	Endocrine System


Although we rarely think about them, the glands of the endocrine system and the hormones they release influence almost every cell, organ, and function of our bodies. The endocrine system is instrumental in regulating mood, growth and development, tissue function, and metabolism, as well as sexual function and reproductive processes.

In general, the endocrine system is in charge of body processes that happen slowly, such as cell growth. Faster processes like breathing and body movement are controlled by the nervous system. But even though the nervous system and endocrine system are separate systems, they often work together to help the body function properly.
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About the Endocrine System

The foundations of the endocrine system are the hormones and glands. As the body's chemical messengers, hormones transfer information and instructions from one set of cells to another. Although many different hormones circulate throughout the bloodstream, each one affects only the cells that are genetically programmed to receive and respond to its message. Hormone levels can be influenced by factors such as stress, infection, and changes in the balance of fluid and minerals in blood.

A gland is a group of cells that produces and secretes, or gives off, chemicals. A gland selects and removes materials from the blood, processes them, and secretes the finished chemical product for use somewhere in the body. Some types of glands release their secretions in specific areas. For instance, exocrine glands, such as the sweat and salivary glands, release secretions in the skin or inside of the mouth. Endocrine glands, on the other hand, release more than 20 major hormones directly into the bloodstream where they can be transported to cells in other parts of the body.

The major glands that make up the human endocrine system are the hypothalamus, pituitary, thyroid, parathyroids, adrenals, pineal body, and the reproductive glands, which include the ovaries and testes. The pancreas is also part of this hormone-secreting system, even though it is also associated with the digestive system because it also produces and secretes digestive enzymes.

Although the endocrine glands are the body's main hormone producers, some non-endocrine organs — such as the brain, heart, lungs, kidneys, liver, thymus, skin, and placenta — also produce and release hormones.

The hypothalamus, a collection of specialized cells that is located in the lower central part of the brain, is the primary link between the endocrine and nervous systems. Nerve cells in the hypothalamus control the pituitary gland by producing chemicals that either stimulate or suppress hormone secretions from the pituitary.

The main function of the hypothalamus is homeostasis, or maintaining the body's status quo. Factors such as blood pressure, body temperature, fluid and electrolyte balance, and body weight are held to a precise value called the set-point. Although this set-point can migrate over time, from day to day it is remarkably fixed.
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Although it is no bigger than a pea, the pituitary gland, located at the base of the brain just beneath the hypothalamus, is considered the most important part of the endocrine system. It's often called the "master gland" because it makes hormones that control several other endocrine glands. The production and secretion of pituitary hormones can be influenced by factors such as emotions and seasonal changes. To accomplish this, the hypothalamus relays information sensed by the brain (such as environmental temperature, light exposure patterns, and feelings) to the pituitary.
Functions
The pituitary hormones help control some of the following body processes:

Growth                                                                                                             Blood pressure                                                                                                   Some aspects of pregnancy and childbirth including stimulation of uterine contractions during childbirth                                                                          Breast milk production                                                                                                              Sex organ functions in both women and men                                                                    Thyroid gland function                                                                                                              The conversion of food into energy (metabolism)                                                                 Water and osmolarity regulation in the body 

The tiny pituitary is divided into two parts: the anterior lobe and the posterior lobe. The anterior lobe regulates the activity of the thyroid, adrenals, and reproductive glands. Among the hormones it produces are:

· growth hormone, which stimulates the growth of bone and other body tissues and plays a role in the body's handling of nutrients and minerals 

· prolactin, which activates milk production in women who are breastfeeding 

· thyrotropin, which stimulates the thyroid gland to produce thyroid hormones 

· corticotropin, which stimulates the adrenal gland to produce certain hormones 

The pituitary also secretes endorphins, chemicals that act on the nervous system to reduce sensitivity to pain. In addition, the pituitary secretes hormones that signal the ovaries and testes to make sex hormones. The pituitary gland also controls ovulation and the menstrual cycle in women.

The posterior lobe of the pituitary releases antidiuretic hormone, which helps control body water balance through its effect on the kidneys and urine output; and oxytocin, which triggers the contractions of the uterus that occur during labor.

The thyroid, located in the front part of the lower neck, is shaped like a bowtie or butterfly and produces the thyroid hormones thyroxine and triiodothyronine. These hormones control the rate at which cells burn fuels from food to produce energy. As the level of thyroid hormones increases in the bloodstream, so does the speed at which chemical reactions occur in the body.

Thyroid hormones also play a key role in bone growth and the development of the brain and nervous system in children. The production and release of thyroid hormones is controlled by thyrotropin, which is secreted by the pituitary gland.

Attached to the thyroid are four tiny glands that function together called the parathyroids. They release parathyroid hormone, which regulates the level of calcium in the blood with the help of calcitonin, which is produced in the thyroid.

The body has two triangular adrenal glands, one on top of each kidney. The adrenal glands have two parts, each of which produces a set of hormones and has a different function. The outer part, the adrenal cortex, produces hormones called corticosteroids that influence or regulate salt and water balance in the body, the body's response to stress, metabolism, the immune system, and sexual development and function.

The inner part, the adrenal medulla, produces catecholamines, such as epinephrine. Also called adrenaline, epinephrine increases blood pressure and heart rate when the body experiences stress. (Epinephrine injections are often used to counteract a severe allergic reaction.)

The pineal body, also called the pineal gland, is located in the middle of the brain. It secretes melatonin, a hormone that may help regulate the wake-sleep cycle.

The gonads are the main source of sex hormones. In males, they are located in the scrotum. Male gonads, or testes, secrete hormones called androgens, the most important of which is testosterone. These hormones regulate body changes associated with sexual development, including enlargement of the penis, the growth spurt that occurs during puberty, and the appearance of other male secondary sex characteristics such as deepening of the voice, growth of facial and pubic hair, and the increase in muscle growth and strength. Working with hormones from the pituitary gland, testosterone also supports the production of sperm by the testes.

The female gonads, the ovaries, are located in the pelvis. They produce eggs and secrete the female hormones estrogen and progesterone. Estrogen is involved in the development of female sexual features such as breast growth, the accumulation of body fat around the hips and thighs, and the growth spurt that occurs during puberty. Both estrogen and progesterone are also involved in pregnancy and the regulation of the menstrual cycle.
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Al the organs in the endocrine system are glands. Endocrine glands are
unique from other glands because they produce hormones. Hormones are im-
‘portant body chemicals which are released into general cireulation. (Other glands
discharge their secretion into ducts to a particular place. These glands are called
exocrine.)

The organs of the endocrine system are located in widely separated parts of
the body. These are in the_cranial cavity, in the neck, in the thoracic cavity, in
the abdominal cavity, in the pelvic cavity, and outside the body cavitics. The
‘hormones they releasé are important to body functions. They regulate basic
drives and emotions, such as sexual urges, violence, anger, fear, joy, and sorrow.
They also promote growth and sexual identity, control body temperature, assist

in the repair of broken tissue, and help to generate energy.

The glands that compose the endocrine system are: adrenal glands;
hypothalamus gland; ovaries in female or testes in male; pancreas; parathyroid
glands; pituitary gland, thymus gland; and thyroid gland

Adrenal Glands

The adrenal glands are positioned as if curved over the top of each kidney
in the abdomen. There are two small adrenal glands although they appear to be
one organ. Each gland weighs about 1/4 ounce (7 grams). The inner part gland
is called adrenal medulla or zona glomerulosa. It is an agent of the sympathetic
nervous system and is activated by nerve impulses

The outer part of the gland is adrenal cortex or zona fasciculata. It is a true
endocrine gland activated by adrenocorticotrophic hormone (ACTH) sent out
from the pituitary gland. The adrenal medulla secretes the catecholamines
epinephrine and norepinepherine. These hormones help the body reduce stress.
When the person is very angry or afraid, the sympathetic nervous system re-
acts. It releases large amounts of the hormone. This may cause a “fight or flight”
reaction. In this reaction, the blood pressure rises, the pupils widen, and blood
is shunted to the most vital organs and to the skeletal muscles. The heart is
also stimulated.

‘What do you feel when you are very angry or afraid? Do you feel your heart
beat fast? Do your face and ears get warm and red? Do your eyes widen? These
reactions are caused by the hormones secreted by adrenal glands.

The adrenal cortex secretes two hormones: cortisol and aldosterone. These
hormones are known collectively as corticosteroids. They help the body reduce
stress and are essential for life. Cortisol is an energy generator. It regulates
conversion of carbohydrates into glucose and directs reserves to the liver. It
also suppresses inflammation. Aldosterone regulates the mineral and water
balance of the body. It prevents excessive loss of water through the kidneys and
‘maintains the balance between sodium and potassium in the blood stream. This
balance is important to the contractility of muscles.
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the adrenal glands
These sit on top of the kidneys. They consist of two parts, the outer cortex and the inner medulla. The medulla secretes epinephrine (= adrenaline) and other similar hormones in response to stressors such as fright, anger, caffeine, or low blood sugar. The cortex secretes corticosteroids such as cortisone. Corticosteroids are well-known as being anti-inflammatory, thus are prescribed for a number of conditions. However, these are powerful regulators that should be used with caution. Medicinal doses are typically higher than what your body would produce naturally, thus the person’s normal feedback loops suppress natural secretion, and it is necessary to gradually taper off the dosage to trigger the adrenal glands to begin producing on their own again. Because the corticosteroids suppress the immune system, their use can lead to increased susceptibility to infections, yet physicians typically prescribe them for people whose immune systems are hard at work trying to fight off some pathogen. For example, back when I was in grad school, I was diagnosed with mono, and the campus doctor prescribed penicillin and cortisone. Since mono is a virus and penicillin only is effective against some bacteria, about all it did was kill off the friendly bacteria in my body, therefore causing me to develop a bad case of thrush. At the same time, the cortisone was supressing my immune system so my body could not as efficiently fight off the mono and the thrush. People with high blood pressure should be leery of taking prescription corticosteroids: they are known to raise blood pressure, thus can cause things like strokes. My mother-in-law had high blood pressure and was being treated with diuretics. Her physician also had her on large doses of cortisone for her arthritis. While he was on vacation, she started having significant back pain and was referred to an orthopedic surgeon. This man decided the back pain was just due to arthritis, and without carefully checking on what dosage she was already taking, prescribed more cortisone. Simultaneously, because of difficulty walking due to her arthritis, she decided to decrease the amount of diuretics she was taking so she didn’t have to make as many “long” trips to the other end of the house. The combination of lowered dose of diuretics and high dose of cortisone raised her blood pressure to the point where a blood vessel in her brain burst, causing a stroke. When the EMTs took her blood pressure, as I recall the systolic was way over 200 mm Hg. 
The pancreas produces (in addition to others) two important hormones, insulin and glucagon. They work together to maintain a steady level of glucose, or sugar, in the blood and to keep the body supplied with fuel to produce and maintain stores of energy.

What the Endocrine System Does

Once a hormone is secreted, it travels from the endocrine gland through the bloodstream to target cells designed to receive its message. Along the way to the target cells, special proteins bind to some of the hormones. The special proteins act as carriers that control the amount of hormone that is available to interact with and affect the target cells.

Also, the target cells have receptors that latch onto only specific hormones, and each hormone has its own receptor, so that each hormone will communicate only with specific target cells that possess receptors for that hormone. When the hormone reaches its target cell, it locks onto the cell's specific receptors and these hormone-receptor combinations transmit chemical instructions to the inner workings of the cell.

When hormone levels reach a certain normal or necessary amount, further secretion is controlled by important body mechanisms to maintain that level of hormone in the blood. This regulation of hormone secretion may involve the hormone itself or another substance in the blood related to the hormone.

For example, if the thyroid gland has secreted adequate amounts of thyroid hormones into the blood, the pituitary gland senses the normal levels of thyroid hormone in the bloodstream and adjusts its release of thyrotropin, the pituitary hormone that stimulates the thyroid gland to produce thyroid hormones.

Another example is parathyroid hormone, which increases the level of calcium in the blood. When the blood calcium level rises, the parathyroid glands sense the change and decrease their secretion of parathyroid hormone. This turnoff process is called a negative feedback system.

Problems With the Endocrine System

Too much or too little of any hormone can be harmful to the body. For example, if the pituitary gland produces too much growth hormone, a child may grow excessively tall. If it produces too little, a child may be abnormally short.

Controlling the production of or replacing specific hormones can treat many endocrine disorders in children and adolescents, some of which include:

Adrenal insufficiency. This condition is characterized by decreased function of the adrenal cortex and the consequent underproduction of adrenal corticosteroid hormones. The symptoms of adrenal insufficiency may include weakness, fatigue, abdominal pain, nausea, dehydration, and skin changes. Doctors treat adrenal insufficiency by giving replacement corticosteroid hormones.

Cushing syndrome. Excessive amounts of glucocorticoid hormones in the body can lead to Cushing syndrome. In children, it most often results when a child takes large doses of synthetic corticosteroid drugs (such as prednisone) to treat autoimmune diseases such as lupus. If the condition is due to a tumor in the pituitary gland that produces excessive amounts of corticotropin and stimulates the adrenals to overproduce corticosteroids, it's known as Cushing disease. Symptoms may take years to develop and include obesity, growth failure, muscle weakness, easy bruising of the skin, acne, high blood pressure, and psychological changes. Depending on the specific cause, doctors may treat this condition with surgery, radiation therapy, chemotherapy, or drugs that block the production of hormones.

Type 1 diabetes. When the pancreas fails to produce enough insulin, type 1 diabetes (previously known as juvenile diabetes) occurs. Symptoms include excessive thirst, hunger, urination, and weight loss. In children and teens, the condition is usually an autoimmune disorder in which specific immune system cells and antibodies produced by the immune system attack and destroy the cells of the pancreas that produce insulin. The disease can cause long-term complications including kidney problems, nerve damage, blindness, and early coronary heart disease and stroke. To control their blood sugar levels and reduce the risk of developing diabetes complications, kids with this condition need regular injections of insulin.

Type 2 diabetes. Unlike type 1 diabetes, in which the body can't produce normal amounts of insulin, in type 2 diabetes the body is unable to respond to insulin normally. Children and teens with the condition tend to be overweight, and it is believed that excess body fat plays a role in the insulin resistance that characterizes the disease. In fact, the rising prevalence of this type of diabetes in kids has paralleled the dramatically increasing rates of obesity among kids in recent years. The symptoms and possible complications of type 2 diabetes are basically the same as those of type 1. Some kids and teens can control their blood sugar level with dietary changes, exercise, and oral medications, but many will need to take insulin injections like patients with type 1 diabetes.

Growth hormone problems. Too much growth hormone in children who are still growing will make their bones and other body parts grow excessively, resulting in gigantism. This rare condition is usually caused by a pituitary tumor and can be treated by removing the tumor. In contrast, when the pituitary gland fails to produce adequate amounts of growth hormone, a child's growth in height is impaired. Hypoglycemia (low blood sugar) may also occur in kids with growth hormone deficiency, particularly in infants and young children with the condition.

Hyperthyroidism. Hyperthyroidism is a condition in which the levels of thyroid hormones in the blood are excessively high. Symptoms may include weight loss, nervousness, tremors, excessive sweating, increased heart rate and blood pressure, protruding eyes, and a swelling in the neck from an enlarged thyroid gland (goiter). In kids the condition is usually caused by Graves' disease, an autoimmune disorder in which specific antibodies produced by the immune system stimulate the thyroid gland to become overactive. The disease may be controlled with medications or by removal or destruction of the thyroid gland through surgery or radiation treatments.

Hypothyroidism. Hypothyroidism is a condition in which the levels of thyroid hormones in the blood are abnormally low. Thyroid hormone deficiency slows body processes and may lead to fatigue, a slow heart rate, dry skin, weight gain, constipation, and, in kids, slowing of growth and delayed puberty. Hashimoto's thyroiditis, which results from an autoimmune process that damages the thyroid and blocks thyroid hormone production, is the most common cause of hypothyroidism in kids. Infants can also be born with an absent or underdeveloped thyroid gland, resulting in hypothyroidism. It can be treated with oral thyroid hormone replacement.

Precocious puberty. Body changes associated with puberty may occur at an abnormally young age in some kids if the pituitary hormones that stimulate the gonads to produce sex hormones rise prematurely. An injectable medication is available that can suppress the secretion of these pituitary hormones (known as gonadotropins) and arrest the progression of sexual development in most of these children.
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The hypothalamus

This organ serves as a link between the auto-
nomic nervous system and the endocrine system. The hypothalamus is respon-
sible for many body functions. It integrates and ensures appropriate response
to stimuli. . It also plays an
important role in the regulation of most of the involuntary mechanisms of the
body such as body temperature, sexual drive, and the female menstrual cycle.
The hypothalamus also regulates the work of the pituitary gland.

Ovaries
The female ovaries
{Sentimeters)lang. These lie on either side of the pelvs. Each ovary contains
two different kinds of glandular structures: the graffian follicles and the corpus
luteum. The graffian follicles secrete estrogen. The corpus luteum secrete pro-
gesterone and some estrogen. The hormone estrogen influences the develop-
ment of feminine characteristics and the maturation of the female sex organs.

Progesterone influences the development of the mammary glands and prepares
the uterus for egg implantation.

Testes

In males s

he testes are suspended in a sac called the scrof
outside the body. Their location outside the body is a good condition to maintain
the lower temperature necessary for efficient sperm production. Each of the
testes consists of several sections or lobules. Each lobule consists of a narrow,
but long, coiled seminiferous tubule. From the age of puberty, the cells of the
seminiferous tubules are almost continuously producing the male reproductive
fluid called spermatozoa or sperms.

Other cells, referred to as interstitial cells, secrete the male hormone
testosterone into the blood. These cells are located in numerous clusters in the
connective tissue between the seminiferous tubules. Testosterone is important
to the development of masculine characteristics. It also promotes and main-
tains the development of the male accessory organs such as the prostate gland,
seminal vesicles. etc. Testosterone also has a stimulating effect on protein anabo-
lism.

Pancreas

The pancreas lies jist behind thi lower part of the stomach. T¢is the second

largest gland in the body. It is considered both an endocrine and an exocrine
gland. Its exocrine function is to produce digestive juices (pancreatic juices).
The digestive or pancreatic juice is released through a tube called the pancre-
atic duct, and goes to the intestine. The pancreas controls the amount of sugar
in the blood. The cells that control blood sugar levels are called Islets of
Langerhans. These are microscopic clumps of cells. They ave scattered through-
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out the pancreatic tissue among the other pancreatic cells, but are concentrated
somewhat in the tail of the pancreas.

There are two kinds of cells in the islet: alpha and beta. The alpha cells
secrete a hormone called glucagon and the beta cells secrete insulin. Insulin
and glucagon work as a check and balance system regulating the body’s blood
sugarlevel
cal process by which the glucose stored in the liver cells in the form of glycogen
is converted to glucose. This glucose then leaves the liver cells and enters the
blood). This process tends to increase the concentration of glucose in the blood.

Insulin has opposite effect to glucagon. It decreases the amount of blood
glucose concentration. Insulin decreases blood glucose by accelerating its move-
ment out of the blood, through cell membranes, and into cells. As glucose enters
the cells at a faster rate, the cells increase their metabolism of glucose. All
sugary and starchy foods, such as bread, potatoes, and cakes, are broken down
into glucose. In this form, they can be absorbed by every cell in the body. includ-
ing the cells in the liver, one of whose major roles is to store sugar. Cells absorb
glucose and burn it in structures called mitochondria, using the energy it con-
tains and producing carbon dioxide and water as by-products. This burning up
process is the body's principal source of energy. It cannot take place without
insulin.

The normal glucose
level for an average adult is about 80 to 120 milligrams of glucose in every 100

milliliters of blood. If the Islets of Langerhans secrete too little insulin an ex-
cess of blood glucose develops. This s a characteristic of diabetes mellitus. the
most common disorder of the endocrine system

Parathyroid Glands

The paramyroia——wrhcy
embedded within the back of the thyroid. These glands produce the hormone

called the parathormone. This hormone regulates the level of calcium and phos
phorus in the blood and bones. Parathormone tends to increase the concentra-
tion of calcium in the blood by increasing bone breakdown. This hormone has
the opposite effect of calcitonin (thyroealcitonin) which is secreted by the thy-
roid gland.

! Calcium plays an important role in many metabolic processes; too much

calcium (hypercalcemia) or too little calcium (tetany) can disrupt the normal
function of the muscles and nerves. Parathormone functions to help maintain
homeostasis of blood calcium. The body's cells are extremely sensitive to chang-
ing amounts of blood calcium.

Pituitary Gland

The pituitary gland W It is a small gland about
the size of a pea. It is located at the base of the brain in the small depression of
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[image: image7.jpg]the sphenoid bone called the sella turcica. Tt is controlled by the hypothalamus
towhich it is attached. (The hypothalamus is sometimes referred to as the master
gland because its function is to coordinate the nervous system and the endo-
crine system.) Some of its hormones stimulate other endocrine glands to pro-
duce their own hormones

| This small gland is actually two glands: the anterior pituitary gland (or
adenohypophysis) and the posterior pituitary gland (or neurohypophysis). This
gland produces severdl hormones. One of the pituitary hormones regulates the
retention of water by the kidneys. Another causes the uterus to contract during
childbirth, and then stimulates the production of milk in the mammary glands.

One of the most important pituitary hormones is a growth hormone (GH).

This hormone controls growth by regulating the amount of nutrients taken into
the cells. The growth hormone also works with insulin to control the level of
blood sugar. When the amount of growth hormone is less, dwarfism occurs.
Gigantism happens when there is an excess of growth hormones.

Have you seen some very tall and big basketball players, or the very short
people in the movies? They are the classic examples of gigantism and dwarf-
ism.

Thymus

" The thymus is a twin lobed organ found overlying the heart. It consists
largely of developing lymphocytes. Lymph carries white blood cells to this or- -
gan, where they multiply and change into special infection-fighting cells, It is
known that the thymus is an important part in developing immunities against
various diseases. Its other functions are not yet fully understood.

Many scientists believe that the thymus produces the original lymphocytes
formed in the body before birth and continues to produce them after birth. The
Iymphocytes tgen travel from the thymus to the 1ymph£udes and spleen by
way of circulation. It is also believed that the thymus forms a hormone essen-
tial for immunity. This hormone, known as thymic humoral factor (THF), must
be present for a short time after the baby is born. If the baby is born without
THF, he will not be able to develop any immunities.

Scientists believe that the thymus hormone acts on lymphocytes and causes
them to change into plasma cells. They then form antibodies that produce
immunities against diseases. After puberty, the thymus begins to shrink in size.
Its primary role seems to be in the carly years of life in the development of
immunity. Do you think you will be able to live a healthy normal life without
thymus?

Thyroid Glands

The thyroid gland is one of the glands of the endocrine system which lies
outside of a body cavity. It is a small gland weighing about 28 grams. It is
located in the neck, just below the larynx. This gland secretes two hormones:
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[image: image8.jpg]thyroxine and calcitonin (thyrocalcitonin). Thyroxine effects the growth rate
and metabolism of all of the body’s cells. It controls reflexes and regulates the
rate at which the body produces energy and transforms food into body compo-
nents. This hormone causes cells to speed up the release of energy from foods as
needed by stimulating catabolism (increasing basal metabolism). All body func-
tions depend upon the normal supply of energy. Abnormal thyroid secretion
will cause the person to be very active but irritable. Have you seen a hyperac-
tive person? I she/he slim or fat? Does that person suffer from goiter? How is
goiter related to thyroid gland?

One of the main components of thyroxine is iodine, an important body nu-
trient. Babies cannot grow properly without iodine. In older people, iodine defi-
ciency causes hair loss, slowed speech, and drying and thickening of the skin.
An average adult iodine requirement is only about a millionth of a gram
(0.000003 grams) per day but it is vital to the delicate balance between health
and sickness,

Thyroxine also controls temperature. People with overactive thyroid glands
tend to feel uncomfortably hot in cool conditions, while those whose thyroid
gland is under-active tend to feel cool even on hot days. The other hormone
produced by the thyroid gland, calcitonin, tends to decrease the amount of cal-
cium in the blood, the opposite effect of parathormone from the parathyroid
glands. Calcitonin functions to help maintain homeostasis of blood calcium. It
prevents a harmful excess of calcium in the blood, called hypercalcemia, from
developing.
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