Red Blood Cells

Guyton & Hall, Chapter 32

OBJECTIVES:

1.  The student should be able to list the origin and functions of the red blood cell (RBC).

2.  The student should be able to explain the maturation and degradation processes of the RBC by the body.

3.  The student should be able to define the consequences of abnormal amounts of RBCs.

I. Red Blood Cells (a.k.a. - erythrocytes)

    A. major function

        1. transport:

            a. hemoglobin carries oxygen to tissues

            b. gases

            c. nutrients

            d. waste

            e. vitamins

            f. water & etc.

        2. hemostasis

            a. clotting

            b. fluidity of blood

        3. homeostasis

            a. pH, acid-base buffer

            b. ion concentration

            c. osmolality

            d. temperature

            e. nutrient supply

            f. vascular integrity

        4. carbonic anhydrase - catalyst for CO2 & water reaction

    B. shape and size
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        1. biconcave disc - shape deforms as it passes through capillaries

        2. 7.8 micrometers in diameter

        3. 2.5 micrometers at thickest point, 1 micrometer thick in the center

        4. volume - 90 - 95 micrometer per cell

    C. concentration of RBC's:

        1. 5,200,000 (+ 3000,000)/mm3 - men

        2. 4,700,000 (+ 3000,000)/mm3 - women

        3. affected by altitude

    D. hemoglobin quantity:

        1. 34 gm/dl is the max. concentration of hemoglobin in the cells

        2. hematocrit:

            a. % of blood that is cellular

            b. 40 + or - 5% male, 36 + or - 5% female

        3. hemoglobin

            a. 16 gm/dl males, 14 gm/dl females

            b. each gram of hemoglobin can combine with 1.39 ml of oxygen

            c. O2 carrying capacity:

                1. 21 ml - males

                2. 19 ml - females

II. RBC Production

    A. embryonic life = yolk sac

    B. mid-trimester gestation

        1. liver

        2. spleen

        3. lymph nodes

    C. late gestation to age 5 - bone marrow

    D. 20 years

        1. vertebrae

        2. sternum

        3. ribs

        4. ilia

A. genesis of blood cells
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        1. pluripotential hemopoietic stem cells

            a. found in bone marrow

            b. generation of all circulating blood cells

        2. committed stem cells

        3. colony-forming units = CFU

            a. CFU-E = erythrocyte

            b. CFU-GM = granulocytes and monocytes

        4. growth inducers

            a. proteins

            b. control growth and reproduction

            c. interleukin-3 - promotes growth and reproduction

                of all stem cells types

            d. differentiation inducers - promote differentiation

            e. growth inducers - promote growth

       5. stimulation of growth and differentiation outside of the marrow

            a. decreased O2
            b. infection

        6. stages of differentiation:
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 a. CFU-E stem cell

            b. proerythroblast

            c. basophil erythroblast

            d. polychromatophil erythroblast

            e. orthochromatic erythroblast

            f. reticulocyte

            g. erythrocytes

        7. regulation of RBC production:


[image: image4.png]e

Reticulocyte ————— Eryiirocye
Megakaryocyte—— Platlet
Promonocyte ————— Monoeyie-Macrophage
Gramiocyte
| Basopnit
s o
5 can By Dependent

Lymphoid By Independent

[ T Helper indicer
T cyrotoxic

- col

Tsuppeessor
K

Multipotential hemopoietic stem cell and its progeny




        8. erythropoietin

                a. principle stimulator of RBC production

                b. glycoprotein

                c. 34,000 MW

                d. responds to:

                    1. hypoxia

                    2. nonrenal sensors in body

                    3. norepinephrine

                    4. epinephrine

                    5. prostaglandins

                e. formed in the kidneys (90%) and liver (10%)

                f. kidney removal = anemia

                g. during hypoxia:

         1. erythropoietin forms within minutes to hours and reaches max. in 24 hr.

                     2. circulating RBC do not increase for ~ 5 days

III. Maturation of RBC's

    A. vitamin B12 and folic acid

        1. DNA synthesis

        2. lack of leads to maturation failure

            a. failure of nuclear maturation and division

            b. slow proliferation

            c. macrocytes - larger cells

            d. flimsy membrane - causes short life-span

            e. irregular, large, oval

    B. pernicious anemia

        1. atrophic gastric mucosa

        2. failure for secreting normal gastric secretions

        3. intrinsic factor

            a. glycoprotein

            b. secreted by parietal cells of gastric glands

            c. combines with vitamin B12 in the gut

            d. necessary for vitamin B12 absorption

IV. Formation of Hemoglobin

   A. hemoglobin variations

    
1. alpha chains

    
2. beta chains

    
3. gamma chains

    
4. delta chains

   B. hemoglobin A

    
1. most common in adults

    
2. 2 alpha chains + 2 beta chains

   C. 1 hemoglobin molecule = 4 heme subunits and 4 iron atoms

        which can carry 4 O2 molecules or 8 O2 atoms
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V. Iron Metabolism

    A. iron in the body

       1. 4-5 grams in the body

        2. 65% in the form of hemoglobin

        3. 4% in the form of myoglobin

        4. 1% in heme compounds

        5. 0.1% bound with transferrin the in the plasma

6. 15-30% stored in the reticuloendothelial system and liver parenchymal cells in primarily the form of ferritin

    B. transport and storage

        1. absorbed in the small intestine

        2. combines in the plasma with apotransferrin to form transferrin

a. transferrin binds strongly with receptor on erythroblasts in the bone marrow

            b. transferrin delivers iron directly to mitochondria

            c. without transferrin - hypochromic anemia occurs

        3. iron is loosely bound with globulin molecule and can be released into tissues

        4. in the cell cytoplasm, iron binds with apoferritin to form ferritin (storage iron)

            easily reversible

        5. hemosiderin

            a. extremely insoluble form in storage pool

            b. normally small quantities

            c. become large with excess iron storage

            d. is not easily broken down

    C. absorption of iron from the gut

        1. absorbed from the gut

        2. apotransferrin is secreted by the liver into the bile

        3. apotransferrin binds with iron to form transferrin

        4. transferrin is absorbed through gut epithelial cells and becomes plasma 
    transferrin

        5. only small amounts of iron are absorbed each day

        6. when apoferritin is saturated, iron absorption is reduced

        7. pathological excess absorption leads to massive deposition of hemosiderin in the     

            reticuloendothelial cells
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VI. Destruction of RBC's

    A. RBC lifespan = 120 days

    B. mature RBC does not have nucleus, mitochondria, or endoplasmic reticulum

    C. RBC has cytoplasmic enzymes capable of metabolizing glucose and forming ATP, and NADPH

    D. NADPH:

        1. maintains pliability of cell membrane

        2. membrane transport of ions

        3. keeps iron in the cell in ferrous form

        4. prevents oxidation of proteins in RBC

    E. cell membrane becomes rigid with age

    F. rigid membrane can not survive red pulp of spleen

    G. hemoglobin is phagocytized by:

        1. liver Kupffer cells

        2. spleen

        3. bone marrow

    H. iron is released back into the blood for use or storage

    I. porphyrin portion of the hemoglobin molecule is converted to bilirubin
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