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HYPOTHALAMUS 

The hormone called CORTICOTROPIN-RELEASING HORMONE (CRH) is released from the 
hypothalamus with the purpose of triggering the pituitary to release its hormones. The nucleus 
that releases this hormone also receives many connections from the limbic system and lower 
brain stem. It is called the Anterior Hypothalamic Nucleus. 

PITUITARY 

The hormone, ARENOCORTICOTROPIC HORMONE (ACTH) (or CORTICOTROPIN) is released from 
the anterior pituitary with the purpose of triggering the adrenals to release GLUCOCORTICOIDS 
- CORTISOL, MINERALOCORTOCOIDS - ALDOSTERONE and ANDROGENS - TESTOSTERONE.  

The Adrenal Gland: 

The two adrenal glands are located immediately anterior to the kidneys, encased in a 
connective tissue capsule and usually partially buried in an island of fat. Like the kidneys, the 
adrenal glands lie beneath the peritoneum (a thin membrane that lines the abdominal cavity 
surrounding the internal organs).  
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Inspection of the adrenal (means near kidneys) gland reveals two distinct regions. 

 An inner medulla (comes from the word marrow, which means inner most essential 
part), which is a source of the catecholamines epinephrine (comes from the word epi ς 
upon and nephro ς kidney) and norepinephrine (comes from the word nor, meaning 
lacking a particular chemical compound in epinephrine; norepinephrine turns into 
epinephrine). The chromaffin cell comes from the word chromium meaning that these 
cells stain easily with chromium salts; they have affinity for chromium; they take on a 
brownish appearance due to oxidation of catecholamines to melanin ς colors skin.  And 
by the way the word chromo means colored skin). The medulla is richly innervated by 
preganglionic sympathetic fibers and is, in essence, an extension of the sympathetic 
nervous system. 

An outer cortex (derivation means - bark of the tree, which correlates to the outer most 
portion), which secretes several classes of steroid (comes from the a word meaning 
άŦƻǊƳƛƴƎ ŦǊƻƳ ŎƘƻƭŜǎǘŜǊƻƭέύ hormones (glucocorticoids and mineralocorticoids, and 
adrogens). 

Despite their organization into a single gland, the medulla and cortex are functionally 
different endocrine organs, and have different embryological origins. The medulla derives 
from neural tissue, while the cortex develops from another source. In some species, amphibians 
and certain fish, for example, two separate organs are found. 

Adrenal Medullary Hormones 
 

Catecholamines 
Cells in the adrenal medulla synthesize and secrete norepinephrine and epinephrine. The 
ratio of these two catecholamines differs considerably among species: in humans, cats and 
chickens, roughly 80 % of the catecholamine output is epinephrine. Following release into 
blood, these hormones bind adrenaline receptors on target cells, where they induce 
essentially the same effects as direct sympathetic nervous stimulation.  

Synthesis and Secretion 

Synthesis of catecholamines begins with the amino acid tyrosine (this is a non-essential amino 
acid, which means your body can produce it; transmits nerve impulses to the brain; helps 
overcome depression; Improves memory; increases mental alertness; promotes the healthy 
functioning of the thyroid, adrenal and pituitary glands), which is taken up by chromaffin cells in 
the medulla and converted to norepinephrine and epinephrine through the following steps:  



 

Secretion of these hormones is stimulated by acetylcholine (acts as a nerve impulse 
transmitter.  Requires the B vitamins, and is release from preganglionic sympathetic fibers 
innervating the medulla. Many types of "stresses" stimulate such secretion, including 
exercise, hypoglycemia and trauma. Following secretion into blood, the catecholamines bind 
loosely to and are carried in the circulation by albumin.  

Physiologic Effects 

In general, circulating epinephrine and norepinephrine released from the adrenal medulla 
have the same effects on target organs as direct stimulation by sympathetic nerves, although 
their effect is longer lasting. Additionally, of course, circulating hormones can cause effects in 
cells and tissues that are not directly innervated. The physiologic consequences of medullary 
catecholamine release aid in dealing with stress. These effects can be predicted to some 
degree by imagining what would be needed if, for example, you were trapped in Jurassic Park 
when the power went off. A listing of some major effects mediated by epinephrine and 
norepinephrine are:  

 Increased rate and force of contraction of the heart muscle: this is predominantly an 
effect of epinephrine. 

 Constriction of blood vessels: norepinephrine, in particular, causes widespread 
vasoconstriction, resulting in increased resistance and hence arterial blood pressure. 
This can show up as high blood pressure. 

 Dilation of bronchioles: assists in pulmonary ventilation. Asthma especially. 

 Stimulation of lipolysis in fat cells: this provides fatty acids for energy production in 
many tissues and aids in conservation of dwindling reserves of blood glucose. The 
catacholamines are the main hormones that release fat from adipose tissue. 

 Increased metabolic rate: oxygen consumption and heat production increase 
throughout the body in response to epinephrine. Medullary hormones also promote 
breakdown of glycogen (stored sugar) in skeletal muscle to provide glucose for energy 
production. 

 Dilation of the pupils: particularly important in situations where you are surrounded in 
low light. If the adrenals are weak, this mechanism can malfunction ς shine a light into 
ǎƻƳŜƻƴŜΩǎ ŜȅŜǎ ŀƴŘ ǿƛǘƘƛƴ ǘǿƻ ƳƛƴǳǘŜǎ ǘƘŜ ŜȅŜǎ ǿƛƭƭ ƴƻǘ ōŜ ŀōƭŜ ǘƻ Ƴŀƛƴǘŀƛƴ 
vasoconstriction if the adrenals are malfunctioning. 

 Inhibition of certain "non-essential" processes: an example is inhibition of 
gastrointestinal secretion and motor activity. 



Common stimuli for secretion of adrenomedullary hormones include exercise, hypoglycemia 
(after eating sugar), hemorrhage and emotional distress.  

Diseases 

Pheochromocytoma 

A pheochromocytoma is a tumor that originates from the adrenal gland's chromaffin cells 
causing overproduction of catecholamines, powerful hormones that induce high blood pressure 
and other symptoms. 

With about 20 percent of pheochromocytomas, chromaffin cells grow outside their normal 
location in the adrenal glands. Only 5 percent of pheochromocytomas that grow within the 
adrenal glands are cancerous, but 30 percent of those outside the adrenal glands are 
cancerous. Pheochromocytomas occur in fewer than 1 in 1,000 people. They may occur in men 
or women at any age, but they're most common between ages 30 and 60. 

Pheochromocytomas are usually very small. They rarely cause symptoms from pressure or 
obstruction and usually can't be felt by a doctor. However, even a small pheochromocytoma 
can produce a substantial amount of potent catecholamines, which causes many symptoms. 
The catecholamines include hormones such as adrenaline (epinephrine), norepinephrine, 
dopamine, and dopa, all of which stimulate high blood pressure. Catecholamines also trigger 
other symptoms usually associated with threatening situations that inspire panic attacks.  

Symptoms 

The most prominent symptom of a pheochromocytoma is high blood pressure, which may be 
very severe. In about 50 percent of the people, the high blood pressure is persistent. In the rest, 
high blood pressure and other symptoms come and go, sometimes triggered by pressure on the 
tumor, massage, medication (especially anesthesia drugs), emotional trauma, and on rare 
occasions the simple act of urination. Other symptoms include any or all of the following: a fast 
and pounding heart rate, excessive sweating, light-headedness when standing, rapid breathing, 
flushing, cold and clammy skin, severe headaches, chest and stomach pain, nausea, vomiting, 
visual disturbances, tingling fingers, constipation, and an odd sense of impending doom. When 
these symptoms appear suddenly and forcefully, they can feel like a panic attack. 

Diagnosis 

A doctor may not suspect a pheochromocytoma because almost half the people have no 
symptoms other than persistent high blood pressure. However, when high blood pressure 
occurs in a young person, comes and goes, or accompanies other symptoms of 
pheochromocytoma, the doctor may request certain laboratory tests. For example, the level of 
certain catecholamines may be measured in urine samples. 



Adrenal Cortex Hormones 
 

Adrenal Steroids 
The adrenal cortex is a factory for steroid hormones. In total, at least two to three dozen 
different steroids are synthesized and secreted from this tissue, but two classes are of 
particular importance: 

Class of Steroid 
Major 

Representative 
Physiologic Effects 

Mineralocorticoids Aldosterone 

Na+, K+ and water 
homeostasis; increasing 

aldosterone will decrease 
potassium and increase 

sodium. 

Glucocorticoids 
(Comes from the word ς glucose 

and produced by the adrenal 
cortex, which these hormones 

regulate) 

Cortisol 
Glucose homeostasis and 

many others 

Additionally, the adrenal cortex produces some sex steroids, particularly androgens. 

Synthesis and Secretion 

Like all steroids, adrenal "corticosteroids" are synthesized from cholesterol through a series of 
enzyme-mediated transformations.  

Each of the three major pathways involves sequential 
processing by a group of enzymes, some of which reside 
in endoplasmic reticulum and others inside 
mitochondria. Hence, synthesis involves shuttling of the 
steroids between these two organelles.  

Synthesis of the different steroids is not uniformly 
distributed through the cortex. For example, the 

outermost group of cells (zona glomerulosa) synthesizes aldosterone, but essentially no cortisol 
or androgens because those cells do not express the enzyme 17-alpha-hydroxylase which is 
necessary for synthesis of the pre-hormones.  That enzyme is however present in cells of the 
inner zones of the cortex (zonae fasiculata and reticularis), which are the major sites of cortisol 
production.  

Like all steroid hormones, cortisol and aldosterone bind to their respective 
receptors, and the resulting hormone-receptor complexes bind to a hormone 
response element to modulate transcription of responsive genes. Although the 



physiologic effects of these two steroid hormones are distinctly different, their 
receptors are quite similar and, most interestingly, they bind to the same 
element in DNA! Mineralocorticoids - Aldosterone 

 
Removal of the adrenal glands leads to death within just a few days. Observation of such an 
unfortunate subject would reveal several key derangements:  

 The concentration of potassium in extracelluar fluid becomes dramatically elevated. This 
is because aldosterone decreases intracellular potassium by pushing it out into the 
extracellular area. 

 Urinary excretion of sodium is high and the concentration of sodium in extracellular 
fluid decreases significantly. This is because aldosterone retains sodium and without it, 
sodium is released from the kidneys and along with this goes the water as well. 

 Volume of extracellular fluid and blood decreases. Remember ς the blood chemistry is 
very similar to the extracellular fluid. This is because when you decrease sodium, you 
also decrease water.  

 The heart begins to function poorly, cardiac output declines and shock ensues  

These phenomena are a direct result of loss of mineralocorticoid activity, and can largely be 
prevented by replacement of salts and mineralocorticoids, but not potassium. Clearly 
mineralocorticoids are acutely critical for maintenance of life!  

Aldosterone, the major mineralocorticoid, is indispensable for survival. It increases sodium 
reabsorption from the renal tubular fluid, saliva and gastric juice. In the kidney, aldosterone 
acts on the epithelium of the distal tubule and collecting duct where it facilitates the exchange 
of sodium (reabsorbed) for potassium and hydrogen ions (excreted). H+ ions control pH.  If the 
gland is ridding H+, then the body becomes more alkaline. Think of potassium and H+ together, 
so if potassium decreases so does the pH (decreasing H+ out in the urine to form an alkaline 
body). It may also increase potassium and decrease sodium in muscle and brain cells.  If an 
increase in potassium occurs then an increase in H ions occur making excess acids  

Secondary actions include: maintenance of blood pressure (as a consequence of sodium-water 
retention and increased blood volume); moderate potassium release in urine and increased 
urine acidity (sodium taken up is exchanged for potassium and hydrogen ions which are 
excreted). If the urine become acid, the by the act of losing acid can become too alkaline. So, 
with an increased aldosterone and ŎƻǊǘƛǎƻƭΣ ǿƘƛŎƘ Ŏŀƴ ƻŎŎǳǊ ƛƴ /ǳǎƘƛƴƎΩǎ {ȅƴŘǊƻƳŜ όƛƴŎǊŜŀǎŜŘ 
cortisol), the blood pH will usually be alkaline.  If the glucocorticoids (cortsiol) increase so do 
ǘƘŜ ƳƛƴŜǊŀƭƻŎƻǊǘƛŎƻƛŘǎ όŀƭŘƻǎǘŜǊƻƴŜύΦ  ¢ƘŀǘΩǎ ǿƘȅ ǳǊƛƴŜ ǇI Ŏŀƴ ōŜ ƳƛǎƭŜŀŘƛƴƎ ς the body is 
releasƛƴƎ ǎƻ ƳǳŎƘ ŀŎƛŘ ōȅ ŘŜǇƭŜǘƛƴƎ ǘƘŜ ōƻŘȅ ƻŦ ŀŎƛŘΦ  LŦ ǎƻƳŜƻƴŜ ŘƻŜǎƴΩǘ ŎƻƴǎƛŘŜǊ ǘƘƛǎΣ ǘƘŜȅ 
might be mislead and give the wrong recommendations. 

Aldosterone and Mineralocorticoid Receptors 

The principal steroid with mineralocorticoid activity is aldosterone. Cortisol, the major 
glucocorticoid, is said to have "weak mineralocorticoid activity", which is of some importance 
because cortisol is secreted very much more abundantly than aldosterone. Another way to 



state this is that a small fraction of the mineralocorticoid response in the body is due to cortisol 
rather than aldosterone.  

The mineralocorticoid receptor binds both aldosterone and cortisol equally. Moreover, the 
same DNA sequence serves for the activated (steroid-bound) forms of both mineralocorticoid 
and glucocorticoid receptors. An obvious question is:  

How in the world can aldosterone stimulate specific biological effects in this kind 
of system, particularly when blood concentrations of cortisol are something like 
2000-fold higher than aldosterone?  

A large part of the answer is that, in aldosterone-responsive cells, cortisol is effectively 
destroyed, allowing aldosterone to bind its receptor without competition.   In essence, this 
enzyme "protects" the cell from cortisol and allows aldosterone to act appropriately. Some 
tissues express abundant mineralocorticoid receptors but not certain enzymes so therefore do 
not show responses to aldosterone because aldosterone is not present in quantities sufficient 
to compete with cortisol.  Hippocampus is part of the limbic system (means boarder because it 
borders the thalamus), and stimulation can cause excess sex drive, rage, and relay center for 
learning. 

 

An interesting demonstration of this enzyme protection system is seen in chronic licorice 
intoxication. 

Physiologic Effects of Mineralocorticoids 

Mineralocorticoids play a critical role in regulating concentrations of minerals - particularly 
sodium and potassium - in extracellular fluids. The blood fluids are similar to the extracellular 
fluid. As described above, loss of these hormones leads rapidly to life-threatening abnormalities 
in electrolyte and fluid balance.  

The major target of aldosterone is the distal tubule of the kidney, where it stimulates 
exchange of sodium and potassium. Three primary physiologic effects result:  

 Increased resorption of sodium: sodium loss in urine is decreased under aldosterone 
stimulation. 

 Increased resorption of water, with consequent expansion of extracellular fluid volume. 
This is an osmotic effect directly related to increased resorption of sodium. 

 Increased renal excretion of potassium. Decreased intracellular potassium. 

Cortisol 

Aldosterone
e 

Cortisone 



Knowing these effects should quickly suggest the cellular mechanism of action this hormone. 
Aldosterone stimulates the ƴǳƳōŜǊǎ ƻŦ ϦǎƻŘƛǳƳ ǇǳƳǇǎέ ƛƴ the kidneys, which increases 
retention of sodium. Aldosterone also stimulates expression of a sodium channel, which 
facilitates uptake of sodium from the nephron.  

Aldosterone has effects on sweat glands, salivary glands and the colon, which are essentially 
identical to those seen in the distal tubule of the kidney. The major net effect is again to 
conserve body sodium by stimulating its resorption or, in the case of the colon, absorption from 
the intestinal lumen. Conservation of water follows conservation of sodium. A person can have 
constipation with not enough sodium because the water that goes with it can be depleted and 
cause a drying effect.  This would a decrease in aldosterone. 

Control of Aldosterone Secretion 

Control over aldosterone secretion is truly multifactorial and tied into a spider web of other 
factors, which regulate fluid and electrolyte composition and blood pressure. If the major 
effects of aldosterone are considered, it is rather easy to predict factors, which stimulate or 
suppress aldosterone secretion. The two most significant regulators of aldosterone secretion 
are:  

 Concentrations of potassium ion in extracellular fluid: Small increases in blood levels of 
potassium strongly stimulate aldosterone secretion. 

 Angiotensin II: (This word ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǿƻǊŘ άŀƴƎƛƻέ ƳŜŀƴƛƴƎ ǾŜǎǎŜƭ ŀƴŘ άǘŜƴǎƛƴέ 
meaning stretched.) Activation of the renin-angiotensin system as a result of decreased 
renal blood flow (usually due to decreased vascular volume) results in release of 
angiotensin II, which stimulates aldosterone secretion.  

Regulating Blood Pressure: 

The Renin-Angiotensin-Aldosterone System  

A fall in blood pressure (1) causes the release of renin--a kidney enzyme. 

Renin (2) in turn activates angiotensin (3), a hormone that causes the muscular walls of the 
small arteries (arterioles) to constrict, increasing blood pressure. 

Angiotensin also triggers the release of the hormone aldosterone from the adrenal gland (4), 
which causes the kidney to retain salt (sodium) and excrete potassium. The sodium retains 
water, thus expanding the blood volume and increasing blood pressure. 

Other factors, which stimulate aldosterone secretion, 
include adrenocorticotropic hormone ς ACTH (short-term 
stimulation only) and sodium deficiency. Factors, which 
suppress aldosterone secretion, include atrial naturetic 
hormone, high sodium concentration and potassium 
deficiency.  

Atrial Naturetic hormone: Produced by the right atrium of 
the heart and when released, has an effect of causing 3-10X 
the increase of sodium excretion from the kidneys and out 



through the urine. The blood volume and extracellular fluids also decrease. This hormone is 
stimulated by increased blood volume through the stretching of arteries. 

Potassium (K+) is the major positive ion within cells and is particularly important for 
maintaining the electric charge on the cell membrane, which is necessary for neuromuscular 
communication and for transporting nutrients into cells and waste products out of the cell. The 
concentration of potassium inside cells is about 30 times that in the blood and other 
extracellular fluids. 

Potassium levels are mainly controlled by the steroid hormone aldosterone, which increases 
excretion of potassium. Aldosterone is secreted from the adrenal gland in the presence of 
increasing levels of potassium. Metabolic acidosis (causes shortness of breath, confusion or 
lethargy)or alkalosis (Hyperventilation-increased rate of breathing)(for example, caused by 
excess vomiting) can affect blood potassium because this ion shifts into or out of cells in 
exchange for hydrogen ions. For example, in acidosis, some of the excess hydrogen ions will 
shift into cells in exchange for potassium ions being released from the cells. (take potassium 
when too acid) 

Small changes in the potassium concentration outside cells can have substantial effects on the 
activity of nerves and muscles. This is particularly true of the heart muscle. Low levels of 
potassium cause increased activity (which can lead to an arrhythmia), whereas high levels cause 
decreased activity. Either situation can lead to cardiac arrest in some circumstances. In normal 
people, taking potassium supplements or potassium-containing drugs is of no consequences, 
because the kidneys efficiently dispose of excess potassium. 

Disease States 

Overproduction of Aldosterone 

Overproduction of aldosterone (hyperaldosteronism) by the adrenal glands is a condition that 
affects the blood levels of sodium, potassium, bicarbonate (pH buffers), and chloride (used in 
making HCL), leading to high blood pressure, weakness, and, rarely, periods of paralysis. 

Aldosterone, a hormone produced and secreted by the adrenal glands, signals the kidney to 
excrete less sodium and more potassium. Aldosterone production is regulated partly by ACTH 
in the pituitary and partly by a control mechanism in the kidneys (the renin-angiotensin-
aldosterone system). (see top of page) Renin, an enzyme produced in the kidneys, controls the 
activation of the hormone angiotensin, which stimulates the adrenal glands to produce 
aldosterone. 

Hyperaldosteronism can be caused by a tumor (usually noncancerous) in the adrenal gland. 
Sometimes hyperaldosteronism is a response to certain diseases. For example, the adrenal 
glands secrete large amounts of aldosterone if the blood pressure is very high or if the artery 
that carries blood to the kidneys is narrowed. 

Symptoms 

High levels of aldosterone can lead to low levels of potassium, causing weakness, tingling, 
muscle spasms, and paralysis. The nervous system may not function properly. Some people 
become extremely thirsty and urinate frequently, and some experience personality changes. 



Symptoms of hyperaldosteronism are also associated with eating licorice, which contains a 
chemical very similar to aldosterone In rare cases, people who eat a great deal of candy with 
real licorice flavoring may develop all the symptoms of hyperaldosteronism. 

Glucocorticoids - Cortisol 
 

In contrast to loss of mineralocorticoids, failure to produce glucocorticoids is not acutely life-
threatening. Nevertheless, loss or profound diminishment of glucocorticoid secretion leads to 
a state of deranged metabolism and an inability to deal with stressors, which, if untreated, is 
fatal.  

In addition to their physiologic importance, glucocorticoids are also 
among the most frequently used drugs, and often prescribed for their 
anti-inflammatory and immunosuppressive properties.  

Cortisol and Glucocorticoid Receptors 

The vast majority of glucocorticoid activity in most mammals is from 
cortisol, also known as hydrocortisone. Corticosterone, the major 

glucocorticoid in rodents, is another glucocorticoid.  

Cortisol binds to the glucocorticoid receptor in the cytoplasm and the hormone-receptor 
complex is then translocated into the nucleus, where it binds to its DNA and modulates 
transcription from a battery of genes.  

Only about 10% of circulating cortisol is free. The remaining majority circulates bound to 
plasma protein. This protein binding likely decreases the metabolic clearance rate of 
glucocorticoids and, because the bound steroid is not biologically active, tends to act as a buffer 
and blunt wild fluctuations in cortisol concentration.  

Physiologic Effects 

There seem to be no cells that lack glucocorticoid receptors and as a consequence, these 
steroid hormones have a huge number of effects on physiologic systems. That having been said, 
it can be stated that the best-known and studied effects of glucocorticoids are on carbohydrate 
metabolism and immune function.  

Metabolism 

The name glucocorticoid derives from early observations that these hormones were involved in 
glucose metabolism. In the fasted state, cortisol stimulates several processes that collectively 
serve to increase and maintain normal concentrations of glucose in blood. These effects 
include:  

 Stimulation of gluconeogenesis (making glucose from amino acids), particularly in the 
liver: This pathway results in the synthesis of glucose from non-sugar substrates such as 
amino acids and lipids. Enhancing the expression of enzymes involved in 
gluconeogenesis is probably the best known metabolic function of glucocorticoids.  



 Mobilization of amino acids from extrahepatic 
tissues: These serve as substrates for gluconeogenesis.  

 Inhibition of glucose uptake in muscle and adipose 
tissue: A mechanism to conserve glucose.  

 Stimulation of fat breakdown in adipose tissue: The 
fatty acids released by lipolysis (breaking down of 
lipids) are used for production of energy in tissues like 
muscle, and the released glycerol provide for 
gluconeogenesis.  

Inflammation and Immune Function 

Glucocorticoids have potent anti-inflammatory and 
immunosuppressive properties. This is particularly evident 
when they administered at pharmacologic doses, but also is 
important in normal immune responses. As a consequence, 
glucocorticoids are widely used as drugs to treat 
inflammatory conditions such as arthritis or dermatitis, and as adjunction therapy for 
conditions such as autoimmune diseases.  

Other Effects 

Glucocorticoids have multiple effects on fetal development. An important example is their role 
in promoting maturation of the lung. Mice with disruptions in the corticotropin-releasing 
hormone gene (see below) die at birth due to pulmonary immaturity.  

Excessive glucocorticoid levels resulting from administration as a drug or 
hyperadrenocorticism have effects on many systems. Some examples include inhibition of 
bone formation, suppression of calcium absorption and delayed wound healing. These 
observations suggest a multitide of less dramatic physiologic roles for glucocorticoids.  

Control of Cortisol Secretion 

Cortisol and other glucocorticoids are secreted in response to a single stimulator: 
adrenocorticotropic hormone (ACTH) from the anterior pituitary. ACTH is itself secreted under 
control of the hypothalamic peptide corticotropin-releasing hormone (CRH). The central 
nervous system is thus the commander and chief of glucocorticoid responses, providing an 
excellent example of close integration between the nervous and endocrine systems.  

Virtually any type of physical or mental stress results in elevation of cortisol concentrations in 
blood due to enhanced secretion of CRH in the hypothalamus. This fact sometimes makes it 
very difficult to assess glucocorticoid levels, particularly in animals. Observing the approach of a 
phlebotomist, and especially being restrained for blood sampling, is enough stress to artificially 
elevate cortisol levels several fold!  

Cortisol secretion is suppressed by classical negative feedback loops. When blood 
concentrations rise above a certain theshold, cortisol inhibits CRH secretion from the 
hypothalamus, which turns off ACTH secretion, which leads to a turning off of cortisol secretion 



from the adrenal. The combination of positive and negative control on CRH secretion results in 
pulsatile secretion of cortisol. Typically, pulse amplitude and frequency are highest in the 
morning (waking you up) and lowest at night (putting you asleep).  

Physiologic effects of Glucocorticoids  

Glucocorticoids are nonspecific cardiac stimulants that activate release of vasoactive 
substances. In the absence of corticosteroids, stress results in hypotension, shock, and death.  

Glucocorticoids act as follows to: 

Cortisol and other glucocorticoids are secreted in response to a single stimulator: 
adrenocorticotropic hormone (ACTH) from the anterior pituitary. ACTH is itself secreted under 
control of the hypothalamic peptide corticotropin-releasing hormone (CRH). The central 
nervous system is thus the commander and chief of glucocorticoid responses, providing an 
excellent example of close integration between the nervous and endocrine systems.  

Virtually any type of physical or mental stress results in elevation of cortisol concentrations in 
blood due to enhanced secretion of CRH in the hypothalamus. This fact sometimes makes it 
very difficult to assess glucocorticoid levels, particularly in animals. Observing the approach of a 
phlebotomist, and especially being restrained for blood samplin  

 Stimulate gluconeogenesis and decrease cellular glucose use  
 Mobilize amino acids and fatty acids  
 Inhibit the effects of insulin  
 Give rise to ketone bodies in metabolism (ketogenesis)  
 Elevate RBC and platelet levels  
 Exhibit anti-inflammatory effects, including the following:  

o Maintenance of normal vascular response to vasoconstrictors  
o Opposition to increases in capillary permeability  
o Inhibition of immune cells by production by macrophages  
o Reduction of adherence of macrophages to endothelium  
o Depletion of circulating eosinophils and lymphocytes  
o Reduction of circulating lymphocytes (primarily T cells)  

Disease States 

Overactive Adrenal Glands 

The adrenal glands can produce too much of one or more hormones. 
Changes in the adrenal glands themselves or over stimulation by the pituitary 
gland may be the cause. The symptoms and treatment depend on which 
hormones--androgenic steroids, corticosteroids, or aldosterone--are being 
overproduced. 

Overproduction of Androgenic Steroids 

Overproduction of androgenic steroids (testosterone and similar hormones) is 
a condition that leads to virilization, the development of exaggerated 
masculine characteristics in either men or women. 



Mild overproduction of androgens is common but may lead only to increased hair growth 
(hirsutism).  

Symptoms 

Signs of virilization include hairiness of the face and body, baldness, acne, deepening of the 
voice, and increased muscularity. In women, the uterus shrinks, the clitoris enlarges, the 
breasts become smaller, and normal menstruation stops. Both men and women may 
experience an increased sex drive. 

 

Overproduction of Corticosteroids 

Overexposure to corticosteroids, whether from overproduction by the adrenal glands or from 
administration of excessive amounts by a doctor, results in Cushing's syndrome. 

An abnormality in the pituitary gland, such as a tumor, can cause the pituitary to produce large 
amounts of ACTH, the hormone that controls the adrenal glands. Pituitary tumors that 
overproduce ACTH occur in about 6 in every 1 million people. Small-cell carcinoma in the lung 
and some other tumors outside the pituitary gland can produce ACTH as well. This is the most 
common cause of excessive adrenal cortical function, found in at least 10 percent of people 
with small-cell carcinoma in the lung, a common type of tumor. 

Symptoms 

Because corticosteroids alter the amount and distribution of body fat, a person with Cushing's 
syndrome usually has a large, round face (moon face). Excessive fat develops throughout the 
torso and may be particularly noticeable at the top of the back (buffalo hump). Fingers, hands, 
and feet are usually slender in proportion to the thickened trunk. Muscles lose their bulk, 
leading to weakness. The skin becomes thin, bruises easily, and heals poorly when bruised or 
cut. Purple streaks that look like stretch marks may develop over the abdomen. 

High corticosteroid levels over time raise the blood pressure, weaken bones (osteoporosis), 
and diminish resistance to infections. The risk of developing kidney stones and diabetes is 
increased, and mental disturbances, including depression and hallucinations, may occur. 
Women with Cushing's syndrome usually have an irregular menstrual cycle. Children who have 
the condition grow slowly and remain short. In some people, the adrenal glands also produce 
large amounts of androgenic steroids, leading to increased facial and body hair, balding, and an 
increased sex drive. 

Diagnosis 

Doctors who suspect Cushing's syndrome after observing the symptoms measure the blood 
level of cortisol, the main corticosteroid hormone. Normally, cortisol levels are high in the 
morning and decrease during the day. In people who have Cushing's syndrome, cortisol levels 
are very high in the morning and don't decrease late in the day as would be expected. 
Measuring cortisol in the urine can be useful because tests performed a few hours apart can 
indicate how much cortisol has been produced in that time. 



Underactive Adrenal Glands 

Addison's disease (adrenocortical insufficiency) results when underactive adrenal glands 
produce insufficient amounts of corticosteroids. 

In 30 percent of people with Addison's disease, the adrenal glands are destroyed by a cancer, 
endocrine disruptors, an infection such as tuberculosis, or another identifiable disease. In the 
other 70 percent, the cause isn't known for certain, but scientists strongly suspect the adrenal 
glands are destroyed by an autoimmune reaction.  

The adrenal glands are also suppressed in people who take corticosteroids such as prednisone. 
Ordinarily, the dose of corticosteroids is tapered slowly before the drug is stopped completely. 
When corticosteroids are stopped suddenly after being taken for a month or more, the adrenal 
glands may be unable to produce corticosteroids in sufficient amounts for several weeks or 
even months, depending on the dose of corticosteroids and the duration of treatment. Certain 
other drugs taken to treat fungal infections can also block the natural production of 
corticosteroids, resulting in a deficiency. 

Corticosteroid deficiency can lead to many problems. For example, when corticosteroids are 
lacking, the body excretes large amounts of sodium and retains potassium (slow heart rate and 
ƭƻǿ ōƭƻƻŘ ǇǊŜǎǎǳǊŜύόƛŦ ǘƘŜ ŎƻǊǘƛŎƻǎǘŜǊƻƛŘǎ ŀǊŜ ŜȄŎŜǎǎƛǾŜΣ ȅƻǳΩƭƭ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ǎƻŘƛǳƳ ŀƴŘ 
decreased potassium ς high blood pressure, increased heart rate and fluid retention), leading to 
low levels of sodium and high levels of potassium in the blood. The kidneys aren't able to 
concentrate urine, so when a person with a corticosteroid deficiency drinks too much water or 
loses too much sodium, the blood level of sodium falls. Inability to concentrate urine ultimately 
causes the person to urinate excessively and become dehydrated. Severe dehydration and a 
low sodium level reduce blood volume and can culminate in shock. 

Corticosteroid deficiency also leads to an extreme sensitivity to insulin, a hormone normally 
present in the blood, so that the blood sugar levels may fall dangerously low. The deficiency 
prevents the body from manufacturing carbohydrates from protein and fat (glyconeogenesis ς 
in liver), fighting infections, or healing wounds very well. The person will crave carbohydrates 
ōŜŎŀǳǎŜ ǘƘŜȅ ŘƻƴΩǘ have enough blood sugar. Low blood sugar will cause irritableness and 
depression and mental fatigue as well. Muscles weaken, and even the heart can become weak 
and unable to pump blood adequately. 

To compensate for a deficiency of corticosteroids, the pituitary gland produces more ACTH, the 
hormone that normally stimulates the adrenal glands. Since ACTH also affects melanin 
production, people with Addison's disease often develop a dark pigmentation of the skin and 
the lining of the mouth. The excessive pigmentation usually occurs in patches. Even people with 
dark skin can develop excessive pigmentation, although the change may be hard to recognize.  

Symptoms 

Soon after developing Addison's disease, a person feels weak, tired, and dizzy when standing up 
after sitting or lying down. The skin becomes dark; this darkness may seem like tanning, but it 
appears on both sun-exposed and nonexposed areas. Black freckles may develop over the 
forehead, face, and shoulders; a bluish-black discoloration may develop around the nipples, lips, 



mouth, rectum, scrotum, or vagina. Most people lose weight, become dehydrated, have no 
appetite, and develop muscle aches, nausea, vomiting, and diarrhea. Many become unable to 
tolerate cold. Unless the disease is severe, symptoms tend to become apparent only during 
times of stress. 



 

Adrenocorticotropic Hormone (ACTH) 
 

Adrenocorticotropic hormone, as its name implies, stimulates 
the adrenal cortex. More specifically, it stimulates secretion of 
glucocorticoids such as cortisol, and has little control over 
secretion of aldosterone, the other major steroid hormone 
from the adrenal cortex. Another name for ACTH is 
corticotropin.  

ACTH is secreted from the anterior pituitary in response to 
corticotropin-releasing hormone from the hypothalamus. 
corticotropin-releasing hormone is secreted in response to 
many types of stress, which makes sense in view of the "stress 
management" functions of glucocorticoids.  

 
 

 

 



 

Adrenal Hormone Pathway  
 

 



Hypoadrenal Mechanism  
 

 

 
 



Aldosterone Pathways  
 

 
 
 



Definitions: 
 

Pheochromocytoma 
A neuroendocrine tumor that produces excessive catecholamines. 

/ǳǎƘƛƴƎΩǎ {ȅƴŘǊƻƳŜ ς is cortisol excess.  The adrenal under stress too long Ŏŀƴ ƎŜǘ ǎǘǳŎƪ άƻƴέ 
producing too much cortisol.  This can occur because of a pituitary tumor or other factors like 
EDs blocking receptors making the adrenals produce more cortisol.  The pituitary secretes 
ACTH.  ACTH directly increases cortisol.  Characteristics of this disorder include moon face, 
acne-ƭƛƪŜ ŜǊǳǇǘƛƻƴǎΣ ŦŀŎƛŀƭ ƘŀƛǊΣ Ŧŀǘ ŘŜǇƻǎƛǘǎ ƻƴ ǘƘŜ ƭƻǿŜǊ ŎŜǊǾƛŎŀƭ ǎǇƛƴŜ ŎŀƭƭŜŘ άōǳŦŦŀƭƻ ƘǳƳǇΣέ 
muscle weakness, abdomen area grossly exaggerated compared with thin, stick-like arms and 
legs, excessive bruising, pigmented striae, and central (mid-section) obesity.  Osteoporosis is 
another common problem.  People who have taken long-term steroid treatment can develop 
this syndrome and get symptoms of oral candidiasis and hoarseness as side-effects. 

!ŘŘƛǎƻƴΩǎ 5ƛǎŜase 
This is an adrenal insufficiency. It usually results from an auto-immune problem. This can easily 
result from taking medications like steroids and corticosteroids. TB is another cause but this is 
rare nowadays. We have found through our clinical research that consuming animal products 
that have been given growth hormones used in fattening cattle and chickens have a major 
negative effect on adrenal glands. Symptoms include hyperpigmentation (characterized by a 
person having a sun tan), anorexia, loss of appetite, irritability, apathetic feelings, depression, 
oversensitivity to smells and tastes, nausea, weakness, low blood pressure and excessive 
potassium. Another cause of adrenal hormone deficiency is the pituitary not producing enough 
ACTH. This is a pituitary problem.  If someone is on long-term steroids, the adrenals can stop 
ǇǊƻŘǳŎƛƴƎ ƭŜŀŘƛƴƎ ǘƻ !ŘŘƛǎƻƴΩǎ 5ƛǎŜŀǎŜΦ  

 


