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Endocrine System: Adenohypophysis
See : Endocrine: Hypothalamus & Posterior Pituitary first
- Clinical Pathology Correlation

- Structure

o The pituitary gland is not a regulatory organ, but the connection between the
hypothalamus in the CNS and body. The gland projects through the dura mater,
surrounded by a fold of the dura. It should be considered the amplifier of the
hypothalamic signals.
• It is confined by the bony sella turcica and cannot expand without increasing
the pressure in its space.
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Any action expanding the pituitary gland compresses the gland. The anterior
pituitary is the more vulnerable portion, as it has only venous pressure in its
blood supply (see below). Panhypopituitarism can be caused by a
macroadenoma (i.e. >1 cm) in adults, craniopharyngiomas in children and
apoplexy (i.e. hemorrhage into an adenoma, which tend to be very vascular).

For a pituitary mass to compress the optic chiasma, it must project
through the dural fold and then expand to fill the 0.5 to 1 cm distance to
the nerve.
o Blood supply (for more detail, see: Endocrine: Hypothalamus and Posterior Pituitary
Gland).
o 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.

o 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.
o 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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o 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.

o 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.
o 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 with an increased demand for blood. With significant
hypotension such as a post-partum 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.

-
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Regulation

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
o 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.
o Using this feedback model of homeostasis, the endocrine
systems regulated by the hypothalamus can be
summarized in a table (see below).
o Note that the glucose and Ca+2 /PO4-2 systems are not
regulated through the CNS
o 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:
o Frequent, low amplitude GnRH pulse…………………….
LH
o Slow, high amplitude GnRH pulse………………………….
FSH
o 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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Pituitary Insufficiency (Panhypopituitarism)
-
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Pathophysiology:
o Tumors and their treatment are the commonest cause, mostly macroadenomas. In
children, craniopharyngiomas are the commonest tumor.
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o Other causes include radiation, infiltrative disease like sarcoidosis and inflammation
of unknown causes.
Presentation
o Symptoms: These are highly variable depending on:
• Rapidity of onset: rapid onset disease such as apoplexy (hemorrhage into a
macroadenoma) will manifest as acute cortical insufficiency due to a loss of
ACTH.
• Severity of deficiency: complete loss of a hormone will present as its
deficiency picture, while partial loss while only manifest during times of
stress.
• The cells lost: types of anterior pituitary cells do not have to lost at the same
rate. With chronic disease, the gonadotropins tend to be the first lost. If all
cells are lost, then panhypopituitarism results.
o ACTH:
 Severe: vascular collapse and death
 Moderate: postural hypotension and tachycardia
 Mild: fatigue, lassitude, hypoglycemia, eosinophilia
o TSH: hypothyroidism
o FSH/LH:
 ♀: infertility, menstrual disorders
 ♂: decreased libido, decreased muscle mass
o Growth hormone: none acute, decreased muscle mass
o Prolactin: no symptoms
o Physical exam: see individual hormones
Investigation:
• ACTH
• TSH
• Gonadotropins
 Females : no testing is needed if there is a normal menstrual
cycle. For oligo/amenorrhea and FSH or LH, together with serum
estradiol is enough for the differential diagnosis.
 Males: a low serum LH and low testosterone are enough to
establish a diagnosis
• Growth hormone: IGF-1 for screening with a growth hormone glucose
tolerance test (GH-GTT) for confirmation.
• Prolactin: failure to lactate after delivery is the only known effect of
hypoprolactinemia.
Treatment: hormone replacement

Special causes:
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Sheehan syndrome
o The anterior pituitary doubles in size in pregnancy. Within the rigid confines of the
sella turcica there is raised pressure. There is no increase in the blood supply, which
is under venous pressure of a portal system (see above: Structure, Blood supply).
o Hypotension from acute hemorrhage (i.e. enough to require transfusions) leads to
ischemic infarction.
o Over the next several weeks, the patient fails to lactate. There is general lassitude
and the greatest risk is acute decrease in cortisol.
Apoplexy
o Pituitary adenomas are vascular tumors. Hemorrhage into an adenoma can lead to
necrosis of the pituitary gland.
o Patients complain of sudden headache and visual alterations from pressure on the
optic chiasm or CN III. The greatest risk is rapid decrease in cortisol.
Adenoma of the pituitary isthmus
o Even a microadenoma (i.e. <1 cm) can cause panhypopituitarism if it compresses the
pituitary stalk. This cuts off the hypothalamic releasing hormones.
o Note that prolactin is under inhibition by hypothalamic dopamine. With loss of
inhibition from the stalk compression there is hyperprolactinemia. This has different
effects on males versus females. In general, galactorrhea is not seen in males.

Pituitary Neoplasms
-

-
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These are usually classified under Masses of the Sella. This includes craniopharyngiomas in
children (see end of this discussion).
Classification of pituitary neoplasms:
o Size: microadenoma (< 1 cm) or macroadenoma (< 1 cm). Microadenomas are
common, with a prevalence of 14% at autopsy of otherwise well people. The finding
of a microadenoma by imaging, therefore, does not necessarily explain a patient’s
presentation.
o Function: Non-functioning (mass effects only) or functioning (i.e. hormone
production). Most pituitary adenomas are described as “functioning”. This means
that hormone production can be identified in resected tumor. The amount of
hormone production does not usually rise above the clinical threshold that causes
symptoms.
o Behavior: invasive or noninvasive (much better 5 year survival)
Pathophysiology, molecular basis of neoplasm:
o MEN 1: Loss of function mutations in menin is seen in 3-5% of pituitary adenomas.
Menin is a nuclear protein that regulates transcription. 90% of MEN 1 patients
present with hyperparathyroidism by age 40 years. The pituitary adenomas most
commonly secrete prolactin.
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o The most common mutation is a loss of GTPase activity, seen only in
somatotropinomas (i.e. adenomas secreting GH). This leads to a continuous growth
signal and acromegaly in adults.

GTPase and exam questions
A good way to test comprehension of biochemistry is to use metabolic defects found in clinical
diseases. Here is an example using pituitary adenomas:
40% of pituitary adenomas secreting GH have a mutation in the Gsα subunit of the G-coupled
receptor that inhibits GTPase. Which of the following substances would be found in high
concentration in the tumor cells?
a. Protein kinase C
b. Adenosine triphosphate
c. Cyclic adenosine monophosphate
d. Phosphatidylinositol 3
e. Phospholipase C
The correct answer is “c”. This is actually a biochemistry question asking about the Gsα receptor
mechanism of action. If there is inhibition of GTPase, then there will be persistent activation of
adenyl cyclase and cAMP will be present in high concentrations.

-
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Presentation:
o Mass effect: this typically requires a large tumor in the range of > 3 cm in diameter.
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• Headache
• Panhypopituitarism
• Visual defects, most commonly bilateral, bitemporal hemianopsia
o Hormone secretion
• This can be any hormone in the anterior pituitary axis, but is most commonly
prolactin > growth hormone > ACTH.
Prolactinomas
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These represent the majority of functioning adenomas.
Pathophysiology
o Lactotrophs are unique in that they are inhibited by dopamine. Adenomas can
therefore cause hyperprolactinemia two ways:
• LH secreting macroadenoma
• Adenoma compressing the pituitary
isthmus
o Prolactin (PL) physiology should be separated
between pregnancy and non-pregnancy
• Pregnancy: the high levels of estrogen
and progesterone induce an increase of
PL of 10-20 X. At delivery, the
stimulation of these hormones is
replaced by mechanical stimulation of
the nipple signaling to the
hypothalamus.
• Non-pregnant: PL has many complex functions and is produced by many
different cells. The first function is suppression of GnRH from the arcuate
nucleus resulting in ↓FSH & LH, with 2° amenorrhea. PL also acts as a
cytokine, with effects on the immune system and hematopoiesis. PL also has
growth effects.

-

Presentation:
o Premenopausal female
• Inhibition of hypothalamus (↓gonadotropin releasing hormone)
o Amenorrhea
o Infertility
o Galactorrhea (this is only seen in 25% of cases)
• Mass effect
o Headache
o Bilateral bitemporal hemianopsia
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o Postmenopausal female
• Mass effect only
o Males
• Inhibition of hypothalamus (hypogonadotropic hypogonadism)
o Decreased libido
o Erectile dysfunction
o Galactorrhea is rare
Diagnosis
o Hyperprolactinemia
o Imaging for mass
Causes of Hyperprolactinemia
1.
2.
3.
4.
5.

-

Physiologic: pregnancy, nipple stimulation
Pituitary stalk damage: hypothalamic disease, adenoma compression
Prolactinoma
Hypothyroidism (TRH stimulates lactotrophs)
Drugs: dopamine receptor blockers (e.g. anti-psychotics)

Treatment
o Medical: especially for microadenomas (i.e. <1 cm): dopamine agonists (cabergoline
> bromocriptine)
o Surgical: after failure of cabergoline, especially for macroadenomas with neurologic
symptoms: transphenoidal resection

Somatotroph adenomas (growth hormone)
-
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Pathophysiology:
o 40% of somatotroph adenomas have activation of Gsα that inhibits ATPase, resulting
in a sustained activation signal. This results in both an increase in size and
production of GH.
o Growth hormone (GH) is regulated by the arcuate nucleus of the hypothalamus.
• The somatotrophs of the anterior nucleus are under positive control by
growth hormone releasing factor (GHRF) and inhibition by growth
hormone inhibitory factor (GHIF), also called somatostatin.
 Inhibition: GH, IGF-1, leptin and hyperglycemia
 Stimulation: ghrelin (hunger hormone from the gut),
hypoglycemia
• GH is pulsatile and varies throughout the day (increasing in non-REM
sleep) and stage of life (highest in puberty).

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
•
•

•

GH has a short half-life of 10-20 minutes.
GH effects:
A. Acute metabolic stress effects:
 anti-insulin
 lipolysis
 protein synthesis
B. Anabolic growth effects through insulin-like growth factor (IGF-1).
GH receptor is mostly found in the liver. Defects in the GH-R result in
Laron dwarfism.

o Insulin-like growth factor 1 (IGF-1)
• It is a receptor tyrosine kinase similar to other growth receptors like insulin.
There is an extramembranous component and an intracellular component.
• The ligand, GH, causes a conformational change that phosphorylates
intracellular tyrosines. These activate to different major pathways.
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o PI3-K: this activates the Akt system that affects many downstream
systems. Central to this is mTOR that regulates mRNA translation and
thereby cell growth and proliferation.
o RAF-MAPK: this canonical pathway regulates the cell cycle and cell
growth.

-

Presentation
o Children: Gigantism
• One-half are associated with hereditary conditions (McClune-Albright, MEN 1
etc.)
• While pituitary adenomas in children are associated with genetic conditions,
abnormal production GHRH from the hypothalamus is the commonest
pathology in children (compared to sporadic adenomas in adults)
• Presentation: rapid linear growth
• Diagnosis:
o Screen: serum IGF-1
o Diagnosis: GH-GTT suppression of GH
o Imaging: pituitary MRI
• Treatment: surgery, medical, radiation

o Adults: Acromegaly
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Presentation:
o Symptoms:
 Slow growing: time to diagnosis averages 12 years (based on
picture review)
 Mass effect: headache (60%), panhypopituitarism (50%) and
visual field defects (10%)
 GH/IGF-1:
 thickening of hands and feet (change in size, carpal
tunnel syndrome)
 sleep apnea
 joint pain
 heart failure
o signs:
 enlarged jaw (macrognathia) with gaps between teeth, swollen
hands and feet.
 Median nerve compression
Diagnosis:
o Screening: IGF-1 (a normal IGF-1 rules out acromegaly)
o Diagnostic: GH-GTT. Serum glucose should markedly drop by hour 2 of
the glucose tolerance test.
o Pituitary MRI: note that 10-20% of normal individuals will have a
pituitary adenoma. MRI does not distinguish between a functioning and
non-functioning adenoma.
Natural history:
o 2-3 times the usual mortality rate.
o Complications:
 Cardiomyopathy
 Diabetes mellitus
 Arthropathy
Treatment:
o Transphenoidal resection

Masses of the Sella: Craniopharyngioma
-
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These are neoplasms that arise in the pituitary stalk from remnants of Rathke pouch.
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Embryo Week 4-5
-

-

-
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Rathke pouch

Epidemiology:
o Bimodal age group: children and elderly (i.e. >65 years old)
Pathology:
o Epithelial neoplasms that may be benign or malignant
o Calcifications are common and useful in X-ray findings.
o Often cystic. The cyst fluid contains cholesterol that makes is shiny. The fluid is
typically described as “machine oil”.
Presentation:
o Symptoms: headache, hypopituitarism, abnormal vision, most commonly bilateral
hemianopsia.
o Signs: visual field defects, hypothyroidism, Hypocortisolism
Diagnosis: Imaging
Natural history
o Treatment: surgery
o Prognosis: excellent in children, poor in the elderly, as the are more likely to be
invasive.
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Endocrine System: Adenohypophysis
Do You Know It?
1. What are the two commonest causes of acute panhypopituitarism?

2. Why does the hypothalamus, the regulatory organ, require the pituitary gland?

3. Why does the anterior pituitary infarct with post-partum hemorrhage but not the
posterior pituitary?

4. What is the most critical hormone deficiency in Sheehan syndrome?

5. How can the ACTH from the pituitary be directly measured in Cushing disease?

6. Describe the 1°, 2° and 3° organs and target cells for the following endocrine axes:
a.
b.
c.
d.
e.

Thyroid
Cortisol
Growth hormone
Lactation
Sex hormones

7. Describe the symptoms of panhypopituitarism

8. Describe these special situations in pituitary pathology:
a. Sheehan syndrome
b. Apoplexy
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c. Adenoma of the pituitary stalk.

9. What is the differential diagnosis of hyperprolactinemia?

10. What inhibits growth hormone releasing factor other than growth hormone?

11. How is acromegaly diagnosed?

12. How does a craniopharyngioma present?
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