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Overview of Adrenal Function

The adrenal glands in a normal adult weigh approximately 10 grams and are located at the upper poles of the kidneys. The adrenal glands are composed of two distinct parts: the outer cortex that comprises 90% of the adrenals, and the inner medulla that comprises the other 10% of the adrenals. 

The adrenal cortex produces adrenocortical hormones:

1. glucocorticoids:  control blood sugar levels (1( cortisol)

2. mineralocorticoids:  control sodium and potasium levels (1( aldosterone)

3. androgens:  in women the adrenal cortex is the primary source of androgens

Within these three classes, over 50 different hormones are produced that are essential for life.

The adrenal medulla produces catecholamines (epinephrine and norepinephrine). The adrenal glands are essential for life and the hormones produced by the adrenal glands are particularly important in mediating the body's response to stress. 

Adrenal glucocorticoids. 

Glucocorticoids produced in the adrenal cortex raise plasma glucose (thus the name "gluco" corticoids). During fasting or extended periods of time between meals, glucocorticoids act to maintain blood glucose levels within ideal ranges. Normal blood glucose levels are critical for normal brain function. 

Glucocorticoids also have potent anti-inflammatory effects. They decrease the migration of inflammatory cells (polymorphonuclear cells, monocytes, and lymphocytes) into sites of inflammation. They stabilize mast cells and inhibit the release of pro-inflammatory effectors (prostaglandins, interleukin-l, antibodies, and histamine). Glucocorticoids increase the number of circulating polymorphonuclear cells and decrease the number of circulating lymphocytes, monocytes, and eosinophils. 
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Cortisol (hydrocortisone) 

ACTH and CRF regulate the adrenal circadian rhythms of glucocorticoid secretion. A surge in glucocorticoid secretion normally occurs during the 6th to 8th hours of sleep. Approximately 50% of the daily glucocorticoid secretion occur during this time. After the peak at this time cortisol levels gradually decline until approximately 8pm. 

Serum cortisol is traditionally measured at 8:00 a.m. after cortisol levels have peaked. Stress (psychological and physical), exercise, and hypoglycemia stimulate glucocorticoid secretion. 

Most circulating cortisol (75%) is bound to corticosteroid-binding globulin (CBG), some (15%) is bound to albumin, and 10% of cortisol is unbound. Normally the plasma free cortisol levels is approximately 1 (g/dl. Free cortisol is the biologically active form of cortisol and the mediator of negative feedback to both CRF and ACTH. Over 95% of the cortisol secreted in the body is eventually conjugated by the liver and then excreted in the urine. 

Adrenal Cortical Biosynthesis
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The pathways are determined by enzymes.  The induction of these enzymes is not thoroughly known.

Mineralocorticoids 

Mineralocorticoids promote the renal retention of sodium, the renal excretion of potassium, an increase in plasma Na/K ratio, alkalosis, an increase in circulating blood volume, and an increase in blood pressure. Aldosterone, the primary mineralocorticoid, is regulated by both ACTH and by the renin-angiotensin system. Growth hormone, plasma sodium concentration, and plasma potassium concentration also influence secretion of aldosterone. Approximately 400 (g of aldosterone is secreted daily by the zona glomerulosa in adults. Aldosterone is less closely bound to binding proteins than cortisol and is primarily transported by albumin. 

Adrenal androgens 

Adrenal androgens include testosterone, dihydrotestosterone, androstenedione, and dehydroepiandrosterone (DHEA). The biochemical pathways involved in the synthesis of androgens are common to both the adrenal cortex and gonads. Most of the DHEA that enters the circulation is normally derived from the adrenal cortex, particularly in women, although DHEA is formed in both the adrenal cortices and the gonads. Androgens are transported by sex hormone-binding globulin (SHBG). 

DHEA acts as a precursor to androstenedione and testosterone. Pregnenolone acts as a precursor to progesterone and cortisol as well as DHEA, androstenedione and testosterone. DHT is required only for sexual maturation.
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 Adrenal medullary hormones 

Adrenal medullary hormones are catecholamines, which are neurotransmitters in the postganglionic sympathetic nervous system, and include both epinephrine and norepinephrine. Catecholamines are secreted by the chromaffin cells of the adrenal medullae and are composed of approximately 80% epinephrine and 20% norepinephrine. The adrenal medulla is a highly specialized part of the sympathetic nervous system and responds to stress (physiological and psychological) by releasing epinephrine. Epinephrine is commonly called adrenaline and circulates throughout the body after its release. If epinephrine is released in significant amounts, it can initiate the "fight or flight" response, an adaptive response to perceived danger. The actions of the adrenergic nervous system are mediated by (- and (-receptors in the effector tissues. 

Epinephrine is produced in the adrenal medulla from norepinephrine by the enzyme phenylethanolamine-N-methyltransferase (PNMT). The synthesis of PNMT in the adrenal medulla is induced by cortisol. Increased cortisol and epinephrine levels are associated with hypertension, atherosclerosis, insulin resistance, and various other chronic disorders. Laboratory tests are available that can accurately measure the amounts of circulating catecholamines. Tyrosine is the precursor for both catecholamines and thyroid hormone.
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The General Adaptation Syndrome (GAS)

Hans Selye (past director of Experimental Medicine and Surgery at the University of Montreal) devised the General Adaptation Syndrome in order to develop a theory for the response of animals and humans to stress performed an integrated analysis of the effects of stress on adrenal function. He developed a general theory to explain the typical response to stress and the adaptive mechanisms associated with the typical stress response. The stereotypic response to stress was thought to be an attempt to be adaptive and restore homeostasis. He called the physiological adaptive mechanism the "General Adaptation Syndrome" (GAS). Hans Selye presented the GAS as a model of stress adaptation that has since its formulation provided insight into the pathogenesis of common stress-induced disorders. It also has clinical utility in promoting the understanding of how to better manage stress-induced disorders. 

Hans Selye observed that: "The physician, in dealing with GAS may be faced with a patient with no clear-cut diagnostic pattern, but just vague feelings of ill health." He stated that the "GAS provides a means to 1) recognize the environmental changes (emotogenic, trauma, etc.) and change them if within the realm of possibility, 2) determine the extent of general adaptation and local adaptation and evaluate the success of the patient in coping with these environments, and 3) assist by means of hygienic, endocrine, structural, nutritional, and metabolic therapy the patient's adaptation and restoration of homeostasis.”
 Selye’s theory fits nicely as a guideline to many functional medicine illnesses commonly seen.

Original View of Adaptation:

1) Stage I: The alarm reaction (AR) is the initial stage of reaction to stress which is characterized in the adrenal cortices by a discharge of microscopic fat-granules containing cortical hormones into the blood stream and a consequent depletion of adrenocortical stores. Animal studies also associated the alarm reaction with a decrease in body-weight, ulceration of the gastric mucosa, and a measurable atrophy of the thymus gland and lymph nodes. 

2) Stage II: The stage of resistance (SR) is the second stage of reaction to continuing stress, which is characterized by an accumulation of secretory fat-granules containing cortical hormones in the adrenal cortices. During this stage the observable effects of chronic stress were often found to be opposite to those effects found in the alarm reaction. During this stage of resistance body- weight was found to increase, ulceration of the gastric mucosa decreased, and the general level of health appeared to return toward normal. 

3) Stage III: The stage of exhaustion (SE) is the end stage of reaction to stress that is characterized by decompensation of adaptive mechanisms. This stage is characterized by a depletion of microscopic fat-granules containing cortical hormones in the adrenal cortex, decreased stress resistance, premature aging, exhaustion, and eventually death. 
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The Maladaptive Stress Syndrome (MSS)

Hans Selye has provided some important clues that have contributed to the evolving understanding of the responses to nonspecific stress. He has been an important pioneer in the understanding of sequential stages in the stereotypic stress response. As more research concerning the stereotypic patterns of response to nonspecific stress has become available, a more comprehensive clinical model of the adaptive and maladaptive patterns of responses to stress has become possible. A more recent proposed paradigm of the adrenal stress response is being called the "Maladaptive Stress Syndrome" (MSS). 

The Maladaptive Stress Syndrome is staged in four stages: MSS stage 0 - 3. Stage 0 of the Maladaptive Stress Syndrome (MSS-O) is a normal response to stress and describes a healthy, well-adapted range of attention from hypovigilance to hypervigilance. The level of vigilance is mediated by the autonomic nervous system, and the adrenal hormones - particularly by catecholamines produced in the chromaffin cells of the adrenal medullae. 

MSS-0  Normal function. Exists when the level of vigilance is regulated by the amount of circulating catecholamines produced by the adrenal medullae. The level of vigilance varies as a continuous variable from hypovigilance to hypervigilance. These states are all healthy, well-adapted states if appropriate for the context in which they are present.  For example, hypovigilance is appropriate during rest and relaxation and hypervigilance is appropriate during a time when mistakes would be costly.  Hypovigilance is characterized by decreased mental concentration.  Increased mental concentration and suppression of unfocused motor activity characterizes hypervigilance. Times of hypovigilance allows time for adrenocortical restoration. However, people tend to use substances in this stage repeatedly, which can push us into MSS-1.

MSS-1 (Maladaptive Stress Syndrome-stage 1) This is the alarm phases and is characterized by a chronic excess production of catecholamines in the adrenal medullae. An increase in glucocorticoid production may also typically be found in MSS-stage 1. An alarm is sounded in the body and the sympathetic nervous system is activated.  The alarm phase is accompanied by an increase in ( and (-adrenergic responses. This causes a “fight or flight” reaction which becomes maladaptive when a “fight or flight” response is not appropriate. This is an acute phase reaction.  If a person remains in MSS-1 long enough, they will progress to MSS-2.

MSS-2 (Maladaptive Stress Syndrome-stage 2), the Suppression phase, is characterized by a chronic excess production glucocorticoids in the adrenal cortices. An increase in catecholamine production may also be found associated with the increased cortisol secretion as well as activation of anti-inflammatory hormones and increased gluconeogenesis. Immune system and inflammatory responses are suppressed. The resistance phase is characterized by increased susceptibility to mycotic infections, depression, peptic ulcers, gastritis, hyperlipidemia, atherosclerosis, insulin resistance, diabetes, osteoporosis, neoplasia and other degenerative diseases. Adrenal androgens tend to be increase and consequently hirsutism may be found in women. Serum Na+/K+ ratio is elevated (tend to lose potassium), tend toward trunkal obesity, hypertension.

MSS-3 (Maladaptive Stress Syndrome-stage 3), the Exhaustion phase, is characterized by a chronic decrease in the production of adrenal corticoids and an intermittent (episodic) excess secretion of catecholamines. MSS-stage 3 is the stage of chronic stress response typically known as "adrenal exhaustion." The exhaustion phase is accompanied by an increased susceptibility to hypotension, functional hypoglycemia, chronic fatigue and immune deficiency syndrome (CFIDS), fibromyalgia, environmental sensitivities, odor hypersensitivity, anxiety disorders and poor stress resistance.  Individuals with CFIDS have been found to have significantly reduced basal evening glucocorticoid levels and low 24-hour urinary free cortisol levels.
 The physiology shifts to increased production of medullary hormones to compensate for decreased cortisol. Patients tend towards hypotension, low sodium (will do poorly with potassium supplementation as it will down regulate adrenocoritcal function.)

Clinical Management of MSS Stages:

The clinical model of adrenal stress response described as the Maladaptive Stress Syndrome has clinical utility in the understanding of the pathogenesis of some stress-related disorders, and in formulating effective strategies for stress-related disease intervention. 

The Maladaptive Stress Syndrome has effects on the adrenal production of hormones depending upon the stage of the MSS. All of the adrenal hormones produced by the adrenals, including both those from both the adrenal cortex and the adrenal medulla, become involved in the various stages of the stereotypic stress response. The relationship of the various groups of adrenal hormones with the various stages of MSS is shown below. 

The Maladaptive Stress Syndrome and its effect on adrenal hormones. 

	MSS Stage
	Mineralcorticoid
	Glucocorticoids
	Catecholamines
	Androgens

	MSS-O 
	
	+/-
	+/-
	

	MSS-1 
	
	(+)
	+
	

	MSS-2 
	+
	+
	
	+

	MSS-3
	-
	-
	episodic +
	-


Glucocorticoids are produced in excess in MSS-stage 2, and are deficient in MSS-stage 3. Cortisol has an anti-inflammatory effect as well as a hyperglycemic effect by stimulating gluconeogenesis. Cortisol increases sodium in relation to potassium levels. Cortisol can cause an increase in blood pressure. Eleutherococcus senticosus and Glycyrrhiza glabra act as a relative glucocorticoid agonist while DHEA acts as a relative glucocorticoid antagonist. 

Note: “Agonist” is used to describe substances which contribute to the action of another, e.g. Glycyrrhiza acts as a relative glucocorticoid agonist by prolonging the half life of cortisol. “Antagonist” is used to describe a substance which counters the effect of another, e.g. DHEA has shown antagonistic effects on cortisol. The terms “agonist” and “antagonist” are not always used in the standard pharmacological meaning, e.g. Glycyrrhiza does not bind cortisol receptors as a true agonist. 

Mineralocorticoids, like glucocorticoids, are produced in excess in stage 2 and are deficient in stage 3 of the Maladaptive Stress Syndrome. The mineralocorticoids include aldosterone and deoxycorticosterone (DOC). They have pro-inflammatory effects, cause metabolic alkalosis, and increase fluid retention and blood pressure. Glycyrrhiza glabra and sodium chloride act as relative mineralocorticoid agonists while Taraxacum officinalis and potassium have some anti- mineralocorticoid effects. 

Catecholamines, including epinephrine and norepinephrine, are produced in excess amounts in stage 1 of the Maladaptive Stress Syndrome. They are also produced intermittently in excess in stage 3 of the Maladaptive Stress Syndrome. Catecholamines have (- and (- adrenergic effects. They activate the "fight or flight reflex" and can produce anger or anxiety reactions. Some botanical nervines have relative catecholamine antagonistic actions that can be used to treat many of the adverse effects of the increased sympathetic nervous system activation. 

Excess androgens are produced in stage 2 of the Maladaptive Stress Syndrome. .Androgens produced by the adrenal cortex include testosterone, androstenedione, and DHEA. Androgens have virilizing effects, anabolic effects, and increase the excretion of uric acid. Deficiency of androgens in stage 3 of the Maladaptive Stress Syndrome can cause catabolic effects and an increase of serum uric acid. 

Seronoa spp. acts as a relative antagonist to adrenal androgens and can be used to prevent excess androgen effects in MSS-stage 2. Seronoa inhibits the conversion of testosterone to dihydroxytestosterone (DHT) and it is DHT that causes most of the virilizing effects of elevated androgens in women.

Stress management is a primary therapeutic tool since all Stages of MSS are adaptive reactions to stress. Some stress in life is generally considered unavoidable and normal. Hans Selye formulated the term eustress for "good stress." Stress can be modulated and unresolved areas of stress may need to be addressed. Rest, relaxation, exercise, recreation, humor, etc., can be helpful to modulate the effects of stress. 

Signs and Symptoms: MSS-1

Clinical signs of a patient in Stage I vary depending upon the cause of the “stress”. Post-surgical stress, heavy exercise, acute emotional stress, and acute occupational stress are examples of clinical conditions/states which share characteristics of MSS-1. Acute emotional and acute occupational stress commonly share a clinical mania state due to increased cathecols. 

MSS-1 treatment includes: 

Phase specific adaptogens: Panax and/or Withania

Nervines (Scutellaria, Passiflora, Valerian, Cimicifuga, Piper methysticum)

Immunomodulators

B-complex vitamins

Antioxidants

Antidepressants

Sleep aids

Lifestyle modification: rest, recereation, relaxation, meditation, spiritual exploration 

A good treatment protocol for MSS-1 may include the following: 

	Panax ginseng or 

Withania somnifera 

	Glutamine

	Vit. C

Pantothenic Acid

Niacin

Thiamine

Riboflavin

B6

	Vit. E

Vit. A(as beta-carotene)

Se

	Ganoderma lucidum

	5- HTP 

	Melissa officianalis 

Schisandra chinensis


Signs and Symptoms: MSS-2

Individuals in MSS-2 often share a mania component due high demands being placed on them either endogenously or exogenously. MSS-2 may play a role in the following clinical conditions or presentations: fast paced urban lifestyle, general intense outlook on life, decreased immune function , caffeine addiction, depression, gastritis, irritable bowel syndrome, history of gastric ulcers , hyperlipidemia, syndrome X, artherosclerosis/CVD, “cancer-type” personality*, subclinical hypothyroid, euthyroid sick, and Wilson’s syndrome.  Increased levels of cortisol have been shown to decreases T4>T3 conversion and may increase T4 >rT3 conversion. 

*Note: The authors do not necessarily believe MSS-2 predisposes to carcinogenesis, however studies have shown chronic elevations in cortisol and CRF have effects on the immune system and may play a role in cancer development and therefore is included as food for thought. 

MSS-2 treatment may include:

Phase specific adaptogens (Rhodiola, Eleutherococcus)

Antiandrogens (Serenoa)

Antidepressants (Hypericum perforatum, Tyrosine)

Potassium: (tend to lose potassium) inhibits aldosterone and sodium secretion

Sodium restriction:  sodium pushes aldosterone and aggravating the condition

Antioxidants

B-complex vitamins

Magnesium/Calcium (osteoporosis prevention)

Zinc

Glucosamine sulfate (cartilage support)

Chromium (insulin resistance)

EFAs 

An example treatment protocol for MSS-2:

	Eleutherococcus senticosus

Rhodiola rosea

	Chromium,

Oplopanax horridus 

	Verbena officianalis (Vervain)

Scutellaria baicalensis

	Hypericum perforatum 

	Potassium

B5

B6

Thiamine

Niacin

Riboflavin

Vit. C

Vit. E

Se

Vit. A (as beta-carotene)

Ca-citrate

Mg-malate


Signs and Symptoms: MSS-3/Sublaboratory Hypoadrenalism

The adrenal glands have been observed to be particularly susceptible to local fibrosis and fatty degeneration when challenged by chronic stress, toxicity, or infection. Some medical researchers have suggested that "the adrenal reserve is an important limiting factor in life which, if significantly stressed, can lead to premature aging and a shortened life span."
  Some of the beneficial effects of DHEA may be understood in relation to its cortisol antagonizing and sparing properties. Melatonin also has adrenocortical antagonizing and sparing properties from which it derives its name: the "anti-stress hormone." 

If the adrenal reserve is depleted and the ability to produce adequate adrenocortical hormones is compromised, mild or "sublaboratory" hypoadrenocorticism can occur. When this condition is present, it often remains undiagnosed. When hypoadrenocorticism progresses to a more advanced form, it is diagnosed as Addison's syndrome. 

Dr. Tintera described the typical adrenal exhausted* patient with hypoadrenocorticism as frail with bright red palms and thin dry skin, except for the palms, which tend to be sweaty. He found that hypoadrenaocortical patients have blood sugar instability that leads some of them to be diagnosed as schizophrenic, bipolar, or psychotic. The hypoadrenocorticism in these individuals is typically observed on glucose tolerance testing to cause a reactive hypoglycemia. 

*Note: “Adrenal exhaustion” is often used to describe patients with clinical hypoadrenalism regardless of laboratory values. Technically, “adrenal exhaustion” is a non-ambulatory condition in which the patient is unable to repond to the slightest physiological stress and has non –measureable cortisol levels and adrenal atrophy. The descriptions “adrenal insufficieny” or “sublaboratory hypoadrenalism” are more accurate and will be used in this document. 

Symptoms of Sublaboratory Hypoadrenocorticism

Fatigue (excessive) 94%

Nervousness and irritability 86%

Premenstrual tension 85%

Craving for salt 84%

Mental depression 79%

Craving for sweet 75%

Allergies 73%

Apprehensions 71%

Headache 68%

Alcohol intolerance 66% 

Weakness (excessive) 65%

Pain in neck and shoulders 65%

Intervals of confusion 61%

Poor memory 59%

Heart palpitation 57% 

Stomach problems 51% 

Backache 48% 

Lightheadedness 47% 

Constipation or diarrhea 45% 

Faintness or fainting spells 42% 

Insomnia 40% 

Dermatitis 39%

A pathognomonic symptom is hypersensitivity to odors or chemicals, thus there is an overlap with multiple chemical sensitivity syndrome.  These patients often have a negative attitude, do not deal with stress well and tend towards sweaty palms (catecholamine excess).

Signs:

Postural hypotension 93%

Skin dry or thin 91% (hypoadrenocorticism is preceded by hyperadrenicorticism:  excess cortisol causes thinning of the skin)

Perspiration scanty 91%

Low basal metabolic rate 85%

Sparse body hair 83% (androgen deficiency)

Underweight 78% (androgen deficiency)

Rule out hypothyroidism. These patients often misdiagnosed with hypoglycemia (which is present but is due to glucocorticoid deficiency) and/or neruopsychiatric diagnoses.

MSS-3 treatment responds to 

Long-term physiological support for hypoadrenocorticism (see Addison’s disease treatment)

Anti-oxidant support\detoxification

Treatment for catecholamine excess as indicated (as in MSS-1 treatment above). 

Stimulants and thyroid hormone replacement should be used cautiously or avoided. 

Antidepressants

Adequate sodium intake is required because of diminished mineralocorticoid secretion. 

Glycyrrhiza, Rosmarinus, Astragalus, Dioscorea, Schizandra

Hypoglycemia prevention diet (patients will not recover without blood sugar control)

Adrenal cortex glandular with tyrosine (Cortisine tincture)

Immune support

Amino acids:  arginine-lysine, ornithine

Graduated moderate exercise

Sodium (tend to lose sodium); monitor with Fantus test 

An example treatment protocol for MSS-3 may include:

Adrenal Glandular 

Glycerrhiza glabra

Bupleurum falcatum 

Chromium 

Avena sativa

DHEA

B5

B6

Thiamine

Riboflavin

Niacin

Tyrosine

Vit. C

Vit. E

Se

Vit. A (as beta-carotene)

 Ca-citrate 

Mg-citrate

5-HTP 

DL-phenylalanine 

L-tyrosine:  150 mg/kg in 2 divided doses separated by 90 minutes.double-blind study:  Significantly reduce the decline in performance that results from sustained work and sleep deprivation.  The use of L-tyrosine for stress should be short-term only.
For more information on adrenal hypofunction, either organic or functional, including additional treatment ideas, physical exam findings, laboratory tests, and references go to Adrenal Insufficiency. 
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Organic Adrenocortical Hypofunction 

(Addison’s disease and syndrome) 

For more information on adrenal hypofunction, either organic or functional, including additional treatment ideas, physical exam findings, laboratory tests, and references go to Adrenal Insufficiency
Incidence of Addison's disease is 4:100,000. It occurs equally in all age groups, in both sexes equally, and can be precipitated by stress or trauma. 

Signs and Symptoms include weakness, fatigue, postural hypotension, and hypoglycemia are early symptoms. Increased pigmentation may occur in primary adrenal insufficiency (Addison’s syndrome) due to excessive secretion of ACTH and melanocyte stimulating hormone (MSH) from the pituitary. Pigmentation shows up particularly at pressure points, skin folds, and scars. Hyperpigmentation of the areolae, perineum, and mouth are common. Areas of depigmentation (vitiligo) may also develop. Sensitivity of taste and smell are increased. Multiple chemical sensitivities, odor sensitivity, and allergies are common. 


Catabolic signs include weight loss, anorexia, asthenia, lowered basal body temperature, and cold intolerance. Adrenal crisis in Addison's disease can be life threatening, particularly with stress or trauma. Mental symptoms include apathy, depression, and poor response to stress. Patients are often described as irritable, negativistic, and reclusive. 


Hypoadrenocorticism can occur after a prescription for corticosteroids is discontinued, particularly if steroids have been taken in significant doses for more than 4 weeks. In susceptible individuals, low adrenocortical function can persist for more than a year after steroid treatment is terminated. These patients often have suppressed ACTH production and ACTH receptor site insensitivity. 


Adrenal crisis can occur with acute hypoadrenocorticism. Serious injuries, infections, or acute stress can trigger adrenal crisis. Adrenal crisis can be accompanied by vascular collapse with hypotension, sodium depletion, hypoglycemia, and azotemia. 

Laboratory testing for 1( hypoadrenocorticism  (Addison's syndrome)
· Serum Na tends to be low 

· Serum K tends to be high 

· Na/K ratio is low (« 30)

· BUN tends to be elevated 

· BUN/creatinine ratio is elevated 

· Eosinophils tend to be high 

· Cortisol (serum, urine, saliva
) is low 

Diagnosis: Many patients with limited adrenocortical reserves appear normal with moderate stress but abnormal if more severe stress precipitates acute adrenocortical exhaustion. Single tests for serum cortisol, salivary cortisol, 24-hour urinary cortisol, ACTH stimulation tests, metyrapone test, etc. can be misleading and are often not reliable for differential diagnosis. Low serum sodium to potassium ratio (Na/K ratio) of less than 30:1 is generally an indication of hypoadrenocorticism.
 In adrenal failure, ACTH is elevated and the ACTH stimulation is abnormal. Secondary hypoadrenocorticism (Addison's disease) can be confirmed by the lack of normal ACTH response to CRH with a CRH stimulation test. 

Symptoms and signs play an important role in the diagnosis of hypoadrenocorticism since laboratory tests are often not sufficiently sensitive or reliable to confirm low adrenal cortex function since stress is an uncontrolled variable significantly affecting the accurate determination of marginally low cortisol levels. Symptoms and signs that are particularly suggestive of hypoadrenocorticism include hyperpigmentation with hypopigmentation, weakness benefited by rest (unlike neuropsychiatric weakness), fatigue which is worse for more than 24 hours after physical activity, reactive hypoglycemia, and orthostatic hypotension. Inexpensive tests that can suggest hypoadrenocorticism include a serum Na/K ratio of less than 30 and an elevated BUN/creatinine ratio. 

Allopathic Treatment depends upon hormone replacement with 1) hydrocortisone* 30 mg/day (20 mg morning and 10 mg afternoon), and 2) fludrocortisone 0.1-0.2 mg/day (mineralocorticoid replacement). 

* Standards for allopathic treatment of Addison’s disease are changing as of Fall 2001. Current replacement recommendation is: hydrocortisone 15 mg/day (10 mg morning and 5 mg afternoon). Changes are due to relatively high rate of iatrogenic Cushing’s disease due to overreplacement. Since this is a new standard, many endocrinologists are unaware of the new recommendation and patients can benefit considerably by lowering their dose. Manage this change with your patient’s endocrinologist. Source: Scott Weigle, MD; Harborview Medical Center, Seattle, WA 

Naturopathic Treatment is similar to that for  Maladaptive Stress Syndrome - Stage 3 although patients may require corticosteroid replacement. An integrative approach to treament offers many theoretical benefits for Addison’s patients.  Treatment includes physiological support, dietary recommendations aimed at avoiding hypoglycemia including avoidance of refined sugars and ingestion of frequent meals containing protein and low glycemic index foods, pantothenic acid, Vitamin C, Vitamin B12, amino acids, essential fatty acids (flax or borage oil), arginine-ornithine-lysine (opposes catabolic effects via GH), and graduated moderate exercise. Treatment should also consider immune support, emotional support (depression and anxiety are common), antioxidant support, and detoxification support (Phase 1 & 2 balanced detoxification). Androgen replacement may also be indicated (check testosterone and DHEA levels and replace accordingly). PABA may potentiate the effects of cortisol. 

The botanical treatment of hypoadrenocorticism makes use of adaptogenic and tonifying botanical agents. Care should be taken when choosing botanical adaptogens; although limited information on adaptogen pharmacology is available, what is published shows differences in action relating to the HPA axis. Addison’s disease requires prolongation of endogenous corticosteroid therefore Glycyrrhiza glabra (root) is the best choice (see below).  Astragalus membranaceus (root), Dioscorea villosa (root), Schizandra chinensis (fruit), and Rosmarinus officinalis (herb), are other botanicals that can be considered for treatment of hypoadrenocorticism. Botanicals for detoxification, immune function, and psychological support should be chosen according to preference, physician experience, and patient tolerability. Avoid drug-herb interactions. 


Glycyrrhiza glabra, or Licorice root, is a primary botanical medicine used to treat hypoadrenocorticism. The primary saponins include glycyrrhizin or glycyrrhizic acid and glycyrrhetic acid. Glycyrrhiza is found to contain approximately 6-14% triterpene saponins. Glycyrrhiza has documented corticoid potentiating effects associated with its terpene constituents (glycyrrhizin and glycyrrhetic acid). It has been observed with in vitro studies that glycyrrhetic acid and glycyrrhizin inhibit (4 (-reductase, which is the most important enzyme that irreversibly inactivates steroid hormones, primarily in the liver and kidneys. It has also been observed that glycyrrhetic acid and glycyrrhizin also inhibit 11 (-hydroxysteroid dehydrogenase by deactivating both cortisol and aldosterone. Glycyrrhetic acid and glycyrrhizin have observed mineralocorticoid-like activity (aldosterone potentiating effects) that are thought to be due to receptor site stimulation by increased cortisol levels.

The corticoid-potentiating effects of Glycyrrhiza are used to treat Addison's syndrome, Stress Syndrome stage 3 (MSS-3), postural hypotension, anorexia, weight loss, and functional hypoglycemia. Avoid the use of Glycyrrhiza with significant hypertension, edematous states, hyperaldosteronism, hypokalemia, congestive heart failure (CHF), or kidney disease. Glycyrrhiza is contraindicated in pregnancy because of emmenagogue and estrogenic effects. Caution should be taken when prescribing Glycyrrhiza with concurrent corticosteroids due to potentiation effects; theoretically it is possible to decrease the required dose of corticosteroids with concurrent Glycyrrhiza, however this has not been proven.

Note: Many NDs also recommend Eletherococcus senticosus for the treatment of Addison’s disease and adrenal insufficiency. However, the few studies that exist show E. senticosus may decrease cortisol and prevent the alarm phase of the stress response. While this effect is useful in some adrenal insufficiency states (see Maladaptive Stress Syndrome II), Addison’s disease requires potentiation of cortisol rather than inhibition. E. senticosus does have immune supportive and antioxidant properties which may be useful in Addison’s and thus the decision is left to the physician. 

Eleutherococcus senticosus (Siberian ginseng root) is used to treat individuals who have adrenocortical. It can be used to facilitate the recovery from steroid-induced adrenocortical suppression where the normal function of the hypothalamic-pituitary-adrenocortical (HPA) axis remains disrupted after discontinuance of steroid medications. Eleutherococcus senticosus has a long history of traditional use for treating fatigue and stress-induced illness and is known as adaptogenic and tonic. Studies carried out on small animals have shown that Eleutherococcus extracts can prevent stress- induced adrenal gland changes, and stress-induced disease.

Rosmarinus officina/is (rosemary) can be used to treat individuals who have adrenocortical hypofunction or Maladaptive Stress Syndrome stage 3 (MSS-3). Rosmarinus is known as a circulatory stimulant, carminative, nervine, an anti-inflammatory, and a tonic. Rosmaricine derivatives have demonstrated analgesic activity and considerable smooth muscle stimulant activity.

Rosmarinus has nervine properties and anti-anxiety effects. It has been used to treat generalized weakness, fatigue, chronic fatigue syndrome and immune dysfunction syndrome (CFIDS), and asthenia. 

Naturopathic Treatment for Addison’s Disease
· Pantothenic acid 

· Vitamin C 

· B complex vitamins  

· Arginine-ornithine-lysine amino acids 

· Essential fatty acids, flax or borage oil

· Anti-oxidants (A,C,E, Se, and carotenoids)

· Immune support 

· Detoxification support

· Botanicals: G/ycyrrhiza g/abra (root), Rosmarinus officina/is (herb), Astragalus membranaceus (root), Dioscorea vi/loss (root), and Schizandra chinensis (fruit) 

· Life-style adjustment 

· Desiccated adrenal glandulars 

· Hypoglycemia prevention diet 

· Graduated moderate exercise 

· Maladaptive Stress Syndrome - Stage 3 (MSS-3) treatment 

Special attention should be paid to contributing factors, since hypoadrenocorticism is often secondary to other causes such as past steroid use, systemic disease or imbalance, nutritional deficiency, biochemical disorders such as histapenia and pyroluria, chronic infection, and functional hypoglycemia. Hypoglycemia is one of the more potent stimulators of glucocorticoid secretion and can contribute to hypoadrenocorticism. Caution should be used in prescribing thyroid hormone until adequate adrenocortical function is documented or restored. Discourage use of stimulants for fatigue (caffeine-containing botanicals, Ephedra, etc.). Adequate rest and relaxation is essential. 
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Organic Adrenocortical Hyperfunction 

(Cushing's syndrome)
Incidence of Cushing's syndrome has a female to male ratio of approximately 8:1. 

Etiology: “Cushing’s disease” is specifically excess of endogenous corticosteriods secondary to an excess of ACTH from the pituitary. 70% of Cushing’s is a secondary condition due to a tumor in the pituitary. Ectopic ACTH production, e.g. a paraneoplastic syndrome, can cause Cushing's syndrome. Both pituitarty and non-pituitary excess ACTH secretion are termed “spontaneous” Cushing’s. General classification of Cushing’s syndrome is ACTH-dependent and ACTH-independent depending on cause.  Differential diagnosis for glucocorticoid excess is below:

Diffential Diagnosis for Excess Glucocorticoids

ACTH-dependent


Pituitary adenoma


Ectopic ACTH secreting tumor

ACTH-independent


Iatrogenic


Adrenal neoplasia


Factitious

Symptoms and Signs of Cushing's syndrome include "moon" faces, plethoric appearance (“buffalo hump”), trunkal obesity, supraclavicular and dorsal fat pads, slender distal extremities, purple striae, hypertension, osteoporosis, renal calculi, glucose intolerance, reduced resistance to infection (particularly fungal infections and Candidiasis), psychiatric disturbances, muscle wasting, skin thinning, easy bruising, poor wound healing, connective tissue weakness, and male pattern balding. Women commonly have menstrual irregularities and may have virilism due to increased androgens (hirsutism, balding, etc.).  Hyperpigmentation is not typically seen as ACTH levels are typically transiently elevated as opposed to Addison’s where ACTH excesses are constant and do not result in any feedback inhibtion by cortisol. 

Laboratory Testing for Hyperadrenocorticism

· Serum sodium tends to be high 

· Serum potassium tends to be low Na/K ratio is high (> 40:1) 

· Eosinophils tend to be low 

· Cortisol (serum, urine, saliva) tends to be high 

· Androgens: DHEA, DHEA-S, androstenedione

· Work up for diabetes mellitus, menstrual irregularties, and osteoporosis as appropriate

Diagnosis of Cushing's syndrome is suggested by multiple elevated cortisol on a 24-hour urinary free cortisol test. An 8:00 AM cortisol test or saliva cortisol test can be used to identify hyperadrenocorticism, however loss of diurnal variation can occur with Cushing’s syndrome and levels may be within normal limits. 

The dexamethasone suppression is used to determine 1( or 2( Cushing’s syndrome. The test works by suppression of ACTH production through negative feedback as it has 25 x more glucocorticoid activity than cortisol.  In 1( Cushing’s, ACTH levels will decrease but cortisol levels will remain elevated.   Ectopic ACTH produced by a tumor is usually found to be non- suppressible as feedback inhibition of dexamethasone only occurs on the pituitary.  However, a dexamethasone suppression test can not distinguish between pituitary and ectopic excess production of ACTH with absolute certainty.
  

Several other tests are useful in the differential diagnosis of glucocorticoid secreting tumors including a metyrapone test, CRH test, CT scan, pituitary MRI, and adrenal radioactive uptake scan using radioactive iodinated cholesterol. Adrenal hypertrophy is typically seen on MRI or CT.

Chronically elevated cortisol can cause glucocorticoid-induced diabetes mellitus due to chronically elevated blood glucose. Appropriate testing should be considered if long term Cushing’s syndrome is suspected. 

Medical Treatment often includes destructive therapies focused on the site of excess hormone production (surgical excision, radiation) or steroid blockers (e.g. aminoglutethimide, metyrapone, ketoconazole).  Once the drug of choice, mitotane has been withdrawn from the market, but is sometimes still used on a “compassionate” basis.  80% experience adverse reactions. 

Naturopathic Treatment: includes potassium supplementation to balance excess mineralocorticoid effects. A high protein and low fat diet, refined sugar restriction, weight control, exercise, Oplopanax horridum (root), chromium, and omega-3 fatty acids are used to prevent insulin resistance and glucose intolerance. Calcium and magnesium supplementation is used to prevent osteoporosis. Melatonin is known for its "anti-stress" effects and mitigates effects of excess glucocorticoids. Increased fluid intake helps to reduce urinary tract stone formation. Immune support helps to prevent corticosteroid-induced immune system suppression. Vitamin C, zinc, and glucosamine sulfate help to reduce destructive connective tissue effects of excess corticosteroids. Vaccinium myrtillus (leaf & berry), anthocyanins, and flavonoids such as rutin and hesperidin can be supplemented to minimize adverse micro- and macro-vascular corticosteroid effects. Excess cortisol also affect gonadotropin release (thus creating menstrual disorders) and therefore sex-appropriate hormone replacement and/or botanical support may be indicated. DHEA can be glucocorticoid supressive and has been included in published Cushing’s treatment protocols. However androgen excess exists in 75% of cases and therefore replacement is not recommended unless DHEA lab values are depressed. 

Eleutherococcus senticosus (Siberian ginseng root) is used to treat individuals who have adrenocortical irregularities. It can be used to facilitate the recovery from steroid-induced adrenocortical suppression where the normal function of the hypothalamic-pituitary-adrenocortical (HPA) axis remains disrupted after discontinuance of steroid medications. Eleutherococcus senticosus has a long history of traditional use for treating fatigue and stress-induced illness and is known as adaptogenic and tonic. Studies carried out on small animals have shown that Eleutherococcus extracts can prevent stress- induced adrenal gland changes, and stress-induced disease.

Naturopathic Treatment for Cushing’s Syndrome

Potassium

Calcium 

Magnesium 

Omega-3 fatty acids 

Chromium 

Vitamin C 

Zinc 

Glucosamine sulfate 

Melatonin 

Immune support 

Increased fluid intake and exercise 

High protein, low fat diet 

Refined sugar restriction 

Weight control 

Botanicals: Oplopanax horridum (root), Eleutherococcus senticosus, and Vaccinium myrtillus (leaf & berry), plus gonadatropin and pancreatic support as indicated

Flavonoids (rutin and hesperidin) 
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Hyperaldosteronism

Hyperaldosteronism is characterized by an excess aldosterone secretion that causes sodium retention and potassium loss. Aldosterone is primarily regulated by the renin-angiotensin mechanism, and to a lesser extent by ACTH. “Hyperaldosterone” like effects can be achieved through long term use of high doses of Glycerrhiza glabra . Due to the many severe causes of hyperaldosteronism, the cause must be found. 

Primary aldosteronism (Conn's syndrome): is most often due to an adenoma of the adrenal cortex, usually unilateral. Less commonly, Conn's syndrome is caused by adrenal hyperplasia or an adrenal carcinoma. Increased aldosterone secretion causes increased serum sodium, increased serum chloride, decreased serum potassium, increased blood volume, metabolic alkalosis, weakness, paresthesias, tetany, and transient paralysis. Elevated diastolic blood pressure, polyuria, and polydipsia are early manifestations. 

Secondary aldosteronism: is caused by increased aldosterone production in the adrenal cortices triggered by stimuli from outside the adrenals. This can be due to several non-renal conditions including congestive heart failure, cirrhosis with ascites, nephrotic syndrome (which is associated with hypertension and edema), or hypertension due to renal artery disease. In secondary aldosteronism, serum sodium is usually low in contrast to primary aldosteronism, where serum sodium is usually normal. 

Allopathic Treatment: for primary aldosteronism focuses on surgical exploration of the adrenals for adenomas. Spironolactone can be prescribed to block excess aldosterone caused hypertension. Secondary aldosteronism is generally treated by addressing underlying conditions.

Naturopathic treatment for hyperaldosteronism: includes potassium (vegetable juice and broth), Vitamin B6, Vitamin C, Taraxacum officinalis (leaf), Urtica spp. (leaf), Crataegus spp. (leaf and berry), Viscum album (herb), Tilia (herb), and Allium sativa (bulb). **Naturopathic therapies have never been shown to be as effective as spironolactone and should not be considered primary therapy for this condition. Naturopathic support for the underlying condition is indicated and must be considered on a case by case basis. 
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Adrenal virilization 

(Adrenogenital syndrome)

Adrenogenital syndrome is present in women where an excessive output of adrenal androgens causes virilization. It can be caused by genetic factors, adrenal hyperplasia, or adrenal tumors. 

Signs of adrenogenital syndrome include hirsutism, baldness, acne, deepening of the voice, amenorrhea, atrophy of the uterus, clitoral hypertrophy, decreased breast size, and increased lean body mass. Hirsutism may be the sole symptom in mild cases. 

Assessment of adrenogenital syndrome can include serum testosterone and DHEA, or DHEA- sulfate. These tests are increased with adrenal virilization. Physical exam findings are critical in the diagnosis, especially in young women with genetic causes. 

Rule-outs include Stein-Leventhal syndrome (polycystic ovary syndrome), hirsutism caused by pharmaceutical agents (including estrogen), hyper-prolactinemia with an elevated estrogen/progesterone ratio, hyperthyroidism, Cushing’s syndrome, and Maladaptive Stress Syndrome - stage 2 (MSS-2). Hirsutism can be of familial origin and is common with Mediterranean genetic influence. 

Allopathic Treatment includes various pharmaceuticals aimed at supressing or blocking the effects of androgens. Common therapies include OCPs; glucocorticoids, e.g. dexamethasone; GnRH analogs, e.g. Lupron; and antiandrogens, e.g. cyproterone (not available in the US) and spironolactone. 

Naturopathic Treatment: includes Vitamin B6 (which increases hydroxylation of cortisol precursors and promotes negative feedback to ACTH), Vitamin B complex, melatonin, soy (and other plants that contain phytoestrogens-red clover, black cohosh, flax lignans), and reducing dietary xanthines and nicotine use. Naturopathic therapies that address underlying problems include managing stress, stabilizing blood sugar (including avoidance of refined carbohydrates), treatment for MSS-2, and treating other hormonal imbalances (thyroid, ovaries, pancreas, and hyperprolactinemia). Specific treatments for adrenogenital syndrome include phytoestrogens (which act as hormone modulators), Seronoa spp. berry (inhibits testosterone 5-alpha reductase conversion of testosterone to dihydrotestosterone), and Eleutherococcus senticosus (root). 
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Pheochromocytoma

Pheochromocytoma is a disorder associated with excess catecholamine production by a tumor of the chromaffin cells of the adrenal medulla (80% of pheochromocytomas), or excess catecholamines produced by non-adrenal neural crest cells (20% of pheochromocytomas). Ectopic production of excess catecholamines is often associated with a malignancy (30% of ectopic based pheochromocytomas). Pheochromocytomas can occur as a part of familial Multiple Endocrine Neoplasia (MEN) in which case it may be associated with medullary thyroid cancer and parathyroid adenomas (Sipple's syndrome). 

Symptoms & Signs of a pheochromocytoma include hypertension, which may be paroxysmal (45% of pheochromocytomas) or continual. Other symptoms include tachycardia, diaphoresis, postural hypotension, tachypnea, flushing, headache, anxiety, etc. 

Diagnosis of a pheochromocytoma usually includes testing for urinary (24-hour) free epinephrine, vanillylmandelic acid (VMA), or homovanillic acid (HVA). Imaging with a CT scan or MRI can be used to search for adenomas. 

Allopathic Treatment includes surgical excision of the pheochromocytoma, a- & (- adrenergic blocking agents, metyrosine (which inhibits tyrosine hydroxylase catalyzed production of norepinephrine), or chemotherapeutic agents (cyclophosphamide, vincristine, and dacarbazine) used to treat an associated malignancy. 

Naturopathic Treatment is adjunctive and should be considered secondary to conventional management. Pre- and post-surgical care, adjunctive chemotherapy care to manage adverse reactions and increase efficacy, and liver support may be incated. High dose antioxidants and anxiolytic botanicals may help curb the effects of chronically elevated catechols. 
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Dehydeoepiandrsterone (DHEA)

Dehydroepiandrosterone (DHEA) is a steroid hormone made by the adrenal  glands and gonads.  It comprises the largest quantity of any steroid hormone.  It is a weak androgen, in males it is twice as androgenic as in females.  DHEA is a precursor of several steroid hormones including estradiol, estrone, testosterone, and androstenedione. 
For women, DHEA production by the ovaries can be only 10-30%, and most is by the adrenal glands.  Men are 50/50 between testes and adrenals.  Thus, women with weak adrenals may have a deficiency at menopause.  There have been studies with DHEA demonstrating relief of menopausal symptoms and increased bone density.  

DHEA has been found to have specific biological effects of its own. Binding sites are located in muscle, liver and on osteoblasts.  DHEA has been shown to halt or reverse the aging process based on animal studies and human clinical research.  There is considerable ongoing research and interest in DHEA and large amounts of encouraging data have been accumulating which suggests that DHEA has many beneficial uses in the treatment of a variety of disorders. There has also been interest in DHEA as a possible candidate for use in the prevention of some chronic degenerative diseases. 
Plasma concentrations of DHEA and its metabolite, DHEA-sulfate (DHEA-s) peak at about 20 years, then decrease progressively with age.  In one study, plasma levels of the hormone were inversely related to death from cardiovascular disease in men more than 50 years old, but not in women.

DHEA has anti-glucocorticoid effects that may account for many of its diverse physiological, biological and biochemical effects encompassing various cell types, tissues and organs.
 Extensive research has shown DHEA to have potentially beneficial effects in obesity, diabetes, cancer, aging, stress, allergy, fibromyalgia, immune dysfunction, autoimmune disorders (including rheumatoid arthritis and systemic lupus erythematosus), and in some cardiovascular and nervous system disorders. DHEA has also shown some protective effects against acute lethal viral infections and has been demonstrated to increase the effectiveness of vaccination to viruses. These effects are largely explainable by its anti-glucocorticoid effects. DHEA may modulate many of the adverse effects caused by increased cortisol secretion associated with MSS-2. DHEA has been described as “the biochemical manifestation of chi”. 

DHEA has been used in Europe to treat menopausal syndrome (emotional lability, depression, loss of libido, and osteoporosis) and menopausal-related osteoporosis. DHEA has some androgenic activity and can cause mild virilization in women at higher doses. Serum DHEA and DHEA-sulfate is elevated in virilism. 

DHEA itself is a weak androgen but is readily converted to testosterone and can be used to treat "andropause" or androgen deficiency disorders. Like other androgenic steroids, DHEA has some anabolic effects. DHEA decreases body fat stores and increases lean body mass. It generally causes a decrease in body mass index. DHEA increases insulin sensitivity and can be used to oppose the development of Syndrome-X. 

DHEA, unlike other corticosteroids, declines significantly with age. DHEA appears to have a significant effect in prolonging life and ameliorating some of the effects of aging that produce a decline in mental function. It can promote an increase in the perception of mental and physical well-being in adults who have low serum DHEA levels. 

Treatment with DHEA ranges from physiologic doses (5-10 mglday for women, 10-20 mg/day for men), to higher doses as specific conditions and individual responses warrant. It is appropriate to test serum DHEA before replacement therapy is initiated. DHEA can be measured by testing serum DHEA-S or DHEA. DHEA is indicated in patients on steroids either for replacement or treatment purposes due to the suppresive effects of cortisol on DHEA secretion. DHEA replacement should also be considered in menopause and ovarian failure. 

Treatment with DHEA should be used cautiously in individuals with thyrotoxicosis and in  individuals who are taking thyroid hormone replacement. DHEA is observed to increase the action of thyroid hormone in some individuals and has been found to aggravate thyrotoxicosis in some individuals with Graves' disease. 

Studies of DHEA:
· An uncontrolled trial in HIV-infected patients with AIDS found that taking DHEA was associated with reductions in viral load.

· Open, uncontrolled tiral inpatients with multiple sclerosis found that DHEA increased subjective feeling of strength, stamina and well-being, but did not improve disability

· A double-blind controlled trial in 28 patients with systemic lupus found that DHEA, 200 mg/day for three months produced improvement in the disease, while placebo which did not.

· A six-month, double blind crossover trial comparing 50 mg of DHEA with placebo in 13 men and 17 women, 40-70 years old, found that this dose of the drug restored serum levels of the hormone to those found in young adults and increased serum levels of IGF in both sexes.  A majority of patients treated with the hormone reported an increase in physical and psychological well-being versus almost none of those treated with palcebo.
  A 12 month trial with 100 mg of DHEA daily in eight women and eight men aged 50-65 produced similar results. 

Indications for DHEA Therapy
Age related decline

Middle aged menopausal Sx

Osteoporosis

Autoimmune disease:  higher doses tend to be necessary.  There is some evidence that prednisone induced adrenal suppression can be 


prevented by co-administration of DHEA.

Addison’s disease 

Bilateral adrenalectomy

Erectile dysfunction

Glucocorticoid therapy

Questionable Indications for DHEA Therapy

Hypothyroidsim (clinical observation) (?)

Chronic pain (?)

Chronic fatigue (?) DHEA may worsen chronic fatigue as it has antiglucocorticoid activity and there is a subset of chronic fatigue patients who respond well to glucocorticoids.

Fibromyalgia (?)

nausea (?)

motion sickness (?)

Testing DHEA:  serum DHEA-S  


There is 1000 x more DHEA-S than DHEA.  Salivary tests currently appear to be inaccurate.  

Dose:  The goal is to achieve the middle of the range for young adults.  In women, there appears to be a biphasic distribution with the higher distribution being to due androgen excess conditions such as PCOS.  High levels in women have been associated with post menopausal breast cancer and heart disease.

Try timed release (compounding pharmacist:  Professional Arts  800-832-9285)

women:  5 mg –10 mg 

studies w/ women:  50 mg qd which is supraphysiologic; depression:  90 mg (one study, patients had normal 

level).  These doses appear to be outside of the therapeutic window.  The same occurs with cortisol.  

men:  15 mg 
Autoimmune disease:  200 mg qd
Safety:

Side effects include acne and aberrant hair growth which tends to occur in younger patients without deficiency

Hormone dependent cancers:  prostate  cancer in men and breast cancer in women.  


DHEA actually has an intrinsic anti-cancer effect, which appears to counterbalance any hormonal effect at physiologic doses.


In two studies, estrogen declined and testosterone increased in women. 


In other studies, estrogen increased in men while testosterone stayed or slightly increase

Adding DHEA to thyroid therapy may induce thyrotoxicosis according to case accounts by Dr. Gaby.  Androgens increase the effect of thyroid in the body (rat study).

READ Personal Paper on DHEA
READ Additional Information on DHEA Therapy
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Histology, Physiology, and Pathology Review

Normal Biology of the Adrenal Cortex

A.
Normal anatomy and biochemistry

1.
the three zones

a)
zona glomerulosa

b)
zona fasciculata

c)
zona reticularis


2.
principal hormones (from cholesterol) from zomes above  

a)
mineralcorticoids (esp aldosterone)

b)
glucocorticoids (esp cortisol)

c)
androgens


B.
Physiological mechanisms

1.
what causes the increased production of aldosterone? (decreased renal perfusion via renin/AGII)

2.
what causes the increased formation of cortisol?


a)
CRF


b)
ACTH


c)
stressful situations (hypothalamus)


d)
certain cancers produce ACTH


3.
what are the main functions of cortisol?


a)
anti-insulin effects


(1)
increased serum amino acids from protein into gluconeogenesis


(2)
increased serum glucose


(3)
increased serum fatty acids


b)
increased deposition of fat in face and trunk (Cushinoid body shape)


c)
increased gluconeogenesis in liver


d)
decreased collagen synthesis (decreased wound healing)

e)
anti-inflammatory effects

(1)
decreased antibacterial properties of phagocytes

(2)
decreased sticking and diapedesis of WBCs


4.
what are the main functions of aldosterone?

a)
renal reabsorption of sodium ions

b)
increased renal secretion of potassium ions

c)
helps to regulate extracellular fluid volumes


VIII.   Pathology of the Adrenal Cortex


A.
What are the main categories?


1.
hyperfunction

2.
hypofunction

3.
nonfunctioning lesions



B.
What are some congenital defects?

1.
adrenal hyperplasia

2.
ectopic adrenal glands



C.
Hypoadrenalism


1.
what are some specific causes?

a)
anatomic loss of cortex

b)
metabolic failure



c)
secondary insufficiency



2.
what are the main clinical patterns?



a)
Addison's disease (primary chronic insufficiency)

(1)
failure to produce cortisol, aldosterone and androgens

(2) main causes

i.
tuberculosis (worldwide, except USA)

ii.
idiopathic (autoimmune)

iii.
metastatic carcinoma

iv.
amyloidosis

v. sarcoidosis



b) Type I multiple autoimmune syndrome

(1)
Addison's 

(2)
hypoparathyroidism

(3)
mucocutaneous candidiasis

(4)
plus other autoimmune conditions

(5)
autosomal recessive



c) Type II multiple autoimmune syndrome

(1)
Addison's 

(2)
Hashimoto's thyroiditis or Graves disease

(3)
insulin dependent diabetes mellitus

(4)
most common form

(5)
several modes of inheritance

(6)
HLA-B8 and HLA-DR3



d) Clinical features-Addison’s and associated conditions



(1)
progressive weakness and fatigue



  
i. anorexia 



ii. weight loss
(2)
hypoglycemia 
(3)
severe hypotension (e.g., 80/50 mm Hg)
(4)
hyperpigmentation from excessive stimulation by  proopiomelanocortin and ACTH loss of feedback)
(5)
low serum sodium and high serum potassium from lack of aldosterone



(6)
arrhythmias




(7)
other effects of hyperkalemia



e. primary acute insufficiency



(1)
adrenal crisis in patients who already have Addisons



(2)
Waterhouse-Friderichsen syndrome




i. severe hemorrhage in adrenal



(3)
from meningococcemia after meningitis



(4)
circulatory collapse and DIC



(5)
what are some other causes?




i. stress from trauma, surgery, hemorrhage

    


ii. too rapid withdrawal of prednisone or??




f. secondary adrenocortical insufficiency



(1)
via pituitary (e.g., in Sheehan's necrosis)



(2)
via hypothalamus


D. Hyperadrenalism

1.
what are the main clinical syndromes?


a)
Cushings disease


b)
Conn's syndrome


c)
congenital adrenal hyperplasia


2.
Cushing's syndrome


a)
Basic features


(1)
prolonged cortisol activity

(2)
ACTH-dependent causes

(3)
ACTH-independent causes

(4)
Cushing's disease refers to pituitary origin



b)
Major causes of Cushing's syndrome

(1)
Excess ingestion of corticosteroids (pills)

(a)
most common cause in USA today

(b)
ACTH-independent

(c)
prednisone

(d)
dexamethasone

(e)
anti-inflammatory and immune depression


(2)
Paraneoplastic syndrome

(a)
second most common cause

(b)
ACTH-dependent

(c)
carcinoid or other tumor in lung

(d)
medullary carcinoma of the thyroid

(e)
malignant thymoma (15% of these cases)

(f)
ACTH from a tumor is not controlled by CRH thus 
excess cortisol suppresses CRH but not the ACTH 
from the tumors

(g)
ACTH levels cannot be suppressed by 
dexamethazone



(3)
Cushing's disease

(a)
five times more common than from adrenal tumors

(b)
ACTH-dependent

(c)
basophilic adenomas

(d)
possibly from excess CRH produced in hypothalamus

(e)
causes bilateral adrenal hyperplasia

(f)
ACTH levels can be suppressed by dexamethazone and therefore, hypercortisol can be suppressed


(4)
adrenal Cushing's syndrome

(a)
neoplasm of adrenal cortex

(i)
adenoma

(ii)
carcinoma
(b)
unilateral enlargement

(c)
excess cortisol levels do not respond to 
dexamethazone because ACTH levels are already low vfrom negative feedback.



(d)
may show symptoms from excess aldosterone and androgens





e)
what are the principal clinical features?

(1)
basic features

(a)
symptoms depend on the level of adrenal adrogens and aldosterone

(b)
three to four times more common in females


(c)
if seen in children then most likely an adrenal carcinoma

(2)
obesity

(a)
moon face

(b)
buffalo hump

(c)
trunk and abdomen

(d)
loss of subcutaneous fat




(3)
musculoskeletal

(a)
osteoporosis from bone resorption

(b)
fractures of vertebrae and ribs

(c)
muscle wasting with weakness

(4)
cardiovascular

(a)
hypertension if excess aldosterone

(b)
possible congestive heart failure

(5)
secondary sex characteristics

(a)
females become virilized

(b)
hirsutism and thinning of scalp hair

(c)
oligomenorrhea

(6)
glucose intolerance

(a)
excess cortisol stimulates gluconeogenesis in liver

(b)
creates hyperinsulinemia

(c)
may eventually develop diabetes mellitus

(7)
depression, irritability, paranoia, suicidal 




(5)
Conn's syndrome (primary hyperaldosteronism)




a)
basic features

(1)
excessive aldosterone

(2)
adrenal adenoma or hyperplasia

(3)
three times more common in females

(4)
ages 30 to 50

(5)
hypertension and hypokalemia




b)
mechanisms

(1)
excess aldosterone causes sodium retention


(a)
increased extracellular fluid volume


(b)
hypertension

(2)
excess aldosterone causes potassium loss


(a)
muscle weakness


(b)
tetany


(c)
why might alkalosis develop??????

(3)
increased peripheral vasoconstriction contributes to hypertension

(4)
low renin because of negative feedback inhibition



(5)
excess aldosterone does not inhibit ACTH




c)
what causes secondary hyperaldosteronism?

(1)
congestive heart failure

(2)
kidney and liver disease

(3)
high serum renin 

(4)
what are the mechanisms for this?



(6) congenital adrenal hyperplasia



a)
adrenal virilism in females



b)
female pseudohermaphroditism



c)
autosomal recessive



d)
defects in biosynthesis of cortisol



e)
accumulated precursors are converted to androgens



f)
low cortisol causes elevated ACTH and hyperplasia of adrenal



g)
most cases are a deficiency of 21-hydroxylase



h)
some cases show a significant decrease in aldosterone


IX.   Pathology of the Adrenal Medulla

A.
Review of normal anatomy and physiology

1.
neural crest cells


2.
catecholamines


B.
Pheochromocytoma

1.
hypertension from excess catecholamines

2.
peak incidence is somewhere between 40 and 60 years of age

3.
what are the various locations of the primary

4.
what are the various types?

a)
Apudoma

b)
simple familial

c)
MEN type IIa

d)
MEN type IIb

e)
with neurofibromatosis
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