9 - The Endocrine System

CHAPTER SUMMARY

The endocrine system contains some of the most elegant and mysterious mechanisms of all the body systems. Considered to be the second great homeostatic system of the body (after the faster-acting nervous system), the endocrine system controls reproduction, growth and development, body defenses, metabolic processes, and blood chemistry. Through the use of hormones, the endocrine system maintains homeostatic balance within the body in a relatively leisurely and profound way. Hormones circulate in the blood until reaching the target organs upon which they are designed to act, where they bind with the awaiting cells and immediately begin to influence the internal machinery of those cells. 

In this chapter, the mechanisms of hormone action are discussed first, differentiating between the actions of steroidal and nonsteroidal hormones. Next, the negative feedback mechanisms that control hormone release are presented. Hormonal, humoral, and neural stimuli are all explained through the use of selected examples. Endocrine glands are further described as ductless glands that release their hormones into blood or lymphatic fluid, in comparison to exocrine glands, which release their products directly into ducts on the epithelial surface.

In the final sections of this chapter, the major endocrine organs and their hormones’ main actions and regulatory functions are presented. The hypothalamus, which also plays an important role in nervous system functioning, is noted for its major role in endocrine control based upon its relationship with the pituitary gland. The complexity of the pituitary gland, with its separate anterior and posterior lobes, is then described. The thyroid is presented next for its role in both metabolism and blood calcium levels, followed by a discussion of the counterbalancing action of the parathyroid glands in blood calcium regulation. The hormones of the adrenal glands, both cortical and medullar portions, are described in relation to their roles in long- and short-term stress-response. The islet cells of the pancreas and the hormones they produce are then discussed, along with the homeostatic imbalance of diabetes mellitus. The lesser-understood roles of the pineal and thymus hormones precede the section on the hormones of the ovaries and testes, and finally, the hormones produced by other tissues pocketed throughout the body, as well as the hormones produced by the placenta, are discussed. The major developmental aspects of the endocrine system, including its role in menopause, conclude the chapter.

Suggested Lecture Outline


I.
The Endocrine System and Hormone Function—An Overview (pp. 310–313)


A.
The Chemistry of Hormones (pp. 310–311)


1.
Amino Acid-Based Molecules


2.
Steroid-Based Hormones


3.
Prostaglandins


B.
Mechanisms of Hormone Action (p. 311)


1.
Direct Gene Activation


2.
Second-Messenger System


C.
Control of Hormone Release (pp. 311–313)


1.
Endocrine Gland Stimuli


a.
Hormonal Stimuli


b.
Humoral Stimuli


c.
Neural Stimuli


II.
THE MAJOR ENDOCRINE ORGANS (pp. 313–332; Table 9.1)


A.
Pituitary Gland (pp. 314–319)


1.
Hormones of the Anterior Pituitary


a.
Growth Hormone (GH)


i.
Homeostatic Imbalances


(1)
Pitiutary Dwarfism


(2)
Gigantism


(3)
Acromegaly


b.
Prolactin (PRL)—Breast Milk Production


c.
Adrenocorticotropic Hormone (ACTH)


d.
Thyroid-Stimulating Hormone (TSH)


e.
Gonadotropic Hormones—Begin at Puberty


i.
Follicle-Stimulating Hormone (FSH)


ii.
Luteinizing Hormone (LH)


2.
Pituitary-Hypothalamus Relationship


3.
Hormones of the Posterior Pituitary


a.
Oxytocin


b.
Antidiuretic Hormone (ADH)


i.
Homeostatic Imbalances


(1)
Diabetes Insipidus


B.
Thyroid Gland (pp. 319–321)


1.
Thyroid Hormones


a.
Thyroxine (T4)


b.
Triiodothyronine (T3)


c.
Homeostatic Imbalances


i.
Goiters


ii.
Cretinism


iii.
Myxedema


iv.
Graves’ disease


2.
Calcitonin—released in response to high blood calcium to enhance bone calcium deposition


C.
Parathyroid Glands (p. 321)


1.
Parathyroid Hormone (PTH)


a.
PTH Hyposecretion—Tetany


b.
PTH Hyposecretion—Bone Wasting and Fractures


D.
Adrenal Glands (pp. 322–326)


1.
Hormones of the Adrenal Cortex


a.
Mineralocorticoids—Aldosterone


b.
Glucocorticoids—Cortisone and Cortisol


c.
Sex Hormones—Androgens and Some Estrogens


d.
Homeostatic Imbalances


i.
Addison’s Disease


ii.
Hyperaldosteronism


iii.
Cushing’s Syndrome


iv.
Masculinization


2.
Hormones of the Adrenal Medulla


a.
Epinephrine


b.
Norepinephrine


E.
Pancreatic Islets (pp. 326–328)


1.
Insulin


2.
Glucagon


3.
Homeostatic Imbalance


a.
Diabetes Mellitus


F.
Pineal Gland (p. 329)


1.
Melatonin


G.
Thymus Gland (p. 329)


1.
Thymosin


H.
Gonads (pp. 329–332)


1.
Hormones of the Ovaries


a.
Estrogens


b.
Progesterone


2.
Hormones of the Testes


a.
Androgens—Testosterone


III.
OTHER HORMONE-PRODUCING TISSUES AND ORGANS (p. 332; Table 9.2)

A.
Placenta (p. 332)


1.
Human Chorionic Gonadotropin (hCG)


2.
Human Placental Lactogen (hPL)


3.
Relaxin


IV.
DEVELOPMENTAL ASPECTS OF THE ENDOCRINE SYSTEM (pp. 332, 335)

A.
Menopause (p. 332)


B.
Aging (pp. 332, 335)

Teaching Tip

Present numerous examples of homeostatic imbalance as related to the endocrine system. Use a series of opposites to help clarify the point, such as hypothyroidism vs. hyperthyroidism and gigantism vs. dwarfism.

Media Tip

Homeostasis (FHS; 20 min., 1995). From the New Living Body series, this program examines homeostasis from many aspects, including the role hormones play in the process.
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Lecture Hints


1.
Describe the process of hormone attachment to its target organ as a lock-and-key mechanism, comparable to that discussed in previous chapters.



Key point: In order for the cells of target organs to respond to a particular hormone, the hormone must attach to protein receptors on the target cell’s surface (i.e., there must be a natural “fit”). For example, antidiuretic hormone (ADH or vasopressin) will have no effect on the liver heart, etc., but will only influence the kidneys since they have receptor sites for antidiuretic hormone.


2.
Stress the anatomical and functional relationship between the nervous system and the endocrine system. Explain that although the nervous system is often considered the primary controller, with the neuron acting as the “star,” the endocrine system is equally important though more subtle in its approach.



Key point: The nervous and endocrine systems work closely together to coordinate and direct the key activities within the human body. Neither system could do the work alone, and although their mechanisms are different, their work in combination is unmatched for its sophistication and homeostatic importance.


3.
Point out that the endocrine system represents the best in homeostasis and negative feedback. Use examples such as the counterbalancing effect between calcitonin of the thyroid gland and parathormone of the parathyroid glands in blood calcium regulation.



Key point: This is an excellent chapter to focus on negative feedback and how homeostatic imbalances can cause disease, since the examples are unusually clear and understandable.


4.
Discuss tropic hormones and explain the many instances in which hormones from one endocrine gland stimulate the production of hormones from another endocrine gland, which then act on other body organs and tissues.



Key point: This is one of the most intriguing aspects of the endocrine system, and one which warrants particular attention because of its significance to overall body function.


5.
Present numerous examples of homeostatic imbalance as related to the endocrine system. Use a series of opposites to help clarify the point, such as hypothyroidism vs. hyperthyroidism and gigantism vs. dwarfism.



Key point: Students can readily understand that too much or too little of a certain hormone might have opposite and often life-threatening effects. These examples help them to visualize the results of these types of hormonal imbalances.


6.
Discuss oxytocin and its significance in labor, delivery, and milk ejection. Explain that an “IV Pit” (intravenous synthetic oxytocin, called Pitocin) would be administered when women ready for childbirth cannot dilate sufficiently. Also, reiterate the positive feedback mechanism that oxytocin can induce.



Key point: Pitocin is regularly used in IV form, not only to induce labor, but also to hasten labor and to help the uterus regain its postpartum shape after delivery. This provides an excellent starting point for discussion of the medical and ethical issues involved in its use.


7.
Spend extra time outlining the connection between the hypothalamus and the anterior and posterior pituitary gland. This is an excellent opportunity to again show the intimate connection between the nervous and endocrine systems.



Key point: Students have often heard the pituitary referred to as the “master gland.” Emphasize that although the anterior pituitary produces numerous hormones, it releases those hormones in response to releasing or inhibiting hormones from the hypothalamus. Further point out that the posterior pituitary does not make its own hormones, but rather, it releases hormones made by the hypothalamus. Present the case that perhaps the hypothalamus can also be considered the “master gland.”


8.
The two disparate functions of the adrenal glands warrant extra attention. Discussion of the steroidal hormones produced by the adrenal cortex provides an excellent opportunity to examine steroid use from exogenous sources. Persons who abuse anabolic steroids for athletic or appearance purposes are aging body tissues such as the liver at a much faster rate. Males may never again be able to endogenously produce a high enough sperm count to produce children even years after they stop taking exogenous testosterone. Steroid therapy, with its benefits and inherent dangers, opens the floor for a stimulating discussion. Presentation of the hormones of the adrenal medulla provides another opportunity to review the “fight-or-flight” response previously discussed with the nervous system. Also point out that the two-layer cortex/medulla structure of the adrenal glands will be seen in other organs of the body as well, such as the kidneys.



Key point: A discussion of the functions of the adrenal glands helps to again emphasize the fine-tuned integration between the nervous and endocrine systems, as well as the body’s delicate balancing act in maintaining homeostasis.


9.
Compare and contrast diabetes mellitus and diabetes insipidus based on the endocrine gland and hormones involved with each, their unique causes, time of onset, and their similar as well as dissimilar symptoms. Point out that polyuria (excessive urination) and polydipsia (excessive thirst) are common to both, but that glucosuria is exclusive to diabetes mellitus. Also explain the physiological mechanism of diabetic coma.



Key point: Students are usually familiar with the condition of “diabetes” but often do not realize that there are two distinct conditions involved, caused by homeostatic imbalance of two separate endocrine glands. Point out that there are many undiagnosed diabetics in American society who are cutting years off their longevity by not getting appropriate treatment.


10.
If asked what comes to mind when someone mentions “hormones,” students will usually say they think of estrogen, or “female hormones.” This provides an excellent starting point for discussion of estrogen and testosterone and their roles in sexual development and reproduction. It also provides an opportunity to emphasize that the sex hormones represent only a few of the large number of important hormones in the body. 



Key point: Despite the fact that estrogen is one of the more recognized hormones, it is also one of the most misunderstood, and even maligned. A discussion of what estrogen can and cannot do is often helpful in expanding students’ understanding of this hormone. Explain that menopause and andropause (male menopause) are basically puberty in reverse.


11.
Discuss circadian rhythms and melatonin’s role in this mechanism.



Key point: Although poorly understood, the hormones of the pineal gland, of which melatonin is key, play a fascinating role in regulating our sleep patterns and day-night cycle. Rapid airplane travel across several time zones upsets normal circadian rhythmicity.


12.
Discuss the importance of testosterone for gender determination in embryo development. Explain the effects that can occur when too little testosterone or estrogen is present during development and puberty.



Key point: Emphasize to students the large influence hormones have not only before birth but also for development of secondary sex characteristics, gamete production, and sex cell maturation.


13.
Explain the use of synthetic or animal hormones to treat conditions such as dwarfism (GH) or diabetes mellitus (insulin). 



Key point: Discuss with students the developments in medicine that provide hormone alternatives when endocrine glands do not function properly.


14.
List and explain the use of hormones in agricultural food production for human consumption (e.g., bovine growth hormone).



Key point: Students are often unaware of the other sources of hormones they could put into their bodies from the food they eat. Explain that not all effects are yet known from eating food that has come from animals exposed to excess hormones.


15.
Discuss the link between some types of breast cancer and estrogen.



Key point: Explain to students that cancer cells can grow in response to hormone levels in our bodies.


16.
Describe hormone replacement therapy (HRT) for postmenopausal women including both risks and benefits.



Key point: Many students are familiar with this therapy and can better understand its use once they know how the endocrine system works to maintain homeostasis.
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Answers to End of Chapter Review Questions

Questions appear on pp. 337–338

Multiple Choice


1.
d (Figure 9.3)


2.
b (pp. 310–311)


3.
a, c (p. 318)


4.
c (p. 323)


5.
a, b, c, d (pp. 314–315, 323, 326)


6.
a, b, c, d (pp. 318, 320, 322–324)


7.
a, b, c (pp. 320, 322–323)


8.
b (p. 323)


9.
b (p. 319)

Short Answer Essay


10.
(a) Nervous system control is extremely rapid (milliseconds to seconds), whereas endocrine control takes minutes to seven days to bring about its effects. (b) Nervous system communication is via electro-chemical impulses, whereas the endocrine system uses blood-borne chemical “messengers” (hormones). (c) The nervous system controls short-term processes, such as stimulation of muscle contraction and glandular secretion, whereas the endocrine system controls processes that go on for long periods of time (sometimes continuously), such as growth and maturation, metabolism, and the functioning of the reproductive system. (p. 310)


11.
The mixed endocrine organs are the pancreas and gonads. The purely endocrine glands are the anterior pituitary, hypothalamus, thyroid, parathyroid, adrenal, thymus, and pineal gland. (pp. 313–314)


12.
A hormone is an amino acid or steroid-based chemical substance produced by endocrine organs and liberated to the blood. Hormones activate target organs in specific ways by regulating the metabolic activities of other cells. (pp. 310–311)


13.
Hormonal stimulation: Stimulation by TSH and ACTH of the thyroid and adrenal cortex (respectively) to release their hormones. Humoral stimulation: Stimulation by high glucose levels to release insulin; stimulation by high blood calcium levels to release calcitonin. Nerve stimulation: Stimulation by sympathetic nerve fibers of adrenal medulla to release epinephrine (adrenalin) to the blood. (pp. 311–312; Figure 9.2)


14.
Negative feedback, the process by which the products of a chemical reaction “feedback” and inhibit their further synthesis, regulates the activity of all endocrine glands controlled by anterior-pituitary-tropic hormones, as well as those controlled by blood levels of nonhormonal substances. Most simply, when a hormone is at low levels in the blood, its synthesis is stimulated either by the release of an anterior-pituitary-tropic hormone (e.g., thyroxine production and release are stimulated by TSH) or by changing blood levels of certain substances (e.g., PTH production is stimulated by low blood calcium levels and insulin release is stimulated by high levels of blood glucose). As blood levels of the stimulated hormones increase, the stimulus substance is either turned off (in the case of tropic hormones) or ceases to exist (because hormonal action results in a “correction” of the blood levels of the trigger substances). Once there is no stimulus, the previously stimulated endocrine organ decreases its hormone output, and hormone levels drop once more. The cycle repeats again and again as hormone blood levels increase and decrease via negative feedback loops. (p. 311)


15.
Cells that respond to a specific hormone are known as target cells. A hormone’s target cells have plasma membrane receptors or internal receptors that are able to bind that particular hormone. Tissue cells from organs that are not target cells of a particular hormone lack those particular receptors and will not be affected by that particular circulating hormone. (p. 311)


16.
Anterior pituitary: Protrudes from the inferior surface of the brain, encased in the sella turcica of the sphenoid bone. Produces: (a) GH, which causes overall body growth but particularly skeletal and muscular growth; a lack during childhood leads to pituitary dwarfism; over-secretion produces gigantism (children) or acromegaly (adult). (b) Prolactin (PRL), which stimulates lactation in females; an excess leads to inappropriate lactation. (c) Gonadotropic hormones FSH and LH, which stimulate the production of ova/estrogen/progesterone in females and sperm/testosterone in males; a lack results in sterility. (d) TSH, which stimulates the production of thyroxine by the thyroid gland; a lack results in hypothyroidism (cretinism in children, myxedema in adults); hypersecretion can result in hyperthyroidism and produce Graves’ disease. (e) ACTH, which regulates the activity of the adrenal cortex; hypersecretion results in Cushing’s syndrome; hyposecretion results (secondarily) in Addison’s disease. The posterior pituitary releases two hormones made by the hypothalamus, ADH and oxytocin; a lack of ADH leads to diabetes insipidus. (pp. 314–316)



Pineal gland: Found at the superioposterior end of the third ventricle in the brain. The pineal gland releases melatonin, which is important for regulating sleep and wake cycles and inhibits precocious sexual development in humans. Early hypersecretion results in sexual maturity earlier than normal. (p. 329)



Thymus: Found in the anterior thorax, overlying the trachea and heart. Its hormone, thymosin, serves to “program” the T lymphocytes of the immune system for recognition of self from nonself. Athymic individuals lack the ability to mount an effective immune response. (p. 329)



Pancreas: Located in the abdomen, in the mesentery between the stomach and duodenum. Produces: (a) Insulin, basically a hypoglycemic hormone that promotes the uptake and metabolism of glucose by body cells; a lack of insulin leads to diabetes mellitus. (b) Glucagon, basically a hyperglycemic hormone that promotes the release of glucose by the liver when blood glucose levels are low; no documented hypersecretion or hyposecretion problems. (pp. 326–328)



Ovaries: Located in the abdominopelvic cavity, lateral to the uterus. Produce estrogen(s) and progesterone. Lack of these hormones leads to the inability to conceive or bear children and reduced development of secondary female characteristics. (p. 329)



Testes: Located in the scrotal sac, medial to the superior thighs. Produce testosterone, a lack of which leads to a reduction in sperm count and reduced development of secondary male characteristics. (p. 329)



(Note: Only those hypersecretion or hyposecretion effects considered problematic have been noted.)


17.
The adrenal cortex produces glucocorticoids (e.g., cortisone, hydrocortisone), which are important in aiding the body to resist long-term stressors, such as bodily trauma and anxiety. Glucocorticoids mobilize blood sugar and decrease the severity of the inflammatory response. The adrenal medulla produces epinephrine, which, together with the sympathetic nervous system, aids the body to react quickly to short-term stressors by diverting blood to the heart, brain, and skeletal muscles and by increasing blood sugar, blood pressure, and heart rate. (pp. 323–326; Figure 9.12)


18.
Releasing hormones of the hypothalamus (in addition to feedback inhibition). (p. 316)


19.
A tumor. (p. 324)


20.
Insulin: glucagon, glucocorticoids, and epinephrine. (pp. 323, 325–326) PTH: calcitonin. (p. 320)


21.
ADH and aldosterone. ADH is produced by the hypothalamus and released by the posterior pituitary; causes the kidney tubules to increase their uptake and retention of water (from the kidney filtrate). Aldosterone, an adrenal cortical hormone, regulates sodium ion (and, secondarily, potassium ion) concentration in the blood. When sodium ion concentration is too low, aldosterone is released and causes the renal tubules to increase their reabsorption of sodium ions (and water follows by osmosis). (pp. 318–319, 322–323)


22.
A goiter is an enlarged thyroid gland that results from a lack of iodine in the diet. The thyroid hormones thyroxine (T4) and triiodothyronine (T3) contain iodine, so when iodine is not present, functional hormones cannot be made. The anterior pituitary (via TSH) continues to stimulate the thyroid follicles to produce T3 and T4 when levels in the blood are low. This continued but ineffective stimulation leads to enlargement of the thyroid gland. (p. 319)


23.
As their ovaries cease to function, aging women undergo menopause, experiencing such symptoms as hot flashes, and becoming susceptible to osteoporosis and arteriosclerosis. Both males and females tend to become increasingly hypothyroid with age; they also become more susceptible to adult-onset diabetes as pancreatic function declines. In addition, the decreasing amounts of antistress hormones lower resistance to infectious disease. (pp. 332, 335)

Answers to Critical Thinking and Clinical Application Questions


24.
The dysfunction is hypersecretion of androgens, possibly from a tumor of the adrenal cortex. (p. 324)


25.
The diagnosis is hyposecretion of growth hormone. The prescription is commercial pituitary growth hormone. The reason the girl might reach her growth potential is that the epiphyseal plates of her bones have not yet closed, allowing additional growth of the skeleton and body, in response to the hormone. (pp. 314–315, 317)


26.
Pitocin and oxytocin stimulate contraction of the smooth muscle of the myometrium, thus strengthening the uterine contractions to expel the baby. (p. 318)


27.
The catecholamines epinephrine and norepinephrine. The usual cause of hypersecretion is a tumor in the adrenal medulla. The catecholamines promote a rise in blood sugar (hyperglycemia), whereas thyroid hormones trigger glucose catabolism. (pp. 325–326)


28.
Bloated face (sign of steroid excess), shriveled testes and infertility, liver damage, liver cancer, possible increase in risk for coronary heart disease, and psychiatric problems. (pp. 203–204 in Chapter 6)


29.
Bertha may have Cushing’s syndrome—hypersecretion of glucocorticoids from the middle region of the adrenal cortex. (p. 324)


30.
Maryanne would have a high blood PTH level as her poor diet is low in calcium, which would trigger PTH release from the parathyroid glands to stimulate the release of calcium from the bones. (p. 321)


31.
The doctor should look on the posterior (dorsal) surface of the thyroid gland. (p. 321)

Classroom Demonstrations and Student Activities

Classroom Demonstrations


1.
Film(s) or other media of choice.


2.
Using a human torso model, indicate the body locations of the major endocrine organs.


3.
Obtain photographs of individuals with endocrine disorders. For example, individuals with exophthalmos and/or goiter resulting from Graves’ disease; with a distinctive moon face and buffalo hump, from Cushing’s syndrome (as a result of adrenal hypersecretion); and gigantism, dwarfism, or acromegaly from growth hormone imbalances. Use these pictures to support the presentation of hyper- and hyposecretion disorders.


4.
Obtain Pitocin in IV form, to show it during the discussion on the effects of oxytocin. Ask when an Ob/Gyn physician might consider a cesarean birth.


5.
Have the students call out all of the responses they remember related to the “fight-or-flight” mechanism, contrasting it with the “rest and digest” mechanism, and write their responses on the board. Use this as a starting-point to explain the roles of epinephrine and norepinephrine.


6.
Have an EMT, paramedic, or ER physician come to class to talk about the uses of epinephrine in emergency medicine, as well as their own adrenaline response to their job.


7.
Have an EMT, paramedic, or ER physician come to class to talk about emergency treatment of patients with diabetes. Have them discuss treatment for hyperinsulinism as opposed to diabetic acidosis.


8.
Have a guest speaker from the American Diabetes Association come to class to talk about the impact of diabetes on lives and the lifestyle changes involved in managing the disease. Include in the discussion the differences between insulin-dependent (IDDM) and non-insulin-dependent (NIDDM) diabetes mellitus. 


9.
Bring in a sample of an early pregnancy testing kit to use in conjunction with discussion of hCG (human chorionic gonadotropin) and its production by the developing placenta.


10.
Show an ultrasound video (or three-dimensional ultrasound) of a developing fetus and explain why 10 centimeters’ dilation is necessary for a vaginal birth.


11.
Have a recovering drug addict come and speak to the class about the effects on the body (short- and long-term) of using drugs that contain epinephrine derivatives (e.g., methamphetamines).

Student Activities


1.
Use a small fish to demonstrate the effects of hyperinsulinism, and to initiate a discussion of what measure should be taken with people exhibiting signs of hyperinsulinism. Prepare two beakers: Beaker A contains 200 mL water and 10 to 15 drops of commercial insulin; beaker B contains 200 mL of 10% glucose solution. Place a small fish (goldfish or sunfish) in beaker A. Have students observe the fish’s actions as insulin diffuses into its bloodstream and note how long it takes for the fish to become comatose. When the fish is comatose, transfer it to beaker B and again have students observe and record its actions, noting how long it takes for the fish to recover. After completing the experiments, return the fish to the aquarium. 


2.
Have the students research the current applications and experimental uses of recombinant human growth hormone, and use their findings to promote a class discussion.


3.
Have the students research the use of corticosteroids in such conditions as asthma, organ transplantation, and autoimmune disorders. Use this information to discuss the advantages and disadvantages of these drugs.


4.
Attend an American Diabetes Association meeting (local chapter) with your students.


5.
Have your students answer the following question to demonstrate their understanding of how to select appropriate equipment and technology:



Ashley and Kim are becoming friends at summer camp. Ashley notices that Kim is wearing a medical alert necklace that reads, “DIABETIC.” Ashley might expect that Kim has brought medication as well as which type of medical equipment with her to camp?



A.
Otoscope
B.
Sphygmomanometer



C.
Leg brace
D.
Glucometer*

Multimedia

See page 182 for a listing of media distributors.


1.
Diagnosing and Treating Diabetes (FHS; 22 min., 1998, VHS, DVD). Explores the manifestation, diagnostic testing, treatment, and biochemistry of diabetes mellitus.


2.
Endocrine Control: Systems in Balance (IM; 30 min., 1997, VHS). Discusses the endocrine system in relation to homeostasis.


3.
The Endocrine System (UL, WNS; 17 min., 1998, VHS). Shows how eight glands of the endocrine system make and release hormones. 


4.
Homeostasis (FHS; 20 min., 1995, VHS, DVD). From the New Living Body series, this program examines homeostasis from many aspects, including the role hormones play in the process.


5.
Hormonally Yours (FHS; 50 min., 2000, VHS, DVD). From the Body Chemistry: Understanding Hormones series, this program examines the role of hormones on gender and sexuality.


6.
Hormone Heaven? (FHS; 50 min., 2000, VHS, DVD). From the Body Chemistry: Understanding Hormones series, this program strives to answer questions related to the role of hormones in maintaining youthful vigor.


7.
Hormone Hell (FHS; 50 min., 1999, VHS, DVD). From the Body Chemistry: Understanding Hormones series, this program examines the ways in which hormones affect different stages of life.


8.
Hormone Imposters (BF; 47 min., 1997, DVD). Examines the role of hormone-disrupting environmental toxins, such as plastics, in low sperm count, attention deficit disorder, etc.


9.
Hormones: Messengers (FHS; 27 min., 1984, VHS, DVD). From the award-winning Living Body series, this exceptional program covers a number of body processes that are controlled and coordinated by hormones.


10.
The Sleep Famine: The Effects of Sleep Deprivation and Chronic Fatigue (FHS; 54 min., 2000, VHS, DVD). Discusses the societal impact of fatigue and the implications of time-shifting the circadian clock.

Software


1.
Nervous and Hormonal Systems (ED; Win/Mac). Explores the interrelationships between the nervous and endocrine systems.

