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· The Adrenal Gland

· This gland is designed to produce steroids.  The major output of this system is glucocorticoids in the form of cortisol, and also there are mineralocorticoids, for example aldosterone.  The adrenal gland also produces important hormones in children, and androgens in females.

· If adrenal function becomes excessive the amount of androgens produced in the female can become significant and produce masculinization and virilization. 

· Biosynthetic Pathways 

· Everything starts with cholesterol.

· Pregnenolone is a focal point for either producing aldosterone, cortisol, or estradiol depending on what pathway it takes.

· An enzyme found in the aldosterone responsive tissues is necessary for the aldosterone to bind to the aldosterone receptors.  Without that particular enzyme those receptors have a greater affinity for cortisol and will bind it more avidly.  So the aldosterone receptor is actually called the glucocorticoid-2 receptor.

· This system begins with stimulation from ACTH and it’s regulated in a cAMP dependant manner. 

· The StAR protein is required for moving cholesterol from the outer to the inner mitochondria membrane ( discovered at Tech).

· In order to form aldosterone, cortisol, or the androgens they all must go through pregnenolone.  The control is through ACTH.

· Steroid hormones are different from other endocrine hormones is that there is no storage form.  The are lipid soluble, and will diffuse right through a membrane.  Therefore, you can not pack them up in a vesicle.  

· The way you control how much steroid is released by the gland is to control how much steroid is made by the gland.  So amount synthesis = amount of secretion, unlike thyroid hormone that can sit in vesicles.

· Control of Adrenocortical Hormone Secretion

· ACTH is a pituitary hormone that shows a circadian rhythm.  This rhythm is important for the release of steroid hormones.  Normally it should be highest in the morning.  The rhythm is very important, without it the secretion of ACTH can over stimulate the adrenal gland and cause Cushing’s syndrome.

· ACTH only produces minor effects on the release of aldosterone.  ACTH mainly has an effect on the viability of the cells that produce aldosterone.  The main control for the release of aldosterone is the renin-angiotensin system (RAAS). 

· Regulation by ACTH is important in clinical settings.  One of the ways you can look for the source of a primary or secondary dysfunction are the levels of ACTH in the body.  

· There is a feedback suppression that occurs.  Glucocorticoids, natural or synthetic exogenous steroids, suppress the hypothalamic release of CRH and the anterior pituitary release of ACTH.  A chronic suppression causes atrophy of the hypothalmic-pituitary-adrenal axis (HPA axis).  People on long-term glucocorticoid therapy can take up to one year to recover from the suppression, i.e. slow recovery from suppression.  Take them off of the treatment very slowly to allow system to adapt.

· Properties of ACTH

· ACTH is a 39- amino acid peptide with all of its biological activity located on the N-terminal on residues 1-24.  The first thirteen are equivalent to another hormone, alpha- melanocyte stimulating hormone (MSH).  So at high doses of ACTH you can also have MSH activity causing a dark pigmentation of the skin.

· The three main factors that are controlling the production and secretion of ACTH are CRH i.e. CNS input, blood glucose levels (because one of the glucocorticoids main functions is regulation of blood glucose levels), and negative feedback from the adrenal gland.

· There are two legs to the negative feedback, it is seen at the hypothalmus and the pituitary.  Recently it was discovered that various cytokines have a positive effect on the release of ACTH, and as we know glucocorticoids will down regulate the immune system, so it is now believed that this is another method of negative feedback. Important point is that exogenous glucocorticoids act the same way as cortisol. 

· Pharmaceutical preparations of ACTH, one coming from the pig, known as Corticotropin (ACTH, Acthar, Cortrophin). There is also synthetic human ACTH that is composed of amino acid residues 1-24, and it is called Cosyntropin (Cortrosyn).   Omission of amino acid residues 25-39 decreases its immunogenicity i.e. less hypersensitivity reactions.  This drug is contraindicated in patients who have allergic reactions to other ACTH preparation.

· ACTH is a small peptide, therefore, it is not orally active.  It is give either i.m. or i.v. When ACTH is given i.m. gelatin or zinc hydroxide complexes are used to slow the rate of absorbtion.  With gelatin a single injection can last for hours, and with the zinc hydroxide the therapeutic levels can last for days.  Can see some pain and swelling at site of injection due to the zinc or gelatin if the patient is sensitive.  

· ACTH is degraded by proteases into amino acids.  Main point about ACTH therapy is that it stimulates production of glucocorticoids (cortisol).  However, being trophic, the ACTH also maintains those parts of the adrenal cortex that are responsible for production of the glucocorticoids and other steroids.  This means that pharmacological doses given to someone will cause hypertrophy of the adrenal gland.  Can also see changes in skin pigmentation and lipid metabolism.  Those effects are usually counteracted by glucocorticoids, however, if the adrenal gland is not producing glucocorticoids the effects will be more apparent.  

· “So how do these adrenal steroids work”?  There is a whole family of receptors that bind the steroids.  Cortisol for example is bound to a cortisol binding globulin (cbg) in blood in order to be transported. The free drug can enter a cell, bind to its receptor, conformational change will occur.  Two of these molecules will get together and form a transcription factor that binds to a gene that has glucocorticoid responsive elements (GRE).  This causes a change in gene transcription, which in turn cause a change in the protein translation.  This is the generic mechanism for how glucocorticoids and other steroid hormones work.

· Systems that are effected are those that are related to glucose metabolism.  Glucocorticoids are important for getting glucose to the brain and other organs.  It is also important in time of stress.  Its biochemical effects are opposite of insulin, therefore, it breaks down glycogen.  Glucocorticoids have effects on the muscles, decreasing glucose uptake and increasing protein breakdown.  The amino acids that are broken down are a source for gluconeogenesis, and are used by the liver to produce glucose.  In the adipose tissue, glucocorticoids break down fats.

· Therapeutic Uses 

· Two major categories are replacement therapy, example the dwarf needing growth hormone and the non-endocrine disorders, example asthma.

· There are various reasons why the adrenal gland can not produce hormones.  One is primary adrenal insufficiency (Addison’s disease) caused by either the adrenal gland being destroyed, not there, or an inborn defect in metabolism not forming any of the enzymes necessary for production of hormone.

· Secondary insufficiency can result from hypopituitarism causing a deficiency in release of ACTH.

· A third case can be from surgical removal of the adrenal gland, or drug induced suppression or atrophy.  

· If the adrenal insufficiency goes untreated death or shock can occur.  For Addisonian crises treat with fluid NaCl, glucose, and cortisol i.v.  For adrenal insufficiency treat with oral cortisol, and mineralocorticoids (Fludrocortisone). 

· Treatment of hyperfunction, as in the case of  Cushing’s syndrome, (which is caused by hyperplasia, neoplasia, abnormal release of ACTH (ectopic tumor), or excessive administration of glucocorticoids or ACTH) is generally not pharmacological.  This is because the syndrome is usually due to a tumor.  Therefore, the tumor is taken out.  If the tumor is difficult to take out, drugs can be used to cause a chemical adrenoectomy. 

· Adrenal Virilism is caused by the excessive production of androgens due to  hyperplasia or neoplasia of the adrenal cortex.  Can be treated surgically or with steroid inhibitors. One can have defects in various enzymes in the synthesis of androgens (11-beta, 21-beta hydroxylase, or 3-beta hydroxysteroid dehydrogenase) that are shown to cause hyperplasia.  A way to treat this is to inhibit ACTH by taking glucocorticoid causing feedback suppression.  30% of patients with this condition require treatment with Fludrocortisone. 
· ACTH vs. Steroid Therapy

· ACTH is not used as a primary therapy very often because steroids are easier to use.  Steroids are orally active, ACTH is not, can get steroids with glucocorticoid activity alone, but with ACTH it stimulates everything.  ACTH is mainly used to test the function of the adrenal gland.  There are diagnostic tests for adrenocortical dysfunction.  One is a stimulation test of glucocorticoid reserve.  The other is a suppression test to document hypersecretion using glucocorticoids.  There is also a 24 hr excretion test that uses the drug Dexamethasone.  Here you look for a reduction in cortisol or 17-hydroxycortisol.  If you don’t see a reduction in the levels of the hormones that is diagnostic for secondary adrenal hyperplasia.  Metryapone (Metopirone) is used to test for the integrity of the HPA axis.  It is a 11beta-hydroxylase inhibitor.  This inhibits cortisol synthesis.  With this drug you can see if the control mechanisms of release of hormones are functioning properly.  Some adverse effects of Metryapone are GI disturbances, and if used chronically will elevate production of mineralocorticoids and androgens.

· Mitotane (Lysodren) is a general antagonist (an isomer of DDT the pesticide) used as an anti-tumor agent in Cushing’s syndrome because it has selective cytotoxicity for adrenal cells in the cortex.  If a patient is treated with this drug, glucocorticoids and mineralocorticoids must be give to him/her for the rest of their lives.  Mitotane has lots of adverse effects such as depression, rash, and GI disturbances. Not given often because Aminoglutethimide (Cytadren) does the same thing without all of the side effects.  This drug inhibits P450scc (P450side chain cleavage, this enzyme changes cholesterol to pregnenolone), in turn, decreasing synthesis of all steroids.  Aminogluethimide is used in breast cancer patients to reduce gonadal hormones, and used to treat adrenal carcinoma. 

· Ketoconazole is an anitfungal agent used at higher doses to inhibit steroid synthesis.  Used to treat Cushing’s due to hyperplasia.

· Trilostane (Modrastance) reversibly inhibits 3beta-hydroxysteroid dehydrogenase. Therefore, blocks production of both cortisol and aldosterone.  Not really used unless nothing else works because response is not great.

*Scribe note: I wrote out the diagram because Syapin said it would take a few days for his slide to be posted on the web site.  If you want them they will be there.

-Key- (to where each drug acts on the synth ptwy of glucocorticoids, mineralocorticoids, and androgens)

1) Mitotane (Lysodren)

2) Aminoglutethimide (Cytadren)

3) Ketoconazole

4) Trilostane (Modrastane)

5) Metyrapone (Metopirone)
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