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Detailed Chapter Summary
Chapter 19, The Circulatory System I—Blood
19.1 Introduction (p. 520)

1. The circulatory system is composed of the heart, blood vessels, and blood; cardiovascular system refers to the heart and blood vessels only.
2. The circulatory system serves to transport O2, CO2, nutrients, wastes, hormones, and heat; it provides protection against infection and other pathogens; it includes mechanisms for minimizing blood loss from broken vessels; and it helps to stabilize the distribution and pH of the body fluids. 

3. The blood is about 55% plasma and 45% formed elements.

4. Formed elements are cells and cell fragments; they include erythrocytes, platelets, and five kinds of leukocytes.

5. Blood plasma is a mixture of water, proteins, nutrients, electrolytes, nitrogenous wastes, hormones, and gases. Protein is the most abundant solute by weight. The three major plasma proteins are albumin, globulins, and fibrinogen.

6. The liver produces all the plasma proteins except gamma globulins (antibodies), which are produced by plasma cells of the connective tissues.
19.2 Erythrocytes (p. 523)

1. Erythrocytes (RBCs) serve mainly to transport O2. They are discoid cells with a sunken center and no organelles, but they do have a cytoskeleton of spectrin and actin that reinforces the plasma membrane.
2. The most important component of the RBC cytoplasm is hemoglobin (Hb). Hb transports nearly all of the O2 and some of the CO2 in the blood.

3. RBC quantities are expressed as RBC count and hematocrit (packed cell volume). Collectively, the two sexes normally have RBC counts of 4.2 to 6.2 million RBCs/(L and hematocrits of 37% to 52%. The average values for women are somewhat lower than those for men.
4. The hemoglobin concentration of the blood is normally 12 to 18 g/dL, averaging less in women than in men.

5. Hemoglobin consists of four protein chains (globins)—two ( and two ( chains—each with a nonprotein heme group. Oxygen binds to the Fe2+ at the center of each heme. About 5% of the CO2 in the blood binds to the globin component.
6. The production of the formed elements of blood is called hemopoiesis. The prenatal hemopoietic tissues and organs are the yolk sac, bone marrow, liver, spleen, and thymus; after birth, hemopoiesis is limited to the red bone marrow and lymphatic organs and tissues.

7. Erythropoiesis, the production of RBCs, progresses through the following stages: pluripotent stem cell ( proerythroblast ( erythroblast ( reticulocyte ( erythrocyte. It is stimulated by the hormone  erythropoietin.
8. An RBC lives for about 120 days, grows increasingly fragile, and then breaks apart, especially in the spleen.

9. There are multiple blood types based on genetically determined antigens on the RBC surface. The most familiar and clinically important are types in the ABO and Rh groups.
19.3 Leukocytes (p. 527)

1. Leukocytes (WBCs) play various roles in defending the body from pathogens.

2. WBCs number 5,000 to 10,000 cells/(L. They have nuclei and a full complement of cytoplasmic organelles.

3. All WBCs have lysosomes called nonspecific granules, but three types—neutrophils, eosinophils, and basophils—are classified as granulocytes because they also have more conspicuous specific granules with different staining properties. The other two types—lymphocytes and monocytes—are classified as agranulocytes because specific granules are scarce or absent and their cytoplasm looks much less granular. The identifying structural characteristics of the WBC types are shown in table 19.4.

4. Neutrophils have fine, lightly staining violet specific granules and a multilobed nucleus. They act primarily to combat bacteria, which they destroy by phagocytosis and digestion and by producing a killing zone of toxic antibacterial oxidizing agents.

5. Eosinophils have large, coarse specific granules that stain pink to orange, and usually a bilobed nucleus. They secrete antiparasitic chemicals and phagocytize and dispose of allergens, inflammatory chemicals, and antigen–antibody complexes.

6. Basophils have coarse, dark violet staining granules that usually obscure the S-shaped nucleus from view. They secrete the vasodilator histamine and the anticoagulant heparin, thus promoting increased blood flow to inflamed tissues.

7. Monocytes are very large WBCs with a nucleus ranging from ovoid to horseshoe-shaped, and relatively clear cytoplasm. They transform into a variety of tissue macrophages, which phagocytize foreign and host cells and act as antigen-presenting cells.

8. Lymphocytes are the smallest WBCs and usually have a rounded nucleus that fills nearly the entire cell and often shows a slight dimple in one side. They carry out nonspecific defense and specific immune reactions against cancer and various pathogens. The three families of lymphocytes—B, T, and NK cells—differ in function but are not microscopically distinguishable in blood films.

9. Leukocyte production is called leukopoiesis. It follows multiple pathways from pluripotent stem cells to the different types of mature WBCs. 

10. Granulocytes, monocytes, and B lymphocytes mature in the red bone marrow. T lymphocytes are produced there but mature in the thymus. Both B and T lymphocytes then colonize various lymphatic organs and tissues throughout the body.

11. WBC life spans range from a few days for granulocytes to a few years for monocytes (after transformation to macrophages) and decades for some lymphocytes. 

19.4 Platelets (p. 532)

1. Platelets are not cells, but small, mobile fragments of cytoplasm from bone marrow cells called megakaryocytes. They have a variety of organelles but no nuclei.

2. Platelet production, called thrombopoiesis, is stimulated by the hormone thrombopoietin. The stages in platelet production are pluripotent stem cell ( megakaryoblast ( megakaryocyte ( platelets. 
3. The megakaryocyte extends tendrils called proplatelets into the sinusoids of the red bone marrow. Here, the blood flow shears off fragments from the tips of these tendrils, and the fragments subsequently break up into circulating platelets. 
4. Platelets function primarily for hemostasis—the stoppage of bleeding. They secrete vasoconstrictors, which cause spasmodic constriction of damaged vessels to reduce blood outflow; they form platelet plugs, which can temporarily seal a small break in a vessel; they secrete clotting factors that lead to formation of blood clots; they help to produce an enzyme that dissolves old blood clots; they secrete chemicals that recruit WBCs to sites of inflammation; and they secrete growth factors that promote repair and maintenance of blood vessels.

19.5 Clinical Perspectives (p. 534)

1. Healthy elderly people have blood values (hematocrit, hemoglobin, etc.) comparable to those of healthy young people. However, the hematologic system in old age is less responsive to stress, partly because of lower levels of the intrinsic factor needed for absorption of dietary vitamin B12, and of erythropoietin. Thrombosis is also increasingly common in old age.

2. Anemia is a deficiency of erythrocytes or hemoglobin. The various causes of anemia relate to depressed erythropoiesis, excessive RBC destruction (hemolytic anemia), or bleeding (hemorrhagic anemia). 
3. Thrombosis, or blood clotting in the absence of injury, is increasingly common in old age, especially among people of limited mobility.
4. Polycythemia is an excessive RBC count. It results from bone marrow cancer or is secondary to causes such as zealous exercise, lung disease, or high-altitude living. It thickens the blood, stresses the heart, and may cause stroke or heart failure.

5. Leukopenia is a WBC deficiency. It can be caused by poisoning, radiation, or certain infections, and results in a reduction in immune defense and therefore vulnerability to opportunistic infections.

6. Leukocytosis is an elevated WBC count. It can result from infections, allergies, dehydration, stress, or cancer. In the last case, it is called leukemia. Leukemia is a cancer characterized by overproduction of WBCs that are functionally immature. It also presents a high risk of opportunistic infection. It leads as well to anemia and thrombocytopenia as stem cells are diverted to WBC production.

7. Thrombocytopenia is a platelet deficiency. It results in spontaneous bleeding and slow blood clotting. 

