
 

Hematology  

     The branch of science concerned with the study of blood , blood forming tissues 

and the disorders associated with them . 

Blood :* 

The red body fluid that flows through all the vessels except the lymph vessels. 

Hemopoiesis or hematopoiesis : is the general process by which all blood cells and 

platelets are formed.            

Physical  characteristics of blood include: 

Viscosity=4.5-5.5- 

Temperature =38c- 

PH =7.35-7.45- 

-Salt (NACL) concentration (salinity) =0.9% 

-Volume of blood =8% of body weight. 

 

The functions of blood 

1-Transport of : 

a-Nutrients (glucose, amino acids, vitamins and minerals) are carried to nearly all 

cells. 

b-Oxygen :from the lungs to all cells of the body by erythrocyte.  

c –Carbondioxide :from cells to lungs. 

d-Waste products (urea, uric acid and  other waste products) are carried from cells to 

the liver ,lungs and kidneys.  

e-Hormones : are carried forms an endocrine gland to target organs . 

2-protection against : 

a-invasion of micro organisms (leucocytes engulf and destroy some micro 

organisms.Antibodies react with specific antigens such as those on micro organisms ). 



 

b-Damage from toxic substances (some toxic substances are carried to the liver for 

detoxification and then to the kidneys for excretion . 

c-Blood loss (the clotting mechanism seals off blood vessels. Substances released from 

 platelets initiate clotting after tissues injury. 

3-Regulation of:  

a-water content of cells (centers in the hypothalamus detect changes  in the osmotic 

pressure and cause the blood to gain or lose water , thereby maintaining water 

equilibrium between blood and cells. 

b-PH of body fluid (centers in the brain detects co2 concentration and  regulate the PH 

of body fluid indirectly ). 

c-Body ( temperature  sensors in the hypothalamus detect changes in body temperature 

and act to increase or decrease flow to skin . 

 

Components of blood :Blood is composed  of two portions:* 

1-formed elements (cells and cells –like structure) 45% of blood . 

a-Erythrocyte (RBC) 

b-Leucocyte (WBC): 

1-Granular leucocyte  (neutrophil , eosinophil  , basophil ) 

2-Agranular leucocyte ( lymphocyte and monocyte ). 

c-Thrombocyte (platelets). 

2-plasma (liquid containing dissolved substances ) 55% of blood. 

 

Origin of Blood cells: * 

   During embryonic and fetal life ,there are several centers for blood cells 

production: yolk sac , liver, spleen, thymus gland , lymph node and bone 

marrow. 

In adult , the production processes occur in : 

1-myeliod tissues (red bone marrow) in: 

a-the proximal epiphyses of the humerus and femur. 

b-flat bones of the sternum, cranium, ribs, vertebra and pelvis. 

2-lymphoid  tissues (spleen,tonsils, thymus gland and lymph nodes). 



 

RBC, granular leucocyte and platelets are produce in red bone marrow 

(myeloid tissues. 

Agranulare leucocyte arise from both myeloid and lymphoid tissues. 

Un differentiated mesenchymal cell in red bone marrow are transformed in to 

hemocytoblast ( immature cells ) that are capable of developmental to mature 

blood cells . 

*The hemocytoblasts undergo  differentiation in to five type of cells from 

which the major types of blood cells develop: 

1-proerythroblasts( rubriblasts) form mature erythrocytes. 

2-Myeloblasts form mature neutrophil' eosinophil and basophil  

3-Megakaryoblasts form mature thrombocytes( platelets). 

4-Lymphoblasts form mature lymphocytes. 

 5-Monoblasts form mature monocytes.   

 

*Erythrocyte(RBC) 

Structure: biconcave discs , 8mm in diameter and 2m in thick. Mature 

RBC are simple in structure they lack a nucleus. The plasma membrane is 

selectively permeable and consists of protein (stromatin) and lipids 

(lecithin and cholesterol). RBC contain red pigment called hemoglobin 

(Hb). Hb constitute about 33% of the RBC weight and is responsible for 

red color of blood .                                                                                         

Values of Hb in different animals: 

Human (infant) =14-20 g\100ml of blood . 

Human(adult female)=12-15g\100 ml  of blood 

Human(adult male) =14-16 g\ 100 ml  of blood 

Horse                          =12.5 g\100 ml       =  = 

Bovine(cow)                =12   g\ 100 ml       = = 

Ovine (ewes)                = 11  g\ 100 ml     =  = 

Canine (dog)                = 13.5 g\ 100 ml    =  = 

Chicken                        = 6.5-9 g \100 ml    =  = 

 

Function:Hb combines with O2 to from oxyhemoglobin and with CO2 to 

from carbaminohemoglobin and then transported through blood vessels. 

RBC are  highly specialized for transport function, they contain a large 

number of Hb (280 million \ RBC) which increases their oxygen- carrying 

capacity.                                                                                                         



 

The biconcave shape of RBC has a much greater surface area than a sphere 

or a cube. The RBC thus presents a large surface area for the diffusion of 

gases molecules that pass to combine with Hb. 

 

*Life span of RBC: 

      Life span of RBC is about 120 days because at this age the plasma 

membrane of RBC becomes fragile  and the cell become non functional.    

       Worn-out RBCs are removed from circulation by macrophage 

(phagocytes) in the spleen ' liver and bone marrow . these phagocytes 

separate Hb in to heme and globin' further digesting the globin to amino 

acids which can be used to synthesize other proteins in the body . iron is 

separated from the heme and returned to the plasma which carried by a 

protein called transferrin. Transferrin  carries the iron to the bone marrow 

where it re used in forming new RBC or to the liver where it combined 

with a protein and stored as ferritin.                                                               

      The remainder of heme is processed mainly in the liver first to the bile 

pigment  biliverdin , then to another bile pigment bilirubin which secreted 

in bile as bilivinogen .                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

*RBC production: the process by which erythrocyte are formed is called 

erythropoiesis ,which starts in red bone marrow with the transformation of 

a hemocytoblast in to a proerythroblast (rubiblast). 

 

 

 

 

 

     Reticulocytes pass from bone marrow in to the blood stream by 

squeezing between the endothelial cells of blood capillaries.                        

     Reticulocytes generally become  erythrocytes (mature RBC) within one 

or two days after their release from bone marrow.                                        

    Normally erythropoiesis and RBC destruction proceed at the same  

pace. but if the body suddenly needs more RBC or it  erythropoiesis is not 

keeping up with RBC destruction a homeostatic mechanism steps up RBC 

production. this  mechanism is triggered by the reduced supply of O2 for 

body cells (that results from a reduced number of RBCs or other 

dysfunction that reduce O2  delivery to tissues hypoxia).                             

e.g1\ this deficiency occur at high altitudes where the air contain less 

oxygen .  

e.g2\ also occur because of  anemia where RBCs are un able to transport 

enough O2 from lungs to the cells. 

 

*The general consequences of erythropoiesis: 

       If certain kidney cells become oxygen deficient 'they release an 

enzyme called renal erythropoietic factor ,renal Erythropoietic factor 

converts a plasma protein (produce by the liver ) in to the hormone 

erythropoietin .                                                                                                

Erythropoietin (is one of a group hormone called hemopoietin involved in 

the production of blood cells ).                                                                      

   This hormone circulates through the blood to the red bone marrow , 

where it stimulates more hemocytoblasts to develop in to RBCs.              

 

Hemoglobin:* 

    It is a protein of molecular weight 64.45 , it is enclosed in the RBCs .its 

major function is to carry O2 to the tissues and also it transport CO2 from 

the tissues to the lungs.  



 

Hb is a globular molecule , made up of four subunits each subunit contain 

a heme molecule and a polypeptide chain .heme is an iron containing 

prophyrin derivative the polypeptide are the globin portion of Hb molecule 

.there are two pairs of poly peptide chains (2 of α type  and 2 of β type ). 

In each Hb molecule, 4 atom of ferrous iron are present and each can bind 

to a molecule of O2 , so four oxygen molecule or 8 oxygen atoms can be 

transported by each Hb molecule.                                                                

     The most important feature of the Hb molecule it's ability to combine 

loosely and reversibly with O2.                                                                       

  The affinity of Hb to combine with O2 is affected by PH', temperature,2,3 

diphosphoglycerate ( 2,3 DPG) concentration in the RBC.                           

  

↓ PH (↑ H
+
 conc.) 

↑ 2,3- DPG 

↑ Pco2→ ↑ H
+
 conc.                 ↓Hb binding to O2. 

↑ temperature. 

2,3- DPG is a by product of glucose metabolism. 

*Types of Hb: 

1-Hb A is the normal adult Hb( 2α chain and 2β chain ) 

2-Hb f is the fetal Hb (2α chain and 2δ chain ) 

Hb f has greater affinity for O2 from Hb A. this facilities movement of O2 

from maternal to fetal circulation . 

 

*Variant forms of normal Hb: 

1-oxyhemoglobin (O2 +Hb) 

2-carbamino hemoglobin ( CO2 +Hb) 

3-carboxy hemoglobin (CO+Hb) 

4-sulf hemoglobin (Hb containing sulfer).it  is formed by certain oxidizing 

drugs. 

5-met hemoglobin (oxidizing agents +Hb). 

 

*Anemia: 

      Reduction in blood Hb level and or in RBC count below the normal 

range.    

Anemia classification in to: 

1-in adequate production of normal RBCs by the bone marrow: 

a-deficiency of essential factors (nutritional anemia) like iron, vitB12 

and folic acid. 



 

b-Aplastic anemia (bone marrow aplastic) bone marrow may be 

destroyed and become unable to produce blood cells such as excessive x-

ray exposure or the use of certain drugs which cause bone marrow aplastic 

(lack of functioning bone marrow). 

2-Excessive destruction of RBCs (hemolytic anemia). Result from 

abnormalities of red cell membrane or Hb. 

a-hemolytic anemia from premature destruction of RBCs due to inherent 

defect such as hemoglobin defects, abnormal RBC enzymes or defects of 

RBC membrane. 

b-hemolytic disease of the new born ( erythroblastosis fetalis). 

c-hemlytic anemia due to parasitic infections, toxins and antibodies from 

in compatible blood . 

d-thalasemia (heredetory hemolytic anemia),result from a defect in Hb 

synthesis. 

e-sickle cell anemia, due to abnormal Hb called Hbs. 

Hbs precipitate in from of long, stiff rod like structure when exposed to 

low O2 tension which make RBC easily rupture. 

3-Blood loss (hemorrhagic anemia ). 

A-acute hemorrhage: loss of large volume of blood over a short period. 

b-chronic hemorrhage: loss of small volume of blood over a long period. 

 

*Poly cythemia :it is an increased concentration of erythrocytes in the 

circulating blood. 

a-relative polycythemia due to reduction in plasma volume. This may 

occur because of dehydration which occurs in condition such as diarrhea, 

vomiting ambient temperature. 

b-absolute or true polycythemia include: 

1-secondary polycythemia: related to increased erythropoietin production 

which result (for example) due to tissue hypoxia in those living at high 

altitudes. 

2-primary polycythemia: is caused by a gen aberration that produces the 

blood cells. 

This causes excess production of RBCs without erythropoietin stimulus 

and usually there is excess production of WBCs and platelets as well. The 

total blood volume also increases in primary polycythemia. 

 

 

 



 

*Leucocytes (WBCs) 

    Are nucleated cells and classified to:   

1-Granular leucocytes: contain granular in their cytoplasm and possess 

lobed nuclei: 

a-neutrophils :their nuclei have 2-6 lobes connected by very thin strands. 

Their cytoplasm contain granules  with acidic and basic stains. 

b-eosinophils: contain nuclei usually bilobed connected by isthmus. The 

cytoplasm contains large granules stained red- orange. 

c-basophils: their nuclei are bilobed or irregular in shape often in the from 

a letter S. the cytoplasmic granules are round, variable in size ,stain blue- 

black. 

2-Agranular leucocyte: 

a-lymphocytes: their nuclei are darkly stained, round. The cytoplasm stains 

sky blue and form's a rim around the nucleus.  

b-monocytes: their nuclei are kidney –shaped and the cytoplasm has a 

foamy appearance. 

*Functions of leucocytes: 

     The general function of leucocytes is to combat inflammation and 

infection by phagocytosis or antibody production.                                         

Neutrophil and monocytes are actively phagocytic( they can ingest 

bacteria and dead tissues).                                                                              

Neutrophils are the most active leucocytes in responding to tissue 

destruction by bacteria. Neutrophils release lysosomes which destroys 

certain bacteria. 

Neutrophil and monocyte are actively phagocytic (they can digest bacteria 

and dead tissues).                                                                                            

  

Chemotaxis: migration of phagocytes to inflamed tissues in response to a 

number of  different chemical. These called chemotaxic agents. 

Diapedesis: the ability of most leucocytes to migrate through the minute 

spaces between the cells that from the walls of capillaries and in to 

connective and epithelial tissues . 

Defensins: are amino acids found in the neutrophils which  has a broad 

range of antibiotic activity against bacteria, fungi and viruses . 

*Eosinophils :release substances that combat the effect of histamine and 

other mediator of inflammation in allergic reactions. Eosinophils are also 

effective against certain parasitic worms. 

 



 

*Basophils: are involved in allergic reactions. Basophils leave the 

capillaries enter the tissues and liberate heparin, histamine and serotonin. 

*Lymphocytes : are involved in the production of antibodies. 

 

Antibodies: are special protein that  inactivate antigens. 

Antigens: are substances that will stimulate the production of antibodies 

and are capable of reacting with the antibody. 

 

*Antigen-Antibody complex  

      When antigen enter the body, they react chemically with substances in 

the lymphocytes and stimulate some lymphocytes called B cells to become 

plasma cells. The plasma cells produce antibodies(globuline- type proteins 

that attach to antigens in vary precise way. Antibodies cover their antigens 

so the antigens cannot come in contact with other chemicals in the body. 

In this way, bacterial poisons can be sealed up and become harmless. This 

process is called the antigen-antibody response. Phagocytes     in tissues 

destroy the antigen-antibody complex.                                                          

Other type of lymphocytes are called T cells group are called cytotoxic or 

killer T cells which are activated by certain antigens and react by 

destroying them directly or indirectly by stimulating other lymphocytes 

and macrophages. T cells are effective against bacteria, viruses, fungi and 

cancer.                                                                                                             

*Neutrophilia: ↑ increase neutrophils count in case of : 

1-infections (bacterial) 2-stress  3-inflammation. 

*Neutropenia:↓ decreased neutrophils  count in case of: 

1-radiation  2-drugs  3-vitB12 deficiency. 

*Eosinophilia:↑ eosinophils count in case of: 

1-allergic reactions  2-parasitic infections  3-autoimmune disease  4-

adrenal inefficiency. 

*Eosinopenia: ↓ eosinophils count in case of: 

1-certain drugs  2-stress  3-cushing's cyndrome. 

*Basophilia:↑ basophils count in case of: 

1-allergic responses  2-leukemias  3-cancers  4-hypothyoidism. 

*Basopenia:↓basophils count in case of: 

1-pregnancy  2-ovulation  3-stress  4-hyperthyriodism. 

*Lymphcytosis: ↑ lymphocyte count in: 

1-viral infections  2-immune disease  3-in some leukemias. 

Lymphocytopenia: ↓ lymphocyte count in:* 



 

1-High steroid levels  2-immuno suppression. 

  

*Monocytosis: ↑ monocytes count in: 

1-viralinfections  2-fungal infections  3-tuberculosis 

4- some leukemias  5-chronic diseases. 

*Monocytopenia: ↓ monocyte count : rarely occur. 

Life span of WBC : few hours to few days. 

 

*Thrombocytes( platelets:)are cytoplasmic fragments break off from the 

megakaryocyte in bone marrow and then enter the blood circulation. 

Platelets are round or oval discs without nucleus (but have a nucleus in 

birds). 

*Function: platelets repair slightly damaged blood vessels and initiate 

blood clotting. 

Number: 250,000-400,000 cell \mm
3
 of blood.  

Life span: 5-9 days. 

Plasma: is a part of extracellular fluid of the body. 

It is the straw-coloured liquid of the blood .this color is due to the presence 

of bilirubin pigment and carotene and other pigment. 

 

*Plasma proteins: 

1-albumin 

2-globulins 

3-fibrinogen 

*Functions of plasma proteins: 

1-proteins exert an osmotic pressure of about 25 mm Hg across the 

capillary wall. It is called colloid osmotic pressure. It tend to pull water in 

to the blood. 

2-plasma proteins are responsible for 15% of the buffering capacity of 

blood helping to keep the blood PH constant. 

3- some of plasma proteins function in the transport of hormones and 

different substances in blood. 

4-circulating antibodies in the δ globulin fraction of the plasma proteins 

play a special role in providing the body with immunity. 

5-fibrinogen and other plasma proteins are concerned with blood clotting . 

6-plasma protein maintain normal blood pressure via viscosity of blood. 

7-effect on solubility of carbohydrates and lipids. 

 



 

*Hemostasis: is the stoppage of bleeding. 

Hemostasis involve three basic mechanisms: 

1-vascular spasm 

2-platelets plug formation 

3-blood coagulation. 

1-vascular spasm: when a blood vessel is damaged, the circulatory 

arranged smooth muscle in its wall contracts immediately which reduces 

blood loss for several minutes to several hours, during which time the 

other hemostatic mechanism can go in to operation. The spasm is caused 

by damage to the smooth muscle and from reflexes initiate by pain 

receptors. 

2-platelets plug formation: 

is very effective in preventing blood loss in a small blood vessels. 

This mechanism involves three steps: 

a-platelets adhesion: platelets come in to contact with part of damaged 

blood vessels. 

b-platelets release reaction: platelet secrete several substances involved in 

blood coagulation like ADP, serotonin prostaglandins, enzymes, Ca
++

 . 

c-Accumulation and attachment of large numbers of platelets to from a 

mass called platelet plug. This plug is very effective in preventing blood 

loss in a small vessels. 

3-Blood coagulation: 

    Is a complex process in which the blood is converted in to a thicken gel. 

Blood coagulation involved three basic stage: 

Stage1: formation of prothrombin activator  

This stage is initiated by one of two mechanisms: 

A-Extrinsic pathway of blood clotting 

B-Intrinsic pathway of blood clotting 

Stage2: conversion of prothrombin (a plasma protein formed by liver) in 

to the enzyme thrombin by prothrombin activator. 

 

 

 Prothrombin                                                           

thrombin 

 

 

Stage3: conversion of soluble fibrinogen ( a plasma protein formed by 

liver) in to insoluble fibrin by thrombin. 



 

 

 

Soluble fibrinogen                                        insoluble fibrin. 

Fibrin forms the threads of the clot.* 

 

Extrinsic 

Tissues damage 

 

Tissues factor (TF) 

 

  VII                     activated VII  

Proconvertin                      

 

(stuart factor)x                     activated x 

 

 

                    Prothrombin activator 

 

 

*Extrinsic pathway: this process occurs only in vivo within the body and 

is a rapid process. Its completed within seconds. 

*Intrinsic path way: occurs both in vitro and in vivo. It a slower process 

usually requiring several minutes . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clotting factor such as ( prothrombin ,vII , v,x … ) synthesized by liver 

cells or release from platelets or damage tissues. 



 

Factors that prevent intra vascular coagulation:* 

1-smoothness of endothelium prevents platelets adhesion. 

2-surface of endothelium is negatively charged which repels clotting 

factors and platelets.  

3-Endothelial cells produce thrombomodulin which  combines with 

thrombin and forms thrombomodulin- thrombin complex, thus inactivating 

thrombin. 

4-Heparin: is present in basophils and mast cells.it is combines with  

5-antithrombinIII and fibrin threads: 

When a clot is formed, 90% of thrombin formed is adsorbed in to the 

fibrin threads. This prevents excessive spread of clot. The remaining 

thrombin combines with antithrombin III and is inactivated. 

 

 

*Cerebrospinal fluid (CSF) 

Cerebrospinal fluid: is a clear colorless bodily fluid produce in the choroid 

plexus of the brain ,it acts as a cushion or buffer for the cortex ,providing a 

basic mechanical and immunological protection to the brain inside the 

skull. 

-the CSF occupies the sub arachnoid space (the space between the 

arachnoid mater and pia mater) and ventricular system around and inside 

the brain and spinal cord. 

*Functions of CSF: 

1-CSF acts as a cushion for the brain and protects the CNS from 

mechanical trauma. 

2-Provides mechanical buoyancy and support for the brain ,the brain floats 

in CSF .when an extremely severe blow is given to one side of head ,the 

brain moves to the opposite side .no injury occurs in the side where blow 

is given but the opposite side may be damaged .this is called contre-coup 

injury. 

3-CSF acts as reservoir for regulating the contents of the cranial vault. If 

the brain volume is decreased or blood volume decrease more of CSF is 

produced. 

4-It nourishes the brain . 

5-Help to remove neuronal metabolites from CNS. 

6-Tt is the route through which pineal secretions reach the pituitary gland. 

 

 



 

*Lymph: is the fluid which is transparent, straw colored circulated 

throughout the lymphatic system, the lymph is formed when the interstitial 

fluid is collected through lymph capillaries. 

 

Composition: lymph has a composition comparable to that of blood 

plasma, but it may differ slightly, lymph contains white blood cells and 

lymph that leaves a lymph node is rich or in lymphocytes. 

 

*Functions of lymph: 

1-maintenance of the volume and composition of tissue fluid constant by 

draining away excess tissue fluid and metabolites. 

2-lymph acts as a special channel that returns proteins to circulate. 

3-Absorption and transport of long chain fatty acids and cholesterol by 

lacteals of intestine. 

4-lymph supplies nutrition and O2  to those areas of the body where blood 

cannot reach. 

5-Dfence-bacteria and injurious agents are carried by lymph to lymph 

nodes and reticulo endothelial cells in the lymph node destroy and 

phagocytes the bacteria. 

6-lymphocytes are finally processed and released from the lymph nodes. 

7-Immune function-antibodies are produced by B-lymphocytes. 

 

  

 


