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Review of Pituitary Physiology and Pathology


The pituitary gland is located at the base of the skull in the portion of the sphenoid bone known as the sella tursica (Latin for "Turkish saddle"). It weighs 0.5 to 1 gram and measures approximately 5 x 10 x 15 millimeters. The pituitary gland can double in size during pregnancy. The anterior pituitary (adenohypophysis) constitutes two-thirds of the gland and the posterior pituitary (neurohypophysis) constitutes one-third of the total pituitary. The pituitary gland is connected to the hypothalamus by the pituitary stalk that contains neurons and blood vessels. It is through the pituitary stalk that biochemical messengers circulate between the hypothalamus and the pituitary. The pituitary is sometimes called the "master gland" because it has a central place in the regulation of the entire endocrine system. In reality, the pituitary and hypothalamus are components of an integrated regulatory system that is intimately connected with higher centers in the brain. It is here that the nervous system modulates the activity of the endocrine system. The endocrine system also affects the activity of the nervous system. 


The pituitary gland plays a significant role in the regulation of the endocrine system. It allows the organism to effectively adapt to changes in the external environment. It assists in the adaptation to physical and psychological stress. Changes in the external environment such as ambient temperature elicit a observable response from the pituitary gland. The pituitary gland is intimately involved not only with the regulation of end organ hormones but also with the maintenance of homeostasis in varied systems throughout the body. The function of the pituitary is also fine-tuned by activity of the hypothalamus and higher centers in the nervous system. 


The pituitary gland derives its name from the Latin word "pituita," meaning "phlegm." Phlegm was considered to be one of the four essential humors of the body during Aristotle's time and it was thought that the phlegm passed from higher centers in the brain to the rest of the body through the pituitary gland. It was not until the nineteenth century that Rathke discovered that the pituitary gland was composed of two separate parts, the posterior pituitary (neurohypophysis) and the anterior pituitary (adenohypophysis). Cushing in 1909 was the first to remove part of the pituitary gland in a patient with acromegaly and thereby demonstrated improvement in the condition. 

Pituitary Negative Feedback Systems 


Pituitary tropic hormones are regulated by negative feedback from end organ hormones. For example, ACTH stimulates the production of cortisol by the cortex of the adrenal glands. Elevated levels of circulating cortisol in turn suppress the hypothalamus secretion of CRF and the anterior pituitary secretion of ACTH. In normal individuals, a fall in circulating free cortisol will cause a compensatory increase in plasma ACTH, while an increase in circulating free cortisol will cause a compensatory decrease in plasma ACTH. 

For example, consider hypothyroid, which can be due to ( TRH, ( TSH or ( T4 (  any point in the axis can cause a disruption
a. 1(:  gland dysfunction:  ( T4, ( TSH

b. 2(:  pituitary dysfunction:  ( TSH, ( T4

c. 3(:  hypothalamus dysfunction:  ( TRH, ( TSH, ( T4

Pituitary Hormone Actions 


The pituitary gland secretes eight hormones that affect target tissues directly or indirectly by regulating the secretion of end organ hormones that affect target tissues. These hormones are normally present in extremely small and carefully regulated amounts. The secretion of pituitary hormones is normally often pulsatile (occurring in short bursts of release) and rhythmic (secreted in cyclic or diurnal patterns). Imbalances occur when these patterns are disrupted or when there is excess or deficiency of these hormones. 


The anterior pituitary gland secretes 6 major hormones (GH, PRL, ACTH, TSH, FSH, and LH). These pituitary hormones can directly affect target tissues throughout the body (GH and PRL) or stimulate production of specific hormones in the end organs (ACTH, TSH, FSH, and LH). The posterior pituitary secretes two major hormones (ADH and OT) that affect target tissues directly. 

Anterior Pituitary (Adenohypophysis)
	Hormone
	Primary Target Tissue
	Function
	Excess
	Deficiency
	Increased By…
	Decreased By…

	Adreno-corticotropic hormone (ACTH)
	Adrenal Cortex (cortisol) 
	hormone increases adrenal cortex production of corticoids. 


	Excess: causes Cushing's disease. 


	Deficiency: causes Addison's disease (secondary hypoadreno-corticism). 
	Stress, hypoglycemia, sodium ingestion, Glycyrrhiza glabra, early moming hours, and CRH.
	Potassium, cortisol, DHEA, 

and melatonin. 



	Thyroid-stimulating hormone (TSH)
	Thyroid Gland (T 4 and T 3)
	increases T 4 and T 3 production. 


	Excess: causes "secondary hyperthyroidism." 


	Deficiency: causes "secondary hypothyroidism"  
	Cold environment, stress, exercise, and TRH. 


	Free T 3 & T 4, 

rT 3, cortisol, somatostatin, GH, dopamine, and heat.

	Follicle-stimulating hormone (FSH)
	Gonads (estrogen production) 
	promotes ovum and estrogen production (in females), and spermatozoa formation (in males).
	
	
	Nocturnal light phased with a 28 day periodicity, sunlight, UV-A, wide-spectrum light, and GnRH. 


	Melatonin, estrogen, progesterone, stress, exercise, low body fat composition, and nutritional deficiencies.

	Luteinizing hormone (LH)
	Gonads (progesterone or testosterone) 
	promotes ovulation (pulsatile release of LH is necessary),  progesterone (ovulation is required for proper function of the corpus luteum), and testosterone production (in males). 
	
	
	
	

	Prolactin

(PRL)

	See below

	Growth Hormone

(GH)

	See below


Posterior Pituitary Hormones

	Hormone
	Primary Target Tissue
	Function
	Excess
	Deficiency
	Increased By…
	Decreased By…

	ADH
	Kidney
	Promote water reabsorption from the collecting ducts of renal tubules
	Hypo-natremia 

Syndrome Of Inappropriate Secretion of  ADH (often secondary to neurological and chronic pulmonary disease)


	Hypovolemia, diuresis, hyper-natremia; diabetes insipidus
	Plasma osmolality, intravascular volume contraction, bleeding, pain, stress, exercise, dehydration, hypoglycemia, cholinergics, (-adrenergics, prostaglandins, and angiotensin
	Alcohol ingestion, intravascular volume expansion, water consumption, a-adrenergics, and cortisol 



	Oxytocin (OT)
	Uterus, Mammary Glands 
	Promotes uterine contraction and milk let-down. 
	
	
	
	


Diagnostic Endocrine Laboratory Tests 


Even though modern laboratory endocrine tests are becoming increasingly sensitive, they are of limited predictive ability because hormones are present in such small quantities, they often vary in pulsatile and cyclic patterns, and they can vary unpredictably due to uncontrolled variables such as stress. The limitations of diagnostic endocrine tests present a particular challenge to the differential diagnosis of endocrine dysfunction and mild endocrine disease. 

1) End organ hormone tests commonly used to evaluate endocrine disorders include 

· free thyroxine (T 4), free triiodothyronine (T 3), Free Thyroxine Index (FTI)

· cortisol

· estrogens including estradiol (E2), estriol (E3), and estrone (E)

· progesterone

· DHEA, DHEA-S, and testosterone.

Sensitive assays have been developed to test hormone levels, however they can be susceptible to misinterpretation due to many factors. Confusion can arise from rhythmic fluctuations in hormone levels (e.g. diurnal rhythms of serum cortisol), from binding proteins that bind hormones (e.g. increased thyroid binding proteins in pregnancy), and from the presence of inactive analogues of hormones (e.g. reverse T3). Tests are available for measuring circulating levels of many end organ hormones using blood, urine, or saliva specimens. 

2) Anterior pituitary hormone tests (e.g. TSH, ACTH, FSH, and LH) are useful because feedback effects of abnormal 

amounts of end organ hormones magnify aberrations in pituitary stimulating hormones with endocrine disorders. They are also useful in identifying the source of endocrine disease by identifying the malfunction as primary (end organ disorder), secondary (pituitary disorder), or tertiary (hypothalamus disorder). Pituitary hormones can be difficult to measure due to their very small concentrations in the serum. These concentrations can fluctuate rapidly due to pulsatile release of stimulating hormones and they are susceptible to rhythmic fluctuations. Pituitary hormone tests tend to be more expensive than end organ tests. 

3) Suppression tests (e.g. dexamethasone suppression testing) are the preferred tests for suspected autonomous 

hormone production that has escaped the control of normal feedback mechanisms (e.g. cancers that produce ectopic hormones). Suppression tests tend to be more elaborate and are reserved for essential rule-outs. 

4) Provocative tests (e.g. arginine administered for GH provocation testing) are used to measure some hormones that 


are otherwise difficult to evaluate. They are usually reserved for important differential diagnosis. 

5) Functional tests (e.g. deep tendon reflex evaluation in suspected hypothyroidism) are generally simple tests and are 

the most cost and time efficient tests to perform. Functional signs and symptoms can also provide important clues in initial patient evaluations. They are often used in screening examinations and diagnostic work-ups. Functional tests however are often imprecise due to interference by confounding variables. More precise tests are often required to confirm potential diagnoses suggested by functional tests.

Prolactin (PRL)

	Hormone
	Primary Target Tissue
	Function
	Excess
	Deficiency
	Increased By…
	Decreased By…

	Prolactin (PRL)
	Mam-mary Glands
	promotes lactation, suppresses ovulation and fertility, and stimulates thymus hormone release. 


	supresses GnRH:  decreases estrogen and progesterone, suppresses ovulation, causes infertility, suppresses corpus luteum formation; elevates PGEs; 

galactorrhea
	associated with deficient lactation
	Stress (physical or psychological ( (- endorphin): high levels of exercise

Estrogen:   pregnancy, GnRH, GHRH

Diet:  hypoglycemia, meats

sexual activity, breast stimulation

Hormones:  TRH, oxytocin, vasopressin, secretin, calcitonin, VIP

Sleep: melatonin, serotonin,

Herbs:  G/ycyrrhiza, Rauwolfia/ reserpine

seizures

Drugs:  phenothiazines, opiates, opioid peptides, MAO inhibitors, metoclopramide,  haloperidol.
	Free T 3 & T 4, Vitex agnus castus, 

B6, magnesium, cortisol, progesterone, dopamine, L-dopa, PGEs, GABA, acetylcholine, choline,

somatostatin, bromocriptine, pergolide, and apomorphine.


Prolactin (PRL) is a 199 amino acid polypeptide produced by the lactotrophs of the adenohypophysis. PRL is a member of a group of hormones that are structurally related that  includes GH, chorionic somatomammotropin (CS), human placental lactogen (hPL), and somatolactin. The molecular weight of the glycosylated form of PRL is approximately 25,000. Approximately 400 (g of PRL are secreted by the lactotrophs daily. Basal levels of PRL vary considerably in normal adults but the average PRL levels are 5 ng/mL in men and 13 ng/mL in women. 

The best known function of PRL is to promote differentiation of mammary glandular cells and milk roduction. PRL is essential to prepare the breast tissue for lactation. PRL often suppresses fertility during the time of lactation and may act like a natural contraceptive to help space pregnancies. However, breast-feeding inhibits GnRH and ovulation for a variable amount of time and is not a reliable form of contraception. In lower animals, PRL is known as the "mother love hormone" because of its effect in stimulating the nesting instinct. 

Stress is a potent releasing factor for PRL. Stress-induced secretion of (-endorphin signals an increase in PRL secretion. Sexual activity and sleep also increase PRL secretion. TRH can act as a significant releasing factor for PRL. Estrogens increase basal PRL secretion and augment PRL response to other PRL-releasing factors. There are many other PRL-releasing factors that can significantly increase PRL secretion. 

Hyperprolactinemia: 

Symptoms and signs:

Signs and symptoms associated with PRL excess include anxiety, depression, irritability, weight gain, and fluid retention. Chronic excess production of PRL by the anterior pituitary gland can cause growth of lactotrophs and can be associated with the development of pituitary microadenomas. Microadenomas often remain undiagnosed but are relatively common and are often found on routine autopsies. 

In men, PRL excess is commonly associated with decreased libido. An increased risk of impotency is found in men with hyperprolactinemia and the impotency generally does not respond to testosterone therapy. 

In women, PRL excess can cause suppression of GnRH that in turn causes estrogen and progesterone secretion to decline. Symptoms of estrogen and progesterone deficiency can range from subtle to marked. The estrogen and progesterone imbalances associated with PRL excess can potentially contribute to a variety of disorders including osteoporosis, menstrual disorders, amenorrhea, and infertility. PRL-induced anovulation can cause an elevated estrogen to progesterone ratio, or a relative progesterone deficiency  and cause infertility, premenstrual syndrome (PMS), and polycystic ovary syndrome (PCOS). 

Treatment of Hyperprolactinemia: 

The key modulator of PRL secretion is dopamine (DA).  DA acts as "prolactin-inhibiting factor" and DA agonists act to down-regulate PRL secretion.  Vitamin B6 and magnesium are required for the synthesis of DA. Magnesium deficiency has been shown to cause a central nervous system depletion of dopamine.
  Magnesium is an essential cofactor in the conversion of Vitamin B6 to pyridoxal 5-phosphate, the active form of Vitamin B6 necessary for the synthesis of DA.  Magnesium deficiency also promotes hypersensitivity to stress,
  and may augment the PRL response to generalized stress. 

The treatment of PRL excess includes Vitamin B6, 100-500 mg taken twice daily, to increase DA (PIF) production and suppress PRL secretion. Magnesium, 300 mg, taken twice daily, can be used to promote Vitamin B6 conversion to the active pyridoxal 5-phosphate (P5P) form of Vitamin B6, 

There is evidence that prostaglandin E1 (PGE1) is able to attenuate the biological effects of PRL.
  A deficiency of dihomo-(-linolenic acid (DGLA) and an excess consumption of animal fats (arachadonic acid) leads to an over-production of the prostaglandin-2 series, and may result in negative feedback on the hypothalamus that interferes with DA inhibition of PRL secretion. 

Nutrients known to be required for PGE1 synthesis include DGLA (found in evening primrose oil, borage oil, and black current oil), magnesium, zinc, nicotinic acid, and Vitamin C.   These nutrients can increase the production of PGE1 and support dopaminergic activity causing a decrease in PRL effects. 

Progesterone, 100-200 mg daily during the luteal phase of the menstrual cycle, can be used to oppose PRL and estrogen effects. Vitex agnus-castus is a plant that has been shown to have progesterone effects (Progesterogenergic botanicals - Chap. 8). Extracts of Vitex have also been shown to inhibit PRL secretion and has been used to treat hyperprolactinemia.

Liver function support including choline, inositol, and methionine can be used to improve liver metabolism of hormones and can be used to decrease the adverse effects of excess steroid hormones associated with hyperprolactinemia. 

Therapeutic intervention directed at managing stress and the effects of stress (treatment with nervines) can be pivotal in the effective treatment of hyperprolactinemia since stress is a common primary cause of PRL excess. The diagnosis and treatment of the Maladaptive Stress Syndrome-stage 3 with adrenal cortex exhaustion and hypoadrenocorticism (Fig. 53) is important since cortisol normally inhibits PRL secretion. 

The diagnosis and treatment of hypoglycemia is beneficial since hypoglycemia stimulates PRL release. 

The diagnosis and treatment of an underlying hypothyroid condition is essential since TRH actively stimulates PRL release. 

Underlying causes of hyperprolactinemia should be identified so that treatment can address causative factors. Many endocrine disorders can cause PRL excess. Deficiency of cortisol, T 3, T 4, progesterone, or somatostatin can increase PRL. Excess TRH, estrogens, melatonin, secretin, and (-endorphin cause increased PRL secretion. Functional hypoglycemia has been found to cause increased PRL secretion. 

Many drugs can cause increased PRL secretion including serotonin agonists, phenothiazines, opiates, MAO inhibitors, reserpine, metoclopramide, and haloperidol. Botanical medicines known to increase PRL include Glycyrrhiza and Rauwolfia. 
GABA has been found to inhibit PRL secretion. Bromocriptine is commonly used to decrease PRL. 

Prolactinoma: 

Symptoms (of a pituitary mass) include headache and visual field defects. 

Signs (of a pituitary mass) include galactorrhea and amenorrhea caused by excess prolactin secretion. 

Diagnostic tests 
1) serum prolactin 

2) visual field testing 

3) x-ray of the sella tursica

4) soft tissue imaging of the pituitary with computerized tomography (CT scan), positron emission tomography (PET scan), or 


magnetic resonance imaging (MRI). 

Rule-outs: 

· Drugs causing hyperprolactinemia (phenothiazines, tricyclic antidepressants, haloperidol, metoclopramide, sulpiride, Cannabis, Rauwolfia, reserpine, a-methyldopa, oral contraceptives, and estrogen). 

· Enlarged sella tursica caused by the "Empty Sella Syndrome" (with normal pituitary function). 

· Functional hyperprolactinemia. 

Management of prolactinoma: 

· referral for medical evaluation ,and intervention: bromocriptine, transsphenoidal tumor resection, pituitary radiation (can cause panhypopituitarism that may not fully manifest for years), pituitary supervoltage radiation, and accelerated protons (heavy particle radiation). 

· Naturopathic therapies: Vitamin 86, stress management, hypoglycemia treatment, vegetarian diet, avoidance of estrogen (except phytoestrogens which modulate estrogen by partially blocking estrogen receptor sites), moderate aerobic exercise, adrenal cortical support, magnesium supplementation, and avoidance of factors that stimulate prolactin secretion (Figure 10. Pituitary hormone interactions). 

Functional hyperprolactinemia 

Symptoms: menstrual cycle dysfunction, suppressed ovulation, infertility, PMS, and ovarian cysts. 

Signs: galactorrhea. 

Diagnostic tests: 
1) serum prolactin 

2)
 basal body temperature charting (progesterone ( BBT, Estrogen ( BBT) 

Rule-outs 

· drugs causing hyperprolactinemia (phenothiazines, tricyclic antidepressants, haloperidol, metoclopramide, sulpiride, Cannabis, Rauwolfia, reserpine, a-methyldopa, oral contraceptives, estrogen). 
· pregnancy, ectopic pregnancy, an ectopic tumor producing prolactin. 
Naturopathic management: 

· Naturopathic therapies: see above

· ovarian function support: midcycle light therapy, day 12-14 of menstrual cycle, limit ambient night-time light  (close curtains, turn off night lights), increase daytime light exposure with wide-spectrum light and daytime outdoor activity, melatonin before bedtime. 

Summary of Treatments for excess prolactin secretion:

· Vitamin B6 (cofactor in dopamine synthesis) 100-500 mg bid
· Magnesium (cofactor essential for the conversion of B6 to Pyridoxal 5-Phosphate) 300 mg bid

· DGLA:  Increases PGE1 synthesis which may attenuate the biological effects of PRL, thereby supports Dopamine activity
· Progesterone (inhibits PRL secretion) 100-200 mg qd

· Vitex agnus-castus (inhibits PRL secretion and has progesterone agonist effects)

· Liver support (choline, inositol, methionine)

· Stress management 

· Diagnosis and treatment of 

· hypoadrenocorticism (cortisol inhibits PRL secretion)

· hypothyroidism (TRH stimulates PRL release) 

· hypoglycemia (hypoglycemia stimulates PRL release) 

Antidiuretic Hormone (ADH)

	Hormone
	Primary Target Tissue
	Function
	Excess
	Deficiency
	Increased By…
	Decreased By…

	Anti-diuretic hormone (ADH, Vaso-pressin) 
	Kidney 
	promotes reabsorption of water within the distal tubules of the kidney and the production of concentrated urine.
	Hypo-natremia 

Syndrome Of Inappropriate Secretion of  ADH (often secondary to neurological and chronic pulmonary disease)


	Hypovolemia, diuresis, hyper-natremia; diabetes insipidus
	Plasma osmolality, intravascular volume contraction, bleeding, pain, stress, exercise, dehydration, hypoglycemia, cholinergics, (-adrenergics, prostaglandins, and angiotensin. 
	Alcohol ingestion, intravascular volume expansion, water consumption, a-adrenergics, and cortisol 




Antidiuretic hormone (ADH), also called arginine vasopressin (AVP) , is secreted by neurosecretory cells in the hypothalamus and then transported to the posterior pituitary for storage and later release. ADH is transported to the posterior pituitary by the portal blood system. The primary function of ADH is to regulate water balance in the body. ADH stimulates the reabsorption of water in the distal tubules of the kidneys. ADH is necessary to maintain blood osmolality within normal limits. Without ADH secretion, the kidneys will lose up to 25 liters of water each day. The half-life of circulating ADH is normally ~15 minutes but it is significantly less during pregnancy because of an increase in arginine vasopressinase. 

Control of ADH Secretion 

ADH secretion receives negative feedback inhibition from blood pressure by means of baroreceptors in the carotid sinuses. Another factor that can stimulate ADH secretion includes an increase in plasma osmolality. The hypothalamus contains osmorecptors that contribute to the regulation of ADH secretion and are in close proximity to thirst center. These systems in the hypothalamus interact with the renin-angiotensin system to cooperatively regulate water balance. The main trigger for the secretion of ADH is a decrease blood volume (hypovolemia):  a decrease in the total blood volume of 8% or more initiates ADH secretion. 

Factors that affect ADH Secrefion: 

· Drugs that stimulate ADH secretion: amitriptyline, bromocriptine, carbamazepine, clofifrate, cyclophosphamide, haloperidol, morphine, nicotine, oxytocin, thioridazine, and vincristine. 

· Drugs that enhance ADH effects: acetaminophen, NSAIDs, carbamazephine, chlorpropamide, cyclophosphamide, and tolbutamide. 

· Factors other than drugs that stimulate ADH secretion: CNS infection or tumor, H/V infection, hyperosmolality, hypoglycemia, hypovolemia, nausea, pain, pregnancy (HCG),  pulmonary disease, and stress. 

· Drugs that inhibit ADH secretion: alcohol, phenytoin, and vasoconstrictors. 

· Drugs that oppose ADH effects: acetohexamide, amphotericin, colchicine, demeclocycline, glyburide, lithium, prostacyclin, prostaglandin E2, and vinblastine. 

Diabetes insipidus (ADH Deficiency) 
Symptoms: polydipsia and polyuria (with low urinary specific gravity). 

Diagnostic tests: water deprivation test (use with caution in ADH deficiency). 

Rule-outs: 

· compulsive functional polydipsia (produces prolonged resistance to ADH)

· ingestion of urea, sorbitol, or mannitol

· diabetes mellitus

· significant metabolic disease. 

Management:

·  control excessive fluid intake

· essential fatty acids

· weight control

· aerobic exercise

· adrenal cortex support

· treat Maladaptive Stress Syndrome - Stage 2 (MSS-2)

· Glycyrrhiza glabra (root), Marrubium vulgare (herb). 

Growth Hormone

	Hormone
	Primary Target Tissue
	Function
	Excess
	Deficiency
	Increased By…
	Decreased By…

	Growth hormone (GH)
	Bone and Muscle 
	raises blood glucose, stimulates gluconeogenesis, decreases glucose  uptake and clearance, acts as an insulin antagonist, has anabolic effects, increases  sweating, stimulates thymus hormone release, and stimulates growth in childhood. 


	causes giantism when it occurs during growth and acromegaly after growth is 

completed. Excess GH replacement can cause cardiac hypertrophy, elevated glucose, carpal tunnel syndrome, and other musculoskeletal disorders. 
	causes dwarfism with normal proportions when it occurs during growth. GH deficiency in adults is associated with accelerated aging, cardiovascular disease, and osteoporosis. 


	Stress (physical or 

psychological), hypoglycemia, 

fasting, exercise, arginine, 

ornithine, estrogen, 

epinephrine, ( adrenergic agonists, (-blockers, serotonin, dopamine, potassium, deep sleep, GABA, ACTH, and GRH.
	Cortisol, somatostatin, progesterone, fatty acids, ( adrenergic antagonists, ( adrenergic agonists, serotonin antagonists, dopamine antagonists, obesity, hypothyroidism, hyperthyroidism, and hyperglycemia. 




Growth hormone (GH), also known as somatotropin-B, was discovered in the 1920's and eventually isolated in 1956. GH was first used to effectively treat a child with growth retardation in 1958. Since 1958, thousands of children with growth deficits have been effectively treated with injected human GH. However, GH derived from human cadavers was found to cause a serious neurological disease, Creutzfeldt-Jakob disease (also known as "mad cow disease"), in some individuals and consequently cadaver-derived GH was discontinued in 1980. In 1986 a recombinant GH (Humatrope) was engineered by Lilly that was biologically identical to human GH and safe to administer. Recombinant GH analogues (hybrid somatotropin-B, hSB) have also been developed (e.g.somatrem by Genetech in 1985) that have GH activity. Macromolecular substances have been developed that have been found to stabilize and deliver GH through the oral mucosa in microdiluted amounts, allowing less expensive and non-prescription oral  administration of GH. GH secretagogues such as arginine, ornithine, exercise, and deep sleep have also been identified that have the effect of increasing the endogenous production of GH. 

Since the development of a safe recombinant form of GH, it has become a hormone of intense interest and research. Growth hormone is essential for normal growth and sexual maturation in children. Growth hormone deficiency during growth can cause dwarfism that is characterized by normal body proportions. The regular injection of GH can prevent or treat this condition if the GH deficiency is identified and GH is administered early enough. GH therapy is relatively expensive, at an approximate cost of $500 to $1500 per month, and must be injected 3 to 6 times weekly for several months to be effective. Observed side effects to recombinant GH include carpal tunnel syndrome, slipped capital epiphyses, cardiac hypertrophy, joint pain, hyperglycemia, and edema. 

Measurement of Growth Hormone

 GH is difficult to measure directly because of its short half-life and sporadic secretion GH levels can be indirectly measured by testing for Insulin-like growth factor (IGF-1). IGF-1 also known as somatomedin-G, is a polypeptide hormone approximately the molecular size of insulin that is produced in the liver in response to GH. 

Growth Hormone Related Condtions

Growth hormone deficiency has also become recognized as a treatable disorder in adults. In 1996, the FDA approved use of growth hormone in adults with growth hormone deficiency. Growth hormone secretion begins to decrease in the second decade of life and gradually decreases exponentially to approximately 15% of original levels by the age of 60. This decline in GH production is called "somatopause." 

GH has also been used for its anabolic effects in treating AIDS-related wasting. GH has been used in combination with a high protein diet to treat Crohn's disease.  Attention has recently turned to the potentially beneficial use of GH in "well" adults. GH has become a substance of interest recently because of its possible role in promoting longevity, increasing athletic performance and for its observed anti-aging effects. Growth hormone has been found to have the potential effects of:
 

· increasing lean muscle mass 

· decreasing body fat composition, particularly abdominal fat deposition . increasing the general sense of well-being 

· increasing energy lowering cholesterol 

· increasing bone density 

· improving short-term memory. 

Growth hormone has been found to have general anti-aging effects but has become controversial because of its increasing use in anti-aging regimes. In an attempt to accumulate more objective data involving the use and effects of GH, an investigation is currently be undertaken in several locations in the U.S. using a FDA research protocol. In this investigation, research subjects are required to pay for the GH themselves, which prohibits the use of a placebo. Therefore, this study is a pilot study, not a double blind, placebo-controlled study. 

Increasing GH Levels

Studies have demonstrated that a lack of deep (slow wave) sleep in male subjects is associated with decreased GH production.
 It is likely that strategies that enhance sleep quality can have a beneficial effect on GH production. The role of exercise has been found to be essential in addition to GH secretagogues to produce the beneficial effects of GH replacement.

GH secretagogues can be used to increase GH levels. GH secretagogues include arginine (2-5 g daily), ornithine (2-5 g daily) in combination with lysine (1-2 g daily), preferably taken between meals. Glutamine and GABA are also reported to increase GH. 

GH deficiency: 

Signs: a low growth curve percentile (<3rd percentile for height or an abnormally low growth velocity). However, less than 10% of children below the 3rd percentile for height have a significant growth hormone deficiency (see Growth and Development). 

Diagnostic tests: 

· Recording the height on a growth chart using parent-specific adjustments [Greenspan: Basic and Clinical Endocrinology, p. 164-165] 

· plasma GH with provocative testing, IGF-1. 

Rule-outs: 

· psychosocial dwarfism (family stress induced functional hypopituitarism)

· hypothyroidism 

· Cushing's syndrome (often caused by systemic or topical steroid medications) 

· malnutrition 

· endocrine disease in general 

· chronic disease 

Naturopathic management of GH deficiency: 

· referral for a thorough diagnostic endocrine work-up is recommended if the height is below the 10th percentile using parent-specific adjustments 

· naturopathic treatment: good nutrition, regular aerobic exercise, zinc, arginine, and a high protein diet 

Growth Hormone Excess aka Giantism or Acromegaly

Signs: giantism (with growth hormone excess during growth) or acromegaly (with adult onset). 

Diagnostic tests: plasma GH with provocation testing. 

Management:  

· referral for medical evaluation and intervention if severity warrants. Medical treatment includes bromocriptine, octreotide (somatostatin analog), trans-sphenoidal tumor resection, pituitary radiation (can cause panhypopituitarism that may not fully manifest for years), pituitary supervoltage radiation, accelerated protons (heavy particle radiation). . 

Naturopathic management:

· control stress

· treat hypoglycemia

· adequate nutrition / vegetarian diet

· essential fatty acids

· adrenal cortex support

· treat Maladaptive Stress Syndrome - Stage 3 (MSS-3)

· progesterogenic botanicals, progesterone

Read more on Growth Hormone Regulation and Growth Disorders

Gonadotropin (GnRH) Deficiency

Signs: eunuchoid habitus (if present in childhood) with an arm span: height ratio >1: 1. 

Diagnostic tests: serum LH and FSH 

Rule-outs: 

· functional hypogonadotorpism secondary to excess aerobic exercise, malnutrition, anexoria nervosa, or stress. 

· Kallmann's syndrome with GnRH deficiency (associated with midline facial defects, anosmia, and color blindness). 

· Melatonin excess (suppresses GnRH). 

· Pituitary tumors, pituitary hormone deficiency, and hypothalamic hormone deficiency. 

Naturopathic management: growth hormone replacement therapy, zinc, nutrition, wide- spectrum light therapy (suppresses melatonin) 

TSH Deficiency

Symptoms: hypothyroidism, secondary (or tertiary with TRH deficiency). 

Diagnostic tests: serum TSH, free T 4, free T 3, TRH (proteralin) stimulation test 

Naturopathic management: 

· thyroid hormone replacement

· melatonin

· hydrotherapy

· treatment for Maladaptive Stress Syndrome - Stage 2 (MSS-2). 

ACTH Deficiency

Symptoms: adrenocortical insufficiency, Addison's syndrome. 

Diagnostic tests: 

· serum cortisol

· salivary cortisol

· urinary cortisol

· metyrapone test

· plasma ACTH

· ACTH stimulation test. 

Naturopathic management: includes Glycyrrhiza glabra (root), Eleutherococcus senticosus (root), morning wide-spectrum light therapy (suppresses melatonin). 

Review of Pituitary Physiology and Pathology

I.
Normal Biology of the Pituitary

A.
Anatomical components

1.
anterior lobe

2.
posterior lobe

3.
intermediate lobe

4. infundibulum
a.
venous portal system to ant. pituitary

b.
 neural stalk to post. pituitary from paraventricular and supraoptic nuclei:  ADH, OXY

5.
sella turcica

6.
where and what is the diaphragma sellae?

7. what is Rathke's pouch?

B.
What cells are found in the pituitary and what are their functions?

1.
derivation

a.
ant. derived from ectoderm (Rathke’s pouch ( craniopharyngioma, infracellar ( pituitary destruction)

b.
post.  neural tube 

Tumors can form from the following cells w/ Sx based on their function:

2.
acidophils:  red staining, acidophil adenoma (functional)
a)
prolactin (mammotrophs):  adenoma, most common pit. tumor

b) growth hormone (GH) (somatotrophs), 2nd most common pit. tumor

c) combination:  mammosomatotrophs 

3.
basophils:  blue staining, basophil adenoma (funcitonal)
a)
ACTH:  3rd most common pit. tumor

b)
TSH

c)
FSH/LH

4.
chromophobes:  no staining (non-functional)

a)
about 25% of the cells of the anterior pituitary

b) what is their function?  unknown
5.
hypothalamus and posterior pituitary

a)
where are the cells that secrete hormones of the posterior pituitary?

b)
what is meant by the hypophyseal portal system?

(1)
where are releasing and inhibiting hormones secreted?

(2)
where do they cause an effect?

6.
what are the various hormones from the pituitary?  know how neg. feedback inhibition affects these hormones for the final

a)
prolactin

b)
growth hormone

c)
thyroid stimulating hormone (TSH):  Graves ( (+) T3 and T4 ( ( TSH

d)
adrenocorticotropic hormone (ACTH)

e)
follicle stimulating hormone (FSH):  birth control pills

f)
luteinizing hormone (LH)

g)
antidiuretic hormone (ADH):  supraoptic nuclei ( post pituitary

h)
oxytocin:  paraventricular nuclei ( post pituitary
7. review the concept of homeostasis from negative feedback!!!!!!


II.
Pathology of the Pituitary congential :  craniopharyngioma and …

A.
Basic principles of pituitary disease

1.
hyperpituitarism refers to effects of anterior lobe

2.
systemic effects (hormonal effects) of excess and deficient hormones

3.
local consequences

a)
enlarged sella turcica:  MRI, CAT scan

b)
visual field defects:  

(1)
homonymous hemianopsia d/t destruction of one optic tract

(2)
bitemporal hemianopsia  d/t destruction of the optic chiasm

c)
increased intracranial pressure

(1)
headache

(2)
nausea

(3)
vomiting

B.
Hyperpituitarism:  tumors occur equally between sexes

1.
usually an adenoma—monoclonal and benign, very rarely carcinoma (if found then it has spread

2.
what are the cells types involved? acidophils

a)
prolactinomas are the most common:  most common acidophil adenoma

(1)
amenorrhea, galactorrhea and infertility in women (high prolactin inhibits LH)

(2)
impotence in men:  (+) PRL inhibits LH ( ( testosterone

b)
somatotrope adenomas:  2nd most common acidophil adenoma

(1)
gigantism  if it develops before puberty

(2)
acromegaly if it develops after puberty:  hands, feet , mandible, frontal bone, vertebral ostosois

(a)
coarse facial features, overgrowth of mandible, thickened skull cap

(c)
enlarged hands and feet

(d)
headaches, paresthesias, arthralagias/ degenerative arthritis, muscular weakness

(e)
hypertension in one third

(f)
cardiomegaly with the hypertension

(g)
abnormal glucose tolerance, ( protein synthesis

c)
corticotrope adenomas:  3rd most common type of pituitary adenoma ( basophil
(1)
cause Cushing's disease (60% of Cushing's)

(a)
truncal obesity, red striae, moon face, buffalo hump

(b)
hypertension d/t cardiac hypertrophy

(c)
hirsutism

(d)
muscle weakness

(e)
menstrual disorders

(f)
acne

(g)
osteoporosis

(h)
glucose intolerance

(i)
impotence in men

(2)
Nelson syndrome:  a basophilic adenoma that grows very quickly after bilateral removal of adrenals to cure Cushing's disease.  WHY?? removal of cortisol feedback causes overgrowth of corticotrophs

(3)
also see increase ACTH from paraneoplastic syndrome

d)
gonadotrope adenomas

(1)
secrete FSH and LH

(2)
middle-aged men get paradoxical hypogonadism

e)
thyrotrope adenoma

(1)
rarest of all adenomas of pituitary

(2)
symptoms of hyperthyroidism and a type of goiter

(3)
a chromophobe tumor

(4)
in long-standing hypothyroidism (from thyroid), hyperplasia of thyrotropes occurs because of negative feedback concept

f)
nonfunctional adenomas

(1)
most are chromophobes ( can produce a hypopituitary state or excess TSH (reason unknown)

(2) about 25% of all pituitary adenomas

3.
morphology of adenomas

a)
microadenomas are extremely common at autopsy

b)
most may be just hyperplasia

c)
macroadenomas

(1)
erode the sella turcica and clinoid processes

(2)
may rupture the diaphragma sellae and

(3)
injure optic chiasm

(4)
sheets, cords and nests of cells with fine stroma

(5)
areas of necrosis as they grow quickly

4.
primary carcinoma--very rare

5.
clinical course

a)
both sexes, any age

b)
see features described above

c)
pituitary adenomas in MEN type I (multiple endocrine neoplasia)

(1)
Zollinger-Ellison syndrome

(2)
peptic ulcer from gastrinoma

(3)
multiple tumors may be in parathyroid, adrenal or pancreas


C.
Hypopituitarism

1.
lesions in hypothalamus or anterior pituitary:  loss of releasing hormones and pit. hormones

2.
what are the main causes?

a)
nonfunctional adenoma  (chromophobe)

b)
enlarging functional adenoma causing pressure atrophy

c)
Sheehan's pituitary necrosis

d)
congenital empty sella turcica syndrome

e)
metastatic neoplasma

f)
intrusion by meningiomas

g)
cavernous sinus thrombosis:  int. carotid, CN 3-6

h)
tuberculosis in days gone by

i)
sarcoidosis

3.
what are the main symptoms?  Depends on hormone affected, eventually all ant. pit. hormones affected

a) Sx appear when 75% of anterior lobe is destroyed:  


pan hormone deficiency:  ( melanocyte stim. hormone, hypothyroid Sx, failure of lactation, ( PRL, 


adrenal insufficiency, blood glucose disorder

b)
first symptoms may be from loss of LH and FSH in both sexes (gonadotropins affected first)

(1)
amenorrhea in women and atrophy of ovaries

(2)
atrophy of testes in male

c)
later come symptoms from loss of TSH and ACTH

d)
what is a pituitary dwarf?

(1) must distinguish from cretinism:  selective loss of TSH ( ( mental and physical development vs (-) GH( only physical

a. pituitary malfunction

b. thyroid malfunction

e)
African pygmies have normal growth hormone secretions:  somatomedin from liver,   which mediates GH, is low.
f)
why might there be a failure of lactation?

4.
chromophobe adenomas (non-functioning (or very large acidophil/basophil)

a)
a space-occupying lesion:  >75% of pituitary affected ( hypofunction

b) increased cranial pressure ( papilledema, visual field defects followed by trophic hormone insufficiency

c) an oncocytoma is one type; cell is filled with mitochondria




5.
Sheehan's pituitary necrosis:  pituitary enlarges during pregnancy

a)
ischemic necrosis of pituitary from hypotension following postpartum hemorrhage

b)
pituitary is susceptible because of enlargement during pregnancy

c)
amenorrhea, hypothyroidism and insufficient adrenal function

d)
toxemia of pregnancy (pre-eclampsia) may cause DIC and thus Sheehan's necrosis

6.
empty sella turcica

a)
congenital deficiency in sella turcica

b)
increased CSF pressure on pituitary (not known why pituitary is so sensitive)

c)
often see leakage of CSF into nasal cavities

d)
also caused by advanced Sheehan's

7.
hypothalamic tumors

a)
may cause hyper or hypo pituitary conditions of anterior lobe depending on staging/timing

b)
may cause diabetes insipidus or a combination w/ oxytocin

c)
gliomas are the most common culprit (benign often)

d)
craniopharyngiomas are second

(1)
vestigial cells of Rathke's pouch

(2)
benign tumor


D.
Posterior pituitary syndromes

1.
diabetes insipidus

a)
decreased ADH ( polydipsia, polyuria

b)
causes

(1)
pituitary adenoma

(2)
metastatic cancer

(3)
absecesses

(4)
meningitis

(5)
tuberculosis in days gone by

(6)
sarcoidosis

(7)
severe head injuries

(8)
idiopathic
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