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Adrenal Physiology & Pharmacology

Adrenal Anatomy 

· Adrenal Glands - sit on top of kidneys, composed of a separate outer cortex and inner medulla:
· Cortex - outer layer of mesoderm, uses cholesterol to make steroids
· Z. glomerulosa - mineralocorticoids (aldosterone)
· Z. fasiculata - glucocorticoids (cortisol)
· Z. reticularis - weak androgens (DHEA/androstenedione) sent to periphery/gonads to make sex hormones

· Medulla - inner layer of neural crest origin, makes catecholamines (Epi/NE)
Adrenal Physiology 

· Cortical Enzymes - different or the same between layers, but different complements give different fxn
· HPA Axis - CRH from HT ( anterior pituitary ( ACTH ( adrenal gland ( corticosteroids

· ACTH - derived from POMC (pro-opiomelanocortin); AP tumors can result in dark skin

· Adrenal action - ACTH binds to membrane receptors to activate PK pathway that leads to steroid synthesis
· Hormone classes - include peptide and steroid hormones: 

· Peptide hormones - e.g. CRH, ACTH ( bind to membrane receptors ( enzyme activation
· Steroid hormones - e.g. cortisol (enter cell ( bind to glucocorticoid receptors ( bind to nuclear hormone receptors (TFs) to bind to DNA and modulate transcription

· Controlled Step - activation of enzymes by peptide hormones to create steroid hormones
· Steroid Transport - transported in blood 1o by transport proteins (corticosteroid binging protein CBGs)

· Increased Turnover - Rx induce steroid breakdown in liver ( thyroxine, barbiturates, phenytoin

· Decreased Turnover - decreased steroid breakdown ( liver disease

· Increased Binding - CBGs take up more steroids; induced by estrogen
· Steroid Breakdown - primarily in liver
Glucocorticoids 
· Glucocorticoid Function - help regulate BP, sugar, CNS, stress response:

· Blood pressure - help catecholamines do their thing ( maintain viable blood pressure

· Blood sugar - aids in metabolic homeostasis ( maintain viable blood sugar

· CNS integrity - helps maintain CNS function
· Stress response - regulates response to stress (cortisol ( mobilize energy stores)

· Inflammatory - glucocorticoids inhibit inflammation via inhibition of arachadonic acid cascade, PAF, TNF, IL-1, plaminogen activator

· vs. Insulin - glucocorticoids generally have opposite effect as insulin

· Glucose - insulin promotes uptake in cells and stops release from liver; glucocorticoids opposite

· Protein - insulin promotes protein storage and synthesis, inhibits release; glucocorticoids opposite

· Lipid - insulin promotes lipid storage & synthesis, inhibits release; glucocorticoids opposite

· Glucocorticoid Excess - has fat redistribution - glucocorticoids work peripherally, insulin better centrally
· Appearance - patient will have thin arms & legs, but fat torso

· Mechanism - glucocorticoids induce hyperglycemia ( insulin released, but works best central

· Clinical Administration - can be given orally/parenterally, topically, or as inhalant
· Clinical Uses - use in replacement therapy, anti-inflammation, immunosuppression, androgen suppression:

· Replacement Therapy - replace inactive adrenal gland with cortisol in order to survive

· Anti-inflammatory - suppresses inflammatory response (rheumatoid arthritis)
· Immunosuppression - suppresses immune response (insect bite anaphylaxis, organ x-plant)
· Androgen suppression - glucocorticoids can’t be made, ACTH ↑, so end up making androgens
· Dexamethasone - potent glucocorticoid used to suppress androgens in this case
Mineralocorticoids 
· Mineralocorticoid Function - regular Na/K levels
· Aldosterone - prototype; binds to mineralocorticoid receptor (MR) to active gene x-scription:

· Na Transport - acts to increase Na resorption
· K Transport - because of Na resorption ( H/K excretion
· Steroid hormone - like glucocorticoids, they are steroid hormones ( ligands for nuclear receptors
Steroid Structure/Function 

· Cholesterol ring structure - accounts for steroid nucleus of each compound

· Hydrocortisone - steroid which can be synthetically modified:
· Double-bind at 1-2 position (prednisone) - increase glucocorticoid activity ( high GR affinity
· 9-fluorocortisol - this group will increase mineralocorticoid activity ( greater MR affinity
Other Steroid Effects 
· Growth - retarded longitudinal growth in children
· Bones - excess glucocorticoids can cause “brittle bones”:
· Osteoblasts/clasts - glucocorticoids increase -clast activity and decrease -blast activity

· PTH secretion - increases, leading to bone resorption…

· Calcium resorption - decreased resorption from gut
· Carbohydrate Metabolism - since glucose increased ( can eventually induce diabetes
· CNS - excess glucocorticoids can cause neuronal death/atrophy, decreased memory, learning, irritability, depression, insomnia, neuropsychosis
· GI - excess glucocorticoids can cause increased HCl secretion ( PUD risk
· Tx vs. replacement doses - replacement okay (just giving back what is lost), Tx doses create excess
· “Physiologic” Dose - replacement therapy

· “Pharmacologic” Dose - excess steroid in order to Tx some other disease

· ACTH suppression - high-dose, long-term use results in adrenal atrophy
· Taper - to get off pharmacologic doses, must taper drug till pituitary reactivates

· Considerations - how serious is disease? How long Tx? Complication risks?

· Complications of long-term steroid therapy - retarded longitudinal growth, osteoporosis, diabetes, adrenal suppression
