

· Adrenal Gland:
	Suprarenal Gland

	Cortex
	Medulla

	1- Zona Glomerulosa

(Mineralocorticoids)
	Epinephrine

	2- Zona Fasciculata

(Glucocorticoids)
	

	3- Zona Reticularis

(Androgens)
	


· Major Categories of Corticosteroids:

	Corticosteroids

	Glucocorticoids
	Mineralocorticoids
	Androgens

	Normal Metabolism
	Regulation of salt metabolism
	Androgenic activity

	Resistance to stress
	Regulation of water metabolism
	Estrogenic activity

	e.g. Cortisol
	e.g. aldosterone, deoxycorticosterone
	e.g. DHEA


· Natural Adrenocortical Hormones:

· Steroids are synthesized and released by the adrenal glands.

· Their secretion is controlled by both adrenocorticotropic hormone (ACTH) and corticotropin-releasing hormone (CRH).

· Glucocorticoids serve as feedback inhibitors for both ACTH and CRH.

· Mineralocorticoids are regulated by angiotensin-renin-aldosterone system. (Angiotensin II is the major controller, whereas ACTH is considered to be a minor controller).

· Abnormalities in Corticosteroid Secretion
	Addison’s Disease
	Cushing’s Syndrome
	Conn’s Syndrome

	Decreased glucocorticoids
	Increased glucocorticoids
	Primary (increased mineralocorticoids)

	
	
	Secondary (increased RAAS activation, liver cirrhosis)




· Synthesis takes place in the suprarenal glands.
· Their release becomes high in the morning and low at midnight.

· Their release is stimulated by infection, stress, injury, excess heat or cold.

· Pharmacokinetics:

· 75% is bound to plasma proteins (corticosteroid-binding protein), alpha-2 globulin, and albumin.

· Free cortisol plasma concentration increases rapidly if CBG binding capacity is exceeded. 

· Half-life of cortisol is 60-90 minutes.

· Factors that increase the half-life of glucocorticoids:

· Stress
· Hypothyroidism

· Liver disease

· Large dose of hydrocortisone administration (pharmaceutical cortisol)

· Metabolism:

· 20% is converted to cortisone by 11B-hydroxysteroid dehydrogenase (renal/other tissues with mineralocorticoid receptors).
· Cortisol and cortisone are inactivated in the liver by conversion (3-hydroxysteroid dehydrogenase).

· Other metabolites: cortol, cortolone

· Some metabolites undergo hepatic conjugation to form glucouronic acid or sulfate derivatives.

· Some metabolites are excreted in the urine as dihydroxyketone.

· Mechanism of Action:

· Glucosteroid receptors are intracellular receptors found in target tissues.
· A member of nuclear receptor super family (gene-transcription linked) includes receptors bound to heat shock proteins.

      1- Binding: 

· Free glucocorticoid hormone enters the cell and binds to the receptors (GR-alpha, GR-gamma) inducing a conformational change.

· The receptor dissociates from the heat shock protein.

                2- Dimerization and Transcription:

· The hormone-receptor complex is translocated to the nucleus, binds to glucocorticoid response element (GRE) of target genes.
                3- Transcription:

· Initiation or prevention of transcription of certain genes.
· Induction of Genes:

· Synthesis of metabolic enzymes as cAMP-dependent kinase.

· Lipocortin-1 (annexin-1), as anti-inflammatory

· Suppression of Genes:

· Cytokines

· Cyclo-oxygenase II

· Inducible NO synthase

· Osteocalcin gene via Vitamin D3
· Pharmacological Actions:

1- Immediate Effects:
· Glucocorticoids have a permissive effect (permit the action of other hormones).

· They stimulate catecholamines to mediate:

         a. dilatation of vascular/bronchial smooth muscles

         b. a permissive effect on lipolysis induced by  

             catecholamines

      2- Metabolic Effects:
· Glucocorticoids have prominent effects in the fasting state.

· Gluconeogenesis (fasting, diabetes)
· Inhibit peripheral glucose uptake

· Stimulate glycogen synthase (storage)

· Increase protein catabolism and decrease protein synthesis (muscles) 

· Stimulate lipolysis (lipase activation)

· They increase lipolysis in adipocytes, but their action is counteracted by enhanced insulin secretion which stimulates lipogenesis.

      3- Increased Resistance to Stress:
· They increase our resistance to stress due to trauma, infection, fright, or bleeding.

      4- Alteration of Blood Cell Levels in Plasma:

· They decrease eosinophils, basophils, and lymphocytes due to redistribution from circulation to the lymphoid tissue.

· They increase hemoglobin, erythrocyte, and platelet production.

      5- Anti-inflammatory & Immunosuppressant Actions:
· Suppress immunity
· Reduce inflammatory response

· Decrease histamine and capillary permeability (mast cell degranulation)

· Inhibit the release of arachidonic acid, prostaglandins, leukotrienes (via phospholipase A2 inhibition)

· Decrease COX2 gene expression in inflammatory cells

· Reduction and inhibition of lymphocytes and macrophages

· Decreased production of TNF-alpha and INF-gamma 

· Decrease clonal proliferation of T-cells

· Decrease production and action of cytokines (IL1, IL2)

· Decrease IgG production

· Other Effects:

· They are required for normal glomerular filtration.

· They have negative feedback effect on CRH and ACTH. This may lead to adrenal cortex atrophy.

· High Doses:

· Stimulate gastric acid and pepsin production
· Behavioral changes 

· Chronic therapy may cause osteoporosis and myopathy



	Aldosterone, Deoxycorticosterone


· The receptors are confined to excretory organs as kidneys, salivary glands, and colon.

· They stimulate protein synthesis (Na+ channels, Na+/K+ ATPase).

· They control water and electrolyte metabolism.

· They decrease tubular reabsorption of K+ and H+.

· They increase K+ and H+ urinary excretion.

· They enhance the reabsorption of Na+, HCO3-, and water by distal renal tubules. 

· Pharmacokinetics:

· Half-life: 15-20 minutes

· It’s metabolized as cortisol.

· It’s excreted in urine.

· Elevated Levels:

· Sodium/fluid retention

· Hypertension

· Alkalosis

· Hypokalemia


· Source:

· Cholic acid (cattles)

· Steroid sapogenins (plants)

· Prodrugs:

· Prednisone (converted to prednisolone)

· Cortisone (converted to hydrocortisone)

· Pharmacokinetics:

· All of them can be taken orally.

· Most of them are taken parentrally (IV, IM), topically, inhalation.

· They are highly bound to plasma proteins (CBG and albumin).
· They are small lipophilic molecules (simple diffusion).

· They are metabolized by the liver microsomal oxidizing enzymes.

· They form sulfate or glucouronide conjugates.

· They are excreted in urine.

Corticosteroid Dosage Forms
	Injections
	Aerosols
	Topical Application

	IM
	Cortisone 
	Inhalation by metered dose dispenser
	Ointments and creams for dermatological applications

	
	Deoxycorticosterone
	
	

	IV, IM
	Dexamethasone
	Beclometasone
	Beclometasone

	
	Hydrocortisone
	Budesonide
	Dexamethasone

	
	Prednisolone
	Triamcinolone
	Hydrocortisone

	
	Methylprednisolone
	Fluticasone
	




· Replacement therapy for Addison’s disease (hydrocortisone, fludrocortisones).

· Replacement therapy for secondary or tertiary adrenocortical insufficiency.

· Defect in ACTH production by the pituitary gland.

· Defect in CRH production by the hypothalamus. This is treated by hydrocortisone.

1- Diagnosis of Cushing’s Syndrome

· Hypersecretion of glucocorticoids

· Excessive ACTH production by the pituitary gland

· Adrenal tumor

· Dexamethasone Suppression Test

2- Neoplastic Diseases

· Antiemetic with chemotherapy

· Combined with cytotoxic drugs for malignancies such as lymphocytic leukemia

3- Inflammatory/Immunological Disorders

· Asthma (inhalation)

· Severe allergic reactions

· Autoimmune diseases

· Rheumatoid arthritis

· Inflammatory bowel disorders (ulcerative bowel)

· After organ or bone marrow transplantation (dexamethasone, betamethasone)

4- Acceleration of Lung Maturation

· Respiratory distress syndrome in premature infants



Addison’s Disease

· Deficiency of corticosteroids caused by progressive destruction of the adrenal glands.
· Autoimmune diseases and tuberculosis.

· Exogenous glucocorticoids

· Diagnosis: lack of response to ACTH administration

· Symptoms:

· Muscular weakness
· Low blood pressure

· Anorexia, loss of weight

· Hypoglycemia

· Depression

· Adverse Effects:
· Increased susceptibility to infection
· Impaired wound healing

· Suppression of endogenous glucocorticoids

· Euphoria (depression or psychotic symptoms)

· Osteoporosis (inhibit bone formation, decrease intestinal calcium absorption)

· Cataract

· Increase intraocular pressure (glaucoma)

· Hyperglycemia may lead to diabetes

· Negative nitrogen balance

· Increased appetite, increased body weight

· Benign intracranial hypertension

· Growth retardation in children

· Peptic ulcer development

· Myopathy

· Insomnia

· Edema and hypokalemia



· Euphoria (depression, psychotic symptoms)
· Moon face

· Skin thinning, easy bruising

· Body fat redistribution (truncal obesity)

· Acne

· Poor wound healing

· Hyperglycemia, diabetes

· Hirsuitism

· Insomnia

· Muscle wasting

· Patients should be on a high protein and rich potassium diet



Conn’s Syndrome

· Tumor/overdosage

· Hypernatremia

· Hypokalemia

· Metabolic alkalosis

· Hypertension

· Increased plasma volume



1- Metyrapone

· It interferes with corticosteroid synthesis by blocking the final step (11B hydroxylation).
· It produces increased levels of ACTH.

· It increases 11-deoxycortisol , 11-deoxycorticosterone, and androgens.

· It’s used in the treatment of Cushing’s syndrome (pregnant women).

·  It’s most commonly used in adrenal function test (ACTH production).

· It can be used in the presence of adrenal carcinoma or adenoma.

· It can be used in the presence of lesions in the pituitary gland.

· Major Side Effects:

· Salt and water retention

· Hirsuitism

· Dizziness

· GIT disturbances

2- Ketoconazole

· Antifungal imidazole derivative

· It’s a potent non-selective adrenal and gonadal steroid synthesis inhibitor.

· CYP 450 inhibitor

· It inhibits CYP 450 required for steroid hormone synthesis (3B-hydroxysteroid dehydrogenase, CYP 450c11, 11B-hydroxylase, CYP 450c17, 17-alpha-hydroxylase).

· It induces a compensatory increase in ACTH.

· It causes gynecomastia.

· It’s used in Cushing’s syndrome.

3- Spironolactone

· It’s a competitive antagonist for mineralocorticoid receptor and androgen receptor.

· It’s a diuretic and an antihypertensive drug.

· It’s used in primary aldosteronism.

· It’s used in the treatment of hirsuitism in females.

· Side Effects:

· Hyperkalemia

· Menstrual abnormalities

· Gynecomastia, impotence (due to androgen receptor block)

· GIT disturbance

· Sedation, skin rashes
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