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ESSENTIAL INFORMATION ABOUT HORMONES
__________________________________________________________________________________________________________________________________

NAME:




growth hormone, GH, somatotropin

SOURCE:



anterior pituitary gland

TARGET CELL(S):


all cells of the body

PRINCIPAL EFFECT(S):

increased protein anabolism, increased lipolysis, increased glycogenolysis







net result = increased blood glucose back to normoglycemia

CONTROL OF SECRETION:

hypothalamic releasing factor secreted in response to hypoglycemia; hypothalamic inhibiting factor secreted in response to 







hyperglycemia

__________________________________________________________________________________________________________________________________

NAME:




thyroid stimulating hormone, TSH, thyrotropin

SOURCE:



anterior pituitary gland

TARGET CELL(S):


follicle cells of the thyroid gland

PRINCIPAL EFFECT(S):

increased thyroxine (T3 and T4) secretion from the thyroid gland;  as a result of thyroxine, basal metabolic rate increases

CONTROL OF SECRETION:

decreased basal metabolic rate stimulates TSH-RF from hypothalamus; increased basal metabolic rate turns off TSH-RF 







secretion

__________________________________________________________________________________________________________________________________

NAME:




adrenocorticotropic hormone, ACTH

SOURCE:



anterior pituitary gland

TARGET CELL(S):


zona fasciculata cells of the adrenal cortex

PRINCIPAL EFFECT(S):

increased glucocorticoid (hydrocortisone, cortisone, cortisol) secretion from the adrenal cortex; as a result of 







glucocorticoids, 
stress is reduced

CONTROL OF SECRETION:

increased stress stimulates secretion of hypothalamic corticotropin-RF (C-RF); decreased stress turns off C-RF secretion

__________________________________________________________________________________________________________________________________

NAME:




follicle stimulating hormone, FSH

SOURCE:



anterior pituitary gland

TARGET CELL(S):


male -- spermatogonia and Sertoli cells of the testes

female -- primordial follicles of the ovaries

PRINCIPAL EFFECT(S):

male -- directly stimulates sperm formation and secretion of the hormone inhibin

female -- directly stimulates egg production and in doing so stimulates estrogen secretion

CONTROL OF SECRETION:

male -- hypothalamic gonadotropin-RF (Gn-RF) released in response to decreased inhibin

female -- hypothalamic Gn-RF secreted in response to decreased estrogen

__________________________________________________________________________________________________________________________________

NAME:




luteinizing hormone, LH (in the male sometimes known as interstitial cell stimulating hormone (ICSH)

SOURCE:



anterior pituitary gland

TARGET CELL(S):


male -- Leydig cells (interstitial endocrinocytes) of the testes

female -- tertiary follicle and ovary

PRINCIPAL EFFECT(S):

male -- stimulates Leydig cells of testes to secrete testosterone

female -- directly stimulates ovulation, which leads to formation of a temporary endocrine organ known as the corpus 

luteum

CONTROL OF SECRETION:

male -- hypothalamic Gn-RF secreted in response to decreased testosterone

female -- hypothalamic Gn-RF secreted in response to increased estrogen

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

NAME:




prolactin, PRL

SOURCE:



anterior pituitary gland

TARGET CELL(S):


male -- unknown

female -- mammary gland cells

PRINCIPAL EFFECT(S):

male -- unknown

female -- increased milk synthesis (not secretion) by postpartum mammary glands

CONTROL OF SECRETION:

PRL-IF secreted by hypothalamus in response to increased estrogen

PRL-RF secreted by hypothalamus in response to decreased estrogen after pregnancy and via a neuroendocrine reflex 

initiated by sucking of postpartum nipple

__________________________________________________________________________________________________________________________________

NAME:




melanocyte stimulating hormone, MSH

SOURCE:



anterior pituitary gland

TARGET CELL(S):


melanocytes of skin

PRINCIPAL EFFECT(S):

increased skin pigmentation by stimulation of melanocytes

CONTROL OF SECRETION:

MSH-RF and MSH-IF secreted from hypothalamus; mostly not understood

__________________________________________________________________________________________________________________________________

NAME:




antidiuretic hormone, vasopressin, ADH

SOURCE:



hypothalamic neurons via the posterior pituitary gland

TARGET CELL(S):


distal tubule and collecting duct cells of the kidneys

PRINCIPAL EFFECT(S):

increased permeability of kidney tubule cells to water, allowing increased water conservation from forming urine

CONTROL OF SECRETION:

increased extracellular osmolarity within the hypothalamus stimulates action potentials in the hormone-forming cells, 







causing release of the hormone; when extracellular osmolarity falls back within normal range, ADH secretion ends

__________________________________________________________________________________________________________________________________

NAME:




oxytocin, OT

SOURCE:



hypothalamic neurons via the posterior pituitary gland

TARGET CELL(S):


male -- unknown

female -- uterine smooth muscle, myoepithelial cells of mammary glands

PRINCIPAL EFFECT(S):

male -- unknown

female -- stimulates contraction of uterine smooth muscle during labor; stimulates contraction of myoepithelial cells in 

mammary glands causing milk secretion (letdown)

CONTROL OF SECRETION:

increased stretch of pregnant cervix and tactile stimulation of postpartum areola and nipple

__________________________________________________________________________________________________________________________________

NAME:




thyroxine, tetraiodothyronine (T4), triiodothyronine (T3)

SOURCE:



thyroid gland follicles

TARGET CELL(S):


all cells of the body

PRINCIPAL EFFECT(S):

increased carbohydrate catabolism, increased fat catabolism, increased protein anabolism; net effect is increased basal 







metabolic rate of body

CONTROL OF SECRETION:

hypothalamic TSH-RF secreted in response to decreased basal metabolic rate, causing secretion of TSH from anterior 







pituitary gland, which in turn stimulates thyroid follicle cells to release thyroxine

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

NAME:




calcitonin, CT

SOURCE:



parafollicular cells (C cells) of the thyroid gland

TARGET CELL(S):


osteoblasts of bone, kidney tubule cell

PRINCIPAL EFFECT(S):

increased bone formation and ossification; prevent calcium reabsorption by kidneys

CONTROL OF SECRETION:

hypercalcemia (too much calcium in blood) directly stimulates parafollicular cells to secrete CT; when blood falls back into 







normocalcemic range, CT secretion stops

__________________________________________________________________________________________________________________________________

NAME:




parathyroid hormone, PTH, parathormone

SOURCE:



chief cells of the parathyroid glands

TARGET CELL(S):


osteoblasts, kidney tubule cells, intestinal cells (in conjunction with vitamin D)

PRINCIPAL EFFECT(S):

increase bone resorption, increased calcium reabsorption by kidneys, increased intestinal of dietary calcium

CONTROL OF SECRETION:

hypocalcemia (too little calcium in blood) directly stimulates chief cells to secrete PTH; when calcium rises back into 







normocalcemia range, PTH secretion stops

__________________________________________________________________________________________________________________________________

NAME:




aldosterone (a mineralocorticoid)

SOURCE:



zona glomerulosa cells of adrenal cortex

TARGET CELL(S):


kidney tubule cells

PRINCIPAL EFFECT(S):

increased sodium reabsorption with concomitant water reabsorption by osmosis, coupled with increased potassium secretion into the forming urine

CONTROL OF SECRETION:

2 mechanisms:
(1)  increased potassium in extracellular fluid stimulates aldosterone secretion, leading to loss of potassium 









from body








(2) renin-angiotensin pathway, which is activated any time there is a decrease in blood pressure

__________________________________________________________________________________________________________________________________

NAME:




hydrocortisone, cortisol, cortisone (all 3 are different glucocorticoids)

SOURCE:



zona fasciculate of adrenal cortex

TARGET CELL(S):


all cells of the body

PRINCIPAL EFFECT(S):

1.
promote normal metabolism by:
(1)
increased protein catabolism

(2)
increased gluconeogenesis

( ensure glucose availability 

(3)
increased lipolysis

2.
provide resistance to stress by:
(1)
increased mental alertness

(2)
increased energy availability body-wide
( lead to decreased stress

(3)
increased blood pressure

3.
anti-inflammatory activity by:
(1)
stabilizing cell membranes, preventing lysosomal rupture

(2)
depressing phagocytosis

(3)
decreased blood capillary permeability (decreased swelling)

CONTROL OF SECRETION:

increased stress (either physical or emotional) stimulates corticotropin-RF secretion from hypothalamus, which in turn 







causes ACTH secretion from anterior pituitary gland, which in turn stimulates secretion of glucocorticoids; as stress 







decreases, C-RF secretion diminishes

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

NAME:




epinephrine and norepinephrine

SOURCE:



adrenal medulla

TARGET CELL(S):


all cells of the body, particularly brain, heart, skeletal muscle

PRINCIPAL EFFECT(S):

greatly exaggerated fight-or-flight response

CONTROL OF SECRETION:

preganglionic sympathetic neurons synapse directly on hormone secreting cells of adrenal medulla

__________________________________________________________________________________________________________________________________

NAME:




glucagon

SOURCE:



alpha (A) cells of islets of Langerhans of pancreas

TARGET CELL(S):


primarily hepatocytes of liver

PRINCIPAL EFFECT(S):

increased glycogenolysis and gluconeogenesis, resulting in increased blood glucose

CONTROL OF SECRETION:

hypoglycemia (too little blood glucose) directly stimulates alpha cells to secrete glucagon; as glucose level rise in response 







to effects of glucagon, glucagon secretion is stopped

__________________________________________________________________________________________________________________________________

NAME:




insulin

SOURCE:



beta (B) cells of islets of Langerhans of pancreas

TARGET CELL(S):


all cells of body, particularly skeletal muscle, adipose tissue, and hepatocytes

PRINCIPAL EFFECT(S):

increased cellular uptake of glucose from blood, increased glycogenesis, increased lipogenesis, increased protein 







anabolism, decreased glycogenolysis, decreased gluconeogenesis; net result is decreased blood glucose

CONTROL OF SECRETION:

hyperglycemia (too much glucose in blood) directly stimulates beta cells to secrete insulin; as glucose level falls in 
response to effects of insulin, insulin secretion is turned off
__________________________________________________________________________________________________________________________________

HYPOTHALAMIC-PITUITARY-THYROID AXIS

decreased basal metabolic rate


                          (stimulates)

increased hypothalamic secretion of TSH-RF


                          (stimulates)

increased anterior pituitary gland secretion of TSH


                          (stimulates)

increased thyroid gland secretion of T3 and T4 (thyroxine)


                                                  (has the following effects))

1.
increasing carbohydrate catabolism

2.
increasing fat catabolism

3.
increasing protein anabolism


                      (lead to)

increased basal metabolic rate

(This feeds back to turn off both the hypothalamus and anterior pituitary gland so that TSH-RF and TSH blood levels decline)

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

increased stress or decreased blood levels of glucocorticoids


                          (stimulates)

increased hypothalamic secretion of corticotropin-RF


                          (stimulates)

increased anterior pituitary gland secretion of ACTH


                          (stimulates)

increased adrenal cortex gland secretion of glucocorticoids (cortisol)


                                                  (has the following effects))

1.
promote normal metabolism and ensure glucose availability by:


increasing protein catabolism


increasing gluconeogenesis


increased lipolysis

2.
provide resistance to stress by:




increased mental alertness




increased energy




increased blood pressure

3.
increased anti-inflammatory activity by:




stabilizing cell membranes




depressing phagocytosis




decreased capillary permeability (decreased swelling)


                      (lead to)

decreased stress

(This feeds back to turn off both the hypothalamus and anterior pituitary gland so that C-RF and ACTH blood levels decline)

HYPOTHALAMIC-PITUITARY-GONADAL AXIS

(female – follicle stimulating hormone)
decreased blood levels of estrogen


                          (stimulates)

increased hypothalamic secretion of gonadotropin-RF


                          (stimulates)

increased anterior pituitary gland secretion of FSH


                          (stimulates)

development of ovarian follicles


                                                  (has the following effects))

1.
increasing blood levels of estrogen

2.
maturation of an egg for ovulation


                      (leads to)

increased blood estrogen

(This feeds back to turn off both the hypothalamus and anterior pituitary gland so that Gn-RF and FSH blood levels decline)

HYPOTHALAMIC-PITUITARY-GONADAL AXIS

(male – follicle stimulating hormone)
decreased blood levels of inhibin


                          (stimulates)

increased hypothalamic secretion of gonadotropin-RF


                          (stimulates)

increased anterior pituitary gland secretion of FSH


                          (stimulates)

1.
increased spermatogenesis

2.
increased activity of Sertoli cells


                         (leading to)

increased secretion of inhibin by Sertoli cells

(Inhibin feeds back to turn off both the hypothalamus and anterior pituitary gland so that Gn-RF and FSH blood levels decline)
HYPOTHALAMIC-PITUITARY-GONADAL AXIS

(female – luteinizing hormone)
increased blood levels of estrogen


                          (stimulates)

increased hypothalamic secretion of gonadotropin-RF


                          (stimulates)

increased anterior pituitary gland secretion of LHH


                          (stimulates)

1.
directly stimulates ovulation,

2.
which leads to formation of the corpus luteum


                                                  (has the following effects))

ovulation


                      (leads to)

formation of the corpus luteum

(After ovulation, blood estrogen falls below the level necessary ot stimulate the anterior pituitary gland.  Therefore, this is not really inhibition of LH secretion.  The anterior pituitary gland cannot secrete LH without sufficient blood estrogen.)

HYPOTHALAMIC-PITUITARY-GONADAL AXIS

(male – luteinizing hormone)

decreased blood levels of testosterone


                          (stimulates)

increased hypothalamic secretion of gonadotropin-RF


                          (stimulates)

increased anterior pituitary gland secretion of LH


                          (stimulates)

increased secretion of testosterone


                                                  (has the following effects))

support of all male secondary sex characteristics

(Testosterone feeds back to turn off both the hypothalamus and anterior pituitary gland so that Gn-RF and FSH blood levels decline.)

GROWTH HORMONE

increased blood glucose





decreased blood glucose

(hyperglycemia)






(hypoglycemia)


                (stimulates)





                (stimulates)

increased hypothalamic secretion




increased hypothalamic secretion

of GH-IF







of GH-RF


                (inhibits)






                (stimulates)

anterior pituitary gland





increased anterior pituitary gland

secretion of GH






secretion of GH











                (has the following effects)

decreased blood glucose





1.
increased protein anabolism










2.
increased lipolysis










3.
increased glycogenolysis











                (lead to)










increased blood glucose






normoglycemia

(Normoglycemia feeds back to turn off both the hypothalamus and anterior pituitary gland so that both GH-IF and GH-RF secretions are inhibited)

PROLACTIN

(female only)

increased estrogen during





neuroendocrine reflex initiated by

last half of menstrual cycle





suckling of postpartum nipple


                (stimulates)





                (stimulates)

increased hypothalamic secretion




increased hypothalamic secretion

of PRL-IF







of PRL-RF


                (inhibits)






                (stimulates)

anterior pituitary gland





increased anterior pituitary gland

secretion of PRL






secretion of PRL











                (has the following effects)

decreased blood PRL





increased milk synthesis by mammary










gland cells (not secretion)

(Postpartum means after delivery of an infant.  This system requires the hormones of pregnancy to properly prime the mammary gland cells so that they are responsive to prolactin.)

MELANOCYTE STIMULATING HORMONE

increased hypothalamic





increased hypothalamic secretion ofsecretion of MSH-IF





MSH-RF


                (inhibits)





                           (stimulates)

anterior pituitary gland





increased anterior pituitary gland

secretion of MSH






secretion of MSH









                                      (stimulates)










increased skin pigmentation by










stimulation of melanocytes










gland cells (not secretion)

(This hormone is poorly understood.)

OXYTOCIN

(female only)

increased stretch of the





tactile stimulation of postpartum

pregnant cervix






areola and nipple


                (stimulates)





                (stimulates)

increased activity of






increased activity of

hypothalamic neurons





hypothalamic neurons


                (stimulates)






     (stimulates)

posterior pituitary gland





posterior pituitary gland

neurosecretion of oxytocin





neurosecretion of oxytocin


                (stimulates)





                (stimulates)

contraction of uterine smooth




contraction of mammary gland

muscle during labor and delivery




myoepithelial cells, resulting I










milk letdown

(This system requires the hormones of pregnancy to properly prime the uterus and mammary gland cells so that they are responsive to oxytocin.)

ANTIDIURETIC HORMONE

(VASOPRESSIN)

increased extracellular fluid osmolarity


                          (stimulates)

hypothalamic neurosecretory osmoreceptors


                          (leading to)

posterior pituitary gland secretion of ADH


                                                (has the following effects)






1.
increased water reabsorption by kidney tubule cells






2.
increased thirst


                         (leading to)

increased extracellular fluid volume and therefore decreased body osmolarity

(Decreased extracellular fluid osmolarity feeds back to turn off the hypothalamic osmoreceptors and blood levels of ADH decline.)

ANTAGONISTIC CONTROL OF BLOOD CALCIUM

CALCITONIN

blood calcium > [10.5 mg%]

(hypercalcemia)


                          (stimulates)

parafollicular cells of the thyroid gland


                          (leading to)

increased secretion of calcitonin


                                                (has the following effects)





1.
decreased bone resorption





2.
increased bone formation





3.
decreased calcium reabsorption by kidneys


                         (leading to)

decreased blood calcium concentration (normocalcemia)

(Blood calcium < [10.5 mg%] feeds back to turn off calcitonin secretion.)

ANTAGONISTIC CONTROL OF BLOOD CALCIUM

PARATHYROID HORMONE

blood calcium < [9.5 mg%]

(hypocalcemia)


                          (stimulates)

chief cells of the parathyroid glas


                          (leading to)

increased secretion of PTH


                                                (has the following effects)





1.
increased bone resorption





2.
decreased bone formation





3.
increased calcium reabsorption by kidneys


                         (leading to)

increased blood calcium concentration (normocalcemia)

(Blood calcium > [9.5 mg%] feeds back to turn off PTH secretion.)

ANTAGONISTIC CONTROL OF BLOOD GLUCOSE

GLUCAGON

blood glucose < [90 mg%]

(hypoglycemia)


                          (stimulates)

alpha cells of the islets of Langerhans in the pancreas


                          (leading to)

increased secretion of glucagon


                                                (has the following effects)





1.
increased glycogenolysis





2.
increased gluconeogenesis


                         (leading to)

increased blood glucose concentration (normoglycemia)

(Blood glucose > [90 mg%] feeds back to turn off glucagon secretion.)

ANTAGONISTIC CONTROL OF BLOOD GLUCOSE

INSULIN

blood glucose > [110 mg%]

(hyperglycemia)


                          (stimulates)

beta cells of the islets of Langerhans in the pancreas


                          (leading to)

increased secretion of insulin


                                                (has the following effects)





1.
increased cellular uptake of glucose from the blood






(particularly liver, skeletal muscle, and adipose cells)





2.
increased glycogenesis





3.
increased lipogenesis





4.
increased protein anabolism


                         (leading to)

decreased blood glucose concentration (normoglycemia)

(Blood glucose < [110 mg%] feeds back to turn off insulin secretion.)

MINERALOCORTICOIDS

(RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM)

dehydration

sodium deficiency










hemorrhage


                                                                                                             (leading to)

decreased blood volume


                                                                                                             (leading to)

increased blood pressure





decreased blood pressure


                                                                                                             (leading to)










increased renin secretion from kidney


                                                                                                             (converts)

angiotensinogen

angiotensin I

                                                                                                                                   (converted in 

                                                                                                                                    lungs to)

increased blood volume







angiotensin II


                                                                                                                                   (effects)

increased water retention






1.
systemic vasoconstriction

by kidneys








2.
increased thirst











3.
increased ADH secretion

increased sodium reabsorption





4.
increased aldosterone

by kidneys









secretion

------------------------------------------------------------------------------------------------------------------------------------

decreased K+                                                                             (inhibits)                        (stimulates)

reabsorption by kidneys












increased K+ in blood

                    (leads to)

loss of potassium into urine




decreased K+ in blood

GENERAL ADAPTATION SYNDROME

                                   STRESSOR



ALARM
   C-RF

 sympathetic activity
vasodilation in heart & skeletal muscle

                                                                     


vasoconstriction in skin, viscera, and 











kidneys



    ACTH

 norepinephrine

increased heart rate






 epinephrine


increased cardiac contraction force











   blood pressure

------------------------------------------------------------------------------------------------------------------------------------

RESISTANCE






   glucocorticoids




continued vasoconstriction












and     blood pressure






   inflammatory response





   blood glucose




     hypertension





   altered protein and fat metabolism


------------------------------------------------------------------------------------------------------------------------------------

EXHAUSTION






   decreased immune response


   cardiac failure













   +












     renal failure





   decrease resistance to disease











DEATH

Above the dashed line represents compensatory changes in response to decreased blood pressure.





Below the dashed line shows the normal physiologic control mechanism for aldosterone secretion
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