ODESSA NATIONAL MEDICAL UNIVERSITY
DEPARTMENT OF NORMAL AND PATHOLOGIC CLINICAL ANATOMY 

                                       LECTURE

on the theme: "Endocrine system"

For medical faculty

[image: image1.jpg]Approved at the methodological meeting
of the Department

« ‘50 » 9(5) ZOZ/p.

Protocol Ne ’f

Head of the department,

Professor \%’Vé O. Appelhans




Lecture: Endocrine system. - 2 hours

Goal and motivation: This knowledge is important for future understanding the Topographic Anatomy course Surgery, Traumatology and other medical specialties.

Plan and structure of the lecture:

1.
Meaning of the endocrine system in the regulation of
activity of the organism and general characteristic of
endocrine glands.

2. The history of the development of endocrinology.

3. General characteristic of the hormones.

4. Classification of the glands (by origin).

5. Caracteristic of entodermal glands of the branchigenic group - thyroid, parathyroid, thymus (topography, structure, functions, development and the changes in the organism connected with their disfunction).

6. Characteristic of entodermal glands which origin from interstinal

tube the islets of Langerhans of the pancreas gland (topography etc.).

7.
Characteristic   of the glands of mesodeimal   origin    of   the
adrenal      cortex, endocrinal part of the sex glands
(topography etc.) .

8.
Characteristic of the ectodermal glands of neurogenic
origin of the hypophysis and epiphysis (topography etc.).

9.
Characteristic of the ectodermal glands which form adrenal
system (topograhy etc.).

10.
Meaning of the glands of the endocrine system in the
development and pathalogy. 
Communication between cells is necessary to maintain homeostasis and coordinate growth and development. The primary function of two major organ systems, the nervous system and the endocrine system is intercellular communication.

· The nervous system communicates through the transmission of neural impulses along nerve cell processes and release of neurotransmitters in the immediate vicinity of the target cell.

· The endocrine system communicates through the release of hormones, secretory products of endocrine cells and organs, that pass into the circulatory system for transport to target cells that possess receptors for the hormone.

The endocrine system produces a slower and more prolonged response than the nervous system. The release of hormones also induces a more generalized response as the hormones reach target cells in widely separated organs or tissues.

Functionally, these two systems are closely interrelated and may overlap in function. Both systems may act simultaneously on the same target cells and tissues, and some nerve cells secret hormones. The hypothalamus, a part of the brain, coordinates most endocrine functions of the body and serves as one of the major controlling centers of the autonomic nervous system.

Endocrine glands lack a duct system. They secrete their products into the connective tissue from which they enter the bloodstream in order to reach their target cells. The products of endocrine glands are called hormones. There are over 50 hormones that are chemically divided into three classes of compounds:

· steroids, cholesterol-derived compounds, are synthesized and secreted by cells of the ovaries, testes and adrenal cortex;

· small peptides, proteins and glycoproteins are synthesized and secreted by cells of the hypothalamus, hypophysis (pituitary), thyroid, parathyroid, pancreas and scattered endocrine cells (the enteroendocrine cells) of the gastrointestinal tract and lungs;

· aminoacid analogues and derivatives, including the catecholamines (norepinephrine and epinephrine), are synthesized and secreted by many neurons as well as cells of adrenal medulla. Also included in this group of compounds is .thyroxine, an iodinated amino acid that is synthesized and secreted by cells of the thyroid gland.

Hormones are very biologically active in microdoses. The term "hormone" derived from Greek: "harmao" - to exite. Hormones enter the blood and quickly destroy by special enzymes. The highest concentration of hormones is in the morning and minimal - in the evening. Their amount arises in winter and decreases in summer.

There are two mechanisms of the control of endocrine secretion. The first of all the releasing-factors of hypothalamus which regulate the delivery of hormones by glands. The second one is the feedback mechanism. The circulating level of a specific secretory product of a target organ, a hormone or its metabolite, may act directly on the cells of the adenohypophysis or on the cells of the hypothalamus to regulate the secretion of the specific tropic hormones, The two levels of feedback allow exquisite sensitivity in the control of secretory function. The hormone, itself, normally regulates the secretory activity of the cells in the hypothalamus and hypophysis that regulate its secretion.

In addition, information from most physiologic and psychologic stimuli that reach the brain also reaches the hypothalamus. It's also beyond the control. The hypothalamo-hypophyseal feedback loop then provides a regulatory path whereby general information from the CNS contributes to the regulation of the adenohypophysis and, consequently, to the regulation of the entire endocrine system. The secretion of the hypothalamic regulatory peptides is the primary mechanism by which changes in emotional state are translated into changes in the physiologic homeostatic state.

The endocrine diseases were already known in ancient times. Ibn-Sina in his work "Cannon of the medical science" described diabetes. In 1563 Eustachium explained suprarenal gland, which functions were studied later - in XIX - XX centuries. The English doctor Addison connected the existence of the symptoms of the deficiency of adrenal gland and disease of the "suprarenal capsule" in 1855. Three years later Sharle Broun-Sekar proved the vital importance of adrenal gland. The term :inner secretion" was implemented by Klod Bernar in 1855. In 1849 Berthold experimentally showed the ability of the sex glands to inner secretion. He transplanted gonads of cocks into different places of the body and didn't find any changes connected with castration: the cocks saved their voice, sexual behavior. Pugnacity. It permitted to make a conclusion that gonads synthesized something into the blood what influenced on the whole organism. The importance of the castration was known for thousand years. It was employed to preserve falcetto [o:] in boys who sang in the church. In 1889 Sharle Brown-Sekar made a report about the rejuvenating ability of the extracts of gonads. He experimented on himself.

Among Ukrainian scientists the important role played prof. Podvisotsky. In 1896 he noted the role of suprarenal gland in regulation of the metabolism and functioning of the vascular and nervous system, also studied the physiology of pancreas. In 1868 in Kiev university prof. Peremezhko began researches of hypophysis and made the description of it's histological structure.

Now the main mechanisms of hypothalamic regulation of endocrine glands are elucidated. The results of the molecular mechanisms of hormonal activity were obtained.

I repeat the main function of the hormones is to preserve the physiological homeostasis. Different internal and external disturbances require special secretion of definite hormones to restore homeostasis. Canadian scientist Hans Selie substantiated the science of stress like a non-specific reaction of organism on various irritants. As the result of such reaction the activity of hypothalamus and production of corticotropin by hypophysis arise. The overstress of this adaptive system can lead to disorders in it. It's proved in stress-reaction take part both endocrine and nervous system.

These glands may differ in origin, development, structure and unite just due to function (inner secretion).

The endocrine organs are: epyphysis (pineal body), hypophysis (pituitary), thyroid and parathyroid glands, thymus, gonads, suprarenal glands, insular apparatus of pancreas and chromaffine tissue dispersed among the body.

There are some classifications of endocrie organs. Sheffer (England) proposed to devide them into exiting and inhibitory. Another scientist Gley found glands influence on growth, etc. In Ukraine we classify the endocrine glands due to their origin:

1. Endodermal glands, originate from pharyngeal pouches - brachiogenic group /thyroid, parathyroid glands, thymus/.

2. Endodermal glands of intestinal tube /pancreatic islets/.

3. Mesodermal glands/the cortex of the suprarenal gland, gonads/.
4. Ectodermal glands, originate from diencephalons - neurogenic group /epyphysis, hypophysis/.

5. Ectodermal glands, originate from sympathetic elements /medulla of the suprarenal gland, chromaffine bodies/.

Hypothalamus

The hypothalamus is the site of production of a number of neurosecretory proteins. The hypothalamic neurons secrete proteins that promote and inhibit the secretion and release of adenohypophyseal hormones and also oxytocin and ADH.

The term hypothalamus, in the broad sense, embraces structures located ventrally under the floor of the third ventricle, in front of the posterior perforated substance, including the subthalamic region in tha narrow sense. According to the embryonic development, two parts are distinguished in the hypothalamus: the anterior, optic part (pars optica hypothalami) under which term are united the tuber cinereum with the infundibulum and hypophysis cerebry as well as the chiasma optica with the optic tract, and the posterior, olfactory part, consisting of the mamillary bodies and the subthalamic region.

A.
The tuber cinereum located in front of the mamillary bodies is an unpaired
hollow projection in the floor of the third ventricle and consists of a thin plate
of gray matter. The apex of the tuber is tapered to form an infundibulum on
whose blind end is the hypophysis cerebri. The tuber cinereum contains nuclei
of gray matter which are higher vegetative centers causing an effect, in
particular, on metabolism and thermoregulation.

B.
The optic chiasma lies in front of the tuber cinereum and is formed by the
crossing of the optic nerves.

C.
The mamillary bodies are two small, white elevations of an irregular spherical
shape lying symmetrically on either side of the midline in front of the posterior
perforated substance. Two gray nuclei are contained inside each of the bodies
under the superficial layer of white matter.

D.
The subthalamic region is a small area of brain matter under the thalamus from
which it is separated by the hypothalamic sulcus. There are three aggregations of the
neurons (regio hypothalamic! anterior, intermedia et posterior). They form about 30
nuclei. The better'Studied supraoptic and paravenricular nuclei which contain
approximately 100000 neurosecretory neurons. These neurons are unique in two
respects. First, they do not terminate on other neurons or target cells but end in closeproximity to the fenestrated capillary network of the pars nervosa hypophysis. Second they contain secretory granules in all parts of the cells, i. e., the cell body, axon and axon terminal. The dilate portions of axons terminate near the median eminence and infundibular stalk and release their secretions into the first capillary bed of the hypophyseal portal system for transport to the pass distalis.

Hypothalamic - hypophyseal - peripheral endocrine glands interaction we can show on the following table:
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ADH (vasopressin) - the primary effect is to increase the permeability of the distal portions of the nephron (the distal convoluted tubules and collecting ducts). This causes rapid resorption of water across the tubular epithelium. In the absence or reduced production of ADH, most commonly due to hypothalamic and neurohypophyseal lesions, large volumes of dilute urine are produced. Persons with such condition, called diabetes insipidus, produce up to 20 liters of urine per day and have extreme thirst.

Oxytocin promote the contraction of uterine smooth muscle during copulation and parturition, and'of myoepithelial cells of the secretory alveoli and alveolar ducts of the breast.

Hypophysis (pituitary gland)
The hypophysis is a pea-sized, compound endocrine gland. It is located in the base of the skull in a depression of the sphenoid bone, called sella turcica. A short stalk, the infundibulum, attaches the pituitary to the hypothalamus. The hypophysis weighs 0,5 g in normal males and 1,5 g in multiparous females. The hypophysis has two functional components:
· adenohypophysis (anterior pituitary), the glandular epithelial tissue;

· neurohypophysis (posterior pituitary), the neural secretory tissue.

These two portions are of different embryologic origin. The adenohypophysis is derived from an evagination of the ectoderm of the oropharynx toward the brain (Rathke's pouch). The neurohypophysis is derived from a downgrowth (the future infundibulum) of neuroectoderm of the floor of the third ventricle (diencephalon) of the developing brain. The adenohypophysis consists of three derivatives of Rathke's pouch:

pars distalis, which comprises the bulk of the adenohypophysis and arises from

the thickened anterior wall of the pouch;

pars intermedia, a thin remnant of the posterior wall that abuts against the

infundibulum;

pars tuberalis, which develops from the thickened lateral walls of the pouch and

forms a collar or sheath around the pars intermedia. The embryonic infundibulum gives rise    to  the neurohypophysis. The neurohypophysis consists of: pars nervosa, which contains the neurosecretory nerve endings; infundibulum, continuous with the medial eminence, which contains the axons of the neurosecretory nerves. To understand how hypophysis functioning we should discuss the unusual blood supply of it. Its supply is derived from two sets of vessels: superior hypophyseal arteries supply the pars tuberalis, medial eminence, and infundibular stem. These vessels arise from the internal carotid   arteries and posterior communicating artery of the circle of Willis.

inferior hypophyseal arteries primarily supply the pars nervosa. These vessels arise solely from the internal carotid arteries. An important functional observation is that most of the anterior lobe of the hypophysis has no direct arterial supply.
The arteries that supply the pars tuberalis, median eminence, and infundibular stem give rise to fenestrated capillaries (the primary capillary plexus). These capillaries drain into portal veins, called the hypophyseal portal veins, that run along the pars tuberalis and give rise to a second fenestrated sinusoidal capillary network (the secondary capillary plexus). This system of vessels carries neuroendocrine secretions of hypothalamic nerves from their sites of release in the median eminence and infundibular stem directly to the cells in the pars distalis.

Most of the blood from the hypophysis drains into the cavernosus sinus at the base of the diencephalons and then into the systemic circulation. There is evidence, however, that blood can flow via short portal veins from the pars distalis to the pars nervosa and that blood from the pars nervosa may flow toward the hypothalamus. These short pathways provide a route by which the hormones of the adenohypophysis could provide feedback directly to the brain without making the full circuit of the systemic circulation.

Tropic hormones of the adenohypophysis

Somatotropin (growth hormone) - stimulates kidney and liver to synthesize and secrete somatomedin, which stimulate the growth of long bones.

Prolactin - promotes mammary gland development, initiates and maintain milk secretion.

ACTH - maintains structure and stimulates secretion of glucocorticoids and gonadocorticoids by the zona fasciculata and zona reticularis of the adrenal cortex.

Lipotropines - broken down to melanocyte-stimulating hormone and (3-endorphine.

Follicle-stimulating hormone - stimulates follicular development in the ovary and spermatogenesis in the testis.

Luteinizing hormone (interstitial cell-stimulating hormone) - regulates final maturation of ovarian follicle, ovulation, and corpus luteum formation; stimulates steroid secretion by follicle and corpus luteum; in males, it is essential for maintenance of the androgen secretion by the interstitial (Leydig) cells of the testis.Thyrotropin - stimulates growth of the thyroid epithelial cells and release of thyroid hormones to the blood.

Epyphysis

The pineal gland - is a neuroendocrine gland. It's flattened cone-shaped structure that measures 5-8 mm high and 3-5 mm in diameter and weighs between 100 and 200 mg.

Pineal activity rises during darkness and falls during light. In many animals, extracts of pineal glands contain numerous neurotransmitters and neuroendocrine regulatory peptides including norepinephrine, dopamine, serotonin, histamine, melatonin, somatostatin and TNF. Melatonin functions in regulating reproductive function in mammals by inhibiting the steroidogenic activity of the gland.

It is known, that information on changes in the length of day comes to the pineal gland from photoreceptors in the retina. Pineal gland function then influences seasonal sexual activity. The pineal gland has a role in adjusting to sudden changes in day length, such as those experienced by travellers who suffer from jet lag, and in regulating emotional responses to reduced day length during winter in temperate and subarctic zones (seasonal affective disorder).

Pancreas
The anatomy of pancreas we discussed at the lecture and practical classes on digestive system. But we remember, this is the organ of both types of secretion: endocrine and exocrine. Unlike the liver, in which the endocrine and exocrine functions reside in the same cell, the pancreas restricts the functions to two structurally distinct components of the gland.

The endocrine component is provided by the islets of Langerhans which are scattered throughout the organ. The islets constitute about 1-2 % of the volume of the pancreas but are most numerous in the tail. Individual islets may contain only a few cells or may contain many hundreds of cells. The polygonal cells are arranged in short, irregular cords that are profusely invested with a network of fenestrated capillaries. The definitive endocrine cells of the islets develop between 9 and 12 weeks of gestation. The number of islets of Langerhans is about 500 000 - 1 500 000. There are 3 principal types of the cells within the islet: B-cells, A-cells and D-cells.
The B-cells constitute about 70 % of the total islet cells. They secrete insulin. Insulin stimulates:

· uptake of glucose from the circulation

· utilization and storage of glucose by all cells

· phosphorylation of glucose in the cells

· synthesis of glycogen from the phosphorilated glucose

Absence or inadequate amounts of insulin lead to elevated blood glucose levels and the presence of glucose in the urine, a condition known as diabetes mellitus.

In addition to its effects on glucose metabolism, insulin stimulates glycerol synthesis in adipose cells and inhibits lipase activity in these cells. Circulating insulin also increases the amount of amino acids taken up by cells (this may involve a cotransport with glucose) and inhibits protein catabolism. Insulin appears to be essential for normal cell growth and function.

The A-cells constitute about 15-20% of human islet population and are generally located peripherally in the islets. They secrete glucagon. The actions of glucagons are essentially reciprocal to those of insulin. Is stimulates release of glucose into the bloodstream, and stimulates gluconeogenesis (synthesis of glucose from metabolites of amino acids) and glycogenolysis (breakdown of glycogen) in the liver. Glucagon also stimulates proteolysis to promote gluconeogenesis, mobilizes fats from adipose cells, and stimulates hepatic lipase.

The D-cells constitute about 5 - 10 % of the total pancreatic endocrine tissue and are also located peripherally in the islets. D-cells secrete somatostatin. Somatostatin is identical with the hormone secreted by the hypothalamus that regulates somatotropin (growth hormone) release from the anterior pituitary gland. The precise role of somatostatin in the islets is unclear, but it has been shown to inhibit both insulin and glucagons secretion.

The minor islet cells constitute about 5 % of the islet tissue. PP cells (protein polipeptide) secretes pancreatic polipeptide, stimulates gastric chief cells, inhibits bile secretion and intestinal motility, inhibits pancreatic enzymes and HC03" secretion.

D-l cells secrete VIP (vasoactive intestinal peptide). VIP has the similar function to glucagons (hyperglycemic and glycogenolytic); also effects secretory activity and motility »in gut; stimulates pancreatic exocrine secretion.

EC-cells (enterochromaffin cell) secrete secretin, motilin, substance P. Secretin acts locally to stimulate HC03" secretion in pancreatic fluid and pancreatic

enzyme secretion; motilin - increases gastric and intestinal motility; substance P -function is unknown yet.

In the cytoplasm of A-cells localize several additional HORMONES. These include GIP (gastric inhibitory peptide) CCR (pancreozymin), and adrenocorticotropic hormone (ACTH)- endorphin. Gastrin may also be secreted by one or more of the islet cells. Certain pancreatic islet cell tumors secrete large amounts of gastrin, thereby producing excessive acid secretion in the stomach (Zollinger-Ellison syndrome).

Secretions of the islet cells have regulatory effects on the acinar cells: Insulin, VIP and CCR stimulate exocrine secretion; Glucagon, PP and somatostatin inhibit exocrine secretion.

The thyroid gland

The thyroid gland is a bilobed endocrine gland located in the neck, anterolateral to the larynx and upper trachea. The each lobe is approximately 5 cm in the superoinferior dimension and 20-30 g in weight. The lobes are connected by a thin band of thyroid tissue, the isthmus, that crosses anterior to the upper part of the trachea. A pyramidal lobe may extend upward from the isthmus. A thin connective tissue capsule surrounds the gland. It sends trabeculae into parenchyma to partially outline irregular lobes and lobules. Secretary follicles constitute the functional units of the gland.

Hundreds of thousands of follicles that vary in diameter from about 0,2 to 1,0 mm constitute nearly the entire mass of gland. The lumen of the follicles is filled with a gel-like mass - colloid. The follicles are surrounded by an extensive network of fenestrated capillaries derived from the superior and inferior thyroid arteries.

The principal component of colloid is a large iodinated glucoprotein called thyroglobulin. It also contains several enzymes and other glycoproteins. Thyroglobulin is not a hormone. It is an inactive storage form of the thyroid hormones. Active thyroid hormones are liberated from the thyroglobulin and released into the capillaries.

The thyroid gland produces 3 hormones, each of which is essensial to normal metabolism and homeostasis.

The thyroid hormones are formed by coupling of two iodinated tyrosine residues to produce thyroxine (tetraiodthyronine, T4) and triiodthyronine (T3). T4 and

T3 ratio is 20:1. T3 is more active hormone, and most of the circulating T3 is formed in the liver by deiodination of T4.

In humans, the fetal thyroid glands begin to function during the tenth week of gestation and its secretions are essential to normal growth and development. Thyroid hormone deficiency during fetal growth and development results in irreversible damage to the CNS, including reduced numbers of neurons, defective myelination, and mental retardation as well as generalized stunted body growth, a constellation of symptoms called cretinism.

Thyroid hormones stimulate carbohydrate, lipid, and protein metabolism. Primary effect of thyroid hormones is to modulate the activity of the sodium and other ion pumps of the plasma membrane and, thereby, to regulate the entry of the metabolites into cells.

A goiter is an enlarged thyroid gland and may be indicative of either hypothyroidism or hyperthyroidism. Adult hypothyroidism is called myxedema and is characterized by mental and physical sluggishness and edema of the connective tissue.

In hyperthyroidism (toxic goiter) thyroid cells are stimulated by an increase in number and size. Thyroid hormones secreted at abnormally high rates cause an increase in metabolic processes. The temperature rises, high excitability of the nervous system, high frequency of heart pulsation, exophthalmus (bulging eyes) exist.

The parafollicular cells (C cells) are the second type of endocrine cell found in the thyroid. In the follicles, they are located near the basal lamina and do not extend to the lumen to contact the colloid. Parafollicular cells produce calcitonin. Calcitonin is a physiologic antagonist to parathyroid hormone. Calcitonin lowers blood calcium levels by suppressing bone resorption and increasing the rate of osteoid calcification. Secretion of calcitonin is regulated directly by blood calcium levels. Secretion is unaffected by the hypothalamus and pituitary gland.

Parathyroid glands

The parathyroid glands are small endocrine organs closely associated with the thyroid. They are ovoid, a few millimeters in diameter, and arranged in two pairs (superior and inferior). They are usually located in the connective tissue on the posterior surface of the thyroid. In some individuals additional glands are associated with the thymus.
Principal cells, the more numerous of the parenchyma are responsible for the secretion of PTH.

Oxiphil cells constitute a minor portion of the parenchymal cells and are not known to have a secretory role.

Parathhormones makes the level of calcium in the blood to increase. Simultaneously, it reduces the concentration of phosphate. PTH function at several sites:

Bone resorption is stimulated by PTH. The hormone probably has a direct effect on osteoclasts (osteoclastic osteolysis) and on osteocytes (osteocytic osteolysis). During osteolysis calcium and phosphate are both released from calcified bone matrix into the extracellular fluid,

Kidney excretion of calcium is reduced by PTH stimulation of tubular resorption, thus conserving calcium. Phosphate excretion, however, is increased by PTH stimulation thus decreasing phosphate concentration in the blood and extracellular fluids.

Intersticial absorption of calcium is increased under the influence of PTH. Vitamin D, however, has a greater effect than PTH on Interstitial absorption of calcium.

So, calcitonin and parathormone act in concept to maintain the normal concentration of calciumin the serum and extracellular fluids.

Adrenal glands

The adrenal (suprarenal) glands have a flattened triangular shape and are embedded in the perirenal fat at the superior poles of the kidneys. The glands are covered with a thick connective tissue capsule from which trabecule extend into the parenchyma, carrying blood vessels and nerves. The secretory parencymal tissue is organized in cortical and medullary regions.

The cortex

The cortex lies beneath the capsule and constitutes nearly 90 % of the gland by weight. It is divided into 3 zones on the basis of the arrangement of its parenchymal cells. The zones are designated:

Zona glomerulosa, the narrow outer zone that constitutes 15 % of the cortical volume. The cells of zona glomeruloza secret mineralocorticoids, compounds that function in the regulation of sodium and potassium homeostasis and water balance. Tne principal secretion, aldosterone, acts on the distal tubules and collecting tubules of the nephron in the kidney, on the gastric mucosa, and on the salivary and sweat glands to stimulate resorption of sodium at all these sites, as well as to stimulate excretion of potassium by the kidney.

Zona fasciculata, the thick middle zone that constitutes 80 % of the cortical volume. The cells of zona faciculata secrete glucocorticoids, so called because of their role in regulating gluconeogenesis (glucose synthesis) and glycogenesis (glycogen polymerization). The most important of the glucocorticoids is hydrocortisone (Cortisol). This compound acts on many different cells and tissues to increase the metabolic availability of glucose and fatty acids, both of which are immediate sources of energy. Within this broad function, glucocorticoids may have different, even opposite effects in different tissues, e.g.:

· in the liver, glucocorticoids stimulate conversion of amino acids to glucose, stimulate the polymerization of glucose into glycogen, and promote the uptake of amino acids and fatty acids.

· in adipose tissue, the glucocorticoids stimulate the breakdown of lipids to glycerol and free fatty acids.

· in the other tissues, they reduce the rate of glucose utilization and promote the oxidation of fatty acids.

· in cells such as fibroblasts, they inhibit protein synthesis and even promote protein catabolism by all in order to provide amino acids for conversion to glucose in the liver.

Glucocorticoids depress the immune response and the inflammatory response and, as a result of the latter, inhibit wound healing. They depress the inflammatory response by inhibiting macrophage recruitment and migration. They also stimulate destruction of lymphocytes in lymph nodes and inhibit mitosis by transformed lymphoblasts. Note, also, that the cells of zona fasciculata secrete small amounts of gonadocorticoids, principally androgens.

Zona reticularis, the inner zone that constitutes only 5-7 % of cortical volume.

The principal secretions of the zona reticularis consist of weak androgens, mostly dehydroepiandrosterone (DHA). The cells also secrete some glucocorticoids in small amount. Here, too, the principal glucocoricoid secreted is hydrocortisone.

Adrenal medulla

The central portion of adrenal gland, the medulla, is composed of a parenchyma of large epithelial cells, called chromaffin cells, connective tissue,numerous sinusoidal blood capillaries and nerves. The parenchymal cells are, in effect modified neurons. There are two populations of cells in the medullary cords. They secrete catecholamines norepinephrine and epinephrine. The sudden release of catecholamines establishes conditions for maximum utilization of energy and, thus, maximum physical effort. Both epinephrine and norepinephrine stimulate glycogenolysis (releasing glucose into the bloodstream) and mobilization of free fatty acids from adipose tissue. The release of catecholamines also causes a rise in blood pressure, dilation of the coronary blood vessels, vasodilatation of vessels supplying skeletal muscle, vasoconstriction of vessels conveying blood to the skin and gut, an increase in heart rate and output, and an increase in the rate and depth of breathing.

Thymus

Despite the thymus is the central immune organ we'll discuss it at this lecture due to it high endocrine activity.

This gland is a bilobed organ located in the anterior mediastinum anterior to the heart and great vessels. It develops bilaterally from the third (and sometimes also the fourth) branchial (oropharingeal) pouch. During development, the epithelium invaginates, and the thymic rudiment grows caudally as s tubular prolongation of the endodermal epithelium into the mediastinum of the chest. The advancing tip proliferates and ultimately becomes disconnected from the branchial epithelium. Stem lymphocytes invade the epithelial rudiment and occupy the spaces between the epithelial cells, so that the thymus develops into a lymphoepithelial organ. In the structure of organ are distinguished the following parts:

Cortex, the outer portion of the parenchyma that contains a high concentration of lymphocytes.

Medulla, the inner portion that contains a lesser number of lymphocytes.

Capsule, the external connective tissue that extends trabeculae to the margin of the cortex and medulla.

The weight of the gland changes with the age. In newborns it is approximately 12 g, it increases in puberty up to 35 - 40 g. Then involution starts. At the age of 25 it's weight is 25 g, at 60 years - less than 15 g.

The thymus is the site of the programming, differentiation, and proliferation of T-lymphocytes. The transformation of primitive or immature lymphocytes into T-lymphocytes is promoted by thymic humoral factors called thymosin, thymopoietin I and II, thymic humoral  factor and others.  There is evidence that the thymic

epithelioreticular cells produce these factors. Thymosin is the antagonist to the glucocorticoids and regulates the humoral and cellular immunity reactions.

When the thymus of newborn mouse is removed, lymph nodes and spleen do not develop normally due to a depletion of T-lymphocytes, and there is an impairment in the cell-mediated immune response. Thus, tissue grafts from other mice may persist indefinitely, whereas the same type of graft would be rejected by thymus-intact animals. In these animals also "wasting-syndrome" develops, which includes the following symptoms: weight lost, affection of the skin and intestine, hemorrhages and atrophy of the different organs, inflammatory processes at many sites.

Today we should discuss two organs of reproductive system which are at the same time the very important endocrine organs.

Ovary

The ovaries have two interrelated functons: the producton of gametes (oogenesis) and the production of steroids. The hormones secreted by the ovaries are estrogens and progesteron. Both hormones play an important role in the menstrual cycle by preparing the uterus for implantation of a fertilized ovum.

Estrogens are secreted by follicular cells which surround the oocyte. Estrogens promote growth and maturation of internal and external sex organs and are responsible for the typical female characteristics that develop at the time of puberty. Estrogens also act on mammary glands to promote breast development by stimulating ductal and stromal growth and accumulation of adipose tissue.

Progesteron prepare the internal sex organs, mainly the uterus, for pregnancy by promoting secretory changes in the endometrium. It also prepare the mammary gland for lactation by promoting lobular proliferation. This hormone is secreted by the temporary additional endocrine gland called yellow body - corpus luteum. The formation of yellow body is related with the ovulation - outcome of the oocyte from the follicle. The collapsed follicle undergoes reorganization into the corpus luteum.

If fertilization do occur, the yellow body increases in size to form the corpus luteum of pregnancy. Its existence and function are dependent on a combination of paracrine and endocrine luteotropins.

Paracrine luteotropins - estrogens, insulin-like growth factors I and II are locally produced by ovary.
It
Endocrine luteotropins are produced at the distance from their target organ.

Human chorionic gonadotropin (hCG), is secreted by the trophoblast of the chorion, which stimulates the corpus luteum and prevents its degeneration.

Luteinizing hormone (LH) and prolactin, both secreted by the pituitary gland. Insulin, produced by the pancreas. High levels of progesterone, produced from cholesterol by the corpus luteum, block the cyclic development of the ovarian follicles. In early pregnancy, the corpus luteum reaches a size of 2-3 cm, thereby filling most of the ovary. Its function begins gradually to decline after 8 weeks of pregnancy, although it persists throughout the pregnancy.

If fertilization do not occur, the corpus lutem remains active only for 14 days, in this case it is called corpus luteum of menstruation. In the absence of hCG and other luteotropins, the rate of secretion of progesterone and estrogens declines, and the corpus luteum begins to degenerate about 10-12 days after ovulation.

Testis

The testes produce sperm and androgens. Androgens, especially testosterone, are steroid hormones secreted by the interstitial cells in the testes. They influence embryonic development, sexual maturation, and reproductive function:
· in the embryo, secretion of androgens is essential for the normal development of a male fetus.

· at puberty, secretion of testosterone is responsible for the initiation of sperm production, secretion in the accessory sex glands, and the development of the secondary sex characteristics.

· in the adult, secretion of testosterone is essential for the maintenance of secondary sex characteristics, the genital ducts, and the accessory glands.

The organ which may appear only in female organism and provide the nutrition of the embryo should also be discussed at this lecture.

Placenta

The placenta is an endocrine organ producing steroid and peptide hormones as well as prostaglandins.

The mature "placenta measures about 15-20 cm in diameter x 2-3 cm in thickness, covers 25-30 % of the uterine surface, and weighs 500-600 g at term. The steroid hormones, progesteron and estrogens, have essential roles in the maintenance of pregnancy.

The peptide hormones are:

Human chorionic gonadotropin exhibits homology to pituitary TSH and stimulates the maternal thyroid gland to increase secretion of T4. It also maintains the corpus luteum during the early pregnancy.

Human chorionic somatomammotropin (hCS) is closely related to human growth hormone. It promotes general growth, regulates glucose metabolism, and stimulates mammary duct proliferation in the maternal breast.

Relaxin is involved in the "softening" of the cervix and the pelvic ligaments in preparation for parturition.

Other growth factors stimulate the development of placenta.

So, now you may make a conclusion that the endocrine organs are very important for the homeostasis and metabolism. Endocrine glands start functioning during the embryonic period and provide the normal development of the fetus and also functioning on the maternal organism to maintain the pregnancy.

Hormonal therapy is widely improved into medical practice. Nevertheless, we must be very careful while prescribing hormonal administration not to disturb the hormonal balance in the organism. The knowledge you have obtained today promotes to pass the exam on human anatomy and maybe will be helpful in your future work.

Equipment:

- macropreparations, tables, slides.
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