Adrenal gland
Medulla=catecholamines epinephrine, norepinephrine, and dopamine

Cortex= secretes adrenaocortical steroid hormones
adrenal cortex

outer zona glomerulosa secreting mineralocorticoids(aldosterone ) are those in which effects on Na+ and K+ excretion predominate, controlled by angiotensin II and K+ (not controlled by hypothalamic-hypophseal axis )
zona fasciculate secreting mostly glucocorticoids: cortisol 95% ,corticosteroid 5%
is controlled by hypothalamic hypophseal axis through ACTH
zona reticularis secreting mainly sex hormones(androgen ) and some glucocorticoids 

controlled by hypothalamus-hypophseal axis

N.B Z.F and Z.R stimulated by ACTH
Synthesis of adrenocortical hormone :

- Synthesized from cholesterol
-adrenocortical hormone are bound to plasma proteins :

90-95% of cortisol in plasma is bound to plasma protein especially  to an α globulin called transcortin or corticosteroid-binding globulin (CBG).
-Cortisol is metabolized in the liver, which is the principal site of glucocorticoid catabolism. Most of the cortisol is reduced to dihydrocortisol and then to tetrahydrocortisol, which is conjugated to glucuronic acid 

N.B
 -liver disease will affect the metabolism 

-Cortisol has anti-stress effect 
Control of cortisol secretion:

 Trauma, emotion ,stress

2nd messenger cAMP
[image: image1.jpg]ACTH

Aﬂf:"a‘ Anterior
cortex \ - pituitary
Free cortisol =~
in plasma
2 (~0.5 ug/dL) \
Protein-bouna 5= Tissue
cortisol in plasma cortisol

(13 ug/dL)




Controlled by hypothalamic hypophseal axis-
Released in response to stress-
Chronic stimulation of adrenal cortex by ACTH :

-stimulate Synthesis of enzyme needed for cortisol secretion 

-Hypertrophy( increase size of cell) ,hyperplasia (increase number of cell) of Z.F and /or Z.R

Diurnal (circadian) rhythm of ACTH:

Secretion of cortisol is highest in the morning and reaches its lowest level in the late evening . because there is diurnal rhythm in ACTH secretion resulting from CRH bursts .

Stress ↑ ACTH secretion :

Stressful stimuli ( stimulate hypothalamus (CRH ( stimulate ACTH ( cortisol 

N.B GH ,cortisol ,glucagons ,catecholamine ,reservoir for the glucose in blood ,it is not used as a source of energy under their control 

Action of cortisol 

On CHO metabolism :

Stimulate gluconeogenesis in liver 
↓ glucose utilization by the cell 

↑ blood glucose conc. (  adrenal diabetes

On protein metabolism 

↓ cellular muscle protein due to :↓ed synthesis 

                                                ↑ed catabolism 

↑ed liver protein and plasma proteins

↑ed blood amino acids 

N.B catabolism of protein(↑a.a level ( used by gluconeogenesis

On fat metabolism 

It has a lipolytic effect 

During fasting ,cortisol allow other lipolytic hormone to mobilize fat 

Mobilization of FA from adipose tissue (↑plasma FFA level 

Redistribution of fat in chest and head Cause buffalo neck Moon face
Other action of cortisol 

1- Anti-inflammatory & Antiallergic Effects 

-inhibit the inflammatory response to tissue injury.

-inhibition of phospholipase A2 (↓ local inflammation 
                                                   ↓ lymphocyte 
- stabilization of lysosomal membrane (↓ proteolytic activity 

-↓ capillary permeabitiy ( prevent loss of plasma into the tissue ( edema formation 

-↓ antigen –antibody reaction 

-↓ migration of neutrophils 

-↓ lymphocytic count and size of lymphatic tissue 

-↓ activity of fibroblast ( secret collagen ,elastin ) 
( insect bite edemitis ,red ,hot ,elevated/ the insect did the following :enter antigen ( antigen-antibodies reaction developed ( release of histamine ( stimulate nerve ending ( pericapillary sphincter dilate ( locally blood flow <make it hot > ( sort of edema ,treatment =cream of cortisol )
2- Permissive Action
Small amounts of glucocorticoids must be present for a number of metabolic reactions to occur (hyperglycemia )
Permissive effects include the requirement for glucocorticoids to be present for glucagon and catecholamines
3- Effects on the Blood Cells

-↑ No. of RBC prevent anemia 
-↓ No. of circulating esinophil and neurtrophil 

-↓ No. of lymphocyte
4- effect on blood vessels 

 Blood vessel  becomes responsive(sensitive ) to norepinephrine and epinephrine (catecholamines) ↑ vascular responsive to catecholamine 
Physiological effect of glucocorticoids:

( cortisol , corticosteroids , cortisone )

The multiple effects of glucocorticoids are triggered by binding to glucocorticoid receptors in the cytoplasm of target cells .

Abnormalities of adrenocortical secretion :

Excess secretion of glucocorticoids (cortisol)
Cushing's Syndrome

Cause :  adrenal tumors
             prolonged administration of exogenous glucocorticoids

             pituitary tumor secreting ACTH( bilateral adrenal hyperplasia

manifestations :

1- Body fat is redistributed from the  extremities to  the abdominal wall, face, and upper back (suprascapular area )

2-hypertension (salt and water retention ) and hypokalemia (mineralocorticoid like action )

3- protein- depletion as a result of excess protein catabolism

-Mucle weakness 
-Loss of C.T and thinning of skin (purple striae 
-Impaired growth in children 

4- osteoporosis and future due to :
-Protein depletion 
-↓ed Ca+2 absorption from GIT (anti-vit D action )
-↑ed GFR and ↑ed Ca+2 excretion in urine 

5-Impaired response to infection due to suppressed immune system 

6-Impaired carbohydrate metabolism ( hyperglycemia and adrenal diabetes which is insulin resistant

7-Musculinizing  effect when adrenal androgen are secreted in excess 
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Addison's disease 

Cause : destruction of both adrenal cortex by :  
                                                               -Autoimmune 
                                                               -Tuberculosis

                                                               -Cancer 

*There will be progressive (not acute ) reduction of gucocortcoids and mineralocorticoids  ( cuz there is amount of it bounded to plasma protein ,so it wont decrease rapidly )
*There will be compensatory increase in ACTH by feedback mechanism 
 ↓Adrensl secrtion (  ↑ ACTH

*There will be hyperpigmentation 
Manifestation :

1-Mineralocorticoid deficiency (aldosterone )

Excess loss of Na+(hyponatremia)  , hypovolemia ,hypotension ,↑plasma renin activity 

Excess K+ retention and hyperkalemia 

Mild acidosis ↓ pH 
2-Glucocorticoid deficiency 

Poor tolerance to stress ( Addisonien crisis (death cause 
Loss of appetite and weight loss 

Muscle weekness ,fasting hypoglycemia ,impaired fat utilization for energy 

Skin pigmentation  
Treatment : cortisol 
Mineralocorticoid
Aldosterone =secreted from Z .G ,because aldosterone synthase is there 

Site of action = kidney (principle cells of CD)

Actions:

1-increase the reabsorption of Na+ from the urine, sweat, saliva, and GIT glands (
increased amounts of Na+  in the ECF

2-increase K+    secretion by the renal tubules ( decrease K+ in the ECF

3- ↑ECF volume and blood pressure as Na+ is reabsorbed ,equitvelant amount of H2O is also absorbed ,if this last for 1-2 days ( ↑ABP

4-↑Tubular H+ ion secrtion ( mild alkalosis 
In brief Na+ reabsorption , H+,K+ lost in urine (excretion )
Regulation of aldosterone secretion 

The following increase aldosterone secretion

-↑ed K+ ion conc. In ECF
-↑ed andgiotension II

-↓ed Na+ ion conc. In ECF

-ACTH (weak effect)

*Aldosterone act by stimulating Na+_K+ ATPase activity 
Feedback mechanism regulating aldosterone secretion. The dashed arrow indicates inhibition.
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Renal ischemia (↓BP ,local vasoconstriction to renal artery) ↓ renal blood flow (ischemia (renin (RAS ( aldosterone ( renal hypertension 
N.B the receptor is in the cytoplasm cuz it is "steroid hormone "
Conn's syndrome (primary aldosteroism )
Cause : tumor of Z.G ( excess aldosterone 

Manifestations:

-↑Aldosterone 

-Hypertension (mild) due to sodium escape 

-Hypokalemia ( ↑ECF volume 

-↓Plasma rennin activity (due to ↑ ed EC volume )

-Potassium depletion :metabolic alkosis ,muscle weakness , ↓concentration ability of kidney ( polyuria (not frequent ,small)
Androgens
-Steroid hormone 

-Secreted by Z.R

-Controlled by ACTH 

-Adrenal androgen include : DHEA (dehydroepiandrosterone sulfate)
-Androgen are not stored ( they are weak androgen 

-Normal effect on 2nd character especially in males

-If female : adrenal androgens are responsible for pubic and axillary hair 

-Most of androgenic activity of androgens is due to conversion in peripheral tissue to testosterone ( in male♂ )

Adrenogenital syndrome 
Cause abnormal secretion of adrenal androgens caused by e.g adrenal adenoma 
Manifestation: (depend on sex and age)

1- precocious development of the secondary sex characteristics In male ♂ child without testicular growth (precocious pseudopuberty). 

2- virilization in female ♀ child 

♀ Female adult ( male hair pattern 

                               Enlargement of clitoris 

                               Hair in arms, legs, and face 

In male ♂ adult the effect are masked by normal male characteristics

3- In females they cause female pseudohermaphroditism occur if genetic female fetus exposed to excess androgens during 8-12 week of gestation 

Dr .noop      
Good luck all   
I hope it will be benefitWe taught 

 by really good Dr.  and would like 

 to teach us again  (            
