The Endocrine System

The endocrine system is a system of coordination using chemicals known as hormones. Hormones are secreted by endocrine glands which are ductless and release their hormones into the interstitial fluid. The hormones are later on absorbed by the blood stream and transported to the target cells where they will have their specific effects. 

Below, some of the major endocrine glands, their hormones and functions are described.  
The pancreas

It has circular patches of glandular cells called Islets of Langerhans. They produce three              hormones:
· Insulin which is produced by β-cells of the Islets of Langerhans facilitates glucose metabolism in cells also stimulates conversion of glucose to glycogen in the liver.

· Glucagon produced by α-cells of the Islets of Langerhans stimulates conversion of glycogen back to glucose.
· Somatostatin produced by delta cells inhibits secretion of insulin and glucagon depending on their blood concentration. Thus, it helps to regulate the concentration of the two hormones

Secretion of insulin and glucagon is under control of hypothalamic nerves.

Diabetes is a disease that results in disruption of the control mechanism of sugar level in the blood. Signs of diabetes include weight loss, constant hunger and thirst, frequent urination, and fatigue. Type I Diabetes is caused by inability of the pancreas to secret insulin. It occurs at early age. This kind of diabetes is treated with a daily dose of insulin injection throughout life.  Type II Diabetes is caused by inability of cells of the liver to respond to insulin. Therefore, even if the pancreas can produce insulin, the cells in the liver will not respond and fail to convert glucose to glycogen as they should. This type of diabetes occurs at older ages (usually >45 years). It is also called insulin resistant type of diabetes since the problem arises due to lack of response to the effect of insulin. Obesity, alcoholism, high fat and other unhealthy diets are risk factors for Type II Diabetes. It can be treated and controlled by exercise to maintain healthy weight and having diet that has low fat and more fruits and vegetables. Gestational diabetes is a type of diabetes that occurs during pregnancy. It is similar with Type II Diabetes and returns back to normal after giving birth.
Kidneys

The kidneys also produce three types of hormones:

· Erythropoietin stimulates production of erythrocytes (red blood cells) in the bone marrow.
· An unknown hormone converts VitD3 to 1,25 dihydroxycholecalciferol, which in turn stimulates absorption of Calcium by the intestine. Vitamin D3 (Calciferol) is inactive and will not help in bone development before it is converted to 1,25 dihydroxycholecalciferol.
· Renin converts the inactive blood protein angiotensinogen II to its active form angiotensin which is responsible for elevating blood pressure by inducing thirst, vasoconstriction, and secretion of aldosterone. This is important when blood pressure goes down below normal levels. 

The Heart

It produces atrialnatriuretic factor (ANF) which stimulates secretion of more Na+ and water through urine and vasodialation to reduce blood pressure resulting from the effect of angiotensin.

Adrenal glands
These are a pair of glands found anterior to each kidney. Each adrenal gland has two separate regions which produce different hormones. These are the outer cortex and the inner medulla regions.

Adrenal cortex
It produces steroid hormones that are known as corticosteroids. There are three types:

· Glucocoricoids stimulate glucose production from proteins and carbohydrates in the liver. Cortisol is the main type of glucocorticoid. Lack of these hormones causes Addison’s disease which shows symptoms of weakness and weight loss. These hormones also stimulate fat deposition and reduce inflammation. There are corticosteroid drugs synthesized as derivatives of cortisol. For example, cortisone (one of such groups of drugs) is subscribed for inflammation, swelling, athletic (sport) injuries, arthritis, insect bites, and poison ivy. 
· Mineralocorticoid (aldosterone) stimulates reabsorption Na+ and water at the distal convoluted tubule of the kidneys and secretion of K+. High concentration of aldosterone could cause increased blood pressure, edema and muscle paralysis. If the amount of this hormone goes down beyond normal levels, there will be increased loss of water and Na+ which leads to low blood pressure that could be fatal.   
· Sex steroids which are testosterone (male sex hormone) and estrogen (female sex hormone) regulate development of secondary sexual characters and sex organs in males and females respectively. Abnormal secretions of these hormones could result in development of secondary sexual characters of the opposite sex i.e. secretion of estrogens in males could lead to development of female sexual characters in a male individual such as high pitch voice, lack of facial hair, round body stature, development of breasts. Similarly, females with testosterone secretion can have male characters such as facial hair, muscular body, and deep voice.   

Adrenal medulla

· It produces adrenalin (epinephrine) and noradrenalin (norepinephrine). These hormones are also used as neurotransmitters in the nervous system.

· But when they are produced by the adrenal medulla, they trigger what is known as the fight or flight response when we are excited or faced with a sudden life endangering situation. This response includes increased heart beat and breathing rate, muscle tension, dialation of the pupil, and elevation of sugar levels. 
· The hormones are also produced during periods of anxiety there by causing elevation of blood pressure and stress. As a result, together with cortisol, they are known as stress hormones. 
Thyroid gland

· Located on the tracheal region, the thyroid gland secrets the hormone thyroxin.  This hormone is secreted in two forms with the same functions. One of these forms is known as Triiodothyronine (T3) and the other is Thyroxine (T4). The two are primarily different based on the number of iodine molecules they contain, which is 3 and 4 respectively. 
· The thyroid hormones are derivatives of the aminoacid tyrocine.
 Functions

· Carbohydrate breakdown

· Protein synthesis

· Regulation of metabolic rate (Oxygen consumption)

· Thermogenesis

The synthesis of thyroid hormones is regulated by Thyrotropic hormone (TH) also formerly called Thyroid stimulating hormone (TSH) which is secreted by the anterior pituitary.
Abnormal thyroxine production causes health problems.

· Hypothyroidism is a condition of low thyroxine production. It results in low metabolic rate, low heart rate and the associated weight gain, fatigue, and sluggishness. Hypothyroidism occurring during fetal development (pregnancy) causes Cretinism, a condition which results in retarded mental and physical development. 

· Hyperthyroidism is the reverse of hypothyroidism where secretion of thyroxine is in excess. It results in increased metabolic rate, weight loss and hyperactivity.

Enlargement of the thyroid gland known as Goiter results from lack of iodine. When iodine is absent, thyroxine production drops which in turn triggers the release of TH by the pituitary. This causes constant stimulation on the thyroid gland to maximize thyroxine production. As the thyroid tries to stretch its productivity in spite of limited iodine supply, the thyroid tissue starts to bulge and develop goiter. Goiter can be prevented by adding iodine in the diet usually in the form of iodized salt.  
In addition to thyroxine, the thyroid gland produces the hormone calcitonin. This hormone inhibits the action of cells known as osteoclats. Osteoclasts digest calcium stored in bone and release it to the blood stream. Thus, calcitonin can decrease blood calcium concentration by stopping the ostocalsts from adding calcium into the blood.  
Parathyroid glands
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The parathyroid glands are found in two pairs on either side of the thyroid gland. They secrete the parathyroid hormone which is antagonistic to calcitonin. The parathyroid hormone increases the activity and number of osteoclasts which results in increased rate of calcium removal from bone and its addition into the blood stream.
Pituitary gland

The pituitary secretes a number of hormones which either directly trigger a physiological response by body organs or stimulate the production of another hormone by endocrine glands.

The pituitary has anterior and posterior lobes that secrete different hormones. The anterior lobe secrets most of the pituitary hormones.  

Anterior pituitary 
· Thyrotropic hormone stimulates thyroxine secretion.
· Gonadotropic hormone stimulates secretion of Follicle stimulating hormone (FSH) and Leuitenizing hormone (LH). In females, FSH stimulates ovarian follicle development while in males it stimulates spermatogenesis. LH stimulates secretion of estrogen by the ovaries and testosterone by the testes. 
· Prolactin hormone stimulates milk production by the breasts following birth of the infant.
· Growth hormone promotes growth during adolescence. Deficiency of growth hormone results in pituitary dwarfism while excessive secretion of the hormone causes pituitary gigantism.

· Corticotropin releasing hormone stimulates secretion of corticosteroids by the adrenal cortex.
· Melanophore stimulating hormone (MSH) stimulates melanin secretion by melanocytes.
Posterior pituitary

· Oxytocin triggers contraction of smooth muscles such as during chaild birth (labor).

· Vasopressin (Antidiuretic hormone) increases water reabsorption at the upper collecting duct of the nephrotubules.
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