ENDOCRINE SYSTEM LECTURE

I. General Introduction

The endocrine system is made up of ductless glands called endocrine glands that secrete chemical messengers called hormones into the bloodstream or in the extracellular fluid. 

A hormone is a chemical substance made and secreted by one cell that travels through the circulatory system or the extracellular fluid to affect the activities of cells in another part of the body or another nearby cell.

Hormones control and integrate many body functions such as reproduction and metabolism and regulate different behaviors such as sexual behaviors. 

A. Nervous System vs. Endocrine System

Recall that the nervous system also releases chemical substances (neurotransmitters) from one cell (a neuron) that can affect the activities of another cell (another neuron or a muscle or gland). Thus, the nervous and endocrine systems are similar in this respect.

However, the two systems differ in that:

1. When a neurotransmitter is released it acts on specific cell right next to it. Whereas when a hormone is released it ca travel to another nearby cell or it can act on another part of the body.

2. Neurotransmitters have their effects within milliseconds. Hormones take minutes or days to have their effects.

3. The effects of neurotransmitters are short-lived, whereas the effects of hormones can last hours, days, or years.

Note, however that these two systems coordinate their activities: certain parts of the nervous system stimulate or inhibit the release of hormones (e.g. hypothalamus) and in turn, certain hormones can stimulate or inhibit the flow of nerve impulses.

B. Endocrine vs. Exocrine Glands.

(Endo = within; exo= outside; krinein= to secrete) 

1. Exocrine glands secrete their products into ducts and the ducts carry the secretions either into body cavities, into the lumen of various organs, or to the body's surface. Sweat glands, sebaceous glands, mucus glands, digestive glands, lacrimal glands are examples of exocrine glands.

2. Endocrine glands by contrast, secrete their products (hormones) into the extracellular space around the secretory cells, rather than into ducts.

Most hormones then pass into capillaries to be transported by the circulatory system. A few hormones act on nearby cells. 

Some organs such as the pancreas have both exocrine and endocrine glands.

Once a hormone is released by a secretory cell, it is carried by the blood and then it acts only on target cells. Target cells are cells that respond to the specific hormone because they have receptors specific to the hormone. The receptors can be found on the cell membrane, in the cytoplasm, or in the nucleus of the cell.

I. Hypothalamus

A. Location/Gross Anatomy 

The hypothalamus is a part of the brain located in the diencephalon, inferior to the thalamus.  
B. Histology

The hypothalamus is made up of neurons and neuroglial cells.

C. Hormones 

1. Releasing Hormones

2. Inhibiting Hormones

These stimulate the anterior posterior gland to either release or not release a specific hormones (e.g. TRH-TSH)

3. Antidiuretic Hormone (ADH)

4. Oxytocin

D. Relationship to Anterior Pituitary

The releasing and inhibiting hormones reach the anterior lobe of the pituitary gland by a special set of blood vessels called the hypothalamo-hypophyseal portal system. (hī-pō-FIZ-ē-al)  It is made of 2 capillary plexuses interconnected by a portal vein. the vein takes blood directly from 1 organ to another organ (instead of circulating first throughout the body)
Each one of these releasing hormones affects the secretion of a hormone from the anterior pituitary gland.  For example, thyroid hormone releasing hormone (THRH) stimulates the release of thyroid stimulating hormone (TSH) from the anterior pituitary.

E. Relationship to Posterior Pituitary

The posterior pituitary gland contains the axons of hypothalamic neurons. The hypothalamus makes antidiuretic hormone (ADH) and oxytocin in the cell bodies of neurons and then the hormones are transported down the axons. The posterior pituitary gland releases the hormones.

III. Anterior Pituitary Gland (Adenohypophysis-AD-en-ō-hi-POF-ih-sis)
The pituitary gland is made of 2 lobes, the anterior and posterior pituitary gland. 

They are attached to the hypothalamus by a stalk called the infundibulum (infundibulum = funnel).

They sit in the sella turcica of the sphenoid bone.

A. Location/Gross Anatomy 

The anterior pituitary is inferior to the hypothalamus. 

Like all endocrine glands, it has lots of blood vessels.
B. Histology

It has secretory cells and is divided into 3 areas: 

1. pars distalis (large anterior area)

2. pars intermedia (small region between the pars distalis and the posterior pituitary)

3. pars tuberalis (a thin wrapping around a part of the posterior pituitary called the infundibular stalk)
C. Hormones 

(tropos = turning)

Many of the hormones in the anterior pituitary are tropic hormones which stimulate other endocrine glands to secrete other hormones. 
Tropic hormones = TSH, ACTH, LH, FSH, 

That is they travel to other endocrine organs and stimulate the release of hormones from these endocrine organs 

Other hormones from the anterior pituitary are not tropic hormones (e.g. GH, PRL, MSH).

1. Thyroid Stimulating Hormone (TSH) (thyrotropin)
This hormone travels to the thyroid gland (target cells) where it stimulates the release of thyroid hormones in response to low temperatures, stress, and pregnancy.

2. Adrenocorticotropic hormone (ACTH) (corticotropin)
This hormone travels to the adrenal gland (target cells) where it stimulates the release of cortisol in the adrenal cortex.

3. Follicle Stimulating Hormone (FSH)

This hormone travels to the gonads (target cells) and stimulates sperm or egg cell production and maturation and estrogen secretion

4. Luteinizing Hormone (LH) (also called Interstitial cell stimulating hormone (ICSH) in males)

This hormone travels to the ovaries in females (target cells) and stimulates ovulation, maturation of follicles and stimulates the corpus luteum to secrete progesterone.  

In males this hormone travels to the testes (target cells) to stimulate secretion of testosterone.

5. Prolactin (PRL)

(pro = before; lac = milk)

This hormone travels to the mammary glands (target cells) and stimulates the development of mammary glands to produce milk.

In males they think prolactin influences the sensitivity of cells in the testes (interstitial cells) to the effects of luteinizing hormone (LH)

6. Growth Hormone (GH)

This hormone travels to bones and soft tissues (target cells) and stimulates cell growth and cell division growth, especially those in the skeletal and muscular systems.

It is also a tropic hormone because it stimulates the live to produce somatomedin, the hormone that stimulates growth at the epiphyseal plates.

7. Melanocyte Stimulating Hormone (MSH)

This hormone travels to the skin (target cells) and stimulates the skin to increase the production of melanin and to increase the distribution of melanocytes. It is not usually secreted after adulthood. Recall melanin is a pigment found in skin.


IV. Posterior  Pituitary Gland

The hypothalamus produces two hormones (ADH and oxytocin) in neurons and then sends these hormones via axons to the posterior lobe which actually release the hormones. 

A. Location/Gross Anatomy 

Located inferior to the hypothalamus and posterior to the anterior pituitary gland.
B. Histology

The posterior pituitary gland is made up of unmyelinated axons that extend from the hypothalamus. Instead of releasing a neurotransmitter, however, these axons release the hormones ADH or oxytocin into the bloodstream.
C. Hormones (Releases them only)

1. Antidiuretic Hormone (ADH) (also called vasopressin)

This hormone signals the kidneys to reabsorb more water and constrict blood vessels which leads to higher blood pressure and thus counters the blood pressure drop caused by dehydration.

2. Oxytocin

(oxy = quick; tokos = childbirth)

This hormone signals the uterus to contract, inducing labor. It also stimulates the release of milk from breasts when nursing. In males it stimulates muscle contractions in the prostate gland to release semen during sexual activity.

V. Thyroid Gland

(thyreos = an oblong shield)

A. Location/Gross Anatomy 

This organ is located in the anterior neck, slightly inferior to the larynx and is attached to the trachea. It consists of two connected lobes in a butterfly shape connected. 

B. Histology

Made of spherical structures called thyroid follicles. The wall of each follicle is formed by simple cuboidal epithelial cells called follicular cells.

In the lumen, a protein-rich fluid termed colloid is found. Thyroid hormone is produced by thyroid follicles and then stored within the colloid until it is secreted.

External to the thyroid follicles are parafollicular cells which secrete the hormone calcitonin.

C. Hormones 

1. Thyroid Hormones

This hormone increases metabolism (uptake of oxygen) in most body tissues except the brain. It is also necessary for normal growth as it stimulates release of GH from the anterior pituitary.  Thyroid hormone is also very important for brain development.

2. Calcitonin

This hormone decreases the concentration of calcium in the blood where most of it is stored in the bones. Stimulates osteoblast activity and inhibits osteoclast activity, resulting in new bone matrix formation.
VI. Parathyroid Glands

(para = beyond)

A. Location/Gross Anatomy 

The parathyroid glands are four or so masses of tissue embedded posteriorly in each lateral mass of the thyroid gland. 

B. Histology

The parathryoid glands have 2 types of cells:

1. Chief cells (Principal cells) which have a large, spherical nucleus and clear cytoplasm. These cells make parathyroid hormone.

2. Oxyphil cells are larger than the cief cells and have a granular, pink cytoplasm. They do not know the function of these cells.

C. Hormones

1. Parathyroid Hormone (PTH) (increases blood Ca+2 levels)

This hormone has the opposite effect of calcitonin. PTH removes calcium from the bones and releases it into the bloodstream (target cells = osteoclasts). Recall calcium is needed to clot blood, make muscles contract, and to stimulate the release of neurotransmitters. 

Also causes reabsorption of Ca+2 from kidneys so it is not excreted in the urine because it stimulates c. 

Also stimulates synthesis of calcitriol (hormone made in the kidney which the active form of Vitamin D which increases Ca+2 absorption from small intestine.

VII. Adrenal Glands

(ad = toward; renes = kidneys)

A. Location/Gross Anatomy 

The adrenal glands are located superior to each kidney. Each adrenal gland has a pyramid shape. They are retroperitoneal.

Each adrenal gland has an inner medulla and outer cortex. 

a. Adrenal Cortex

b. Adrenal Medulla

B. Histology

a. Adrenal Cortex

This cells make more than 25 different steroid hormones, collectively called corticosteroids. 
It has 3 separate regions:

1. Zona Glomerulosa - This is the thin, outer cortical layer made of dense, spherical clusters of cells that make mineralocorticoids.

2. Zona Fasciculata - This is the middle layer and the largest region of the adrenal cortex.  It is made of parallel cords of lipid-rich cells that have a bubbly, almost pale appearance

3. Zona Reticularis - This is a narrow band of small, branching cells. These cells secrete minor amounts of gonadocorticoids (sex hormones).

b. Adrenal Medulla - This is made of clusters of large, shperical cells called chromaffin cells. They secrete epinephrine and norepinephrine when stimulated by the autonomic nervous system.

C. Adrenal Cortex Hormones

1. Glucocorticoids (e.g. cortisol, corticosterone, and cortisone)

These hormones help you to cope with stress. Cortisol increases the level of sugar in the blood by stimulating the production of glucose from fats and proteins (gluconeogenesis). It also reduces swelling. In large doses, cortisol inhibits the immune system.

2. Mineralocorticoids (e.g. aldosterone)
Aldosterone stimulates the kidneys to reabsorb sodium if blood pressure drops. It also secretes (eliminate) potassium (renin in kidney, angiotensin in liver, aldosterone in adrenal cortex).

3. Androgens

(andros = man)

The adrenal gland also makes small amts of the sex hormones (mostly androgens and lesser amounts of estrogens and progesterone). Scientists are not certain what role these hormones play. We do know that when over secreted they can cause problems.

D. Adrenal Medulla Hormones

When stimulated by sympathetic neurons of the ANS, the medulla secretes the hormones epinephrine and norepinephrine

Both epinephrine and norepinephrine contribute to the bodies' "fight or flight" response, just like the sympathetic nervous system. 

That is they increase heart rate, breathing rate, blood flow to skeletal muscles, and concentration of glucose in the blood. Norepinpehrine is similar to epinephrine, but it is less effective in the conversion of glycogen to glucose.

VIII. Pancreatic Islets

A. Location/Gross Anatomy 

The pancreas is located along the lower curvature of the small intestine. The curvature is the duodenum. 

The pancreas contains both exocrine and endocrine cells. The exocrine portion secretes digestive enzymes into the duodenum via the pancreatic duct. 

B. Histology

The pancreas is made of acinar cells (secrete pancreatic digesitve enzymes) and in between are groups of endocrine cells called pancreatic islets or islets of Langerhans. 
The islet cells secrete two insulin and glucagon, which have opposite effects to regulate the release of sugar in the blood, and somatostatin and pancreatic polypeptide.
C. Hormones

a. Glucagon

This hormone increases the levels of glucose in the blood by stimulating the liver to breakdown glycogen into glucose during fasting or starvation.

b. Insulin 

This hormone decreases the concentration of glucose in the blood, except in the brain. Glucose cannot enter the body cells without the help of glucose. Most of the glucose enters the cells of the liver and skeletal cells where it is converted to glycogen.

IX. Ovaries

A. Location/Gross Anatomy

B. Histology

C. Hormones

1. Estrogen

a. Stimulates development of female reproductive organs

b. stimulates follicle maturation

c. regulates the menstrual cycle

d. stimulates growth of mammary glands

2. Inhibin - inhibits secretion of follicle stimulating hormone (FSH)

3. Progesterone

a. Regulates the menstrual cycle

b. stimulates growth of the uterine lining

c. stimulates growth of mammary glands

X. Testes

A. Location/Gross Anatomy

B. Histology

C. Hormones

1. Inhibin - inhibits secretion of follicle stimulating hormone (FSH)

2. Androgens (Primarily Testosterone)

a. Stimulates male reproductive organ development

b. Stimulates production of sperm
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