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Blood 

• Identify the primary functions of blood, its fluid and cellular components, and its 

physical characteristics 

• Identify the most important proteins and other solutes present in blood plasma 

• Describe the formation of the formed element components of blood 

• Discuss the structure and function of red blood cells and hemoglobin 

• Classify and characterize white blood cells 

• Describe the structure of platelets and explain the process of hemostasis 

• Explain the significance of AB and Rh blood groups in blood transfusions 

• Discuss a variety of blood disorders. 
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Blood is a connective tissue ,it is made up of cellular elements and an 

extracellular matrix. The cellular elements—referred to as the formed elements—

include red blood cells (RBCs), white blood cells (WBCs), and cell fragments 

called platelets. The extracellular matrix, called plasma, makes blood unique among 

connective tissues because it is fluid. This fluid, which is mostly water, perpetually 

suspends the formed elements and enables them to circulate throughout the body 

within the cardiovascular system. 

 

Functions of Blood 

The primary functions of blood are:  

1-Transportation 

Nutrients from the foods you eat are absorbed in the digestive tract. Most of these 

travel in the bloodstream directly to the liver, where they are processed and released 

back into the bloodstream for delivery to body cells. Oxygen from the air you breathe 

diffuses into the blood, which moves from the lungs to the heart, which then pumps it 

out to the rest of the body. 

Moreover, endocrine glands scattered throughout the body release their products, 

called hormones, into the bloodstream, which carries them to distant target cells. 

Blood also picks up cellular wastes and byproducts, and transports them to various 

organs for removal. For instance, blood moves carbon dioxide to the lungs for 

exhalation from the body, and various waste products are transported to the kidneys 

and liver for excretion from the body in the form of urine or bile. 
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2-Defense 

Many types of WBCs protect the body from external threats, such as disease-causing 

bacteria that have entered the bloodstream in a wound. Other WBCs seek out and 

destroy internal threats, such as cells with mutated DNA that could multiply to 

become cancerous, or body cells infected with viruses. 

When damage to the vessels results in bleeding, blood platelets and certain proteins 

dissolved in the plasma, the fluid portion of the blood, interact to block the ruptured 

areas of the blood vessels involved. This protects the body from further blood loss. 

3-Maintenance of Homeostasis 

Recall that body temperature is regulated via a classic negative-feedback loop. If you 

were exercising on a warm day, your rising core body temperature would trigger 

several homeostatic mechanisms, including increased transport of blood from your 

core to your body periphery, which is typically cooler. As blood passes through the 

vessels of the skin, heat would be dissipated to the environment, and the blood 

returning to your body core would be cooler. In contrast, on a cold day, blood is 

diverted away from the skin to maintain a warmer body core. In extreme cases, this 

may result in frostbite. 

Blood also helps to maintain the chemical balance of the body. Proteins and other 

compounds in blood act as buffers, which thereby help to regulate the pH of body 

tissues. Blood also helps to regulate the water content of body cells. 

Composition of Blood : 

 

Figure Composition of Blood The cellular elements of blood include erythrocytes and 

comparatively leukocytes and platelets. Plasma is the fluid in which the formed 

elements are suspended. 
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Characteristics of Blood 

When you think about blood, the first characteristic that probably comes to mind is 

its color. Blood that has just taken up oxygen in the lungs is bright red, and blood that 

has released oxygen in the tissues is a more dusky red. This is because hemoglobin is 

a pigment that changes color, depending upon the degree of oxygen saturation. 

Blood is viscous and somewhat sticky to the touch. It has a viscosity  pproximately 

five times greater than water. Viscosity is a measure of a fluid’s thickness or 

resistance to flow, and is influenced by the presence of the plasma proteins and 

formed elements within the blood. The viscosity of blood has a dramatic impact on 

blood pressure and flow. Consider the difference in flow between water and honey. 

The more viscous honey would demonstrate a greater resistance to flow than the less 

viscous water.  

The normal temperature of blood is slightly higher than normal body temperature—

about 38 °C (or 100.4 °F), compared to 37 °C (or 98.6 °F) for an internal body 

temperature reading, although daily variations of 0.5 °C are normal. Although the 

surface of blood vessels is relatively smooth, as blood flows through them, it 

experiences some friction and resistance, especially as vessels age and lose their 

elasticity, thereby producing heat. This accounts for its slightly higher temperature. 

The pH of blood averages about 7.4; however, it can range from 7.35 to 7.45 in a 

healthy person. Blood is therefore somewhat more basic (alkaline) on a chemical 

scale than pure water, which has a pH of 7.0. Blood contains numerous buffers that 

actually help to regulate pH. 

Blood constitutes approximately 8 percent of adult body weight. Adult males 

typically average about 5 to 6 liters of blood. Females average 4–5 liters. 

Blood Plasma 
-Like other fluids in the body, plasma is composed primarily of water: In fact, it is 

about 92 percent water.  

-Dissolved or suspended within this water is a mixture of substances, most of which 

are proteins. 

The three major groups of plasma proteins are as follows: 

- Albumin is the most abundant of the plasma proteins. Manufactured by the liver, 

albumin molecules serve as binding proteins—transport vehicles for fatty acids and 
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steroid hormones. Recall that lipids are hydrophobic; however, their binding to 

albumin enables their transport in the watery plasma. Albumin is also the most 

significant contributor to the osmotic pressure of blood; that is, its presence holds 

water inside the blood vessels and draws water from the tissues, across blood vessel 

walls, and into the bloodstream. This in turn helps to maintain both blood volume and 

blood pressure.  

- The second most common plasma proteins are the globulins. A heterogeneous 

group, there are three main subgroups known as alpha, beta, and gamma globulins. 

The alpha and beta globulins transport iron, lipids, and the fat-soluble vitamins A, D, 

E, and K to the cells; like albumin, they also contribute to osmotic pressure. The 

gamma globulins are proteins involved in immunity and are better known as an 

antibodies or immunoglobulins.. 

- The least abundant plasma protein is fibrinogen. Like albumin and the alpha and 

beta globulins, fibrinogen is produced by the liver. It is essential for blood clotting, a 

process described later in this chapter.  

Other Plasma Solutes 

In addition to proteins, plasma contains a wide variety of other substances. These 

include various electrolytes, such as sodium, potassium, and calcium ions; dissolved 

gases, such as oxygen, carbon dioxide, and nitrogen; various organic nutrients, such 

as vitamins, lipids, glucose, and amino acids; and metabolic wastes. All of these 

nonprotein solutes combined contribute approximately 1 percent to the total volume 

of plasma. 

Cellular Elements: 

Red blood cells (erythrocytes) 

White blood cells (leukocytes) 

                     -Granulocytes (Neutrophils, Eosinophils, Basophils) 

                    -Agranulocytes (Lymphocytes, Monocytes) 

 Platelets (thrombocytes) 

Production of the Formed Elements (Sites of Hemopoiesis) 

-Prior to birth, hemopoiesis occurs in a number of tissues, beginning with the yolk 

sac of the developing embryo, and continuing in the fetal liver, spleen, lymphatic 

tissue, and eventually the red bone marrow. 
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- Following birth, most hemopoiesis occurs in the red marrow, a connective tissue 

within the spaces of spongy (cancellous) bone tissue.   –In children, hemopoiesis can 

occur in the medullary cavity of long bones; . 

-In adults, the process is largely restricted to the cranial and pelvic bones, the 

vertebrae, the sternum, and the proximal epiphyses of the femur and humerus. 

-Hemopoiesis begins when the hemopoietic stem cell is exposed to appropriate 

chemical stimuli collectively called hemopoietic growth factors, which prompt it to 

divide and differentiate.  

The other daughter cell becomes either of two types of more specialized stem 

cells (Figure ): 

• Lymphoid stem cells give rise to a class of leukocytes known as lymphocytes, 

which include the various T cells, B cells, and natural killer (NK) cells, all of which 

function in immunity. However, hemopoiesis of lymphocytes progresses somewhat 

differently from the process for the other formed elements. In brief, lymphoid stem 

cells quickly migrate from the bone marrow to lymphatic tissues, including the lymph 

nodes, spleen, and thymus, where their production and differentiation continues. B 

cells are so named since they mature in the bone marrow, while T cells mature in the 

thymus. 

• Myeloid stem cells give rise to all the other formed elements, including the 

erythrocytes; megakaryocytes that produce platelets; and a myeloblast lineage that 

gives rise to monocytes and three forms of granular leukocytes: neutrophils, 

eosinophils, and basophils. 

 

Figure : Hematopoietic System of Bone Marrow Hemopoiesis is the proliferation and 

differentiation of the formed elements of blood. 
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Hemopoietic Growth Factors: 

Development from stem cells to precursor cells to mature cells is again initiated by 

hemopoietic growth factors. These include the following: 

• Erythropoietin (EPO) is a glycoprotein hormone secreted by the interstitial 

fibroblast cells of the kidneys in response to low oxygen levels. It prompts the 

production of erythrocytes.  

• Thrombopoietin, another glycoprotein hormone, is produced by the liver and 

kidneys. It triggers the development of megakaryocytes into platelets. 

• Cytokines are glycoproteins secreted by a wide variety of cells, including red bone 

marrow, leukocytes, macrophages, fibroblasts, and endothelial cells. They act locally 

as autocrine or paracrine factors, stimulating the proliferation of progenitor cells and 

helping to stimulate both nonspecific and specific resistance to disease. There are two 

major subtypes of cytokines known as colony-stimulating factors and interleukins. 

-Formed Elements of the Blood-45% 

-Erythrocytes (red blood cells) 

-Leukocytes (white blood cells) 

-Platelets (thrombocytes) 
The erythrocyte: is commonly known as a red blood cell (or RBC) . -A single drop 

of blood contains millions of erythrocytes and just thousands of leukocytes. 

Specifically, males have about 5.4 million erythrocytes per microliter (μL) of blood, 

and females have approximately 4.8 million per μL. 

 -The primary functions of erythrocytes are to pick up inhaled oxygen from the lungs 

and transport it to the body’s tissues, and to pick up some (about 24 percent) carbon 

dioxide waste at the tissues and transport it to the lungs for exhalation. 

Shape and Structure of Erythrocytes: 
Erythrocytes are biconcave disks, The biconcave shape also provides a greater 

surface area across which gas exchange can occur. In the capillaries, the oxygen 

carried by the erythrocytes can diffuse into the plasma and then through the capillary 

walls to reach the cells, where as some of the carbon dioxide produced by the cells as 

a waste product diffuses into the capillaries to be picked up by the erythrocytes . Also 

erythrocytes are  flexible. 
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Hemoglobin is a large molecule made up of proteins and iron. It consists of 

four folded chains of a protein called globin, designated alpha 1 and 2, and 

beta 1 and 2 (Figure .a). Each of these globin molecules is bound to a red 

pigment molecule called heme, which contains an ion of iron (Fe2+) (Figure. 

B) 

 

Figure. Hemoglobin (a) A molecule of hemoglobin contains four globin proteins, each of which is bound to one 

molecule of the iron-containing pigment heme. (b) A single erythrocyte can contain 300 million hemoglobin molecules, 

and thus more than 1 billion oxygen molecules. 

Each iron ion in the heme can bind to one oxygen molecule; therefore, each 

hemoglobin molecule can transport four oxygen molecules. An individual erythrocyte 

may contain about 300 million hemoglobin molecules, and therefore can bind to and 

transport up to 1.2 billion oxygen molecules . 

In the lungs, hemoglobin picks up oxygen, which binds to the iron ions, forming 

oxyhemoglobin. The bright red, oxygenated hemoglobin travels to the body tissues, 

where it releases some of the oxygen molecules, becoming darker red 

deoxyhemoglobin, sometimes referred to as reduced hemoglobin. Oxygen release 

depends on the need for oxygen in the surrounding tissues, so hemoglobin rarely if 

ever leaves all of its oxygen behind. In the capillaries, carbon dioxide enters the 

bloodstream. About 76 percent dissolves in the plasma, some of it remaining as 

dissolved CO2, and the remainder forming bicarbonate ion. About 23–24 percent of it 

binds to the amino acids in hemoglobin, forming a molecule known as 

carbaminohemoglobin. From the capillaries, the hemoglobin carries carbon dioxide 

back to the lungs, where it releases it for exchange of oxygen. Changes in the levels 

of RBCs can have significant effects on the body’s ability to effectively deliver 

oxygen to the tissues. Ineffective hematopoiesis results in insufficient numbers of 
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RBCs and results in one of several forms of anemia. An overproduction of RBCs 

produces a condition called polycythemia. 

Erythropoiesis :refers specifically to red blood cell production 

– Phases in development erythrocytes 

1. Ribosome synthesis  

2. Hemoglobin accumulation  

3. Ejection of the nucleus and formation of reticulocytes 

– Reticulocytes then become mature erythrocytes 

 

  

regulated by renal oxygen content.  

-  Erythropoietin, a glycoprotein hormone, is produced by renal cells in response to a 

decreased renal blood O2 content. 

-  Erythropoietin stimulates erythrocyte production in the red bone marrow. 
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Lifecycle of Erythrocytes 

Erythrocytes live up to 120 days in the circulation, after which the worn-out cells are 

removed by a type of myeloid phagocytic cell called a macrophage, located 

primarily within the bone marrow, liver, and spleen.  

-The components of the degraded erythrocytes’ hemoglobin are further processed as 

follows: 

• Globin, the protein portion of hemoglobin, is broken down into amino acids, which 

can be sent back to the bone marrow to be used in the production of new 

erythrocytes.  

-Hemoglobin that is not phagocytized is broken down in the circulation, releasing 

alpha and beta chains that are removed from circulation by the kidneys. 

The iron contained in the heme portion of hemoglobin may be stored in the liver or 

spleen, primarily in the form of ferritin or hemosiderin, or carried through the 

bloodstream by transferrin to the red bone marrow for recycling into new 

erythrocytes. 

-The non-iron portion of heme is degraded into the waste product biliverdin, a green 

pigment, and then into another waste product, bilirubin, a yellow pigment. 

Bilirubin binds to albumin and travels in the blood to the liver, which uses it in the 

manufacture of bile, a compound released into the intestines to help emulsify dietary 

fats. In the large intestine, bacteria breaks the bilirubin apart from the bile and 

converts it to urobilinogen (urine) and then into stercobilin (feces). 

 -It is then eliminated from the body in the feces. Broad-spectrum antibiotics typically 

eliminate these bacteria as well and may alter the color of feces. The kidneys also 

remove any circulating bilirubin and other related metabolic byproducts such as 

urobilins and secrete them into the urine. 

Formation & Destruction of RBCs 
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Disorders of Erythrocytes 

The size, shape, and number of erythrocytes, and the number of hemoglobin 

molecules can have a major impact on a person’s health.  

-When the number of RBCs or hemoglobin is deficient, the general condition is 

called anemia. 

-Anemia is caused by faulty or decreased RBC production include sickle cell anemia, 

iron deficiency anemia, vitamin deficiency anemia, and diseases of the bone marrow 

and stem cells. 

-A characteristic change in the shape of erythrocytes is seen in sickle cell disease 

(also referred to as sickle cell anemia).  

-A genetic disorder, it is caused by production of an abnormal type of hemoglobin, 

called hemoglobin S, which delivers less oxygen to tissues and causes erythrocytes to 

assume a sickle shape, especially at low oxygen concentrations . 

-These abnormally shaped cells can then become lodged in narrow capillaries 

because they are unable to fold in on themselves to squeeze through, blocking blood 

flow to tissues and causing a variety of serious problems from painful joints to 

delayed growth and even blindness and cerebrovascular accidents (strokes).  

-Sickle cell anemia is a genetic condition particularly found in individuals of African 

descent. 

 

 
 

Figure: Sickle cell anemia is caused by a mutation in one of the hemoglobin genes. Erythrocytes 

produce an abnormal type of hemoglobin, which causes the cell to take on a sickle shape. 

 

 

-Iron deficiency anemia is the most common type and results when the amount of 

available iron is insufficient to allow production of sufficient heme. This condition 

can occur in individuals with a deficiency of iron in the diet and is especially 

common in teens and children. Additionally, iron deficiency anemia may be caused 

by either an inability to absorb and transport iron or slow, chronic bleeding. 
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• Vitamin-deficient anemia is generally involve insufficient vitamin B12 and folic 

acid . 

 

-In contrast to anemia, an elevated RBC count is called polycythemia. 

Polycythemia is an abnormal excess of erythrocytes that increases the viscosity of the 

blood, causing it to sludge or flow sluggishly.  

 Common causes of polycythemia include: 
Bone marrow cancer 

2)A response to reduced availability of oxygen as at high elevations 

 

Leukocytes 

Leukocytes, also called white blood cells, are the only blood cells that are truly 

complete cells containing nuclei and organelles. They do not contain hemoglobin. They 

generally account for only 1% of the blood volume, but they are an important 

component of the immune system. They possess properties that allow them to carry out 

immune functions. WBCs leave the circulatory system by a process called emigration. 

 Emigration involves several steps: 

1. Near the site of inflammation, the endothelial cells lining the capillaries display cell 

adhesion molecules called select ins on their surface. Neutrophils have other cell 

adhesion molecules called integrin on their surface that recognize select ins. This causes 

the WBCs to line up along the inner surface of the capillaries near the inflamed site, a 

process called emigration  

2. WBCs can move out of the capillaries through a process called diapedesis.  

3. After leaving the bloodstream, they migrate via amoeboid action  following a 

chemical signal produced by damaged tissue, a process called positive chemotaxis. 

4. Neutrophils and macrophages become phagocytized and then ingest bacteria and 

dispose of dead matter. 
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-Normal leucocyte count varies from 4,000 to 11,000/mm3 of blood. 

*Classify leucocytes. 

Leucocytes are broadly classified on the basis of presence or absence of granules in the 

cytoplasm into: 

Granulocytes. 

 Agranulocytes. 

Granulocytes are of three types: 

Neutrophils: They contain granules which take both acidic and basic stain. 
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Eosinophils: They contain granules which take acidic stain . 

Basophils: They contain granules which take basic stain . 

Agranulocytes are of two types: 

 Lymphocytes . 

Monocytes. 

* Granulocytes: 

We will consider the granular leukocytes in order from most common to least common. 

All of these are produced in the red bone marrow and have a short lifespan of hours to 

days. They typically have a lobed nucleus and are classified according to which type of 

stain best highlights their granules. 

 

 Figure . Granular Leukocytes 

1-neutrophils will normally comprise 50–70 percent of total leukocyte count. They 

are 10–12 μm in diameter, significantly larger than erythrocytes. They are called 

neutrophils because their granules show up most clearly with stains that are 

chemically neutral (neither acidic nor basic).. The nucleus has a distinct lobed 

appearance and may have two to five lobes. 

Neutrophils are rapid responders to the site of infection and are efficient phagocytes 

with a preference for bacteria. Their granules include lysozyme, an enzyme capable 

of lysing, or breaking down, bacterial cell walls. 

2-Eosinophils typically represent 2–4 percent of total leukocyte count. They are also 

10–12 μm in diameter. The granules of eosinophils stain best with an acidic stain 
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known as eosin. The nucleus of the eosinophil will typically have two to three lobes 

and, if stained properly, the granules will have a distinct red to orange color. 

-The granules of eosinophils include antihistamine molecules, which counteract the 

activities of histamines, inflammatory chemicals produced by basophils and mast 

cells. Some eosinophil granules contain molecules toxic to parasitic worms. 

3-Basophils are the least common leukocytes, typically comprising less than one 

percent of the total leukocyte count. They are slightly smaller than neutrophils and 

eosinophils at 8–10 μm in diameter. The granules of basophils stain best with basic 

(alkaline) stains. Basophils contain large granules that pick up a dark blue stain and 

are so common they may make it difficult to see the two-lobed nucleus. 

-The granules of basophils release histamines, which contribute to inflammation, and 

heparin, which opposes blood clotting. 

- High counts of basophils are associated with allergies, parasitic infections, and 

hypothyroidism. Low counts are associated with pregnancy, stress, and 

hyperthyroidism. 

*A granular Leukocytes 

A granular leukocytes contain smaller, less-visible granules in their cytoplasm than 

do granular leukocytes. The nucleus is simple in shape, sometimes with an 

indentation but without distinct lobes. There are two major types of a granulocytes: 

lymphocytes and monocytes. 

1-Lymphocytes are the only formed element of blood that arises from lymphoid stem 

cells. Although they form initially in the bone marrow. 

-Lymphocytes are the second most common type of leukocyte, accounting for about 

20–30 percent of all leukocytes, and are essential for the immune response.  

-The three major groups of lymphocytes include natural killer cells, B cells, and T 

cells. -B cells and T cells, also called B lymphocytes and T lymphocytes, play 

prominent roles in defending the body against specific pathogens (disease-causing 

microorganisms) and are involved in specific immunity. 

2-Monocytes originate from myeloid stem cells. They normally represent 2–8 

percent of the total leukocyte count. They are typically easily recognized by their 

large size of 12–20 μm and indented or horseshoe-shaped nuclei.  
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Macrophages are monocytes that have left the circulation and phagocytize debris, 

foreign pathogens, worn-out erythrocytes, and many other dead, worn out, or 

damaged cells. Macrophages also release antimicrobial defenses and chemotactic 

chemicals that attract other leukocytes to the site of an infection. 

Disorders of Leukocytes 

1-Leukopenia is a condition in which too few leukocytes are produced. If this 

condition is pronounced, the individual may be unable to ward off disease. Excessive 

leukocyte proliferation is known as leukocytosis. Although leukocyte counts are high, 

the cells themselves are often nonfunctional, leaving the individual at increased risk 

for disease. 

2-Leukemia is a cancer involving an abundance of leukocytes.  

3-Lymphoma is a form of cancer in which masses of malignant T and/or B 

lymphocytes collect in lymph nodes, the spleen, the liver, and other tissues. 
 

 Platelets 

You may occasionally see platelets referred to as thrombocytes, but because this 

name suggests they are a type of cell, it is not accurate. A platelet is not a cell but 

rather a fragment of the cytoplasm of a cell called a megakaryocyte that is surrounded 

by a plasma membrane. Megakaryocytes are descended from myeloid stem cells  and 

are large, typically 50–100 μm in diameter, and contain an enlarged, lobed nucleus. 

As noted earlier, thrombopoietin, a glycoprotein secreted by the kidneys and liver, 

stimulates the proliferation of megakaryoblasts, which mature into megakaryocytes. 

Platelets are relatively small, 2–4 μm in diameter, but numerous, with typically 

150,000–160,000 per μL of blood. After entering the circulation, approximately one-

third migrate to the spleen for storage for later release in response to any rupture in a 

blood vessel. They then become activated to perform their primary function, which is 

to limit blood loss. Platelets remain only about 10 days, then are phagocytized by 

macrophages. Platelets are critical to hemostasis, the stoppage of blood flow 

following damage to a vessel. 

Platelet formation 

Platelet formation is stimulated by the hormone thrombopoietin (TPO). 

Thrombopoietin causes myeloid stem cells to develop into megakaryocyte–colony 

forming cells, which then become megakaryoblasts. Megakaryoblasts are large cells 

that later splinter into 2,000 to 3,000 fragments. Each fragment has a cell membrane 

and is called a platelet, or thrombocyte. 
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Figure . Platelets are derived from cells called megakaryocytes. 

-Pathological variations in platelet count are as follows: 

1-Thrombocytopenia (decrease in platelet count) . 

2-Thrombocytosis (increase in the platelet count). 

 

Hemostasis 
It means prevention of blood loss. Platelets do the function of haemostasis. There are 

three steps to the process: vascular spasm, the formation of a platelet plug, and 

coagulation (blood clotting). Failure of any of these steps will result in hemorrhage—

excessive bleeding. 

1-Vascular Spasm 

When a vessel is severed or punctured, or when the wall of a vessel is damaged, 

vascular spasm occurs. In vascular spasm, the smooth muscle in the walls of the 

vessel contracts dramatically. The vascular spasm response is believed to be triggered 

by several chemicals called endothelins that are released by vessel-lining cells and by 

pain receptors in response to vessel injury. 

 



Dr.DAKHEEL                                             Blood                                LECTURES PHYSIOLOGY 

http://cvet.tu.edu.iq 
18 

 

2- Formation of the Platelet Plug 
 In the second step, platelets, which normally float free in the plasma. The platelets 

begin to clump together, become spiked and sticky, and bind to the exposed collagen 

and endothelial lining. This process is assisted by a glycoprotein in the blood plasma 

called von Willebrand factor, which helps stabilize the growing platelet plug. As 

platelets collect, they simultaneously release chemicals from their granules into the 

plasma that further contribute to hemostasis. Among the substances released by the 

platelets are: 

• adenosine diphosphate (ADP), which helps additional platelets to adhere to the 

injury site, reinforcing and expanding 

the platelet plug 

• serotonin, which maintains vasoconstriction. 

• prostaglandins and phospholipids, which also maintain vasoconstriction and help to 

activate further clotting chemicals. 

3- Coagulation 
When blood clots, it forms a straw-colored liquid called serum and a gellike mass 

called a clot. The clot consists of insoluble protein fibers called fibrin that trap other 

formed elements of the blood.  

Clotting, or coagulation, involves a series of chemical reactions resulting in fibrin 

thread formation. Clotting factors include calcium ions, inactive enzymes produced in 

the liver and released into the circulatory system, and chemicals released from 

platelets and damaged tissue. The sequential activation (reaction cascade) of the 

clotting factors finally leads to the formation of fibrin meshwork. 

-  Blood cells are trapped in fibrin meshwork to form a hard clot.   

 Clotting consists of three stages ;  

1) two pathways, called the intrinsic and extrinsic pathways, leading to the 

production of prothrombinase, 2) conversion of prothrombin to thrombin, 

catalyzed by prothrombinase, and 3) thrombin catalyzing the conversion of 

fibrinogen into insoluble fibrin. 
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Figure summarizes the three steps of hemostasis(a) An injury to a blood vessel initiates the 

process of hemostasis. Blood clotting involves three steps. First, vascular spasm constricts the flow 

of blood. Next, a platelet plug forms to temporarily seal small openings in the vessel. Coagulation 

then enables the repair of the vessel wall once the leakage of blood has stopped. (b) The synthesis 

of fibrin in blood clots involves either an intrinsic pathway or an extrinsic pathway, both of which 

lead to a common pathway 

Fibrinolysis  

is the gradual degradation of the clot. Again, there is a fairly complicated series of 

reactions that involves factor XII and protein catabolizing enzymes. During this 

process, the inactive protein plasminogen is converted into the active plasmin, which 

gradually breaks down the fibrin of the clot. 
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Blood Typing 

Blood transfusions in humans were risky procedures until the discovery of the major 

human blood groups by Karl Landsteiner, an Austrian biologist and physician, in 

1900. Until that point, physicians did not understand that death sometimes followed 

blood transfusions, when the type of donor blood infused into the patient was 

incompatible with the patient’s own blood. Blood groups are determined by the 

presence or absence of specific marker molecules on the plasma membranes of 

erythrocytes. With their discovery, it became possible for the first time to match 

patient-donor blood types and prevent transfusion reactions and deaths. 

 

Although the ABO blood group name consists of three letters, ABO blood typing 

designates the presence or absence of just two antigens, A and B. Both are 

glycoproteins. People whose erythrocytes have A antigens on their erythrocyte 

membrane surfaces are designated blood type A, and those whose erythrocytes have 

B antigens are blood type B. People can also have both A and B antigens on their 

erythrocytes, in which case they are blood type AB. People with neither A nor B 

antigens are designated blood type O. ABO blood types are genetically determined. 

 

-People whose erythrocytes have A antigens on their erythrocyte membrane surfaces 

are designated blood type A, and those whose erythrocytes have B antigens are blood 

type B. 

-People can also have both A and B antigens on their erythrocytes, in which case they 

are blood type AB.  

-People with neither A nor B antigens are designated blood type O. ABO blood types 

are genetically determined. 

 

Rh Blood Groups 
The Rh blood group is classified according to the presence or absence of a second 

erythrocyte antigen identified as Rh. (It was first discovered in a type of primate 

known as a rhesus macaque, which is often used in research, because its blood is 

similar to that of humans.)  

Although dozens of Rh antigens have been identified, only one, designated D, is 

clinically important. Those who have the Rh D antigen present on their 

erythrocytes—about 85 percent of Americans—are described as Rh positive (Rh+) 

and those who lack it are Rh negative (Rh−). 

Determining ABO Blood Types 

Clinicians are able to determine a patient’s blood type quickly and easily using 

commercially prepared antibodies.  
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An unknown blood sample is allocated into separate wells. Into one well a small 

amount of anti-A antibody is added, and to another a small amount of anti-B 

antibody. If the antigen is present, the antibodies will cause visible agglutination of 

the cells. 

 
 

 

Figure . ABO Blood Group This chart summarizes the characteristics of the blood types in the ABO 

blood group. See the text for more on the concept of a universal donor or recipient. 

What is the clinical importance of Rh group? 

In Rh group system, natural antibodies against Rh agglutinogens are not present, i.e. 

Rh-negative person does not have agglutinins against Rh antigen. Therefore, if by 

chance a Rh-negative person receives Rh-positive blood for the first time, Rh antigen 

causes sensitization, i.e. stimulation of immune system. Large number of antibodies 

(agglutinins) are formed against Rh antigen. Thus when that person is given Rh 

positive blood next time, he gets severe reaction. 
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Similarly, in Rh-negative woman bearing Rh-positive child for the first time 

sensitization occurs. At the time of delivery fetal cells enter maternal circulation. 

Mother is sensitized and agglutinins against Rh antigen are formed. If next time also 

the woman bears Rh-positive child, it is likely to suffer because of agglutinins 

passing from mother to fetus through placenta. These agglutinins cause agglutination 

of fetal red blood fells leading to disease called erythroblastosis fetalis. 

 

How can erythroblastosis fetalis be prevented? 

Erythroblastosis fetalis can be prevented by desensitizing the pregnant Rh-negative 

mother (bearing Rh-positive fetus) by injecting antibodies IgH (anti-D agglutinins). 

 

Syllabus courses one: 

 

Cardiovascular system(structure of the heart, and course of blood flow through the 

heart chambers and heart valves, cardiac cycle, heart sounds, the electrocardiogram 

cardiac output, blood flow in vessels, blood pressure, capillary circulation, venous 

circulation, cardiovascular regulatory mechanisms, innervations of blood vessels, 

cardiac innervation, vasomotor center, baroreceptors and blood-brain barrier). 

12 

11-12 

Respiration (functional structures, mechanics of pulmonary ventilation, partial 

pressure of gases in alveolar and blood, surfactant, surface tension, and collapse of 

the alveoli, pulmonary volumes, pulmonary capacities, alveolar ventilation, dead 

space and its effect on alveolar ventilation, functions of the respiratory. Passageways, 

mechanics of respiration, transport of gases in the blood and regulation of respiration) 

8 

13-15 

Digestive system: salivary glands and saliva, structures of digestive system, gastric 

secretion, regulation of gastric secretion, exocrine portion of the pancreas, liver and 

biliary system, small intestine, intestinal secretion, intestinal motility, large intestine, 

defecation, absorption, rumination, microbiology of the rumen. 


