ENDOCRINE SYSTEMS (Chapter 17 & 18)

Intercellular Communication
1. Direct communication (Autocrine): occurs between two cells of the same type through gap 
    junctions via ions or small solutes
2. Paracrine communication: uses chemical messengers to transfer signals between

    cells in a single tissue (messenger = cytokines or local hormones)
3. Endocrine communication: uses hormones to coordinate cellular activities in distant  

    portions of the body (hormones = chemical messengers released from one tissue and  

    transported in blood to reach target cells in other tissues) gradual, coordinated but not 
    immediate
4. Synaptic communication: involves neurons releasing neurotransmitter at a synapse

    close to target, immediate but short lived
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The Endocrine System
-consists of glands and glandular tissue involved in paracrine and endocrine communication
-endocrine means:

-these glands typically secrete chemical signals into the circulatory system.  

-chemical signals are called hormones

-endocrine cells produce secretions  ( released into extracellular fluid  (  enters blood  (     

  ( body-wide distribution to find target
-both the endocrine system and the nervous system regulate the activities of structures of the   

  body, but in different ways.

-endocrine cells located in: 
[image: image2.emf]
Hormones

Structure

  1. Amino Acid Derivatives

     -structurally similar to or based on amino acids

     -ex. catecholamines (epinephrine, norepinephrine, dopamine), thyroid hormones, melatonin
  2. Peptide Hormones

      -chains of amino acids

      A. Peptides

- <200 amino acids

-ex. ADH, oxytocin, GH
      B. Glycoproteins

- >200 amino acids with carbohydrate side chain

-ex. TSH
[image: image3.emf]
3. Lipid Derivatives

      A. Steroid Hormones -structurally similar to/based on cholesterol

-ex. Androgens, Estrogens, Calcitriol
     B. Eicosanoids (Fatty acid derivatives)
-derived from arachidonic acid

-not circulating:

   autocrine or paracrine only

-ex. Leukotrienes: from leukocytes, coordinate inflammation
                   Prostaglandins: from Mast cells, coordinate local activities (smooth muscle 
                   contraction, clotting, etc.)
Mechanism of Action

-hormones circulate in blood: contact all cells

-only cause effects in cells with receptor for hormone: called target cells

-receptors present on a cell determines the cell’s hormonal sensitivity
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Hormone Receptors

-Located on plasma membrane or inside target
1. Cell membrane hormone receptors (membrane-bound receptors)
-catecholamines, peptide hormones, glycoprotein hormones, eicosanoids
-bind receptors on cell surface
-indirectly trigger events inside cell via second messengers (cAMP, Ca++)-also called  

  intracellular mediators  
-2nd messenger acts as activator, inhibitor, or cofactor for intracellular enzymes

  (enzymes catalyze reactions for cell changes)
-receptor linked to 2nd messenger by G protein (regulatory enzyme complex)
* Membrane-Bound Receptors That Activate G Proteins
· G protein consists of three subunits; alpha (α), beta (β), gamma ([image: image6.png]


)

· Inactive state--------guanine diphosphate (GDP) molecule is bound to the α subunit of G protein 

· Once receptor binds with its hormone--------receptor binds to G protein & GDP is released from α subunit
· Now, Guanine triphosphate (GTP) binds to α subunit , thereby activating it.

· G protein separates from receptor and the activated α subunit separates from the β and [image: image7.png]


 subunits

· Now, the α subunit can alter activities of molecules and produce cellular responses

· Later, activated α subunit is turned off when phosphate group is removed from GTP and coverts it to GDP

· Finally, α subunit recombines with β and [image: image8.png]


 subunits
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Membrane-Bound Receptors, G Proteins, Ca+ Channels
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Membrane-Bound Receptors That Activate G Proteins & Increase the Synthesis of cAMP
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*2nd messenger mechanism results in amplification of hormone signal (rapid acting): one 
  hormone molecule binds one receptor but can result in millions of final products
ex. Cascade Effect
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2. Intracellular hormone receptors
-steroid hormones, thyroid hormones (lipid-soluble)
-result in direct gene activation by hormone
-hormone diffuses across membrane, binds receptors in cytoplasm or nucleus
-hormone + receptor bind DNA (transcription  ( translation = protein production (metabolic  

  enzymes, structural proteins, secretions)
[image: image13.emf]
Target cell activation depends on:

1. Blood level of hormone:
Binding Proteins---------

Important because:  

-Hormones circulate in the blood and they diffuse through the capillary wall and enter 

  interstitial space------the rate this happens varies:
· Lipid-soluble hormones readily diffuse through 


-to prevent rapid diffusion they typically bind to binding proteins
· Water-soluble hormones (proteins) pass through pores called fenestrae 
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2. Relative number of receptors
a. Down-regulation
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(a) Down-regulation occurs when the number of receptors for a
hormone decreases within target cells. For example,
gonadotropin-releasing hormone (GnRH) released from the
hypothalamus binds to GnRH receptors in the anterior pituitary.
GnRH bound to its receptors causes down-regulation of the
GnRH receptors so that eventually the target cells become less
sensitive to the GnRH.




b. Up-regulation 
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(b) Up-regulation occurs when some stimulus causes the number of
receptors for a hormone to increase within a target cell. For
example, FSH acts on cells of the ovary to up-regulate the
number of receptors for LH. Thus the ovary becomes more
sensitive to the effect of LH.




3. Affinity of bond between hormone and receptor

   -if hormone levels are excessively high for too long cells can reduce receptor number or  

    affinity and become non-responsive to a hormone

Distribution and duration of hormones

-circulating hormones either free or bound to carrier/transport proteins
-free hormones last seconds to minutes: rapidly broken down by liver, kidney, or plasma 
  enzymes in blood
-bound hormones last hours to days in blood
-effect at target cell can take seconds to days depending on mechanism and final effect, but 
  hormone once bound to receptor is broken down quickly
Interaction of Hormones at Target Cells
-target cells have receptors for multiple hormones
-effects of one hormone can be different depending on presence or absence of other hormones

Hormone Interactions:

1. Antagonistic = hormones oppose each other
2. Synergistic = hormones have additive effects
3. Permissive = one hormone is needed for the other to cause its effects
Control of Endocrine  Activity

  -synthesis and release of most hormones regulated by negative feedback:
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 *hormone release turned on by stimuli and off by negative feedback but can be modified by 
  nervous system

Ex. Did not drink for a while or you have been sweating a lot:



-the hypothalamus, detects that there is not enough water in the blood



-the hypothalamus sends a message to the pituitary, which releases ADH



-ADH travels in the blood to the kidneys, which save more water, so that the  

                         urine becomes less in volume and more concentrated



-the level of water in the blood can then begin to rise


Ex. If there is too high a level of water n the blood because it is cold and you have not 

                  been losing any water through sweating:


-the hypothalamus sends a message to the pituitary and production of ADH will 

                         Stop



-the kidneys will not save as much water and the urine becomes dilute and of 

                         greater volume 



-the level of water in the blood then begins to fall towards the ideal level 
3 major stimuli for hormone release:

1. Humoral stimuli (Nonhormonal Regulation)
    –ion and nutrient levels in blood trigger release

      (e.g. PTH released when blood Ca++ low)
-Ex. Glucose, which is not a hormone, regulates the secretion of insulin from the pancreas
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2. Neural stimuli (autonomic nervous system)

    –nerve fibers directly stimulate release

      (e.g. sympathetic → adrenal medulla = epinephrine release)
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3. Hormonal stimuli

    –hormones stimulate the release of other hormones

      (e.g. releasing hormones of hypothalamus cause release of hormones from anterior   

      pituitary)
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Endocrine Organs

1. Hypothalamus

-located at base of 3rd ventricle

-master regulatory organ

-integrates nervous and endocrine systems
[image: image22.emf]
Three mechanisms of control:

1. Secrete regulatory hormones to control secretion from anterior pituitary (hormones from 
    anterior pituitary control other endocrine organs)

2. Act as endocrine organ (produce ADH and oxytocin)

Ex. See Negative Feedback example
3. Has autonomic centers for neural control of adrenal medulla (neuroendocrine reflex)

Ex. -suckling or birthing events ->oxytocin release (stimulation of mammary gland by 

       baby or machine initiates Neuroendocrine Reflex & expulsion of milk from gland.)
               -high osmotic pressure --> antidiuretic hormone

[image: image23.emf]
2. Pituitary Gland (Hypophysis)

-hangs inferior to hypothalamus via infundibulum

-in sella turcica of sphenoid (bone)
-anterior lobe secretes 7 hormones: function via cAMP 2nd messenger

-posterior lobe secretes 2 hormones: function via cAMP 2nd messenger
Derived from epithelial tissue of embryonic oral cavity (not neural tissue). 

[image: image24.emf]
A. Anterior Lobe (Adenohypophysis)

-glandular tissue
-anterior pituitary hormones are all tropic hormones = hormones produced and secreted by  

  the anterior pituitary which target endocrine glands (and then that target organ releases       
hormones that affect body organs and tissues.

Ex. ACTH (Adrenocorticotropic hormone) stimulates the adrenal cortex to release 

             glucocorticoids(regulate the metabolism of glucose)

- Hypothalamohypophysial portal system (see page 5): is the system of blood vessels that link the 
  hypothalamus and the anterior pituitary in the brain.


- It allows endocrine communication between the two structures.


- The anterior pituitary receives releasing and inhibitory hormones in the blood.
                    (secretion of the hormones controlled by releasing and inhibiting hormones from 
                    the  hypothalamus) (see table on page 4)


- Using these, the anterior pituitary is able to fulfill its function of regulating the
                     other endocrine glands.
Releasing Hormones & Inhibiting Hormones
are neurohormones because produced & secreted by neurons of hypothalamus.

Releasing Hormones: increase the secretion of Anterior Pituitary Hormones
Inhibiting Hormones: decrease the secretion of Anterior Pituitary Hormones

Hormones of the Anterior Lobe:
[image: image25.emf]
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Relationships Among the Hypothalamus, Anterior Pituitary, and Target Tissues:
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Ex: Corticotropin Releasing Hormone (CRH) from the hypothalamus---------(stimulates the release of adrenocorticotrophic Hormone (ACTH) from the anterior pituitary------(which stimulates target organ adrenal cortex to produce Glucocorticoids-------(which increase blood glucose.
Diseases of Growth Hormone:

   a.Dwarfism: chronic hyposecretion of GH in infants resulting in a short stature 
b. Giantism (acromegaly): excessive growth of hands, feet, face, internal organs due to   

    chronic hypersecretion of GH 



-Excess: (usually due to pituitary tumor)


            -before epiphyseal closure --------(Growth in bone length occurs in 



epiphyseal plate -------------when bone stops growing in length, the plate 


becomes ossified------THIS DOES NOT HAPPEN HERE!
B. Posterior Lobe (neurohypophysis)

-neural tissue (continuous with the brain)
-contains axons of hypothalamus: release hormones to posterior lobe for storage 
*Hormones released by Posterior Lobe- (see above table) (are neurohormones bec. 









extension of nervous system)
Relationships Among the Hypothalamus, Anterior Pituitary, and Target Tissues:
[image: image28.jpg]S . Tron Mt Comnpiamion, ML Punission rac o for sk aion. ar dapley.

1. Stimuli within the nervous system
stimulate hypothalamic neurons to
either increase or decrease their
action potential frequency.

2. Action potentials are carried by axons
of the hypothalamic neurons through
the hypothalamohypophysial tract to
the posterior pituitary. The axons of
neurons store hormones in the

posterior piuitary.

3. In the posterior pituitary gland,
action potentials cause the release
of neurohormones (red balls) fom
axon terminals into the circulatory
system.

4. The neurohormones pass through the
circulatory system and influence the
activity of their target tissues (green
arrow).

gy Stimulatory
——p Inhibitory

Hypothalamic
neurons

Hypothalamo-
hypophysial
tract

Posterior
pituitary

Neurohormone




Ex: Neurons from Hypothalamus travel to posterior pituitary & cause the release         of oxytocin into circulatory system---------( promotes labor & delivery.
3. Thyroid Gland

-inferior to larynx
-left and right lobes connected by isthmus (narrow band)
-largest endocrine organ
[image: image29.emf]
-tissue =

1. follicles: spheres of simple cuboidal epithelium

-follicles filled with protein: thyroglobulin

-thyroglobulin protein constantly synthesized by follicle cells and exocytosed into follicle 
         for storage


-upon stimulation by TSH, thyroglobulin is processed into thyroid hormones (T3/T4)



T3-------triiodothyronine




T4-------tetraiodothyronine (thyroxine)
2. Parafollicular cells (C cells): are located adjacent to the thyroid follicles (in basement 
    membrane of follicles) and reside in the connective tissue

- produce and secrete calcitonin: stimulates decrease in blood calcium levels:


1. Inhibits osteoclasts------(prevents breaking down bones to get Ca++


2. Promotes Ca++ loss at kidney
-parafollicular cells respond directly to blood calcium levels, not controlled by hypothalamus


-Ca2+ 20% above normal = calcitonin release
[image: image30.emf]
Formation and release of thyroid hormones

[image: image31.emf]
1. Iodine ions (I-) from diet accumulate in cytoplasm of follicle cells.

2. At apical surface thyroid peroxidase converts I- to I+ (activated form) and links it to  

    tyrosine molecules in the previously formed protein thyroglobulin in the follicle.  

    (Thyroglobulin is continuously synthesized by follicle cells and exocytosed into the

    follicle lumen for storage.) Note: Tyrosine is amino acid; Tyrosine is found in 





  Thyroglobulin.
3. Iodated tyrosines in thyroglobulin  (form T3 & T4) are chemically bonded to create   the thyroid hormones: thyroxine/tetraiodothyronine (T4) and triiodothyronine (T3).  (This occurs in follicle cavity)
4. Stimulated by TSH, follicle cells endocytose iodated thyroglobulin. (iodated Thyroglobulin has T3 & T4 attached------they go back into follicle cell by endocytosis)
5. Iodated thyroglobulin is broken down in the lysosome releasing T3, T4, and free   

   amino acids into cytoplasm.

6. T3 and T4 is exocytosed at the basement membrane into the blood (90% is T4).

7. T3 and T4 are bound to transport proteins (ex: albumin or Thyroxine-binding globulin TBG) for circulation to tissues (At target tissues T4 can be converted to T3 which is the more active form of thyroid hormone & also more potent).
-Receptors for thyroid hormones located in all cells except: adult brain, spleen, testes, uterus


receptors in target cell:



-cytoplasm: hold hormone in reserve



-nucleus: activate genes for enzymes involved in energy transformation and 
                      utilization
-Overall effect of thyroid hormones = increase metabolic rate and body heat production, and 
  regulate tissue growth and development
· T3 and T4 increase the rate of glucose, fat, and protein metabolism in many tissues, thus increasing body temperature.

· Normal growth of many tissues is dependent on T3 and T4

Diseases of the Thyroid:
· Hypothyroidism = lack of T3/T4 



-Myxedema (adults): lack of iodine, causes low body temp, muscle weakness, 


  slow reflexes, cognitive dysfunction and goiter = swollen thyroid (produce 


  thyroglobulin but fail to endocytose) –low dietary intake







- seen where soil is depleted of Iodine








- Iodinized salt solves problem 








- results in elevated TSH & hypertrophy 







  thyroid gland 


-Cretinism (infants): genetic defect, causes lack of skeletal and nervous system 


  development
· Hyperthyroidism = excessive T3/T4, causes high metabolic rate, high heart rate, restlessness, fatigue  

-Graves Disease = autoimmune disorder, produce antibodies that mimic TSH 
             causing overproduction of thyroid hormones – could treat by antithyroid drugs to 






reduce T3 & T4 or removal of thyroid gland.
4. Parathyroid Glands

-four glands imbedded in posterior side of lobes of thyroid
- cells organized in densely packed masses or cords (rather than follicles).
[image: image32.emf]
-Two cell types: 
1. Oxyphils: few, function unknown

2. Chief Cells: majority, produce parathyroid hormone (PTH)
-Parathyroid Hormone (PTH) / Parathormone:----------------(uses G protein & cAMP mechanism

-most important regulator of blood calcium


-secreted when blood calcium low


-acts to raise blood calcium levels by acting on various tissues:



1. Bone: stimulates osteoclasts and inhibits osteoblasts




(Breakdown bones) 


2. Kidney: enhances reabsorption of Ca2+




(keeps it in blood & not in urine)


3. Intestine: promotes conversion of Vitamin D to calcitriol in kidney to enhance 


   Ca2+ and PO4 absorption in small intestine




(need Vit D to absorb calcium)
5. Adrenal Glands (Suprarenal Glands)
-2 glands, in renal fascia, superior to kidney
-glandular adrenal cortex
-medulla mostly nervous tissue
-in general: adrenal hormones used to cope with stressors

A. Adrenal Cortex

-produces 3 types of corticosteriods: in target alter gene transcription to affect metabolism


a. mineralocorticoids –Aldosterone 


b. glucocorticoids -Cortisol


c. androgens
3 Layers: [image: image33.emf]
-3 Layers:  

1. Zona Glomerulosa: mineralcorticoids- control water and electrolyte balance

              
 95% Aldosterone 




-stimulates Na+ retention and K+ loss--------enhances H2O 





reabsorption by kidneys & increases blood volume
                                 -released in response to: low Na+ or high K+, (note: High K+ 





excretion or high H+ excretion causes elevated pH levels in 




body fluids-----condition called alkalosis)



-renin-angiotensin mechanism, low blood pressure or volume, 






Causes: Angiotensin II to increase aldosterone secretion, 




which increases blood pressure by increasing blood volume

2. Zona Fasciculata: glucocorticoids 


-metabolic hormones: control glucose metabolism, most common = 



  cortisol (hydrocortisone)




-cortisol increases fat and protein breakdown (release of fatty acids 



  from adipose & triggers protein hydrolysis to release free amino 



  acids from skeletal muscle) – provides energy for cells



-increases glucose synthesis from amino acids (gluconeogenesis 



  in liver)----( formation of glucose noncarbohydrates, such as 





proteins or lipids



-decreases the inflammatory response ----( decreases # of WBC& 







decreases inflammatory chemicals.



-triggers body cells to utilize fatty acids and amino acids instead 




  of glucose



-secretion controlled by ACTH (from anterior pituitary)


-excess = anti-inflammatory, inhibit immune response and healing


3. Zona Reticularis: gonadocorticoids



-mostly androgens, may aid onset of puberty



-excess = androgenital syndrome-------( genetic disorder







Males: enlarged penis, small testes








Females: failure to menstrate
Diseases of the Adrenal Cortex:
Cushing’s Syndrome = excessive corticosteriods (↑ACTH from pituitary tumor), results in: hyperglycemia (because increase amount of glucose), ↓muscle and bone mass (because cortisol breaks down protein), hypertension, edema, poor healing, chronic infections
Addison’s Disease = deficient in corticosteriods, results in: weight loss, hypoglycemia, ↓Na+ ↑K+ in plasma, dehydration, hypotension

· Autoimmune disease------immune system destroys adrenal cortex
Adrenogenital Syndrome = excessive androgens, results in: secondary sexual characteristics develop early in male children, and female children are masculinized 
B. Adrenal Medulla: 
    - neural, produces catecholamines to enhance effects of other adrenal hormones

    -Modified ganglionic sympathetic neurons called chromaffin cells (cells of the  

     adrenal medulla) release epinephrine(80%) and norepinephrine (20%) in response to 

     sympathetic stimulation

    -Epinephrine effects: stimulate heart, stimulate metabolic activities: skeletal muscle- 
     mobilize glucogen reserves, accelerate ATP production; adipose- promote release of 

     fatty acids; liver- promotes release of glucose

   -Norepinephrine effects: stimulate peripheral vasoconstriction to increase blood 
    pressure  (blood vessels constrict in skin, kidneys, & gastrointestinal tract)
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6. Pancreas

-inferior and posterior to stomach
-is both an exocrine gland and an endocrine gland



-mostly exocrine cells: pancreatic acini, secrete digestive enzymes (pancreatic 

                       juice)  Has a duct system which carries the pancreatic juice to small intestine.


-1% endocrine: consists of pancreatic islets (islets of Langerhans), secrete 

                       hormones that enter circulatory system
Pancreatic islets cell types:

1. Alpha cells – glucagon: ↑ blood glucose

2. Beta cells – insulin: ↓ blood glucose

3. Delta cells – somatostatin: suppresses glucagon and insulin release, 

           -slows enzyme release into intestine
4. F cells – pancreatic polypeptide: regulates production of pancreatic enzymes Insulin


     -secreted in response to high blood glucose or ANS: parasympathetic = ↑ insulin 

               sympathetic = ↓ insulin

     -effects only on insulin dependent cells (have receptors)


     -brain, kidney, GI mucosa, and RBCs all insulin independent
Insulin and Glucagon Effects:
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Diseases of the Pancreas:
Diabetes mellitus = too much glucose in blood (hyperglycemia)

· Type I (insulin-dependent)= failure to produce insulin
· Autoimmune destruction of pancreatic islets
· Type II (noninsulin-dependent )= insulin resistance, sometimes insulin deficiency

            Cells do not utilize glucose, ketone bodies------( reduce # of functional receptors for 

insulin--------cells uptake glucose, slowly-----------used to make ATP by krebs cycle
· People older, 40-45 
7. Pineal Gland

-posterior of third ventricle
-pinealocytes: synthesize melatonin from serotonin

Melatonin functions:



-play role in timing of sexual maturation


-antioxidant (free radical protection)


-sets circadian rhythms--------------24 hour cycle of brain activity, hormone 








production, cell regeneration
-also secretes arginine vasotocin------------------possible inhibition of gonadotropin-releasing 





hormone – GnRH (may inhibit reproductive functions)
-secretion on diurnal cycle: high at night, low during daylight---------helps regulate sleep cycles 









by increasing tendency to 









sleep at night
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8. Gastrointestinal Tract

-enteroendocrine cells in GI mucosa secrete many hormones: coordinate digestive activity

-mostly paracrine communication

-cholecystokinin----stimulates contraction of gallbladder & secretion of pancreatic juice.  High 



in digestive enzymes---if eat foods high in fatty acid & peptides.
-enterocrinin---------secreted by duodenum in response to chyme from stomach.  Promotes 



production of large amounts of alkaline mucus.
-gastric inhibitory peptide------secreted by duodenum; inhibits gastric acid secretion
-gastrin-------------secreted in mucus of stomach & duodenum; stimulates secretion of HCl
-secretin-----------from duodenum; stimulates secretion of pancreatic juice high in bicarbonate 


        ions (if eat too much acidic foods)
-vasoactive intestinal peptide--------smooth muscle relaxes; stimulates secretion of water into 





  pancreatic juice and bile.
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9. Kidney

-various endocrine cells, three products:

1. Calcitriol (steroid hormone)------------------(active form of Vit D
-released in response to PTH

-Calcitriol effects:

-stimulate Ca2+, PO4 absorption in GI
-stimulate osteoclast activity

-stimulate Ca2+ retention in kidney

-suppress PTH production
-inhibits calcitionin (decreases blood Ca++)
2. Erythropoietin (peptide hormone)

-released in response to low O2 in kidney

-stimulates erythrocyte production
3. Renin (enzyme) (helps regulate kidney function)
-released in response to sympathetic stimulation or decline in renal blood flow

-converts angiotensin in blood into Angiotensin II (hormone)

-Angiotensin II effects: (causes vasoconstriction)
-stimulate secretion of aldosterone (adrenal)

-stimulate secretion of ADH (pituitary)

-stimulate thirst

-elevate BP

(both aldosterone and ADH restrict Na+ and H2O loss at kidney)
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10. Heart

-some cells of atrial walls secrete Atrial Natriuretic Peptides in response to stretch
-ANP promotes Na+ and water loss at kidney, inhibits release of renin, ADH, and aldosterone to   reduce BP and volume
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11. Thymus

-located deep to sternum

-cells produce thymosins

-promote development and maturation of T lymphocytes and the immune response (T cells 







protect against bacteria, viruses, etc.)
12. Gonads
A. Testes (male)

    -Interstitial cells produce androgens in response to LH (from anterior pituitary) 
    -Testosterone (most common)


-produces male secondary sex characteristics


-promotes sperm production


-maintains secretory glands
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B. Ovaries (female)

    -Follicle cells produce estrogens in response to LH and FSH (from anterior pituitary) 
    - secrete Estradiol 

-produce female secondary sex characteristics


-support maturation of oocytes


-stimulate growth of uterine lining
    -Surge in LH causes ovulation, follicle reorganizes to form corpus luteum: produces 
     estrogens and progestins
    -secretes Progesterone (more for pregnancy)
   
 -prepares uterus for embryo growth


-accelerates movement of oocyte/embryo to uterus


-enlargement of mammary glands
13. Adipose

-secretes leptin in response to absorption of glucose and lipids


-triggers satiation in appetite center of hypothalamus


-permissive effect on gonadotropins
-also secretes resistin


-reduces insulin sensitivity--------------( keep more glucose in adipose rather than it 






    taken up by cells.
Age Related Changes

-very little change in most hormone levels (decrease GH ; increase adipose tissue)
-adverse effects due to changes in target tissues: prevent reception or response to hormone
-gonads decrease in size and hormone production (menopause in women)
