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The adrenal gland

· 3 zones in the Adrenal Cortex:

· Zona glomerulosa (outermost, near capsule):  makes Aldosterone (mineralocorticoid).

· Zona Fasciculata: Cortisol (Glucocorticoid)

· Zona Reticularis:  Dihydroxyepiandrosterone (DHEA)

· Adrenal medulla produces epinephrine and norepinephrine

Steroid Synthesis:  


All the steroids above are synthesized from cholesterol by cytochrome P450 mixed-function oxidases (MFO). ACTH

(adrenocorticotropic hormone) regulates the activation of P450 ssc (rate determining first step for Cortisol), Angiotensin II regulates this 

enzyme in the zona glomerulosa for Aldosterone production.


ACTH is part of POMC (26kD) larger precursor peptide.  Cortisol and synthetic glucocorticoids have negative feedback inhibition

on CRH (hypothalamus) and ACTH (pituitary) production.  Secretion of CRH is pulsatile and so is Cortisol release: Highest Cortisol

levels are 5-7 AM, ( at 3-5 PM.

Physical Conditions Affecting Adrenal Cortex Hormones:

· Stress:  Physical or physiological stress ( cortisol levels, ( cortisol degradation, alter cortisol peaks/valleys, ( feedback inhibition ( ( ACTH (and (-endorphin) ( ( cortisol.

· Obesity:  ( cortisol secretion (inhibits glucose uptake)

· Cortisol is Catabolic:  ( muscle, bone mass, ( lipolysis - but get redistribution of fat.

· Depression:  Alterations in the circadian rhythm of cortisol secretion.

· Sleep/Wake cycle:  Peak of cortisol anticipates the new wake period.  It take 2 weeks of a new sleep wake cycle to alter the cortisol levels.

Aldosterone:  

· Secretion of aldosterone is primarily regulated by Renin (secreted by the juxtaglomerular cells of the kidney) which catalyzes the  breakdown of angiotensinogen (from the liver) to Angiotensin I.  ACE then catalyzes AT I ( AT II in the lungs.

· Remember that:  Renin secretion is ( by  ( K+, ( renal artery pressure and  (what else?).  Aldosterone leads to ( reabsorption of Na+, water, bicarbonate and loss of K (( blood volume , pressure,  alkalosis and hypokalemia)

· Interactions:  Heparin ( aldosterone synthesis

Glucocorticoids

· Function and Effects of glucocorticoids (Corticosteroids):  

· Promote gluconeogenesis, ( blood glucose levels, provide the body with energy to deal w/ stress.  Can ( blood pressure by enhancing (-adrenergic action.

· Alteration of blood cell levels:  Used to be thought that Macrophage and Neutrophil levels ( w/ Moderate stress - Now known that Phagocytic cells migrate out of the blood into the interstitial spaces (diapedesis).  Prepares body for infection.  

· High stress = High cortisol levels: ( in total circulating lymphocytes and phagocytes. 

· ( in T cell proliferation ( (-) IL-2) and inhibition PLA2 ( inhibition of arachidonic acid cascade. 

· Feedback inhibition of CRH and ACTH: ( TSH, ( GH

· Metabolism: Cortisol is mostly bound to cortisol binding protein (CBP), only the 10% free is active.  CBP is ( by estrogen (pregnancy).  Reduction of the 4-5 double-bond or the 3 or 20-ketone leads to glucuronidation or sulfation and inactive metabolites.

· Mechanism of Action: Cortisol is a Lipid soluble molecule that can cross the cell membrane and bind to specific corticosteroid receptors (Zinc-finger) in the cytoplasm.  Binding triggers translocation to the nucleus and the hormone-receptor complex directly affects DNA synthesis acting as a promoter or turning off DNA synthesis of glucocorticoid responsive elements (GRE’s).

· Clinical Uses of Glucocorticoids:

· Replacement therapy for Addison’s disease (Adrenal insufficiency).  Cortisol (= Hydrocortisone) is used.  Short t1/2 (90 min. in plasma, 8 hours in tissues).  dosage is divided into 2/3 morning, 1/3 in the afternoon to more closely approx. the natural cortisol cycle (NOT pulsatile however).

· Inflammation (Ex:  Rheumatoid and Osteo Arthritis, Injuries, Crohn’s, Acute Inflammatory Diseases):  Chronic use as Anti-inflammatory agent:  

· Inflammatory Bowel Disease:  Enema of Hydrocortisone can be used.

· Treatment of fulminating inflammation - Effective temporary relief of emergency conditions.

· Injection of short acting compounds into inflamed joints (Hydrocortisone).  Also, in Topical OTC preparations ((DTH)

· Allergic, asthma:  Beclomethasone - Used as an aerosol for asthma.

· Adverse Effects of Glucocorticoids

· Inhibition of the Hypothalamic/Pituitary axis - can lead to insufficiency upon withdrawal ( Addison’s, adrenal insufficiency

· Inhibition of Inflammatory and T cell response, blocks IL-2 response causing immune suppression and increased susceptibility to infection.  Do NOT use during infection. Oropharyngeal Candidiasis can occur with prolonged use.

· Peptic ulcer  due to inhibition of PG I2
· Osteoporosis (inhibits Osteoblast activity) 

· Hypertension, edema, congestive heart failure due to mineralocorticoid side-effects.

· CNS effects:  euphoria, steroid psychosis

· Major cause of Cushing’s Syndrome (Iatrogenic) - Includes puffy (moon) face, fat redistribution (central, hump formation), ( body hair, acne, and ( appetite.

· NOT during pregnancy (esp. 1st trimester)

· ( gluconeogenesis can lead to protein wasting (( protein intake except if kidney disease or Gout, NOT with Diabetes).

· reduced activation of Vitamin D, loss of Vit. C and Zinc due to ( urinary excretion.

· Bronchospasm
· In Children: pancreatitis,  pseudomotor cerebri

· Contraindications:
· osteoporosis

· tuberculosis

· oral fungal infections, active infections

· Discontinuing Glucocorticoid Therapy
· Taper dose gradually

· Switch to alternate day therapy (allows some temporary recovery of Hypothalamic./Pit. axis).

· Beware of fever, myalgias, and Addison’s symptoms

Drug Interactions:  

· Erythromycin ( the metabolism of prednisone.

· increases clearance: phenobarbital, phenytoin, rifampin

· decreases clearance: ketoconazole, troleandomycin, erythromycin

· may increase clearance of aspirin

Topical Glucocorticoids

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Gluco-corticoids


Fleet’s
	qd –tid
	reduce chronic inflammation by inhibition of cytokine secretion
	dermatologic dis-orders, rectal dis-orders, oral lesions
	skin atrophy, herpes simplex at site of Tx, DM, cataracts/

glaucoma if Tx site is periorbital
	hyperglycemia, glucosuria, adrenal suppression, derm-atitis, infection, hyperesthesia, purpura, atrophy
	no significant interactions with low potency forms; multiple interactions with high potency forms


Glucocorticoid Potencies Relative to Endogenous Corticoids

	Drug
	Glucocorticoid Relative Potency
	Mineralocorticoid Relative Potency
	Half-Life

	Betamethasone
	20
	0
	36-54 hr

	Cortisone
	0.8
	2
	8-12 hr

	Dexamethasone
	30
	0
	36-54 hr

	Fludrocortisone
	10
	125
	18-36 hr

	Hydrocortisone
	1
	2
	8-12 hr

	Methylprednisone
	5
	0
	18-36 hr

	Prednisolone
	4
	1
	18-36 hr

	Prednisone
	4
	1
	18-36

	Triamcinolone
	5
	0
	18-35 hr


