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CHAPTER SUMMARY

Together, the nervous and endocrine systems coordinate functions of all body systems:

1. The nervous system controls body actions through nerve impulses.

2. The endocrine system controls body activities by releasing hormones.

3. The science concerned with structure and function of the endocrine glands and diagnosis and treatment of endocrine disorder is called endocrinology.

The nervous and endocrine systems act together as the neuroendocrine system:

a) parts of the nervous system stimulate or inhibit the release of hormones.

b) hormones may promote or inhibit the generation of nerve impulses.

4. The nervous system causes muscles to contract or glands to secrete.

5. The endocrine system affects virtually all body tissues by altering metabolism, regulating growth and development, and influencing reproductive processes.

_______________________________________________

The body contains two kinds of glands:

1. exocrine

2. endocrine

Exocrine glands secrete their product into ducts and the ducts carry the secretions to the target site.

Endocrine glands secrete their products (hormones) into the interstitial fluid surrounding the secretory cells from which they diffuse into capillaries to be carried by the blood to target cells and tissues.

Endocrine glands include:

Pituitary

Thyroid

Parathyroid

Adrenal glands

Pineal glands 

Ovaries

Testes

_____________________________________________

HORMONES

1. have powerful effects even when present in only very low concentrations.

2. Although hormones travel throughout the body, they affect only specific target cells.

3. Target cells have specific protein receptors to which hormones bind.

4. Hormones that travel in blood and act on distant target cells are called circulating hormones or endocrines.

5. Hormones which act locally without first entering the blood stream are called local hormones:

a) those that act on neighboring cells are called paracrines.

b) those that act on the same cell that secreted them are called autocrines.

Hormone Transport:

Most water-soluble hormones circulate in plasma in a free, unattached form.

Most lipid-soluble hormones bind to transport proteins to be carried in blood.

Mechanisms of Hormone Action:

The response to a hormone depends on both the hormone and the target cell.  Various target cells respond differently to different hormones.

The responsiveness of a target cell to a hormone depends on the hormone's concentration, the abundance of the target cell's hormone receptors, and influences exerted by other hormones.

______________________________________________

Control of Hormone Secretions:

1. Most hormones are released in short bursts, with little or no release between bursts.

2. Regulation of hormone secretion normally maintains homeostasis and prevents overproduction or underproduction of a particular hormone.  When these regulating mechanisms do not operate properly, disorders result.

3. Hormone secretion is controlled by signals from the nervous system, by chemical changes in the blood, and by other hormones.

4. Most often, negative feedback systems regulate hormonal secretions.

________________________________________________

HYPOTHALAMUS AND PITUITARY GLAND

1. The hypothalamus is the major integrating link between the nervous and endocrine systems.

2. The hypothalamus and the pituitary gland (hypophysis) regulate virtually all aspects of growth, development, metabolism, and homeostasis.

3. The pituitary gland is located in the sella turcica of the sphenoid bone and is differentiated into the anterior pituitary (adenohypophysis) and the posterior pituitary (neurohypophysis).

Anterior Pituitary (AP):

1. Hormones of the AP are controlled by releasing or inhibiting hormones which are produced by the hypothalamus.

2. The blood supply to the AP is from the superior hypophyseal arteries.

3. Hormones of the AP and the cells that produce them are as follows:

a) human growth hormone (hGH) is secreted by somatotrophs

b) thyroid stimulating hormone (TSH) is secreted by thyrotrophs

c) follicle stimulating hormone (FSH) and luteininzing hormone (LH) are secreted by gonadotrophs

d) prolactin (PRL) is secreted by lactotrophs

e) adrenocorticotropic hormone (ACTH) and melanocyte stimulating hormone (MSH) are secreted by corticotrophs

Secretion of AP hormones is regulated by hypothalamic regulating hormones and by negative feedback mechanisms.

______________________________________________

Human Growth Hormone and Insulin-like Growth Factors

1. hGH is the most plentiful anterior pituitary hormone.

2. hGH acts indirectly on tissues by promoting the synthesis and secretion of small protein hormones called insulin-like growth factors (IGF's).

3. IGF's stimulate general body growth and regulate various aspects of metabolism.

4. Various stimuli promote and inhibit hGH production.  

Note:  One symptom of excess hGH is hyperglycemia.

__________________________________________________

Thyroid Stimulating Hormone (TSH):

1. regulates thyroid gland activities

2. is controlled by TRH (Thyrotropin-releasing hormone)

___________________________________________________

Follicle Stimulating Hormone (FSH):

1. In females, FSH initiates follicle development and secretion of estrogens in the ovaries.

2. In males, FSH stimulates sperm production in the testes.

________________________________________________

Luteinizing Hormone (LH):

1. In females, LH stimulates secretion of estrogen by ovarian cells to result in ovulation and stimulates formation of the corpus luteum and secretion of progesterone.

2. In males, LH stimulates the interstitial cells of the testes to secrete testosterone.

__________________________________________________

Prolactin (PRL):

1. Together, with other hormones, initiates and maintains milk secretion by the mammary glands.

___________________________________________________

Adrenocorticotropic hormone (ACTH):

1. controls the production and secretion of hormones called glucocorticoids by the cortex of the adrenal gland.

____________________________________________________

Melanocyte Stimulating Hormone (MSH):

1. increases skin pigmentation.

2. exact role in humans is unknown.

_____________________________________________________

POSTERIOR PITUITARY GLAND (neurohypophysis)

1. does not synthesize hormones.

2. stores and releases two hormones produced by the hypothalamus.

3. The neural connection between the hypothalamus and neurohypophysis is via the hypothalamohypophyseal tract.  

4. Hormones made by the hypothalamus and stored in the posterior pituitary are oxytocin (OT), and antidiuretic hormone (ADH).

a) OT stimulates contraction of the uterus and ejection (let down) of milk from the breasts.

b) ADH stimulates water reabsorption by the kidneys and arteriolar constriction.

The effect of ADH is to decrease urine volume and conserve body water.

ADH is controlled primarily by osmotic pressure of the blood.  

________________________________________________

THYROID GLAND  

1. located just below the larynx

2. has right and left lateral lobes

Histology:

1. The thyroid consists of:

a) thyroid follicles (thyroglobulin)

b) follicular cells, which secrete thyroid hormones:

thyroxine (T4) and triiodothyronine (T3)

c) parafollicular cells, which secrete calcitonin

Thyroid Hormones:

1. regulate oxygen use and basal metabolic rate, cellular metabolism and growth and development

2. Secretion of thyroid hormone is controlled by the level of iodine in the thyroid gland and by negative feedback systems involving both the hypothalamus and the anterior pituitary gland.  

3. Calcitonin LOWERS the blood calcium level.  Secretion is controlled by calcium levels in the blood.

____________________________________________________

PARATHYROID GLANDS

1. are embedded on the posterior surfaces of the lateral lobes of the thyroid and contain PRINCIPAL cells which produce parathyroid hormone (PTH), and oxyphil cells whose function is unknown.  

2. PTH regulates the homeostasis of calcium and phosphate by increasing blood calcium level and decreasing blood phosphate level.

3. PTH increases the number and activity of osteoclasts which break down bone.

4. Blood calcium level directly controls the secretion of calcitonin and PTH via negative feedback loops that do not involve the pituitary gland.  

_______________________________________________

ADRENAL GLANDS 

1. located superior to the kidneys

2. consist of an outer cortex and inner medulla

3. The adrenal cortex is divided into three zones, each of which secretes different hormones:  

a) Zona glomerulosa (outer zone) >>> secretes mineralcorticoids (mainly aldosterone)

b) Zona fasciculata (middle zone) >>> secretes glucocorticoids (mainly cortisol)

c) Zona reticularis (inner zone) >>> secretes androgens (mainly DHEA)

Mineralcorticoids:

1. increase sodium and water reabsorption and decrease potassium reabsorption, which help regulate sodium and potassium levels in the blood

2. Secretion is controlled by the renin-angiotensin pathway

and the blood level of potassium.

Glucocorticoids:

1. promote breakdown of proteins, formation of glucose, lipolysis, resistance to stress, anti-inflammatory effects and depression of the immune response

2. secretion is controlled by corticotropin releasing hormone (CRH) and adrenocorticotropic hormone (ACTH) from the anterior pituitary.  

Androgens:

1. Secreted in small amounts in both males and females

2. contribute to the sex drive (libido)

3. contribute to the growth of axillary and pubic hair

4. contribute to the prepubertal growth spurt

Adrenal Medulla

1. consists of hormone-producing cells called CHROMAFFIN cells which surround large blood-filled sinuses

2. secretes epinephrine and norepinephrine, which are released under stress by direct innervation from the autonomic nervous system

________________________________________________

PANCREAS

1. is located posterior and slightly inferior to the stomach

2. is both an exocrine and endocrine gland

a) 1% of pancreas is pancreatic islets which secrete hormones (endocrine portion)

b) 99% of pancreas is pancreatic acini (acinar tissue) which secretes pancreatic digestive enzymes (exocrine portion).

Histology:

Consists of pancreatic islets (Islets of Langerhans) among clusters of cells (acini) which produce digestive enzymes.

Cell Types in the Pancreatic Islets:

1. Alpha cells

a) secrete glucagon

b) glucagon raises blood sugar level

2. Beta cells

a) secrete insulin

b) insulin lowers blood sugar level

3. Delta cells

a) secrete growth hormone inhibiting hormone (GHIH) or somatostatin

b) GHIH acts as a paracrine to inhibit the secretion of both insulin and glucagon

4. F Cells

a) secrete pancreatic polypeptide

b) pancreatic polypeptide regulates release of pancreatic digestive enzymes

Note: Regulation of glucagon and insulin secretion is via negative feedback mechanisms.  

_______________________________________________

OVARIES AND TESTES

1. Ovaries are located in the pelvic cavity and produce sex hormones (estrogens and progesterone) related to development and maintenance of female sexual characteristics, reproductive cycle, pregnancy, lactation, and normal reproductive functions.

2. Ovaries also produce inhibin (inhibits the release of FSH) and relaxin (increases the flexibility of the pubic symphasis during pregnancy which helps the baby's passage by enlarging the birth canal).

3. Testes lie inside the scrotum and produce sex hormones (mainly testosterone) related to the development and maintenance of male sexual characteristics and normal reproduction functions.

4. The testes also produce inhibin, a hormone that inhibits release of FSH.

_________________________________________________

PINEAL GLAND  
1. is attached to the roof of the third ventricle, inside the brain.  

2. Histologically, the pineal gland contains secretory cells called pinealocytes, neuroglia cells and postganglionic sympathetic fibers.

3. secretes melatonin in a diurnal rhythm linked to the dark-light cycle.  

4. Seasonal Affective Disorder (SAD), a type of depression that arises during the winter months, when day length is short, is thought to be due in part to over-production of melatonin.  Bright light therapy, with repeated doses of several hours exposure to artificial light as bright as sunlight, may provide relief for this disorder and for jet lag.

5. Insomnia may be due to under-production of melatonin.

_______________________________________________

THYMUS GLAND

1. secretes several hormones related to immunity

2. thymosin, thymic humoral facto, thymic factor and thymopoietin promote the proliferation and matureation of T-cells, a type of white blood cell (lymphocyte) involved in immunity

_________________________________________________

AGING AND THE ENDOCRINE SYSTEM

1. pituitary gland production of hGH decreases with age

2. production of gonadotropins and TSH increase with age

3. ACTH levels are unchanged with age

4. The thyroid gland decreases its output of thyroxin with age.

5. The thymus gland begins to atrophy at puberty.

6. Adrenal glands produce less cortisol and aldosterone with age.

7. The pancreas releases insulin more slowly with age and receptor sensitivity to glucose declines.

8. The ovaries reduce in size and no longer respond to gonadotropins.

9. Testosterone production decreases with age but does not present any serious problems.

_______________________________________________

ENDOCRINE SYSTEM DISORDERS 

Pituitary Gland Disorders:

1. Pituitary dwarfism = hyposecretion of hGH

2. Giantism = hypersecretion of hGH during childhood

3. Acromegaly = hypersecretion of hGH during adulthood

4. Diabetes insipidus = hyposecretion of ADH which causes excretion of large amounts of dilute urine and subsequent dehydration and thirst

Thyroid Gland Disorders:

1. Cretinism = hyposecretion of thyroid hormones during fetal life or infancy.

2. Myxedema = hypothyroidism during adult years

3. Grave's Disease = and autoimmune disease which is the most common form of hyperthyroidism

4. Goiter = enlarged thyroid gland

Parathyroid Gland Disorders:

1. Hypoparathyroidism results in muscle tetany

2. Hyperparathyroidism produces osteitis fibrosa cystica which results in demineralization of the bone.

Adrenal Gland Disorders:

1. Cushing's Syndrome = hypersecretion of cortisol by the adrenal cortex

2. Addison's Disease = hyposecretion of glucocorticoids and aldosterone

3. Tumors of the adrenal medulla can cause hypersecretion of medullary hormones and a prolonged "fight or flight" response.

Pancreatic Disorders:

1. Diabetes mellitus = a group of disorders caused by an inability to produce or use insulin

2. Type I or insulin-dependent diabetes mellitus is caused by an absolute deficiency of insulin

3. Type II or insulin-independent diabetes is caused by down-regulation of insulin receptors

4. Hyperinsulinism results when too much insulin is present and causes hypoglycemia (low blood sugar) and possibly insulin shock.

_______________________________________________

THE END
