16: The Endocrine SystemObjectives
The Endocrine System: An Overview


1.
Indicate important differences between hormonal and neural controls of body functioning.


2.
List the major endocrine organs, and describe their body locations.

Hormones


4.
Describe how hormones are classified chemically.


5.
Describe the two major mechanisms by which hormones bring about their effects on their target tissues.


6.
List three kinds of interaction of different hormones acting on the same target cell.


7.
Explain how hormone release is regulated.

The Pituitary Gland and Hypothalamus


8.
Describe structural and functional relationships between the hypothalamus and the pituitary gland.


9.
List and describe the chief effects of anterior pituitary hormones.


10.
Discuss the structure of the posterior pituitary, and describe the effects of the two hormones it releases.

Major Endocrine Glands

11.
Describe important effects of the two groups of hormones produced by the thyroid gland.


12.
Follow the process of thyroxine formation and release.


13.
Indicate general functions of parathyroid hormone.


14.
List hormones produced by the adrenal gland, and cite their physiological effects.


15.
Briefly describe the importance of melatonin.


16.
Compare and contrast the effects of the two major pancreatic hormones.


17.
Describe the functional roles of hormones of the testes, ovaries, and placenta.

Chapter Outline

I.
The Endocrine System: An Overview (pp. 595–596; Fig. 16.1)

A.
Endocrinology is the scientific study of hormones and the endocrine organs (p. 595; Fig. 16.1).

1.
Hormones are chemical messengers that are released to the blood and elicit target cell effects after a period of a few seconds to several days.

2.
Hormone targets include most cells of the body, and regulate reproduction, growth and development, electrolyte, water, and nutrient balance, cellular metabolism and energy balance, and mobilization of body defenses.

3.
Endocrine glands have no ducts, and release hormones through diffusion.

4.
Endocrine glands include the pituitary, thyroid, parathyroid, adrenal, and pineal glands.

5.
Several organs, such as the pancreas, gonads (testes and ovaries), and placenta, contain endocrine tissue.

B.
Autocrines are local chemical messengers that act on the same cells that secrete them, while paracrines are local chemical messengers that act on neighboring cells, rather than the cells releasing them (p. 595).


II.
Hormones (pp. 596–601; Figs. 16.2–16.4) 

A.
Chemistry of Hormones (p. 596) 

1.
Hormones are long-distance chemical signals that are secreted by the cells to the extracellular fluid and regulate the metabolic functions of other cells. 

2.
Most hormones are amino acid based, but gonadal and adrenocortical hormones are steroids, derived from cholesterol.

3.
Eicosanoids, which include leukotrienes and prostaglandins, derive from arachidonic acid.


III.
The Pituitary Gland and Hypothalamus (pp. 601–608; Figs. 16.5–16.7; Table 16.1)

A.
The pituitary gland is situated in the sella turcica of the skull, and is connected to the brain via the infundibulum (p. 601; Fig. 16.5).

B.
The pituitary has two lobes: the posterior pituitary, or neurohypophysis, which is neural in origin, and the anterior pituitary, or adenohypophysis, which is glandular in origin (pp. 601–603; Fig. 16.5).

1.
The hypothalamo-hypophyseal tract is a neural connection between the hypothalamus and the posterior pituitary that extends through the infundibulum.

2.
The hypothalamo-hypophyseal portal system is a vascular connection between the hypothalamus and the anterior pituitary that extends through the infundibulum.

C.
 Anterior Pituitary Hormones (pp. 603–605; Figs. 16.6–16.7; Table 16.1)

1.
The anterior pituitary produces six hormones, four of which are tropic hormones that regulate secretion of other hormones, as well as a prohormone.

a.
Pro-opiomelanocortin (POMC) is a prohormone that can be split into adrenocorticotropic hormone, two natural opiates, and melanocyte-stimulating hormone.

b.
Growth hormone acts on target cells in the liver, skeletal muscle, bone, and other tissues to cause the production of insulin-like growth factors (IGFs).

c.
Thyroid-stimulating hormone (TSH) promotes secretion of the thyroid gland.

d.
Adrenocorticotropic hormone (ACTH) promotes release of corticosteroid hormones from the adrenal cortex.

e.
Gonadotropins FSH (follicle-stimulating hormone) and LH (luteinizing hormone) regulate function of the gonads.

f.
Prolactin stimulates the gonads and promotes milk production in humans.

D.
The Posterior Pituitary and Hypothalamic Hormones (pp. 605-608; Table 16.1)

1.
The posterior pituitary produces two neurohormones: oxytocin, which promotes uterine contraction and milk ejection, and antidiuretic hormone (ADH), which prevents wide swings in water balance.

IV.
The Thyroid Gland (pp. 608–612; Figs. 16.8–16.10; Table 16.2)

A.
The thyroid gland consists of hollow follicles with follicle cells that produce thyroglobulin, and parafollicular cells that produce calcitonin (p. 608; Fig. 16.8).

B.
Thyroid hormone consists of two amine hormones, thyroxine (T4) and triiodothyronine (T3), that act on all body cells to increase basal metabolic rate and body heat production (pp. 609–612; Figs. 16.9–16.10; Table 16.2).

C.
Calcitonin is a peptide hormone that lowers blood calcium by inhibiting osteoclast activity, and stimulates Ca2+ uptake and incorporation into the bone matrix (pp. 611–612).


V.
The Parathyroid Glands (pp. 612–614; Figs. 16.11–16.12) 

A.
The parathyroid glands contain chief cells that secrete parathyroid hormone, or parathormone (pp. 612–613; Figs. 16.11–16.12).


VI.
The Adrenal (Suprarenal) Glands (pp. 614–620; Figs. 16.13–16.16; Table 16.3)

A.
The adrenal glands, or suprarenal glands, consist of two regions: an inner adrenal medulla and an outer adrenal cortex (p. 614; Fig. 16.13).

B.
The adrenal cortex produces corticosteroids from three distinct regions: the zona glomerulosa, the zona fasciculata, and the zona reticularis (pp. 614–618; Figs. 16.11–16-15; Table 16.3).

1.
Mineralocorticoids, mostly aldosterone, are essential to regulation of electrolyte concentrations of extracellular fluids. 

2.
Aldosterone secretion is regulated by the renin-angiotensin mechanism, fluctuating blood concentrations of sodium and potassium ions, and secretion of ACTH.

3.
Glucocorticoids are released in response to stress through the action of ACTH.

4.
Gonadocorticoids are mostly weak androgens, which are converted to testosterone and estrogens in the tissue cells.

C.
The adrenal medulla contains chromaffin cells that synthesize epinephrine and norepinephrine (pp. 618–620; Figs. 16.13, 16.16; Table 16.3).


VII.
The Pineal Gland (p. 620) 

A.
The only major secretory product of the pineal gland is melatonin, a hormone derived from serotonin, in a diurnal cycle (p. 620). 

B.
The pineal gland indirectly receives input from the visual pathways in order to determine the timing of day and night (p. 620). 

VIII. Other Endocrine Glands and Tissues (pp. 620–624; Figs. 16.17–16.18; Table 16.5)

A.
The pancreas is a mixed gland that contains both endocrine and exocrine gland cells (pp. 620–623; Figs. 16.17–16.19; Table 16.5).

1.
Glucagon targets the liver where it promotes glycogenolysis, gluconeogenesis, and release of glucose to the blood.

2.
Insulin lowers blood sugar levels by enhancing membrane transport of glucose into body cells.

B.
The Gonads and Placenta (p. 623) 

1.
The ovaries produce estrogens and progesterone.

2.
The testes produce testosterone. 

3.
The placenta secretes estrogens, progesterone, and human chorionic gonadotropin, which act on the uterus to influence pregnancy. 

