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The Circulatory System 

• The circulatory system of the chicken is a closed circulatory system.  

• The circulatory system is responsible for the transport of the various 

essential compounds and other factors around the body, as well as the 

removal of the metabolic wastes that accumulate in the tissues from body 

activities, to the appropriate places. such as poisons or toxins and disease 

causing organisms.  

•  The avian circulatory system consists of a heart plus vessels that transport 

around the body are blood:  

1. Nutrients 

2. Oxygen and carbon dioxide 

3. Waste products, the residue of worn out cells and the wastes of 

metabolism.  

4. Hormones 

5. Heat.  

6.  Medications and antibodies to fight infection. 

• The life giving blood of the system is always contained in a vessel.  

•  The vessels we are talking about are arteries, veins and capillaries. 

•  Arteries carry the bright red oxygenated blood away from the heart to the 

capillaries.  

•   Birds, like mammals, have a 4-chambered heart (2 atria & 2 ventricles), 

with complete separation of oxygenated and de-oxygenated blood. 

•   The right ventricle pumps blood to the lungs, while the left ventricle pumps 

blood to the rest of the body. Because the left ventricle must generate greater 

pressure to pump blood throughout the body (in contrast to the right 

ventricle that pumps blood to the lungs), the walls of the left ventricle are 

much thicker & more muscular. 
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Heart: 

 In broad terms the heart acts as the pump that pumps in two directions: 

1. To the lungs where the carbon dioxide in the blood is removed and the oxygen 

replaced 

2. To the rest of the body to deliver the nutrients and oxygen to the cells and to 

collect wastes and carbon dioxide 

 The blood leaves the heart via arteries called the aorta (to the body) and the 

pulmonary artery (to the lungs). The blood always enters the heart via the 

vena cava vein (from the body) and the pulmonary vein (from the lungs).  

 

Blood Vessels: 

 Arteries: carries blood from heart & to the rest of the body. 

 Arterioles: directs blood to certain tissues of the body. 

 Capillaries: site of exchange between blood and tissues. 

 Veins: brings oxygenated blood back to the heart. 

Define of Blood: 

      Blood is a liquid connective tissue which represents internal medium of the 

body and save the life of cells by supplying them with necessary food and oxygen 

for life. And the advantage of relatively stable blood continued its contents where 

the changes that occur in very narrow so it knew the relative stability Homeostasis 

by Cannon, a result of this relative stability in birds body cells, its functions are 

performed only.  

 



In general, the blood cells of birds from technically morphologically similar 

substantially to those of mammals, with two exceptions main relate to cells: 

1. Red blood cells (RBC) or erythrocytes:  

the red blood cells in birds containing nucleus, which lacks its presence in 

mammals, the function similar to the function of red blood cells In 

mammals, different platelets in birds the existence of the nucleus and its role 

is clear in the process of blood clotting blood coagulation.  

 

2. Naturally excluding isotope white blood cell (WBC):  

Neutral type (neutrophill) in mammals, which heterogeneous in birds called 

heterophill, because the granules colored with cytoplasmic acidic pigments. 

 

3. Thrombocytes: While these cells are called platelets in mammals, but do 

not contain a nucleus, and also has a bird structures and clear and pigmented. 

 

Blood 

 Components of Blood:  

- Red Blood Cells (erythrocyte)  

- White Blood Cells (leukocyte)  

- Thrombocytes (platelets) 

- Plasma and serum.  

 

 

 

 



Blood consists , carries and function: 

 Blood is the transport vehicle for the body. It is a very complex compound 

and consists of: 

1. Liquid intercellular substance or plasma 

2. Suspended formed elements 

 The formed elements include the red corpuscles or erythrocytes, the white 

corpuscles or leukocytes and the thrombocytes that correspond to the 

mammalian platelets. Blood also carries a great number and variety of other 

substances and factors. These include: 

1. Products from metabolism (wastes) 

2. Hormones 

3. Enzymes 

4. Antibodies 

5. Effete products of tissues and organs (effete = worn out) 

6. Many other organic and inorganic compounds. 

 Formed in bone marrow as well as liver, spleen, and thymus at times in 

bird’s life. Life spans 28-35 days (cf. 120 days in human). RBCs size is 

big in birds than mammals as the length of the long axis 10-15 micrometer 

and short axis micrometer 5-8 and 2-4 micrometer in thick, the number of 

RBC ~3 million (106) per mm3 bloods 

 

          



The functions of the blood circulation system are as follows, identify 

these from the sketch above showing the blood circulation system and 

note the direction of blood flow by looking at the direction of the 

arrows: 

 

1. The heart pumps oxygen-containing blood (red blood vessels) to 

tissues of the various body parts where oxygen is given off and carbon 

dioxide picked up and blood returns to the heart. 

 

2. The carbon dioxide-containing blood (blue vessels) is pumped to the 

heart and lungs. Exchange of carbon dioxide for oxygen takes place 

and returns to the heart. 

 

3. Nutrients from digested feed is picked up in the digestive tract and 

transported to the liver and heart for distribution to body tissues. 

 

4. Transporting heat from inner organs to the skin. This is not illustrated 

in the illustration above but has already been discussed in an earlier 

chapter. The rate of heat loss from the skin will obviously be 

determined by the difference in temperature of the body and the 

surrounding air.  

 

Components of Blood: 

1. Red Blood Cells (erythrocyte) 

2. White Blood Cells (leukocyte) 

3. platelets (thermbocytes) 

4. plasma and serum 

 

 

 

 

 

 

 



  

Erythrocytes (Red Blood Cells) RBC: 

      These are large, oval, flat, nucleated cells (mammalian erythrocytes are non-

nucleated). Occasionally erytheroid structures without a nucleus are observed but 

these are normal avian erythrocytes from which the nucleus has been lost. The 

nucleus is centrally located and tends to be elongated in shape with a length of 

approximately 12 microns and a width of approximately 7 microns. The red 

colouring is caused by the presence of haemoglobin which is an iron compound 

that carries oxygen. The function of the erythrocytes is to transport the oxygen 

from the lungs to the tissues and the carbon dioxide from the tissues to the lungs. 

The erythrocytes are formed in the red bone marrow. 

 Red blood cells in birds are oval in shape, it contain nucleus inside duration 

it life that unlike in mammals. 

 

Red Blood Cells Formation: 

 Erythropoiesis = process of RBC formation 

 Erythropoietin (EPO) = kidney hormone that controls erythropoiesis  

 Increased at high altitudes 

 Glycoprotein hormone 

 Stimulates red blood cell formation  

 Humans - Anemia Treatment 

Erythrocytes or red blood cells Storage and Removal: 

 Spleen stores RBC in mammals 

 Bone marrow stores RBC in birds, little spleen storag  

 Phagocytes remove dead and dying RBC. 

 Kupffer cells= stationary macrophages (phagocytes were monocytes) in liver 

that remove RBC. 



Erythrocytes or red blood cells Functions: 

 Transport hemoglobin 

 Hemoglobin transports:  

 Oxygen 

 CO2 

 Convert carbon dioxide and water into carbonic acid and vice versa 

 Carbonic anhydrase enzyme 

 CO2 + H2O H2CO3 HCO3+ (bicarbonate) + H+ 

 Maintains acid base balance = osmotic regulation. 

Red Blood Cells Anemia: 

 

 Physiopathological term meaning: 

 Reduction in circulating RBC numbers or A deficiency of hemoglobin in blood 4 

types of anemia: 

 Hemorrhagic = excessive blood (RBC) loss. 

 A plastic = due to drugs, irradiation To much coccidiastat Common in older 

animals. 

 Pernicious = bone marrow doesn’t make RBC Lack of Vit. B12 in diet or 

absorption of B12. 

 B12 intrinsic factor – macoprotein secreted by intestines to help in B12 

uptake. 

 Hemolytic – intravascular explosion of RBC Genetic, recessive trait made 

worse by high temp. 

 



Red Blood Cells Excess:  

   Polycythemia: Excess RBC  

 Not pathological 

 Occurs as a result of need for oxygen 

 Adaptation that occurs when animals are reared at high elevations or diet, 

and toxins. 

 

                           

Factors that effect in the number of Erythrocyte:  
      their number is affected by several factors 

1. Age: The number of RBCs is change at progress of bird’s age. 

2.  Sex: The number of RBCs in males higher than females, because the 

influence of testosterone hormone in males which increase the production of 

RBCs. Male > female because androgens ↑RBC formation and estrogens ↓ 

RBC formation. 

3.  Hormones: experiments were showed castrated roosters observed low 

numbers of RBC, in castrated roosters be equal in level to the female, while 

paulards (ovary removal) did not change the number of RBC in these 

females. 

4.  Hypoxia: in cases of lack of oxygen (O2) hypoxia-ready bird and the 

reaction. The adaptation of birds and pushed these birds to increase the 

number of RBC in the blood for the purpose of compensating the decline 

rate in the O2 equipped with shows such as these cases are evident in birds 

that live in areas of high-rise and high above sea level with a low percentage 

of O2 in the atmosphere. 



A measure of the RBC: 

1. Erythrocytes or red blood cells Hemoglobin (Hb):  

        Hemoglobin in birds contains four units on a container sub-Heme iron. And 

combine units Heme with globins to form single molecule of Hb container on the 

four polypeptide chains. Also Hbs functions is breathing where it combines with 

the O2 to be the compound Oxy-hemoglobin, is associated with Co2 as compound 

carboxy-hemoglobin.  

 Made by RBC and not bone marrow 

 8-12 g/dl in chicken blood 

 Hb destruction process occurs in the liver thus uses the heme part in the 

formation of bile pigment called bilverdin (green color). 

 Mean corpuscular hemoglobin (MCH) = the average amount of 

hemoglobin in a red blood cell. Amount of Hb in RBC = 50 pg/cell. 

 Mean corpuscular hemoglobin concentration (MCHC) = the average 

concentration of hemoglobin in a red blood cell. The concentration RBC that 

is Hb = 25%. 

 Hemoglobin (Hb) Structure:  

 4 heme molecules + 4 polypeptide chains (globulins) 

 Each heme molecule contains one Fe molecule 

 Each Fe molecule can carry one O2 molecule 

 Therefore each hemoglobin molecule carries 4 O2 molecu. 

 

 

 

 

 



2.     Packed Cell Volume (hematocrit): 

the percentage of red blood cells in the total volume of blood Include the size of 

blood cells are arranged PCV of all blood cells, but primarily RBC and then white 

blood cells WBC which are 1-1.5%.  

Among the factors that affect the size of the PCV: 

 

 1. Strain breed: egg strains characterized by low numbers of RBC and therefore 

the proportion or the size of the PCV.| 

2. Sex: male advantage of high volume of PCV, which resulted from higher 

numbers of RBC in the blood of female reverse the link above, where the value of 

PCV in males 30-45% and in females 20-30%. 

3. Season: the size of PCV increases in the winter and lower in summer due to 

frighten the case for blood as a result of hemodilution to increase drinking water. 

4. Nutrition: the lack of chicken diets of some elements such as iron, copper, 

reduces the size of the PCV; this is because these elements are essential for cell 

formation RBC. 

 

3. The rate of deposition of red blood cells Erythrocyte 

Sedimentation Rate (ESR): 

       Expressed in the deposition quickly red blood cells RBC, which is measured 

by mm / h, the rate of deposition of red blood cells on the two main forces, are: 

1. Ground power of earth gravity: attraction trying to pull blood cells to the 

below. 

2. The power of frictional resistance: resulting from the briefing plasma cells, 

red blood prevent it from sedimentation and make it stuck in the plasma. 

 

 



White blood cell (leukocyte): 

 These are nucleated, amoeboid cells with a colorless cytoplasm. Some have 

fine granules in their cytoplasm, others carry coarse granules and others are 

non-granular. Because of the presence of granules the leucocytes are often 

called granulocytes. Most are phagocyte. The shape is therefore variable, 

but under normal conditions they are spherical. They are mono-nuclear 

although at times they appear to be multi-nuclear because of the shape of the 

nucleus as it is often multi-lobed. 

 The leucocytes are formed in the spleen, lymphoid tissue and in special cells 

in the bone marrow. The average count is approximately 30,000 per 

milliliter in adult birds and 10,000 per milliliter in day old chickens.  

 

Type of leukocyte: 

   A. Granulocyte:  

1. Heterophils:  

 These are known as heterophils. 

 They are spherical cells with a diameter of 10-15 nanometres (nm). 

 The nucleus is distinctly lobulated, with the lobes joined by thick strands of 

nucleoplasm (nucleus material).  

 These cells play an important part in the body’s defence against bacterial 

invasion as they have a bactericidal function and ingest protein.  

 

2.  Eosinophils:  
 These are of similar size to the heterophils (10-15 nm), and the 

nucleus is frequently bi-lobed.  

 The eosinophilic granules in the nucleus are round and are not so 

numerous as the granules in the heterophils. 

  The function of the eosinophils is not definitely known but it is 

believed that they increase in number in cases of internal parasite 

infestations. It has been suggested also that they have a detoxifying 

function. 

 



3. Basophils:  

 These are also about the same size as the heterophils and eosinophils.  

 The nucleus is generally not lobulated but appears to be oval in shape.  

 There tends to be fewer of these cells and their function is unknown, 

however it has been suggested that they are a stage in the degeneration 

of eosinophils. 

 

B. Agranulocytes:  

1. Lymphocytes:  
 These are the most numerous of all of the leukocytes. Their size varies 

significantly, the older cells being somewhat smaller than the newer 

cells because of the loss of cytoplasm from the older cells.  

 The nucleus size is the same in all cells but may be kidney shaped in 

some cases. 

   The mobility of these cells is greatly reduced and their phagocytic 

action is probably nil.  

 Their function is thought to be that of regulating toxic materials.  

 They also release enzymes that assist in the synthesis of nucleoplasm. 

  In their degeneration they release special compounds called gamma 

globulins that have antibody properties. 

 

2. Monocytes:  
  Monocytes are the largest of all of the leukocytes.  

 They are difficult to separate from the large lymphocytes because of a 

strong similarity in appearance.  

 The nucleus may be round, oval or kidney shaped.  

 They are very mobile and very phagocytic in their activity. Their 

function is to remove, by ingestion, bacteria, protozoan and tissue 

debris. 

 

 



The numbers and types of white cells (WBC) in birds influenced by 

several factors: 
 

 Gender - Age - food - environment - hormones and medicines - Diseases 

- type - activity and strain. 

 

  The most common type of WBC is not affected by the natural conditions 

experienced by birds are lymphocytes and heterophil numbers change as a 

result, believes that these two types of cells have the ability to resist or 

ingestion of infectious material or exotic. 

 

 Heterophil numbers increase and fall heterophil numbers of cells in the 

blood of animals susceptible to fatigue stress. 

 

  The number of WBC in females higher than males and because the 

hormone estrogen leads to higher total number of WBC. 

 

  Increase the number of WBC with age since hatching. 

 

 Vary the number of WBC per day diurnal variation noted researchers to 

rise in the hours 2-4 pm and as a result of increased activity of birds in 

these hours. 

 

 Nutrition affects the numbers of WBC, where lack of vitamin Riboflavin 

(B2) and Thiamin (B1) leads to higher heterophil and lymphocytes.  

 

 The disease also affects cells of the WBC as the Leukemia disease in 

chickens caused by the high lymphocytes cells, while the white diarrhea 

Pullorum, typhoid and tuberculosis and blue comb cells caused by the 

increases of monocyte. 

 

                                  

 

 

 

 

 

 

    



Thrombocytes (platelets): 

 The thrombocytes are similar to the blood platelets of mammals, however, 

they are less involved with blood clotting.  

 A plate vessels found in the birds from the above cells and mono-nucleated 

cells, thrombocytes are fragile  like the nucleus of RBC but greater than 

thrombocytes. 

 They are quite numerous (approximately 25000 per millilitre). They are the 

smallest of all of the blood cells and group together as small clumps. 

 Thrombocytes are formed in the bone marrow in a way similar to 

the red blood cells. 

 thrombocytes have another function is phagocytosis which occur only in 

domestic  fowl embryos. 

 

 

 

 

 

 

 



Plasma:  

 Plasma makes up about 55% of the overall blood volume. It is the liquid 

portion of blood and is 90% water. Other than water, plasma also contains 

fibrinogen (which contributes to the normal clotting of blood) and albumin 

(which acts to keep fluid in your bloodstream and prevent leaking into other 

tissues).  

 The purpose of plasma in the blood is to transport all the proteins, nutrients, 

antibodies, hormones etc. all over the body. As the plasma races around the 

body, cells will deposit their waste into the plasma, which contributes to 

another job of the plasma: waste removal.  

Serum: 

 Is plasma minus the clotting factors and blood cells.  

 During the process of removing the clotting factors (achieved by 

centrifugation), the protein fibrinogen as described above is 

converted to fibrin. Fibrin is an insoluble protein that is used to assist in the 

repair of tissue damage by forming a clot over the wound which acts to 

hinder the flow of blood. 

What’s the difference between Plasma & Serum? 

 A difference between plasma and serum is that plasma is liquid, and serum 

is fluid. 

  While most of the components are the same for both plasma and serum, 

plasma contains fibrinogen which is absent in serum.  

 Both plasma and serum can be extracted from blood with the use of 

a centrifuge but it’s worth noting that serum is obtained after the clotting of 

blood, while plasma can be obtained before the coagulation of the blood.  

 Serum is mostly used for blood typing but is also used for diagnostic testing.  

 Plasma, on the other hand, is mostly used for blood-clotting related 

problems. 


