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Detailed Chapter Summary
Chapter 18, The Endocrine System
18.1 Overview of the Endocrine System (p. 498)

1. Hormones are chemical messengers that are secreted into the bloodstream and stimulate distant cells and organs. The glands and cells that secrete hormones constitute the endocrine system, and the branch of biology and medicine that deals with them is called endocrinology.

2. The traditional view of an endocrine gland is that it lacks a duct connecting it to an epithelial surface, and secretes its products into the bloodstream instead.
3. Some glands have both endocrine and exocrine functions, such as the pancreas. Some secretory cells cannot be strictly classified as endocrine or exocrine, such as liver cells, which secrete bile through a duct system; secrete clotting factors and blood albumin (exocrine products) directly into the bloodstream; and secrete the hormones hepcidin and erythropoietin directly into the blood.

4. The blood capillaries of endocrine glands are of a fenestrated type, with large pores that allow for the easy uptake of hormone molecules by the bloodstream.

5. All hormones travel from the origin to their destination by the bloodstream.

6. Although a hormone goes everywhere the blood goes, it affects only those cells and organs that have receptors for it; these are called the target cells and target organs. All other cells and organs are unresponsive to the hormone.
18.2 The Hypothalamus and Pituitary Gland (p. 499)

1. The hypothalamus and pituitary gland do not control all endocrine functions, but have more wide-reaching influences than any single endocrine gland.
2. The hypothalamus is the funnel-like floor of the third ventricle of the brain. Hormone secretion and regulation of the pituitary are among its numerous functions.
3. The pituitary gland is attached to the hypothalamus by a stalk and is nestled in sella turcica of the sphenoid bone. It is actually two glands with separate embryonic origins and functions—the adenohypophysis and neurohypophysis.
4. The adenohypophysis is the anterior three-quarters of the pituitary gland. In the fetus, it is composed of the anterior lobe, pars tuberalis, and pars intermedia, but the last of these is no longer present after birth. The anterior lobe makes up most of the adenohypophysis.
5. The adenohypophysis has three types of cells: acidophils and basophils, which stain darkly with acidic and basic dyes and produce all of the hormones of the adenohypophysis, and pale chromophobes, which take up relatively little stain and are of uncertain function.

6. The adenohypophysis is connected to the hypothalamus by a network of blood vessels, the hypophyseal portal system, through which the hypothalamus sends chemical signals (releasing and inhibiting hormones) to it.
7. The most significant part of the neurohypophysis is the posterior lobe. It is connected to the hypothalamus by a bundle of nerve fibers, the hypothalamo-hypophyseal tract, which travels through the pituitary stalk and through which the hypothalamus sends hormones and nerve signals to it.
8. The hypothalamus produces six releasing and inhibiting hormones that regulate the secretion of hormones by the anterior pituitary (table 18.1).
9. The anterior pituitary secretes six hormones: follicle-stimulating hormone (FSH) induces the growth of ovarian follicles and secretion of estrogen in females and sperm production in males; luteinizing hormone (LH) triggers ovulation in females and maintains the corpus luteum of the ovary, and stimulates testosterone secretion in males; thyroid-stimulating hormone (TSH) stimulates the secretion of thyroid hormone; adrenocorticotropic hormone (ACTH) stimulates the secretion of glucocorticoids by the adrenal cortex; prolactin (PRL) stimulates milk synthesis in females and enhances testosterone secretion in males; and growth hormone (GH) stimulates tissue growth, especially bone, cartilage, muscle, and fat. 

10. The hypothalamus also secretes two hormones—antidiuretic hormone (ADH) and oxytocin (OT)—that are stored in the posterior pituitary until a nerve signal triggers their release. ADH regulates the body’s water balance by reducing urine output. OT triggers labor contractions and lactation in females and sperm transport during ejaculation in males, and may have a role on sexual bonding in both sexes.
18.3 Other Endocrine Glands (p. 504)

1. The pineal gland, located above the third ventricle of the brain, secretes melatonin. It seems to be involved in mood, circadian rhythms, and the timing of puberty. The pineal gland undergoes substantial shrinkage, or involution, after the age of 7 years.
2. The thymus, located above the heart in the mediastinum, secretes hormones that stimulate the development of other lymphatic organs and regulate T lymphocyte activity. These include thymopoietin, thymosin, and thymulin. It undergoes significant involution after the age of 14 years.
3. The thyroid gland, located in the neck below the larynx, consists of two conical lobes that lie alongside the trachea and larynx, and a narrow median bridge, the isthmus, connecting the two. It is composed mainly of saccular thyroid follicles lined with cuboidal epithelium. These cells secrete mainly thyroxine (tetraiodothyronine, or T4) and lesser amounts of triiodothyronine (T3); these are collectively called thyroid hormone (TH). TH elevates the metabolic rate and stimulates early brain and bone development, among other effects.

4. The thyroid gland also has clusters of clear (C) cells between the follicle; these secrete calcitonin, which promotes bone deposition and lowers blood calcium concentration in children but has only negligible effects in adults.

5. Four small parathyroid glands, usually located on the posterior side of the thyroid, secrete parathyroid hormone, which increases blood calcium concentration by promoting bone resorption and other means. 

6. The adrenal glands, located at the superior end of each kidney, are composed of an adrenal cortex and adrenal medulla with different functions and embryonic origins. The adrenal medulla secretes mainly epinephrine and norepinephrine (catecholamines), which complement the effects of the sympathetic nervous system. 
7. The adrenal cortex consists of three layers of tissue—the zona glomerulosa, zona fasciculata, and zone reticularis. It secretes steroid hormones (corticosteroids). Among these are the sex steroids—two androgens (dehydroepiandrosterone and androstenedione) and smaller amounts of estrogen; one major mineralocorticoid (aldosterone); and two glucocorticoids (cortisol and corticosterone). The androgens stimulate reproductive development and behavior in both sexes; aldosterone stimulates sodium retention and urinary potassium excretion; and the glucocorticoids stimulate glucose, fat, and protein metabolism, especially in conditions of stress.
8. The pancreas is mainly an exocrine digestive gland, but the pancreatic islets have five kinds of endocrine cells: alpha cells, which secrete glucagon; beta cells, which secrete insulin; delta cells, which secrete somatostatin; PP cells, which secrete pancreatic polypeptide; and G cells, which secrete gastrin. These hormones regulate digestion, nutrient absorption, and the metabolism of carbohydrates, amino acids, and lipids. The most important of these are insulin, which promotes glucose uptake by cells during and after a meal, and glucagon, which promotes glucose release by the liver between meals.

9. The gonads (ovaries and testes) contain endocrine cells that secrete estrogens, progesterone, testosterone, and inhibin—hormones with a variety of reproductive functions.

10. Several other tissues and organs have endocrine cells. The skin, liver, and kidneys collaborate to produce calcitriol (vitamin D). The liver also carries out a step in the synthesis of angiotensin II, and synthesizes, on its own, erythropoietin, hepcidin, and insulin-like growth factor I. The kidneys secrete erythropoietin and participate in calcitriol and angiotensin II synthesis. The heart secretes atrial natriuretic peptide. The stomach and small intestine produce gastrin, cholecystokinin, ghrelin, peptide YY, and other enteric hormones. Adipose tissue secretes leptin. Osseous tissue produces osteocalcin. The placenta secretes estrogen, progesterone, and other hormones involved in pregnancy.
11. Table 18.3 summarizes the sources and functions of all the nonpituitary hormones.
18.4 Developmental and Clinical Perspectives (p. 512)

1. The anterior pituitary gland arises from a hypophyseal pouch that grows from the roof of the pharynx. The posterior pituitary gland arises from a neurohypophyseal bud that grows downward from the floor of the hypothalamus. The two glands come to lie side by side, enclosed in the sella turcica.

2. The thyroid gland arises from a pouch, the thyroid diverticulum, that grows downward from the floor of the pharynx. 

3. At 4 to 5 weeks, the embryo develops five pairs of pharyngeal pouches budding from the walls of the pharynx. Pharyngeal pouches III and IV each give rise to a dorsal and ventral cell mass. The four dorsal cell masses become the parathyroid glands, and the ventral masses fuse medially to become the thymus. Pouch V gives rise to the C cells of the thyroid gland.

4. The adrenal medulla develops from a group of ectodermal cells that break away from the neural crest. The adrenal cortex develops from mesothelial cells that surround the medulla.

5. Some endocrine glands such as the adrenal glands, pineal gland, and thymus involute early in life. In old age, the most significant endocrine changes involve the pancreatic islets, thyroid gland, and ovaries. Glucose metabolism is impaired, thyroid hormone is less effective, estrogen secretion drops precipitously after menopause in women, and testosterone secretion declines more gradually but is substantially lower in old age.

6. Some changes in endocrine function in old age result less from lower hormone levels than from reduced target cell responsiveness—for example, to insulin, thyroid hormone, and cortisol.

7. Endocrine dysfunctions can result from hormone hyposecretion, hypersecretion, or insensitivity (receptor defects).

8. Anatomically based disorders of pituitary function can arise from fractures of the sphenoid bone that sever the pituitary stalk. This cuts off communication from the hypothalamus to the pituitary, resulting in a drop in pituitary secretion. Some of the consequences are reproductive dysfunction, thyroid and adrenal insufficiency, and excessive urination.

9. Endocrine system tumors include pineal tumors, which can be associated with precocial puberty, and pheochromocytoma, an adrenal medulla tumor that causes hypersecretion of epinephrine and norepinephrine, resulting in an elevated metabolic rate and associated disorders.

10. Endemic goiter is enlargement of the thyroid gland stemming from a deficiency of dietary iodine, a requirement for thyroid hormone synthesis. 
