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CHAPTER SUMMARY

Blood

1. Blood inside blood vessels, interstitial fluid around body cells, and lymphatic fluid inside lymph vessels constitute a person's internal environment.

2. Blood and interstitial fluid are involved in the cell's ability to obtain nutrients and remove wastes.

3. Blood is a liquid connective tissue composed of plasma and formed elements (eg. RBC's and WBC's).

4. Hematology = the study of blood, blood-forming tissues and associated disorders.

Functions of Blood

1. Transport oxygen, carbon dioxide, nutrients, heat, wastes, and hormones.

2. Help regulate pH, body temperature and water content of cells.

3. Prevent blood loss by clotting; combat toxins and microbes with phagocytic white blood cells or specialized plasma proteins.

Physical Characteristics of Blood

1. Viscosity (thickness) is greater than water due mainly to formed elements.

2. Temperature = 38 degrees C (100.4 degrees F).

3. pH = 7.35 - 7.45

4. Blood constitutes about 8% of total body weight.  Volume ranges from 4 to 6 liters.

5. Blood samples for laboratory testing may be obtained by venipuncture, finger-stick, or arterial stick.

Components of Blood

1. 55% plasma and 45% formed elements 

2. Blood plasma = 92% water and 8% solutes.

Principle solutes include proteins (albumins, globulins and fibrinogen), nutrients, enzymes, hormones, respiratory gases, electrolytes, and waste products.  

3. Formed elements include erythrocytes (Red Blood Cells or RBC's), leukocytes (White Blood Cells or WBC's), and thrombocytes (platelets).  
4. Hematocrit = Packed cell volume.  HCT measures the percentage of red blood cells in whole blood.  

A significant drop in hematocrit indicates anemia due to a lower than normal number of red blood cells.

In polycythemia, the percentage of red blood cells is abnormally high with a higher than normal hematocrit.

Formation of Blood Cells

1. Blood cells are formed from pluripotent hematopoietic stem cells called Hematoblasts.  
2. Originating from the pluripotent stem cells (hematoblasts) are the myeloid stem cells and the lymphoid stem cells.

Myeloid stem cells give rise to RBC's, platelets and all WBC's except lymphocytes.

Lymphoid stem cells give rise to lymphocytes.

3. Myeloid stem cells differentiate into progenitor cells or precursor cells (blast cells), which then develop into the actual formed elements of blood.

4. Lymphoid stem cells differentiate into pre-B and prothymocytes which develop into B-lymphocytes and T-lymphocytes, respectively.

5. The process of hemopoiesis (or hematopoiesis) is stimulated by several hematopoietic growth factors which stimulate differentiation and proliferation of the various blood cells.

Erythropoietin increases the number of RBC precursors.

Thrombopoietin increases the number of platelet precursors.

Cytokins, such as interleukin, increase the number of WBC precursors.

Red Blood Cells

1. Contain the oxygen carrying protein, hemoglobin and number about 5.4 million cells per microliter of blood.

2. Mature RBC's are biconcave discs about 8 microns in diameter. They lack a nucleus, and contain hemoglobin.  

3. The function of hemoglobin in RBC's is to transport oxygen as oxyhemoglobin and some carbon dioxide as carboxyhemoglobin.

4. RBC Life Cycle:  Red Blood cells live about 120 days, eventually wearing out their plasma membranes as they squeeze through blood capillaries.

5. Worn out RBC's are phagocytized and recycled.  The globin portion of hemoglobin is split from the heme, with the amino acids being reused for protein synthesis.  The iron in the heme is reclaimed with the rest of the heme molecule.  The remainder becomes a component of bile in the digestive process.

Erythropoiesis = Production of RBC's

1. Occurs in red bone marrow.

2. A reticulocyte count (0.5 - 1.5% of all RBC's) is a diagnostic lab test that indicates the rate of erythropoiesis and is useful in diagnosing anemia.

White Blood Cells

1. Leukocytes (WBC's) are nucleated cells and do not contain hemoglobin.  The two principal types are granular (neutrophils, eosinophils, and basophils), and agranular (lymphocytes and monocytes).  

2. Granular leukocytes have granules in their cytoplasm that stain various colors:  neutrophils (very light pink), eosinophils (bright orange/red), basophils (dark blue/black).

3. Agranular leukocytes do not have cytoplasmic granules.

4. Monocytes are phagocytic and may differentiate into macrophages.

5. Leukocytes have surface proteins, as do erythrocytes.  These proteins are called major histocompatibility antigens (MHC), and are unique for each person (except identical twins), and can be used for identification.

6. White blood cells usually live for only a few hours to a few days.  The normal blood count for WBC's is 5,000 to 10,000 per cubic millimeter of blood.

Leukocytosis = increase in the number of WBC's

Leukopenia = abnormally low number of WBC's

7. The general function of WBC's is to combat inflammation and infection.

Neutrophils and macrophages are active in phagocytosis and the chemical attraction of WBC's to a disease or injury site is called chemotaxis.

8. Different WBC's combat inflammation and infection in different ways:

Neutrophils and macrophages engage in phagocytosis.

Eosinophils combat the effects of histamine in allergic reactions, phagocytize antigen/antibody complexes, and combat parasitic worms.

Basophils develop into mast cells that liberate heparin, histamine, and serotonin in allergic reactions that intensify the inflammatory response.

B-lymphocytes, in response to the presence of foreign substances called antigens, differentiate into tissue plasma cells that produce specific antibodies.

T-lymphocytes destroy foreign invaders directly by secreting a toxin.

9. A differential white blood cell count is a diagnostic lab test in which 100 WBC's are counted and the number of each type is recorded.  Because each WBC has a specific job, determining the percentage of each type of WBC in the blood can assist in diagnosing specific disorders.

***See page 741 & 742 in Tortora, 13th ed text for normal ranges of WBC types and the significance of elevated or depressed counts.

10. Bone marrow transplants can be used to treat anemia, leukemia, and other blood disorders.

Platelets

1. Thrombopoietin stimulates myeloid stem cells to produce platelets.

2. Myeloid stem cells develop into megakaryoblasts.  

3. Megakaryoblasts become megakaryocytes which fragment.

4. Each fragment, enclosed by a cell membrane, is a platelet (thrombocyte). On a stained blood smear, platelets appear as bluish/purple dots which are smaller than red blood cells.

5. Platelets have a lifespan of only 7-12 days.  Old and dead platelets are removed by macrophages in the spleen and liver.

6. Normal blood count is 150,000 to 500,000 platelets per 
cubic millimeter of blood.
7. Platelets help stop blood loss from damaged blood vessels by forming a platelet plug.  Platelets also contain chemicals that promote blood clotting.

Hemostasis

1. Hemostasis = stoppage of bleeding.

When blood vessels are damaged or ruptured, the hemostatic response must be quick, localized to the region of damage, and carefully controlled.

2. Hemostasis involves:
vascular spasm

platelet plug formation

blood coagulation (clotting)

3. In vascular spasm, the smooth muscle of a blood vessel wall contracts to stop bleeding.

4. Platelet plug formation involves the clumping of platelets around the damage to stop the bleeding.  

5. A clot is a gel consisting of a network of insoluble protein fibers (fibrin) in which formed elements of blood are trapped. 

6. The chemicals involved in clotting are known as coagulation (clotting) factors.  Most are in blood plasma, some are released by platelets, and one is released from damaged tissue cells. 

7. Blood clotting involves a cascade of reactions that may be divided into three stages:

a) formation of prothromibinase (prothrombin activator)

b) conversion of prothrombin into thrombin

c) conversion of soluble fibrinogen into insoluble fibrin.

8. Normal clotting requires vitamin K and also involves clot retracton (tightening of the clot), and fibrinolysis (dissolution of the clot).

9. The fibrinolytic system dissolves small, inappropriate clots and clots at a site of damage once the damage is repaired.

10. Fibrinolysin (plasmin) can dissolve a clot by digesting fibrin threads and inactivating substances such as fibrinogen, prothrombin, and factors V, VIII, and XII.

11. Substances that inhibit coagulation, called anticoagulants, are also present in blood.  An example is heparin.

12. Blood clots sometimes form spontaneously and inappropriately within the cardiovascular system:

a) clotting in an unbroken blood vessel is called thrombosis.

b) a thrombus (clot) that is transported by the blood stream and moves from its site of origin is called an embolus.

c) anticoagulants such as heparin and warfarin can be administered to a patient to prevent or dissolve clots in the body.

Blood Groups and Blood Types

1. The surfaces of blood cells contain genetically determined blood group antigens called agglutinogens or isoantigens:

a) blood is categorized into different blood groups based on the presence or absence of various isoantigens.

b) Major blood groups are the ABO and Rh groups.  Within these groups there are two or more different blood types.

2. ABO groups:  
a) in the ABO system, agglutinogens (antigens) A and B determine blood types.  A and B are co-dominant over type O which is recessive.  

b) plasma contains agglutinins (antibodies) designated as anti-a and anti-b, that react with agglutinogens that are foreign to the individual.

c) ***See pages 748-750 in Tortora 13th ed text for the incidence and summary of ABO and Rh blood types.

3. Rh Blood Types:

a) in the Rh system, individuals whose erythrocytes have Rh agglutinogens (antigens) are classified as Rh+.  Those individuals who lack the antigen are Rh-.

b. a disorder due to Rh incompatibility between mother and fetus is called "hemolytic disease of the newborn", or "erythroblastosis fetalis".  It is preventable by administering Rhogam to and Rh- mother with an Rh+ fetus prior to delivery.  Rhogam prevents the mothers immune system from recognizing the Rh+ cells which prevents her from producing anti-Rh+ antibodies.

4. Transfusions:

a) knowledge of blood types is essential to safe transfusion of blood and may also be used in proving or disproving paternity, linking suspects to crimes, or used in anthropology studies to establish a relationship among races.

b) the interactions of the blood types of the ABO system are summarized in ***Table 19.6 on page 749 in Tortora 13th ed.
5. Typing and Cross-matching Blood for Transfusion:

a) ABO and Rh blood groups can be detected by a simple medical test called blood typing.  A sample of blood is mixed with serum containing agglutinins to each of the major agglutinogens (A, B, and Rh).

b) typing is the determination of blood types.  Cross-matching is the mixing of donor and recipient blood to test for compatibility.  ***See Figure 19.14 on page 750***
Disorders

1. Anemia = a condition in which the oxygen-carrying capacity of blood is reduced.  It is usually characterized by decreased erythrocyte count of hemoglobin deficiency.  Kinds of anemia include iron-deficiency, pernicious, hemorrhagic, hemolytic, Thalassemia, and aplastic.

2. Sickle-cell disease = an inherited disorder due to an abnormal kind of hemoglobin.  RBC's show a characteristic sickle shape, rupture easily, and have a reduced oxygen carrying capacity which results in hemolytic anemia.

3. Hemophilia = an inherited deficiency of clotting in which bleeding may occur spontaneously or after only minor trauma.

4. Acute Leukemia = a malignant disease of blood-forming tissues characterized by uncontrolled production and accumulation of immature leukocytes.

5. Chronic Leukemia = an accumulation of mature leukocytes in the bloodstream because they do not die at the end of their normal lifespan.
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