Lecture Outline 6
Physiology 1 - PB3203

Course Director: James B. Parker, Ph.D.

Dr. Robyn Strader

Resistance of the Body to Infection I: Leukocytes, Granulocytes,

the Monocyte-Macrophage System, and Inflammation

Guyton & Hall, Chapter 33

OBJECTIVES:

1.  The student should be able to list the origin and functions of the white blood cells (WBC).

2. The student should be able to describe the general role of the WBCs in immunity.

3. The student should be able to describe the Monocyte-Macrophage system.

3. The student should be able to describe the general function and process of inflammation.

Resistance of the Body to Infection I: Leukocytes, Granulocytes,

the Monocyte-Macrophage System, and Inflammation

I. Leukocytes = White Blood Cells
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    A. prevent disease

        1. destroy invading agents by phagocytosis

        2. form antibodies and sensitize lymphocytes

    B. mobile units of the body's protective system

        1. formed in bone marrow

            a. granulocytes

            b. monocytes

            c. lymphocytes

        2. formed in lymph tissue

            a. lymphocytes

            b. plasma cells

II. Characteristics of Leukocytes

    A. cell types:

        1. polymorphonuclear neutrophils

            a. granular

            b. phagocytosis - destroy invading microorganisms

            c. formed in bone marrow

            d. stored in bone marrow

            e. elevated during bacterial infections

        2. polymorphonuclear eosinophils

            a. granular

            b. phagocytosis

            c. formed in bone marrow

            d. stored in bone marrow

            e. allergic response

            f. parasitic infection

            g. certain leukemias

            h. hyperadrenalism (Cushing's disease)

        3. polymorphonuclear basophils

            a. granular

            b. phagocytosis

            c. formed in bone marrow

            d. stored in bone marrow

            e. chronic myelogenous leukemia

            f. polycythemia vera

            g. myelofibrosis

            h. myxedema

            i. colitis

            j. allergic reactions

        4. monocytes

            a. phagocytosis

            b. formed in bone marrow

            c. stored in bone marrow - migrate to tissues

            d. cellular and humoral immunity

            e. tissue repair

            f. hemoglobin degradation and iron transport

        5. lymphocytes

            a. function with immune system

            b. formed in lymphogenous organs

                1. lymph glands

                2. spleen

                3. thymus

                4. tonsils

                5. bone marrow, Peyer's patches, various lymphoid tissue

            c. stored in lymphoid tissue

            d. B-cell ® plasma cell ® humoral immunity

            e. T-cell ® cell mediated immunity

        6. plasma cell (occasionally)

        7. megakaryocyte -

            a. form platelets

            b. activate blood-clotting mechanism

    B. differential:

        1. 4-10 thousand leukocytes/microliter

        2. percentages:

            a.  neutrophils - 54 - 62%

            b.  eosinophils 0-3%

            c.  basophils 0- .75%

            d.  monocytes 3-7 %

            e.  lymphocytes 25 - 33%

f. platelets - 300,000/: microliter

    C. genesis (hematopoiesis) of WBC's

        1. pluripotential hemopoietic

        2. cytokines

        3. white blood cells

            a. myelocytic lineage

            b. lymphocytic lineage

    D. life span:

        1. granulocytes

            a. 4 - 8 hours in blood

            b. 4 - 5 days in tissues

        2. monocytes

            a. 10 - 20 hours in blood

            b. tissue macrophages - months to years

        3. lymphocytes

            a. move in and out of tissues

            b. weeks - years

        4. platelets

            a. replaced every 10 days

            b. 30,000 platelets/: l formed each day

III. Defensive Properties

A. neutrophils and macrophages
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        1. destroy bacteria, viruses, and injurious agents

        2. enter tissue via:

            a. diapedesis

            b. ameboid motion

            c. chemotaxis - draws cells toward inflamed tissue

    B. phagocytosis 

        1. rough surfaces ­ phagocytosis

        2. substances of body have protective protein coats - foreign particles generally do not

        3. antibody adheres to foreign particle

        4. antibody combines with C3 product of complement cascade

            a. C3 molecules attach to receptors on phagocyte membrane

            b. process is called opsonization

        5. peroxisome forms oxidizing agents:

            a. superoxide - O2-

            b. hydrogen peroxide - H2O2

            c. hydroxyl ions - OH-

VI. Monocyte-Macrophage system (Reticuloendothelial System)

    A. monocytes

    B. mobile macrophages

    C. fixed tissue macrophages

    D. specialized endothelial cells - bone marrow, spleen, lymph nodes

    E. specialized cells:

        1. histiocytes - in skin and subcutaneous tissues

        2. macrophages of the lymph nodes

        3. alveolar macrophages in the lungs

        4. Kupffer Cells - in the liver sinuses
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        5. macrophages of the spleen and bone marrow

VII. Inflammation

    A. inflammation - changes that occur with tissue damage

        1. vasodilation of local blood vessel with consequent excess local blood flow

        2. increased permeability of the capillaries (Histamine)  with leakage of large quantities of fluid into the interstitial spaces

        3. often clotting of the fluid in the interstitial spaces (leakage of clotting factors into tissue)

   4. migration of granulocytes and monocytes into the tissue

        5.swelling of tissue cell

    B. tissues products that aid swelling:

        1. histamine

        2. bradykinin

        3. serotonin

        4. prostaglandins

        5. complement system

        6. blood-clotting system

        7. lymphokines - hormonal substances released by T cells

    C. walls-off area of injury

    D. neutrophils invade site of injury

        1. margination - neutrophils stick to capillary walls of injured area

        2. diapedesis - neutrophils through capillary into tissue

        3. chemotaxis by neutrophils

        4. neutrophilia

            a. 4,000 - 5,000 /microliter = normal

            b. 15,000 - 25,000/microliter = neutrophilia

    E. second macrophage invasion

    F. increased production of granulocytes and monocytes by the bone marrow

    G. factors formed by activated T cells in inflamed tissues:

        1. tumor necrosis factor -TNF

        2. interleukin - 1 = IL-1

        3. granulocyte-monocyte colony stimulating factor = GM-CSF

        4. granulocyte colony stimulating factor = G-CFS

4. monocyte colony stimulating factor = M-CSF
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    H. formation of pus:

        1. necrotic tissue

        2. dead neutrophils

        3. dead macrophages

        4. tissue fluid

VIII. Eosinophils

    A. ~2% of WBC's

    B. weak phagocytes

    C. exhibit chemotaxis

    D. respond to parasitic infection

        1. release hydrolytic enzymes from their granules which are modified lysosomes

        2. release highly reactive forms of oxygen

        3. Major basic protein - highly larvicidal polypeptide

    E. allergic reactions:

        1. tissues which have allergic reactions secrete eosinophil chemotactic factor which

            causes eosinophils to migrate to tissue site

        2. eosinophils detoxify inflammation-inducing substances released by the mast cells

            and basophils

        3. destroy allergen-antibody complexes

IX. Basophils

    A. similar to mast cell

    B. release:

        1. heparin – anticoagulant, vasodilator, and increased capillary permeability

        2. bradykinin - vasodilator

        3. serotonin - vasodilator

X. Leukopenia

    A. leukopenia - agranulocytosis = bone marrow stops producing WBC's

    B. within 2 days body becomes infected

    C. causes:

        1. irradiation

        2. drugs

        3. chemicals

XI. Leukemias

    A. uncontrolled production of white blood cells

    B. cancerous mutation of a myelogenous or lymphogenous cell

    C. lymphogenous leukemias

        1. lymphoid cells

        2. spreads to other areas

    D. myelogenous leukemias

        1. in bone marrow

    2. WBC's are produced in extramedullary organs - lymph nodes, spleen, liver

        3. cells are bizarre and undifferentiated

        4. ­ undifferentiated cells = acute

   5.  undifferentiated cells = nonfunctional

    E. cancerous cells invade surrounding tissues utilizing the metabolic elements of the tissues and causing destruction

