Chapter 13

Endocrine System

1. What is an endocrine gland?

An endocrine gland is a gland that secretes its hormones directly into body fluids (the internal environment).

2. Define hormone and target cell.

A hormone is a secreted biochemical that affects the functions of another cell. A target cell is a cell that possesses specific receptors for a particular hormone. Thus, a hormone affects only its specific target cell.

3. Explain how hormones can be grouped on the basis of their chemical composition.

Hormones can be grouped into five separate categories:

Steroid—Steroid are lipids that are made of complex rings of carbon and hydrogen. They differ by the

types and numbers of atoms attached to these regions and by the way they are joined together.

Amines—Amines are hormones produced by neurons and the adrenal medulla. These include epinephrine and norepinephrine.

Peptides—Peptides are short chains of amino acids.

Proteins—Proteins are composed of many linked amino acids forming complex chains.

Glycoproteins—Glycoproteins are proteins joined to a carbohydrate.

Prostaglandins are not true hormones. These substances however, do have regulating effects on neighboring cells.

4. Explain how steroid hormones influence cells.

Steroid hormones, along with thyroid hormones, are soluble lipids that enter target cells easily by diffusion.

Once inside, they enter the nucleus and combine with nuclear protein receptors. This hormone-receptor

complex binds to a particular section of DNA and activates specific genes. These active genes are transcribed onto MRNA that directs manufacture of specific proteins. These proteins, in turn, cause the cellular changes intended by the original hormone.

5. Distinguish between the binding site and the activity site of a receptor molecule.

The binding site of a cell is the place where a specific substance adheres to its receptor. Once joined, the

binding site stimulates the activity site, where other membrane proteins may alter the functions of various

enzymes or transport mechanisms.

6. Explain how nonsteroid hormones may function through the formation of cAMP.

In some cells, the activity site activates a molecule called a G protein. This protein then activates adenylate

cyclase, an enzyme bound to the inside of the cell membrane. Adenylate cyclase removes two phosphates from ATP and forms the AMP (adenosine monophosphate) into a circle. The cyclic AMP (cAMP) activates protein kinases that remove phosphate molecules from the other ATP molecules and join them to certain protein substrates. These alter protein substrates then induce the various changes in the cell’s metabolism.

7. Explain how nonsteroid hormones may function through an increase in intracellular calcium ion concentration.

Some nonsteroid hormones stimulate the activity of sites of their target cells to cause an increase in the transport of calcium ions from outside, or release of calcium ions from cellular storage sites. The calcium

combines with calmodulin (a protein) and activates it. The activated calmodulin alters the function of various enzymes to produce the desired effect.

8. Explain how the cellular response to a hormone operating through a second messenger is amplified.

Unlike the steroid hormones that rely on direct effects, the second messenger mechanism allows many second messenger molecules to be manufactured for each hormone-receptor complex formed. This yields a high effect with a small amount of hormone molecules. Because of this mechanism, cells are highly sensitive to nonsteroid hormone concentration.

9. Define prostaglandins, and explain their general function.

Prostaglandins are paracrine substances that are very potent and are only synthesized just before they are released. They are then rapidly inactivated. Some prostaglandins regulate response to hormones by either

activating or inactivating cAMP production. Others can relax smooth muscle in the airway passages and blood vessels, casing dilation. Still others contract smooth muscle in the uterus causing menstrual cramps and labor contractions. Prostaglandins can also stimulate secretion of hormones from the adrenal cortex and inhibit secretion of hydrochloric acid in the stomach. Prostaglandins also influence sodium ion movement and water in the kidneys, regulate blood pressure, have power effects on reproductive physiology, and promote inflammation in damaged tissues.

10. Describe a negative feedback system.

In the negative feedback system, an endocrine gland or controlling system is sensitive to the concentration of substances it regulates or of a product it controls. When the concentration increases to a certain level, the gland is inhibited (a negative effect), and its activity decreases. When the concentration decreases to a certain level, the gland is no longer inhibited and its production increases. The rapid response of this system keeps hormone levels relatively stable.

11. Define releasing hormone, and provide an example of one.

Releasing hormones stimulate other endocrine glands to release their hormones. An example is the trophic hormones of the anterior pituitary glands that are ultimately controlled by the hypothalamus.

12. Describe the location and structure of the pituitary gland.

The pituitary gland (hypophysis) is about one centimeter in diameter and is attached to the hypothalamus at the base of the brain by the infundibulum. It is surrounded and protected by the sella turcica of the sphenoid bone. The pituitary gland is divided into two distinct lobes: the anterior (adenohypophysis) and the posterior (neurohypophysis).

13. List the hormones the anterior pituitary gland secretes.

The anterior pituitary gland secretes growth hormone (GH), thyroid stimulating hormone (TSH), adrenocorticotropic hormone (ACTH), follicle stimulating hormone (FSH), luteinizing hormone (LH), and prolactin (PRL).

14. Explain how the brain controls pituitary gland activity.

The posterior lobe of the pituitary responds to nerve impulses from the hypothalamus. Primarily the releasing hormones from the hypothalamus control the anterior lobe of the pituitary. It does this by sending the releasing hormones in the blood through a capillary network in the hypothalamus, which merges to form the hypophyseal portal veins. It passes downward into the capillary network in the anterior lobe. Substances released from the hypothalamus are sent directly to the anterior lobe.

15. Explain how growth hormone produces its effects.

Growth hormone (GH), or somatotropin (STH), is a protein that causes cells to increase in size and mitotic rate. It increases protein synthesis and amino acid movement through cell membranes. GH also increases cellular respiration of fats by decreasing metabolism of carbohydrates.

16. List the major factors that affect growth hormone and secretion.

Growth hormone is especially secreted during sleep, and during low blood concentrations of proteins and glucose.

17. Summarize the functions of prolactin.

Prolactin (PRL) primarily promotes milk production in females. In males, it decreases secretion of luteinizing hormone (LH), thus causing a decrease in the production of androgens. If PRL production is excessive in the male, it may cause infertility.

18. Describe regulation of concentrations of circulating thyroid hormones.

Thyroid hormones are regulated by several factors. The most direct control is from thyroid stimulating hormone (TSH) from the anterior pituitary. TSH can also stimulate growth of the thyroid gland. Another
factor is the hypothalamus. It secretes thyrotropin releasing hormone (TRH), which stimulates TSH release.

External factors regulating thyroid hormone include extreme cold and emotional stress.

19. Explain the control of secretion of ACTH.

Adrenocorticotropic hormone (ACTH) is regulated in part by corticotropin releasing hormone (CRH) from the hypothalamus in response to low levels of adrenal cortical hormones. Stress increases secretion of ACTH by stimulating CRH production.

20. List the major gonadotropins, and explain the general functions of each.

The major gonadotropins are:

Follicle stimulating hormone (FSH)—FSH is responsible for growth and development of follicles in the

ovaries and stimulates these cells to secrete estrogen. In males, it stimulates the production of sperm cells at puberty.

Luteinizing hormone (LH)—LH promotes secretions of both male and female sex hormones. It is necessary for the release of egg cells from the ovaries. In males, LH is known as interstitial cell stimulating hormone (ICSH) because it acts on the interstitial cells of the testes.

21. Compare the cellular structures of the anterior and posterior lobes of the pituitary gland.

The anterior lobe is composed of layers of epithelial tissues grouped around many blood vessels. The epithelial tissues contain five types of secretory cells responsible for hormone production: mammatropes, somatotropes, thyrotropes, corticotropes, and gonadotropes. The posterior pituitary lobe is made of pituicytes and nerve fibers originating in the hypothalamus.

22. Name the hormones associated with the posterior pituitary, and explain their functions.

Special neurons in the hypothalamus actually produce the two hormones associated with the posterior pituitary lobe. These hormones are stored in secretory granules at the ends of their axons, in the posterior pituitary lobe.

The two hormones are:

Antidiuretic hormone (ADH)—ADH is a short polypeptide that inhibits water excretion from the kidneys.

ADH can also have a contracting effect on blood vessels. This can cause a rise in blood pressure. This is especially important in cases of severe blood loss, when ADH is needed to help increase vascular resistance.

For this reason, ADH is sometimes called vasopressin.

Oxytocin (OT)—OT is a short polypeptide that is responsible for uterine contractions of labor in childbirth and contracting cells of milk glands in lactating breasts so that milk is forced out during suckling. To a lesser extend, OT can play a role in antidiuretic mechanisms.

23. Explain how the release of ADH is regulated.

The hypothalamus contains osmoreceptors that sense changes in blood solute levels. If the solute

concentration increases due to a lack of fluids, the hypothalamus signals the release of ADH from the posterior pituitary into the blood stream. In the kidneys, this causes water to be saved internally. If solute concentration decreases, the hypothalamus inhibits ADH secretion, causing the kidneys to excrete more water. Certain blood vessels contain volume receptors that sense how much a vessel is stretched by blood. When the volume is too great, ADH secretion is inhibited. When the volume is too low, as from hemorrhage, ADH secretion is increased, causing the kidneys to retain water.

24. Describe the location and structure of the thyroid gland.

The thyroid gland consists of two large lobes connected by a broad isthmus. It is found just inferior to the larynx, bilaterally and anterior to the trachea. It is a very vascular structure encapsulated in connective tissue.

The gland is composed of many secretory follicles. The follicles are lined with a single layer of cuboidal

epithelium and are filled with a clear viscous glycoprotein called colloid. Extrafollicular cells (C cells) are

found just outside the follicles.

25. Name the hormones the thyroid gland secretes, and list the general functions of each.

The thyroid gland secretes the following hormones:

Thyroxine—Thyroxine is also known as tetraiodothyronine (T4). It helps regulate metabolism of carbohydrates, lipids, and proteins.

Triiodothyronine (T3)—Triiodothyronine also serves to regulate metabolism of carbohydrates, lipids, and proteins.

Calcitonin—Calcitonin is synthesized by the C cells and influences blood calcium and phosphate concentrations.

26. Define iodine pump.

The follicular cells of the thyroid gland require iodine salts (iodides) to produce T3 and T4. After the iodides have been absorbed from the intestine, the blood carries them to an active transport mechanism in the thyroid, called the iodine pump. This pump concentrates the iodides into the follicular cells where they combine with tyrosine in the synthesis of thyroid hormones.

27. Describe the location and structure of the parathyroid glands.

The four parathyroid glands are located on the posterior surface of the thyroid gland, two on each side, arranged in a superior-inferior fashion. The parathyroid gland is a small yellowish-brown structure composed of many tightly packed secretory cells encapsulated in a connective tissue layer.

28. Explain the general functions of parathyroid hormone.

Parathyroid hormone (PTH) is also called parathormone. It is a protein that increases blood calcium ion

levels and decreases blood phosphate ion levels by acting on the bones, kidneys, and intestines.

29. Describe the mechanisms that regulate the secretion of parathyroid hormone.

Parathyroid hormone (PTH) is controlled by a negative feedback system between the parathyroid glands and the concentration of blood calcium ions. If blood calcium ion concentration is high, PTH secretion is inhibited.

If blood calcium ion concentration is low, PTH secretion is increased. This causes bone resorption by osteocytes and osteoclasts which releases both calcium and phosphate ions into the blood stream.

Simultaneously, PTH causes the kidneys to keep calcium ions and excrete phosphate ions. Indirectly, PTH

causes increased absorption of calcium ions from food in the intestines by influencing vitamin D metabolism.

30. Distinguish between the adrenal medulla and the adrenal cortex.

The adrenal medulla is the central portion of an adrenal gland and consists of irregularly shaped cells grouped around blood vessels. These cells are modified postganglionic neurons that are directly linked to the preganglionic autonomic nerve fibers leading from the central nervous system. The adrenal cortex is the outermost part of an adrenal gland and makes up the bulk of the gland. It is made of closely packed masses of epithelial layers that form three distinct zones: the zona glomerulosa, zona fasiculata, and zona reticularis—the outer, middle, and inner layers, respectively.

31. List the hormones produced by the adrenal medulla, and describe their general functions.

The adrenal medulla produces, stores, and secretes two hormone—epinephrine (adrenaline) and

norepinephrine (noradrenaline). Both are catacholamines and have similar functions. Their effects include:

increased heart rate and cardiac muscle contractile force, elevated blood pressure, increased respirations, and decreased digestive system activity. Both hormones act simultaneously with the sympathetic nervous system in the “fight-or-flight” response.

32. List the steps in the synthesis of adrenal medullary hormones.

The synthesis of epinephrine and norepinephrine begins with the amino acid tyrosine. First, the enzyme

tyrosine hydroxylase converts tyrosine into dopa. Then, the enzyme dopa decarboxylase converts dopa into dopamine. Next, dopamine beta hydroxylase converts dopamine into norepinephrine. About 85% of

norepinephrine is converted by the enzyme phenylethanolamine N-methyltransferase into epinephrine.

33. Name the most important hormones of the adrenal cortex, and describe the general functions of each.

Although the cells of the adrenal cortex produce more than thirty different steroids, there are three cortical hormones without which the body cannot survive. These are:

Aldosterone—Aldosterone is a mineralcorticoid that is responsible for regulation of mineral electrolytes by conserving sodium ions and excreting potassium ions.

Cortisol (hydrocortisone)—Cortisol is a glucocorticoid that is responsible for glucose metabolism between meals by regulating synthesis of glucose from noncarbohydrates. It also decreases protein synthesis and increases fatty acid release.

Adrenal Androgens—Adrenal androgens are sex hormones. Some are converted into estrogens by the skin, liver, and adipose tissues. These hormones supplement the supply of sex hormones from the gonads and stimulate early development of reproductive organs.

34. Describe the regulation of the secretion of aldosterone.

When the adrenal cortex responds directly to changes in the concentration of potassium ions in blood plasma, it only slightly responds to a decrease in plasma sodium ions. Aldosterone secretions is indirectly regulated by juxtaglomerular cells in the kidneys that respond to changes in blood pressure and plasma sodium concentration. If either of these decreases, the juxtaglomerular cells release the enzyme renin. This enzyme decomposes the blood protein angiotensinongen, thus causing the release of the peptide angiotensin I. In the lungs, angiotensin I is converted into angiotensin II by the enzyme angiotensin-converting enzyme (ACE).

When angiotensin II is carried to the adrenal cortex by the blood stream, it stimulates secretion of aldosterone.

ACTH stimulates aldosterone secretion in response to other stimuli.

35. Describe control of cortisol secretion.

Cortisol is regulated by a negative feedback system. In response to increased glucose levels, the hypothalamus secretes CRH. This stimulates the anterior pituitary gland to secrete ACTH. The ACTH stimulates the adrenal cortex to secrete cortisol. As cortisol concentration increases, ACTH and CRH secretion decreases.

36. Describe the location and structure of the pancreas.

The pancreas is an elongated, flattened organ posterior to the stomach and the parietal peritoneum, and is attached to the duodenum by a duct. Structurally, the pancreas is composed of grouped cells called islets of Langerhans that are closely associated with blood vessels. The islets of Langerhans contain three types of

cells: alpha, beta, and delta cells.

37. List the hormones the pancreatic islets secrete, and describe the general functions of each.

Glucagon—Glucagon is a protein secreted by alpha cells and is responsible for converting glycogen into glucose (glycogenolysis) in the liver, and noncarbohydrates into glucose (gluconeogenesis). Glucagon also stimulates the breakdown of fats into fatty acids and glycerol.

Insulin—Insulin is a protein secreted by beta cells that has the opposite effect of glucagon. In the liver, it

stimulates formation of glycogen and inhibits conversion of noncarbohydrates. Insulin also promotes facilitated diffusion of glucose through the membranes of insulin target cells.

Somatostatin—Somatostatin is secreted by delta cells and inhibits glucagon and insulin secretion and helps regulate carbohydrates.

38. Summarize how the secretion of hormones from the pancreas is regulated.

Glucagon and insulin are controlled by negative feedback systems sensitive to blood protein concentration.

Glucagon release is stimulated when a low concentration of blood sugar is detected and inhibited as blood

sugar concentration rises. Insulin release is stimulated when blood glucose concentration becomes too high. As blood glucose level concentration falls, insulin release is inhibited. Insulin and glucagon function together at various levels to keep blood glucose concentration relatively constant.

39. Describe the location and general function of the pineal gland.

The pineal gland is small and oval, found deep between the cerebral hemispheres, and attached to the upper portion of the thalamus near the roof of the third ventricle. It is made up of pineal and neuroglial cells. The pineal gland secretes melatonin in response to periods of decreased light. It is believed that this aids in the regulation of circadian rhythms and inhibiting gonadotropins from the anterior pituitary gland. It may also help to regulate menstrual cycles.

40. Describe the location and general function of the thymus gland.

The thymus gland begins in childhood as a large substernal gland found in the mediastinum between the

lungs, but diminishes in size with age. It plays an important role in immunity by secreting a group of hormones called thymosins that affect production of T lymphocytes (white blood cells).

41. Distinguish between a stressor and stress.

Stress is a condition in which potentially life-threatening changes occur in the body’s internal environment. To maintain homeostasis, the body must react to counter these changes. A stressor is any factor that can cause these conditions.

42. List several factors that cause physical and psychological stress.

Extreme temperatures, decreased oxygen, infection, injuries, heavy exercise, and loud noise can cause physical stress. Psychological stress differs from person to person but typically includes personal loss, thoughts of real or imagined dangers, unpleasant or lack of social interaction, anger, fear, grief, anxiety, depression, or guilt.

Occasionally even pleasant stimuli, such as friendly contact, joy or happiness, or sexual arousal, may cause stress.

43. Describe the general stress syndrome.

The general stress (or general adaptation) syndrome is controlled by the hypothalamus, and is the body’s response to stress. During stress, the hypothalamus stimulates the sympathetic nervous system’s “fight-or-flight” response by raising blood glucose, glycerol, and fatty acid concentrations, increasing heart rate, blood pressure, and breathing, and dilating air passages. It shunts blood away from the skin and digestive organs and redirects it into the skeletal muscles. It also increases epinephrine secretion and releases CRH to stimulate the anterior pituitary gland to secrete ACTH that, in turn, causes increased cortisol secretion from the adrenal cortex. Stress may also stimulate release of glucagon, GH, and ADH.

44. Which components of the endocrine system change the most as a person ages?

Endocrine glands tend to shrink and accumulate fibrous connective tissue, fat, and lipofuscin, but hormonal

activities usually remain within the normal range.

GH levels even out, as muscular strength declines.

ADH levels increase due to slowed breakdown.

The thyroid shrinks but control of metabolism continues.

Decreasing levels of calcitonin and parathyroid hormone increase osteoporosis risk.

The adrenal glands show aging-related changes, but negative feedback maintains functions.

Muscle, liver, and fat cells may develop insulin resistance.

Changes in melatonin secretion affect the body clock.

Thymosin production declines, hampering infectious disease resistance.

