Endocrine System


Endocrine Physiology
· The endocrine system consists of the ductless endocrine glands that are scattered throughout the body. 

· Body functions are controlled by chemical signals from both the endocrine and nervous system.
· Endocrinology is the branch of physiology concerned with the description and characteristics of processes involved in the regulation and integration of cells and organ systems by a group of specialized chemical substances called hormones.

Hormones

· Mechanisms of Hormonal Transport:

1) Endocrine: Glands secret hormones into the blood stream to distant target cells (e.g. insulin).

2) Paracrine: Cells secret substances into the interstitial fluid to affect neighboring cells (e.g. histamine).

3) Autocrine: Cells secrete substances that affect the function of the cell itself (e.g. prostaglandins).

· Definition of an Endocrine Hormone: 

· It is a chemical messenger, produced in response to specific stimuli, and transported in the bloodstream to distal organs, where they bind with specific receptors and initiate many reactions.

· The Endocrine System Consists of three parts:
1. Endocrine gland.

2. Endocrine hormone.

3. Target cells.
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Endocrine Gland

Major Hormones

A Partial Listing of the Endocrine Glands

Primary Target Organs

Primary Effects

Adipose tissue
Adrenal cortex

Adrenal medulla
Heart
Hypothalamus

Small intestine

Islets of Langerhans
(pancreas)

Kidneys
Liver
Ovaries

Parathyroid glands
Pineal gland
Pituitary, anterior

Pituitary, posterior

Skin

Stomach
Testes
Thymus
Thyroid gland

Leptin
Glucocorticoids
Aldosterone

Epinephrine
Atrial natriuretic hormone
Releasing and inhibiting hormones

Secretin and cholecystokinin

Insulin
Glucagon

Erythropoietin
Somatomedins
Estradiol-178 and progesterone

Parathyroid hormone
Melatonin
Trophic hormones

Antidiuretic hormone
Oxytocin

1,25-Dihydroxyvitamin D,
Gastrin

Testosterone
Thymopoietin

Thyroxine (T,) and triilodothyronine
(T3); calcitonin

Hypothalamus

Liver and muscles
Kidneys

Heart, bronchioles, and blood vessels
Kidneys
Anterior pituitary

Stomach, liver, and pancreas

Many organs
Liver and adipose tissue

Bone marrow
Cartilage

Female reproductive tract and
mammary glands

Bone, small intestine, and kidneys
Hypothalamus and anterior pituitary
Endocrine glands and other organs

Kidneys and blood vessels
Uterus and mammary glands

Small intestine

Stomach

Prostate, seminal vesicles, and other organs
Lymph nodes

Most organs

Suppresses appetite

Glucocorticoids influence glucose
metabolism; aldosterone promotes Na*
retention, K™ excretion

Causes adrenergic stimulation

Promotes excretion of Na' in the urine

Regulates secretion of anterior pituitary
hormones

Inhibits gastric motility and stimulates bile
and pancreatic juice secretion

Insulin promotes cellular uptake of glucose
and formation of glycogen and fat;
glucagon stimulates hydrolysis of
glycogen and fat

Stimulates red blood cell production

Stimulates cell division and growth

Maintains structure of reproductive tract

and promotes secondary sex characteristics
Increases Ca*" concentration in blood
Affects secretion of gonadotrophic hormones
Stimulates growth and development of

target organs; stimulates secretion of
other hormones

Antidiuretic hormone promotes water
retention and vasoconstriction; oxytocin
stimulates contraction of uterus and
mammary secretory units

Stimulates absorption of Ca?'

Stimulates acid secretion

Stimulates secondary sexual development

Stimulates white blood cell production

Thyroxine and triiodothyronine promote
growth and development and stimulate
basal rate of cell respiration (basal metabolic
rate or BMR); calcitonin may participate in
the regulation of blood Ca®" levels




· Hormones play a key role in regulating almost all functions of the body:
1) Growth and development.

2) Maintains a constant internal environment (water and electrolyte balance ~ homeostasis).

3) Metabolism (energy production, utilization, and storage).

4) Reproduction.

5) Behavior.
· General Characteristics of Hormones:

( Found in low concentration in the blood.
( Are secreted by endocrine glands in response to specific stimuli. 

( Each hormone has a specific receptor in the target organ that binds with high affinity to that hormone.
· Different Chemical Structures of Hormones:

(1) Amines: These are hormones derived from the amino acids tyrosine and tryptophan (include hormones secreted by the adrenal medulla, thyroid, and pineal gland). 

(2) Polypeptides and proteins: Polypeptide hormones contain less than 100 amino acids (e.g., ADH), while protein hormones are polypeptides with more than 100 amino acids (e.g., GH).

(3) Glycoproteins: Are proteins combined to one or more carbohydrate groups (e.g., FSH & LH).

(4) Steroids: Are lipids derived from cholesterol (include testosterone, estradiol, progesterone, & cortisol). 
· The Solubility of Hormones:

( Hydrophilic hormones: 
· Polar or water-soluble proteins are freely soluble in plasma.

· They cannot pass through the plasma membrane; therefore their receptors are located on the outer surface of the membrane (hormone action requires activation of second messengers within the cell). 
· These include polypeptides, glycoproteins and catecholamines. 

( Hydrophobic hormones:

· More than 90% of nonpolar (lipophilic hormones) are transported attached to plasma carrier proteins:
· Provides a large reservoir of hormone.

· Slows the rate of clearance of hormones from plasma (increases half-life).

· Since lipophilic hormones can pass through the plasma membrane and enter their target cells, their receptors are located within the cytoplasm and nucleus. 

· These include steroid hormones and thyroid hormones. 
Mechanism of Hormone Action

· General Characteristics of Hormone Receptors:

( Receptors are large proteins that bind to a hormone with a high affinity and high specificity.
( Are found on target cell on the cell membrane or inside the cell in the cytoplasm or nucleus.
( Concentrate the hormone within the target cell. 
( Dynamic in number: can be increased or decreased in response to physiological & biochemical factors:
· Up-regulated (activation or increase production of receptors) when hormonal level is reduced.

· Down-regulated (deactivation or degradation of receptors) when the hormonal level is increased.

( Initiates a cascade of chemical reactions in the cell when it binds to a hormone, each stage becomes more powerfully activated so even the smallest concentrations of hormones have a large effect.
· Second Messenger System:

· Hydrophilic hormones that cannot pass the lipid barrier of the target cell’s plasma membrane exert their effects without entering the cell. The actions of these hormones are mediated by other molecules within the target cell, called second messengers.
· Types of second messengers:

1- Cyclic adenosine monophosphate (cAMP). 

2- Inositol triphosphate (IP3) and diacylglycerol (DAG) – products of phospholipid breakdown.

3- Calcium ions. 

· Chemical Stimuli for Hormone Secretion:
1. Chemical: e.g., glucose ( pancreas ( insulin, and Ca2+  ( parathyroid gland ( PTH. 

2. Neural: e.g., acetylcholine ( adrenal medulla ( epinephrine and norepinephrine.

3. Hormonal: e.g., ACTH ( adrenal cortex ( cortisol.

· Feedback Control of Hormonal Secretion:
1) Negative Feedback Mechanism: The hormone (or one of its products) has a negative feedback effect to prevent oversecretion of the hormone or overactivity at the target cell, thus maintaining homeostasis. It is the most prevalent mechanism of control in the endocrine system. 
a. Short (simple) Feedback Loops: Directly from target cell to endocrine gland.

( ( Glucose in blood after meal ( ( insulin secretion ( ( action of insulin ( ( glucose levels in blood ( ( insulin secretion. 

b. Long (multilevel) Feedback Loops: Occurs through several levels of feedback loops. It is more precise than the simple feedback and permits a greeter degree of fine-tuning of hormone secretion.
2) Positive Feedback Mechanism: Occurs when the biological action of the hormone causes additional secretion of the hormone.
· ( Estrogen before ovulation ( stimulates anterior pituitary ( ( LH secretion  ( stimulates ovaries (  ( estrogen secretion (( ( LH secretion. 
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	Simple Negative Feedback Loop
	

	
	Multilevel Negative Feedback Loop


· Endocrinopathies (Endocrine Disorders):

A. Too little hormone secretion (hyposecretion). 
B. Too much hormone secretion (hypersecretion).

C. Problems with the target organ (organ insensitivity or resistance).
The Hypothalamus and Pituitary Gland

	The Hypothalamus

· The hypothalamus, also known as the "master gland," links the nervous system to the endocrine system via the pituitary gland. It is located below the thalamus, just above the brain stem. In humans, it is roughly the size of an almond. 
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	The Pituitary Gland

· The pituitary gland, or hypophysis, sits in a bony depression in the inferior aspect (base) of the brain called the sella turcica. 
	

	· Roughly the size of a pea – about 1.3 cm (o.5 in.) in diameter – it weighs about 0.5 to 1 gram. 

· It is attached to the hypothalamus by a stalklike structure called the pituitary (or hypophysial) stalk.

· The pituitary gland is structurally and functionally divided into two parts: Adenohypophysis (anterior q), and Neurohypohpysis (posterior R).


The Hypothalamic-Pituitary Axis
	( Posterior Pituitary:

· The posterior pituitary is an embryological and anatomical part of the nervous system. It is, therefore, composed of neural tissue and is a functional part (an extension) of the hypothalamus and is connected to it by the infundibulum.

· The pituitary gland infundibulum contains bundles of nonmyelinated nerve fibers that terminate as axons in the in the posterior pituitary. 

· These fibers originate in the: (1) supraoptic nuclei, (2) paraventicular nuclei of the hypothalamus.
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	· The hormones synthesized by the two hypothalamic nuclei are packed into granules and are transported down the axons by axoplasmic flow; they accumulate at the axon terminals in the posterior pituitary.     

· The posterior pituitary serves as a storage house for two hormones secreted by the hypothalamus; it does not synthesize any hormones but simply releases the stored hypothalamic hormones into the blood stream.

· Note: The posterior pituitary is connected to the hypothalamus by nerve axons; there are no blood vessels connecting them together.

	( Anterior Pituitary:

· The anterior pituitary has a separate embryological origin from the posterior pituitary. It is formed from a pouch of epithelial tissue (Rathke’s pouch) that migrates upward from the embryonic mouth. 

· The anterior pituitary is connected to the hypothalamus by portal blood vessels called the hypothalamic-hypophysial portal vessels (superior hypophysial portal vessels).

· The hypothalamus synthesizes and secrets the hypothalamic releasing and inhibitory hormones (via the hypothalamic-hypophysial portal vessels) that controls the secretions of the anterior pituitary gland.

· Note: Hormones released by the posterior pituitary or secreted by the anterior pituitary gland are released into the nearby capillary circulation, from which the hormone is carries into the systemic circulation.
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Hypothalamic Releasing Hormones

· The following hormones are secreted by the hypothalamus and affect the anterior pituitary gland:
1) Adrenocorticotropic-Releasing Hormone (ACTRH):

· ACTRH ( anterior pituitary ( adrenocorticotropic hormone (ACTH) ( adrenal cortex.
2) Thyrotropin-Releasing Hormone (TRH):

· TRH ( anterior pituitary ( thyroid-stimulating hormone (TSH) ( thyroid gland.
3) Growth Hormone-Releasing Hormone (GHRH):

· GHRH ( anterior pituitary ( growth hormone (GH).
4) Somatostatin-Inhibitory Hormone (GHIH):

· Somatostatin, or growth hormone-inhibitory hormone (GHIH) ( anterior pituitary ( (TSH & ( GH. 

5) Gonadotropin-Releasing Hormone (GnRH):

· GnRH ( anterior pituitary ( gonadotropic hormones ( follicle-stimulating hormone (FSH) & luteinizing hormone (LH) ( testes & ovaries.
6) Prolactin-Releasing Hormone (PRH):
· Prolactin-releasing hormone ( anterior pituitary ( lactating memory glands ( synthesis of milk.  

7) Prolactin-Inhibitory Hormone (PIH, or Dopamine):
· Dopamine ( anterior pituitary ( inhibits prolactin synthesis.

Anterior Pituitary Hormones

· The hormones secreted by the anterior pituitary are called trophic hormones (trophic means “feed”), sometimes shortened to topic, because high concentrations of the anterior pituitary hormones cause their target organs to hypertrophy, while low levels cause their target organs to atrophy.
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Adrenocorticotropic hormone (ACTH):

· ACTH ( adrenal cortex ( glucocorticoids (cortisol).

2) Thyroid-stimulating hormone (TSH):

· TSH ( thyroid gland ( thyroxine (T4 & T3). 

3) Growth hormone (GH, or somatotropin).

· GH ( promotes protein synthesis and growth; lipolysis and increased blood glucose. 

4) Follicle-stimulating hormone (FSH):

· FSH ( growth of ovarian follicles in females, and production of sperm cells in the testes in males.

5) Luteinizing hormone (LH).

· In females, LH ( ovulation and formation of corpus luteum, and production of female sex hormones (estrogen and progesterone).

· In males ( it is called interstitial cell stimulating hormone (ICSH) ( stimulates secretion of male sex hormones (mainly testosterone) from the intestinal cells (Leydig cells) in the testes. 

6) Prolactin (PRL):

· PRL ( mammary glands ( milk production.

Posterior Pituitary Hormones

· The posterior pituitary stores and releases two hormones, both of which are produced by the hypothalamus:

1) Supraoptic nuclei ( Antidiuretic hormone (ADH, or vasopressin).

2) Paraventicular nuclei ( Oxytocin.

Growth Hormone
· Growth hormone, also called somatotropin, is a small protein containing 191 amino acids, and has two functions in the body; growth and metabolism: 
A. Metabolic effects (in both children and adults):
	( Carbohydrates (dibetogenic)
	( Proteins (anabolic)
	( Fats (catabolic)

	· ( Blood glucose (hyperglycemia)

· ( Cell uptake & glucose utilization. 
	· ( Amino acids entry into cells. 

· ( Protein synthesis.
	· ( Breakdown of fats.
· ( FFAs in the plasma.


B. Growth promoting effects (in children):

· GH ( liver ( insulin-like growth factor 1 (IGF-1), also called somatomedin C ( acts on cartilage & increases the growth of long bones (linear growth).
· GH requires thyroid hormones & insulin to function properly, as well as the sex hormones (testosterone & estrogen) during adolescence.
· Factors Controlling GH Secretion:
	Stimulation (( GH)
	
	Inhibition (( GH)

	GHRH (hypothalamus)
	
	Somatostatin (hypothalamus)

	Hypoglycemia
	
	Hyperglycemia

	( FFAs in blood
	
	( FFAs in blood

	Fasting, or Protein deficiency 
	
	Cortisol

	Exercise
	
	Obesity

	Excitement, Stress, & Trauma
	
	Aging

	First 2 hours of deep sleep
	
	( GH, GHRH & IGFs (negative feedback)

	Testosterone & Estrogen
	
	


· Note: Prolonged administration of cortisol can cause growth retardation.
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Abnormalities of Growth Hormone Secretion

( Hypersecretion:

· In children; Gigantism ( Person’s height reaches 7 to 8 feet.
· In adults; Acromegaly:
- Bones of the face, hands, and feet become thicker.

- Growth of soft tissue & coarsening (thickening) of the skin.

- Lower jaw protrudes forward.

- Nose increases to almost twice its normal size.

- Feet require a size 14 or larger shoes.

- Fingers thicken so hands are almost twice normal size.

- Hunched back (kyphosis).

- Certain organs (e.g., liver, kidneys, & tongue) hypertrophy. 

( Hyposecretion:
· In children; Dwarfism ( short in height with normal mental development and appropriate proportions between limbs.

· In adults; has a negligible effect because it is compensated by other hormones.
Antidiuretic Hormone

· ADH, also called vasopressin, is a polypeptide synthesized in the supraoptic nuclei of the hypothalamus and secreted by the posterior lobe of the pituitary gland.
· Functions of ADH:
1. ( Water reabsoption in the distal tubules and collecting ducts.

· ADH ( V2 receptors in the kidneys ( formation of cAMP second messenger ( ( formation of aquaporins (water channels) ( ( water reabsoption. 

2. ( Contraction of blood arterioles (vasoconstriction). 

· ( Blood volume ( ( ADH secretion ( V1 receptors ( IP3/Ca2+ second messenger ( vasoconstriction. 
· Factors Controlling ADH:
	( ADH
	
	( ADH

	( Plasma osmolarity (dehydration, vomiting, diarrhea).
	
	( Plasma osmolarity

	( Blood volume
	
	( Blood volume

	( Blood pressure
	
	( Blood pressure

	( Age
	
	Alcohol 

	Pain, emotional stress, and physical trauma
	
	

	Drugs (morphine and nicotine)
	
	



Prolactin

· Prolactin is synthesized and secreted by lactotrophs in the anterior pituitary. 
· It acts on the breast (lactating mammary glands) in women and has two main functions:
1) Enhances breast development.

2) ( Synthesis (production) of milk by lactating mammary glands after birth.

· Factors Stimulating Prolactin Secretion:

1. Suckling of the breast.

2. Visual and auditory stimuli (e.g., hungry or crying baby).
Oxytocin

· Oxytocin is synthesized in the paraventicular nuclei of the hypothalamus and is secreted by the posterior lobe of the pituitary gland.
· Functions of Oxytocin:

A. Causes contraction of the pregnant uterus and reduces uterine bleeding after delivery:
· Progesterone inhibits the uterine contractibility during pregnancy, while estrogen increases uterine contractibility. After the seventh month of pregnancy, estrogen levels rise, while progesterone levels remain the same or decline slightly.

· During labor, the uterine muscle is most sensitive to oxytocin and the rate of oxytocin secretion by the neurohypophysis is increased causing uterine contraction. 
B. Induces milk ejection through breasts by contraction of myoepithelial cells surrounding each alveolus.

· Factors Controlling Oxytocin:
	( Secretion of Oxytocin
	
	( Secretion of Oxytocin

	Distention of uterus & dilation of cervix during labor
	
	Fear 

	Visual or auditory stimuli (e.g., hungry or crying baby)
	
	Alcohol

	Suckling of the breast (reflex signal from the nipple)
	
	

	Coitus (sexual intercourse)
	
	

	Pain, anxiety, and stress
	
	


· Note: Two hormones are important during lactation, prolactin which promotes the production of milk in lactating mammary glands, and oxytocin which aids in the secretion (ejection) of milk by the breast. 

Pituitary Pathologies
Diabetes Insipidus

· Diabetes insipidus (DI) is a disorder characterized by increased urine output above 3 liters per day (polyuria), extreme thirst (polydipsia), and urine is often dilute (pale or colorless).

· Diabetes insipidus can have several forms:

1.  Central or Neurogenic DI, commonly called pituitary DI, is due to damage to the hypothalamus or pituitary due to a tumor, stroke, or neurosurgery, and is treated with administrating doses of ADH.
2. Nephrogenic DI is due to the inability of the kidney to respond normally to ADH, and can result from a variety of drugs or kidney diseases including heritable genetic defects which cannot be cured.
Hypopituitarism

· In hypopituitarism, there is an absence of one or more pituitary hormones. Lack of the hormone leads to loss of function in the gland or organ that it controls.
· Sheehan’s syndrome: 
· If a woman's pituitary gland is starved of blood because she bled severely during childbirth, the gland may lose its ability to function properly. 
· Sheehan syndrome is a condition that may occur in women who have severe uterine hemorrhage during childbirth. The resulting severe blood loss causes tissue death in her pituitary gland and leads to hypopituitarism following the birth. Today, however, Sheehan syndrome is very rare.
· Symptoms:
· Inability to breast-feed (failure to lactate).
· Fatigue. 

· Amenorrhea (lack of menstrual bleeding). 

· Low blood pressure (hypotension).
· Note: In endocrinology, deficiency of one or multiple hormones of the anterior pituitary is generally referred to as hypopituitarism, while deficiency of the posterior lobe generally only leads to central diabetes insipidus. The deficiency of all anterior pituitary hormones is termed panhypopituitarism.
Panhypopituitarism

· Panhypopituitarism (Simmonds' disease) – generalized hypopituitarism where there is a deficiency in all hormones of the pituitary gland, frequently results from one of three abnormalities:
· Two tumorous conditions (craniopharyngiomas or chromophobe tumors) ( may compress the pituitary gland until the functioning anterior pituitary cells are totally or almost totally destroyed. 
· Thrombosis of the pituitary blood vessels (e.g., Sheehan’s syndrome).

· Symptoms:
1. ( GH ( Dwarfism and hypoglycemia.
2. ( ACTH ( ( Cortisol (fatigue, weakness, weight loss, loss of appetite, hypotension, etc).
3. ( TSH ( ( Thyroid hormones (bradycardia, sensitivity to cold, headaches, decreased libido, etc).
4. ( ADH ( Diabetes insipidus (polyuria, polydepsia, nocturia, enuresis, etc).
5. ( FSH&LH ( Infertility, amenorrhea in women, & slowed sexual development in children.
6. ( Prolactin ( Failure to lactate.
Hyperpituitarism

· Hyperpituitarism is the result of excess secretion of adenohypophyseal trophic hormones most commonly by a functional pituitary adenoma.
· A pituitary adenoma can have two effects:
· A mechanical effect by putting pressure on the optic chiasm (part of the brain where the optic nerves cross near the pituitary gland) ( causing decreased vision.
· A secretory effect ( increases the secretion of pituitary hormones.
· Hyperprolactinemia:

· Hyperprolactinemia is the presence of abnormally high levels of prolactin in the blood and can be due to excess production from a prolactinoma (a pituitary gland adenoma tumor).
· Hyperprolactinemia inhibits gonadotropin-releasing hormone (GnRH) by increasing the release of dopamine (dopamine inhibits GnRH secretion) which is the cause of most of its symptoms.
· Symptoms: 

- In Females:

· Glactorrhea (increase in milk production).

· Amenorrhea.

· Infertility.

- In Males:

· Gynecomastia (breast enlargement).
· Impotence.

· Infertility.

· Treatment: Administration of dopamine agonists (increases dopamine secretion by hypothalamus), which usually decrease both the secretion and size of the prolactinoma.

· Note: Adenomas of the pituitary gland include (from most common to least common): growth hormone secreting adenomas (causes gigantism or acromegaly), ACTH secreting adenomas (causes Cushing’s disease), and FSH or TSH secreting adenomas.
Thyroid Gland
	· Physiologic Anatomy:

· The thyroid gland is located just below the larynx. It consists of two lobes positioned on either side of the trachea and are connected anteriorly by a band of thyroid tissue called the isthmus, which lies just below the cricoid cartilage. 

· The thyroid gland is the largest of the pure endocrine glands, weighing about 20 grams in a healthy adult. It has a blood flow about 5-times the weight of the gland each minute, giving it a higher rate of blood flow per gram than even that of the kidneys. 

· The thyroid gland varies in size according to age, sex, and physical state, and may enlarge substantially during pregnancy and when affected by a variety of diseases. It cannot be seen under normal conditions, but when enlarged can be obvious moving up and down upon swallowing.
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	· Histology of the Thyroid: 
1. Thyroid follicles: The thyroid gland consists of numerous spherical hollow sacs called thyroid follicles. 

a. Follicular cells: The thyroid follicles are lines with simple cuboidal epithelium composed of follicular cells that synthesize the principle thyroid hormone, thyroxine.

b. Colloid: The follicles contain colloid, which constitutes of the large glycoprotein thyroglobulin, which stores the thyroid hormones.

2. Parafollicular cells: Found between follicular cells, also called C cells, they produce and secrete a hormone known as calcitonin, which plays a role in calcium homeostasis. 
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· Thyroid Hormones:
1) Follicular cells synthesize:


( Thyroxine (tetraiodothyronine, T4).
( Triiodothyronine (T3).

2) Parafollicular cells synthesize:


( Calcitonin: Works with parathyroid hormone to regulate calcium levels of the blood and has an entirely separate function from thyroid hormones.

· Note: Because T4 and T3 contain the element iodine, their synthesis by the thyroid follicle depends on an adequate supply of iodine in the diet.
· Iodine:

· Daily requirement of iodine is about 100-150 0g per day (about 1 mg/week, or 50 mg/year).

· Iodine is ingested in the form of iodide, combined either as sodium iodide (NaI) or potassium iodide (KI), and is found in iodized table salt, seafood, vegetables and meat.

· 30-50% of iodine intake in diet is trapped by the body while the rest is excreted in urine. From the 30-50%, almost 90-95% is taken up by the thyroid gland while the rest is used by the salivary or mammary glands.

· Note: Most common cause for goiter is iodine deficiency; this condition is commonly called endemic goiter.

· Synthesis of Thyroid Hormones (Thyroxine & Triiodothyronine):
( Synthesis and Secretion of Thyroglobulin by the Thyroid Cells:

· The endoplasmic reticulum and Golgi apparatus of the thyroid cells synthesize and secrete into the follicles a large glycoprotein molecule called thyroglobulin. 

· Each molecule of thyroglobulin contains about 70 tyrosine amino acids, and they are the major substrates that combine with iodine to form the thyroid hormones. 
( Iodide Trapping and Oxidation:
· The basal membranes of the follicular cells contain iodide transporters. These transporters actively (require ATP) transports iodide into the cytosol of the follicular cell against its concentration gradient.   This is called iodide trapping. 
· In a normal gland, the iodide pump concentrates the iodide to about 30 times its concentration in the blood (blood iodide : cell iodine = 1:30). When the thyroid gland becomes maximally active, this concentration ratio can rise to as high as 250 times.

· The iodide ion is oxidized in the apical membrane to iodine by the enzyme peroxidase. When the peroxide system is blocked or when it is hereditarily absent from the cells, the rate of formation of thyroid hormones falls to zero. 

· Note: The rate of iodide trapping is influenced by several factors, the most important being the concentration of TSH; high levels of TSH stimulates the activity of the iodide pump in thyroid cells, while low levels of TSH inhibits it. 

( Iodination of Tyrosine and Formation of the Thyroid Hormones:

· One or two molecules of iodine ions bind with about cth of the tyrosine amino acids found in the thyroglobulin molecule producing the iodinated tyrosine residues, monoiodotyrosine (MIT) and diiodotyrosine (DIT), respectively. 
· Iodinated tyrosine residues (MIT & DIT) are coupled with each other producing the two important iodothyronines, thyroxine and triiodothyronine. 
· Two molecules of DIT are coupled to produce thyroxine (T4), the major product of the coupling reaction. And one molecule of MIT coupled with one molecule DIT produces triiodothyronine (T3), which represents only about fth of the final hormones.
· Note: Only about 20-25% of the DIT and MIT residues in the thyroglobulin molecule become coupled to form the iodothyronines, thyroxine (T4) and triiodothyronine (T3).
( Storage and Secretion of Thyroid Hormones:
· After synthesis of the thyroid hormones, each thyroglobulin molecule – stored in the colloid, contain up to 30 thyroxine molecules and a few triiodothyronine molecules.
· When the thyroid gland is stimulated to secret thyroid hormones, pseudopods from the apical membrane reach into the lumen of the follicle and engulf colloid droplets to form pinocytotic vesicles.

· The colloid droplets fuse with lysosomes which hydrolyze the thyroglobulin and releases free thyroxine and triiodothyronine which then diffuse across the basal membrane into the blood. It also releases MIT and DIT, which are not secreted into the blood but deiodinated in the follicular cell by the enzyme deiodinase, and the released iodide is then reutilized by the follicular cell for forming additional thyroid hormones.

( In the congenital absence of the enzyme deiodinase, many persons become iodine-deficient because of the failure to recycle iodine. 

· Note: The thyroid hormones are stored in the follicles in an amount sufficient to supply the body with its normal requirements of thyroid hormones for 2 to 3 months. Therefore, when synthesis of thyroid hormones ceases, the physiological effects of deficiency are not observed for several months.
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· Transport of Thyroid Hormones to Peripheral Tissues:
· 93% of released thyroid hormone from the thyroid gland is thyroxine and only 7% is triiodothyronine. 
· More than 99% of T4 and T3 travel in the blood attached to carrier proteins, these carriers have a higher affinity for T4 than for T3, and, as a result, the amount of free T3 in the plasma is about ten times greater than the amount of free T4 (about 0.3% free T3, and 0.03% free T4). 

· It is this small amount of free thyroid hormone that interacts with target cells; the protein-bound form of T4 and T3 serve as a reservoir that can replenish the small amount of circulating free hormone as it is cleared from the blood.  

· About 40% of the free T4 that enters the target cell is slowly deiodinated to form additional T3; this reaction is catalyzed by 5’-deiodinase. 

· The T3 formed by this deiodination and that secreted by the thyroid react with the thyroid hormone receptors in target cells; therefore, T3 is the physiologically active form of the thyroid hormones. 
         

· Intracellular thyroid hormone receptors have a very high affinity for triiodothyronine. Consequently, about 90% of thyroid hormone molecules that bind to receptors are triiodothyronine, and only 10% thyroxine. Therefore, the hormone finally delivered to and used by the tissues is mainly triiodothyronine.

· Functions of The Thyroid Hormones:

1. ( Metabolic activity of the body:
· ( Basal metabolic rate to 60 to 100% above normal ( ( O2 consumption and ( body temperature.
· ( Size, number, and activity of mitochondria ( ( Formation of ATP.

2. ( Growth and development of CNS and body growth:
· Crucial for the development of the brain especially during the second and third trimester of fetal life, and is essential during the first six months of postnatal life as well as for the first few years.

· Hypothyroidism during the second trimester up to the first six months after birth may cause cretinism.  

3. ( Carbohydrate metabolism:
· (Glucose uptake by GIT, (glucose uptake by cells, (glycolysis, (gluconeogenesis, (insulin secretion.
4. ( Fat metabolism: Catabolic effect (rapid mobilization of lipids from fat tissue) ( ( FFAs in plasma.

5. Proteins:
· ( Level of enzyme proteins, ( synthesis of structural proteins, ( synthesis of transport proteins      (e.g., Na,K-ATPase), although an excess of thyroid hormone secretion is catabolic to proteins.
6. C.V.S.: ( Heart rate, ( C.O., ( blood flow.
7. Respiration: ( Rate of respiration, ( depth of respiration ((VT).
8. GIT: ( Secretion, ( motility, ( appetite.

9. ( Muscle vigor (energy).

10. ( Other endocrine glands secretion.

· Diseases of the Thyroid:
( Hyperthyroidism:

· Hyperthyroidism is the result of excess thyroid hormone production, caused by an excess of circulating free T4 and/or free T3, causing an overactive metabolism and increased speed of all the body's processes.
· Causes:

1) Primary hyperthyroidism: As a result of pathology within the thyroid gland. 

A. Grave’s disease is the major cause of hyperthyroidism (70-80%): 
· Grave’s disease is an autoimmune disorder caused by antibodies directed against TSH receptor of thyroid follicular cells. These IgG antibodies, called thyroid-stimulating immunoglobulins (TSI), bind to the TSH receptor, resulting in an increase in secretion of thyroid hormones. Since production of these antibodies is not inhibited by negative feedback, the high secretion of thyroid hormones that results cannot turn off the excessive stimulation of the thyroid.
· Also characterized by diffuse toxic goiter and exophthalmos
.

B. Thyroid adenoma.
· Diagnosis: (T4 & (T3 ( (TSH & (TRH (by negative feedback).

2) Secondary hyperthyroidism: As a result of pathology outside the thyroid gland.
A. Due to a pituitary adenoma: 

· Diagnosis:  (T4, (T3, (TSH, with a ( TRH.
B. Due to a hypothalamic pathology:

· Diagnosis: (T4, (T4, (TSH, (TRH.

· Symptoms:

1. Exophthalmos.

2. Excitability, anxiety, & restlessness. 
3. Intolerance to heat. 
4. ( Sweating.


5. ( Appetite & ( Weight.


6. Diarrhea.
7. Muscle weakness.

8. Insomnia with extreme fatigue.

9. ( Heart rate.

10. ( Sleeping pulse rate.
11. Nervousness.



12. Hand tremors. 
( Hypothyroidism:
· Hypothyroidism is the disease state caused by insufficient thyroid hormone production by thyroid gland.
· Causes: Iodide deficiency (most common), Hashimoto’s disease (autoimmune), surgical removal of thyroid gland, and hypothalamic or pituitary diseases that result in decrease TRH or TSH secretion.
· Symptoms:
	1. Cretinism in children:

· Hypothyroidism from the end of the first trimester of prenatal life to 6 months after birth may result in cretinism. This conditioned is characterized by failure of body growth, and unlike people with dwarfism, who have inadequate secretion of GH, people with cretinism suffer sever mental retardation. Treatment with thyroxine soon after birth, particularly before 1 month of age, has been found to completely or almost completely restore development of intelligence.
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	2. Myxedema:

· In severe cases of hypothyroidism, water accumulates in the extracellular space, under the skin, causing an edematous (puffy) appearance throughout the body primarily in the face, hands, and feet, called myxedema. In fact, the term myxedema is often used as a synonym for hypothyroidism in adults, because of the promince of this symptom.
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3. Intolerance to cold.

4. Coarse, dry skin.


5. ( Appetite & ( Weight.

6. Constipation.


7. Lethargy (laziness).


8. Sluggish muscles & slow reflexes.
8. Hoarseness of voice.

9.  ( HR, ( C.O., ( blood volume.
10. Mental sluggishness


11. ( Body temperature.
12. Somnolence (12-14 hours sleep) with extreme fatigue.

· Comparison Between Hypothyroidism and Hyperthyroidism:
	Feature
	Hypothyroid
	Hyperthyroid

	Growth and development
	Impaired growth
	Accelerated growth

	Activity and sleep
	Lethargy; increased sleep
	Increased activity, decreased sleep

	Temperature tolerance
	Intolerance to cold
	Intolerance to heat

	Skin characteristics
	Coarse, dry skin
	Normal skin

	Perspiration (sweating)
	Absent
	Excessive

	Pulse
	Slow
	Rapid

	Gastrointestinal symptoms
	Constipation; ( appetite; ( weight
	Diarrhea; (appetite; (  weight

	Reflexes
	Slow
	Rapid

	Psychological aspects
	Depression and apathy
	Nervous, “emotional” state


· Note: A goiter occurs whenever either TSH or thyroid-stimulating immunoglobulins (TSI) excessively stimulate the thyroid gland. Note that a goiter may accompany hypothyroidism or hyperthyroidism, but it need not be present in either condition. 

Parathyroid Glands

· The small, flattened parathyroid glands are embedded in the posterior surfaces of the lateral lobes of the thyroid gland. There are usually four parathyroid glands:    a superior pair and an inferior pair, although the precise number can vary.
· Parathyroid hormone (PTH) is the only hormone secreted by the parathyroid glands. PTH, however, is the single most important hormone in the control of calcium levels by acting on bones, kidneys, and intestines, as we shall see.
Calcium Homeostasis (PTH, Calcitonin, & Vitamin D)
· The plasma calcium concentration is among the most closely regulated of all physiological parameters in the body, seldom rising or falling more than a few per cent from the normal value of about 9.0 to 10.5 mg/dl; which equals about 2.3 to 2.6 mmol/L. This precise control is essential, because calcium plays a key role in many physiological processes. 

· Importance of Calcium in the Body:
( Nerve and muscle excitability.

( Neurotransmitter release from axon terminals.

( Contraction of skeletal, cardiac, & smooth muscles.

( Second or third messenger.



( Cofactor for several enzymes (e.g., blood-clotting cascade).

( Major constitute of bone.

· Non-bone Effects of Altered Calcium Concentrations in the Body Fluids:

· Of all these roles, the one that demands the most careful regulation of plasma calcium levels is the effect of calcium on nerve excitability. Calcium affects the sodium permeability of nerve membrane, which influences the ease with which action potentials are triggered. 

· Hypercalcemia: Increase in free calcium levels above normal (>12 mg/dl) causes progressive depression of the nervous system (high threshold) and leads to slow reflexes – hyporeflexia. 

· Symptoms: Sluggish or reduced reflexes, polyuria, polydepsia, constipation, lethargy, anorexia (lack of appetite), and more seriously; decreases QT interval of the heart, renal stones, and peptic ulcers.

· Note: A rise in cytosolic Ca2+ within a muscle cell causes contraction, whereas an increase in free ECF Ca2+ decreases neuromuscular excitability and reduces the likelihood of contraction. Unless one keeps this point in mind, it is difficult to understand why low plasma Ca2+ levels induce muscle hyperactivity when Ca2+ is necessary to switch on the contraction apparatus. We are talking about two different Ca2+ pools, which exert different effects.

· Hypocalcemia: Low free plasma Ca2+ (<9.0 mg/dl) increases Na+ permeability and causes the nervous system to become more excited (low threshold) and can lead to the generation of spontaneous action potentials in nerves or overactive reflexes – hyperreflexia. If severe enough, spastic contraction of the respiratory muscles results in death by asphyxiation. When motor neurons are affected, tetany of the muscles of the motor unit may occur (at about 6 mg/dl); this condition is called hypocalcemic tetany (carpopedal spasm). Latent tetany may be revealed by certain diagnostically important signs: 

	· Trousseau’s sign (figure to the right) is a characteristic spasm of the muscles of the forearm that causes flexion of the wrist and thumb and extension of the fingers. It may occur spontaneously or be elicited by inflation of a blood pressure cuff placed on the upper arm.

· Chvostek’s sign is a unilateral spasm of the facial muscles that can be elicited by tapping the facial nerve just anterior to the ear. 
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· Symptoms: Mouth tingling and parasthesia ('pins & needles' sensation over extremities of the hands & feet), tetany, carpopedal spasm (figure above), Trousseau’s sign, Chvostek’s sign, and life threatening complications; laryngospasm (involuntary contraction (spasm) of larynx) and cardiac arrhythmias. 
· Body Content & Tissue Distribution of Calcium in a Healthy Adult:
· An average intake of calcium in the diet is about 1,000 mg/day of calcium, about the amount in 1 liter of milk. Only R (300 mg/day) of ingested calcium is absorbed by the GI tract; the remainder (850 mg/day) is excreted in the feces. How does the math work? Well, an additional 150 mg/day are secreted back into the GI tract, these result from sloughing of mucosal cells that line the GI tact and from calcium that accompanies various secretions into the GI tract, making the final calcium excretion about 850 mg/day.

· After uptake of calcium by GI tract, the primary route of elimination is via the kidneys. Of the amount of calcium initially filtered by the kidneys (around 10,000 mg/day), only about 150 mg/day (that is 1%) is excreted in the urine and the remaining 99% is reabsorbed and returned to the blood.
·  The following table shows the approximate tissue distribution of Ca2+ among tissues in a healthy adult:
	
	Calcium

	Total Content Relative Distribution 
(% of total body content)
	1,300 g

	Bones and Teeth
	99%

	Intracellular Fluid 
	0.9%

	Extracellular Fluid (Interstitial fluid & Plasma)
	0.1%


· Calcium in Plasma and Interstitial Fluid:
· The calcium in the plasma (10 mg/dl) is present in three forms:

(1) Free, ionized calcium (50%) ( Diffusible through capillary membranes. 

· It is the biologically active form of calcium. When talking about the effects of plasma calcium levels as mentioned in the previous page, we are referring to the free calcium ion levels.
(2) Combined, non-ionized calcium:

(a) Combined with plasma proteins (40%) and is pH-dependent → 30% is bound to albumin and the remainder 10% is bound to globulin). ( Nondiffusible through capillary membranes. 
· Acidosis (( pH) ( ( calcium binding to albumin (( albumin binding to H+) (( ionized calcium.

· Alkalosis (( pH) (calcium binding to albumin (( albumin binding to H+) ( ( ionized calcium.


· An increase or decrease in plasma proteins affects the overall concentration of calcium; therefore, it has the capacity to serve as a buffer of free plasma calcium concentrations.
 (b) Combined with anionic substances (10%) → i.e.; citrate, sulfate, phosphate, lactate & bicarbonate ( Diffusible through capillary membranes.
· Changes in anion concentrations affect the concentration of free ionized calcium; example, an increase in phosphate concentrations increases the amount of calcium complex with (attached to) phosphate, thus decreasing the concentration of free calcium ions, this can lead to plasma hypocalcemia and even tetanus.

· Note: The percentage of calcium filtered by the kidneys is the percent of calcium that is diffusible through the capillary membranes which comprises about 60% of the total calcium in the plasma. It consists of free calcium ions (50%) and calcium bound to small diffusible anions (10%). 


· Control of Plasma Calcium:
· The hormonal regulation of plasma calcium levels is achieved by three hormones:
(1) Parathyroid hormone (PTH).

(2) Calcitonin.

(3) 1,25-Dihydroxycholecalciferol (also known as 1,25-dihydroxyvitamin D3 or calcitriol).

	Hormone
	Effect on Intestine
	Effect on Kidneys
	Effect on Bone
	Associated Diseases

	Parathyroid hormone (PTH)
	No direct effect
	Stimulates Ca2+ reabsorption; inhibits PO43a reabsorption. 
	Stimulates resorption
	Osteitis fibrosa cystic with hypercalcemia due to excess PTH

	1,25-dihydroxyvitamin D3
	Stimulates absorption of Ca2+ and PO43a
	Stimulates reabsorption of Ca2+ and PO43a
	Stimulates resorption
	Osteomalacia (adults) and rickets (children) due to deficiency of 1,25- dihydroxyvitamin D3

	Calcitonin
	None
	Inhibits reabsorption of Ca2+ and PO43a
	Stimulates deposition
	None


 (I) Parathyroid Hormone:

· Importance: 
Parathyroid hormone is a polypeptide hormone secreted by the parathyroid glands and is essential for life. In the complete absence of PTH (e.g., damage to the parathyroid glands or their blood supply during surgical removal of the thyroid gland), death ensures within a few days, usually because of asphyxiation caused by hypocalcemic tetany (spasm) of respiratory muscles. This condition can be avoided with hormone replacement therapy.  
· Function: 
It is a hypercalcemic hormone that increases the plasma calcium levels when they start to fall, by its actions on bone, kidneys, and intestine, thereby preventing hypocalcemia and its effects. This hormone also acts to lower plasma phosphate concentrations. PTH causes an increase in plasma calcium concentrations while decreasing plasma phosphate.
· Stimulus:
The primary physiological stimulus for PTH secretion is a decrease in ionized calcium concentrations (i.e.;( Ca2+ ( ( PTH, while ( Ca2+ ( ( PTH). Appropriately, PTH secretion is increased in response to a fall in plasma Ca2+ and decreased by a rise in plasma Ca2+ levels (simple negative-feedback loop).
· Actions of PTH:

( Bone:
a) Stimulates osteoclasts to absorb bone and release it into the ECF.



b) Increases formation of more osteoclasts.



c) Momentarily inhibits the bone-forming activity of osteoblasts.

( Note: When PTH promotes breaking up of calcium phosphate in bone to acquire their Ca2+ content, both Ca2+ and PO43a are released into the plasma. An elevation in plasma PO43a is undesirable, but PTH deals with this dilemma by its actions on the kidneys. 

( Kidneys:
a) Increases Ca2+ reabsoption (mainly in the late distal tubules and collecting tubules).



b) Decreases PO43a reabsoption thus increasing its urinary excretion.



c) Enhance the activation of vitamin D by the kidneys.

( Note: It would be pointless to dissolve bone to obtain more Ca2+ only to lose it in urine, and it is also essential to remove the extra PO43a from the body fluids to prevent redeposition of freed Ca2+ back into the bone along with PO43a. Therefore, PTH acts on the kidneys to increase the Ca2+ reabsoption (so it is not lost in the urine) and decrease the reabsoption of PO43a (so calcium is not redeposited in the bone).
( Intestine:
Although PTH has no direct effect on the intestine, it indirectly increases both Ca2+ and PO43a absorption from the small intestine by activation of vitamin D. This vitamin, in turn, directly increases intestinal absorption of Ca2+ and PO43a.

(II) Calcitonin:

· Importance: 

Calcitonin is a polypeptide hormone secreted by the parafollicular cells (C cells) of the thyroid gland. Most evidence suggests that calcitonin plays little to no role in the normal control of Ca2+ and PO43a metabolism. Although calcitonin protects against hypercalcemia, this condition rarely occurs under normal circumstances. Moreover, neither thyroid removal nor calcitonin-secreting tumors alter circulating levels of Ca2+ and PO43a, implying that this hormone is not normally essential for maintaining Ca2+ and PO43a homeostasis.
· Function: 

It is a hypocalcemic hormone that lowers both plasma Ca2+ and PO43a levels by inhibiting the resorption of bone (by decreasing the activity of osteoclasts) and to a lesser extent by decreasing their reabsorption by the kidneys thereby increasing their excretion in the urine. 
· Stimulus:
The primary stimulation for calcitonin release is an increase in free plasma Ca2+. Appropriately, an increase in plasma Ca2+ stimulates calcitonin secretion and a fall in plasma Ca2+ inhibits calcitonin secretion (simple negative-feedback control). Calcitonin opposes the effects of PTH. 

(III) Vitamin D:

· Importance:

The D vitamins, a group of lipid-soluble compounds derived from cholesterol, have long been known to be effective in the prevention of rickets. Vitamin D, or more precisely a metabolite of vitamin D, has a potent effect to increase calcium absorption from the intestinal tract; it also has important effects on both bone deposition and bone absorption. Vitamin D (also called cholecalciferol), is not the active substance that actually causes these effects. Instead, vitamin D must first be converted through reactions in the liver and kidneys to the final product, 1,25-dihydroxycholecalciferol.

· Sources:
Vitamin D can be produced by the body in the skin from a precursor related to cholesterol normally in the skin, called 7-dehydrocholesterol, on exposure to ultraviolet rays from the sun and released into the blood. The skin, therefore, is actually an endocrine gland and vitamin D a hormone. It has been considered a vitamin, however, because when the body is not exposed to sufficient sunlight, at least part of the essential vitamin D must be derived from the diet.
· Activation:
Regardless of its source, vitamin D is biologically inactive when it first enters the blood from either the skin or the digestive tract. It must be activated by the addition of two hydroxyl (aOH) groups.
( Liver: The first step occurs in the liver and is largely unregulated. It involves the addition of a hydroxyl group to carbon 25, to form 25-hydroxycholecalciferol, but remains inactive and is released into the blood to undergo a second hydroxylation reaction in the kidneys.

( Kidneys: The final step occurs in the kidneys where there is a second hydroxylation on carbon 1 and is catalyzed by the enzyme 1α-hydroxylase, producing 1,25-dihydroxycholecalciferol, also known as 1,25-dihydroxyvitamin D3 or calcitriol, the active form of the vitamin.
· Regulation:
Activation of vitamin D is primarily regulated by PTH. PTH activates kidney 1α-hydroxylase, the enzyme responsible for the final hydroxylation step and thus activation of vitamin D. Enzyme activity also increases in response to a decrease in plasma phosphate. Therefore, both a decrease in plasma calcium, which triggers PTH secretion, and a decrease in circulating phosphate results in the activation of 1α-hydroxylase and an increase in 1,25-dihydroxycholciferol synthesis.

· Actions:
( Stimulates intestinal absorption of calcium and phosphate.
( Stimulates bone resorption & increases its responsiveness to PTH.
( Stimulates renal reabsorption of calcium and phosphate.
( Note: The effect of simultaneously raising blood concentrations of Ca2+ and PO43a results in the increased tendency of these two ions to precipitate as hydroxyapatite crystals in bone.

Pathophysiology of Parathyroid Hormone, Vitamin D, and Bone Disease
Parathyroid Pathologies

Hypoparathyroidism
· Hypoparathyroidism occurs when the parathyroid glands do not secret sufficient PTH, the osteoclasts become almost totally inactive. As a result, calcium reabsorption from the bones is so depressed that the level of calcium in the body fluids decreases. Yet, because calcium and phosphates are not being absorbed from the bone, the bone usually remains strong. 
· Causes: The most common cause of deficient PTH secretion, i.e. hypoparathyroidism, used to be inadvertent removal of the parathyroid glands (before doctors knew about their existence) during surgical removal of the thyroid gland. Rarely, PTH Hyposecretion occurs as a result of an autoimmune attack against the parathyroid glands.
· Symptoms: Hypoparathyroidism leads to hypocalcemia (blood calcium level falls from the normal 9.4 mg/dl to 6 to 7 mg/dl within 2 to 3 days) and hyperphosphatemia (blood phosphate levels may double). The usual signs of tetany develop, and among the muscles especially sensitive to tetanic spasm are the laryngeal muscles. Spasm of these muscles obstructs respiration, which is the usual cause of death in tetany unless appropriate treatment is applied.

· Diagnosis: Testing positive for Chvostek’s sign and Trousseau’s sign.
· Treatment: Administration of PTH and extremely large doses of vitamin D.
Hyperparathyroidism

· Hyperparathyroidism occurs when the parathyroid glands secrete excessive amounts of PTH. It causes extreme osteoclastic activity in the bones. This elevates the calcium ion concentration in the ECF while usually depressing the concentration of phosphate ion because of renal excretion of phosphate. 
· Causes: Hypersecreting tumor in one of the parathyroid glands.
· Symptoms: Hyperparathyroidism leads to hypercalcemia and hypophosphatemia; symptoms include:
( Hypercalcemia reduces muscle and nerve tissue excitability, leading to muscle weakness and neurological disorders, including decreased alertness, poor memory, depression, and cardiac disturbances.
( Excessive mobilization of Ca2+ and PO43a from skeletal bones leads to thinning of bone, which may result in skeletal deformities and increase incidence of fractures.
( An increased incidence of calcium-containing kidney stones occurs because the excess quantity of Ca2+ being filtered through the kidneys may precipitate and form stones.
( Hypercalcemia can cause digestive disorders such as peptic ulcers, nausea, and constipation.
Vitamin D Deficiency

Rickets & Osteomalacia
· Rickets and osteomalacia are characterized by the inadequate mineralization of new bone matrix, because Ca2+ salts are not available for deposition. It results from calcium or phosphate deficiency in the ECF, usually caused by deficiency of vitamin D. As a result, bones may have reduced strength and are subject to distortion in response to mechanical stress.
· When the disease occurs in adults, it is called osteomalacia; when it occurs in children, it is called rickets.

· Cause: Deficiency of vitamin D activity (e.g., inadequate exposure to sunlight; deficient in the diet; inadequate absorption of vitamin D by the intestine; diseases of the liver or kidneys which are involved in its activation; certain drugs can impair vitamin D actions, all theses resulting in vitamin D deficiency).   
· Symptoms: Produces bowing of the long bones in the legs in children (the demineralized bones become soft and deformed, bowing under the pressure of weight bearing). In adults, it is often associated with sever bone pain and disability.
· Treatment: Supplying adequate calcium and phosphate in the diet with large amounts of vitamin D.
Bone Diseases

Osteoporosis

· Osteoporosis is the most common disease in adults, especially in old age. It involves a reduction in total bone mass (density) with an equal loss of both mineral and organic matrix. It is different from osteomalacia and rickets because it results from reduced deposition of the bone’s organic matrix (loss of both mineral and organic matrix) rather than from poor bone calcification (loss of minerals).

· Causes:
( Long-term dietary calcium deficiency.
( Vitamin C deficiency.
( Immobilization and disuse of a limb (lack of physical stress on the bone), such as a cast or paralysis.
( Space flight can produce a type of osteoporosis resulting from the condition of weightlessness.
( Postmenopausal lack of estrogen secretion.

( Old age.
Paget’s Disease

· Paget’s disease affects about 3% of people older than 40. It is characterized by disordered bone formation and resorption (remodeling) and may occur at a single local site or at multiple sites in the body.
· Causes: The cause is not well understood. Both genetic and environmental factors appear to be important.

· Symptoms: Considerable pain, & in severe cases, crippling deformities may lead to neurological problems.


Diabetes insipidus is a disease associated with the inadequate secretion or action of ADH. When the secretion of ADH is adequate, but genetic defect in the ADH receptors or the aquaporins channels renders the kidneys incapable of responding to ADH, the condition is called nephrogenic diabetes insipidus. Without proper ADH secretion or action, the collecting ducts are not very permeable to water, and so a large volume (5 to 10 L per day) of dilute urine is produced (polyuria). The dehydration that results causes intense thirst (polydipsia).





Thyroid-stimulating hormone (TSH) from the anterior pituitary stimulates the thyroid to secret thyroxine; however, it also excretes a trophic (growth-stimulating) effect on the thyroid. This tropic effect is evident in people who develop iodine-deficiency (endemic) goiter. “Goiter” means an abnormal growth or enlargement of the thyroid gland. In the absence of sufficient dietary iodine, the thyroid cannot produce adequate amount of T4 and T3. The resulting lack of negative feedback inhibition causes abnormally high levels of TSH secretion, which in turn stimulates the abnormal growth of the thyroid.





Exophthalmos





THE BONE; A CALCIUM RESERVOIR:


Composition:


Recall that 99% of the body’s calcium is in the skeleton. Bone is a living tissue composed of 30% tough organic matrix (mostly collagen fibers) strengthened by 70% of the crystalline salts; Ca10(PO4)6(OH)2, called hydroxyapatite, composed principally of calcium and phosphate.


Remodeling:


The calcium phosphate (i.e., Ca3(PO4)2 salt) in hydroxyapatite crystals is derived from the blood and deposited in bone by the action of bone-forming cells called osteoblasts located on the bone surface. On the other hand, bone is dissolved by acids and enzymes and returned back into the blood by the action of bone-destroying cells known as osteoclasts also located on the bone surface.


Thus a constant cellular tug-of-war goes on in the bone, with bone-forming osteoblasts countering the efforts of bone-destroying osteoclasts, continuously remodeling bone surface. Throughout most adult life, rates of bone formation and bone resorption are about equal, so total bone mass remains constant. By age 50 or 60, however, the rate of bone resorption often exceeds the rate of bone deposition.


Equilibrium:


Because of the solubility characteristics of calcium phosphate, the product of the plasma concentration of Ca2+ times the plasma concentration of PO43a (i.e., [Ca2+]plasma x [PO43a]plasma) must remain constant. Therefore, an inverse relationship exist between the plasma concentrations of Ca2+ and PO43a; for example, when the plasma PO43a level rises, some plasma Ca2+ is forced back into the bone through hydroxyapatite crystal formation, reducing the plasma Ca2+ level and keeping constant the calcium phosphate product. This inverse relationship occurs because the concentrations of free Ca2+ and PO43a ions in the ECF are in equilibrium with the bone crystals. The significance of this characteristic of calcium phosphate is evident when reading about the actions of PTH on the kidneys, as we will see on the next page.


Density:


Mechanical stress tips the balance in favor of bone deposition, causing bone mass to increase and the bones to strengthen. Mechanical factors adjust the strength of bone in response to the demands placed on it. The greater the physical stress, the greater the rate of bone deposition. For example, the bones of athletes are more massive and stronger than those of sedentary (inactive) people.


By contrast, bone mass diminishes and the bones weaken when bone resorption gains a competitive edge over bone deposition in response to removal of mechanical stress. For example, bone mass decreases in people who undergo prolonged bed confinement or those in space flight. Early Astronauts lost up to 20% of their bone mass during their time in orbit. 





Thyroid Hormones Increase The Transcription of Large Numbers of Genes. The general effect of thyroid hormone is to activate nuclear transcription of large number of genes. Therefore, virtually all cells of the body, great numbers of protein enzymes, transport proteins, and other substances are synthesized. The net result is generalized increase in functional activity throughout the body.





Respiratory alkalosis, due to persistent hyperventilation, leads to a reduction in free plasma calcium. Calcium reduction is secondary to increased binding of Ca2+ to plasma albumin; causing a decrease in free calcium ions (hypocalcemia) and can lead to tetany. Many of the symptoms present in persons with respiratory alkalosis are related to the hypocalcemia.





To help you understand PTH actions





Since 1,25-dihydroxyvitamin D3 directly simulates bone resorption, it seems paradoxical that this hormone is needed for proper bone deposition and, in fact, that inadequate amounts of 1,25-dihydroxyvitamin D3 result in the bone demineralization of osteomalacia and rickets. This apparent paradox may be explained by the fact that the primary function of 1,25-dihydroxyvitamin D3 is stimulation of intestinal Ca2+ and PO43a absorption. When calcium intake is adequate, the major result of 1,25-dihydroxyvitamin D3 action is the availability of Ca2+ and PO43a in sufficient amounts to promote bone deposition. Only when calcium intake is inadequate does the direct effect of 1,25-dihydroxyvitamin D3 on bone resorption become significant, acting to ensure proper blood Ca2+ levels.








� Exophthalmos: Bulging of the eye due to retro-orbital edema and degeneration of the extra-ocular muscles, if not treated will lead to atrophy of the optic nerve and blindness.
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