Adrenal Pharmacology
Adrenal Steroid Biosynthesis
Cholesterol is the precursor to all steroid hormones, including cortisol, aldosterone, testosterone, 
and estradiol.  Most of the enzymes involved in these syntheses are P450 enzymes.

Cholesterol ( Pregnenolone ( all steroid hormones
Because steroids are synthesized and also metabolized by P450 enzymes, drugs such as 
erythromycin and theophylline can cause hormone deficiencies and even simulate 
Addison’s Disease.
The chemical properties of all these hormones is based on their lipophilic, hydrophobic character.
Because they are lipophilic, these hormones penetrate cell membranes without surface transporters.
Feedback inhibition is an important therapeutic factor.
Cortisol Derivatives  (all act through the glucocorticoid receptor)
--Hydrocortisone, Cortisone
--Prednisone has a 1,2 double bond that enhances its glucocorticoid activity.
--Triamcinolone has enhanced glucocorticoid activity and zero mineralocorticoid activity.
--Dexamethasone (DXM) is long-acting with hyper-glucocorticoid activity.  Extremely potent.
--Betamethasone is also long-acting with hyper-glucocorticoid activity.  Extremely potent.
--Fludrocortisone has enhanced mineralocorticoid activity.  Very high sodium retention.
Pharmacological Effects of Glucocorticoids
1.  Immunosuppressive/Anti-Inflammatory effects.  This is the predominant application of 
glucocorticoids.  Glucocorticoids downregulated immunoregulatory genes for almost all 
immune/inflammatory functions, including cytokine production and surface 



receptor/adhesion molecule translocation.
2.  Gluconeogenesis.  Glucocorticoids stimulate both liver glycogen deposition and increased 
blood glucose, at the expense of protein and lipid breakdown.  Glucocorticoids stimulate 
hyperglycemia and will worsen diabetes.
3.  Lipid metabolism.  Glucocorticoids increase lipolysis, but also redistribute fat to give the 
buffalo hump, moon facies, and abdominal fattening.

4.  Electrolyte balance.  Aldosterone agonists such as Fludrocortisone boost sodium reabsorption 
and enhance potassium and H+ secretion.
5.  Bone.  Glucorticoids induce osteoporosis via two mechanisms.  First, they inhibit osteoblasts.  
Second, Vitamin D inhibition decreases calcium absorption and serum calcium levels, so 
PTH from the parathyroid rises and induces osteoclast activity.
6.  Skeletal muscle wasting.

7.  CNS effects.  Glucocorticoids result in behavioral and emotional disturbances.

8.  Stress response.  Glucocorticoids help modulate and physically cope with stress.  


Glucocorticoid insufficiency results in adrenal crisis with profound anorexia, vomiting, 
hypotension, and shock.
Glucocorticoid Mechanism of Action
Glucocorticoids go right through cell membranes and bind a cytoplasmic receptor that then 
translocates to the nucleus and modifies DNA transcription in three ways:


--Positive interaction with DNA glucocorticoid response elements (GREs)


--Negative interaction with DNA glucocorticoid response elements (GREs)


--Negative interaction with other transcriptional factors

Major Indications for Glucocorticoid Therapy
1.  Treatment of adrenocortical insufficiency
2.  Anti-Inflammatory

3.  Immunosuppression


--Allergic reactions


--Collagen/connective tissue/vascular disorders


--Organ transplants


--Autoimmune diseases

The main considerations are glucocorticoid versus mineralocorticoid activity, duration of action, 
and mode of administration (topical versus inhaled versus injected).

“Small dose” = amount naturally produced.
Glucocorticoids should be administered in the morning to mimic the natural cycle.

**Glucocorticoids (especially Prednisone) should be given every other day to reduce feedback 
inhibition of the pituitary-adrenal axis.  These drugs must also be tapered off to allow 
natural secretion of hydrocortisone to come back.
Anti-Corticosteroids
--Ketoconazole is an antifungal agent that blocks P450 enzymes.

--Spironolactone is a diuretic that mimics aldosterone and blocks its receptor.  This treats 
hyperaldosteronism, but may cause gynecomastia in men by also partially blocking 
androgen receptors.
