www.MedicalSchoolCompanion.org
Endocrinology: The Hypothalamus & Posterior Pituitary Gland:
Homeostasis and disease
Clinical Pathologic Correlation : Hypothalamus & Neurohypophysis

Introduction
Any discussion about endocrinology should start with the hypothalamus. Usually, however,
endocrinology is traditionally organized by an anatomical classification that started over a
century ago.
-
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Pituitary gland
Thyroid gland
Adrenal gland
Gonads
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Parathyroid gland
Pancreatic islet cells

The hypothalamus does not even appear in this anatomical view of endocrinology. It is seen
therefore as a vague structure that sits above the pituitary gland, releasing hormones to the
pituitary gland. The pituitary gland is viewed as central to regulation.
This is a deeply flawed view. The hypothalamus is the central controller of our endocrine
system because it regulates the internal functions in response to changes in the external
environment. Every major influence of the outside world will end gets signaled to the
hypothalamus. It is the hypothalamus that will then make the necessary adjustments to our
internal environment using neurohormonal signals. Consider these core functions that
hypothalamus is involved in regulating:
-

Temperature (sympathetic nervous system)
Osmolality / Blood volume (ADH)
Basal metabolic rate (thyroid)
Growth (GH)
Stress (cortisol)
Reproduction (sex hormones, prolactin, oxytocin)
Appetite / weight (leptin, ghrelin)
Sociability (prolactin, oxytocin)

The hypothalamus sits at the center of endocrinology. The pituitary gland is merely the
amplifier that allows the hypothalamus to send signals from its position in the CNS to the body.
It is striking, therefore, to find any key endocrine functions that are not regulated by the
hypothalamus. There are two: glucose (β cells of the pancreas) and the minerals calcium /
phosphorus (PTH).
This idea that the hypothalamus connects the outside world to our internal functions is best
understood by the idea of homeostasis (for more detail, see: General Pathology: Homeostasis,
Adaptation and Disease).

Homeostasis: a brief review
Definition: maintaining a stable internal environment despite changes in the surrounding
external environment.
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•
•
•

-

-

Regulated variable: parameter
used to assess system status
Dynamic range: the acceptable
functional limits
Set point: the ideal setting in
the dynamic range

Homeostasis is necessary at 3 levels:
1. System (i.e. whole body): the hypothalamus is the most important site for
the correlation of the external environment to the body
2. Local (i.e. tissue or organ):examples include regional blood flow and
release of cells from the bone marrow
3. Cell: this is a rapidly evolving area. Examples include:
• Energy supply (i.e. lipolysis, glucose absorption): AMPK
• Energy storage (triglyceride synthesis): CHREBP
• Protein synthesis: mTOR
• Injury / cytokines: NFκB
The vital functions of the hypothalamus that reviewed here (others are listed above):
• Basal metabolic rate (BMR) /temperature: thyroid
• Growth: growth hormone
• Stress: cortisol
• Reproduction / sociability: sex steroids, prolactin
• Osmolality: ADH

Structure
-

-

The key to understanding the relationship between the hypothalamus and its amplifier
to the body, the pituitary gland, is to compare the blood supply of the anterior pituitary
(adenohypophysis) to that of the posterior pituitary (neurohypophysis)
The adenohypophysis arises from Rathke pouch, derived from the oral ectoderm. The
neurohypophysis derives from the neuroectoderm of the diencephalon.

Week 3
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the two regions have different blood supplies:

-

The superior hypophyseal artery supplies the lower hypothalamus and then forms a
vascular plexus at the median eminence. This forms a venous connection to another
capillary plexus in the adenohypophysis.
A portal system connects 2 capillary beds. The portal system connecting the
viscera to the liver is well known. This is a second important portal system.

-
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The neurons of the arcuate nucleus end in the portal plexus in the median eminence.
The releasing factors released by these nerves then diffuse into the capillary plexus.
• The median eminence has no blood brain barrier and the capillary endothelial
cells are fenestrated. This allows for immediate and direct diffusion of the
releasing hormones into the systemic portal system.
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The slow venous flow of the portal system allows for maximal contact of the
hypothalamic releasing hormones to the receptors of the anterior pituitary cells.
The pituitary gland merely serves as an amplifying organ from the hypothalamus in the
CNS to the cells of the body.
•

-

-

-

-
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The inferior hypophyseal artery supplies the posterior pituitary gland. The venous
drainage goes out into the inferior petrosal vein
• The neurons of the hypothalamus, especially the supraoptic and paraventricular
nuclei end in the capillary plexus of the neurohypophysis. ADH and prolactin
diffuse from there directly into the systemic circulation.
The inferior petrosal vein empties into the internal jugular vein. In Cushing disease, the
inferior petrosal vein can be catheterized and directly sampled for ACTH. In tertiary
medical centers, this has replaced the high dose dexamethasone test for differentiating
pituitary adenoma from an ectopic source of ACTH production.
Sheehan syndrome: in pregnancy, there is hyperplasia of the anterior pituitary gland
cells. This causes some degree of increased pressure in the bony sella turcica together
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with an increased demand for blood. With significant hypotension such as a postpartum bleed, the anterior pituitary infarcts, as it only has venous pressure from the
portal system. The posterior pituitary does not infarct as it has arterial blood pressure
and no increase in demand.

Regulation
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The feedback regulation of the endocrine system through the
adenohypophysis is seen in the image. In any clinical situation
with an increase or decrease in hormone level, the nest
determination is the level of the defect: 1°, 2°, 3° or the
target cell.
Using this feedback model of homeostasis, the endocrine
systems regulated by the hypothalamus can be summarized
in a table (see below).
Note that the glucose and Ca+2 /PO4-2 systems are not
regulated through the CNS
The hypothalamus releases hormones in a pulsatile fashion
with very short half-lives
• This allows for precise signaling
• Pulses can vary in frequency and amplitude, allowing for a different signal for a
single hormone. For example:
 Frequent, low amplitude GnRH pulse…………………….
LH
 Slow, high amplitude GnRH pulse………………………….
FSH
 Leuprolide is a gonadotropin agonist, but suppresses production of FSH/LH
because it has a continuous signal

Adenohypophysis: The H > P > Organ Axis
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The neurohypophysis does not work by a negative hormonal feedback system.
• Anti-diuretic hormone (ADH), aka vasopressin (AVP)
 Released from neurons of the supraoptic and paraventricular nuclei in
response to hypotension and decreased osmolality (BP > osmolality)
 Target cells:
• Principle cell (kidney): Gsα receptor, upregulation of AQ2 channels
for resorption of water
• Smooth muscle cell (arterioles): Gq receptor, vasoconstriction
 ADH has other complex effects in the CNS
• Oxytocin
 Released from neurons of the supraoptic and paraventricular nuclei n
response to input for other neurons (e.g. milk let-down reflex)
 Target cells:
• Peripheral: breast myocytes (milk let-down reflex) uterine smooth
muscle (myometrial contraction, cervical dilation)
• CNS: pro-social behavior

Diseases of the Hypothalamus & Neurohypophysis
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-

Failure of puberty (1° amenorrhea) (For more detail, see: Female reproductive system:
endocrinology: Investigation of amenorrhea and infertility)
• Kallman syndrome
 A syndrome of hypogonadotropic hypogonadism due to a deficiency of GnRH
together with anosmia. It is also called isolated GnRH deficiency (IGD).
 Due to a failure of hypophyseal neurons to produce GnRH. The classic defect
is in anosmin, a protein involved in the migration of olfactory neurons. The
hypophyseal GnRH neurons migrate to the hypothalamus from the olfactory
placode (the ectodermal thickening for olfactory neurons).
 Commoner in males than females (4:1).
 Presentation: failure of puberty.
 Diagnosis:
• ↓sex hormones (testosterone in males, estradiol in females)
• ↓FSH & LH
• DDx: constitutional delay of puberty
 Treatment:
• Phenotypic gender: sex hormone replacement
• Fertility: gonadotropins (gonads and genitalia are normal)

-

Secondary amenorrhea (For more detail, see: Female reproductive system:
endocrinology: Investigation of amenorrhea and infertility)
• Functional Hypothalamic Amenorrhea (aka Hypothalamic Amenorrhea)
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A condition of hypogonadotropic hypogonadism due to decreased release of
hypothalamic gonadotropic releasing hormones
Responsible for as many as 1/3 of 2° amenorrheas (PCOS causes about 40%)
Usually due to an energy intake/expenditure mismatch as seen in the caloric
deficiency of anorexia nervosa and expenditure of extreme athletes. The
malabsorption of celiac sprue has a uniquely high association with
amenorrhea.
Stress severe enough to alter the adrenal axis and cortisol levels is associated
with a decrease in gonadotropin releasing hormones.
Some authors do not include systemic inflammatory disease in this category
as functional disorders do not include underlying organic diseases.

-

Hyponatremia and mental changes

-

SIADH (Syndrome of inappropriate ADH secretion)
 Hyponatremia due to excessive ADH either released from the hypothalamic
osmotrophs or ectopically form a neoplasm, usually a bronchogenic small cell
carcinoma.
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Etiology: there are numerous causes for release, most commonly CNS
disorders (basically any pathology), medications (many), lung disease (10% of
pneumonias and surgery (mediated by pain)
Pathophysiology: ADH upregulates aquaporin 2 channels with absorption of
water from the collecting tubule. The water distributes through the whole
body, resulting in intracellular dilution with swelling and extracellular dilution.
There is no extracellular volume increase due to isotonic diuresis from
↑ANP/↓aldosterone. Neuron dysfunction is the first symptom, manifesting
as mental changes.
Presentation:
• Sx: mental confusion > coma
• P/E: no evidence of edema (i.e. pitting or ascites, or dehydration).
The patient is euvolemic.

Diagnosis:
•
•
Treatment
•
•

Hyponatremia (Na+ < 135mEq/L)
Urine sodium > 40mEq/L
Chronic, no symptoms: water restriction
Acute, symptomatic: hypertonic saline (beware central pontine
myelinosis); ADH inhibitors (e.g. conivaptan)
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Post-op Oliguria, Hyponatremia and Acute SIADH
Post-operative oliguria may be due to an acute release of ADH. The hypothalamus is a
key regulator of the limbic system, where behavior is mediated. It is thought that limbic
system activation by stresses such as pain, trauma and major surgery leads to the release
of ADH. ADH-mediated oliguria should be differentiated from the pre-renal, renal and
post-renal causes, which do not have hyponatremia

-

Polyuria / Polydipsia
• Physiology

•
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Differential diagnosis
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•

Diabetes insipidus: abnormality of ADH function
Psychogenic polydipsia: ingestion of >3 L/water /day, usually associated with
schizophrenia
Osmotic diuresis: glucose, urea with protein-enriched diets

Investigation: Water deprivation test

1. Central Diabetes insipidus
a. Diuresis due to a lack of production of ADH (aka vasopressin or arginine
vasopressin -AVP)
b. Etiology:
i. 50% idiopathic, probably autoimmune
ii. 40% due to infiltration by tumor or destructive inflammation
1. In children, craniopharyngioma
iii. Seen in 10-20% of patients post-excision of pituitary adenoma
c. Treatment: vasopressin (intranasal spray)
2. Nephrogenic Diabetes Insipidus
a. Caused by dysregulation of the AQ2 channel or abnormal ADH receptor.
b. Etiology:
i. Hereditary: abnormalities of the ADH receptor or AQ2 channel
ii. Acquired: lithium toxicity (20%), hypercalcemia, primary renal disease
c. Treatment:
• Diuretics and a low sodium diet.
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Diuretics in Nephrogenic DI
Thiazide diuretics are more effective in this setting than loop diuretics. Thiazides decrease the
plasma volume which leads to more sodium resorption in the proximal tubule and decreased
water delivery to the collecting tubule. By comparison, loop diuretics lead to a decrease in the
osmolality of the medulla by inactivating the NKCC cotransporter, leading to a decreased
counter-current multiplier. This lack of osmotic gradient makes the problem worse.
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Endocrinology: The Hypothalamus & Posterior Pituitary Gland:
Homeostasis and disease
Do you know it?
1. Describe the differential diagnosis and investigation of the following presentations of
hypothalamic disease
a. Polyuria & polydipsia
b. Mental changes
c. Post-operative oliguria
d. 1° amenorrhea
e. 2° amenorrhea

2. Describe a homeostatic model of regulation in the body.

3. Describe the blood supply of the adenohypophysis compared to that of the
neurohypophysis.
a. How does help the function of the hypothalamus?
b. Why does the anterior pituitary infarct during hypotension in pregnancy but the
posterior pituitary does not (Sheahan syndrome)?

4. How can the pituitary production of ACTH be measured directly in Cushing disease?

5. Fill in this table of the H > P > Organ axis
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6. Describe Kallman syndrome
7. Describe functional hypothalamic amenorrhea
8. Describe chronic SIADH
9. How can post-operative oliguria from acute SIADH be differentiated from ATN?

10. Describe the investigation of hyponatremia.

11. Describe the investigation of polyuria & polyuria.
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