrinogen clots so that after a while, fluid barely  flows through the spaces. This walling-off process  delays the spread of 
bacteria or toxic products.  The intensity of the inflammatory process is usually proportional to the degree of tissue 
injury. For  instance, when staphylococci invade tissues, they  release extremely lethal cellular toxins. As a result,  
inflammation develops rapidly—indeed, much more rapidly than the staphylococci themselves can multiply and 
spread. Therefore, local staphylococcal infection is characteristically walled off rapidly and prevented from spreading 
through the body. Streptococci, in contrast, do not cause such intense local tissue  destruction. Therefore, the walling-
off process develops  slowly over many hours, while many streptococci  reproduce and migrate. As a result, 
streptococci often  have a far greater tendency to spread through the   body and cause death than do staphylococci, 
even   though staphylococci are far more destructive to the tissues .



Macrophage and Neutrophil Responses During Inflammation

Tissue Macrophage Is a First Line of Defense Against Infection

Neutrophil Invasion of the Inflamed Area Is a Second Line of Defense. 

Second Macrophage Invasion into the Inflamed Tissue Is a Third Line of Defense.

Increased Production of Granulocytes and Monocytes by the  Bone Marrow Is a Fourth Line of Defense.

Formation of Pus

When neutrophils and macrophages engulf large  numbers of bacteria and necrotic tissue, essentially  all the 
neutrophils and many, if not most, of the macrophages eventually die. After several days, a cavity is often 
excavated in the inflamed tissues that  contains varying portions of necrotic tissue, dead neutrophils,

dead macrophages, and tissue fluid. This mixture is commonly known as pus. After the infection has been suppressed, 
the dead cells and necrotic  tissue in the pus gradually autolyze over a period of  days, and the end products are 
eventually absorbed

Eosinophilia associated with parasitic infestation 

Basophilia occure in allergic reaction ( basophiles & mast cells release heparin which prevent  blood coagulation ) &  
histamin , bradykinin, serotonin.

Leukopenia: occure afte exposure to radiation which cause deplesion of bone marrow , or certain drgus , chemicals , 
the result is decrease body immunity so that some of bacteria which normaly present in tissues cause infections .

Leukemia is abnormal increase in WBC  count , either lymphocytic or myelogenous leukemia .



Innate 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.  This is called innate immunity. 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. 
Acquired (Adaptive) Immunity
caused by a special immune system that forms antibodies and/or activated lymphocytes
In one of these the body  develops circulating antibodies, which are globulin molecules in the blood plasma that are 
capable of attacking the invading agent. This type of immunity is called humoral immunity or B-cell immunity (because
B lymphocytes produce the antibodies).
The second type of acquired immunity is achieved through the formation of large numbers of activated T 
lymphocytes that are specifically crafted in the lymph nodes to  destroy the foreign agent. This type of immunity is
called cell-mediated immunity or T-cell immunity.
Both Types of Acquired Immunity Are  Initiated by Antigens
Because acquired immunity does not develop until    after invasion by a foreign organism or toxin, it is clear   that the 

Each toxin or each type of organismbody must have some mechanism for recognizing    this invasion. 
almost always contains one or more specific  chemical compounds in its makeup that are different
from all other compounds. In general, these are protein   or large polysaccharides, and it is they that initiate

.antigens (antibody generations)substances are called immunity.Thesethe acquired 



Thymus Gland Preprocesses the T Lymphocytes. The T lymphocytes,
after origination in the bone marrow, first  migrate to the thymus gland. Here they divide rapidly and at the same 

time develop extreme diversity for reacting against different specific antigens.That is, one thymic lymphocyte 
develops specific reactivity against one antigen.Then the next lymphocyte develops specificity against another 
antigen. This continues until  there are thousands of different types of thymic lymphocytes with specific 
reactivities against many thousands of different antigens. These different types of preprocessed T lymphocytes 
now leave the thymus and spread by way of the blood throughout the body to lodge in lymphoid tissue 
everywhere.

The thymus also makes certain that any T lymphocytes   leaving the thymus will not react against proteins
or other antigens that are present in the body’s  own tissues; otherwise, the T lymphocytes would be
lethal to the person’s own body in only a few days.  The thymus selects which T lymphocytes will be
released by first mixing them with virtually all the specific “self-antigens” from the body’s own tissues. If a T
lymphocyte reacts, it is destroyed and phagocytized instead of being released. This happens to as many as
90 per cent of the cells. Thus, the only cells that are finally released are those that are nonreactive against
the body’s own antigens—they react only against antigens from an outside source, such as from a bacterium,
a toxin, or even transplanted tissue from another person.. Most of the preprocessing of T lymphocytes in the
thymus occurs shortly before birth of a baby and for a   few months after birth.
processing of B – LYMPHOCYTES OCCURE IN LIVER & L..N. 

All the different lymphocytes that are capable of forming one specificity of antibody or T cell are 
called a clone of lymphocytes.

•Passive Immunity
Thus far, all the acquired immunity we have discussed  has been active immunity. That is, the person’s own body develops 
either antibodies or activated T cells in response to invasion of the body by a foreign antigen.

However, temporary immunity can be achieved in a person without injecting any antigen. This is done by infusing antibodies, 
activated T cells, or both obtained from the blood of someone else or from some other animal that has been actively 
immunized against the antigen.

Antibodies last in the body of the recipient for 2 to 3 weeks, and during that time, the person is protectedagainst the invading 
disease. Activated T cells last for  a few weeks if transfused from another person but only for a few hours to a few days if 
transfused from an animal. Such transfusion of antibodies or T  lymphocytes to confer immunity is called passive simmunity.



Allergy & hypersensitivity

Allergy Caused by Activated T Cells:  Delayed-Reaction Allergy
Delayed-reaction allergy is caused by activated T cells  and not by antibodies. In the case of poison ivy, 

the  toxin of poison ivy in itself does not cause much harm  to the tissues. However, on repeated 

exposure, it does  cause the formation of activated helper and cytotoxic T cells. Then, after subsequent 

exposure to the poison ivy toxin, within a day or so, the activated T cells. diffuse from the circulating 

blood in large numbers into the skin to respond to the poison ivy toxin. And, at the same time, these T 

cells elicit a cell-mediated type of immune reaction. Remembering that this type

of immunity can cause release of many toxic substances  from the activated T cells as well as extensive

invasion of the tissues by macrophages along with their subsequent effects, one can well understand that

the eventual result of some delayed-reaction allergies can be serious tissue damage. The damage 

normally  occurs in the tissue area where the instigating antigen  is present, such as in the skin in the 

case of poison ivy,  or in the lungs to cause lung edema or asthmatic attacks in the case of some 

airborne antigens.

Example of allergic reactions are : urticaria, asthma, hay fever, & anaphylaxis.



Blood Types; Transfusion; Tissue   and Organ Transplantation;

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 in the plasma of one blood will react with antigens

on the surfaces of the red cells of another blood type.

Two particular types of antigens are much more likely than the others to  cause blood transfusion reactions. 

They are the O-A-B system of antigens and the Rh system.

O-A-B Blood Types  (A and B Antigens—Agglutinogens):

Two antigens—type A and type B—occur on the surfaces of the red blood cells  in a large proportion of 

human beings. It is these antigens (also called agglutinogens because they often cause blood cell 

agglutination) that cause most blood transfusion reactions. Because of the way these agglutinogens are 

inherited,  people may have neither of them on their cells, they may have one, or they  may have both 

simultaneously. 

Major O-A-B Blood Types. In transfusing blood from one person to another, the  bloods of donors and 

recipients are normally classified into four major O-A- blood types, as shown in Table 35–1, depending on 

the presence or absence of the two agglutinogens, the A and B agglutinogens.When neither A nor B 

agglutinogen is  present, the blood is type O. When only type A agglutinogen present  the blood is type 
A.When only type B agglutinogen is present, the blood   is  type B.When both A and B agglutinogens are 

present, the blood is type AB..

Genetic Determination of the Agglutinogens. Two genes, one on each of two paired  chromosomes, determine 

the O-A-B blood type.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 

that 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.



   Genotypes      Blood Types Agglutinogen Agglutinins                     relative frequancy

OO                           O                       — Anti-A and Anti B.                  47%

OA or AA                   A A Anti-B                                   41%

OB or BB B                      B Anti-A                                     9%

AB AB                  A and B — 3%

Agglutinins
When type A agglutinogen is not present in a person’s   red blood cells, antibodies known as anti-A 
agglutinins  is not present in the red blood cells, antibodies known  as anti-B agglutinins develop in the 

plasmt Thus, referring once again to the above table note that   type O blood, although containing no 

agglutinogens,   does contain both anti-A and anti-B agglutinins; type A   blood contains type A 

agglutinogens and anti-B    aglutinin,  type B blood contains type B agglutinogen and anti-A agglutinins. 

Finally, type AB blood    contains both A and B agglutinogens but no agglutinin.

Titer of the Agglutinins at Different Ages. 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 agglutininswhen

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

not in the cells. A maximum titer is usually reached at 8 to 10 years of age, and this gradually declines 

throughout the   remaining years of life.

Origin of Agglutinins in the Plasma. 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 .But why are these agglutinins produced in 

people who do not have the respective agglutinogens in their red  blood cells? The answer to this is that 

small amount  of type A and B antigens enter the body in  food , in bacteria, and in other ways, and these 

substance  initiate the development of the anti-A and  anti-B agglutinins.

.



Agglutination Process In Transfusion  Reactions
When bloods are mismatched so that anti-A or anti-B plasma agglutinins are mixed with red blood cells that  
contain A or B agglutinogens, respectively, the red  cells agglutinate as a result of the agglutinins’ attaching 
themselves to the red blood cells. Because the agglutinins have two binding sites (IgG type) or 10 binding sites 
(IgM type), a single agglutinin can attach to  two or more red blood cells at the same time,

thereby causing the cells to be bound together by the agglutinin. This causes the cells to clump, which is the 
process of ―agglutination.‖ Then these clumps plug small blood vessels throughout the circulatory system. During 
ensuing hours to days, either physical distortion of the cells or attack by phagocytic white blood cells destroys the 
membranes of the agglutinated cells, releasing hemoglobin into the plasma, which is called  ―hemolysis‖ of the 
red blood cells.
Acute Hemolysis Occurs in Some Transfusion Reactions.

Sometimes, when recipient and donor bloods are mismatched, immediate hemolysis of red cells occurs in

the circulating blood. In this case, the antibodies cause lysis of the red blood cells by activating the complement 
system, which releases proteolytic enzymes (the lytic complex) that rupture the cell membranes, as Immediate 
intravascular hemolysis is far less common than agglutination followed  by delayed hemolysis, because not only 
does there have to be a high titer of antibodies for lysis to occur, but also a different type of antibody seems to  be 
required, mainly the IgM antibodies; these antibodies

are called hemolysins.

Blood Typing
Before giving a transfusion to a person, it is necessary to  determine the blood type of the recipient’s blood

and the blood type of the donor blood so that the bloods can be appropriately matched. This is called  blood 
typing and blood matching, and these are performed  in  the following way: The red blood cells are first separated 
from the plasma and diluted with saline.  one portion is then mixed with anti-A agglutinin and another portion with 
anti-B agglutinin. After several  minutes, the mixtures are observed under a microscope. If  the red blood cells 
have become clumped— that is agglutinated‖—one knows that an antibody –antigen reaction has resulted .  Type 
O red blood cells have no agglutinogens and therefore do not react with either the anti-A or the anti-B agglutinins.

Type A blood has A agglutinogens and therefore  agglutinates with anti-A agglutinins. Type B blood has B 
agglutinogens and agglutinates with anti-B agglutinins. Type AB blood has both A and agglutinogens and 
agglutinates with both types of

agglutinins.

Red Blood Cell Types Sera

Anti-A          Anti-B
O                                                         - -

A  +                   -

B                                                          - +

AB  +                   +



Rh Blood Types
The . transfusing bloodtype system is also important when Rh blood B blood type system, the -A-Along with the O

system, the plasma B -A-the Oand the Rh system is the following: In B  system -A-Omajor difference between the 
in the Rh system, spontaneously   whereas transfusion reactions develop for causing agglutinins responsible 

benever occur. Instead, the person must first agglutinins almost spontaneous 

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

.will developeaction rtransfusion enough agglutinins to cause a significant 
Rh Antigens—“Rh-Positive” and “Rh-Negative” People.

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.

Rh Immune Response
Formation of Anti-Rh Agglutinins. When red blood cells containing Rh factor are injected into a person whose blood 
does not contain the Rh factor—that is, into an Rh-negative person—anti-Rh agglutinins develop slowly, reaching 
maximum concentration of agglutinins  about 2 to 4 months later.This immune response  occurs to a much 
greater extent in some people than in others. With multiple exposures to the Rh factor, an Rh-negative person 
eventually becomes strongly  ―sensitized‖ to Rh factor.

Characteristics of Rh Transfusion Reactions. 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. However, 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 caused by 
mismatched type A or B blood.



•Erythroblastosis Fetalis (“Hemolytic Disease   of the Newborn”)

Erythroblastosis fetalis is a disease of the fetus and  newborn child 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 nherited the Rh-positive antigen from the father, and the  mother 
develops anti-Rh agglutinins from exposure to  the fetus’s Rh antigen. In turn, the mother’s  agglutinins diffuse 
through the placenta into the fetus   &  cause red blood cell agglutination.

Incidence of the Disease. 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 per cent of second Rh-positive  babies exhibit 
some signs of erythroblastosis fetalis about 10 per cent of third babies exhibit the disease;  and the incidence 
rises progressively with subsequent pregnancies.

Effect of the Mother’s Antibodies on the Fetus. 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.

Clinical Picture of Erythroblastosis. 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.  The hematopoietic tissues of the infant attempt to   
replace the hemolyzed red blood cells. The liver an  spleen become greatly enlarged and produce red blood cells 
in the same manner that they normally do  during the middle of gestation. Because of the rapid production of red 
cells, many early forms of red blood cells, including many nucleated blastic forms, are passed from the baby’s 
bone marrow into the circulator   system, and it is because of the presence of thes nucleated blastic red blood 
cells that the disease called erythroblastosis fetalis.  Although the severe anemia of erythroblastosis fetalis is 
usually the cause of death, many children who  barely survive the anemia exhibit permanent mental mpairment or 
damage to motor areas of the brain because of precipitation of bilirubin in the neuronal cells, causing destruction 
of many, a condition called  kernicterus.

Treatment of the Erythroblastotic Neonate. One treatment for erythroblastosis fetalis is to replace the neonate’s  blood 
with Rh-negative blood. while the neonate’s own Rh-positive blood is being removed.

Prevention :

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.



Acute Kidney Shutdown After Transfusion Reactions. One of  the most lethal effects of transfusion reactions 

kidney failure, which can begin within a few minutes  to few hours and continue until the person dies of

the antibody reaction of -, the antigenFirstthree causes:: kidney shutdown seems to result from failure.  The renal 
transfusion reaction releases toxic substances from hemolyzing blood that cause powerful renal vasoconstriction.  

hemolyzedthe substances  from , along with production of toxic the  recipientloss of circulating red cells in , Second
cells and from the immune reaction, often causes circulatory shock.The arterial blood pressure falls very low, and 
renal blood flow and urine  0utput decrease. 

Third, if the total amount of free hemoglobin released into the circulating blood is  greater than the quantity that can 
bind with ―haptoglobin‖( a plasma protein that binds small amounts of hemoglobin), much of the excess leaks 
through the  glomerular membranes into the kidney tubules. If this  amount is still slight, it can be reabsorbed 
through the tubular epithelium into the blood and will cause no harm; if it is great, then only a small percentage is 
reabsorbed yet water continues to be reabsorbed, causinge tubular hemoglobin concentration to rise so high that 
the hemoglobin precipitates and blocks many of the kidney tubules. Thus, renal vasoconstriction, circulatory  shock, 
and renal tubular blockage together cause acute renal shutdown. If the shutdown is complete and fails to resolve, 
the patient dies within a week  to  12 days,

Transplantation of Tissues  an d Organ
Most of the different antigens of red blood cells that cause transfusion reactions are also widely presen in  other cells 
of the body, and each bodily tissue hasits own additional complement of antigens. Consequently, foreign cells 
transplanted anywhere into the body of a recipient can produce immune reactions. In other words, most recipients 
are just as able to resist invasion by foreign tissue cells as to resist invasion by foreign bacteria or red cells.
Autografts, Isografts, Allografts, and Xenografts.

A transplant of a tissue or whole organ from one part of the same animal to another part is called an autograft from 
one identical twin to another, an isograft; from one human being to another or from any animal to another animal of 
the same species, an allograft; and from a lower animal to a human being or from an  animal of one species to one 
of another species, a xenograft.

Transplantation of Cellular Tissues. In the case of autografts and isografts, cells in the transplant contain virtually  the 
same types of antigens as in the tissues of   the recipient and will almost always continue to live  normally and 
indefinitely if an adequate blood supply is provided  At the other extreme, in the case of xenografts immune reactions 
almost always occur, causing death of  the cells in the graft within 1 day to 5 weeks after transplantation unless 
some specific therapy is used to prevent the immune reactions.some of the different cellular tissues and organs that 
have been transplanted as allografts, either experimentally or for therapeutic purposes, from one person to another 
are skin, kidney, heart, liver, glandular tissue, bone marrow, and lung.With proper ―matching‖ of tissues between 
persons, many kidney allograft have been successful for at least 5 to 15 years, and allograft liver and heart 
transplants for 1 to 15 years.



Tissue Typing—The HLA Complex of Antigens

The most important antigens for causing graft rejection   are a complex called the HLA antigens. Six of these antigens 
are present on the tissue cell membranes of each person, The HLA antigens occur on the white blood cells as well as 
on the tissue cells. Therefore, tissue typing fort hese antigens is done on the membranes of lymphocytes that have 
been separated from the person’s

•blood.

Prevention of Graft Rejection by Suppressing   the Immune System.

Hemostasis and Blood Coagulation
Events in Hemostasis
The term hemostasis means prevention of blood oss. Whenever a vessel is severed or ruptured,

hemostasis is achieved by several mechanisms: (1) vascular constriction, (2) formation of a platelet plug, (3) 
formation of a blood clot as a result of blood coagulation, and (4) eventual growth of fibrous tissue into the blood clot 
to close the hole in the vessel permanently. The contraction  results from (1) local myogenic spasm, (2) local autacoid 
factors from the traumatized tissues and blood platelets, and (3) nervous reflexe

Physical and Chemical Characteristics of Platelets

Platelets have many functional characteristics of whole cells, even though they do not have nuclei and cannot 
reproduce. In their cytoplasm are such active Factors as (1) actin and myosin molecules, land still thrombosthenin, 
that can cause the platelets to contract; (2) residuals of both the   endoplasmic reticulum and the Golgi apparatus 
that store large quantities of calcium ions; (3) mitochondria and. are capable of forming (ATP) and (ADP); (4) enzyme 
systems that synthesize   prostaglandins, which are local hormones that cause  many vascular and other local tissue 
reactions; (5) fibrin-stabilizing factor,   (6) a growth factor
Mechanism of platelate plug.
Platelet repair of vascular openings is based on several    mportant functions of the platelet itself. When platelets 
come in contact with a damaged vascular  surface, especially with collagen fibers in the vascular  wall, the platelets 
themselves immediately change their own characteristics drastically. They begin to swell; they assume irregular forms 
with numerous irradiating   pseudopods protruding from their surfaces;  their contractile proteins contract forcefully 
and cause the release of granules that contain multiple active factors; they become sticky so that they adhere to 
collagen  in  the tissues and to a protein called von Willebrand actor that leaks into the traumatized tissue   from the 
plasma; they secrete large quantities of ADP;  and their enzymes form thromboxane A2. The ADP  and thromboxane 
in turn act on nearby platelets to activate them as well, and the stickiness of these additional  platelets causes them 
to adhere to the original activated platelets. therefore, at the site of any opening in a blood vessel wall, the damaged 
vascular wall activates successively increasing numbers of platelets that themselves attract more and more additional 
platelets, thus   forming a platelet plug. This is at first a loose plug, but  it  is usually successful in blocking blood loss 
if the vascular opening is small. Then, during the subsequent  process of blood coagulation, fibrin threads form.  
these attach tightly to the platelets, thus constructing an unyielding plug.



Blood clott :Activator substances from the traumatized vascular  wall, from platelets, and from blood 

proteins  adhering to the traumatized vascular wall initiate the  clotting process,

Organization of blood clott:

Once a blood clot has formed, it can follow one of two courses: (1) It can become invaded by fibroblasts,& 

fibrous tissue formed o r (2) it can disolve.

blood coagulation :

some substances that promote coagulation,  called procoagulants, and others that inhibit  coagulation, called 

anticoagulants.Whether blood will  coagulate depends on the balance between these two groups of 

substances.

three essential steps: in coagulation  (1) In response to rupture of the   vessel or damage to the blood itself, 

a complex cascade of chemical reactions occurs in the blood involving  more than a dozen blood coagulation 

factors. The net result is formation of a complex of activated substances  collectively called prothrombin 
activator. (2)  the prothrombin activator catalyzes conversion of prothrombin into thrombin. (3) The thrombin 

acts as n enzyme to convert fibrinogen into fibrin fibers that  activate platelets, blood cells, and plasma to 

form the  clot.

conversion of Prothrombin  to Thrombin
First, prothrombin activator is formed as a result of  rupture of a blood vessel or as a result of damage

to special substances in the blood. Second, the prothrombin  activator, in the presence of sufficient amounts 

of ionic Ca++, causes conversion of prothrombin  to thrombin (Third, the thrombin  causes polymerization of 

fibrinogen molecules into fibrin fibers within another 10 to 15 seconds. Thus, the rate-limiting factor in 

causing blood coagulation is  usually the formation of prothrombin activator and not the subsequent 

reactions beyond that point because these terminal steps normally occur rapidly to  form the clot itself.



Vicious Circle of Clot Formation
Once a blood clot has started to develop, it normally extends within minutes into the surrounding blood.

That is, the clot itself initiates a vicious circle (positive feedback) to promote more clotting. One of the most 
important causes of this is the fact that the proteolytic action of thrombin allows it to act on many of the 
other blood-clotting factors in addition to fibrinogen.  For instance, thrombin has a direct proteolytic effect on 
prothrombin itself, tending to convert this into still more thrombin, and it acts on some of the blood-clotting  
factors responsible for formation of prothrombin  activator.

•Initiation of Coagulation: Formation  of Prothrombin Activator.

Prothrombin activator is generally considered to be  formed in two ways, although, in reality, the two ways

interact constantly with each other: (1) by the extrinsic pathway that begins with trauma to the vascula

wall and surrounding tissues and (2) by the intrinsic pathway that begins in the blood itself.

In both the extrinsic and the intrinsic pathways, a series of different plasma proteins called bloodclotting

factors play major roles. Most of these are inactive forms of proteolytic enzymes.When converted to

the active forms, their enzymatic actions cause the successive, cascading reactions of the clotting process

Prevention of Blood Clotting  in the Normal Vascular System— Intravascular 
Anticoagulants
most important factors for preventing clotting in the normal vascular

system are (1) the smoothness of the endothelial cell  surface, which prevents contact activation of the 
intrinsic clotting system; (2) a layer of glycocalyx on the  endothelium (glycocalyx on is a 
mucopolysaccharide adsorbed to the surfaces of the endothelial cells),which repels clotting factors and 
platelets,; and (3) 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 proteinC, that acts as an anticoagulant 
by inactivating  activated Factors V and VIII..

Heparin. Heparin is powerful anticoagulant, but its concentration in the blood is normally low, so  that 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.



Conditions That Cause  Excessive Bleeding in human Being
Three particular types of bleeding tendencies (1) vitamin K deficiency, (2) hemophilia, and

(3) thrombocytopenia (platelet deficiency).

vitamin K deficiency,: cause of depressed formation of clotting  factors by the liver.Vitamin K is  

necessary for liver formation of five of the important clotting factors: In the absence of vitamin

K, subsequent insufficiency of these coagulation factors in the blood can lead to serious bleeding 

tendencies.

Hemophilia   is a bleeding disease that occurs almost exclusively in males. In 85 per cent of cases, it 

is caused by an abnormality or deficiency of Factor VIII; this type of hemophilia is called hemophilia A or 

classic hemophilia. In the other 15 per cent of hemophilia patients, the bleeding tendency is  caused by 

deficiency of Factor IX.

Thrombocytopenia :  have a tendency to bleed, as   do hemophiliacs, except that the bleeding is usually

from many small venules or capillaries, rather than from larger vessels as in hemophilia. As a result, small

punctate hemorrhages occur throughout all the body tissues.The skin of such a person displays many 

small, purplish blotches, giving the disease the name thrombocytopenic purpura.

Ordinarily, bleeding will not occur until the number of platelets in the blood falls below 50,000/ml, rather

than the normal 150,000 to 300,000.

Thromboembolic Conditions  in the Human Being
An abnormal clot that develops in a blood vessel is called a thrombus. Once a clot has

to break it away from its attachment and causeis likely clot developed, continued flow of blood past the 

the clot to flow with the blood; such freely flowing clots  are known as emboli.

Cause of Thromboembolic Conditions. : (1) Any roughened endothelial surface of a

vessel—as may be caused by arteriosclerosis, infection,

or trauma—is likely to initiate the clotting process. (2)  blood often clots when it flows very slowly through

blood vessels, for treatment use tissue plasminogen activater.



Disseminated Intravascular Coagulation( DIC ) : 
Occasionally the clotting mechanism becomes activated  In widespread areas of the circulation, giving 

rise to the condition called disseminated intravascular coagulation. This often results from the presence of

large amounts of traumatized or dying tissue in the body that releases great quantities of tissue factor into

the blood. Frequently, the clots are small but numerous, and they plug a large share of the small 

peripheral blood vessels. This occurs especially in patients with widespread septicemia, in which either 

circulating bacteria or bacterial toxins—especially endotoxins— activate the clotting mechanisms. 

Plugging of small peripheral vessels greatly diminishes delivery of oxygen and other nutrients to the 

tissues—a situation that leads to or exacerbates circulatory shock. It is partly for this reason that 

septicemic shock is lethal in 85 per cent or more of patients.


























































