The Endocrine System

Paracrine communication:  The use of chemical messengers to transfer info.


I.  Hormones

A.  Peptide Hormone structure:  structurally similar to amino acid 

1.  catecholamine:  epinephrine, norepinephrine, dopamine, & thyroid hormones.

2.  peptide hormones:  

a.  short or long polypeptides:  all hormones from hypothalamus, posterior pituitary, heart, thymus, digestive tract, pancreas & most from the anterior pituitary. 


3.  glycoproteins:  TSH, LH, FSH and many others

4. production:  RER produces prehormones (w/extra aa's), ER converts this to prohormone (inactive form), Golgi converts this to hormone (active form) and packages it for secretion.

B.  Lipid Derivative Hormones Structure:  
1.  Steroid hormones:  androgens, estrogens, progestins, corticosteroids (adrenal), calcitriol (kidneys)

2.  Remain in blood longer, attached to a carrier molecule.

3.  Kidney must process for excretion

C.  Hormone distribution and transport:  
1.  quickly absorbed into blood and travel free or attached to carrier molecules

2.  freely are functional for less than 1 hr. vs. bound are around longer

3.  inactivated when:  (1) diffuse out of blood stream binding to target (2) absorbed/broken down by liver or kidney (3) broken down in fluids by enzymes

D.  Function and mechanisms of action, hormones may:
1.  stimulate the synthesis of an enzyme or structural protein.


2.  turn an existing enzyme on or off



3.  increase/decrease rate of protein synthesis


4.  hormones bind to target cell receptors.

E.  control of endocrine activity:  

1.  hypothalamus secretes regulatory factors that control pituitary gland activity.

II.  Glands

A.  Pituitary:  hypophysis in sella turcica hanging from hypothalamus.  Release tropic hormones (stimulating)

1.  anterior pituitary(7):  

a.   thyroid stimulating hormone (TSH)-stimulate thyroid.   

b.  adrenocoricotropic hormone (ACTH)-adrenal cortex stimulation.  

c.  follicle-stimulating hormone (FSH)- w/LH stimulates secretion of estrogens

d.  luteinizing hormone (LH)-stimulates secretions of estrogens and progetins by ovaries.  Induces ovulation.
e.  prolactin- mammary gland development, lactation.

f.  Growth Hormone (GH)- stimulates cell growth/division by increasing protein production.

g.  melanocyte stimulating hormone (MSH)- stimulates melanocytes of skin to produce melanin.

2.  posterior pituitary(2) 

a.  Antidiuretic hormone (ADH)-decreases water loss by kidneys

b.  oxytocin- stimulates smooth muscle contraction in uterus and ducts of mammary glands=milk ejection.

B.  Thyroid-

1. follicles:  parts of gland that releases thyroxin (T4) and Triiodothyronine(T3).

a.  thyroxin-increase ATP production (increasing BMR)

2.  C cells:  inside thyroid that produce calcitonin  

a.  calcitonin- causes a drop in body fluid Ca++ levels

C.  Parathyroid-embedded in the posterior surface of the thyroid 

1.  Parathyroid hormone (PTH): causes an increase in body fluid Ca++ levels

D.  Thymus:  increases in size up to puberty, then decreases throughout adulthood.

1.  thymosins-hormones responsible for stimulating development & maturation of immune response (T CELLS)

E.  Adrenal

1.  cortex: outer region of adrenal gland producing corticosteroids.

a.  mineralocorticoids-effects electrolyte composition of body fluid.  Aldosterone- decreases Na+ loss.  Secondarily increases water resporption by kidneys.  (increases salty food consumption by increased sensitivity of salt receptors in taste buds

b.  glucocorticoids- decrease glucose use, increase glucose production.  Cortisol (hydrocortisone), corticosterone, cortisone.  (secondarily show anti-inflammatory effects by inhibiting activities of white blood cells)
c.  androgens- slight amounts of testosterone's released and converted to estrogens.  Unknown cause.

2.  medulla- inner portion of adrenal gland

a.  epinephrine (adrenaline) & norepinephrine (noradrenaline) - send more glucose to skeletal muscles, increase ATP production, release fat from storage, glycogen from liver broken down & released for neural tissue use, heart stimulation.

F.  kidneys:  water loss and calcium loss.

1.  calcitrol- (dependent on Vit. D, stimulated by parathyroid hormone.)  increases calcium concentration.  

2.  erythropoietin- (low o2 levels stimulate) stimulates RBC production by bone marrow.

3.  renin-begins conversion of angiotensinogen to angiotensin I to angiotensin II.

a.  effects of angiotensin II:  (1) Na+ retention/K+ loss (2) stim. secret. Of ADH for water retention by kidney (3) stimulates thirst (4) stim. Constriction of arterioles elevating systemic blood pressure.

G.  heart:  cardiac muscle cells in the wall of atrium.

1.  Atrialnatriuretic peptide (ANP)- released in response to high Arial blood volume.  4 effects



a.  loss of Na+ and water from kidneys

b.  inhibits renin release

c.  suppresses thirst

d.  reduces blood pressure

H.  digestive endocrine tissue

1.  pancreas- 1% of pancreas is pancreatic islets (islets of langerhans).  3 cells secreting 3 different hormones:


a.  alpha cells:  glucagon-raises blood sugar 


b.  beta cells:  insulin-lowers blood sugar

c.  delta cells:  somatostatin-suppresses glucagon&insulin production.  

I.  reproductive endocrine tissue

1.  testes- 

a.  testosterone- (1)production of functional sperm (2) stimulates growth (3) secondary sex characteristics i.e. hair/fat (4) stim. Protein synth. & muscle growth (5) aggression.  (6) embryonic effects on hypothalamus development influencing sexual behaviors.

2. ovaries-follicles produce female gametes/oocytes

a. estrogens (estradiol)- produced by follicle under LH and FSH control.  High LH causes ovulation.  

b.  progestins (progesterone)- prepares uterus for embryo, accelerates oocyte to uterine tube, enlargement of mammary gland.

J.  Pineal- 


1.  melatonin-  low during day highest at night.



a.  low levels at onset of puberty

b.  antioxidant-protecting CNS neurons from free radicals.

c.  establishes circadian rhythms.  (Seasonal affective disorder due to high melatonin secretion in darkness.)
III  Patterns of hormonal interaction

1.  antagonistic-  PTH & calcitonin effect depends on the balance between the two.  (i.e. insulin & glucagon)

2.  synergistic- additive effect (sum) glucose sparing effect of GH & glucocorticoids

3.  permissive- one is needed for the other to have an effect.  Thyroid hormones must be present for epinephrine to effect energy consumption.

4.  integrative- calcitriol and parathyroid hormone coordinate calcium metabolism.

A.  hormones and growth- 6 hormones directly effect growth:


1.  GH:  muscular & skeletal development
2.  Thyroid hormones:  low levels at 1 yr.=mental retardation.  Low levels at puberty = abnormal skeletal development

3.  Insulin:  growing cells need glucose, low insulin=low glucose

4&5.  parathyroid hormones & calcitriol: bones are normal size, but weak.  I.e. rickets bending bones

6.  gonadal hormones:  skeletal differences between sexes & secondary sex characteristics

B.  Hormones and stress

C.  Hormones and Behavior:  

1.  sex hormones:  high levels cause aggression, teen-age characteristics can occur in young with high hormone levels

D.  Aging and hormone production:  

1.  reproductive hormones decrease

2.   most other stay same

3.   insulin and GH can be lower after a carb. rich meal

4.   some tissues become less responsive to hormones

IV.  Integration with other systems-  see handout

V.  Selected Clinical Terms-  see handout

