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THE HYPOTHALAMUS
The hypothalamus is located in the walls and floor of the third ventricle above the pituitary gland and is connected to the pituitary via the pituitary stalk.  The gland weighs approximately 4 gm.  Neuronal connections from the cerebral cortex are numerous and complex and are responsible for the circadian and cyclic rhythms in hormonal secretion, as well as the integration of neuroendocrine and autonomic homeostatic responses.

The hypothalamus is composed of clusters of neurons, the most important of which are the supraoptic and paraventricular nuclei.  Axons from these extend down through the stalk to the posterior pituitary.  Other regions of the hypothalamus have shorter axons, which terminate on the walls of a rich capillary plexus from which portal vessels pass down the stalk to the anterior pituitary.

Biogenic amines, such as dopamine, catecholamines, acetylcholine, serotonin and histamine, are released in the hypothalamus by neurons from other parts of the brain and influence hypothalamic function.  A cascade of events result:  Picograms of biogenic amine induce nanograms of hypothalamic hormone, which induce micrograms of anterior pituitary hormone, which induce release of milligram quantities of target hormone.

Regulatory Factors from the Hypothalamus
The hypothalamus controls the function of the anterior pituitary through synthesis and release of inhibitory and stimulatory factors.  Most of the these factors are small peptides, which reach the anterior pituitary via the blood supply from the hypothalamus.  The characterized stimulatory or releasing hormones include thyrotropin releasing hormone (TRH), gonadotropin releasing hormone (GnRH), corticotropin releasing hormone (CRH), and growth hormone releasing hormone (GHRH).  Inhibitory factors include dopamine, which inhibits prolactin release, and somatostatin, which inhibits growth hormone release.

Receptors in the Hypothalamus
Chemoreceptors ‑ There are specific receptors in the hypothalamus for estrogen, androgen, progesterone, cortisol and thyroxine.  These function as part of the long loop feedback control of the anterior pituitary.
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FIG. 13-3. Structure of the pituitary gland and control of the different cells that produce the
hormones of the anterior pituitary. ACTH = conticotropin, adrenocorticotropic hormone; ADH
= vasopcessin, antidiuretic hormone; CRH = corticoliberin, corticotropin-releasing hormone;
DA = dopamine, prolactin-inhibiting factor (PIF); FSH = follitropin, follicle-stimulating
. hormone; GnRH = gonadoliberin, gonadotropin-releasing hormone; LH = lutropin, luteinizing
hormone; B-LPH = 8-lipotropin; OT = oxytocin; PRL = prolactin; PVN = paraventricular
nuclei; SIF = somatostatin, somatotropin-inhibiting factor; SON = supraoptic nuclei; SRH
= somatoliberin, somatotropin-releasing hormone; STH = somatotropin, growth hormone; TRH
= thyroliberin, thyrotropin-reieasing hormoae; TSH = thyrotropin, thyroid-stimulating hormone.
The significance of B-LPH as a by-product of CRH acting on lipocorticotropes is uncenain.



The Hypothalamus–Pituitary–Target Gland Axis

Thermoreceptors ‑ These perceive changes in body temperature and initiate shivering and sweating responses, as well as metabolic rate, appetite and behavioral changes.

Glucoreceptors ‑ These respond to hypoglycemia and cause release of norepinephrine, somatotropin (GH), and ACTH.

 
Osmoreceptors ‑ Located in the supraoptic nucleus, responds to changes in osmolality of the blood.  Levels above 290 mOsm/kg stimulate antidiuretic hormone (ADH) release.

Baroreceptors ‑ Located in the thorax, responds to a decrease in effective circulating blood volume and also stimulates vasopressin release from the posterior pituitary.

Evaluation of Disorders of the Hypothalamus
It is not possible to assess hypothalamic function directly with routine laboratory tests.  The hormones released from this region are in very low concentration and are very labile.

THE ANTERIOR PITUITARY
Structure and Function
The pituitary gland derives from two sources.  The anterior pituitary arises from Rathke's pouch, whereas the posterior pituitary is formed from cells in the floor of the third ventricle.  The pituitary is surrounded by bone in a depression called the sella turcica.  The gland weighs approximately 0.5 gm, 75% of which is the anterior pituitary.  The pituitary stalk passes through the covering called the diaphragma sellae to connect with the hypothalamus.  The optic chiasm rests on the anterior portion of this covering, therefore it is susceptible to pressure from expanding masses in the pituitary.  Blood supply to the pituitary comes from a capillary network in the median eminence of the hypothalamus, merging to form the portal venous plexus, which delivers hypothalamic hormones to the anterior pituitary.

There are a number of different cell types in the pituitary.  These different cell types secrete six polypeptide hormones.  The pituitary hormones form 3 distinct groups.  The corticotrophin related polypeptide hormones (ACTH and ‑lipotropin) are single peptide chains of 13‑90 amino acids in length.  The somatomammotropins, GH and Prolactin, are similar in amino acid sequence to each other and contain intramolecular disulfide bonds.  The glycoprotein hormones (TSH, FSH, LH) each contain two subunits, alpha and beta.  The beta subunit determines the hormone specificity, while the alpha subunits are identical in structure.

Adrenocorticotropic hormone (ACTH)
ACTH consists of 39 amino acids, 1‑24 are necessary for biological activity (MW 4500 gm).  This molecule originates, along with ‑lipotropin, from a larger precursor.  ACTH is the source of MSH (melanocyte stimulating hormone) activity.  ACTH stimulates cortisol production and release by the adrenal cortex.  The hypothalamus controls ACTH through CRH with negative feedback from cortisol acting at both the hypothalamic and pituitary levels.  The circadian rhythm of ACTH release is determined by higher centres, but can be overridden by stress.

Clinical significance:  Increased ACTH associated with stress, pituitary adenoma (Cushing's disease), ectopic ACTH producing tumors (carcinoid, bronchogenic CA), Addison's disease.  Decreased ACTH associated with secondary adrenal insufficiency and autonomous cortisol secreting adrenal tumors.

Follicle Stimulating Hormone (FSH) and Luteinizing Hormone (LH)
FSH stimulates ovarian follicle growth and estrogen production in women and testicular spermatogenesis in men.  LH induces ovulation and maintains the corpus luteum and progesterone production in women, while it stimulates testosterone production by the Leydig cells in men.  GnRH from the hypothalamus effects both LH and FSH release.  Negative feedback control occurs via the hypothalamus.  Estrogen inhibits release in women, while testosterone inhibits release in men.  A polypeptide termed "inhibin" from the testis suppresses FSH.

Clinical significance:  Decreased gonadotropin levels associated with infertility and hypogonadism secondary to pituitary failure.  Increased gonadotropin levels associated with primary gonadal failure, menopause.

Thyrotropin (TSH)
A glycoprotein (M.W. 28,000) which stimulates synthesis and secretion of thyroid hormones from the thyroid gland.  Hypothalamic control is mediated by TRH.  Feedback inhibition from free T3 and T4 occurs at the pituitary level by decreasing responsiveness of TSH release to TRH.

Clinical significance:  TSH is a sensitive test of primary hypothyroidism (TSH >10 mU/L) and hyperthyroidism (TSH <0.1 mU/L).  TSH is also decreased in secondary hypothyroidism and rarely increased in association with pituitary tumors secreting TSH.

Somatotropin (Growth hormone, GH)
Contains 191 amino acids, some of which are homologous with prolactin.  This hormone acts directly on a wide variety of target tissues stimulating protein synthesis, lipolysis and influencing hyperglycemia.  It also induces production of the somatomedins (Sulfation Factor) by the liver, which mediates the GH effect on bone and cartilage.  Hypothalamic control is mediated by somatostatin and GHRH.  GH release is pulsatile, most being secreted during sleep. 

Clinical significance:  Decreased GH is a rare cause of growth failure.  Increased GH associated with acromegaly and gigantism.

Prolactin
Prolactin is similar in structure and size to GH.  Principle action is to initiate and sustain lactation.  Prolactin is a unique pituitary hormone in that it is primarily under inhibitory control by dopamine from the hypothalamus.  Compression of the pituitary stalk or hypothalamic damage will result in diminished secretion of all anterior pituitary hormones, except prolactin which will increase.

Clinical significance:  Prolactin measurements are useful in the investigation of patients with amenorrhea, infertility, or impotence.  Prolactin increased by stalk compression, hypothalamic injury, prolactinomas, certain drugs, hypothyroidism, chronic renal failure.

DISORDERS OF THE ANTERIOR PITUITARY
The main clinical problems associated with excessive or deficient pituitary hormone production are shown in the following table.  Excessive secretion in pituitary disease usually involves a single hormone, but deficiencies can be multiple.


HORMONE

EXCESS

DEFICIENCY

GH
Acromegaly

Gigantism
Dwarfism

Prolactin
Amenorrhea

Infertility

Impotence

Galactorrhea
Lactation

 failure

ACTH
Cushing's

   disease
Secondary

  adrenocortical

  hypofunction

TSH
Hyperthyroidism

  (very rare)
Secondary

  hypothyroidism

LH/FSH
Precocious

    puberty
Secondary 

  hypogonadism

  Infertility

PITUITARY ADENOMAS
Pituitary adenomas are quite common, representing 10‑15% of all intracranial tumors and found in 6‑23% of all unselected autopsies.  The majority of these tumors are slow growing and confined to the sella turcica.  There are both hormone secreting (functional) and non‑secreting (non‑functional) pituitary adenomas.  If the tumor is functional, the earliest manifestations are endocrinological.  The most common pituitary adenoma is a prolactinoma, followed by growth hormone and ACTH secreting tumors.  FSH and LH secreting pituitary adenomas are less common and TSH secreting tumors are rare.  Approximately 25% of pituitary tumors are non‑functional, however, most of these secrete inactive polypeptide hormone subunits.  Later manifestations of pituitary adenomas are a result of expansion of the tumor.  Complications include compression and destruction of normal pituitary tissue (panhypopituitarism), visual field defects, headaches, cranial nerve palsies, CSF leaks, and diabetes insipidus.

Laboratory investigation is required to confirm the biochemical nature of hypersecreting tumors and to also assess residual pituitary function.  In endocrinology, there is a good general rule of thumb.  If hypersecretion is suspected, a suppression test should be carried out.  If hyposecretion is suspected, a stimulation test should be used.  Dynamic testing is required because baseline levels are insufficiently discriminatory in many cases.

A)
Growth hormone secreting tumor:  acromegaly and gigantism
Clinical features:  Gigantism results if onset of tumor occurs prior to closure of epiphyses.  Acromegaly is the result of excess GH production in adults.  These problems are most commonly due to pituitary tumors;  rarely due to ectopic production of GHRH (carcinoid tumors).  This condition most commonly presents in adults (mean age 40) and it affects both sexes equally.  They usually have had the tumor for many years by the time the problem is recognized.  The tumor is often large and the patient may have developed visual field defects, panhypopituitarism, and severe headaches.  Other physical and metabolic features include thickened sweaty skin, large feet, hands, skull and jaw, cardiomegaly, organomegaly, hypertension, arthritis, and glucose intolerance.

Diagnosis:  With late disease, the physical features may make the diagnosis obvious.  Definitive diagnosis depends on the demonstration of autonomous excess production of GH.  1) Baseline serum GH should first be determined (R.I. < 5 g/L).  Normal individuals may show modest increases in GH secondary to stress, exercise, and prolonged fasting.  2) A glucose suppression test is used to confirm acromegaly.  An oral load of glucose (75g) is given and GH measured at 0, 1, and 2 hours post load.  A normal response is to suppress serum GH to < 2 g/L.  Patients with acromegaly or gigantism will fail to suppress.  The baseline results may also be very high.

Additional investigations:
1)
CAT scan, MRI;

2)
visual field checks;

3)
somatomedin C;


4)assessment of residual pituitary function.

Management:








1)
Sugical;

2)
Medical;

3)
Irradiation.

B)
Prolactin secreting tumors
Clinical features:  Most women present with microadenomas, while men present with macroadenomas and all of its consequences.  Hyperprolactinemia is a common endocrine abnormality.  It is an important cause of infertility in both males and females, impotence in males, and galactorrhea and menstrual irregularities in females.  These effects are thought to be mediated through inhibition of the pulsatility of GnRH release.  Prolactin can be increased for physiological reasons, such as stress, pregnancy, and suckling.  Certain drugs which block dopamine receptors or deplete dopamine may also increase prolactin.  Increased prolactin is also associated with hypothyroidism and chronic renal failure.  Stalk compression and hypothalamic dysfunction increase prolactin as discussed earlier.  However, the highest levels of prolactin are associated with prolactinomas, the most common type of pituitary adenoma.

Diagnosis:  In patients with the above clinical features and an increased prolactin, you must first exclude drugs, renal failure, and hypothyroidism as the cause.  You are then left with pituitary adenoma, stalk compression or hypothalamic dysfunction as the differential.  There are no good suppression tests to help you.  The best indicator is the degree of elevation of prolactin (R.I. < 25 g/L).  If prolactin is > 100 g/L, you are most likely dealing with a prolactinoma.  Levels may be very high.


Additional investigation:
1)
CAT scan, MRI;

2)
visual field;

3)
assessment of residual pituitary function.

Management:

1)
Medical; (bromcriptine, a dopamine agonist is the first choice for treatment)

2)
Surgery.

C)
ACTH secreting tumour (Cushing's Disease)
This is the cause of 50‑60% of non‑iatrogenic Cushing's syndrome.  The diagnosis of this disorder will be considered when the adrenal cortex is covered.  Normal range for ACTH (non‑stressed patient) is 0‑12 pmol/L.  ACTH levels may be well within the normal range in some individuals with Cushing's disease.  However, any measurable ACTH with a non‑suppressible elevated cortisol is inappropriate and may be suggestive of this disorder.

D)
Gonadotropin secreting tumors
The frequency of gonadotropin secreting adenomas is likely much higher than previously suspected.  These tumors are most commonly found in middle aged men who have a history of normal development and fertility.  They are brought to medical attention because of visual impairment due to the enormous size of this adenoma.  FSH, along with gonadotropin subunits (physiologically inactive), are most commonly hypersecreted.  If LH is hypersecreted, testosterone levels may be very high.  Management is surgical with and without irradiation.

E)
TSH secreting tumors
The most common cause of hyperthyroidism is Grave's disease.  In this situation, TSH is completely suppressed.  If TSH is not suppressed in a patient with hyperthyroidism, one should suspect a pituitary adenoma.  TSH secreting pituitary adenomas are very rare.

HYPOPITUITARISM
The clinical picture of hypopituitarism is dictated by the pattern of the hormone deficiency present (whether single or multiple) and the stage in growth and development when the disorder develops.  Decreased pituitary function is usually associated with an intrasellar lesion that directly compromises pituitary function, or a  hypothalamic lesion that prevents adequate transport of releasing factors to the pituitary.  With an expanding lesion in the pituitary fossa, GH secretion is usually affected first, followed by the gonadotropins.  TSH and ACTH secretion are the most resistant to the pressure of an expanding lesion.  A useful pneumonic to remember the usual order of loss of pituitary function is:  Go (GH) Look (LH) For (FSH) The (TSH) Adenoma (ACTH).

Causes of Hypopituitarism
A)
Neoplasms:
Craniopharyngioma, pituitary carcinoma, pituitary tumour, metastatic carcinoma, pinealoma;

B)
Infarction:
After stalk resection, arteriosclerosis, diabetes mellitus, hemoglobinopathies.  Post partum pituitary necrosis (Sheehan's syndrome);

C)


Infection;

D)
Granuloma:
Histiocytosis, sarcoidosis;

E)


Aneurysm;

F)
Other:

Familial hypopituitarism, head trauma, iron overload (hemochromatosis, transfusion siderosis), irradiation, traumatic arachnoiditis;

G)


Idiopathic;

H)


Hypothalamic Disease.

A)
Growth hormone deficiency:  Pituitary dwarfism is one potential cause of abnormally short stature.  Most children with short stature will not have an identifiable pituitary disorder.  Endocrine causes of growth retardation, although uncommon, should be identified because they are treatable.  Children with hypopituitarism most commonly have a pituitary tumor (i.e. craniopharyngioma), or no demonstrable etiology (idiopathic).  Isolated growth hormone deficiency is sometimes associated with mid line defects, such as cleft palate and is hereditary in 10% of cases.  Growth hormone deficiency in adults is of apparent minimal clinical significance.

Laboratory Investigation:

1)
Basal plasma GH ‑ Baseline GH levels are not reliable to confirm the diagnosis of growth hormone deficiency.  GH release is episodic and much of the time it is not measurable in normal children.  Most GH is released during sleep.  Normal children will show increases in GH 60‑90 minutes after onset of sleep.  Twenty minutes of vigorous exercise will also normally increase GH release.

2)
Stimulation tests ‑ Confirmation of GH deficiency requires demonstration of a failure of GH to respond to provocative stimuli.  Normally GH will increase in response to oral or I.V. infusion of arginine, L‑dopa, clonidine, or glucagon.  One of the more reliable tests, which however requires strict medical supervision, is the insulin tolerance test.  A dosage of 0.1 u/kg of insulin is administered I.V., and blood is drawn at 0, 30, 60 and 90 minutes for glucose and GH.  Glucose should drop by at least 50% to values less than 2.2 mmol/L for adequate stimulation.  GH should rise by at least 5 g/L to > 10 g/L to rule out GH deficiency.

It is presently recommended that there by 2 abnormal stimulation tests prior to definitive diagnosis and initiation of GH replacement therapy.

If GH is proven to be deficient, other pituitary hormones should also be assessed.

Management:

B)
General hypopituitarism:  Once the question of hypopituitarism has been raised, the secretion of all the pituitary hormones should be assessed.  The indications for comprehensive pituitary function testing are:

1)
suspect thyroid, gonad, or adrenal insufficiency with low serum levels of the corresponding pituitary tropic hormone;

2)
suspect functional pituitary adenoma with elevated level of the pituitary tropic hormone, i.e. Acromegaly, Cushing's disease, prolactinoma;

3)
CAT scan or MRI evidence of hypothalamic or pituitary tumor;

4)
post‑hypophysectomy assessment of residual pituitary function.

Laboratory Assessment
The Triple Bolus Test :  Administration of insulin, GnRH, and TRH simultaneously via I.V., with assessment of all pituitary hormone responses over a 90 minute interval, is the fastest and most convenient way of assessing overall anterior pituitary function.  A baseline blood sample is drawn for T4, TSH, LH, FSH, testosterone or estradiol, prolactin, cortisol (or ACTH), GH and glucose.

Insulin (0.15 U/kg), 100 g of GnRH, and 200 g of TRH are given.  Blood samples are drawn at 0, 30, 60 and 90 minutes, for determination of glucose, GH, cortisol, TSH, prolactin, FSH, and LH.

Normal response to triple bolus:

Insulin:
Glucose ‑ should fall to < 2.2 mmol/L.  GH should increase to > 10 g/L 2 hr. after maximum fall in glucose.

Cortisol ‑ should increase by 280 nmol/L to at least a total value of 550 nmol/L.

TRH:
TSH ‑ should increase by  5 mU/L to a total value of at least 10 mU/L.

Prolactin ‑ should show 2 fold increase.

GnRH:

LH  :  increase 3‑5 fold.

FSH :  increase 2‑2 fold.

POSTERIOR PITUITARY
Structure and Function
The posterior pituitary consists of axons and dendrites of thousands of neurons, whose cell bodies are primarily located in the supraoptic and paraventricular nuclei of the hypothalamus.  Two hormones are produced by these cell bodies, along with a carrier protein, neurophysin, and are transported down the axons as a complex to the posterior pituitary.  The active hormones are released on demand into the capillaries.  Antidiuretic hormone (ADH, Vasopressin) and oxytocin are both nonapeptides of similar structure.  ADH acts on the distal tubules and collecting ducts of the kidneys as an antidiuretic, causing water resorption and concentrating urine.

ADH release and synthesis is under the control of osmoreceptors in the hypothalamus.  If the blood volume decreases by 8%, or the blood pressure falls by 5%, then baroreceptors become dominant in the regulations of ADH.  ADH levels are also stimulated by nausea, pain, stress, exercise, sleep and drugs, such as nicotine, morphine and barbiturates.  ADH levels are suppressed by hypo‑osmolality, cold and drugs, such as alcohol, dilantin and glucocorticoids.  Oxytocin, on the other hand, is under neural control and is stimulated by suckling and cervical dilation during parturition.  The half life of ADH is 15‑20 minutes, oxytocin 3‑5 minutes.

DISORDERS OF THE POSTERIOR PITUITARY
A)
Diabetes Insipidus:  This disorder is due to a deficiency of ADH.  There is failure to concentrate urine and large volumes of dilute urine may be excreted (5‑15 L/day).  Hypernatremia may result, which is usually compensated by increased fluid intake.  The major complaint of the patient is polyuria and polydipsia.

Causes of diabetes insipidus
1)
Neoplastic or infiltrative lesions of the hypothalamic posterior pituitary region;

2)
Secondary to surgical procedures near the pituitary;

3)
Secondary to head injury;

4)
Idiopathic.

Diagnosis:  Differential diagnosis of polyuria and polydipsia includes:

1)
diabetes mellitus;

2)
nephrogenic diabetes insipidus (hypokalemia, hypercalcemia, chronic renal disease, lithium);

3)
primary diabetes insipidus;

4)
psychogenic polydipsia.

Differentiation Protocol
1)
Document polyuria (>2.5 L/day);

2)
Exclude glycosuria, hypokalemia, hypercalcemia, sickle cell disease and drugs (lithium, democlocycline);

3)
Perform water deprivation test.  The protocol of this procedure may vary from hospital to hospital, usually 8 hour duration.  If in any patient the basal serum osmolality is greater than 300 m0sm/kg (normal range 285‑295), and the urine osmolality is <600, diabetes insipidus is likely.  These patients should be rehydrated before testing.

In normal individuals, water deprivation for 8 hours leads to a small increase in serum osmolality and the urine osmolality should increase to greater than 600 m0sm/kg.  Patients with diabetes insipidus will show a much greater increase in their serum osmolality and lower increases or no increase at all in their urine osmolality.  After exogenous administration of synthetic ADH (ddAVP), the urine osmolality should increase unless the patient has nephrogenic diabetes insipidus.  Fluid deprivation tests should be terminated if the weight loss of the patient exceeds 3% of initial body weight.  Another approach is to measure ADH (not always available).

Management: 
Mild deficiency - drugs which enhance ADH action, i.e. chlorpropamide;

Severe deficiency - ADH analogues, i.e. desmopressin (ddAVP)

B)
Syndrome of inappropriate ADH secretion (SIADH):  Persistently high levels of ADH can cause water retention resulting in dilutional hyponatremia.  The serum sodium is low (occasionally 100 mmol/L), chloride and urea are also low, while HCO3 and K+ are normal or only slightly decreased.  The serum osmolality is low, while the urine osmolality is higher than that of the serum.  Urinary sodium is also persistently high.  The clinical symptoms of this disorder are mainly caused by cerebral dysfunction due to intracellular overhydration.  Patient may present with confusion, irritability and abnormal behavior.  This can lead to drowsiness, ataxia, and difficulty in swallowing.  Finally fits, coma and death may result.  The picture of dilutional hyponatremia should not be confused with that of salt depletion.  In salt depletion the patient is clinically dehydrated and the blood urea may be elevated.

 
Causes of SIADH:

A)
Increased release of ADH

1.
Neurologic (head injury, encephalitis, tumors, aneurysms);

2.
Drugs (narcotics, carbamazepine);

3.
Lung diseases (pneumonia, TB, mechanical ventilation);

4.
Post‑operative patients, pain.

B)
Ectopic ADH

1.
Bronchogenic carcinoma.

C)
Potentiation of ADH action

1.
Chlorpropamide

D)
Exogenous ADH (DDAVP)

Diagnosis:


hyponatremia;


decreased plasma osmolality;


inappropriately increased urine osmolality;


continued natriuresis (> 20 mmol/L);


no edema;


normal renal and adrenal function;


patient improves when fluid is restricted.

Management:

fluid restriction, drugs
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