CHAPTER 19 THE CARDIOVASCULAR SYSTEM: THE BLOOD

I. GENERAL

1. The cardiovascular system consists of three interrelated components: blood, the heart, and blood vessels

2. Blood is a connective tissue composed of a liquid portion called plasma and a cellular portion consisting of various cells and cell fragments

3. interstitial fluid is the fluid that bathes body cells

4. the branch of science concerned with the study of blood, blood-forming tissues, and the disorders associated with them is hematology
II. FUNCTIONS OF BLOOD

1. General

A. only liquid connective tissue

B. FUNCTIONS OF BLOOD:

1. transportation

a. transport oxygen, carbon dioxide, nutrients, hormones, heat, and wastes

2. regulation

a. regulation of pH, body temperature, and water content of cells

3. protection

a. protection against blood loss through clotting, and against disease through phagocytic white blood cells and antibodies

III. PHYSICAL CHARACTERISTICS OF BLOOD

1. General

A. denser and more viscous than water

B. temperature higher than body temp at 100.4F

C. alkaline pH ranging from 7.35 to 7.45 – small window

D. constitutes 8% of total body weight

E. blood volume is 5-6 liters for male and 4-5 liters for female
F. negative feedback systems ensure blood volume and osmotic pressure to remain relatively constant

CLINICAL APPLICATION – WITHDRAWING BLOOD

· Blood samples for lab testing may be obtained by:
1. venipuncture

2.    finger of heal stick
IV. COMPONENTS OF BLOOD

1. General

A. whole blood is composed of blood plasma and formed elements

B. lighter weight blood plasma forms on top

C. blood is about 45% formed elements and 55% plasma
D. 99% of formed elements are RBCs

E. WBCs and platelets occupy less than 1%

F. They form a thin layer called the buffy coat, between RBCs and plasma

2. Blood Plasma

A. when formed elements are removed from blood, a straw-colored liquid called blood plasma is left

B. 91.5% water and 8.5% solutes (mostly proteins)

C. plasma proteins confined to blood are called plasma proteins
1. maintains proper blood osmotic pressure

D. hepatocytes (liver cells) synthesize most of the plasma proteins, which include:

1. albumins

2. globulins (gamma globulin)

3. fibrinogen

E. plasma proteins also called antibodies or immunoglobulins because they are produced during certain immune responses

F. an antibody binds specifically to the foreign substance, called an antigen, that provoked it production

G. when the two come together they form an antigen-antibody complex, which disables the invading antigen

H. besides proteins, other solutes (1.5%) in plasma include electrolytes, nutrients, regulatory substances such as enzymes and hormones, gases, and waste products such as urea, uric acid, creatinine, ammonia, and bilirubin

3. Formed Elements

A. formed elements of blood include three principal components: red blood cells (RBCs), white blood cells (WBCs), and platelets
B. RBCs and WBCs are living cells, platelets are cell fragments

C. The percentage of total blood volume occupied by RBCs is called the hematocrit
V. FORMATION OF BLOOD CELLS

1. General

A. some lymphocytes have a lifetime measured in years, most formed elements are continually dying and being replaced within hours, days, or weeks

B. negative feedback systems regulate the total number of RBCs and platelets in circulation, and the numbers normally remain steady

C. process by which formed elements of blood develop is called hemopoiesis or hematopoiesis
D. small percentage of red bone marrow cells are pluripotent stem cells, which are derived from mesenchyme

E. these cells replenish themselves, proliferate, and differentiate into cells that give rise to all the formed elements in the blood

F. originating from pluripotent stem cells are two other types of stem cells: 

1. myeloid stem cells

a. begin development in red bone marrow

b. give rise to red blood cells, platelets, monocytes, neutrophils, eosinophils, and basophils

2. lymphoid stem cells

a. begin development in red bone marrow but complete it in lymphatic tissue

b. give rise to lymphocytes

G. during hemopoiesis, the myeloid stem cells differentiate into progenitor cells – cells that no longer are capable of replenishing themselves and are committed to giving rise to more specific elements of blood

H. some progenitor cells are referred to as colony-forming units (CFUs)
I. after the CFU abbreviation is the mature element they will produce

J. CFU-E produces red blood cells (erthrocytes)

K. CFU-Meg produces platelets

L. CFU-GM produces neutrophils and monocytes

M. In the next generation, the cells are called precursor cells, also known as blasts
N. During embryonic and fetal life, the yolk sac, liver, spleen, thymus gland, lymph nodes, and red bone marrow all participate at various times in producing the formed elements

O. After birth, hemopoiesis takes place in red bone marrow only
P. Red bone marrow is found in the epiphyses of long bones, in flat bones, and pelvis

Q. With the exception of lymphocytes, formed elements do not divide once they leave the bone marrow

R. Several hemopoietic growth factors regulate the differentiation and proliferation of particular progenitor cells

S. Erythropoietin or EPO a hormone produced mainly by the kidneys, increases the numbers of red blood cell precursors

T. Thrombopoietin or TPO is a hormone produced by the liver that stimulates formation of platelets (thrombocytes)

U. Several different cytokines regulate development of different blood types

V. Cytokines are small glycoproteins, produced by the red bone marrow cells, leukocytes, macrophages, fibroblasts, and endothelial cells that typically act as local hormones to maintain normal cell functions and to stimulate proliferation

W. Two important families of cytokines that stimulate white blood cell formation are colony-stimulating factors (CSFs) and interleukins
VI. RED BLOOD CELLS (ERYTHROCYTES)

1. General

A. contain the oxygen-carrying protein hemoglobin which is a pigment that gives blood its red color

B. a healthy adult male has about 5.4 million red blood cells

C. a healthy adult female has about 4.8 million red blood cells

D. to maintain normal quantities of RBCs, new mature cells must enter circulation at the rate of 2 million per second
2. RBC Anatomy

A. biconcave discs with a diameter of 7-8 microns
B. simple structure that is strong and flexible, which allows them to deform without rupturing as they squeeze through narrow capillaries

C. lack a nucleus and other organelles

D. can neither produce nor carry on extensive metabolic activities

E. dissolved in cytosol are the hemoglobin molecules, which were synthesized before loss of the nucleus during RBC production and which constitute about 33% of the cell’s weight

3. RBC Physiology

A. highly specialized for oxygen transport function

B. each one contains about 280 hemoglobin molecules

C. because they don’t have a nucleus, all their internal space is available for oxygen transport

D. they do not consume any oxygen they transport

E. a hemoglobin molecule consists of a protein called globin, composed of four polypeptide chains, plus four nonprotein pigments called hemes
F. each heme is associated with one polypeptide chain and contains an iron ion

G. hemoglobin also transports ¼ of he total carbon dioxide, a waste product of metabolism

4. RBC Life Cycle

A. red blood cells only live about 120 days
B. without a nucleus and other organelles, RBCs cannot synthesize new components or replace damaged ones

C. bilirubin is a yellow-orange pigment – makes person look jaundice

D. in the large intestine, bacteria convert bilirubin into urobilinogen
E. some urobilinogen is absorbed back into the blood, converted into a yellow pigment called urobilin
F. most urobilinogen is eliminated in feces in the form of a brown pigment

5. Erythropoiesis: Production of RBCs

A. starts in red bone marrow with a precursor cell called a proerthroblast

B. ultimately, a cell near the end of the developmental sequence ejects its nucleus and becomes a reticulocyte
C. loss of nucleus cuases the center to indent, producing the biconcave shape

D. reticulocytes usually develop into erythrocytes, or mature red blood cells, within 1-2 days after their release from bone marrow

E. cellular oxygen deficiency, called hypoxia, may occur if not enough oxygen enters the blood

CLINICAL APPLICATION – RETICULOCYTE COUNT

· the rate of erythropoiesis is measured by a reticulocyte count
VII. WHITE BLOOD CELLS (LEUKOCYTES)

1. WBC Anatomy and Types

A. General

1.  unlike RBCs, WBCs have a nucleus and do not contain hemoglobin

2.  classified as granular or agranular

B. Granular Leukocytes

1.  neutrophils, eosinophils, basophils

2.  after staining, they display conspicuous granules with distinctive coloration

3.  the large uniform-sized granules of eosinophil are eosinophilic – they stain red-orange with acidic dyes

4. the granules usually do not cover or obscure the nucleus, which most often has tow or three lobes connected by either a thin strand or a thick strand

5. the round, variable-sized granules of a basophil are basophilic – they stain blue-purple with basic dyes

6. the granules commonly obscure the nucleus, which has two lobes

7. the granules of neutrophil are smaller, evenly distributed, and pale lilac in color – the nucleus has two to five lobes, connected by thin strands of chromatin

8. as the neutrophils age, the number of nuclear lobes increases

9. because older neutrophils have several different shaped nuclear lobes, they are called polymorphonuclear leukocytes (PMNs) or polymorphs

10. young neutrophils are termed bands because their nucleus is more rod-shaped

C. Agranular Leukocytes

1. lymphocytes and monocytes

2. possess cytoplasmic granules, but granules are not visible under a microscope because of their small size and poor staining qualities

3. the nucleus of a lymphocyte stains dark and is round 

4. the cytoplasm stains sky blue and forms a rim around the nucleus

5. the nucleus of a monocyte is usually kidney-shaped and the cytoplasm has a foamy appearance

6. the blood is a conduit for monocytes, which migrate out into the tissues, enlarge, and differentiate into macrophages
7. fixed macrophages which means they reside in a particular tissue

8. wandering macrophages which roam the tissues and gather at sites of infection or inflammation

9. WBCs and other nucleated body cells have proteins called major histocompatibility (MHC) antigens – these are cell identity markers and are unique for each person except twins

10. RBCs lack the MHC antigen

2. WBC Physiology

A. most only live a few days
B. during a period of infection, WBCs live only a few hours

C. less numerous than RBCs, about 5,000-10,000 cells

D. leukocytosis is an increase in the number of WBCs, is a normal protective response to stresses

E. an abnormally low level of WBCs is termed leukopenia – it is never beneficial and may be caused by radiation, shock, and certain chemotherapeutic agents

F. once pathogens enter the body, the general function of WBCs is to combat them by phagocytosis or immune responses

G. to accomplish these tasks, many WBCs leave the bloodstream and collect at points of inflammation

H. once granulocytes and monocytes leave the bloodstream to fight injury or infection, they never return to it

I. lymphocytes, on the other hand, continually recirculate

J. only a small number of lymphocytes is circulating in the blood at a given time – the rest are in lymphatic fluid and organs

K. leave the bloodstream by a process termed emigration in which they roll along the endothelium, stick to it, and then squeeze between endothelial cells

L. molecules known as adhesion molecules help WBCs stick to the endothelium

M. neutrophils and macrophages are active in phagocytosis; they can ingest bacteria and dispose of dead matter

N. several different chemicals released by microbes and inflamed tissues attract phagocytes, a phenomenon called chemotaxis
O. among WBC’s, neutrophils respond most quickly to tissue destruction by bacteria

P. after engulfing a pathogen during phagocytosis, a neutrophil unleashes several destructive chemicals

Q. these chemicals include the enzyme lysozyme, which destroys certain bacteria, and strong oxidants
R. neutrophils also contain defensins, proteins that exhibit a broad range of antibiotic activity against bacteria and fungi -- defensins for peptide “spears” that poke holes in microbe membranes; the resulting loss of cellular contents kill the invader

S. monocytes take longer to reach a site of infection than do neutrophils, but they arrive in larger numbers and destroy more microbes – upon arrival they enlarge and differentiate into wandering macrophages, which clean up cellular debris and microbes following an infection

T. eosinophils leave the capillaries and enter tissue fluid – they are believed to release enzymes that combat the effects of histamine

U. eosinophils also phagocytize antigen-antibody complexes and are effective against certain parasitic worms

V. basophils 

1. involved in inflammatory and allergic reactions

2. leave capillaries (emigration), enter tissues, and develop into mast cells, which can liberate heparin, histamine, and serotonin

W. lymphocytes

1. B cells

a. effective in destroying bacteria and inactivating their toxins

2. T cells

a. Attach viruses, fungi, transplanted cells, cancer cells, and some bacteria

3. natural killer cells

X. an increase in the total number (5,000-10,000) of circulating WBCs usually indicates inflammation or infection

Y. differential white blood cell count detects infection or inflammation, etc.

CLINICAL APPLICATION – BONE MARROW TRANSPLANT
· intravenous transfer of red bone marrow from a healthy donor to a recipient, with the goal of establishing normal hemopoiesis and consequently normal blood cell counts in the recipient

VIII. PLATELETS (THROMBOCYTES)

1. General

A. besides the immature cell types that develop into erthrocytes and leukocytes, hemopoietic stem cells also differentiate into cells that produce platelets

B. under the influence of the hormone thrombopoietin, myeloid stem cells develop into megakaryocyte-colony-forming cells that develop into precursor cells called megakaryoblasts

C. megakaryoblasts transform into megakaryocytes, huge cells that splinter into thousands of fragments

D. each fragment, enclosed by a piece of the cell membrane, is a platelet (thrombocyte)
E. platelets break off and then enter the blood circulation

F. they are disc shaped and smaller in diameter than RBCs

G. help stop blood loss from damaged blood vessels by forming a platelet plug

H. their granules contain chemicals that promote blood clotting

CLINICAL APPLICATION – COMPLETE BLOOD COUNT

· CBC

· A valuable test that screens for anemia and various infections

· Usually included are counts of RBCs, WBCs, and platelets

· Normal hemoglobin ranges are different for infants, adult females, and adult males

IX. HEMOSTASIS

1. General

A. a sequence of responses that stops bleeding

B. response must be quick, localized to region of damage, and carefully controlled

C. when successful, it prevents hemorrhage, the loss of a large amount of blood from vessels

D. three mechanisms reduce blood loss: vascular spasm, platelet plug formation, blood clotting (coagulation)

2. Vascular Spasm

A. when arteries or arterioles are damaged, the circularly arranged smooth muscle in their walls contracts immediately

B. reduces blood loss for several minutes to several hours

C. spasm is probably caused by damage to the smooth muscle and by reflexes initiated by pain receptors

3. Platelet Plug Formation

A. two types of granules are present in the cytoplasm

1. alpha granules contain clotting factors and platelet-derived growth factor (PDGF), which can cause proliferation of vascular endothelial cells, vascular smooth muscle fibers, and fibroblasts to help repair damaged blood vessel walls

2. dense granules contain ADP, ATP, Ca2+, and serotonin, which helps to strengthen a blood clot

B. platelet plug formation occurs as follows:

1. platelets contact and stick to parts of a damaged blood vessel a process called platelet adhesion
2. as a result of adhesion, platelets become activated, and their characteristics  change dramatically. They extend many projections that enable them to contact and interact with one another, and they begin to liberate the contents of their granules a phase called platelet release reaction – serotonin  causes and sustains contraction of vascular smooth muscle, which decreases blood flow through the injured vessel

3. the release of ADP makes other platelets in the area sticky which causes them to adhere to the originally activated platelets – this gathering of platelets is called platelet aggregation – eventually the accumulation and attachment of large numbers of platelets form a mass called a platelet plug
C. a platelet plug is very effective in preventing blood loss in a small vessel

D. although initially the platelet plug is loose, it becomes quite tight when reinforced by fibrin threads formed during clotting

4. Blood Clotting

A. General

B. Stage 1: Formation of Prothrombinase

C. Stages 2 and 3: The Common Pathway

D. Clot Retraction and Blood Vessel Repair

E. Role of Vitamin K in Clotting

5. Hemostatic Control Mechanisms

6. Intravascular Clotting

X. BLOOD GROUPS AND BLOOD TYPES

1. General

2. ABO Blood Group

3. Rh Blood Group

4. Hemolytic Disease of the Newborn

5. Transfusions

6. Typing and Cross-Matching Blood for Transfusion

DISORDERS: HOMESTATIC IMBALANCES

1. ANEMIA

2. SICKLE-CELL DISEASE

3. HEMOPHILIA

4. DISSEMINATED INTRAVASCULAR CLOTTING

5. LEUKEMIA

MEDICAL TERMINOLOGY

1.   Autologous preoperative transfusion

2. Cyanosis

3. Jaundice

4. Septicemia

