The Adrenal Medulla

Catecholamines

The naturally occurring catecholamines are norepinephrine (NE, noradrenaline), epinephrine (E, adrenaline), and dopamine.  The main secretory products of the adrenal medulla are epinephrine and norepinephrine.  Production of catecholamines is not restricted to the adrenal medulla, however, and synthesis of these hormones also occurs in the neurons of the sympathetic and central nervous systems (CNS) and in scattered groups of chromaffin cells found in other regions of the abdomen and neck.  Norepinephrine is the principal product synthesized in the CNS, and epinephrine is the principal catecholamine produced by the adrenal glands.

Physiological actions of the catecholamines are diverse.  Norepinephrine functions primarily as a neurotransmitter.  Both norepinephrine and epinephrine influence the vascular system, whereas epinephrine affects metabolic processes such as carbohydrate metabolism.  The biological actions of the catecholamines are initiated through their interaction with two different types of specific cell membrane receptors, the alpha-adrenergic and beta-adrenergic receptors.  These receptors have different affinities for norepinephrine and epinephrine and cause opposing physiological effects.  Norepinephrine primarily interacts with alpha-adrenergic receptors, whereas epinephrine interacts with both alpha-and beta-receptors.

Stimulation of alpha-adrenergic receptors results in vasoconstriction, decrease in insulin secretion, sweating, piloerection (hair standing on end), and stimulation of glycogenolysis in the liver and skeletal muscle leading to an increase in blood glucose concentration.  Stimulation of beta-receptors, however, leads to vasodilatation; stiumlation of insulin release; increased cardiac contraction rate; relaxation of smooth muscle in the intestinal tract; bronchodilatation by relaxation of smooth muscles in bronchi; stimulation of renin release, which enhances sodium resorption from the kidney; and enhanced lipolysis.

Catecholamines

The biochemical pathway leading to the synthesis of the catecholamines is outlined in Fig. 46-4.  The rate-limiting step is the hydroxylation of the amino acid tyrosine leading to the formation of dihydroxyphenylalainine (dop).  This setp is inhibitied by both epinephrine and norepinephrine.  Tyrosine comes from the diet or from hydroylation of phenylalanine.  Dopa is decarboxylated to from dopaimine, which is a jamor end product in the central nervous sytem where it functions as a neurotransmitter.  Dopamine is stored in granules that are present in both neurons and the adrenal medualla.  Within the granulse, dopamine (-hydroxylase converts dopamine to norepinephrine.  Finally, the norepinephrine is released from the storage granules, and phenylethanolamine N-methyltransferase (PNMT) methylates the norepinephrine to form epinephrine.  PNMT, which is found only in the adrenal medulla, is induced by glucocorticoids (cortisol).  The hormones of the adreanal medulla are stored complexed with proeins (chromogranin A, dopaimine-B-hydroxylase) and adenosine-5’-triphosphate (ATP) in chromaffin granules.  Nerve stimulation results in release of the stored catecholamines from these vesicles by theprocess of exocytosis.

Catecholamines

The catecholamines are stable within the storage granules of the adrenal medullary cells.  However, when they are released they are rapidly degraded by two enzymes; catechol-O—methyltransferase (COMT) and monoamine oxidase (MOA) (Fig. 46-5).  Only a small fraction of catecholaminie output (2%) is excreted unmetabolized as free catecholamines into the urine.  COMT I s present in many tissues, especially liver and kidney, and in erythrocytes.  Theis enzyme methylates the C-3 hydroxyl group of norepinephrine and epinephrine, resulting in normetanephrine and metanephrine respectively.  Approximately 20% of catecholamines are excreted into the urine as metanephrines.  Most catecholamines, however, are further converted to vanillylmandelic acid (VMA) by the combined action of COMT and MAO; the latter is a ubiquitous enzyme that deaminates these amines.  The measurement of free catecholamines, metanephrines, and VMA in the urine may be useful in the diagnosis o adrenal medulalry disease.

Catecholamines

The synthesis of epinephrine and norepinephrine is regulated by the intracellular concentrations of these hormones by negative-feedback inhibition, as stated previously.  The catecholamines are released from the adrenal medulla in response to hypotension, hypoxia, expsoure to cold, muscular exertion, pain, and emotional disturbances.

Disorder of the adrenal medulla: pheochromocytoma

Pheochromocytoma, a relatively rare, usually benign tumor arsising from chromaffin cells, results in hypersedretion of the catecholamines epinephrine and norepinephrine.  It is estimated that at least 0.1% of patienst with persistend diastolic hypertension may have this tumor.  Although it si a rare cause of hypertension, it si important to diagnose because it is surgcailly curable, and even more signifanciantly, it can cause death from acute hypertensive attacks.  This tumor can present as an isolated problem at any age; for example, 10% of pheochromocytomas are reported in cheildren.  Overall incidence is estimated at 1 to 2 per 100,000.  The autopsy incidence is consideragbley higher at 0.3%.  Pheochromocytomoas are most commonly discovered in the third to fifth decades of life.

approximately 90% of pheochromocytomas occur in the adrenal glands, with the remainder occurring in extra-adreanla chromaffin cells, anywhere from the base of the brain to the lower abdomen.  Approximately 10% of pheopcromocytomas are bilateral or multiple, and approixamtely 10% are malignant.  Pheochromocyotmas also occur as an inheritable disorder.  In this case they may be associated with multiple endocrein neoplase (MEN) type II syndrome, which mmanifests as pheochromocytoma, hyperparathyroidism, and medullary carcinoma of the thyroid, or MEN type III, which manifests as multpel mucosal neuromas, medullary carcinaoma fo the thyroid, and pheochromocytoma.  There is also a significan association with neruofibromatosis (von Recklinghausen’s disease) and with von Hippel-Lindau disease.

Pheochromocytomas may relase their hormones in a sustained or episodic fasion.  Clinically the most significant finding is persistent or paroxysmal hypertension; other common findis are summarized in the box.  Many of the symptoms may be persisten or episodic.  Episodes can be asinfrequent as once every few weeks or as freqent as 20 to 30 times daily, with attackes persisting for less than a minute or for as long as a week.  The symptom pattern depends on fht epsecific catecholamine secreted by the tumor.  Rarely hypotension may be the clinical problem.  This is the case if the tumor primarily secretes epinephrine, dopa, or dopaimen.  some patienst may first present with carediac hypertrophy or cardiac failure.  It must be empahziesn that the clinical symptoms are often subtle.  A ghihg degree of clinical alertness is required by the physcian.  The associated symptoms when they do occur are not specific for pheopchromocytoma.  A common cause of death in patiens the unseupsected pheochromocytoma is hypertensiev or hypotensiev crisis precipated by surgery.  Parosymasl attacks may be precipated by palaption of the tumro, postural changes, emotiaonl trauma, and even rrarely micturition (in the case of a rare bladder tumor).

pheochromocytoma

There are many possible ways to investigate pheochromocytoma.  One can measure urinary vanillylmandelic acid (VMA), metanephrines, total catecholamines, or fractionated catechomalimesn.  In addition, one can meansure splams epinephrine and norepinephrine.  Most methods used to measuer the snalytes are anlytiecally specific, but many drugs such as monoamine oxidase inhibotirs and reserpine can alter catecholamines metabolism and may interfere with the interpretation of the results.  The patien tshould not receive any medication, if possible, before the lbaroaty investigation is begun.  Ideally a 24-hour urine sample should be collected when the patient is not receiving any drugs or under andy stress and is medically stable.  With the newer more specific methods available today, dietary restrictions are not required.  Nevertheless, many drugs can either affdct catecholamine metabolims directly or may interefere with ther measurment.  This is especially true for spectrophotometrc and fluorometric methods.  Increased catecholamines concentrasiton may be associated with administraion of exogenous catecholamines (found in nose drops and appetite suppressants), amphetamines, vasodilators, alphadrenergic receptor antagonists (prazosin and phentoloamine) diuretcs with hyponatremia, caffeine, cigarette and marijuana smoking, beta-blockers, and tricyclic antidepressants.  There are other durugs that may decresase catecholamines levels, including clonidine, bromocriptine, desamethasone, and monoamine oxidase inhibitors.

Most of the literature indicatse that a 24-hour urine metanephrine (reference interval, less than 5 µmol/day) determination may be the best screeing test for pheochromocytoma, with a sensityivity of 98% to 99%.  HPLC methods for VMA analysis (reference interval, 10 to 35 µmol/day) are not so sensitive, with a reported sensitity of 90% for pheochromocytoma.  The more recent literature indicates that quantitiation of fractionated urine free catecholamines may be the most sensitive and specific test to order in the investigation of pheochromocytoma (sensitivity >95%).  One continuing problems is that patients with hypertension from other causes may have borderline deviatiosn of catecholamines and their metaoblites.  In patients with 

