testosterone

	Testosterone is the major steroidal hormone produced by the interstitial cells of Leydig in the testes. It is also produced in lesser amounts by the adrenal gland near the kidneys. Over 95% of testosterone is produced in the testes where it is necessary to spermatogenesis. Systemically, androgens (testosterone and dihydrotestosterone, also known as DHT) are involved in sexual differentiation, deveopment of seconday sex characteristics, anabolic metabolism and gene regulation, and male pattern baldness, and behavior.

Biosynthesis
The immediate precursor of gonadal steroids is cholesterol. LH promotes the conversion of cholesterol to pregnenolone. The mechanism by which LH stimulates this conversion is via the formation of the second messenger cAMP via a G-protein linked LH receptor. cAMP then activates protein kinase A, which activates enzymes within the pathway. The subsequent conversion of pregnenolone to testosterone requires the action of 5 enzymes located in the microsomal fraction within the progesterone pathway. Pregnenolone can also be converted to testosterone via the dehydroepiandrosterone pathway. The ability to make testosterone continues from puberty throughout adult life. The secretion rate is about 5 milligrams per day in adult men and it seems to be released as it is produced.

Also produced within the testes are dihydrotestosterone (DHT) and estradiol. Human testes secrete about 50-100 micrograms of DHT per day but most in circulation is derived from peripheral conversion of testosterone, estrogen and androgen precursors from the testes and adrenals. Estradiol may contribute to FSH regulation. High estradiol and a skewed estrogen:testosterone ratio have been implicated in gynecomastia, or abnormal breast enlargement in males.

Transport
Testosterone is carried in plasma bound to a plasma protein called sex hormone binding globulin. Most of circulating testosterone (60%) is bound to this liver-derived protein. The rest (38%) is bound to albumin. Only about 2% of circulating testosterone is free and able to enter cells and exert its metaboloc effects. Most circulating testosterone is metabolized to 17-ketosteroids in the liver and conjugated to glucuronide or sulfate prior to being excreted in the urine.

Metabolic Pathways
There are two pathways for the metabolism of testosterone. The first, ocurring in non-target tissues, is the oxidation of the 17-position to produce 17-ketosteroids that are inactive or less active than testosterone itself. The second pathway involves reduction of the steroid A ring double bond and the 3-ketone. It occurs in target tissues, such as seminal vesicles, prostate, external genitalia and skin, where testosterone is converted to DHT, estradiol and androstanediol. DHT is more potent than testosterone and is the most significant metabolic product of testosterone.

Mechanism
As a steroid, testosterone freely enters target cells and binds to an intracellular receptor. The receptor-hormone complex then binds to DNA promoting gene transcription. In some target cells testosterone is converted within the cytoplasm to DHT which has a greater affinity for the same intracellular receptor. DHT-receptor complexes more readily bind to DNA and influence gene transcription than testosterone-receptor complexes. DHT-receptor complexes are necessary to the formation of male external genitalia in early development, enlargement of the prostate and penis, and hair growth at the time of puberty. The pubertal and post pubertal increase in muscle mass and development of male sex drive (libido) depend primarily on testosterone.

Puberty in the Male
The age at the time of puberty is variable. US boys usually experience puberty between the ages of 9 and 14. Androgens induce the following changes in boys at the time of puberty.

1. Penis enlarges in length and width. Scrotum becomes pigmented and wrinkled. 

2. Seminal vesicles, prostate and Cowper's glands enlarge and secrete. 

3. Larynx enlarges, vocal cords increase in length and thickness causing the voice to become deeper. 

4. Beard appears. Hairline recedes. Pubic hair grows in male pattern (triangle with apex up). Hair appears in arm pits, on chest, and around anus. General body hair increases. 

5. Behaviorally becomes more aggressive, active. Interest in the opposite sex develops. 

6. Shoulders broaden and musculoskeletal development occurs (growth spurt). 

7. Sebaceous gland secretion thickens and increases predisposing to acne. 

8. Stimulation of erythropoiesis (red blood cell formation).

Steroid Feedback
Testosterone inhibits LH secretion by acting directly on the anterior pituitary and by inhibiting the secretion of hypothalamic GnRH. Externally administered testosterone does not raise the androgen levels in the testes very much and it inhibits LH secretion. Therefore, the net effect of steroid use is generally a decrease in sperm count. Exogenous testoterone had been considered as male birth control but the amount needed to suppress sperm counts causes sodium and water retention.

	
	

	



	


Prostate:

A major area of activity in the field of urology focuses on the prostate. The prostate gland is a male accessory sex organ comprised of 30-50 branched glands, weighs about 20 grams and measures 4 x 2 x 3 centimeters (about the size of a walnut). It is surrounded by a fibroelastic capsule that penetrates the gland to divide it into lobes. The capsule and the stroma within the gland contain smooth muscle cells capable of contracting to expel the prostatic fluid. The prostate lies in front of the rectum just under the bladder and surrounds a portion of the urethra. Ejaculatory ducts join the urethra within the prostate gland. The prostate produces an alkaline fluid rich in citric acid, spermine, cholesterol, phosphlipids, fibrinogenase, fibrinolysin, zinc and acid phosphatase, and other proteins. It contributes about 30% of the total seminal fluid volume.

The central zone of the prostate contains pseudostratified epithelium. The peripheral zone is made of stratified epithelium, occupies some 70% of the gland's volume and is the most prevalent site of prostatic cancer. A transitional zone between the two is the most common site of benign prostatic hyperplasia. The prostate remains normal size until the age of 40-50 when, in some men, in association with decreasing testosterone, it degenerates without any symptoms.

Prostatitis
Infection of the prostate gland may occur from the spread of a bladder or urethral infection. It may also be a result of systemic bacterial spread through blood or lymph. Symptoms of acute bacterial prostatitis are chills, fever, painful or difficult urination, blood in the urine, urinary frequency and urgency. There may also be a urethral discharge and pain in the general area. Adequate treatment will generally clear the bacterial infection. Analgesics, antibiotics, and sitz baths usually yield good results. Chronic infection may result if treatment is not fully successful.

Prostatitis absent of a bacterial infection also occurs. Symptoms are usually mild and include low back pain, urinary frequency, urinary urgency and rectal, urethral or perineal discomfort. This most common type of prostatitis may have some relation to excessive caffeine or alcohol intake.

Benign prostatic hypertrophy
A noncancerous enlargement of the prostate is present in 50% of men more than 50 years of age and in 95% of men more than 70 years of age. It leads to obstruction of the urethra with clinical symptoms in only 5-10% of cases. Symptoms are similar to those of prostatic cancer; difficulty in urination, smaller stream, frequent and less forceful urination.

Testosterone or dihydrotestosterone, in combination with estradiol, has been implicated in the extensive and uncontrolled division of prostate cells seen in benign prostatic hypertrophy. The usual treatment is surgical removal of enlarged tissues. Conservative treatments may include prostatic massage, hot sitz baths, chemotherapy, catheterization and urethral dilation.

Prostate Cancer
Prostatic cancer is the second most common form of cancer in men and the third leading cause of cancer deaths. About 150,000 new cases of prostatic cancer are diagnosed and 40-50,000 men die each year in the US. This disease usually strikes men in their 60's and 70's. Racial and geographic differences exist. For example, American blacks have a much higher incidence than Nigerian blacks and Japanese-Americans in Hawaii have an incidence rate between the low rate seen in Japan and the higher rates seen in US caucasians. Risk factors include; a familial history, African-American heritage, American diet (possibly due to low fiber, high fat), and age 50 or above.

The rectal exam should be performed annually for all men over the age of 40. As most tumors arise in the posterior portion of the prostate the hard nodular masses are easily palpable. The rectal exam, PSA test, and ultrasound are the best methods to detect prostate cancer.

One half to three fourths of patients will benefit from treatment. Prostate cancer is most successfully treated when detected early. Treatment is dependent on the stage of the disease, the patient's age, and symptoms. Radiation therapy, radioactive prostate seeds (implants), cryosurgery, radical prostatectomy, transurethral resection, orchiectomy (castration), chemotherapy, or hormone therapy are possible treatment modalities.

Prostate Specific Antigen (PSA)
The PSA test measures a normal blood-born glycoprotein made by the prostate. Enlargement of the prostate may cause the level of PSA to be higher than normal. PSA levels differ according to age and tend to rise in men over 60. Prostate specific antigen levels as tested in the blood are broken down into levels. Zero to four is normal for most men. Men 50-60 years old might have a level of four and a level of 6.5 is common in men over 70. A higher than normal level of antigen could be representative of a problem. One time measurements are not as descriptive as successive measurements over time. Men with a normal level for their age should have the test once a year. More frequent testing may be recommended for those with abnormally high PSA levels. The PSA test is not a perfect indicator and must be used in conjunction with a rectal exam and an ultrasound to make a diagnosis of cancer. PSA levels in general are very high when tumor volume is increased.

	Hormonal communication systems augment the nervous communcation systems within the body. Hormones are chemical signaling molecules (peptides, proteins or steroids) produced in one site of the body that then travel to another site to have an effect. In this way one cell can effect other distantly located cells.

The endocrine system displays an elegant system of checks and balances in the form of feedback loops to facilitate the normal funtioning of all bodily systems. Hormones may be made and have an action locally or may be made in one endocrine gland and have an effect at a distant site. 

Glands are functional units of hormone secreting cells located in various regions of the body making up the endocrine system. Each gland has specific functions that help to maintain the normal internal environment and promote the survival of the organism.  Although there are some diffuse endocrine tissues, as in the gastrointestinal epithelium, there are several major glands or control centers within the endocrine system, including:

pituitary gland
    anterior pituitary
    intermediate lobe
    posterior pituitary
hypothalamus
suprarenal (adrenal) gland
thyroid
parathyroid
pancreas
testes
ovary
pineal
"The Master Gland"
The pituitary gland, which lies is a small depression in the sphenoid bone of the skull called the sella turcica, has often been termed the 'Master Gland' because many of the hormones it releases effect the release of other hormones. However, the pituitary is really not the master. It is controlled by a brain region called the hypothalamus via the release of releasing factors into a special blood vessel network (hypothalamic-hypophyseal portal system) that feeds the pituicytes. These releasing factors then cause or inhibit the release of pituitary hormones which travel via the circulatory sytem to the target organ.  For example, as a woman's menstrual cycle progresses toward ovulation, the hypothalamus releases LHRH (luteinizing hormone releasing hormone) that travels via the hypophyseal portal system to the pituitary where it stimulates the production and release of LH (luteinizing hormone). LH then travels to the ovaries where it causes ovulation and the subsequent development of a progesterone secreting corpus luteum.

Anatomically and functionally the pituitary can be divided into three portions:

1) anterior pituritary (adenohypophysis)
Six peptide hormones are secreted by the adenohypophysis: Growth hormone (somatotropin, GH), corticotropin (ACTH), thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), Luteinizing hormone (LH), and prolactin (PRL). All except growth hormone and prolactin regulate the activities of other glands.  Somatotropin, PRL and ACTH are polypeptide hormones and LH, FSH, and TSH are glycoproteins having very similar structures.

· Growth hormone has no specific target tissue. All cells of the human body are affected by this hormone. It is very important in the growing child but it remains essential to many bodily functions throughout life. GH has effects on the growth of bone and cartilage, protein metabolism, RNA formation, electrolyte balance, fat and glucose metabolism. 

· ACTH    This trophic hormone stimulates the production and release of suprarenal steroids. Normally the amount of circulating ACTH is controlled by the levels of cortisol in the blood, individual biorhythms and stress. 

· TSH    This hormone stimulates the synthesis and secretion of thyroid homones. It is a glycoprotein hormone controlled by feedback from thyroid homones. 

· FSH    The target organs for FSH are the testes, in men, and the ovaries in women. The hormone stimulates the germinal epithelium in the testes to cause and facilitate the making of sperm. In women it stimulates the growth and development of the follicle. It stimulates the production of testosterone in men and estrogen and progesterone in women. Its release from the pituitary is governed by a negative feedback mechanism involving these steroids. 

· LH    The male target organ is the testes and the testosterone producing interstitial cells of Leydig in particular. In women the target of LH is the developing follicle within the ovary where it is necessary for ovulation to occur and a corpus luteum to develop. 

· Prolactin    This hormone is involved in breast development and lactation. In concert with estrogen, it prepares the mammary gland for lactation and then causes the synthesis of milk. Secretion is regulated by a release inhibiting factor and suckling may cause the release of prolactin from the pituitary. 

2) intermediate lobe (pars intermedia)
In the adult human this lobe is diminished with poor vascular and neural connections such that secretion is not facilitated. Cells in the pars intermedia may secrete MSH (melanocyte stimulating hormone) which stimulates the activity of melanocytes in the skin.

3) posterior pituitary (neurohypophysis)
This portion of the pituitary is really an extension of the hypothalamus. Neurons with their cell bodies in the hypothalamus and their terminal protions in the neurohypophysis release two hormones. Antidiuretic hormone (ADH) and oxytocin are stored there within the terminal processes of neurons until the signal to release them is received.

· ADH    In the presence of ADH, the kidneys reabsorb more water from the forming urine within the renal tubules. Without ADH the kidney tubules are almost completely impermeable to water such that a very dilute urine is excreted (diabetes insipidus). ADH has a direct effect on vascular smooth muscle causing vasoconstriction and an increase in blood pressure when present in large doses. The hypothalamus has osmoreceptors that sense the concentration of the blood. They are stimulated by a high blood osmolarity (increased concentration) causing the release of ADH. The hormone then causes the kidney tubules to reabsorb more water to return osmolarity to normal. Volume receptors also play a role when they sense a low blood pressure. Alcohol inhibits ADH secretion. 

· Oxytocin    A major role of this hormone is the stimulation of smooth muscle cells in the pregnant uterus. When labor begins, stretching of the cervix and vagina stimulates a reflex production and release of oxytocin. Oxytocin then travels in the blood to the uterus where it causes more forceful contraction of the smooth muscle. This hormone is also involved in lactation. It causes milk ejection by acting on the smooth muscle surrounding the milk producing cells. Again its production and release is mediated by a neural reflex, the suckling reflex. Emotion, anxiety and pain can inhibit oxytocin release. 


Hypothalamus
Anterior pituitary functions are controlled by the region of the brain called the hypothalamus via the secretion of  releasing and inhibiting factors. Specialized neurons in the hypothalamus, controlled by feedback and other communication methods release factors that cause the release of hormones from the anterior pituitary. The pituitary trophic hormones then control the release of other hormones from a target gland. With the exception of prolactin, release promoting factors are more important to the release of pituitary hormones. Somatostatin (inhibits GH release),  prolactin inhibiting factor (PIF, dopamine), LH releasing factor (LHRF), FSH releasing factor (FSHRF), prolactin releasing factor (PRF), corticotropin releasing factor (CRF), thyrotropin releasing hormone (TRH) are all hormones that control the release of anterior pituitary hormones. The release of these factors is controlled by feedback from the target organ hormone to maintain the proper hormonal balance.
 

Suprarenal (adrenal) Gland
The suprarenal glands are located on top of each of the kidneys. The adrenal cortex (outer portions) produce the corticosteroids: the mineralcorticoids and the glucocorticoids which are steroid hormones. The cortex also produces some male sex steroids. Cholesterol is the starting place for the biosynthesis of all these steroid hormones.

The adrenal medulla is actually an extension of the nervous system. The adrenal medulla produces norepinephrine and epinepherine (adrenaline) that are released in response to stress or a fright.

Mineralcorticoids
The major mineralcorticoid, which is secreted almost independently of ACTH from the pitutitary, is aldosterone. Aldosterone secretion is controlled mostly by the levels of potassium and sodium in serum and a blood pressure control system called the renin-angiotensin system. The principle action of aldosterone is the retention of sodium. Where sodium goes, so goes associated ions and water. Therefore, aldosterone profoundly effects fluid balance by effecting intracellular and extracellular fluid volume.
Aldosterone has the opposite effect on serum levels of potassium as it is lost in the urine in exchange for sodium in the renal tubules. Salivary and sweat glands are also influenced by aldosterone to save sodium and the intestine increases the absorption of sodium in response to aldosterone.

Aldosterone levels increase and cause fluid retention in diseases such as congestive heart failure and liver cirrhosis. Certain diuretics act by antagonizing aldosterone. In contrast to most diuretics that cause potassium loss, the aldosterone antagonists increase blood potassium and are sometimes used for this effect.

Glucocorticoids
The major glucocorticoid is cortisol. Cortisol has important actions in the control and metabolism of carbohydrates, lipids, and proteins and assists in the metabolic reaction to stress, especially chronic stress. It causes glucose to be liberated from the liver by  increasing glucose production from fatty acids (by-products of lipid breakdown) and amino acids. Cortisol causes the tissues to take up less glucose from the blood and mobilizes fat breakdown. The net effect is to increase serum glucose concentrations which is protective for the brain in that it cannot use any other fuel source than glucose. It also stimulates protein breakdown for glucose formation in all tissues except the liver where it stimulates protein synthesis.

At high concentrations (greater than physiologic) glucocorticoids (such as hydrocortisone or prednisone) are useful for the treatment of allergies and inflammation. Each step of the inflammatory process is blocked by glucocorticoids when given systemically (an IV injection or orally). Topical application of glucocorticoids have anti-inflammatory effects for the local area. The anti-inflammatory activity of glucocorticoids is thought to be due primarily to the stabilization of cell membranes and the inhibition of phospholipases and therefore prostaglandin synthesis. The immune response can also be suppressed by the use of glucocorticoids. Eosinophils and lymphocytes decrease in the circulation affecting both cellular and humoral immunity. The glucocorticoids are used for many other conditions including asthma, renal diseases, rheumatic disorders such as lupus and inflammatory bowel disease.

Thyroid
The thyroid is a large endocrine organ that functions mostly to control metabolism. It is located in the neck between the trachea and laynx and is bi-lobed with a connecting isthmus. The gland is composed of many tiny follicles, that are in effect, each a separately functioning gland with a single-layer epithelial lining. Each follicle accumulates a storage form of the circulating thyroid hormones, thyroglobin. Thyroglobin is a large protein molecule that contains multiple copies of the amino acid tyrosine. The thyroid hormones are very simple modifications of the amino acid tyrosine. Iodide is added to one or two spots on the amino acid and then two of the modified tyrosines are combined to form one of the two thyroid hormones, thyroxin (T4) or triiodothyronine (T3).  The thyroid hormones are then cut off the thyroglobin as needed and released into the circulation. The thyroid follicles accumulate iodine by extracting it from the blood and trapping it within the lumen of the follicle. This ability to store homone in a large molecule is unique to the thyroid.

Both T4 and T3 enter cells and bind to an intracellular receptors whereby they increase the metabolic capabilities of the cell. Mitochondria and mitochondrial enzymes are increased thereby influencing cellular metabolism. Thyroid hormones are necessary for normal growth and development. They have metabolic effects on protein synthesis, lipid metabolosm and carbohydrate metabolism.

Also produced by parafollicular cells within the thyroid is the polypeptide hormone calcitonin. It funtions in calcium maintainence to decrease the levels of calcium in the blood. When serum calcium levels are excessive, calcitonin is released. It inhibits bone resorption (by inhibiting osteoclast activity), allows the loss of calcium in the urine and therefore decreases calcium in the blood. It opposes the action of parathyroid hormone and has been used clinically for the treatment of osteoporosis.

Parathyroid
The four parathyroid glands lie on top of the thyroid gland in seperate nodes spread out to the four quandrants of the thyroid. Parathyroid homone is under direct feedback control of circulating levels of calcium. If calcium levels fall, then parathyroid hormone is released. As calcium levels rise, release of the hormone is reduced. Parathyroid homone acts on bones, the kidneys and the intestines to reabsorb calcium.

Pancreas
The pancreas is a mixed exocrine and endocrine gland. The exocrine portion makes many of the digestive enzymes necessary for gastrointestinal function. The endocrine portion is comprised of discrete islands of cells called the islets of Langerhans. Cells within the islets produce two hormones that regulate the concentration of glucose in the blood. Insulin is a polypeptide hormone produced by the beta cells that reduces the level of circulating glucose. It is the only hormone that reduces circulating glucose levels, is secreted in response to high glucose levels and is subject to negative feedback control. Insulin causes cells to take up glucose, stimulates the storage of glucose, and inhibits the making of glucose. Abnormalities in the secretion or response of cells to insulin cause the condition diabetes mellitus.

Glucagon is a small protein produced by alpha cells within the islets that causes the level of blood glucose to increase. Its release is controlled by blood levels of glucose. As levels fall, glucagon release is increased causing the release of stored glucose and the synthesis of glucose until levels are increased and glucagon release is then reduced via negative feeedback. Glucagon opposes the metabolic actions of insulin. This opposition plus the negative feedback control of glucose levels maintains very tight control on blood glucose levels.

Testes
Testosterone is the principle hormone of the testes and is synthesized from cholesterol by the Leydig cells. The secretion of testosterone is under the control of LH from the pituitary. LH secretion is decreased by increased levels of testosterone in the blood via negative feedback. Testosterone develops and maintains the male secondary sex characteristics, is anabolic and growth promoting and participates in the formation of sperm. It also causes aggressive behavior and increased libido. Body hair is increased by androgens while scalp hair is decreased.

Like other steroids, testosterone enters cells and binds to an intracellular receptor and then causes the production of mRNA coding for proteins that manifest the changes induced by testosterone. In some target tissues a form of testosterone, DHT, is produced that has greater stability in combination with the receptor and therefore produces a longer lasting effect. DHT is needed for the maturation of the accessory glands and external genitalia, while testosterone is more important in the growth of muscle mass, development of the internal genitalia and maintainence of the male libido and sex drive.

Another hormone produced by the testes is the polypeptide hormone, inhibin, produced by the Sertoli cells. It inhibits FSH secretion by a direct action on the pituitary.

Ovary
The ovaries produce the steroid hormones (estrogens and progesterone) that cause the development of secondary sexual characteristics and develop and maintain the reproductive function in the female. Specifically the estrogens are secreted by the theca interna cells and the granulosa cells of the ovarian follicle, the corpus luteum and the placenta. LH from the anterior pituitary binds to receptors on theca interna or granulosa cells to cause the production of estradiol from cholesterol or a downstream precursor androstenedione that is passed from the thecal cells to the granulosa cells. Progesterone is secreted mostly by the corpus luteum and the placenta but some is made by the developing follicle. Negative feedback from progesterone decreases LH secretion and large doses can prevent ovulation.

Estridiol is the most potent and major secreted estrogen although estrone and estriol can be found in circulation as well. Like other steroid hormones, estrogens enter target cells, combine with a nuclear receptor and cause the production of mRNAs that, when translated into proteins, modify cell function. Estrogens are metabolized by the liver and secreted in bile where some is reabsorbed back into the body. Metabolites of estridiol are excreted in the urine.

Estrogens in the blood stream inhibit the release of FSH and LH, in some circumstances, via negative feedback. At other times, as in the preovulatory LH surge, estrogens increase the release of LH, via positive feedback. Estrogen also increases the excitability of uterine smooth muscle, myometrial sensitivity to oxytocin and increases the libido in women by a direct action on hypothalamic neurons.

Estrogens lower plasma cholesterol, inhibit atherogenesis (plaque formation in blood vessels), and are protective against myocardial infarction as suggested by the lower incidence of heart attacks and atherosclerosis in premenopausal women.

Progesterone has the principal targets of the uterus, breasts and the brain. It promotes the development of breast tissue, causes changes in the endometrial lining during the luteal phase of the cycle, decreases the excitability of myometrial cells and decreases uterine sensitivity to oxytocin.

Cells of the developing follicle also produce the polypeptide hormone inhibin which inhibits FSH secretion by a direct action on the pituitary.

Pineal
The pineal gland can be found deep in the brain at the top of the third ventricle where it is is close communication with the cerebrospinal fluid. In the adult, the pineal gland can often be seen in x-rays of the brain because of the accumulation of radiopaque calcium phosphate and carbonate into small granules called pineal sand. The cells of the pineal gland secrete the hormone melatonin in a diurnal cycle (the amount changes throughout a 24 hr period) where the amount remains low during the daylight hours but increases during the dark hours. This diurnal variation is controlled by norepinephrine from sympathtic nevous input that is regulated by the light-dark cycle in the environment. 

Although some people use melatonin supplements to treat insomnia, this effect has not been proven in scientific trials. There have been reports of increased insomnia and depression as well as other side effects associated with its use.

	
	

	Testicles (testes) are the male gonads. Two of these stuctures are found in the scrotum where they produce the male gametes, the spermatozoa, and the male hormone, testosterone. The testes are suspended from the body by the spermatic cord which contains the ductus deferens or vas deferens, testicular blood and lymph vessels and nerves.

Anatomy & Histology
The testicles are paired spheroid structures, (4 to 5 x 2.5 x 3 centimeters, 10.5-14 grams) housed in the scrotum with the dual function of producing sperm and hormones. The scrotum serves as a protective covering and serves to maintain the testicular temperature about 2 degrees below abdominal temperature. Each testicle is covered by a sac derived from the peritoneum acquired during its descent from the abdomen during fetal development. This sac has a an outer parietal layer and an inner visceral layer. Under this, each testis is surrounded by a thick capsule of collagenous connective tissue. The posterior surface of the sac is thickened to form the mediastinum from which septa extend into the gland to separate it into about 250 lobules. Each lobule is filled with with 1-4 seminiferous tubules, connective tissue, vascular supply, lymphatic vessels nerves and interstitial cells.

Seminiferous tubules are the site where spermatozoa are produced and the interstitial cells make testosterone. Within each testis there are about 200 meters of seminiferous tubules accounting for 80-90% of the testicular mass. Seminiferous tubules have within them a lining of germ cells and specialized cells that partially envelop and nuture the developing gametes. These pyramidal nurse cells are called Sertoli cells and are joined to one another by tight junctions so that substances cannot freely flow from the blood to the tubular lumen. This testis-blood barrier is important to protect the sperm from antibodies in the blood. Sertoli cells surround developing germ cells and provide a nurturing environment for their development. FSH stimulates Sertoli cells to produce androgen binding protein into the lumen of the tubule. This provides for a high concentration of testosterone within the lumen as is necessary for spermatogenesis.

The rete testes, a meshwork of ducts, collect sperm from the seminiferous tubules. The sperm is transported to the epididymis by testicular fluid pressure, ciliary action and contraction of the efferent ductules. It takes about 12 days for a sperm to travel through the epididymis while spermatozoa are functionally and morphologically readied for the job of fertilization. Sperm leave the epididymis when called upon and travel through the muscular ductus deferens that propels sperm forward by peristaltic contractions into the ejaculatory duct. Glandular secretions are added by the seminal vesicles, prostate and urethral glands prior to expulsion.

Spermatogenesis
A dozen or more different types of germ cells have been described in males. It takes about 74 days to complete the spermatogenic cycle; from spermatogonia to spermatozoa. Spermatogenesis occurs in an orderly fashion progressing from spermatogonia at the seminiferous tubule basement membrane to spermatozoa at the tubular lumen. Spermatocytes are derived from spermatogonia via mitotic division. Through meiotic division, the spermatids are formed containing a haploid (1X) number of chromosomes (23). Early spermatids lose much of their cytoplasm and undergo morphological changes more characteristic of mature sperm.

Mature sperm are highly specialized cells composed of a head, neck and tail region. Sperm have a head made up of DNA as condensed chromosomes, an enzyme cap (acrosome) that enables the sperm to enter the egg at fertilization, a neck containing numerous mitochondria and a flagellar tail that confers motility to the cell. Mature sperm are released into the lumen of the seminiferous tubule but are still not ready for the big game. They become mobile during their passage through the epididymis and are further energized by spending time in the female reproductive tract in a process called capacitation.

Spermatogenesis is negatively impacted by heat. The testes are normally kept below abdominal temperatures by scrotal sweat evaporation and counter current heat exhange in the testicular blood supply. Artificial temperature increases caused by wearing tight clothes or extended daily hot baths may reduce sperm counts dramatically in some cases. But the effect is not consistent and therefore is not a good method of male contraception.

Vasectomy
The most sure means of birth control in the male is the bilateral removal of a segment of the vas deferens. This procedure doesn't effect ejaculation in but the semen doesn't contain sperm. This means of sterilization does not alter the sex drive. When two successive tests for sperm in the ejaculate have been negative the procedure can be said to be successful. Vasectomies have been reversed with some success.

Hormonal Regulation
The hypothalamus within the brain secretes gonadotropin-releasing hormone (GnRH) in a pulsatile fashion beginning at puberty. GnRH travels in a portal system to the anterior pituitary where the luteinizing hormone (LH) and follicle stimulating hormone (FSH) are released into the systemic circulation. LH stimulates the Leydig cells of the testis to produce and secrete testosterone. The elevated testosterone provides negative feedback to the anterior pituitary and hypothalamus causing decreases in GnRH and LH release. FSH stimulates the Sertoli cells to produce androgen-binding protein and a protein hormone called inhibin. Inhibin travels in the blood to the pituitary where it inhibits the secretion of FSH. Testosterone, dihydrotestosterone and estradiol are also capable of inhibiting FSH secretion. To learn more about endocrinology and hormone action refer to e-Homone.com.

Testicular Pathology
Hydrocele
This most common cause of scrotal enlargement is caused by an accumulation of clear or straw colored fluid. It can be idiopathic, but also occurs following an inflammation of the testis, epididymis, injury or neoplasm. Treatment is by aspiration or incision, if the hydrocele is large and uncomfortable.

Varicocele
This dilation of the testicular venous supply, resembling a varicose vein, usually affects the left side in men between 15 and 25 years of age. Varicocele can cause subfertility because of the added warmth. Both motility and numbers of sperm are decreased and surgical ligation of the internal spermatic vein is performed in extreme cases or to increase fertility. However, varicocele usually doesn't require any treatment.

Torsion of the Testis
Manifestations of this infrequent anomoly are sudden onset of severe pain in the testicular area that is not relieved by rest or support. It occurs most commonly in adolescence following physical exercise. Pain and testicular enlargement results from a twisting of the testis which cuts off the blood supply. Scrotal edema, testicular tenderness as well as nausea and vomitting may occur. If the twist cannot be reduced, immediate surgery is indicated to preserve fertility.

Cryptorchidism
Cryptorchidism is the incomplete or improper descent of the testis on one or both sides. The cause is unkown but it may be due to testosterone deficiencies, narrowed inguinal canal, shortened spermatic cord, or adhesions in the pathway. Correction on the condition is necessary to avoid sterility. There is a direct relationship between cryptorchidism and testicular cancer.

Testicular Tumors
Testicular tumors are the most common cause of testicular enlargement, are typically malignant, and often metastasize before diagnosis. Testicular cancers occur primarily between the ages of 15 and 30 years and 95 percent arise from germ cells. Benign testicular tumors usually arise from the interstitial or Sertoli cells. Diagnosis is by palpation. A biopsy is necessary to determine malignancy. Chemotherapy, radiation and orchiectomy are potential treatments.

Orchitis
Inflammation of the testes most commonly occurs as a complication of mumps but may be a result of trauma or be acquired from an infection spread from the genital tract. Symptoms are pain, swelling, chills and fever. Treatment includes bed rest, antibiotics, cold compresses and genital support.

Epididymitis
Symtoms of this inflammation of the epididymis are pain, chills, fever, and malaise with pronounced scrotal swelling. It occurs when disease-causing organisms reach the epididymis. Treatment includes bed rest, sitz baths, scrotal elevation and appropriate antibiotics.

Jock rash
Jock rash or jock itch is a fungal infection of the skin of the groin area, perhaps including the skin of the scrotum.

	
	

	Green tea polyphenols were also found to inhibit serum IGF-1 levels. According to some studies, IGF-1 levels could be better predictors of prostate cancer risk than PSA levels.

Green tea's mechanism of action is believed by the researchers to be that of inducing apoptosis in prostate cancer cells observed in this study, however they recommend further studies to confirm this.

Because prostate cancer is typically diagnosed in older men, the study's authors comment that the disease is an excellent candidate for prevention, because even a modest delay in the development of the disease could result in a substantial reduction in the number of patients diagnosed. They write, "We suggest that regular consumption of green tea may prlong life expectancy and quality of life in prostate cancer patients."
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