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      ADRENOCORTICOSTEROIDS
Natural adrenocortical hormones:
Steroid molecules r synthesized & released by the adrenal cortex

Regulation of corticosteroids secretion: see figure in next page
Major categories of adrenocorticosteroids:

*glucocorticoids: 
affecting intermediary metabolism
major glucocorticoid: hydrocortisone (cortisol) , corticosterone
*mineralocorticoids:
regulation of salt retention (electrolyte balance)
major mineralocorticoid: aldosterone
*sex steroids with:
-adrenergic activity
*major androgen : dehydropiandrosterone (DHEA)
-estrogenic activity
Control over adrenocorticosteroid secretion:

1.pituitary corticotropin (ACTH): glucocorticoids
2.renin angiotensin system : aldosterone secretion

Abnormalities in adrenocorticosteroid secretion:
· Addison's disease: deficiency of glucocorticoids

· Cushing's syndrome : hypersecretion of glucocorticoids

· Conn's syndrome:

· primary hyperaldosteronism : hypersecretion of mineralocorticoids

· secondary hyperaldosternism: 

· RAS activation (rennin-angiotensin system)

· liver cirrhosis
· Congestive HF

· Renal disease.
GLUCOCORTICOIDS:

1.naturally occurring glucocorticoids: hydrocortisone (cortisol)
2.synthetic glucocorticoids

*naturally occurring glucocorticois:

Synthesis:

-major glucocorticois: cortisol

-precursor: cholesterol

-site of adrenal cortisol synthesis: zona fasiculata

Release:
high in the morning – low at midnight

( in Infection , stress , injury , excess heat or cold

Pharmacokinetics:

-75% of cortisol bound to plasma proteins

-corticosteroid-binding globulin (CBG) , alpha 2 globulin albumin

-free cortisol plasma concentration rise rapidly if CBG binding capacity is exceeded

Factors that change (increase) plasma CBG concentration:

-Protein deficiency

-pregnancy

-hyperthyrodism

-estrogen administration (increase hepatic synthesis)

Pharmacokinetics of cortisol:
Cortisol half-life: about 60-90 minutes

Factors that increase cortisol half-life:

-stress

-hypothyrodism

-liver disease

-large dosage of hypocortisone administration (pharmaceutical cortisol)
Cortisol metabolism:
-20% converted to cortisone by 11B-hydroxysteroin dehydrogenase (renal/other tissue with mineralocorticoid receptors)
-cortisol and cortisone inactivated in the liver by conversion (3-hydroxsteroid dehydrogenase) 
-some metabolites undergo hepatic conjugation to form glucouronic acid or sulfate derivatives.
-some metabolites excreted in the urine as dihydroxyketone ( renal function)
N.B: all enzymes involve in metabolism of cortisone is dehydrogenases differ in site of action.
Inactivation is MAINLY in liver

Mechanism of action: 

Glucocorticoid receptors:

-intracellular receptors

-a member of nuclear receptor superfamily (gene transcription-linked)
that includes:

*steroid receptor                               *thyroid receptors

N.B : the difference between natural & synthetic drug is in kinitics NOT dynamic.
Gene regulation glucocorticoids: see figure in the next page
Sequence of activation:

-free glucocorticoid hormone enter the cell
-binds to the receptor (GR-a & GR-b) inducing a conformational change in the receptor (to expose the portion which will interact with gene).
-hormone receptor complex ( dimer) actively transported to the nucleus.
-binds to glucocorticoid receptor element ( GREs) of target genes.
-initiate or prevent transcription of certain genes.
Induction of genes:
1.synthesis of metabolic enzymes e.g. cAMP-dependent kinase ((+)lipase((lipolysis.
2.lipocortin-1 (annexin-1) , has anti-inflammatory

 b/c (inhibition of phospholipase A2)>>>inhibition of arachidonic acid pathway
Suppression of genes:

1.cytokines (interleukin)
2.cyclo-oxygenase-II (COX2)
3.inducible NO synthase (bad NO)
We have 2 types of NO (constitutive (epithelial) & inducible)
4. ostocalcin gene 
via vitamin D3>>>osteoporosis (inhibition of osteoblast and activation of osteoclasts)
Pharmacological actions of glucocorticoids:

1.physiological effects
-glucocorticoids have (permissive effects) i.e. permit the action of other hormones

-catecholamine vascular/bronchial smooth muscle response:

*Diminishes in the absence of cortisol

*Restored by physiological amounts of cortisol

-catecholamine –induced lipolytic adipocytes response:

-have permissive effect on lipolysis-induced by catecholamines
-reduced in the absence of glucocorticoids (unknown mechanism)

2.metabolic effects:

*Glucocorticoid effects most prominent in the fasting state

-gluconeogenesis (fasted state, diabetes)

-stimulation :gluconeogenesis

-inhibition : peripheral glucose uptake

-stimulation of glycogen synthase (storage)

-increase of protein catabolism & decrease protein synthesis (muscles)
-stimulation :lipolysis

Adipocytes:
-increase lipolysis
-counteracted by enhanced insulin secretion which stimulates lipogenesis

-net effect: fat redistribution

3.increase resistance to stress

-due to trauma , infection , fright

4.alteration of blood cell levels
-decrease eosinophils , basophils , lymphocytes (due to redistribution from circulation to lymphoid tissue)
-hemoglobin & platelet & erythrocyte production.
5.anti-inflammatory & immunosuppressant action

-suppress immunity
-reduce inflammatory response (the most potent drug known for inflammation e.g asthma)
-inhibition of lymphocytes & macrophage
Macrophage effects: 
decreased interferon-gamma interleukin 1 , collagenase , elastase , tumor necrosis factor , plasminogen activator
-lymphocyte effect: decreased interleukin 2

-reduction of eicosanoids ( via lipocortin)

-reduction of prostanoids via decrease cyclooxygenase II gene expression in inflammatory cells.
-decrease clonal proliferation of T cells.
-decrease production and actions of cytokines (interleukins).
-decrease IgG production.
-decrease histamine and capillary permeability ( mast cell degranulation)

6.mineralocorticoid effects: (in large dose)
-sodium/fluid retention

-hypokalemia

-hypertension

Other effects: (large dose)
-negative feed back effect on CRF (corticotrophin releasing factor), ACTH &adrenal cortex atrophy
-increased levels : behavioral change(euphoria or depression)
Synthetic adrenocorticosteroids :
Source:

-synthesized from cholic acid (cattle sources)
-synthesized from steroid sapogenins (plants)
Prodrugs:

-prednisone is converted to prednisolone

-cortisone to hydrocortisone

Pharmacokinetics:
See table in next page
N.B :

Intermediate actng has ((( anti-inflammatory
Long acting has more anti-inflammatory effect

Pharmacokinetics:
-all can be taken orally
-most of them by parenteral (IV , IM) , topically , inhalation

-highly bound to plasma proteins (CBG) & albumin

-small lipophilic molecules ( simple diffusion)

- metabolized by liver microsomal oxidizing enzymes

-forms sulfate or glucouronides conjugates

-excreted in urine

Corticosteroid dosage forms:

-Ophthalmic---eye disease
-intra-articular—joint disease

-hydrocortisone enemas--- ulcerative colitis

-aerosols (e.g. budesonide)----asthma

-nasal spray (trimecinolone, beclometasone)----allergic rhinitis
-oitments , creams ----- dermatological application
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Clinical uses of glucocorticoids:

1.replacement therapy for addisson's disease :hydrocortisome (cortisol)

2. inflammatory/immunological disorder (higher doses)

-in asthma (budesonide inhalation)

-severe allergic reactions. 

-autoimmune disease.
-rheumatoid arthritis.
-inflammatory bowel disorders.
-after organ or bone marrow transplantation (dexamethasone & betamethasone)

IMP N.B:

It has to be gradually taken & gradually withdrawn, why?
Taken gradually to ovoid abrupt ( in adrenal cortex basal rate secretion of glucocorticoid & withdrawn gradually to allow adaptation of adrenal cotex & return to basal rate secretion.
3.neopastic disease:

-antiemetic with chemotherapy

-combined with cytotoxic drugs for malignancies e.g. lymphocytic leukemia
4.diagnosis of adrenal disorders : dexamethasone

If pt is normal ( cortisone (as basal level
If pt has cushing syndrome ( cortisone ( but still higher than normal.
Also duration of administration should be NOT prolonged about 2 weeks ONLY.
Primary adrenocortical insufficiency
(addison's disease):
-defeciency of coticosteroids production.
-rare; may occur at any age; affects both sexes with equal frequency

-caused by progressive destruction of the adrenals

*autoimmune disease& tuberculosis

*exogenous glucocorticoids

Symptoms:
· Muscular weakness
· Low BP
· Anorexia , loss of weight 
· Hypoglycemia
· Depression
Adverse effects of synthetic corticosteroids:
1. increased susceptibility to infection

2. suppression of endogenous glucocorticoid synthesis

3. euphoria ( depression or psychotic symptoms)

4. cataract

5. osteoporosis

6. hyperglycemia
7. negative nitrogen balance

8. increased appetite& obesity
9. increased intraocular pressure/glaucoma

10. benign intracranial hypertension

11. growth retardation in children
12. iatrogenic cushing's syndrome 

Iatrogenic cushing's syndrome:
· moon face

· fat redistribution e.g truncal obesity

· acne

· hirsuitism

· insomnia (sleeplessness)  ,increased appetite

· weight gain

· muscle wasting.
· Skin thinning, bruising

· Hyperglycemia

· Osteoporosis, diabetes

· Impaired wound healing

See next page very beautiful picture

Pt should be on high protein & potassium rich diet
Mineralocorticoids:
*Aldosterone

*Desoxycorticosterone

*fludrocortisones (synthetic)

ALDOSTERONE:

-secreted from the zona glomerulusa of the adrenal cortex.
-regulated by angiotensin II (major), ACTH (minimal)

-plasma electrolyte composition.
DESOXYCORTESONE :(DOC):
-precursor of  aldosterone

-secretion of DOC controlled by ACTH

FLUDROCORTISONE:
-most widely used synthetic mineralocorticoid.
-has glucocorticoid and mineralocorticoid activity.
-used in management of adrenocortical insufficient.
Mechanism of action:

-bind to aldosterone receptor in cytoplasm

-present in few tissues (e.g. kidney , transporting , epithelia of colon and bladder)
-cells containing mineralocorticoid receptor also contain 11B-dehydrogenase that inactivate glucocorticoids not mineralocorticoids
-stimulate DNA transcription (protein synthesis (sodium channels & Na/K ATPase)

Pharmacological effects of mineralocorticoids:
1.promotes sodium reabsorption by distal renal tubules
2. increase K+ & H+ excretion

Kinetics of aldosterone:

· Half life 15-20 min

· metabolized as cortisol

· excreted in urine

Excessive aldosterone:
· Tumor ( overdosage)
· Hypernatremia ,Hypokalemia
· metabolic alkalosis
· hypertension
· increased plasma volume
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