Function of Blood

Blood is considered to be a liquid tissue, made up of a cellular portion and fluid portion.  Before understanding the function of blood, you must first understand the path it takes.

From the heart the blood leaves the right ventricle via the pulmonary artery and enters the lungs to become oxygenated.  Carbon dioxide is diffused out of the blood and oxygen combines with hemoglobin as it passes through pulmonary capillary vessels. It returns to the heart via the pulmonary vein and enters the left chambers of the heart where it leaves the heart to enter the body via the aortic artery.  The circulatory system is a closed circuit and from the artery, the blood enters the arterioles.  Arterioles maintain the regulation of blood flow and blood pressure.  From there the blood is transferred to the capillary vessels.  These supply tissue with oxygen and remove waste.  Venules drain de-oxygenated blood from the capillary vessels and deposit it into the veins where the blood is transported back to the heart via the superior and inferior vena cava.

The functions of blood include:

1. Transporting : dissolved gasses, waste products, hormones, enzymes, nutrients, plasma proteins, blood cells

2. Maintaining Body Temperature

3. Controls the pH

4. Removal of toxins from the body

5. Regulation of body fluid electrolytes

Erythrocytes

In order for erythrocytes to be produced, certain requirements must be met. There must be an adequate supply of iron, copper cobalt and vitamins as well as hematopoietic factors.  If all of these are present in normal quantities, erythrocyte precursors will mature in an orderly process and cells will synthesize normal hemoglobin molecules at the proper stage of growth.

With the absence of some or all of these factors abnormal erythropoiesis may occur.  Abnormal production may appear as incompletely hemoglobinated or atypical cells that have morphologic abnormalities.  Abnormal erythropoiesis does not always result in a lack of red cells or hemoglobin production. Under some circumstances, excessive numbers of erythrocytes may be produced.  The average life span for erythrocytes averages approximately 100-120 days in the dog and 70 – 78 days in the cat.  The normal morphology of the erythrocyte in the dog is a large biconcave disk of uniform size with central palor.  In the cat the erythrocyte is slightly smaller with slight to no central palor.

Erythrocyte maturation occurs in the bone marrow.  Multi-potential stem cells from the bone marrow becomes a rubriblast.  The rubriblast responds to the body’s need for erythrocytes by dividing and maturing.  Each rubriblast will give rise to 8 – 16 erythrocyte and division will occur until the nucleus becomes pyknotic (programmed cell death). Under normal circumstances erythrocyte production is maintained in a steady state that exactly matches the rate of destruction.

Erythrocytes may be affected by pathologic or physiologic alterations such as:

1. hypertrophy or polycythemia (net increase in the total number of RBC)

2. atrophy or anemia (net decrease in the total number of RBC)

3. hydremia or hemodilution (decrease in the total amount of hemoglobin carried)

4. dehydration or hemoconcentration. (increase in the total amount of hemoglobin carried)

Erythropoietin is a hormone that stimulates normal bone marrow to increase production and release of erythrocytes by accelerating differentiation of stem cells.  Erythropoietin is normally present in small amounts in plasma.  The kidneys play a dominant role in the production of erythropoietin.  Erythropoietin may be induced in the animal by repeated bleedings which create anemia.

Iron is an essential mineral in the hemoglobin molecule.  When aged erythrocytes are destroyed, iron is liberated where it is then incorporated into developing erythrocytes or is stored.  Proper diet is essential for the production of erythrocytes.  The erythrocyte is composed of 60 – 70 per cent water, 28 to 35 per cent hemoglobin and a matrix of inorganic and organic materials.  The cell membrane is nonelastic but is flexable.  The primary function is to carry hemoglobin.

Destruction of erythrocytes is a continual process.  One method of destruction is fragmentation.  Fragmented portions of cells continue to become smaller until they are only dust like particles.  An abnormally shaped cell may be suggestive of a cell that is to be destroyed.  Abnormally shaped cells are not produced by the bone marrow but are frequently found in the spleen.  Abnormal cells in the peripheral circulation in association with anemia may be a sign of early destruction of cells.

The function of the spleen is the removal of abnormal red cells and senior erythrocytes.  They are broken down into the pigments bilinubin, biliviridin and iron.  These components are then transported to the liver where the iron is recycled for use by new erythrocytes.  The blood pigments for bile salts.

Anisocytosis: variation in size

A slight variation in size is considered normal.   Anisocytosis occurs in the animal with regenerative anemia when macrocytes are being released into the peripheral circulation.

Poikilocytosis: variation in shape

Poikilocytosis in defined as a major deviation from the normal shape of the erythrocyte.  Some minor changes may be normal. Improperly prepared blood slides may contain abnormally shaped red cells.

Polychromasia: variation in color

Characterized by an overall bluish-red color to the normally red staining erythrocyte

Review abnormal cells including, dacryocytes, drepanocytes, schistocytes, ancanthocytes, keratocytes, reticulocytes etc.

Inclusion Bodies

Howell-Jolly Bodies:

Howell-Jolly Bodies are remnants of nuclear bodies.  These inclusions can be found anywhere in the cell and their occurrence can vary in different species.  For example, cats will have up to 1 % of their red blood cells containing Howell-Jolly Bodies.  These are commonly seen with splenic disorders.

Heinz Bodies:

Heinz bodies are small irregularly shaped refractile inclusions that may occur singly or multiply within a single cell.  These bodies commonly occur in animals with onion toxicity.  These bodies are thought to consist of denatured protein.  Their presence is indicative of erythrocyte injury and may occasionally indicate a hemolytic anemia.

Heinz bodies are found in the blood of healthy cats as well as in cats in which there is active red cell destruction.  These are commonly seen with lymphosarcoma, chronic renal failure, hyperthyroidism, diabetes and toxins such as onions and acetaminophen.

Nucleated Red Blood Cells:

Nucleated red blood cells (NRBC) do not occur normally in any species of domestic animal with the exception of pigs up to 3 mos of age and occasionally the normal dog.  In healthy adult animals NRBC are confined to the bone marrow and appear in circulating blood only in disease.  In these instances, their presence usually indicates an excessive demand on blood producing organs to regenerate erythrocytes.  As a response to this demand imperfectly formed and immature cells are released into circulation.  Unless the NRBC are present in extremely large numbers, they should be considered a favorable sign as they indicate activity of bone marrow.

Basophilic Stippling:

An erythrocyte that shows blue staining granules scattered throughout.  This can be seen with anemias of all types but is most commonly seen in heavy metal poisoning, primarily, lead.

Anemia

Anemia is a reduction in the number of erythrocytes, hemoglobin or both in circulating blood.  In domestic animals, anemia is seldom primary, it is most commonly a secondary response following or associated with a disease. The treatment of anemia must be secondary to the treatment of the primary disease.

Anemias may be placed in one of four categories.

1. blood loss

2. excessive destruction of erythrocytes or shortened life span

3. depression of bone marrow

4. nutritional deficiencies

Blood loss anemia:

Blood loss anemia is associated with acute, subacute and chronic hemorrhage.  

Acute hemorrhage usually follows trauma or surgical procedures.

Anemia associated with chronic hemorrhage are usually microcytic and hypochromic because of a lack of iron for formation of new hemoglobin.  A common cause of chronic hemorrhage is parasitism.  Internal parasites produce anemia by a combination of blood loss and poor nutrition.  Chronic blood loss may also occur in association with gastrointestinal lesions.

Hemolytic anemia:

Hemolytic anemia describes the condition in which the loss of red blood cells occurs because the red blood cells break up (lyse).  This can happen within the blood vessel (intravascular) or outside the blood vessel (extravascular)

IMHA (Immune Mediated Hemolytic Anemia) is associated with the excessive destruction or shortened life span of the red cell and can be caused by a variety of diseases.  These include, heat stroke, blood parasites, bacterial infections, viral infections, chemical agents, poisonous plants and metabolic diseases.  This condition arises when an immune response targets directly or indirectly, erythrocytes.  Immune destruction of erythrocytes is initiated by the binding of antibodies to the surface of the erythrocyte.  There is a genetic predisposition in American Cocker Spaniels. Most of the canine cases occur between the ages of 2 and 8 years.  Females are three times more likely to be affected.  This condition is difficult to diagnose in the cat.  Clinical signs may include vomiting and diarrhea preceding the typical signs of anemia (lethargy, weakness, exercise intolerance, pallor).  Physical exam may also reveal splenomegaly.  On the blood smear, autoagglutination and spherocytes are typically found.  The direct Coombs’ test is used to detect the antibodies on the erythrocyte surface.

Regenerative anemia:

In a regenerative anemia, the bone marrow responds appropriately to the destruction of or lack of production of erythrocytes.  The body responds by increasing erythrocyte production and releasing reticulocytes.  Regenerative anemia is usually the result of acute hemorrhage.

Non-regenerative anemia:

In non-regenerative anemia, the bone marrow responds inadequately to the increased need for erythrocytes.  This is commonly seen with chronic renal failure due to the decreased production of erythropoietin.

Nutritional Anemia:

Protein deficiency reduces the erythropoietin production and produces a maturation block.  Niacin is required for erythrocyte respiration.  Vitamin E, vitamin C, vitamin B, copper and cobalt can all cause anemia when amounts are deficient in the diet.

Chronic Infections:

The exact mechanisms behind this anemia are not firmly established.  It is thought that as a result of an inflammatory reaction, iron is diverted to the tissues and is not readily available for synthesis.
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