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THE PITUITARY HORMONES AND THEIR CONTROL
PHYSIOLOGY III, TRI IV

GUYTON & HALL CHAPTER 75

Dr. Robyn Strader
I.  The pituitary gland (hypophysis)  
    A.  about 1 cm in diameter, 0.5 to 1 gram in weight

    B.  lies in sella turcica




Paraventricular nucleus

    C.  connected to hypothalamus via the pituitary stalk        
     Supraoptic nucleus

    D.  divisions:

         1.  anterior (adenohypophysis)




   optic chiasm

         2.  posterior (neurohypophysis)

         3.  pars intermedia



Posterior

Anterior

    E.  anterior pituitary:

         1.  formed from Rathke's pouch

         2.  secretes many hormones - 6 important ones

         3.  hormones play major role in metabolism

         4.  hormones:

              a.  growth hormone -  GH

              b.  adrenocorticotropin - ACTH

              c.  thyroid - stimulating hormone - TSH

              d.  Prolactin - PRL

              e.  follicle - stimulating hormone - FSH

              f.  luteinizing hormone - LH

        5.  cell types:

             a.  Somatotropes - produces hGH

             b.  corticotropes - produces ACTH & MSH

             c.  thyrotropes - produces TSH

             d.  gonadotropes - produces FSH & LH

             e.  lactotropes - PRL

    F.  posterior pituitary

         1.  formed from neural tissue - contains glial type cells

         2.  secretes 2 important hormones

         3.  hormones:

              a.  antidiuretic hormone - ADH

              b.  oxytocin - OT

         4.  cell types:

              a.  large neurons located in the supraoptic and

                  paraventricular nuclei of the hypothalamus

              b.  pituicytes

II. Control of Pituitary Secretion by the Hypothalamus  
      A.  controlled by hormonal or nervous signals from the hypothalamus

      B.  hypothalamus receives signals from almost all possible sources in the nervous system

      C.  hormonal signals are sent via the hypothalamic-hypophysial portal system

      D.  hormones from the hypothalamus:

            1.  thyroid-stimulating hormone releasing hormone (TRH)

            2.  corticotropin-releasing hormone (CRH)

            3.  growth hormone releasing hormone (GHRH)

            4.  growth hormone inhibitory hormone (GHIH)

            5.  gonadotropin-releasing hormone (GnRH)

            6.  prolactin inhibitory factor (PIF)
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III. Growth Hormone (somatotropic hormone [SE] or somatotropin)
     A.  exerts its effects on almost all tissues of the body

     B.  191 amino acid chain, 22,006 MW

     C.  increases size, mitotic rate, number, and specific differentiation

     B.  metabolic effects:

          1.  increases rate of protein synthesis in all cells

          2.  increases mobilization of fatty acids

          3.  decreases rate of glucose utilization

          4. summary ; enhances body protein, uses up fat stores, conserves carbohydrates

    C.  protein anabolism:

          1.  enhancement of amino acid transport through cell membrane

          2.  enhancement of RNA translation to promote protein synthesis by the ribosomes

          3.  increased nuclear transcription of DNA to form RNA

          4.  deceased catabolism of protein and amino acids

    D.  carbohydrate metabolism:

          1.  decreased use of glucose for energy

          2.  enhancement of glycogen deposition in the cells

          3.  diminished uptake of glucose by the cells and increased

                blood glucose concentration - "pituitary diabetes"

          4.  increased insulin secretion - diabetogenic effect of growth hormone

   E.  stimulation of cartilage and bone growth:

          1.  increased deposition of protein by chondrocytic and osteogenic cells

          2.  increased rate of reproduction of these cells

          3.  conversion of chondrocytes into osteogenic cells

   F.  somatomedins

   G.  regulation of secretion:


1.  stimulatory factors:


       
a.  fasting or starvation - protein depletion

          

b.  hypoglycemia or decreased fatty acids in the blood

          

c.  exercise          





d.  stress

          

e.  first 2 hours of deep sleep (stages 3 & 4, non REM)



f.  hormones of puberty (estrogen, testosterone)


2.  inhibitory factors:



a.  increased glucose concentration



b.  increased free fatty acid concentration



c.  obesity

                   
d.  senescence



e.  somatomedins



f.  growth hormone



g.  (-adrenergic agonist

  H.  role of hypothalamus:

       1.  growth hormone releasing hormone (GHRH)

       2.  growth hormone inhibitory hormone (GHIH)

 G.  abnormalities of GH

       1.  dwarfism

       2.  gigantism

       3.  acromegaly
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IV.  Posterior Pituitary  
   A.  antidiuretic hormone (ADH or vasopressin)

   B.  oxytocin

   C.  regulation

(BP, ( osmolality



Stretch of smooth muscle
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THYROID METABOLIC HORMONES
Physiology III, Tri-4

Guyton & Hall, Chapter 76

Dr. Robyn: Strader


I.  Thyroid Gland  
     A.  located below larynx

     B.  anterior and lateral to trachea 

     C.  secretes:

          1.  thyroxin (T4)

          2.  triiodothyronine (T3)

          3.  calcitonin






       I   I                      


II. Formation and Secretion of Thyroid Hormones
     A.  secretion:






I-    I-
I-   T3  TBG

          1.  90% thyroxine 





I-
I-
T4  TBG

          2.  10% triiodothyronine = 4X more potent as thyroxine

     B.  anatomy:

          1.  closed follicles

          2.  secretory substance called colloid

          3.  lined with cuboidal epithelioid cells that secrete into follicle

          4.  thyroglobulin

               a.  major constituent of colloid

               b.   contains thyroid hormones

    C.  blood flow = 5X weight of gland

    D.  iodine

          1. 50 mg / year

          2.  1 mg / week

          3.  iodine trapping:

               a.  basal membrane pumps iodide actively to interior of cell

               b.  can concentrate up to 250X blood level

     E.  thyroid cells are protein-secreting glandular cells

     F.  thyroglobulin:

          1.  glycoprotein

          2.  secreted by endoplasmic reticulum and Golgi apparatus

          3.  secreted into follicles

          4.  combines with iodine to form thyroid hormones

    G.   iodide ions:

          1.  oxidized via peroxidase

          2.  peroxidase is accompanied by hydrogen peroxide (H2O2)   

    H.   organification  = iodine binding with thyroglobulin 

    I.  release of thyroxine and triiodothyronine

       1.  thyroglobulin not released into circulation

       2.  T3 & T4 cleaved form the thyroglobulin molecule

            a.  pinocytic vesicles ingested

            b.  lysosomes fuse with these vesicles 

            c.  proteinases digest the thyroglobulin and release the thyroxine and triiodothyronine

            d.  thyroid hormones are released into the blood

                 1.  90% is thyroxine

                 2.  10% is triiodothyronine

III.  Transport
  A.  most all T3 & T4 bind to plasma proteins

       1.  80% with thyroxine-binding globulin

       2.  10 - 15% with thyroxine - binding prealbumin

       3.  remainder with albumin

 B.  half-life of thyroxine is 15 days,  may have effects up to 2 months

 C.  half-life of triiodothyronine is 6 to 12 hours with activity up to 2 to 3 days

IV.  Functions of the Thyroid Hormones

 A.  wholesale nuclear transcription of large numbers of genes

 B.  almost all cells increase:

       1.  protein enzymes

       2.  structural proteins

       3.  transport proteins

       4.  other substances 

  C. Thyroid hormone receptors are near DNA genetic strands

  D.  increased metabolic activities in almost all tissues 

  E.  increased BMR

  F.  accelerated utilization of foodstuffs

  G.  increased protein synthesis and catabolism

  H.  accelerated growth rate

   I.  excited mental processes

   J.  increased endocrine activity

  K.  increases size, surface area, and number of mitochondria

  L.  increases transport of Na and K through cell membranes

 M.  increases heat production

  N.  mental and physical development

  O.  effects on carbohydrate metabolism

        1.  increased CHO uptake

        2.  enhanced glycolysis

        3.  enhanced gluconeogenesis

        4.  increased GI absorption

        5.  increased insulin secretion

P.  fat metabolism increases:

       1.  depletion of fat stores

       2.  lipid mobilization 

       3.  free fatty acid concentration in plasma

       4.  oxidation of free fatty acids by the cells

Q.  increased thyroid hormone decreases the quantity of cholesterol,

       phospholipids, and triglycerides in the plasma  

 R.  increased need for vitamins

 S.  decreases body weight

 T.  blood flow, heart rate, contractility, BV and CO increase

U.  increased respiration

V.  increased GI and neural activity

W.  muscle tremor

X.  difficulty with sleep

Y.  loss of libido

V.  Regulation of Thyroid Hormone Secretion
  A.  TSH = thyrotropin

        1.  increased proteolysis of thyroglobulin

        2.  increased activity of iodide pump

        3.  increased iodination of tyrosine and increased coupling to form the thyroid hormones

        4.  increased size and secretory activity of thyroid cells

        5.  increased number of thyroid cells, change from cuboidal to columnar cells

        6.  summary - TSH increases all the known activities of the thyroid glandular cells

  B.  thyrotropin-releasing hormone = TRH

        1.  stimulates anterior pituitary

        2.  release of TSH

        3.  exposure to cold

        4.  excitement and anxiety - decrease TRH

  C.  feedback of thyroid hormone on TSH

VI.  Diseases of the Thyroid
  A.  hyperthyroidism

  B.  hypothyroidism



Cold

  C.  cretinism
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PARATHYROID HORMONE AND CALCITONIN
PHYSIOLOGY III, TRI-4

GUYTON & HALL CHAPT. 79

Dr. Robyn: Strader

I.  Absorption and Excretion of Calcium and Phosphate      

     A.  Calcium poorly absorbed from the intestinal tract

           1.  relative insolubility

           2.  bivalent cation

      B.  Phosphate easily absorbed except in the presence of excess calcium

      C.  Excretion of calcium:

           1.  9/10 in feces

           2.  1/10 in urine

           3.  excretion in urine is similar to Na excretion - controlled by parathyroid

      D.  Excretion of phosphate:

            1.  most is excreted into urine

            2.  some excreted with calcium in feces

            3.  kidney regulates plasma phosphate concentration by altering rate of excretion

            4.  parathyroid hormone increases phosphate excretion via the kidneys

       E.  Vitamin D:              


 1.  increases calcium absorption for the intestinal tract

             2.  enhances bone deposition and bone reabsorption  (figure 79-1)

             3.  liver and parathyroid hormone are necessary for conversion of cholecalciferol (D3)

 
FIGURE 79-1, page 986
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F.  1,25 - Dihydroxycholecalciferol

            1.  promotes intestinal absorption of calcium

            2.  increases calcium-binding protein in the intestinal epithelial cells

            3.  promotes formation of a calcium - stimulated ATPase in the

                  brush border of the epithelial cell

            4.  promotes formation of an alkaline phosphatase in the epithelial cells

            5.  enhances phosphate flux through the GI epithelium

II. Calcium in the plasma and interstitial fluid
      A.  plasma calcium average = 9.4 mg/dl, range = 9-10 mg/dl

      B.  forms of calcium in the plasma

           1.  40% is bound to proteins, nondiffusible through the capillary

           2.  10% is bound, not ionized, and diffusible

           3.  50% diffusible and ionized

III. Inorganic phosphate in the extracellular fluids

      A.  mainly two forms:

           1.  HPO4   (1.05 mmol/L)

           2.  H2PO4 (0.26 mmol/L)           

           3.  acidic extracellular fluid --> relative increase in H2PO4
           4.  alkaline extracellular fluid ---> relative increase in HPO4
      B.  total phosphate is measured

           1.  difficult to measure separately

           2.  avg. total phosphorus = 4 mg/ dl (range is 3 - 4 mg /dl for adult

                and 4 - 5 mg / dl in children)

IV.  Effects of altered calcium and phosphate levels

     A.  hypocalcemia:

          1.  excitable nervous system

               a.  increased neuronal membrane permeability to Na

               b.  easy initiation of action potentials

               c.  spontaneous discharge of nerve fibers

          2.  tetany:

               a.  carpopedal spasm  (fig. 79-5)

               b.  blood conc. below 9.4 mg/dl  to  6 mg/dl  (35% below normal)

               c.  4 mg/dl = lethal

          3.  convulsions - excitability in brain

          4.  other:

               a.  dilatation of the heart

               b.  changes in cellular enzyme activities

               c.  increased cell membrane permeability

               d.  impaired blood clotting

     B.  Hypercalcemia:

          1.  depressed nervous system

          2.  reflex activities of CNS are sluggish

          3.  decreased QT interval of heart

          4.  constipation / lack of appetite

          5.  depressed contractility of GI muscular wall

          6.  blood levels 12 mg/dl - 15 mg/ dl

          7.  calcium phosphate precipitates when levels rise to 17 mg/dl

V.  Bone, calcium, and phosphates
    A.  Bone composed of:

          1.  tough organic matrix (30%) 

          2.   calcium salts (70%)

    B.   organic matrix:

          1.   90-95 collagen fibers

          2.   ground substance

    C.  collagen fibers - give bone tensile strength

    D.  ground substance:

          1.  extracellular fluid

          2.  proteoglycans; chondroitin sulfate and hyaluronic acid

    E.  Bone Salts:

          1.  calcium

          2.  phosphate

          3.  magnesium

          4.  sodium

          5.  potassium

          6.  carbonate ions

          7.  foreign substances - radioactive substances

VI.  Bone calcification
    A.  "inhibitors" prevent precipitation from occurring in tissues

    B.   bone calcification:

          1.  secretion of collagen molecules (collagen monomers) and

               ground substance by osteoblasts

          2. collagen monomers polymerize to form collagen fibers

          3.  osteoid = cartilage-like material with calcium salts in it

          4.  osteocytes = osteoblasts trapped in osteoid

          5.  hydroxyapatite crystals - formed from calcium salts that

               precipitated on the surfaces of the collagen fibers

          6.  20 - 30% remain in amorphous form - exchangeable calcium = buffer 

    C.  precipitation of Ca in nonosseous tissue:

          1.  arteriosclerosis

          2.  old blood clots         

     D.  osteoblasts - bone deposits

     E.  osteoclasts - bone absorption

          1.  derivatives of monocytes

          2.  phagocytic, multinucleated cells

          3.  villi secrete:

               a.  proteolytic enzymes

               b.  several acids - released mainly by the mitochondria

     F.  remolding:

          1.  stress

          2.  fracture

VII.  Parathyroid hormone
     A.  PTH causes rapid absorption of calcium salts from the bones

     B.  activity:

           1.  immediate: acts on existing bone cells

           2.  prolonged: proliferation of osteoclasts, and increased osteoclastic reabsorption

           3.  activity occurs near osteocytes

     C.  PTH activates the osteoblasts and osteocytes; they in turn stimulate the osteoclasts

     D.  activation of the osteoclastic system:

           1.  immediate activation of existing osteoclasts

           2.  formation of new osteoclasts

     E.  effect on Kidneys:

           1.  immediate and rapid loss of phosphate in the urine

           2.  diminished proximal tubular reabsorption of phosphate ions

           3.  increased tubular reabsorption of Ca

           4.  increases reabsorption of Mg, and H ion

           5.  decreased reabsorption of Na, K, and amino acid ions

           6.  increased Ca absorption - ascending limbs of the loops of Henle, 

                distal tubules and collecting ducts (not proximal tubules)     

     F.  PTH enhances calcium and phosphate absorption from the intestines via

          formation by the kidney of 1,25 - dihydroxycholecalciferol from vit. D          

     G.  absence of vit. D reduces PTH affect

     H.  cAMP mediates PTH

      I.  PTH regulated by calcium ion concentration in the extracellular fluid

      J.  PT gland enlargement:

          1.  persistent low calcium levels

          2.  Rickets

          3.  pregnancy

          4.  lactation 

    K.  PT gland reduced size:

          1.  excess quantities of Ca

          2.  increased dietary vit. D

VIII. Calcitonin
    A.  effects opposite of PTH    

    B.  produced by thyroid gland

    C.  decreases plasma calcium concentration

         1.  decreases the absorptive activities of the osteoclasts

         2.  decreases formation of osteoclasts

    D.  controlled by blood calcium levels

IX.  Control of Calcium Ion Concentration
    A.  buffer system

    B.  hormonal control

X.  PT and bone diseases
    A.  hypoparathyroidism

    B.  vit. D and Ca therapy

    C.  hyperparathyroidism

          1.  bone diseases

          2.  hypercalcemia

          3.  PT poisoning and metastatic calcification

          4.  kidney stones

    D.  rickets

    E.  osteomalacia

    F.  osteoporosis

XI.  Teeth
    A.  function

    B.  dentition

    C.  mineral exchange

    D.  dental abnormalities  






ADRENAL CORTEX
Physiology III, Tri 4

Guyton & Hall, Chapter 77

Dr. Robyn Strader

I.  The Adrenal Glands
       A.  weighs about 4 grams

       B.  superior to kidney

       C.  composed of medulla and cortex

       D.  medulla (20% of gland) secretes epinephrine and norepinephrine

       E.  cortex secretes corticosteroids

       F.  adrenal cortex contains more than 30 different steroids

                                                                       Cortex








Zona Reticularis








   Zona Fasciculata








     Zona Glomerulosa

                                                                                     Medulla


II. Corticosteroids
       A.  synthesized from the cholesterol

       B.  include mineralocorticoids, glucocorticoids and androgens

       C.  mineralocorticoids affect extracellular electrolytes

             aldosterone - principal mineralocorticoid

       D.  glucocorticoids increase blood glucose concentration, play a role in fat, protein, and                        
 carbohydrate metabolism 

             cortisol - principal glucocorticoid




III.  Chemistry of Adrenocortical secretion; Layers of Adrenal Cortex & Chemistry of     

        the Adrenocortical Hormones
       A.  zona glomerulosa

                 1.  outer most layer

                 2.  very thin

                 3.  secretes aldosterone, and adrenal androgens

                 4.  functions almost independently of the zona reticularis and zona fasciculata

        B.  zona fasiculata

                 1.  middle layer

                 2.  secretes cortisol, glucocorticoids, and adrenal androgens

       C.  zona reticularis

                 1.  deep layer

                 2.  secretes cortisol, glucocorticoids, and adrenal androgens

        D.  chemistry of the adrenocortical hormones

                 1.  steroid compounds

                 2.  cholesterol absorbed directly by endocytosis

                 3.  membrane has receptors for LDL 

                 4.  some cholesterol synthesized intracellular

E.  Mineralocorticoids:  (from Guyton page 843)

     
    1.   aldosterone - very potent, accounts for nearly 90% of mineralocorticoid activity

     
    2.  Desoxycorticosterone - 1/15 as potent as aldosterone-very small quantities secreted

     
    3.  Corticosterone - slight activity

     
    4.  9 alpha-Fluorocortisol - synthetic, slightly more potent that aldosterone

     
    5.  Cortisol - very slight activity, but large quantity secreted

     
    6.  Cortisone - synthetic, slight activity

       F.  Glucocorticoids:

                1.  Cortisol - very potent, accounts for about 95% of all glucocorticoid activity

     
    2.  Corticosterone - about 4% of total glucocorticoid activity, but much less potent than cortisol

     
    3.  Cortisone - synthetic, almost as potent as cortisol

     
    4.  Prednisone - synthetic, 4X as potent as cortisol

     
    5.  Methylprednisolone - synthetic, 5X as potent as cortisol

     
    6.  Dexamethasone - synthetic, 30X as potent as cortisol

      G.  Transport of adrenal hormones

      
    1.  cortisol binds to a globulin - cortisol binding globulin or transcortin

      
    2.  also binds to albumin

      
    3.  94% is bound and 6% is free

      
    4.  50%  of aldosterone binds with plasma protein, 50% is free

     
    5.  adrenal steroids are degraded mainly in the liver and conjugated to form 



glucuronides and sulfates

      
    6.  25% are excreted in bile and feces

      
    7.  75% are excreted in urine

      
    8.  normal aldosterone level = 6ng/dl, 150-250 ug secreted per day

      
    9.  normal cortisol concentration averages 12 ug/dl, daily secretory rate 



averages 15-20 mg/day

IV.  Functions of the Mineralocorticoids - Aldosterone
        A.  Adrenocortical secretion necessary to sustain life

              1.  when absent, death occurs in 3 days to 2 weeks without therapy

              2.  in the absent of mineralocorticoids:

                   a.  extracellular K increases

                   b.  Na & CL decrease

                   c.  fluid and blood volumes decrease

                   d.  CO decreases - shock

        B.  Renal and circulatory effects of aldosterone

              1.  aldosterone's major functions - promote transport of sodium and potassium through                          
       renal tubule walls and hydrogen to a lesser extent

              2.  promotes absorption of Na and excretion of K 

        C.   Effect on extracellular fluid volume and arterial pressure

               1.  as Na is reabsorbed, water volume increases

               2.  increased fluid volume leads to increased arterial pressure

               3.  increased pressure leads to increased kidney excretion of both water and salt                                    
        (pressure diuresis)

               4.  aldosterone escape - secondary increase excretion of salt and water

               5.  zero aldosterone secretion :

                           a.  increased sodium excretion

                           b.  decreased extracellular fluid volume

                           c.  low blood volume

                           d.  circulatory shock

         D.  Hypokalemia and muscle weakness; hyperkalemia and cardiac toxicity

               1.  aldosterone leads to increased K in urine

               2.  muscle weakness occurs with decreased K,  (4.5mEq/L = normal)

               3.  action potentials decrease

               4.  aldosterone deficiency:

                        a.  increased extracellular potassium

                        b.  cardiac toxicity

                        c.  weaken heart contraction

                        d.  arrhythmias

                        e.  cardiac death

           E.  Effect of aldosterone on increasing tubular hydrogen ion secretion

                 1.  aldosterone causes tubular secretion of hydrogen in exchange for Na     

                 2.  as hydrogen ions decrease a mild degree of alkalosis may result

            F.  Effects of aldosterone on sweat glands, salivary glands, and intestinal absorption

                 1.  increased reabsorption of sodium

                 2.  increased secretion of K and bicarbonate

                 3.  decreased aldosterone  - unabsorbed NaCl and water, leading to diarrhea

           G.  Cellular mechanism of aldosterone

                 1.  not fully understood

                 2.  aldosterone diffuses readily into tubular epithelial cells

                 3.  combines with receptor protein in cytoplasm

                 4.  diffuses into nucleus

                 5.  induces DNA to form RNA related to the process of Na and K transport

                 6.  RNA forms proteins necessary for Na, K, and H transport through the cell 


          membrane

                 7.  this process causes a delay in aldosterone's effect on Na-K transport.

          H.  Regulation of aldosterone secretion

                  1.  aldosterone secretion dependent on:

                       a.  extracellular fluid volume

                       b.  electrolyte concentrations

                       c.  blood volume

                       d.  arterial pressure

                       e.  renal function

                 2.  secreted by zona glomerulosa

                 3.  "essentials" in the regulation of aldosterone

                      a.  K ion concentration of the extracellular fluid

                      b.  renin-angiotensin system

                      c.  Na ion concentration in the extracellular fluid

                      d.  adrenocorticotropic hormone (ACTH)

V.  Functions Of The Glucocorticoids
      A.  95% of glucocorticoid activity is from cortisol (=hydrocortisone)

            smaller amount provided by corticosterone

      B.  stimulation of gluconeogenesis by the liver   (6-10X)

            1.  increased enzymes for conversion of  AA to glucose

            2.  mobilization of AA from extrahepatic sites

            3.  increased gluconeogenesis leads to increased glycogen storage in liver

      C.  decreased glucose utilization by cells

      D.  adrenal diabetes - due to increase in gluconeogenesis and decrease in glucose utilization

      E.  reduction in protein stores

             1.  decreased synthesis

             2.  increased catabolism of protein

             3.  decreased AA transport

             4.  cortisol depresses the formation of RNA

                    a.  cortisol can lead to muscle weakness

                    b.  cortisol causes decreased lymphoid immunity functions

       F.  liver and plasma proteins become elevated

       G. cortisol decreases AA transport into cells

             - leads to decrease in protein synthesis

       H.  increased plasma AA and increase AA into liver cells leads to:

             1.  increased rate of deamination of AA by the liver

             2.  increased protein synthesis in the liver

             3.  increased formation of plasma proteins by the liver

             4.  increased conversion of AA to glucose = enhanced gluconeogenesis

        I.  cortisol promotes mobilization of fatty acids from adipose tissue

             1.  increases free fatty acids in the plasma

             2.  increases utilization of energy

        J.  cortisol enhances the oxidation of fatty acids in the cells

       K.  cortisol stimulates utilization of fatty acids instead of glucose or glycogen during 
  


 stress

        L.  cortisol obesity - excess deposition of fat in the upper body.

       M.  other effects of cortisol:

                 1.  released during stress-

                      a.  trauma

                      b.  infection

                      c.  intense heat or cold

                      d.  injection of  norepinephrine and other sympathomimetic drugs

                      e.  surgical operations

                      f.  injection of necrotizing substances

                      g.  physical restraint

                      h.  debilitating diseases

       N.  anti-inflammatory effects of cortisol

                   1.  blocks the early stages of the inflammation process


       2.  causes rapid resolution of the inflammation and increased rapidity of 



healing

       O.  cortisol - prevention of inflammation

                    1.  stabilization of the lysosomal membranes

                    2.  decreases capillary permeability

                    3.  decreases WBC migration and phagocytosis

                    4.  suppresses the immune system - reduces lymphocyte production

                    5.  reduces fever because it reduces interleukin-1 from WBC,

                         reduced fever leads to reduced vasodilatation 

        P.  cortisol - can cause resolution of inflammation

       Q.  cortisol - blocks inflammatory response to allergic reactions

        R.  cortisol decreases the number of eosinophils and lymphocytes in the blood

        S.  large doses of cortisol causes atrophy of lymphoid tissue - reducing T cells and                        
 antibodies

        T.  cortisol increases RBC production - polycythemia

        U.  cortisol release is controlled almost entirely by adrenocorticotropic hormone                              
  (ACTH)

         V.   cortisol exhibits 24-hour cyclic alteration

VI.  The Adrenal Androgens
         A.  adrenal androgens  (male sex hormones) are secreted by the adrenal cortex,

               primarily during fetal development

         B.  minute quantities of progesterone and estrogen are also secreted

VII.  Abnormalities Of Adrenocortical Secretion
          A.  hypoadrenalism - Addison's disease

                      1.  primary atrophy of adrenal cortex

                      2.  decreased aldosterone secretion

                                a.  loss of Na, Cl, and water in urine

                                 b.  decreased extracellular fluid volume

                                 c.  hyperkalemia  and mild acidosis due to retention of  K and H

                                 d.  decreased plasma volume, increased [RBC], CO decreased, shock

                        3.  decreased cortisol secretion

                                  a.  abnormal blood glucose levels

                                  b.  reduced mobilization of fat and protein

                                  c.  muscle weakness

                                  d.  susceptible to stress

                        4.  increased melanin pigmentation


B.  hyperadrenalism - Cushing's syndrome

                         1.  increased cortisol and androgen secretion

                         2.  increased fat deposition in upper body

                         3.  80% are hypertensive

                         4.  increased blood glucose levels - "adrenal diabetes"   

                         5.  protein catabolism - muscle weakness

                         6.  suppressed immune system

                         7.  osteoporosis
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PHYSIOLOGY OF STRESS 


Physiology III, Tri 4

Mrs. Brashear 

Resources for this lecture topic: 
Medical Physiology, Guyton & Hall 
Human Physiology, Vander 
Physiological Basis of Medical Practice, Best & Taylor 
Physiology, Berne & Levy 
Handbook of Stress, Medicine & Health, Cooper  (Library)

Objectives: 
1. To define stress. 
2. To learn the types of responses to stress. 
3. To understand the acute stress response. 
4. To understand the pathology of chronic stress. 
5. To review stress management 

I. Stress defined 

A. Organism’s reaction to every kind of strain, challenge or demand which elicits 
     a physiological response. 
B. Types of stress 

 1. physical trauma 
 2. prolonged exposure to cold 
 3. prolonged heavy exercise 
 4. infection 
 5. decreased oxygen supply 
 6. pain 
 7. fright 
 8. emotional stress 
 9. shock

II. Responses to Stress 

 A. Emotional reactions

1.  anxiety 

2.  depression 

3.  apathy 

4.  alienation 

5.  hypochondriasis 

6.  etc. 

 B. Behavioral reactions 
    
       1.  smoking 

2.  drinking 

3.  taking risks 

4.  aggressive behavior 

5.  antisocial behavior 
 C. Physiological reactions 

 1. Integrated response to stress that is protective 

  
a. mental 
  


b. physical

2. Neuroendocrine response 
        


a.  Sympathetics


b.  Adrenal cortex and medulla

III. Acute Stress Response 
 Allows survival under numerous adverse conditions 

 A. Function of Stress response 
 B. Role of a Mass Sympathetic Response        (Guyton, page 778) 
                  “fright or flight” =  alarm or stress reaction 
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  1. Role of hypothalamus 
  2. Widespread reaction 
  3. Intent 
  4. Mechanisms: 

   a. cardiac 
   b. blood 
   c. ventilation 
   d. coagulation of blood 
   e. muscle 
   f. muscle and liver glycogenolysis 
   g. mental alertness

 C. Role of the Hypothalamic-Pituitary-adrenocortical axis 
      Or the CRH-ACTH-cortisol axis 

1. Hormones involved 


a.  ACTH 


b.  catecholamines 


c.  ADH


d.  angiotensin 


e.  aldosterone 


f.  glucagon 


g.  GH


h.  cortisol

2. Stress syndrome pathway
  
a.   Hypothalamus       Pituitary       adrenocortical axis 
         
     (CRH)             (ACTH)          (cortisol)
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b. General function of the axis 
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  1. Energy mobilization and redistribution 

   a. protein metabolism – 
       catabolism 
       synthesis 
       effect on muscles 
   b. glucose metabolism 
       inhibition of glucose uptake 
       gluconeogenesis 
       glycogen synthesis 
   c. Lipids 
       lipolysis

  2. Cardiovascular function 

   enhanced cardiac function 
   enhanced vascular reactivity 
   decreased endothelial permeability

  3. Fluid volume 

   ADH 
   Aldosterone

  4. Inflammatory response blocks prostaglandin production 

    a. decreases vasodilation 
    b. decrease permeability of membranes 
    c. decrease migration of monocytes and lymphocytes 
        blocks leukotrienes 
    d. decrease in neutrophil function 
    e. decrease in phagocytosis and bacterial killing
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  5. Immune Response – 

a.  decrease in cellular and humoral immunity 
b.  decrease in interleukin 1 & 6

c.  decrease tumor necrosis factor 


    Immune Response
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  6. GH and sex steroids 
  7. Thyroid hormones

IV. Chronic Stress Response 
Chronic stress can lead to syndromes and/or pathologies based on behavioral, neuroendocrine, autonomic and immunologic adaptation during stressful situations 

 A. Physiological Changes Resulting from Chronic Stress 

       1. Endocrine-metabolic

                   a. catabolic activity  - cholesterol and fatty acids 
       b. hyperglycemia 
       c. insulin secretion related to hyperglycemia 
       d. appetite – weight gain 
       e. cellular activity and repair

            2. GI tract 

   
       a. mucosal protective barrier

    
       b. colonic motility


3. Musculoskeletal 

   
       a. decreased lean body mass 


       b. osteoporosis 
            osteoblasts 
            calcium absorption 
            fibroblast activity 
      c. skin 
      d. growth and maturation in children

  4. Capillary fragility

  5. Immunity

               a. shrinkage of the thymus 
   b. wound healing 
   c. leukocytes 
   d. suppression of 3 inflammatory cytokines

 B. Linking Stress to Disease 
     Causative?    Increased activity in genetic tendencies? 

  1. muscle tension 
  2. GI symptoms 
      indigestion, vomiting, heartburn, irritable colon syndrome, 
      constipation, etc. 
  3. CV symptoms 
      arrhythmias, CAD, pain or tightness, palpitations, hypertension, stroke 
      sudden death 
  4. Respiratory 
      dyspnea and hyperventilation 
  5. CNS 
      insomnia, weakness, fatigue syndromes, faintness & headaches 
  6. Mental disorders such as anxiety, depression 
  7. Decreased Immune response 
      infection 
      latent oncogenic viruses 
      metastatic spread of cancer cells 
      newly transformed cancer cells 
  8. Sexual dysfunction 
     dysmenorrhea 
     frigidity and impotence 
  9. Dermatological problems

V. Stress Management 
     3 basic pathways in order of preference 

 A. Eliminate or modify stress producing situation or remove individual 
 B. Change social situation 
 C. Strengthen the person to stress 

  1. physical exercise 
  2. meditation 
  3. relaxation techniques 
  4. social support

VI. Use of cortisol medically 
          A. Anti-inflammatory 
          B. Side effects 


INSULIN, GLUCAGON, AND DIABETES MELLITUS
Physiology III, Tri 4

Guyton & Hall, Chapter 78

Dr. Robyn Strader

I.  The Pancreas
     A.  Secretes hormones

           1.  insulin

           2.  glucagon

           3.  somatostatin

      B.  Tissues

           1.  acini - secrete digestive juices

           2.  islets of Langerhans - secrete insulin

                a.  1-2 million islets of Langerhans

                b.  0.3 millimeters in diameter

                c.  3 major types of cells - alpha, beta, delta

                d.  beta cells - 60% of cells, lie mainly in the middle of the islet, secrete insulin

                e.  alpha cells - 25% of cells, secrete glucagon

                f.  delta cells - 10% of cells, secrete somatostatin

II. Insulin and Its Metabolic Effects
     A.  Isolated in 1922 by Banting and Best

     B.  Associated with energy abundance: Affects fat, protein, and carbohydrate metabolism

     C.  Chemistry:

          1.  small protein

          2.  mol. wt. = 5808

          3.  2 AA chains connected by disulfide linkages

          4.  Synthesized by beta cells via typical protein synthesis

          5.  1/2 life of 6 minutes in plasma

          6.  Degraded by liver and kidney

      D.  Activation

           1.  binds with membrane receptor protein

           2.   receptor causes subsequent effects

      E.  insulin receptor

            1.   4 subunits - 2 alpha, 2 beta

            2.   alpha subunits lie outside the cell membrane

                  bind with insulin  

            3.  beta subunits penetrate through the membrane, protruding into the cytoplasm,                                  become activated enzyme with insulin stimulation

     F.  effects of insulin stimulation:

            1.  causes membrane to become permeable to glucose

            2.  membrane becomes permeable to AA, potassium ions, magnesium ions, and                                   phosphate ions

            3.  remolds cellular enzymatic machinery

III.  Effect of Insulin on Carbohydrate Metabolism
     A.  Secretion of insulin stimulated by high carbohydrate meal

     B.  Insulin and glucose metabolism in muscle

           1.  at rest

           2.  during exercise

           3.  after a meal

           4.  glycogen storage

           5.  transport of glucose into resting cell

     C.  Effects of insulin on promoting liver uptake, storage, and use of glucose

           1.  inhibits liver phosphorylase - prevents glycogen breakdown

           2.  enhances liver uptake of glucose by increasing activity of glucokinase

           3.  enhances enzymes of glycogen synthesis

      D.  Release of glucose from the liver between meals

            1.  decrease blood glucose causes pancreas to decrease insulin

            2.  glycogen synthesis reverses

            3.  liver decreases uptake of glucose

            4.  lack of insulin activates the enzyme phosphorylase - causes splitting

                 of glycogen into glucose phosphate

       E.  Insulin promotes the conversion of excess glucose into fatty acids

       G.  Fatty acids are packaged as triglycerides in VLDL

       H.  Insulin inhibits gluconeogenesis   

        I.  Insulin has little or no effect on brain glucose usage

             1.  brain cells are permeable to glucose

             2.  brain normally uses only glucose for energy

             3.  hypoglycemic shock - (20-50 mg-dl)  

IV.  Effect of  Insulin on Fat Metabolism 

        A.  increases glucose utilization thereby decreasing fat utilization

        B.  promotes fatty acid synthesis

        C.  most fatty acids synthesis occurs in the liver - very little in the cell 

              1.  insulin increases transport of glucose to the liver

              2.  after glycogen stores are full - glucose is converted to fat

              3.  excess glucose is converted to acetyl-CoA and is then synthesized to fatty acids, 

                   (mainly in the liver) and used to form triglycerides

              4.  triglycerides are carried from the liver in lipoproteins


  5.  insulin activates lipoprotein lipase, which splits the triglycerides again into fatty                             acids so they can be absorbed into the adipose tissue

              6.  in the adipose cell FA are converted to triglycerides

       D.  Insulin inhibits cellular lipase

       E.  Insulin promotes glucose transport through the cell membrane into the fat cells

       F.  Insulin absence promotes fat breakdown

            1.  activation of lipase in the fat cells

            2.  increased fatty acids in the plasma promotes phospholipid and cholesterol production                      by the liver  - they are discharged as lipoproteins

            3.  plasma lipoproteins increase up to 3X - leads to atherosclerosis

       G.  Lack of insulin stimulates ketogenesis and acidosis

            1.  excess fatty acids in the liver stimulates carnitine transport mechanism

            2.  increased fatty acids to mitochondria produces excess acetyl-CoA

            3.  excess acetyl-CoA is condensed to acetoacetic acid

            4.  lack of insulin prevents acetoacetic acid from being utilized and it accumulates

            5.  acetoacetic acid is also converted to beta-hydroxybutyric acid, 

                 and acetone (=ketone bodies )

            6.  accumulation of ketone bodies can lead to death

V.  Effect of Insulin on Protein Metabolism and Growth 


      A.  Insulin causes transport of many AA into the cell

      B.  Insulin increases the translation of messenger RNA - forming new proteins

      C.  Without insulin, ribosomes stop working

      D.  Insulin stimulates DNA to form more RNA, thereby increasing the enzymes necessary for               storage of fat, CHO, and proteins

      E.  Insulin inhibits catabolism of proteins

      F.  Insulin suppresses gluconeogenesis

      G.  Insulin promotes protein formation and prevents the degradation of proteins

      H.  Lack of insulin leads to catabolism of protein, cessation of protein synthesis, plasma AA                  increase 

       I.   Insulin in combination with growth hormone stimulates growth

VI.  Control of Insulin Secretion
        A.  Blood glucose

        B.  Amino acids

        C.  GI hormones

        D. Other hormones

              1.  glucagon

              2.  growth hormone

              3.  cortisol

              4.  progesterone and estrogen

VII.  Glucagon and its Functions
          A.  Secreted by alpha cells

          B.  Opposes insulin

          C.  Large peptide - mol wt. = 3485

          D.  29 AA chain

          E.  Hyperglycemic hormone

VIII.  Effects on Glucose Metabolism
           A.  breakdown of  liver glycogen = glycogenolysis, cascade effect

           B.  increases gluconeogenesis in the liver

           C.  glucagon activates adipose cell lipase

           D.  inhibits triglyceride storage in the liver - 

                 liver does not remove fatty acids from plasma

           E.  enhances strength of the heart

           F.  enhances bile secretion

           G.  inhibits gastric acid secretion

IX.  Regulation of Glucagon Secretion
        A.  Blood glucose  - most important

        B.  Increased plasma AA

        C.  Exercise

  X.  Somatostatin

        A.  produced by delta cells

        B.  Polypeptide containing 14 AA 

        C.  1/2 life of 3 minutes

        D.  stimulated by food ingestion

              1.  increased blood glucose

              2.  increased AA

              3.  increased fatty acids

              4.  GI hormones

         E.  Inhibitory effects of somatostatin

              1.  acts on islets of Langerhans to depress secretion of insulin and glucagon

              2.  decreases motility of the stomach, duodenum and gallbladder

              3.  decreases secretion and absorption in the GI tract              

                     a.  increases time for food to be assimilated into the blood

                     b. decreases the utilization of the absorbed nutrients by the tissues due to                                             suppression of insulin and glucagon



REPRODUCTIVE AND HORMONAL FUNCTIONS OF THE MALE
Physiology III, Tri 4

Guyton & Hall, Chapter 80

Dr. Robyn Strader

I.  Reproductive function of the male

     A.  spermatogenesis

     B.  performance of male sex act

     C.  regulation of male reproductive function via hormones

II. Anatomy of the male sexual organs

     A.  testis

     B.  seminiferous tubules

     C. epididymis

     D.  vas deferens

     E.  ampulla

     F.  prostate gland

     G.  seminal vesicle

     H.  ejaculatory duct

      I. internal urethra

      J.  prostatic ducts

     K.  urethra

     L.  urethral glands

     M.  bulbourethral glands

III. Spermatogenesis

      A.  occurs in seminiferous tubules

      B.  begins about age 13 years

      C.  stimulated by anterior pituitary gonadotropic hormones

      D.  steps of spermatogenesis - takes about 74 days

            1.  spermatogonia division - germinal epithelial cells

                  a.  located in outer border of the tubular epithelium

                  b.  continually proliferate

                  c.  during first stage of spermatogenesis, type A spermatogonia 

                       divide into type B spermatogonia

             2.  spermatogonia migrate centrally toward the Sertoli cells

             3.  Sertoli cells serve to nourish and protect             


4.  stages of division:

                  a.  spermatogonium

                  b.  primary spermatocyte

                  c.  secondary spermatocyte - 1st miotic division

                  d.  spermatid - 2nd meiotic division

                  e.  spermatozoon  = sperm

       E.  Sperm formation

            1.  originate as epithelioid cells

            2.  elongated into spermatozoon with head and tail

            3.  head contains condensed nucleus, thin cytoplasm, and cell membrane

            4.  head contains thick cap (acrosome) formed mainly from Golgi apparatus

            5.  acrosome contains lysosomal enzymes - hyaluronidase, proteolytic enzymes

            6.  flagellum has three parts:

                 a.  axoneme - central skeleton

                 b.  thin cell membrane

                 c.  mitochondria

            7.  sperm move at a rate of 1 to 4 mm/min

       F.  Hormones involved in spermatogenesis

            1.  testosterone





Testosterone

                 a.  secreted by the Leydig cells

                 b.  located in interstitium of testis

                 c.  essential for growth and division of the germinal cells                      AGE
            2.  luteinizing hormone (LH)
                 a.  secreted in the anterior pituitary

                 b.  stimulates the Leydig cells to secrete testosterone                         

            3.  follicle-stimulation hormone (FSH)
                 a.  secreted in the anterior pituitary 

                 b.  stimulates Sertoli cells

                 c.  stimulates the conversion of spermatid to sperm

            4.  inhibin  

                 a.  inhibits FSH

                 b.  acts on pituitary

                 c.  secreted by Sertoli cells or seminiferous tubules

            5.   estrogens
                 a.  formed from testosterone by the Sertoli cells

                 b.  probably essential for spermiogenesis

                 c.  testosterone and estrogen carried into seminiferous 

                      tubular lumen by androgen-binding protein

             6.  growth hormone
                  a.  controls metabolic functions of testes

                  b.  promotes early division of spermatogonia

       G.  Maturation of sperm in the epididymis    

             1.  initially, sperm in the epididymis are nonmotile and infertile

             2.  after 18-24 hours in epididymis, motility is developed

             3.  inhibitory proteins in epididymal fluid prevent movement until after ejaculation

             4.  epididymis epithelium secrete testosterone and estrogens that produce maturation

       H.  Storage of sperm

              1.  120 million sperm/day

              2.  most are stored in vas deferens and ampulla of the vas deferens, some in epididymis  

              3.  stored sperm remain fertile for about 1 month

        I.   Physiology of sperm

              1.  flagellated movement through fluid media

              2.  rate of 1-4 mm/min

              3.  travel in straight line (normal)

              4.  activity enhanced by :

                   a.  neutral or alkaline media (ejaculated semen)

                   b.  increased temperature

IV. Seminal Vesicles
       A.  Secretory gland - lined with secretory epithelium

       B.  Secretes mucoid material containing fructose, prostaglandins, fibrinogen, and other                         nutrient substances

       C.  During emission - seminal vesicle empties its contents into ejaculated semen

       D.  Prostaglandins aid in fertilization:

             1.  reacts with cervical mucus

             2.  reversing peristaltic contractions of uterus and fallopian tubes

V.  Prostate Gland       

      A.  Secretes thin, milky, alkaline fluid containing:

             1.  citrate ion

             2.  calcium

             3.  acid phosphate

             4.  clotting enzyme

             5.  profibrinolysin

      B.  Contracts simultaneously with contraction of the vas deferens

      C.  Alkaline fluid counteracts acidic fluid of vas deferens and vaginal secretions

      D.  pH 6 -6.5 = sperm optimally motile

VI.  Semen
      A.  Semen = fluid + sperm

      B.  Seminal fluid:

            1.  10%  vas deferens

            2.  60%  seminal vesicles

            3.  30%  prostate gland

            4.  small amount from mucous glands (bulbourethral)

      C.  Seminal vesicle fluid - washes sperm out of ejaculatory duct and urethra

      D.  Average pH = 7.5

      E.  Clotting enzyme of the prostatic fluid causes fibrinogen of the seminal vesicle 

            fluid to form a weak coagulum - holds semen in vagina

      F.  Prostatic profibrinolysin forms fibrinolysin - causing lysis of coagulum within

           15 to 30 minutes

      G.  Sperm life span:

            1.  24 - 48 hours at body temperature

            2.  weeks at lowered temperatures

            3.  years at temperatures below -100 C

VII.  Capacitation of the Spermatozoa
       A.  Changes that activate the sperm

             1.  uterine and fallopian tube fluids wash away inhibitory factors

             2.  cholesterol in sperm acrosome begins to wear away

             3.  sperm head becomes permeable to calcium ions causing increased activity in the                              flagellum   

             4.  membrane around acrosome becomes permeable to Ca ions causing release of                                  enzymes that aid in fertilization

       B.  Acrosome enzymes:

             1.  hyaluronidase - depolymerizes the hyaluronic acid polymers in the intercellular                               cement holding the granulosa cells together 

             2.  proteolytic enzymes - digest proteins in the structural elements of the tissues

VIII.  Abnormal Spermatogenesis and Male Fertility
        A.  Destruction of seminiferous tubular epithelium

              1.  mumps

              2.  strictures in the genital ducts

              3.  genetic abnormalities

              4.  excessive temperatures

        B.  Cryptorchidism - failure of testis to descend from the abdomen

        C.  Sperm count:

              1.  normal = 35-200 million/ml, (3.5 ml/ejaculate)

              2.  sperm count below 20 million/ml = infertility

        D.  Sperm shape and motility

IX.  Male Sex Act
        A.  Neuronal stimulus

              1.  glans penis - most important source of impulses, sensitive sensory end-organ

              2. pathway:

                    a.  glans penis

                    b.  pudendal nerve

                    c.  sacral plexus

                    d.  sacral portion of  the spinal cord

                    e.  cerebrum

              3.  other areas of stimulation:

                    a.  anal epithelium

                    b.  scrotum

                    c.  perineal structures

                    d.  internal structures - urethra, bladder, prostate, seminal vesicles, testes,

                         vas deferens

         B.  Psychic stimulation - ex. nocturnal emissions

         C.  Spinal cord - reflex mechanisms in the sacral and lumbar spinal cord

         D.  Stages of the male sexual act

                1.  erection

                     a.  parasympathetic impulses

                     b.  dilation of penile arteries

                     c.  arterial pressure builds up in erectile tissue of the corpus cavernosum and corpus                             spongiosum

                     d. increased pressure causes penis to become hard and elongated

                2.  lubrication

                     a.  parasympathetic impulses to urethral glands and bulbourethral glands causes                                   secretion of mucus 

                     b.  necessary for success of male sex act

                3.  emission 

                     a.  sympathetic impulses

                     b.  begins with contraction of the vas deferens and ampulla - expels sperm into                                     internal urethra

                     c.  contraction of prostate gland

                     d.  contraction of seminal vesicles

                     e.  prostatic fluid and seminal fluid force sperm forward

                4.  ejaculation

                      a.  filling of the internal urethra elicits sensory signals

                      b.  sensory signals:

                           - give feeling of fullness

                           - excite rhythmic contractions of internal genital organs  

                           - contraction of the ischiocavernosus and bulbocavernosus muscles

                       c.  contraction of skeletal muscles aid in propelling semen into vagina

X.  Male Sex Hormones
      A.  Androgens (steroid hormone with masculinizing effects), secreted by the testes

            1.  testosterone - most abundant,  secreted by interstitial cells of Leydig

            2.  dihydrotestosterone

            3.  androstenedione

      B.  Leydig cells

            1.  located in the interstices of the seminiferous tubules

            2.  secrete testosterone

            3.  testosterone production seen at birth and after puberty

      C.  Secretion of androgens elsewhere in the body

            1.  adrenal glands

            2.  embryonic rest cells (rare, female)

      D.  Chemistry - produced from cholesterol or acetyl coenzyme A

      E.   Metabolism of testosterone


1.  most is bound to albumin of a carrier protein

             2.  circulates in the blood for 30-60 minutes

             3.  attaches to cell and converts to dihydrotestosterone and 5-alpha-androstanediol

        F.  Degradation by the liver

              1.   converted to androsterone and dehydroepiandrosterone

              2.   conjugated either as glucuronides or sulfates

              3.   excreted in bile or into urine

        G.  Estrogen production

              1.  Sertoli cells

              2.  formed from testosterone

XI.  Functions of Testosterone
            A.  Masculine characteristics

            B.  Development of male genital

            C.  Descent of the testes

            D.  Body hair - terminal

                  1. pubic 

                  2.  linea alba

                  3.  face

                  4.  other regions

            E.  Baldness

                   1.  genes

                   2.  androgens

            F.  Voice

            G.  Skin

            H.  Acne

             I.   Protein formation

             J.  Bone growth and calcium retention

            K.  BMR

             L.  RBC's

            M.  Electrolyte and water balance





FEMALE REPRODUCTIVE PHYSIOLOGY

Physiology III, Tri 4

Guyton & Hall, Chapter 81

Dr. Robyn Strader

I.  Female Reproductive Functions

     A.  preparation for conception and gestation

     B.  period of gestation

II.  Physiologic Anatomy of the Female

      A.  ovaries

      B.  fallopian tubes

      C.  uterus

      D.  vagina

III.  Female Hormonal System

      A.  gonadotropin-releasing hormone (GnRH), from the hypothalamus

            a.k.a. luteinizing hormone-releasing hormone (LHRH), pulsatile release

      B.  follicle-stimulating hormone (FSH) and luteinizing hormone (LH),

            both from the anterior pituitary in response to releasing hormone from the hypothalamus

      C.  estrogen and progesterone secreted from the ovaries in response to the two hormones                      from the anterior pituitary

      D.  inhibin - from corpus luteum, inhibits FSH and LH

IV.  Monthly Ovarian Cycle
       A.  duration = 28 days; range from 20-45 days                             estrogen

       B.  ovum is released

       C.  endometrium is prepared for implantation

       D.  FSH and LH stimulate ovaries

       E.  cycle divided into follicular and luteal phases

       F.  menarche







         age


V.  Follicular Phase
      A.  primordial follicle surrounded by oocyte maturation-inhibiting factor

      B.  at puberty, FSH & LH cause ovaries and some follicles to grow

      C.  follicular phase

           1.  ovum enlarges

           2.  primary follicle - contains additional layers of granulosa cells

                a.  arrested in prophase

                b.  theca folliculi - fibrous capsule formed from ovarian stroma

                     i.  theca interna - epithelioid like cells that secrete steroid hormones

                    ii.  theca externa - highly vascular connective tissue capsule

                c.  antrum - accumulation of follicular fluid with high concentrations of estrogen

                d.  stimulated by FSH

           3.  antral follicle - develops due to rapid granulosa and theca cells proliferation which                           leads to acceleration of secretions

           4.  vesicular follicle - develops due to accelerated growth  of the antral stage due to:

                a.  estrogen - causes more FSH receptors to form

                b.  pituitary FSH and estrogen cause an increase in LH receptors 

                c.  increased FSH & LH increase follicular secretion 

                d.  estrogen and LH cause proliferation of the follicular thecal cells and their secretion

           5.  cumulus oophorus - ovum with surrounding granulosa cells

           6.  mature follicle - 1 - 1.5 centimeters

           7.  only one mature follicle develops during each cycle, all others involute = atresia

VI.  Ovulation
       A.  onset is 14 days after menstruation, 28 day cycle

       B.  follicle swells

       C.  stigma protrudes and fluid begins to leave follicle

       D.  stigma ruptures and viscous fluid from follicle enters abdomen

       E.  fluid carries ovum with it

       F.  LH - necessary for final growth and ovulation

       G.  LH - causes granulosa and theca cells to produce more progesterone-secreting cells and                  less estrogen secretion

       H.  ovulation occurs following:

             1.  rapid growth of the follicle

             2.  diminishing estrogen secretion

             3.  begin secretion of progesterone

             4.  preovulatory surge of LH

        I.  initiation of ovulation - (see figure 81-5)






VII.  Luteal  Phase
        A.  lutein cells - granulosa cells prior to ovum expulsion from the follicle

        B.  luteinization = lutein cells enlarge and become filled with lipid inclusions causing 

              a yellowish appearance due to LH

        C.  corpus luteum - cells remaining following ovulation

        D.  lutein cells develop extensive smooth endoplasmic reticulum that forms large amounts                     of progesterone and some estrogen

        E.  corpus luteum contain both granulosa cells and theca cells

        F.  theca cells form mainly androgens that are converted into female hormones by the                           granulosa cells

        G.  corpus luteum reaches maturation (1.5 cm) 7-8 days after ovulation

        H.  corpus albicans - 12 days after ovulation, corpus luteum loses it secretory functions and                  lipid characteristics

        I.   corpus albicans replaced by connective tissue

        J.   as corpus luteum degenerates, levels of estrogen, progesterone and inhibin decrease and                  anterior pituitary begins to secrete FSH and LH

VIII.  Functions of Ovarian Hormones
        A.  Estrogens

              1.  secreted by ovaries and adrenal cortex, (placenta during pregnancy) 

              2. forms:

                  a.  beta-estradiol - most significant

                  b.  estrone

                  c.  estriol

         B.  Progestins

               1.  significant amounts secreted only during second half of ovarian cycle

               2.  forms:

                    a.  progesterone - most significant

                    b.  17-alpha-hydroxyprogesterone

         C.  Synthesis of estrogens and progestins

               1.  cholesterol base

               2.  during follicular phase, ovaries produce progesterone and testosterone and convert it                       to estrogens by the granulosa cells

               3.  during luteal phase, to much is produced to be converted and 

                    progesterone levels rise

          D.  transported via albumin or globulins

          E.   degraded via the liver

IX.  Estrogens
            A.  principal function - cellular proliferation of sex organs and reproductive tissues

            B.  effects:

                 1.  uterus and external sex organs:

                      a.  enlargement and deposition of fat

                      b.  vaginal epithelium - from cuboidal into stratified type

                      c.   uterine size and endometrial stroma

                 2.  fallopian tubes:

                      a.  mucosal lining

                      b.  increased ciliated epithelial cells

                 3.  breasts:

                      a.  development of the stromal tissues

                      b.  growth of ductile system

                      c.  deposition of fat

                  4.  skeleton:

                       a.  increase osteoblastic activity

                       b.  closure of epiphyses

                  5.  enhances protein production

                  6.  enhances metabolism and fat deposition

                  7.  minute effect on hair

                  8.  softer, smoother and more vascular skin

                  9.  slight increase in sodium and water retention

                10.  estrogen effects are more localized than testosterone             

       C.  estrogen deficiency:

             1.  diminished osteoblastic activity

             2.  decreased bone matrix

             3.  decreased deposition of bone calcium and phosphate

             4.  osteoporosis

X.  Progesterone
     A.  promotes secretory changes in the uterine endometrium

     B.  prepares uterus for implantation of the fertilized ovum

     C.  decreases frequency of uterine contractions

     D.  promotes secretory changes in the mucosal lining of the fallopian tubes

     E.  promotes development of the lobules and alveoli of the breast

     F.  causes breast to swell due to secretory development and fluid in the subcutaneous tissue

     G.  competes with aldosterone for receptors in kidney tubules

XI.  Endometrial Cycle

    A.  stages

         1.  proliferative phase (11 days)

         2.  secretory phase (12 days)

         3.  menstrual phase (5 days)

    B.  estrogen causes increases in stromal cells and epithelial cells

    C.  progesterone causes marked swelling and secretory development of the endometrium

XII.  Female Sexual Response
    A.  dependent upon psychic and local sexual stimulation

    B.  pathway:

         1.  local stimulation of sensitive tissue

         2.  pudendal nerve

         3.  sacral plexus

         4.   sacral segments of  spinal cord 

         5.  cerebrum

   C.  erection - due to blood flow into erectile tissue

                         parasympathetic control

   D.  lubrication 

         1.  parasympathetic control

         2.  Bartholin's gland

         3.  vaginal epithelium

   E.  orgasm  - sympathetic stimulation 

        1.  aids in fertilization

        2.  muscle contractions

        3.  dilation of cervical canal

        4.  oxytocin?

        5.  resolution- relaxed peacefulness



XIII.  Fertility
     A.  ovum is viable 24 hours after leaving ovary

     B.  infertility cause mainly by inability to ovulate
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Exercise Physiology 


Physiology III, Tri 4

Mrs. Brashear 

Objectives: The student should learn:
 1. The response of skeletal muscle to acute and chronic exercise 
 2. The types of muscle contraction 
 3. The types of training 
 4. The response and adaptation of the respiratory system to exercise 

References: 
 Guyton & Hall, chapter 84 
 Resource Manual, American College of Sports Medicine 
  

I. Introduction 

 
 A. Differences between male and female athletes 

  1. Strength per square centimeter of muscle cross-sectional area 
  2. Differences in total muscle performance

 B. Muscle metabolism  - 3 major energy systems 

  1. Phosphagen system  



a.  ATP basic source of energy for muscle contraction 
      
b.  3 second supply- constant need for ATP production from 

   

1.  creatine phosphate – 5 – 10 second supply 
   

2.  glycogen 
   
c. fuel:



1.  glucose 



2.  fatty acids 



3.  amino acids 
      d. Used for: 100 meter dash, diving, weight lifting, etc.

2. Glycogen-Lactic acid system 


          a. anaerobic 


          b.  production of lactic acid from stored glycogen 
             c.  energy production fast


          d.  lasts short time  1.3 – 1.6 minutes of max. muscle activity 
  3. Aerobic system 


           a.  unlimited at submaximal levels of exercise 
              b.  slower ATP production from oxidative processes 
              c.  fuel:  




1.  glucose




2.  fatty acids 




3.  amino acids

 C. Recovery of muscle metabolism after exercise 

      1. Removal of lactic acid 

   a. cells convert to pyruvic acid 
   b. liver converts lactic acid to glucose

   2. Recovery of aerobic systems 

   a. oxygen debt – repay oxygen used during exercise 
      .5 L –lungs, 1 L – hemoglobin, .25 L dissolved, .3 L –myoglobin 
      9 L to replenish phosphagen and lactic acid system 
   b. Muscle glycogen 
       What kind of diet is needed to replace glycogen? 
   c. Nutrients used during exercise 
       
1.  initially CHO 
       
2.  at point of fatigue almost all lipids

II. Responses and Adaptations of Skeletal Muscle to Exercise 

 

	PRIVATE
Type I or Slow Oxidative
	IIa or Fast Oxidative-Glycolytic 
	II b or Fast Glycolytic

	Contract slowly
	Intermediate contraction
	Fast Contraction

	Fatigue resistant
	Intermediate fatigue resistant
	Marked fatigue

	Aerobic
	Aerobic/anaerobic
	Anaerobic

	Small diameter
	Large diameter
	Large diameter

	Small force
	Large force
	Large force


  

 A. Review of Muscle types – “fast” vs. “slow”

  1. force/x-section almost the same for type I and II fibers 
  2. proportion of fast and slow fibers determined genetically 
  3. can alter some biochemical and structural properties of both fiber types 
with 


training 

B. Taxonomy of Contraction 
    Training procedures are classified according to the type of muscle contraction. 
    Three variables characterize contraction of muscle: 




a. time and duration of contraction (velocity) 
  


b. displacement of muscle (length change) 
  


c. force produced or mass or object moved 


  1. Isometric – static exercise  force development – no displacement 

   a. degree of displacement of limb or rotation of joint = 0 
   b. isometric training – develops strength in a particular movement 
   c. strength is highly specific to joint angle exercise is performed 
   d. important to counteract strength loss and atrophy from 
 
    

       immobilization. 
       Bone loss & lean body mass during dieting, osteoporosis 
   e. negative – anaerobic, high afterload, concentric hypertrophy of the 
       heart,  no aerobic benefits

  2. Isotonic – dynamic exercise  force development + displacement 

   a. force production is constant experimentally 
   b. used to gain strength and endurance 
   c. can be aerobic and anaerobic 
   d. types of contractions 

    1) concentric – force development during muscle shortening 
    2) eccentric – force development during muscle lengthening

  3. Isokinetic 

a. rate of displacement is constant – constant velocity of lengthening or 

    shortening 
b. rarely occurs in the human body 
c. use special equipment that allows muscles to develop maximum 

    tension as it shortens at a constant speed through a complete range 

    of motion 
d. combines features of isometric and isotonic muscle overload at 

    preset speed 
e. can achieve max tension development or force output at any point in 

    the range of motion 
f. same type of training as isotonic ( 3 sets, 5 –10 reps, 3-5 

    times/week) 
g. used in rehab

Isotonic and isokinetic can be maintained at an aerobic pace and build strength and endurance, maintain bone density and lean body mass.

 C. Effects of Training – skeletal muscle adapts to an increase in load 

* Major objective to training is to cause  biological adaptations to improve    

    performance in a specific task 
* Specific adaptation is determined by the mode (type of training), frequency 

    of the exercise, intensity and duration of the exercise 
* Skeletal muscle adaptations are characterized by morphological, 

     biochemical and molecular variable that alter fibers in specific motor units 
* Adaptations are readily reversible when the exercise stimulus is removed –

     detraining 
* Specificity of training – specific to motor units 
1. Endurance training – prolonged work of moderate intensity (submaximal) 
    dependent on oxidative capacity of muscles 

a. Endurance training produces an increase in aerobic capacity 

    (Vo2 max), increase in the number and size of mitochondria. Increases the 
oxidative capacity for all fuel types 

  1) slow oxidative fibers – greatest increase in oxidative 
capacity 
  2) fast glycolytic-oxidative – medium increase 
  3) fast glycolytic – least oxidative adaptation, little or no 
increase in mitochondria



      b. Increase in fatty acid utilization – spares glycogen as a fuel      


          source in prolonged exercise 

 1) 20 minutes to mobilize fats from adipose tissue 
 2) severe levels of exercise – use CHO

                  c. increase capillarity and increase in the diameter of blood vessels 

 in muscles

d. increase in VO2 max = increase in aerobic capacity

* Endurance training leads to the ability to perform a higher level of work 

     for extended period and delay fatigue during submaximal work 
2. Sprint Training 
   * Object is to recruit fast glycolytic-oxidative fibers to do high intensity 

    anaerobic work at or near the level of fast glycolytic fibers 
* Increase rate through the glycolytic pathway by increasing the 

    performance of enzymes 
* May increase glycogen storage 
* May increase oxidative enzymes, # and size of mitochondria in slow and 

    fast glycolytic-oxidative fibers 

a. slow oxidative – least change in glycolytic flux 
b. fast glycolytic-oxidative – medium changes 
c. fast glycolytic increase in enzymes and increase in flux

* Increases CHO utilization from glycogen 

* Muscle hypertrophy in legs

         3. Strength Training 
             Object: increase maximal force development capacity in skeletal muscle 

  a. increase in muscle size and strength 
  b. new sarcomeres in parallel in existing myofibrils 
  c. increase in strength is related to increase in X-section of muscle 
  d. X-section and strength of connective tissue also increases 
  e. hypertrophy primarily in fast glycolytic fibers. Moderately in 

      FG-O fibers 
  f. increase in glycolytic enzymes and flux through glycolysis 

1) slow oxidative – least adaptation 
2) fast glycolytic-oxidative – moderate increase in glycolytic    

     abilities, decrease in mitochondria 
3) fast glycolytic -  significant glycolytic changes, sig. decrease

      in mitochondria

g. increase CHO utilization from glycogen stores 

h. muscle hypertrophy 

 i. decrease vascularity relative to surface area of muscle fibers

III.  Respiratory Response to Exercise 
       Introduction : Stresses on Respiration 


A. Mechanics of Breathing 

1. Work of Breathing 

a. inc. in tidal volume = inc. in compliance work 
b. inc. airway resistance work 
c. inc. resistance to air movement through nasal passages

B. Changes in Ventilation 

1. inc. rate and depth of breathing 

a. mild to moderate levels of exercise 
b. above the anaerobic threshold


      2. inc. to 40-50 breaths/minute 
3. tidal volume inc. to about 50-60% of VC 
4. arterial oxygen and carbon dioxide conc. remain stable until anaerobic 
    threshold is exceeded

C. Pulmonary Blood Flow 

1. Passive inc. in C.O. = inc. in pulmonary flow 
    slight inc. in PMAP 

2. VA/Q - becomes more uniform and nearer to ideal

D. Diffusing Capacity of Alveoli 

1. inc. surface area 
2. inc. flow & velocity of flow 
3. conc. gradient for diffusion changes

E. Oxygen and Carbon Dioxide Transport 

1. HbO2 dissociation curve shift to the right 
2. conc. gradient changes 
3. exhaustive exercise -- maintain 93-94% Hb saturation

IV. Respiratory Adaptations to Exercise 


A. Ventilation 

1. resting unchanged 
2. total lung capacity unchanged 
3. VC may or may not change 
4. inc. in respiration linked to the effect of training

V.  Introduction to Cardiovascular Responses and Adaptation to Exercise 

 
A. Increase in cardiac output 

  1. metabolic needs 
  2. prevent hyperthermia 
  3. protection of flow to essential organs

 B. CV response to different types of exercise is not the same 
 C. Control of CV changes during exercise 

  1. Neural control 

   a. Central command – cerebrocortical activation 
       initial response to exercise 
   b. Reflexes originating in the muscle – peripheral control 
       Exercise pressor reflex – mechanoreceptors for stretch and tension 

    1) Group III myelinated fibers 
    2) Group IV unmyelinated fibers

  

         c. Baroreceptors – regulation of blood pressure

  2. Local control – metabolic control 
   
a.  coronary circulation 
   
b.  skeletal muscle

 D. Determinates of Cardiac Ventricular Function 

  1. Preload 
  2. Afterload 
  3. Contractility 
  4. Heart rate

VI. Cardiovascular Responses and Adaptations to Dynamic or Isotonic Exercise 

 A. Cardiac output 

  1. Heart rate – maximum is age dependent 
  2. Stroke volume

 B. Peripheral changes 

  1. distribution of blood – see chart 
  2. TPR 
  3. Arterial blood pressure changes 

   a. systolic pressure 
   b. diastolic pressure 
   c. pulse pressure and MAP


4. Arterio-venous oxygen difference (A-Vo2 diff) 
      Rest = 4-5 ml. oxygen/dl of blood 
      max. intensity exercise = 13 –16 ml. oxygen/dl of blood 
  5. Thermoregulation 

   a. moderate level exercise 
   b. severe level exercise

 C. Cardiovascular Adaptations to Chronic or Endurance Isotonic Exercise 

  1. VO2 max 
  2. Blood 
   
a.  volume 
   
b.  hemoglobin 
   
c.  viscosity 
  3. Heart 
   
a.  vasculature 
   
b.  musculature 
   
c.  heart rate 
   
d.  stroke volume 
   
e.  oxygen demands 
  4. Peripheral vasculature

 D. Effects of Endurance training on Cardiovascular Function 

  1. Atherosclerosis 
  2. HDL-LDL 
  3. Hypertension 
  4. Obesity

VII. Cardiovascular Responses to Isometric Exercise 

  A. Blood flow during exercise 
    
        1.  muscle 
              2.  periphery 
  B. CV effects 
    
        1.  blood pressure 
    
        2.  systolic 
    
        3.  diastolic 
   
        4.  afterload - cardiac muscle hypertrophy 
   
        5.  TPR

VIII. Responses of Other Systems to Exercise 

 A. GI tract 

  1. acute 
  2. Chronic

B. Renal 

  1. acute 
  2. chronic

C. Skeletal 

  1. acute 
  2. chronic

D. Endocrine 

 1. Changes in GH, cortisol, glucagon, insulin, estrogen and testosterone based 
on the level of exercise 
 2. Endocrine effects on metabolism during exercise

 E. Immune Response 

  1. acute 
  2. chronic
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Effect of exercise on Cortisol, Epinephrine and Norepinephrine 
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