Ch. 20 Endocrine System

20.1 How Hormones Work

endocrine system

- glands secrete chemical messengers called hormones directly into 

      blood stream




- ductless (unlike exocrine glands)


- coordinates body activities like the nervous system only slower


- target organ has receptor cells that attach “lock-and-key” to a 
      specific hormone


(FIG. 20.3)

hormones


- produced by cells in 1 body region to affect cells in different body regions





- work at a distance between body parts




- 2 classes of hormones





- peptide hormones (amino acid, polypeptide, protein)





- steroid hormones
steroid hormones


- made at smooth ER in cells of only the adrenal cortex, ovaries, testes





- derived from cholesterol and stored in fat droplets in cytoplasm




- easily enter plasma membrane (as lipids) and the nucleus





- bind to receptors in the nucleus and then bind to DNA





- activate particular genes to synthesize new enzymes 



  
    (protein synthesis)

- slower than peptide hormones but more sustained effect (last longer)



(FIG. 20.2)

peptide hormone

- synthesized at the ribosomes in cells of all other (non-steroid) glands





- also from amino acids in the cytoplasm (tyrosine to 




   norepinephrine)



- bind to plasma membrane receptors and activates existing 


   enzymes in the cell




- never enters cell (“1st messenger”)



- receptor releases an enzyme to form cyclic AMP (“2nd messenger”)



- “G protein” in membrane activates adenlylate cyclase 




   enzyme to convert ATP to camp




- camp begins an enzyme cascade (series of reactions) in cells



- signal transduction pathway





- reception ( transduction (cAMP) ( induction (cell reactions)



- act quickly for short periods



(FIG. 20.1)

negative feedback

- dampens or cancels the stimulus that caused the response



- endocrine gland is sensitive either to the condition it is regulating




- hypothalamus and blood volume 

- or to the blood level of the hormone




- anterior pituitary and thyroxin levels
20.2 Hypothalamus and Pituitary Gland
hypothalamus
- regulates body’s internal environment



- homeostasis (heart rate, body temperature, water balance)


- also regulates pituitary gland secretions



- links nervous and endocrine systems


- produces hormones for storing or controls releases of hormone 

   from other glands

pituitary gland

- small (1 cm) gland beneath hypothalamus that regulates its activity


- 2 functionally unconnected parts




- posterior pituitary




- anterior pituitary
posterior pituitary

- stores 2 hypothalamus ~ made hormones that move down long     


      axons into the gland



- nervous and endocrine systems overlap




- nevrosecretory cells respond to nevrotransmitter to 



   produce hormone




- hormone stored in axon endings



- antidiuretic hormone ADH (vasopressin)




- released from gland if hypothalamus senses the blood is 



   too concentrated




- negative feedback: as blood becomes dilute ADH is no 



   longer released




- lack of ADH causes diabetes insipidus (excessive watery 



   urine, loss of salts)



- oxytocine stimulates uterus contraction and breast milk release 


   during nursing

anterior pituitary
- controlled by releasing hormone or release-inhibiting hormone 


   secreted by the hypothalamus




- thyroid releasing hormone (TRH)




- thyroid release-inhibiting hormone (TRIH)



- hormones conducted by a portal system




- hypothalamus blood capillary to capillary in anterior pituitary



- 4 hormones control secretions of other endocrine glands (= “master gland”)




- thyroid-stimulating hormone (TSH)




- adrenocorticotropic hormone (ACTH)




- 2 gonadotropic hormones (FSH, LH)



- 2 hormones directly effect the body 




- growth hormone (GH)




- prolactin (PRL) [also known as  LTH]



(FIG. 20.4)

growth hormone
- GH (somatatropin): cell division, protein in synthesis, bone growth




- stimulates amino acid uptake and ribosomes in cells




- determines height of individual (pituitary dwarf, pituitary gland)

prolactin

- PRL: mammary gland development and milk production after childbirth



(moore’s hormone control pic)

20.3 Thyroid and Parathyroid Glands
thyroid gland

- attached to trachea just below larynx, producing 2 hormones





- thyroxin





- calcitonin



(FIG. 20.10) 

thyroxin
- requires iodine (actively transported up to 25X concentration in blood)



- TSH causes gland to enlarge and produce thyroxin in 2 forms




- secretes as T4 (tetraiodothyronine with 4 iodine atoms)




- converted to active T3 (triiodothyrone)



- stimulates most cells of the body to metabolize faster




- no target organ (all cells like GH)
calcitonin

- lowers blood calcium levels




- increases calcium uptake in bone



- opposite to (and less important than) action of parathyroid gland
parathyroid gland
- 2 small pairs embedded in back of thyroid gland either side of trachea



- parathyroid hormone PTH increases blood calcium




- absorption in the digestive tract




- retention (reabsorption) by kidneys




- demineralization of bone



- high blood calcium inhibits PTH secretion

control and

- 3-tiered endocrine control relationship:

feedback


- hypothalamus TRH (thyroid-releasing hormone)




- anterior pituitary TSH (thyroid-stimulating hormone)




- thyroid thyroxin production



- 3-ways negative feedback:




- TSH on hypothalamus




- thyroxin on anterior pituitary




- thyroxin on hypothalamus

goiter

- caused by thyroid not producing sufficient thyroxin in the blood




- insufficient dietary iodine




- no negative feedback to diminish or cancel TSH 



   production by the anterior pituitary gland




- TSH causes a grossly swollen thyroid called simple goiter

20.4 Adrenal Glands Have Two Parts
adrenal glands

- lie atop kidneys [ad = near; renal = kidney] and formed of 2 


   independent parts




- inner adrenal medulla



- outer adrenal cortex



- organ with unique innervation




- no parasympathetic nerve




- single sympathetic nerve (with no postganglionic neuron)
adrenal medulla
- secretes 2 hormones




- epinephrine (adrenaline)




- norepinephrine (noradrenaline)



- both hormones have same effects as the sympathetic “fight or 


   flight” response




- short-term stress: sympathetic nervous system initiates response




- prolonged stress: adrenal medulla maintains hormone secretion



- body’s immediate response to stress



 
- blood glucose and metabolism rise



 
- bronchioles dilate, breathing rate rises




- digestive tract and skin blood vessels constrict, muscle 



   vessels dilate



- heart pumps harder and faster



- each hormone has particular effects




- epinephrine: heart rate, metabolism




- norepinephrine: vasoconstriction (blood flow patterns)

adrenal cortex

- secretes 2 main classes of steroids in response to prolonged stress




- glucocorticoids: cortisol  (brain involved)



- mineralocorticoids: aldersterone (brain not involved)



- also low levels of male and female sex hormones in both sexes




- gonadocorticoids
cortisol

- promotes hydrolysis (breakdown) of muscle protein to amino acids




- amino acids converted to glucose by the liver, raising 



   blood glucose




- similar in effect to pancreatic glucagon counteracting 



   glucose-lowering insulin



- controlled by ACTH (adrenocorticotropic hormone) of anterior pituitary




- in turn controlled by cortisol-releasing hormone (CRH) of 



   the hypothalamus



- also promotes metabolism of fatty acids rather than carbohydrates
mineralocorticoids

- principally aldosterone which causes kidneys to reabsorb sodium




- not controlled by anterior pituitary or brain




- stimulated by angiotension II (which also constricts arteries)



- higher sodium promotes retention of water




- increased blood volume (pressure)
sex hormones

- mostly testosterone & small amounts of estrogen & progesterone


(moore’s 2nd hormone cycle)

disorders

- under active adrenal cortex:




- low blood glucose and sodium




- Addison disease (bronzing)



- overactive adrenal cortex:




- high blood glucose and sodium





- cushing disease (enlarged trunk)
20.5 Pancreas Produces Two Hormones
pancreas

- located transversely between the kidneys and near the duodenum



- exocrine tissue produces digestive juices transported by ducts to duodenum



- endocrine tissue contains islets of Langerhans (pancreatic islets)




- alpha cells produce glucagon



- beta cells produce insulin
insulin

- lowers blood glucose after eating




- stimulates liver, fat, and muscle cells to take up and 



   metabolize glucose



- promotes storage of nutrients




- glucose as glycogen in liver, muscles 




- fats and protein (inhibits metabolism)
glucagon

- raises blood glucose between eating




- opposite effect of insulin



- stimulates breakdown of stored nutrients 




- glycogen, fat, protein



(FIG. 20.15)

diabetes mellitus

- sugar diabetes: excess blood glucose not metabolized by cells or 



   stored by liver (hyperglycemia)




- excreted in water urine



- type I (insulin-dependent) diabetes:




- pancreas fails to produce insulin




- injections or islet transplant



- type II (insulin-independent) diabetes:




- pancreas produces insulin but cells do not respond 




- 10 of the 12 million diabetics in USA




- diet and exercise



(moore’s islets’ of Langerhans)
20.6 Other Endocrine Glands
gonads

- testes produce androgens




- testosterone and androsterone



- ovaries produce estrogen and progesterone



- controlled by gonadotropic hormones(FSH and LH) of the 



   anterior pituitary

thymus
- thoracic cavity atop the heart




- largest and most active in children



- various hormones or thymosins involved in lymphocyte production




- immune response

pineal gland

- small posterior lobe in the 3rd ventricle of the brain above cerebellum




- secrets melatonin mostly at night



- involved in circadian (daily) rhythms, especially sleep




- resulting problems with shift work and jet lag
