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Introduction 
Blood is a suspension of cellular elements in an aqueous solution. 

Forty-five per cent of this volume comprises cellular elements (the 

haematocrit), the remainder being 55% plasma. About 8% of the 

plasma volume consists of solutes, the remainder being water.  

Plasma 

the liquid part of blood clear straw colored fluid plasma consists of 

liquid solvent _ mostly water and solutes without the formed 

elements (90% water, 10% solutes), most solutes are proteins 

(=plasma proteins), also: salts, ions, gasses, hormones, nutrients, 

wastes, enzymes. 

serum = plasma with clotting factors removed 

plasma proteins (8% of blood):  

most proteins in blood do not readily pass through capillaries into  

interstitial spaces 

1. albumins 

_ (with other proteins) contribute to viscosity, osmotic pressure & 

blood volume 

_ helps buffer the blood 

_ transports many solutes by binding to them: eg. drugs, penicillin, 

pigments, fatty acids, bile salts  

2. globulins 

_ some are antibodies, part of immune system 

_ some help transport solutes 

_ some involved in clotting 
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3. fibrinogen 

_ soluble precursor to fibrin = framework for clotting  

Plasma proteins 

Most plasma proteins are synthesized in the liver. They are generally 

synthesized as pre-protein on membrane-bound polyribosomes and 

initially contain amino-terminal signal peptides. Almost all are 

glycoproteins. Many exhibit polymorphism. They are mainly anions. 

Each plasma protein has a characteristic half-life in the circulation. 

Functions of plasma proteins 

* Maintenance of colloid osmotic pressure, of about 25mm Hg across 

capillary wall, and thereby control of extracellular fluid volume. This 

is mainly due to albumin. The plasma half-life is around 20 days. 

* Carrier proteins for lipids, hormones, drugs and excretory products 

(transport functions). Albumin, in particular, binds a range of 

physiologically important ligands, including various hydrophobic 

molecules and metal ions.  

* Defence reactions: immunoglobulins, complement system.  

* Buffering of hydrogen ions. Plasma proteins provide about 15% of 

the total buffering capacity of the blood.  

* Coagulation (haemostasis) and fibrinolysis.  

* Specialised functions: protease inhibitors, haemoglobin binding, 

renin–angiotensin system, lipoprotein metabolism.  

Cellular composition of human blood – 

Red blood cells 4 500 000–5 000 000/cumm 

Platelets 150 000–400 000/cumm 

White blood cells 5000–10 000/cumm 
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Neutrophils 63.5% 

Lymphocytes 30.0% 

Monocytes 4.0% 

Eosinophils 2.0% 

Basophils 0.5% 

Red Blood Cells (Erythrocytes) 

The major function of red blood cells, also known as erythrocytes, is 
to transport hemoglobin, which in turn carries oxygen from the lungs 
to the tissues. In some lower animals, hemoglobin circulates as free 
protein in the plasma, not enclosed in red blood cells.  When it is free 
in the plasma of the human being,  about 3 per cent of it leaks through 
the capillary membrane into the tissue spaces or through the 
glomerular membrane of the kidney into the glomerular filtrate each 
time the blood passes through the capillaries.  Therefore, for 
hemoglobin to remain in the human blood stream, it must exist inside 
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 (as is true of 
most proteins), so that the red blood cells are responsible for most of 
the acid-base buffering power of whole blood. 

Shape and Size of Red Blood Cells.  

Normal red blood cells are biconcave discs having a mean diameter of 
about 7.8 micrometers and a thickness of 2.5 micrometers at the 
thickest point and 1 micrometer or less in the center. The average 
volume of the red blood cell is 90 to 95 cubic micrometers. 
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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. This is discussed later.  

Animal  
 

Cat  Cattle  Chicken  Dog  Goat  Horse  Pigeon  Rabbi
t  

Sheep  Man  woman  

Millions\
cu.mm  

 

6-8  6-8  2.5-3.2  6-8  13-14  9-12  3.5-4.5  5.5-
6.5  

10-13  5-6  4-5  

 

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. 

Areas of the Body That Produce Red Blood Cells. 

 In 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 
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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 normal red blood cells (RBCs)=  
Proerythroblast ⇒ Basophil erythroblast-⇒ Polychromatophil erythroblast 

⇒rthochromatic erythroblast ⇒Reticulocyte ⇒Erythrocytes.  

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, yet (2) the cells do not become so 

numerous that they impede blood flow.  

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, a glycoprotein with a molecular 

weight of about 34,000. 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. It is not known exactly 

where in the kidneys the erythropoietin is formed. One likely possibility is 

that the renal tubular epithelial cells secrete the erythropoietin, because 

anemic blood is unable to deliver enough oxygen from the peritubular 

capillaries to the highly oxygen-consuming tubular cells, thus stimulating 

erythropoietin production. 
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Hematopoietic Stem Cell ⇒ Proerythroblasts ⇒ Red Blood Cells⇒ Tissue Oxygenation    ←   Factors that decrease 

                                       ↑                                                                       ↓                               oxygenation 

                                                                                                                                         decrease                1. Low blood volume                                

Kidney                  ⇒     Erythropoietin     ←   ←      ←   ←←                       ↙ 

                                                                                                                                                      2. Anemia 
                                                                                                                                                                        3. Low hemoglobin 
                                                                                                                                                                        4. Poor blood flow                                                                                                                                                                                                                                                                                                                                                                                                                                   
.                                                                                                                                                                        5.Pulmonary disease 
                                                                                                                         

Hemoglobin:  
consists of globin protein (4 polypeptide chains), and 4 iron containing non-
protein groups (heme), Each iron in heme can pick up one molecule of O2 
reversibly. 
 
 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. 

- Hemoglobin A has a molecular weight of 64,458.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 (or eight oxygen atoms) 
that can be transported by each hemoglobin molecule. 
-Combination of Hemoglobin with Oxygen. The most important feature of the 

hemoglobin molecule is its ability to combine loosely and reversibly with oxygen. 

This ability is relation to respiration, because the primary function of hemoglobin 

in the body is to combine with oxygen in the lungs and then to release this oxygen 

readily in the peripheral tissue capillaries, where the gaseous tension of oxygen is 

much lower than in the lungs. 

-Destruction of Hemoglobin. When red blood cells burst and release their 

hemoglobin, the hemoglobin is phagocytized almost immediately by macrophages 
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in many parts of the body, but especially by the Kupffer cells of the liver and 

macrophages of the spleen and bone marrow. During the next few hours to days, 

the macrophages release iron from the hemoglobin and pass it back into the blood, 

to be carried by transferrin either to the bone marrow for the production of new red 

blood cells or to the liver and other tissues for storage in the form of ferritin. 

 

 Leukocytes

The leukocytes, also called white blood cells, are the mobile units of the body’s 

protective system. They are formed partially in the bone marrow (granulocytes and 

monocytes and a few lymphocytes) and partially in the lymph tissue (lymphocytes 

and plasma cells). After formation, they are transported in the blood to different 

parts of the body where they are needed. 

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 

arapid and potent defense against infectious agents. As we see later, the 

granulocytes and monocytes have a special ability to ―seek out and destroy‖ a 

foreign invader. 
General Characteristics of Leukocytes 
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, and, 

occasionally, plasma cells. The first three types of cells, the polymorphonuclear 

cells, all have a granular appearance. 

The granulocytes and monocytes protect the body against invading organisms 

mainly by ingesting them—that is, by phagocytosis. The lymphocytes and plasma 

cells function mainly in connection with the immune system.  

Concentrations of the Different White Blood Cells in the Blood. 
The adult human being has about 7000 white blood cells per microliter of blood (in 

comparison with 5million red blood cells). Of the total white blood cells, the 

normal percentages of the different types are approximately the following: 

Polymorphonuclear neutrophils 62.0% 

Polymorphonuclear eosinophils 2.3% 

Polymorphonuclear basophils 0.4% 

Monocytes 5.3% 

Lymphocytes 30.0% 
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White blood cells can be classified as: 
Granulocytes: 
Neutrophils: 12–15 mm in diameter; nucleus with clumped chromatin and 2–5 
lobes; drumstick in normal females; acidophilic cytoplasm. A right shift refers to 
an increase in lobe count. 

Eosinophils: 12–17 mmin diameter; nucleus with 2–3 lobes; spherical 

granules; weakly basophilic cytoplasm. They are phagocytic cells with a 

special affinity for antigen–antibody complexes. The granules contain four 

cationic proteins: eosinophilic cationic protein, major basic protein, eosinophil 

derived neurotoxin and eosinophil peroxidase. 

Basophils: 10–14 mm in diameter; purple black granules. 

Mononuclear cells: Lymphocytes: small: 10–12 mm in diameter; large: 12–16 mm 

in diameter. Monocytes. 

Functions of white blood cells 
These depend on the cell type: 

* Neutrophils phagocytose bacteria, fungi, protozoa, viruses, foreign cells, 

tumour cells and toxins. Chemotaxis occurs in response to activated complement 

proteins, cytokines and microbial products. 

* Eosinophils phagocytose antigen–antibody complexes and larval forms of 

helminthic parasites. They inactivate mediators of anaphylaxis. 

* Basophils possess IgE receptors and release mediators from granules in 

inflammatory and allergic reactions. 

* Lymphocytes. 

B lymphocytes synthesise antibodies (immunoglobulins), contributing to 

humoral immunity. In response to a specific antigen they give rise to a 

monoclonal proliferation of plasma cells, which produce specific antibodies. 

animal  Horse  Cow  Sheep  Goat  Dog  Cat  Chicken  

Total 
leukocyte 
count per 
cu.mm.  

8000 – 
11,000  

7000 – 
10,000  

7000 – 
10,000  

8000 – 
12,000  

9000 – 
13,000  

10,000 – 
15,000  

20,000 – 
30,000  
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T lymphocytes,which comprise 65%–80%of circulating lymphocytes, 

are responsible for cell-mediated immunity. They mediate the cellmediated 

response to intracellular parasites, viruses, bacteria and fungi; 

delayed hypersensitivity; graft-versus-host reactions; and organ transplant 

rejection. They include subpopulations, which can be distinguished by cell 

surface markers. 

Helper (CD4 marker): enhance antibody production by B cells and stimulate 

the activity of other T cells. 

Cytotoxic (CD8 marker): kill virus infected and tumour cells, based onprevious 

experience. 

Suppressor: block helper T cells. 

* Monocytes are phagocytic and become macrophages in the tissues. 

Neutrophils and Macrophages 

It is mainly the neutrophils and tissue macrophages that attack and destroy 

invading bacteria, viruses, and other injurious agents.  

The neutrophils are mature cells that can attack and destroy bacteria even in the 

circulating blood. Conversely, the tissue macrophages begin life as blood 

monocytes, which are immature cells while still in the blood and have little ability 

to fight infectious agents at that time. Both neutrophils and macrophages can move 

through the tissues by ameboid motion. 

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. 
 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‖ activated 
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in inflamed tissues, and (4) several reaction products caused by plasma clotting in 

the inflamed area, as well as other substances. 

  

Platelets 
Platelets (also called thrombocytes) are minute discs 1 to 4 micrometers in 

diameter.-They are formed in the bone marrow from megakaryocytes.-Life span is 

10 days, then removed by macrophages. 

-The normal concentration of platelets in the blood is between 150,000 and 

300,000 per microliter. 

-Platelets have many functional characteristics of whole cells, even though they do 

not have nuclei and cannot reproduce. 

Hemostasis 

The term hemostasis means prevention of blood loss. 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. 

Vascular Constriction Immediately after a blood vessel has been cut or 

ruptured, the trauma to the vessel wall itself 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, and (3) nervous reflexes. 

The nervous reflexes are initiated by pain nerve impulses or other sensory 

impulses that originate from the traumatized vessel or nearby tissues. However, 

even more vasoconstriction probably results from local myogenic contraction of 

the blood vessels initiated by direct damage to the vascular wall. And, for the 

smaller vessels, the platelets are responsible for much of the vasoconstriction by 

releasing a vasoconstrictor substance, thromboxane A2.The more severely a 

vessel is traumatized, the greater the degree of vascular spasm. The spasm can 

last for many minutes or even hours, during which time the processes of platelet 

plugging and blood coagulation can take place. 
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Formation of the Platelet Plug If the cut in the blood vessel is very small—

indeed, many very small vascular holes do develop throughout the body each 

day—the cut is often sealed by a platelet plug, rather than by a blood clot. To 

understand this, it is important that we first discuss the nature of platelets 

themselves.  

Physical and Chemical Characteristics of Platelets (also called 

thrombocytes) are minute discs 1 to 4 micrometers in diameter. They are formed 

in the bone marrow from megakaryocytes, which are extremely large cells of the 

hematopoietic series in the marrow; the megakaryocytes fragment into the 

minute platelets either in the bone marrow or soon after entering the blood, 

especially as they squeeze through capillaries. The normal concentration of 

platelets in the blood is between 150,000 and 300,000 per microliter.  

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, which are contractile proteins similar to 

those found in muscle cells, and still another contractile protein, thrombosthenin, 

that can cause the platelets to contract; (2) residuals of both the endoplasmic 

reticulum and the Golgi apparatus that synthesize various enzymes and especially 

store large quantities of calcium ions; (3) mitochondria and enzyme systems that 

are capable of forming adenosine triphosphate (ATP) and adenosine diphosphate 

(ADP); (4) enzyme systems that synthesize prostaglandins, which are local 

hormones that cause many vascular and other local tissue reactions; (5) an 

important protein called fibrin-stabilizing factor, which we discuss later in 

relation to blood coagulation; and (6) a growth factor that causes vascular 

endothelial cells, vascular smooth muscle cells, and fibroblasts to multiply and 

grow, thus causing cellular growth that eventually helps repair damaged vascular 

walls. 



Hussein Dakheel Dr. 

 

12 
 cvet.tu.edu.iqتكريت جامعة  –الحقوق محفوظة لموقع كلية الطب البيطري جميع 

Mechanism of the Platelet Plug 

Platelet repair of vascular openings is based on several important 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  

factor 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, butit is usually successful in blocking blood loss if the vascular opening 

is small. 
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Mechanism of Blood Coagulation 

Basic Theory. More than 50 important substances that cause or affect blood 

coagulation have been found in the blood and in the tissues—some 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. In the blood stream, the anticoagulants normally 

predominate, so that the blood does not coagulate while it is circulating in the 

blood vessels. But when a vessel is ruptured, procoagulants from the area of tissue 

damage become ―activated‖ and override the anticoagulants, and then a clot does 

develop. 

General Mechanism ,blood coagulation agree that clotting takes place in three 

essential steps: (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 an enzyme to convert fibrinogen into fibrin fibers that enmesh platelets, blood 

cells, and plasma to form the clot. 

Let us discuss first the mechanism by which the blood clot itself is formed, 

beginning with conversion of prothrombin to thrombin; then we will come back to 

the initiating stages in the clotting process by which prothrombin activator is 

formed. 

Clotting cascade:  

-Extrinsic pathway: The extrinsic pathway for initiating the formation of  

prothrombin activator begins with a traumatized vascular wall or traumatized 

extravascular tissues that come in contact with the blood. This leads to the 

following steps: 

1. Release of tissue factor. Traumatized tissue releases a complex of several factors 

called tissue factor or tissue thromboplastin.  complex that functions mainly as a 

proteolytic enzyme.. 
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2. Activation of Factor X—role of Factor VII and tissue factor. The lipoprotein 
complex of tissue factor further complexes with blood coagulation Factor VII and, 
in the presence of calcium ions, acts enzymatically on Factor X to form activated 
Factor X (Xa). 
3-Effect of activated Factor X (Xa) to form prothrombin activator—role of Factor 
V. The activated Factor X combines immediately with tissue phospholipids that 
are part of tissue factor or with additional phospholipids released from platelets 
as well as with Factor V to form the complex called prothrombin activator. Within 
a few seconds, in the presence of calcium ions (Ca++), this splits prothrombin to 
form thrombin, and the clotting process proceeds as already explained. At first, 
the Factor V in the prothrombin activator complex is inactive, but once clotting 
begins and thrombin begins to form, the proteolytic action of thrombin activates 
Factor V. This then becomes an additional strong accelerator of prothrombin 
activation. Thus, in the final prothrombin activator complex, activated Factor X is 
the actual protease that causes splitting of prothrombin to form thrombin; 
activated Factor V greatly accelerates this protease activity, and platelet 
phospholipids act as a vehicle that further accelerates the process.  

-Intrinsic pathway: The second mechanism for initiating formation of 

prothrombin activator, and therefore for initiating clotting, begins with trauma to 
the blood itself or exposure of the blood to collagen from a traumatized blood 
vessel wall.  
 1. Blood trauma causes (1) activation of Factor XII and (2) release of platelet 
phospholipids. Trauma to the blood or exposure of the blood to vascularwall 
collagen alters two important clotting factors in the blood: Factor XII and the 
platelets. 
2-Activation of Factor XI. The activated Factor XII acts enzymatically on Factor XI 
to activate this factor as well, which is the second step in the intrinsic pathway. 
3. Activation of Factor IX by activated Factor XI. The activated Factor XI then acts 
enzymatically on Factor IX to activate this factor also. 
4. Activation of Factor X—role of Factor VIII. The activated Factor IX, acting in 
concert with activated Factor VIII and with the platelet phospholipids and factor 3 
from the traumatized platelets, activates Factor X. 
5. Action of activated Factor X to form prothrombin activator—role of Factor V. 
This step in the intrinsic pathway is the same as the last step in the extrinsic 
pathway.The prothrombin activator in turn initiates within seconds the cleavage 
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of prothrombin to form thrombin, thereby setting into motion the final clotting 
process. 
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Clot Retraction—Serum.  

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 to60 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. 

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. Furthermore, platelets entrapped in the clot continue to release 

procoagulant 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. 

Lysis of Blood Clots—Plasmin 

The plasma proteins contain a euglobulin called plasminogen (or profibrinolysin) 

that, when activated, becomes a substance called plasmin (or fibrinolysin). 

Plasmin is a proteolytic enzyme that resembles trypsin, the most important 

proteolytic digestive enzyme of pancreatic secretion. Plasmin digests fibrin fibers 

and some other protein coagulants such as fibrinogen, Factor V, Factor VIII, 

prothrombin, and Factor XII. Therefore, whenever plasmin is formed, it can cause 

lysis of a clot by destroying many of the clotting factors, thereby sometimes even 

causing hypocoagulability of the blood. Phagocytic cells remove the dissolved 

products. Continuous clotting in vessels by activated fibrin can be handled by 

plasmin. 
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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-B 

blood types, as shown in Table, 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 is 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. 
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Agglutinins 

When type A agglutinogen is not present in a person’s red blood cells, antibodies 

known as anti-A agglutinins develop in the plasma. Also, when type B 

agglutinogen is not present in the red blood cells, antibodies known as anti-B 

agglutinins develop in the plasma. 

Thus, referring once again 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 agglutinins; type B blood contains type 

B agglutinogens and anti-A agglutinins. Finally, type AB blood contains both A 

and B agglutinogens but no agglutinins. 

                             ABO Blood types with agglutinins 
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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 antibodyantigen 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 B agglutinogens and agglutinates with 

both types of agglutinins. 

Rh Blood Types 

Along with the O-A-B blood type system, the Rh blood type system is also 

important when transfusing blood. The major difference between the O-A-B 

system and the Rh system is the following: In the O-A-B 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. 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 per cent of all white people are Rh positive and 15 per 

cent, Rh negative. In American blacks, the percentage of Rh-positives is about 95, 

whereas in African blacks, it is virtually 100 per cent. 
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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 inherited 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 and cause red blood 

cell agglutination. 

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. 
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FunctCerebrospinal fluid 
The CSF represents a plasma ultra filtrate, supplemented by products of active 

endothelial secretion. It is a clear aqueous solution that circulates through 

macroscopic and interstitial spaces that are in continuity. The macroscopic spaces 

include the ventricles, aqueduct, central canal of the spinal cord and the 

subarachnoid space. The interstitial space surrounds the neurons and glial 

cells of the CNS. 

The average intracranial volume of CSF in adults equals 150–170 ml, with around 

75 ml in the cisterns, 50 ml in the subarachnoid space and 25 ml in the ventricles. 

The formation rate is about 0.5 ml/min, or 400–500 ml per day.  

Over 75%is produced by the choroid plexus in the lateral, third and fourth 

ventricles. The flow occurs successively through the lateral ventricle, third 

ventricle, aqueduct, fourth ventricle and the subarachnoid space. The total CSF 

pool is replaced three to four times a day. Reabsorption is a passive process via the 

macroscopic arachnoid granulations of the superior sagittal sinus (85%–90%) and 

the microscopic arachnoid villi of the venous drainage of the spinal nerve root 

sleeves (10%–15%). The rate of 

absorption increases with increasing CSF pressure. ions of the cerebrospinal 
fluid 

functional cerebrospinal fluid 
The role of the cerebrospinal fluid is to act as a 'shock absorber', providing the 

central nervous system with some mechanical protection.  

Mechanical protection for the brain and spinal cord, similar to that provided by a 

water jacket, against the effects of external acceleration and gravity. 

Removal of waste products of cerebral metabolism, including carbon dioxide, 

lactate, hydrogen ions. This affects the acid–base status of the CSF, which 

contributes to the control of pulmonary ventilation. 

Maintenance of a stable chemical environment for neurons and their medullated 

fibres. 

A medium for nutrient exchange between the blood and the extracellular fluid 

compartment of the brain. 

Comparison of Cerebrospinal Fluid (CSF) 
and Blood Concentrations 
CSF ª Blood                  CSF < Blood              CSF > Blood 

   NaKMg2

    ClCa2Creatinine 

HCO3Glucose 
Osmolarity                    Cholesterol* 
                                        Protein* 
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Lymph  

Lymph means clear water and it is basically the colorless fluid and protein that has 

been squeezed out of the blood. Lymph is a fluid similar in composition to blood 

plasma. Changes in plasma composition will change lymph composition. 

The lymphatic system represents an accessory route through which fluid can flow 

from the interstitial spaces into the blood. Most important, the lymphatics can carry 

proteins and large particulate matter away from the tissue spaces, neither of which 

can be removed by absorption directly into the blood capillaries. 

This return of proteins to the blood from the interstitial spaces is an essential 

function without which we would die within about 24 hours. 

Formation of Lymph 

Lymph is derived from interstitial fluid that flows into the lymphatics. Therefore, 

lymph as it first enters the terminal lymphatics has almost the same composition as 

the interstitial fluid. The protein concentration in the interstitial fluid of most 

tissues averages about 2 g/dl, and the protein concentration of lymph flowing from 

these tissues is near this value. Conversely, lymph formed in the liver has a protein 

concentration as high as 6 g/dl, and lymph formed in the intestines has a protein 

concentration as high as 3 to 4 g/dl. Because about two thirds of all lymph 

normally is  derived from the liver and intestines, the thoracic duct lymph, which is 

a mixture of lymph from all areas of the body, usually has a protein concentration 

of 3 to 5 g/dl. 

The lymphatic system is also one of the major routes for absorption of nutrients 

from the gastrointestinal tract, especially for absorption of virtually all fats in 

food,. Indeed, after a fatty meal, thoracic duct lymph sometimes contains as much 

as 1 to 2 per cent fat. 

Finally, even large particles, such as bacteria, can push their way between the 

endothelial cells of the lymphatic capillaries and in this way enter the lymph. As 

the lymph passes through the lymph nodes, these particles are almost entirely 

removed and destroyed, 

 

Function of lymph 

■■   Normally, filtration of fluid out of the capillaries is slightly greater than 

absorption of fluid into the capillaries. The excess filtered fluid is returned to the 

circulation via the lymph. 

■■   Lymph also returns any filtered protein to the circulation. 

It is already clear that the lymphatic system functions as an ―overflow mechanism‖ 

to return to the circulation 
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excess proteins and excess fluid volume from the tissue spaces. Therefore, the 

lymphatic system also plays a central role in controlling (1) the concentration of 

proteins in the interstitial fluids, (2) the volume of interstitial fluid, and (3) the 

interstitial fluid pressure. Let us explain how these factors interact. 

First, remember that small amounts of proteins leak continuously out of the blood 

capillaries into theinterstitium. Only minute amounts, if any, of the leaked proteins 

return to the circulation by way of the venous ends of the blood capillaries. 

Therefore, these proteins tend to accumulate in the interstitial fluid, and this in turn 

increases the colloid osmotic pressure of the interstitial fluids. 

Second, the increasing colloid osmotic pressure in the interstitial fluid shifts the 

balance of forces at the blood capillary membranes in favor of fluid filtration into 

the interstitium. Therefore, in effect, fluid is translocated osmotically outward 

through the capillary wall by the proteins and into the interstitium, thus increasing 

both interstitial fluid volume and interstitial fluid pressure. 

Third, the increasing interstitial fluid pressure greatly increases the rate of lymph 

flow, as explained previously. This in turn carries away the excess interstitial fluid 

volume and excess protein that has accumulated in the spaces. 

Thus, once the interstitial fluid protein concentration reaches a certain level and 

causes a comparable increase in interstitial fluid volume and interstitial fluid 

pressure, the return of protein and fluid by way of the lymphatic system becomes 

great enough to balance exactly the rate of leakage of these into the interstitium 

from the blood capillaries. Therefore, the quantitative values of all these factors 

reach a steady state; they will remain balanced at these steady state levels until 

something changes the rate of leakage of proteins and fluid from the blood 

capillaries. 
 


