Anatomy & Physiology II

Chapter 16: The Endocrine System

2. Intercellular Communication

· Cells release signaling molecules (hormones) 

· Target cells bind hormones and respond

· Cells that don’t bind hormone don’t respond

· Target cells possess receptors for the hormone

3. Intercellular Communication

· Autocrine & Paracrine

· Localized & fast-acting

· e.g. growth factors, eicosanoids

· Endocrine

· Circulating, slower to act (seconds to minutes)

· Two classes:

· Peptides

· Steroids 

4. Endocrine glands
      Figure 16.1
5. Intracellular Communication

· Intracellular events immediately after hormone binds to the receptor

· Signal transduction

· Hormone (first messenger) binds receptor

· Receptor activates relay proteins

· Relay proteins activate/inactivates effectors

· Effectors generate second messengers

· Second messengers alter target cell functions

6 & 7. Peptide hormone receptors
 Figure 16.2

8. Steroid hormone receptors
     Figure 16.3

9. Target cell response
· Increase or decrease in:

· Enzyme(s) activity

· Ion transport

· Secretion

· Cell division

· Protein synthesis

10. Target cell response

· Determined by:

· Affinity between receptor and hormone

· Number of receptors present

· Blood level of hormone

11. Number of receptors

· Up-regulation

· Down-regulation

12.Control of Blood hormone levels

· Rate of production/release

· Primarily controlled by negative feedback

· Rate of inactivation (metabolism)/excretion

· Relatively constant: liver and kidneys

13. Control of hormone production/release        Figure 16.4

· Humoral stimuli: endocrine gland is sensitive to blood levels of specific molecules

14. Control of hormone production/release       Figure 16.4

· Neural stimuli: endocrine gland responds to neural stimulation

15. Control of hormone production/release      Figure 16.4
· Hormonal stimulation: endocrine gland responds to hormone release by another endocrine gland
16. Hypothalamus/pituitary
   Figure 16.5

17. Adenohypophysis
     Figure 16.5

18. Neurohypophysis
    Figure 16.5

13. Oxytocin & ADH

· Each is 9 amino acids long

· Both cause phospholipase C activation in target cells

20. Oxytocin

· Stimulates smooth muscle contraction - esp. uterus and breast

· Released due to:

· Uterine stretch receptors which send signals to paraventricular nuclei

· Stimulation of nipple

· Sound of baby’s cry

21.ADH

· Antidiuretic hormone/vasopressin

· Diuresis = urine production = H2O loss

· Reduces urine production by kidneys

· Osmoreceptors in hypothalamus monitor blood solute concentration

· When blood solute concentration is high osmoreceptors stimulate supraoptic nuclei to produce/secrete more ADH

22. Effects of ADH:

· High blood solute concentration: ADH secreted

· ADH binds receptors in renal tubules

· Tubules increase permeability to water

· More water leaves urine and returns to blood

· Blood solute concentration drops

· ADH production/release decreases

23. Alcohol intake

· Causes osmoreceptors to become less sensitive to blood solute concentration

· Less stimulation of supraoptic nuclei

· Less ADH secreted

· Less H2O reabsorbed

· More urine produced/more H2O lost

· “Happy hour diuresis”

· Dehydration

24.Adenohypophysis
    Figure 16.5

25. Adenohypophyseal hormones

· 6 hormones

· All peptides

· All cause activation of adenylate cyclase and cAMP production in target cells

· Production/secretion of each is controlled by releasing and/or inhibiting hormones produced by hypothalamus

· Delivered to adenohypophysis via direct vascular connection

Adenohypophyseal hormones

· 2 act on non-endocrine tissues

· Growth hormone (GH)

· Prolactin

27. Growth hormone effects

· Anabolic effects primarily on bone & skeletal muscle

· Stimulates liver & muscles to produce insulin-like growth factors (IGFs; aka somatomedins)

· IGFs responsible for anabolic effects of GH

· Increases amino acid uptake and protein synthesis

28. Growth hormone effects

· Lipid breakdown by adipose cells 

· Increases blood lipid levels

· Decreases glucose uptake

· Leads to higher blood glucose levels 

· Generally shows effects opposite to insulin

· Diabetogenic effect

29. GH production/secretion

· A diurnal cycle of production/secretion with a peak at night

· Stimulated by GHRH from hypothalamus

· GHRH produced in response to:

· Low blood GH levels

· Low blood glucose

· Low blood lipids

· High blood amino acids

· Increased exercise

30. GH production/secretion

· Inhibited by GHIH (somatostatin)

· GHIH produced in response to:

· High GH levels

· High IGF levels

· High blood lipids

· High blood glucose

· Obesity

· Emotional deprivation

31 & 32. GH related diseases

· Gigantism: hypersecretion of GH by children

· Yao Ming

33. GH related diseases

· Acromegaly: hypersecretion of GH by adults

· Enlargement of facial bones and hands

34. Adenohypophyseal hormones

· First 2 act on non-endocrine tissues

· Growth hormone (GH)

· Prolactin

35. Prolactin

· Stimulates mammary glands to produce milk

36. Prolactin production/secretion

· Stimulated by prolactin releasing hormone

· PRH ≈ serotonin

· Inhibited by prolactin inhibiting hormone

· PIH = dopamine

37. Prolactin production/secretion ♀

· High estrogen             high PRH

· Low estrogen             high PIH

· PRH very high during late gestation

· PRH production stimulated by suckling

38. Prolactin production/secretion ♂

· PIH dominates

39. Adenohypophyseal hormones

· 4 act on other endocrine glands

· tropic hormones

· TSH

· ACTH

· FSH

· LH

40. TSH

· Thyroid stimulating hormone (thyrotropin)

· Stimulates the thyroid gland to secrete thyroid hormone

41. TSH production/secretion

· Stimulated by thyrotropin releasing hormone 

· TRH

· TRH production/secretion stimulated by exposure to cold and by pregnancy

· TRH production/secretion inhibited by high thyroid hormone levels and by GHIH

42. ACTH

· Adrenocorticotropic hormone (corticotropin)

· Stimulates adrenal cortex to release glucocorticoids

43. ACTH production/secretion

· Stimulated by corticotropin releasing hormone

· CRH

· CRH production/secretion displays a diurnal cycle: peaks just after waking, lowest at night

· CRH production/secretion stimulated by response to stress (physical or emotional)

· CRH production/secretion inhibited by high glucocorticoid levels

44. FSH

· Follicle stimulating hormone

· A gonadotropin

· Stimulates gamete production (sperm or egg)

· Stimulates estrogen and progesterone production by ovaries

45. FSH production/secretion

· Stimulated by gonadotropin releasing hormone

· GnRH

· Inhibited by estrogen/progesterone and testosterone

46. LH

· Luteininzing hormone

· A gonadotropin

· Co-stimulates (with FSH) follicle maturation

· Egg production

· Stimulates estrogen and progesterone production by ovaries

· Stimulates testosterone production by interstitial cells in testes

47. Targets of tropic hormones

· Thyroid gland

· Adrenal glands

· Ovaries & testes

· To be considered with ch. 27

· Other endocrine glands to be covered:

· Parathyroid

· Pancreas 

· Pineal 

48. Thyroid gland
Figure 16.7

49. Synthesis of thyroid hormone
Figure 16.8

50. Synthesis of thyroid hormone

1. Thyroglobulin synthesized and secreted into follicle via exocytosis

· Each thyroglobulin contains 140 tyrosine 

2. Iodide transported from blood and oxidized to iodine

· 2I-                I2
3. Iodination of thyroglobulin by peroxidase

· Found on apical membrane of follicular cells

· Monoiodotyrosine (T1) and diiodotyrosine (T2)

51. Synthesis of thyroid hormone

4. Coupling of tyrosine residues

· T1 + T2               T3 (triiodothyronine)
T2 + T2               T4 (thyroxine) (major product)

5. Endocytosis of colloid

· Vesicles fuse with lysosomes

6. Thyroglobulin cleaved by proteolytic enzymes to release T3 and T4
· Both freely diffuse out to the bloodstream

· Iodinated tyrosine is hydrophobic

· Carried by thyroxine-binding globulin (TBG)

52. Synthesis of thyroid hormone
Figure 16.8

53. Thyroid hormone

· Both T3 and T4 bind to the thyroid hormone receptor

· T3 binds with much higher affinity

· The more “active” form of the hormone

· T4 is de-iodinated throughout the body to T3

54. Thyroid hormone effects

· Target cells include all except CNS (adult), spleen, testes, uterus

· Stimulates basal metabolism

· Increases glucose consumption

· Increases O2 consumption

· Increases heat production

· Important for normal growth and development

· Especially nervous system, skeleton, reproductive maturation

55. Thyroid hormone diseases

· Graves’ disease (hyperthyroidism)

· Probably autoimmune

· Antibodies activate TSH receptors on follicle cells

56. Symptoms of Graves’ disease        Figure 16.9
· Increased metabolic rate                weight loss

· Increased or irregular heart rate

· Excessive sweating, nervousness

· Exophthalmos (protrusion of eyeballs)

57. Treatment for Graves’ disease

· Surgical removal of thyroid gland

· Eradication of thryoid tissue with 131I

· A γ emitter

58. Thyroid related diseases

· Myxedema (hypothyroidism)

· Most commonly due to dietary I- insufficiency

59. Symptoms of myxedema

· Low metabolic rate

· Lower body heat; always feel cold

· Constipation

· Dry skin

· Lethargic

· Mental sluggishness

· Goiter (if low I- is cause)

60. Goiter

· Low I- leads to low T4 levels

· Low T4 leads to more TSH synthesis

· More TSH leads to more thyroglobulin synthesis

· More thyroglobulin means more colloid is formed

· Low I- prevents thyroglobulin from being converted to T4

· Thyroid enlarges as colloid accumulates

61. Myxedema in infants

· Cretinism

· Mental retardation

· Shortened body trunk

62. Parafollicular cells of thyroid

· Secrete calcitonin in response to high blood Ca++ levels

· Decreases blood Ca++ levels by:

· Inhibiting osteoclast activity

· Stimulating deposition of calcium phosphate in bone

63. Parathyroid glands

· Secrete parathyroid hormone (PTH) in response to low blood Ca++ levels

64. Effects of PTH

· Stimulates osteoclasts to degrade bone and release Ca++

· Stimulates kidneys to reabsorb more Ca++ from urine as it is being produced

· Stimulates kidneys to convert vitamin D to its most active form

65. Vitamin D synthesis

Cholesterol

Sunlight/skin


Cholecalciferol



25-hydroxylase (liver)


25-Hydroxycholecalciferol



1-hydroxylase (kidney)


1,25-Dihydroxycholecalciferol

        
    active vitamin D (calcitriol)
66. Effects of vitamin D

· Increases Ca++ absorption in digestive tract

67. Adrenal glands
Figure 16.12

68. Adrenal hormones
        Table 16.3
69. Aldosterone

· Controls Na+ and K+ levels

· Acts on kidney to increase Na+ reabsorption from urine

· Simultaneously K+ is secreted into urine

· Increases synthesis of Na+/K+ ATPase
70. Na+/K+ ATPase

71. Aldosterone

· Because it regulates Na+ levels, it has a large impact on fluid volume

· Because it affects fluid volume, it has a strong impact on blood pressure

72. Regulation of aldosterone secretion

· ACTH

· Stress increases CRH which stimulates

· Na+ and K+ blood levels

· High Na+/Low K+ inhibits

· Low Na+/High K+ stimulates

· Atrial natriuretic peptide

· Produced by heart due to high blood pressure

· I
nhibits aldosterone secretion

· Renin/angiotensin system

73. Renin/angiotensin system

· Renin secreted by juxtaglomerular cells of kidney due to:

· Low blood pressure 

· Low solute concentration of blood

74. Renin/angiotensin system


Angiotensinogen



Renin


Angiotensin I



Angiotensin converting enzyme (ACE)


Angiotensin II




Aldosterone




Vasoconstriction

75. Regulation of aldosterone secretion
Figure 16.13
76. Glucocorticoids (cortisol)

· Helps the body resist stress by making basic molecular resources available to those cells which need them the most

· Brain & damaged tissues

77. Effects of cortisol

· Increases gluconeogenesis 

· leads to higher blood glucose levels

· Increase breakdown of stored lipids 

· Leads to higher blood lipid levels

· Increase breakdown of cellular proteins 

· leads to higher blood amino acid levels

· Promotes higher blood pressure by enhancing vasoconstriction

78. Regulation of cortisol secretion

· CRH stimulates the secretion of ACTH which stimulates the secretion of cortisol

· Higher blood cortisol levels inhibits both CRH and ACTH secretion

· Diurnal pattern with a morning peak

· Just like CRH and ACTH

· Increases in response to physical or emotional stress

79. Pharmacological uses of cortisol

· Potent anti-inflammatory agent at high concentrations

· Stabilizes lysosomes

· Enhances vasoconstriction

· Decreases immune cell activation

80. Cortisol related diseases

· Cushing’s disease: hypersecretion of cortisol

· Most commonly results from prolonged pharmacological administration of cortisol

· May also be caused by a tumor:

· Of the adrenal gland

· Of the pituitary (ACTH secreting)

· ACTH secreting tumors may also arise in Lung, kidney, or pancreas

81. Symptoms of Cushing’s disease
Figure. 16.14
· Hyperglycemia

· Wasting of muscle protein

· “Buffalo hump”

· Redistribution of fat

· Undetected infections

82. Treatment for Cushing’s disease

· Cessation of cortisol therapy

· Surgical removal of the tumor and/or gland(s)

83. Cortisol related diseases

· Addison’s disease: hyposecretion of cortisol and aldosterone

84. Symptoms of Addison’s disease

· Weight loss

· Hypoglycemia

· Hyponatremia

· Hyperkalemia

· Dehydration

· Hypotension 

85. Treatment for Addison’s disease

· Hormone replacment

86. Gonadocorticoids (androgens)

· In males: androgens converted to testosterone

· Minor site of production compared to testes

· In females: androgens converted to estrogens

· May be only source after menopause

· Steady rise in production several years before puberty

· May trigger onset of puberty

87. Adrenal Medulla
Figure. 16.15
88. Disease of adrenal medulla

· Pheochromocytoma

· Catecholamine-producing tumor

· Symptoms:

· Tachycardia (rapid heartbeat)

· Nervousness

· Sweating

· Hypertension

89. Pancreas
Figure 16.16
90. Glucagon

· Increases blood glucose levels by:

· Increasing glycogen breakdown

· Increasing gluconeogenesis

· Uses lactate, fatty acids, amino acids

· Increasing transport of glucose into blood

· Strongest effects on liver

· Secondary effects:

· Lower blood fatty acid levels

· Lower blood amino acid levels

91. Regulation of glucagon secretion

· Stimulated by low blood glucose and high blood amino acids

· Inhibited by high blood glucose levels

92. Insulin

· Decreased blood glucose levels by:

· Increasing glucose transport into cells

· Decreasing glycogen breakdown

· Increasing glycogen synthesis

· Decreasing gluconeogenesis

· Increasing glycolysis

· Increasing lipid synthesis

93. Regulation of insulin secretion

· Stimulated by high blood glucose levels

· Inhibited by low blood glucose levels

94. Insulin related diseases

· Diabetes mellitus

· Type I: juvenile onset

· Type II: adult onset

95. Type I diabetes

· Autoimmune: destruction of β-cells

· No insulin produced

· Insulin-dependent diabetes

· Glucose uptake by cells is poor

· Use fatty acids as alternative fuel

· Leads to fat mobilization and higher blood lipids

· Hyperlipidemia

96. Fatty acid metabolism

· Produces ketones (slightly acidic)

· Lowers blood pH

· Ketoacidosis

· Nervous system strongly affected

· May lead to diabetic coma

97. Symptoms of type I diabetes

· Hyperglycemia (high blood glucose)

· 120 mg/dl is typical

· Glycosuria (high urine glucose)

· Acts as an osmotic diuretic to cause polyuria

· Leads to polydipsia (excessive thirst)

· Inability to take up and metabolize glucose leads to polyphagia (excessive hunger)

98. Complications of type I diabetes

· Many long-term problems

· Cardiovascular disease

· Nephropathy 

· Retinopathy

· Neuropathy 

99. Treatment of type I diabetes

· Insulin replacement

· Subcutaneous injection

· Implantable pump

· Inhaled formulations

100. Type II diabetes

· Insulin secretion is reduced - normal

· Non-insulin-dependent

· 90% of all diabetes cases

· May be due to:

· Poor insulin/receptor binding

· Failure of insulin receptor signal transduction

· Insufficient numbers of glucose transport proteins

· Strongly correlated with obesity

101. Symptoms of type II diabetes

· Similar to type I but much less severe

102. Treatment of type II diabetes

· Diet and exercise

· Drugs to:

· Reduce glucose secretion by liver

· Enhance insulin/receptor binding
103. Pineal gland

· Secretes melatonin in a diurnal pattern

· Highest in evening, lowest at midday

· Pineal gland receives input from the suprachiasmatic nucleus

· A hypothalamic center regulating biological activity based on day/night

· Bright light decreases melatonin secretion
· May play a role in sleep/wake cycle

· In lower animals it regulates reproductive activity based on day length
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