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BLOOD 
 Blood is a specialized fluid connective tissue that connects various parts of the 

body, consisting of fluid extracellular material called plasma, and formed 

elements circulating in the plasma are erythrocytes (red blood cells [RBCs]), 

leukocytes (white blood cells [WBCs]), and thrombocytes (platelets).  

The circulatory system of the average adult contains about 5L of blood. 

 

 Blood has the following functions: 

1. Delivery of nutrients and oxygen directly or indirectly to cells. 

2. Transport of wastes and carbon dioxide away from cells. 

3. Delivery of hormones and other regulatory substances to and from cells and 
tissues. 

4. Maintenance of homeostasis by acting as a buffer and participating in 

coagulation and thermoregulation. 

5. Maintenance of acid-base and osmotic balance. 

6. Transport of humoral agents and cells of the immune system that protect the 

body from pathogenic agents, foreign proteins, and transformed cells (i.e., 

cancer cells). 

7. It also conducts heat and maintains the body temperature. 

COMPOSITION OF PLASMA 

 Plasma is an aqueous solution (about 92% water), containing substances of low or high 

molecular weight that makeup 7% of its volume. The dissolved components are mostly 

plasma proteins, but they also include nutrients, respiratory gases, nitrogenous waste 

products, hormones, and inorganic ions collectively called electrolytes. 

 The major plasma proteins include the following: 

➢ Albumin, the most abundant plasma protein, is made in the liver and serves 

primarily to maintain the osmotic pressure of the blood. 

➢ Globulins (α- and β-globulins) are made by the liver and other cells. Include 

transferrin; fibronectin; prothrombin and other coagulation factors; and 

lipoproteins. 

➢ Immunoglobulins (antibodies or γ-globulins) are secreted by plasma cells in 

many locations. 
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➢ Fibrinogen, the largest plasma protein, is also made in the liver. During clotting, 

fibrinogen polymerizes as insoluble, cross-linked fibers of fibrin that block blood 

loss from small vessels. 

➢ Complement proteins comprise a defensive system important in the inflammation 

and destruction of microorganisms. 

 
BLOOD CELLS 

 

 Blood cells can be studied histologically in blood smears (or films) prepared by 

spreading a drop of blood as a thin layer on a microscope slide. 

 
Erythrocytes (RBCs) 

 

 Erythrocytes are terminally differentiated structures lacking nuclei and filled with the 

O2-carrying protein hemoglobin. 

 Human erythrocytes are flexible, enucleated biconcave discs.  

 The biconcave shape provides a large surface-to-volume ratio and facilitates gas 

exchange. 

 The normal concentration of erythrocytes in t h e  blood is approximately 3.9-5.5 

million/μL in women and 4.1-6.0 million/μL in men. 

 In larger blood vessels, RBCs may adhere to one another loosely in stacks called 

rouleaux. 

 The erythrocyte plasma membrane consists of about 40% lipid, 10% carbohydrate, and 

50% protein.  

 Erythrocyte cytoplasm lacks all 

organelles but is densely filled with 

hemoglobin, the tetrameric O2-

carrying protein.  

 Erythrocytes are lacking mitochondria, and they depend on anaerobic glycolysis for 

their minimal energy needs. Lacking nuclei, they cannot replace defective proteins. 

 Human erythrocytes normally survive in circulation for about 120 days. By this time, 

defects in the membrane’s cytoskeletal meshwork or ion transport systems begin to 

produce swelling or other shape abnormalities. Old or worn-out RBCs displaying such 

changes are recognized and removed from circulation, mainly by macrophages of the 
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spleen, liver, and bone marrow. 

Leukocytes (WBCs) 

 Leukocytes are divided into two major groups, granulocytes and agranulocytes, based 

on the density of their cytoplasmic granules. 

 All are rather spherical while suspended in blood plasma, but they become amoeboid 

and motile after leaving the blood vessels and invading the tissues. 

 The number of leukocytes in the blood varies according to age, sex, and physiologic 

conditions. Healthy adults have 4500-11,000 leukocytes per microliter of blood. 

 All leukocytes are key players in the constant defense against invading microorganisms 

and in the repair of injured tissues, specifically leaving the microvasculature in injured 

or infected tissues. The life span of WBCs are 13- 20 days. 

 

 In a process called diapedesis (Gr. dia, through + pedesis, to leap), the leukocytes send 

extensions through the openings between the endothelial cells, migrate out of the 

venules into the surrounding tissue space, and head directly for the site of injury or 

invasion. 

 The attraction of neutrophils to bacteria involves chemical mediators in a process of 

chemotaxis, which causes leukocytes to rapidly accumulate where their defensive 

actions are specifically needed. 
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Granulocytes 
 

 Granulocytes possess two major types of abundant cytoplasmic granules: lysosomes 

(often called azurophilic granules in blood cells) and specific granules that bind 

neutral, basic, or acidic stains and have specific functions. 

 Granulocytes also have polymorphic nuclei with two or more distinct lobes and include 

neutrophils, eosinophils, and basophils. 

 All granulocytes are also terminally differentiated cells with a life span of only a few 

days. Their Golgi complexes and rough ER are poorly developed, and with few 

mitochondria, they depend largely on glycolysis for their energy needs. 

Neutrophil  

- diameter 12µm.  

- Lobed nucleus (2-5) shape variable, drumstick or S-shape.  

- Granules: fine granules.  

- Increased in acute infection, highly mobile, highly phagocytic. 

- Immature neutrophils called band cells have a horseshoe nucleus.  

 

Eosinophil  

• diameter 9µm.  

• Bilobed nucleus.  

• Granules (1. Ovoid 2. Red with Wrights stain, Eosinophilic 3. Larger than 

neutrophils).  

• Increases in number at the time of allergic reactions and parasitic infections.  

• Myeloid element. 

Basophil  

▪ diameter 12um.  

▪ Large twisted s-shaped nucleus.  

▪ Granules (1. Irregular in size and shape 2. Blue/metachromatic staining Basophilic 

3. Larger than other granulocytes). 

▪ Myeloid element. 

 
 
 
 
Agranulocytes 

 

 Agranulocytes lack specific granules but do contain some azurophilic granules 

(lysosomes). 

 The nucleus is spherical or indented but not lobulated. This group includes 
lymphocytes and monocytes. 
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Large lymphocytes, small lymphocytes  

• diameter 6-8um.  

• Round nucleus. 

• Cytoplasm few . 

• Origin Bone marrow (Become immunocompetent outside of the bone 

marrow). 

•  Differentiate into B cells & T cells.  

 

Monocytes  

- Nucleus - oval, kidney, horseshoe; chromatin stains lightly.  

- Basophilic cytoplasm with azurophilic granules (lysosome).  

- The major cell for chronic infections.  

- Moves into the tissues and becomes a macrophage or histiocyte.  

- Diameter of about 16 µm. 

 

*A decrease in WBC count in the blood creates a condition called leukopenia. 
*An increase in WBC count in the blood creates a condition called leukemia (cancer of the 
blood). 

 
Blood platelets (thrombocytes) 

 
This process of stopping blood outflow is known as blood clotting and is due 
to blood platelets. 

• Platelets are tiny, anucleated, blood cells. 
• Fragments of megakaryocyte cytoplasm.  
• These cells are playing a vital role in the blood clotting mechanism. 
• The life span is about 8−10 days. 
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Mechanism of blood clotting: 
Platelets, the clotting agent prothrombin activator (Thrombokinase), 
and calcium ions are released at the injury site. 
                                ↓ 
The prothrombin activator converts the prothrombin to thrombin. 
                                ↓ 
Thrombin, in turn, converts fibrinogen into fibrin. 
                                ↓ 
Fibrin forms a mesh-like structure that traps red blood cells. 
                                ↓ 
The bleeding stops when a clot forms. 
• A decrease in circulating blood platelet count results in a condition 

called thrombocytopenia. 

• Hemophilia is a condition where the thrombocytes are absent in a person's 
blood. Hemophiliacs (people affected by this disorder) must be extremely 
careful not to sustain bleeding wounds, as they can bleed themselves to death. 

Developmental stages of Blood Cells (hemopoiesis) 

 
 
Lymph - a white connective tissue: 

• It is a colorless fluid filtered out of the blood capillaries. 
• It contains plasma and white blood cells (mostly lymphocytes). 
• It is a tissue that lacks red corpuscles, platelets, and proteins. 
• It also has less phosphorus and calcium than the blood. 
• It can clot like blood. 
• Lymph mainly helps in the exchange of materials between blood and tissue 
fluids. 
• It also helps to destroy the invasion of pathogens. 


