Unit IV- B – Transport, Blood and Immunity, Locomotion


Unit Outline
II. Blood and Immunity - Chapter 10


A.  A Multi-purpose Fluid – a liquid tissue; adult human has 4-6 liters
                                         1.  Functions

                                              a. Transportation

                                                  i. to and from all cells of the body

                                                 ii. supplies nutrients and oxygen to cells at levels needed 

                                                iii. carries away wastes produced by cells to organs where the wastes are removed   

                                                 iv. chemical messengers are produced and released in one part of body are carried to other areas where they regulate activity providing coordination of body activities

                                              b. Regulation

                                                  i. absorbs heat from warm areas and releases heat in cooler areas of body

                                                 ii. maintains a constant pH and water balance

                                              c. Protection

                                                  i. carries specialize cells and chemicals that defend the body against disease-causing organisms

                                                 ii. has the ability to clot thereby protecting the body against blood loss from injury

                                         2.  Components

                                              a. Plasma
                                                  i. clear, straw-colored liquid portion 

                                                 ii. 55 percent of the total blood volume 

                                                iii. 90% water, 10% dissolved substances including salts, glucose, amino acids, fatty acids, vitamins, enzymes, hormones, cellular wastes, and proteins  

                                                      a. Proteins in the plasma include albumin, fibrinogen and globulin

                                                         i. albumin, most abundant, keeps water from leaving the blood and entering surrounding cells by osmosis, maintaining balance between the two

                                                       ii. fibrinogen is involved in clotting blood

                                                     iii. globulins have several functions

                                                          a. transport of proteins from one part of the body to another

                                                          b.antibodies fight infection by helping to destroy foreign substances      including disease-causing organisms     

                                              b. Red Blood Cells – erythrocytes (rbc’s)
                                                  i. carry oxygen from lungs to body tissues and carbon dioxide from body tissues to lungs
                                                 ii. human body contains 30 trillion rbc’s (5 million rbc’s/mm3 blood)
                                                iii. disk-shaped, thinner in center, no nuclei at maturity

                                                iv. cytoplasm contains hemoglobin, an iron-containing protein 

                                                 v. made by the bone marrow, have an average life span of 120 days, 2 million per second are formed, and destroyed at the same rate by the liver and spleen and then broken down with the iron being reused

                                                vi. anemia results from either too few rbc’s or an insufficient amount of hemoglobin 

                                                     a. leads to a lower amount of oxygen being transported

                                                     b. can be treated by eating iron-rich foods, with iron supplements, or by injection of vitamin B12

                                                     c. Sickle-cell anemia is a hereditary disorder cause by an abnormal form of hemoglobin resulting in misshapen rbc’s

                                               c. White Blood Cells – leucocytes (or leukocytes), (wbc’s)

                                                     i. defenders of the body from the disease-causing organisms

                                                    ii. are larger than rbc’s and have a nucleus at maturity

                                                   iii. 60 billion in adult human body, 7,000 to 10,000 wbc’s/mm3 blood, which may increase to 30,000 wbc’s or more/mm3 if there is an infection
                                                    iv. about 1 million produced in bone marrow and lymphatic tissue every second

                                                     v. are carried in the circulatory system or may move on their own using ameboid movement squeezing between capillary wall cells are moving through body tissues collecting at an area of infections and attacking invading organisms
                                                     vi. 5 different types

                                                          a. neutrophil – accomplishes phagocytosis of small particles
                                                          b. monocyte – accomplishes phagocytosis of large particles; may develop into a very large cell called a macrophage (scavenger cell)
                                                          c. eosinophil – releases clot-digesting enzyme, combats allergy causing substances

                                                         d.  basophil – releases heparin, an anti-coagulant, and histamine, a substance that causes inflammation

                                                         e.  lymphocyte – involved in the production of antibodies in the immune system

                                                   vii. pus that forms at the site of infection consisting of phagocytes, dead cells, bacteria and body fluid which either drains or is absorbed by the body
                                                  viii. leukemia is cancer of the cells that produce wbc’s, resulting inabnormally high levels of some types of wbc’s; some forms can be controlled by medication

                                              d. Platelets

                                                   i. cell fragments that are involved in blood clotting

                                                  ii. formed by the pinching off of bits of cytoplasm from large cells within the bone marrow

                                                 iii. membrane-bound, and enucleated

                                                  iv. 1.5 trillion platelets in an adult human, 300,000 platelets/mm3 blood. 

                                                   v. live for about 7 days and are produced at the rate of 200 billion /day

                                         3.  Clotting – the solidification of blood at the site of an injured blood vessel
                                               a. platelets in blood stick to wall of damaged blood vessel and rupture 
                                               b. if minor damage, leak is sealed; more serious damage triggers the clotting process

                                                   i. ruptured platelets and wall of injured blood vessels release an enzyme   thromboplastin

                                                  ii. a series of enzyme-controlled reactions are initiated resulting in the conversion of prothrombin (a plasma protein) into thrombin (another enzyme)

                                                 iii. soluble plasma fibrinogen is converted into insoluble strands of fibrin
                                                  iv. fibrin forms a network of strands that traps rbc’s and platelets to form a clot

                                               c. clot stops the bleeding, contracts, and hardens producing a scab

                                               d. wound is repaired by cell growth (mitosis)

                                               e. when healing is complete, a plasma enzyme, plasmin, is activated and dissolves the fibrin clot

                                               f. two factors prevent the formation of clots in uninjured vessels

                                                  i. smooth inner wall of vessels prevents platelet activation

                                                 ii. substances such as heparin, an anti-coagulant, are normally present in the blood

                                              g. malfunction of the clotting process may occur

                                                   i. not enough platelets

                                                  ii. lack of vitamin K in the diet which is needed for prothrombin synthesis

                                                 iii. hemophilia, a hereditary disease, results from a lack of one of the clotting factors; can be corrected by injections of genetically engineered missing factor
                                                   iv. clots may form within a vessel when there is no injry

                                                         a. may form in one place

                                                         b. may form in one place and travel through circulatory system to another 

                                                         c. reduce or cut off flow of blood and its contained nutrients and oxygen 

                                                         d. may be treated by injection of clot-digesting enzymes 

                                                         e. may be fatal                                                                                        



B.  Immune System 
                                         1.  Defenses Against Infection - several lines of defense against pathogens, disease-causing agents keep the body healthy most of the time
                                               a. First Line of Defense

                                                   1. Physical Barriers: skin, hair, cilia, internal membranes

                                                   2. Chemical Barriers: tears, mucus, sweat, stomach acid

                                                b. Second Line of Defense – becomes activated if the first line of defense fails; passive defense

                                                     1. Inflammatory response: swelling, redness, warmth, and pain

                                                          a. injured cells/platelets release chemicals that attract phagocytes
                                                          b. monocytes  (an immature phagocyte) circulate in blood

                                                          c. monocytes turn into macrophages in tissues

                                                          d. macrophages can ingest large numbers of bacteria, virus, etc.
                                                          e. cytokines are produced that attract other immune system cells

                                                          f. macrophages ingest pathogen and display it on cell membrane.

                                                          g. interferon is produced if viral infection; prevents viral replication in other cells (can be manufactured in the laboratory by bacteria and utilized in other organisms) 
                                                      2. Natural Killer Cells (NK Cells)

                                                          a. granules filled with potent chemicals

                                                          b. bind to target cell and deliver burst of chemicals

                                                          c. attacked infected or cancerous cells

                                                         d.  attack transplanted organs

                                                c. Third Line of Defense: recognizes, attacks, destroys, and remembers; active defense or immune response 
                                                     1. involves cells known as lymphocytes which recognize specific antigens (any substance that can cause an immune response, usually a protein, but may be a carbohydrate or nucleic acid )and either 
                                                          a. produce antibodies (special molecules that bind to a foreign substance and inactivate it) or
                                                          b. kill foreign cells directly. 
                                                          c. millions of these cells are produced in the bone marrow, and may mature there (B-cells) or mature in the thymus (T-cells) and are then released and move into the circulatory and lymphatic systems.
                                                     2.  primary immune response occurs when an antigen enters body for first time – no measurable amount of antibodies or specialized immune cells are present for first 5 days, and then a gradual rise in the levels of these materials occurs over the next 10-15 days

                                                     3. secondary immune response occurs if the same antigen enters the body another time with high levels of antibodies and specialized immune cells present in the blood within 1 to 2 days after infection

                                                     4. reactions of the immune response 
                                                         a. B-cells have antibodies on outer membrane

                                                         b. B-cells bond to antigen, ingest it, and display it on their membrane

                                                         c. Helper T-cells attracted

                                                         d. Helper T-cells stimulate B-cells to multiply and mature into plasma cells
                                                         e. plasma cells are antibody-producing cells   

                                                         f. antibodies are released into tissues/blood

                                                         g. antibodies bond to pathogens and mark them for destruction

                                                         h. types of antibodies (Ig=immunoglobin):

                                                             i IgG  - coat microbes

                                                           ii IgM – bacteria specialist

                                                         iii. IgA – body entrances

                                          iv.IgE - parasite (eukaryotic cells, plant and animal); symptoms of allergies

                                                          i. Antibodies stimulate the complement system
                                                             i a series of c. 25 molecules that bind onto the cell membrane/wall of infected cell or bacteria

                                                           ii  end product of compliment is a hollow cylinder which punctures cell

                                                          j. Helper T-cells also begin to produce lymphokines which attract   macrophages and granulocytes
                                                          k. Granulocytes contain potent chemicals

                                                              i. neutrophils – phagocytic cells

                                                             ii. basophils – spray harmful cells with chemicals; contain histamine to contribute to inflammation and allergy, and heparin, an anticoagulant

                                                           iii. platelets – involved in blood clotting and wound repair, can activate immune response

                                                           iv. eosinophils – release clot-digesting enzyme, combat allergy-causing inflammation

                                                          l. lymphokines cause T-cells to become Killer T-Cells                                                            
                                                         m. antigens marked with antibodies are engulfed by macrophages

                                                         n. after infection, some B-cells can become “memory cells” which immediately become activated if the same pathogen invades again                        
                                         4.  Types of Immunity – built-up resistance to a pathogen
                                              a. active immunity – a build-up of antibodies in blood due to
                                                  1. a vaccine (injection of dead or weakened bacteria, viruses, or bacterial poison)or 
                                                  2. previous infection
                                              b. passive immunity – injection of anti-serum (antibodies produced by another human or animal)

                                                   1.  borrowed, temporary
                                                   2.  usually lasts does not last more than a month

                                                   3.  short-lived but fast-acting
                                              c. maternal immunity – form of passive immunity

                                                  1. results from maternal antibodies passing through placenta and breast milk

                                                  2.  protects against most infectious diseases for the first few months of life
                                         5.  Blood Groups and Transplants - antigens are present on the surface of every human cell that cause an immune response when recognized as foreign; antigens are inherited according to Mendelian principles are some exist as multiple alleles
                                               a. ABO blood group

                                                   i. Landsteiner in the eartly 1900’s discovered that there are four major human blood types or groups, A, B, O, and AB

                                                  ii. blood type depends on the presence or absence of two antigens, A and B, on the surface of rbc’s.  

                                                 iii. individuals with A antigens have type A blood, B antigens type B, A and B antigens type AB, and neither antigen type O

                                                  iv. born with antibodies agains rbc antigens that one doesn’t have

                                                   v. individuals with type A blood have anti-b antibodies, type B blood has anti-a antibodies, type AB has neither, and type O has both anti-a and anti-b antibodies.

                                               b.  Rh factor
                                                    i. another group of rbc surface antigens, first discovered in Rhesus monkeys

                                                   ii. 85% of human population has the factors, and are said to be Rh+

                                                  iii. antibodies are not produced until the individual has been exposed to the factor

                                                   iv. may pose a problem during pregnancy if a mother is Rh- and her baby is Rh+ and there is lead between the baby’s and the mother’s circulatory systems during birth, mother may form Rh+ antibodies which will destroy the rbc’s of an Rh+ baby in  later pregnancies; mothers may be given an injection of anti-Rh antibodies, called RHoGAMTM in every pregnancy which destroys the Rh antigens present in the mother’s circulation
                                                c. Transfusions
                                                     i. safe transfusions require knowing the blood group and Rh factor of donor and recipient blood since receipt of the wrong blood can cause clumping and/or rupture of the rbc’s of the donor as a result of antigen-antibody reactions which will clog blood vessels and cause kidney failure

                                                    ii. type O is considered the universal donor since it does not contain any A or B antigens

                                                  iii.  type AB is considered to be a  universal recipient  since it does not contain any anti-a or anti-b antibodies, and any anti-a or anti-b antibodies in donor blood will be greatly diluted
                                                   iv. Rh factors must also be matched; Rh- can only received Rh- blood, although the first transfusion will not cause clumping since the anti-Rh antibodies will not yet be present

                                                    v. plasma may be used in emergency situations to restore blood volume and maintain blood pressure, as no typing is necessary
                                                   d. Transplants
                                                        i. organ or tissue from a donor is recognized as foreign by the immune system of the recipient and is destroyed or rejected.  The chance of this occurring is lessened if the donor and recipient are closely related and  the immune system of the recipient may be suppressed with drugs such as cyclosporine, an antibiotic, which may leave the recipient more susceptible to infection

C.  AIDS and Immune System Disorders

            1.  Spread, Prevention, and Treatment of AIDS

                 a. Acquired Immune Deficiency Syndrome has been recognized as a problem since the 1980’s

                 b. caused by a virus called human immunodeficient virus, or HIV, which attacks the helper T-cells, invades them and remains within these cells for months or years without producing any symptoms; then become active, reproducing, spreading and destroying the helper T-cells, thereby weakening the immune system, rendering the individual prone to infection

                     i. first symptoms similar to a cold

                    ii. other opportunistic infections may follow

                        a. pneumonia by Pneumocystis carinii
                        b. Kaposi’s sarcoma (a blood vessel cancer)

                  iii. nervous system, including the brain, may be attacked producing memory loss, loss of coordination, partial paralysis, or mental disorder

                   iv. cancer

                 c. spread primarily though sexual contact and blood-to-blood contact as HIV is a fluid-borne pathogen
                 d. spread is preventable by avoiding at risk behaviors including sexual abstinence, use of latex condoms, avoiding intravenous drug use

                 e. blood test exists that detects antibodies to HIV which indicates exposure to the virus
            2.  Immune Disorders

                                               a. Allergies are rapid overreaction to an antigen that is not normally harmful                       caused by a release of histamine from the body cells at the site of the immune reaction producing an inflammatory response; counteracted with drugs called antihistamines
                                               b. Autoimmune Diseases result from the failure of the immune system of an individual to recognize some of the person’s body cells as “self” thereby producing antibodies against their own cells.

                                                   i. juvenile diabetes, insulin-producing cells in pancreas destroyed

                                                  ii. rheumatoid arthritis, inflammation and crippling of joints

                                                 iii. multiple sclerosis, fatty covering of nerve cells attacked

                                                 vi. lupus erythematosus, antibodies to different parts of the body such as the kidneys occurs

                                                  v. rheumatic fever, caused by a bacterium which triggers an immune response against heart and joint tissues

                                                 vi. cancer, a variety of diseases in which cells multiply without control, failure of the body to recognize these cells as “nonself”; may occur if immune system is suppressed. 
