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Parathyroid Glands and Calcium Regulation
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Hypoparathyroidism
Outline of Parathyroid Physiology and Pathology
The parathyroid glands consist of two pairs of small glands, one pair superior and one inferior, all located on the posterior aspect of the thyroid gland. A few people (10-15%) have a 5th parathyroid gland. Each parathyroid gland is about 0.5 cm in diameter and weighs approximately 40 mg. 

The parathyroid glands secrete parathyroid hormone (PTH), which plays a major role in the regulation of calcium metabolism and increases circulating serum calcium levels by 

· increasing calcium absorption from the GI tract

· by decreasing calcium loss in the urine

· by increasing calcium resorption from bone tissue. 

PTH promotes the synthesis of 1(,25-dihydroxyVitamin D (1,25(OH)2D), the active form of Vitamin D, which mediates the PTH effects upon calcium metabolism. 

Recently, parathyroid glands were found to produce parathyroid hypertensive factor (PHT) which is affected through negative feedback by calcium.

PTH levels are modulated by negative feedback from serum ionized (free) calcium and is opposed by calcitonin. A rise in serum free calcium suppresses PTH biosynthesis and secretion. 

An increase in serum phosphorus, on the other hand, is associated with an increase in serum PTH levels. The effect of changes in the serum phosphorus concentration on PTH secretion is thought to be indirect and due to reciprocal changes in serum free calcium levels. Increased phosphorus ingestion can cause an increase in circulating PTH levels.

Elevated PTH levels have been reported to promote the deposition of calcium in periosteal tissues, in joints spaces, and in other soft tissues, and has been postulated to be a contributing factor to the development of degenerative joint disease in some individuals. 

Magnesium promotes the action of PTH and magnesium is necessary for the proper metabolism and utilization of calcium. 

Sodium, particularly sodium ingested in the form of sodium chloride, promotes negative calcium balance, increasing the urinary loss of calcium by competing with the reabsorption of calcium in the kidney tubules. Increased sodium chloride ingestion has been found to be a significant contributing factor in the development of osteoporosis. 

Vitamin D Metabolism
Vitamin D is classified as a steroid hormone. Since it can be synthesized within the body from 7-dehydrocholesterol, Vitamin D is technically not a true vitamin. It is involved in the general regulation of calcium metabolism. Vitamin D mediates the regulation of calcium metabolism under the control of circulating PTH levels. 

There is evidence that several other hormones may also modulate the renal production of 1,25(OH)2D including estrogen, androgens, growth hormone, insulin, and prolactin. PTH through the mediation of 1,25(OH)2 D acts indirectly on three primary tissues: 

1. the small intestine by promoting increased absorption of calcium

2. the kidneys by stimulating an increase in the reabsorption of calcium in the proximal renal tubules

3. the bones by increasing both osteoclastic and osteocytic (bone resorption and remodeling) release of calcium from osseous tissue and mineralization of the bone matrix. 

It is known that 1,25(OH)2 D also has effects upon such diverse tissues as the parathyroid gland, pancreas, pituitary, cerebellum, and the reticuloendothelial system. It is observed that 1,25(OH)2 D promotes differentiation of skin cells which can have a beneficial effect on the abnormal turnover of cells in psoriasis. It has also been found useful in the treatment of some types of leukemia. 

Vitamin D exists in two equivalent forms, Vitamin D2 (ergocalciferol) and Vitamin D3 (choleocalciferol). Vitamin D2 and D3 are of equal potency and both are inactive until converted to 1,25(OH)2D in the kidneys. Vitamin D2 is a commonly used synthetic form of Vitamin D that is manufactured from irradiated ergosterol, a plant derived sterol. Vitamin D3 is a naturally occurring form of Vitamin D found in animal products, particularly fish liver oil. 

Vitamin D can be ingested as dietary or supplemental Vitamin D2 or D3, or synthesized de novo within the body from 7-dehydrocholesterol with exposure to ultraviolet light in the 290-310 nm range. The subsequent synthesis of active Vitamin D.  

The Vitamin D3 produced in the skin, along with Vitamin D2 and D3 that has been ingested, is then transported to the liver by Vitamin D-binding protein (VDBP), a monomeric glycoprotein that transports the whole family of Vitamin D secosterols. Then, in the liver, Vitamin D is converted to 25(OH)Vitamin D, an intermediate form of Vitamin D. It is then transported to the kidney by VDBP where it is finally converted to 1,25(OH)2D, the most biologically active form of Vitamin D. 
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Calcitonin

Calcitonin is synthesized in the parafollicular C cells of the thyroid gland. The primary effect of calcitonin is to oppose osteoclastic bone resorption. Calcitonin also has effects on the kidneys causing an increase in phosphate, calcium, and sodium excretion. The net effect of these actions of calcitonin is to oppose the effects of PTH and reduce serum calcium levels. Serum calcitonin levels are controlled by positive feedback from ionized calcium in the serum and an increase in serum calcium causes an increase calcitonin secretion while a decrease in serum calcium produces a decrease in circulating calcitonin. 

Many gastrointestinal hormones (particularly gastrin and its synthetic analog pentagastrin) increase calcitonin secretion. Calcitonin secretion is increased by estrogen and inhibited by serotonin.  Calcitonin has a half- life of 10 minutes. 

Calcitonin is used therapeutically to treat Paget's disease of the bone, osteoporosis, and hypercalcemia. It is available as a synthetic form similar to the form of calcitonin derived from salmon. It is administered either by injection (im or sc) or as a nasal spray. The chemical structure of calcitonin varies among mammalian species. Nine different forms of calcitonin derived from several different species of animals have been identified. Compared to human and other mammalian calcitonin, salmon calcitonin is much more stable and is of 10-50 times greater potency. Calcitonin can be measured in the laboratory by bioassay or radioimmunoassay. Measurement of calcitonin is important in the diagnosis and treatment of medullary thyroid carcinoma. 

Calcium

Calcium is called a "macronutrient" since it is one of the most abundant inorganic elements in the body. The average adult has approximately 1,200 g of calcium present in the body. Because adequate calcium is critical for normal metabolic function and structural integrity, circulating ionized calcium levels are maintained within very narrow limits by regulatory mechanisms. Three hormones, PTH, Vitamin D, and calcitonin are directly involved in calcium regulation. These hormones coordinate the homeostasis of calcium metabolism in an intricate and delicate manner. 

Calcium is essential for proper muscle and nerve function. If calcium intake is deficient, serum calcium is maintained at the expense of skeletal calcium. Calcium deficiency can cause an increased production of PTH, which can cause calcium to be lost from bone stores. Osteoporosis can be the result when significant amounts of calcium are lost over sufficient time from the bones. 

The National Institutes of Health (NIH) has recommended a daily intake of …

· 1,000 mg/day calcium for adults 25-50 years old 

· 1,500 mg for both men and women 65 years or older. 

· 1,500 mg/day for women 50 years or older who are not taking hormone replacement. 

The average US daily adult intake of calcium is…

· less than 600 mg/day

· 500 mg/day in US postmenopausal women is estimated

However, the calcium intake needed to prevent a negative calcium balance in postmenopausal women is predicted to increase approximately 500 mg/day at the time of menopause to reach a calcium requirement of 1500 mg/day. It is thought that the increase in the requirement for calcium observed in postmenopausal women is caused by an impaired Vitamin 1,25-(OH)2D synthesis in the kidneys related to decreasing estrogen levels and a decrease in Vitamin D receptors in the GI tract.  

Approximately 300-600 mg/day of calcium are lost in feces and 50-200 mg/day are lost in sweat. The kidneys filter approximately 10,000 mg/day of calcium but the renal tubular reabsorption of calcium is so efficient that normally only 100-300 mg/day of calcium are lost in the urine. The urinary excretion of calcium can go up to 600 mg/day with hypercalcemia. Urinary loss of calcium goes up significantly with acidosis, excess dietary protein, increased sugar ingestion, and increased sodium chloride ingestion. Excess dietary animal proteins are thought to increases calcium loss because of an increase in acid load resulting from sulfur- bearing amino acids present in meats.

Magnesium

"Magnesium" derives its name from the classical Greek city Magnesia, where magnesium ore was found. Magnesium is a macronutrient and is required in large amounts for normal function of the human organism and is involved in the production and transfer of energy, protein synthesis, normal muscle contraction, and normal nerve function. Magnesium functions as a cofactor in many enzymes in the body. Magnesium is necessary for normal secretion of parathyroid hormone (PTH) and calcium metabolism and is essential for the normal end organ response to PTH. Magnesium deficiency can cause functional hypoparathyroidism. The RDA for magnesium in adults is currently 350 mg/day. Larger amounts of supplemental magnesium can cause bowel intolerance and bowel irritability.  Appropriate dosing of magnesium can allow the dose of vitamin D to be reduced by as much as 50%.

Causes of magnesium deficiency include…

· Alcoholism 

· Hyperaldosteronism 

· Diabetes mellitus 

· Malabsorption 

· Excess phosphorus ingestion 

· Hyperthyroidism 

· Diuretics 

· Lactation 

· Dietary magnesium deficiency 

· Liver cirrhosis

Hyperparathyroidism

Hyperparathyroidism is caused by excess secretion of PTH. Hyperplasia or adenoma of the parathyroid glands can be a cause of excess PTH production. 

Symptoms of hyperparathyroidism, when present, can include muscular weakness, anorexia, nausea, and confusion.  However,  hyperparathyroidism is often asymptomatic. 

Elevated serum calcium is often the initial presenting sign of hyperparathyroidism. Hypophosphatemia and hyperuricemia are also common presenting signs. 

Tests useful in the evaluantion of Hyperparathyroidism 
· Serum calcium 

· Serum phosphorus 

· Serum phosphorus and chloride (Cl : P ratio> 33 suggests hyperparathyroidism) 

· Serum PTH 

· MRI 

· Digital subtraction angiography 

· Calcitonin to rule-out "Multiple Endocrine Neoplasia" (MEN type I or II) 

Allopathic treatment of hyperparathyroidism:

Identification and surgical excision of a parathyroid adenoma and partial surgical excision of hyperplastic parathyroid glands are standard medical strategies for treating hyperthyroidism. However, not every patient with primary hyperparathyroidism requires surgery. 

Asymptomatic hyperparathyroidism in patients with a serum calcium below 11.4-12 mg/dl generally runs a relatively benign course and can often be managed very well with natural therapies.
 However, it may be prudent to refer these patients for an endocrine consultation. Special attention should be given to patients with concomitant kidney stones, diminished kidney function, or decreased bone mass. 

Naturopathic treatment of hyperparathyroidism: 

· Diet and Lifestyle:  Mild hyperparathyroidism can be a contributing factor to the development of a decreased bone mass and osteoporosis. Excess phosphorus ingestion, which is common in modern Western diets, can initiate mild hyperparathyroidism. Calcium and magnesium deficiency may also be initiating factors. Increase fluids (prevention of kidney stones).

· Nutrient Therapeutics: 

· magnesium supplementation (750 mg daily, or to bowel tolerance) 

· calcium supplementation (1500 mg daily because primary hyperparathyroidism can be suppressible with increased calcium ingestion) 

Hypoparathyroidism

PTH deficiency may occur as 

(1) a complication of thyroidectomy or other surgery involving the region on the parathyroid glands, 

(2) idiopathic hypoparathyroidism, sometimes secondary to magnesium deficiency. 

Hypoparathyroidism causes hypocalcemia and hyperphosphatemia. 

The chief symptoms and signs of hypoparathyroidism are neuromuscular hyperactivity including paresthesias, tetany, and muscle spasms (positive Chvostek's sign and Trousseau's sign). Other relatively common symptoms and signs include psychiatric symptoms (anxiety, irritability, insomnia), Candidiasis, increased Q- T & S- T intervals on electrocardiograms, and lenticular cataracts. 

Diagnosis of Hypoparathyroidism

· Increased serum P : Ca2+ ratio (suggestive)

· Decreased serum calcium (serum ionized calcium is a more accurate indicator of calcium metabolism)

· Increased serum phosphorus

· Decreased PTH (definative)

Naturopathic Treatment of Hypoparathyroidism:

Dietary Therapeutics

Phosphorus restriction 

Nutrient Therapeutics

Vitamin D:
Hypoparathyroidism is benefited by treatment with Vitamin D. Calcitrol (1,25-(OH)2 D) has the advantage of more rapid onset of effect and more rapid clearance from the body. It is specifically indicated in renal failure and Vitamin D-dependant rickets since it does not require conversion to the active form of Vitamin D in the kidneys. Patients need to be closely monitored with serum calcium tests for hypercalcemia when taking large amounts of Vitamin D. Vitamin D (50,000-100,000 iu/day) or Calcitrol (0.5-2 ~g/day) 

Magnesium supplementation (up to bowel tolerance) 

Calcium supplementation (1500-2000 mg/day) 

Review of Parathyroid Physiology and Pathology

I. Normal Biology of the Parathyroid Glands

A.
Normal anatomy

1.
about 35 to 40 mgs weight

2.
derived from the 3rd and 4th pharyngeal pouches (thus referred to glands 3 (inferior pair) and glands 4 (superior)

3.
chief cells and oxyphil cells

a)
chief cells secret PTH
b)
oxyphil cells are unknown entity

B.
Biochemistry and function

1.
PTH has 84 amino acids

a)
the amino terminal end is biologically active

b)
carboxyterminal end is not biologically active, but has a longer half life and is assessed clinically

2.
maintains normal serum calcium levels

a)
encourages calcium ions to enter cells and leave blood stream

b)
PTH activates vitamin D in kidney

c)
affects bone to release calcium into blood

d)
encourages vitamin D for calcium absorption from intestine

Outline Review of Parathyroid Gland Physiology and Pathology

A.
Primary hyperparathyroidism

1.
what are the basic features?

a)
increased PTH

b)
hypercalcemia (vs 2( ( hypo-)


i.
hypophosphatemia


ii.
excessive urinary reabsorption of calcium ions


iii.
increased intestinal absorption of calcium

2.
what are the major causes?  problem w/ the gland

a)
adenomas

b)
hyperplasia

c)
carcinoma of gland

3.
what are the associated clinical findings?

a)
neuromuscular weakness and fatigued muscle

b)
depression and anziety leading to psychoses and coma

c)
metastatic calcification:  

i. eye 

ii. renal stones leading to nephrocalcinosis (deposition in BM of renal tubules ( polyuria:


can’t reabsorb( failure)


iii.
gall stones



d)
hypertension



e)
OSTEITIS FIBROSA CYSTICA (bone resorption) bone pain, bone cysts, fractures

f)
pancreatitis:  activation of PL-A2
g)
peptic ulcers

(1)
high calcium leads to increased secretion of gastrin

(2)
Zollinger-Ellison syndrome

4.
adenomas

a)
well encapsulated and soft

b)
very small

c)
mostly chief cells

5.
carcinomas

a)
rare cause of primary hyperparathyroidism (1% of cases)

b)
between 30 and 60 years of age

c)
usually a functioning tumor

d)
nonfunctional are difficult to distinguish from a thyroid tumor

e)
after removal, local recurrence is common

6.
primary hyperplasia

a)
chief cell hyperplasia accounts for 15% of primary hyperparathyroid cases

b)
usually all four glands involved

B.
Secondary hyperparathyroidism

1.
primarily in context to chronic renal failure ( hyperphosphatemia from renal insufficiency (reduced glomerular filtration) ( causes chronic hypocalcemia (vs. 1(( hyper)

a)
decreased activation of vitamin D because of diseased kidney hydroxylation

b)
also kidneys cannot adequately reabsorb calcium because of vitamin D deficiency

2.
skeletal resistance to PTH

3.
compensatory increased levels of PTH

4.
thus secondary hyperplasia of all four parathyroid glands

5.
bone disease is like osteomalacia

6.
also seen in malabsorption syndrome

C.
Hypoparathyroidism

1.
basic features

a)
decreased synthesis of PTH except in pseudohypoparathyroid where N PTH (end organ insensitivity to PTH, x-linked disorder of PTH receptors)

d)
hypocalcemia and hyperphosphatemia

2.
what are the main causes?

a)
inadvertant removal of glands during thyroidectomy

b)
or a metabolic disorder

c)
idiopathic

d)
autoimmune

e)
Di Georges syndrome (from pharyngeal pouch problems)

3.
what are the main clinical features?

a)
increased muscular excitability

(1)
because of decreased serum calcium

(2)
muscle cramps

(3)
carpopedal spasms

(4)
sometimes convulsions

(5)
Chvostek's sign

(a)
tap along facial nerve

(b)
contraction of eye, mouth and nose

b)
neuropsychiatric manifestations

(1)
depression

(2)
paranoia

(3)
psychoses 

(4)
increased CSF pressure and papilledema

intracranial calcifications and in lens of eye (catarracts)
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� NIH Consensus Development Confrence: Diagnosis and management of asymptomatic primary  hyperparathyroidism. Ann Intern Med 1991: 114-593.





