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Systematic indications for seminar classes on the topic № 59: Organs of endocrine system
Motivational characteristic of the topic:

 The thyroid gland, which produces hormones that affect all types of metabolism, can change its function in a variety of diseases (eg, myocardial infarction, pneumonia). During recovery its function is to stabilize the patient. But long-term excessive or insufficient amount of thyroid gland  hormones in the body can lead to various diseases, especially in people with labile nervous system, in postmenopausal women and children.

Parathyroid glands secrete parathyroid hormone, which is a single-chain polypeptide consisting of84 amino acids and largely operates on renal function, metabolism of vitamin D and bones. Scientists believe that 5% of primary and 15% of recurrent kidney stones is a consequence of parathyroid glands hyperfunction.

Pain in the bones, their weakness, brittleness and deformation (osteoporosis) is also a consequence of hyperfunctioning glands. It should be remembered by physician in the treatment of arthritis, symptoms disappear during medical treatment.

Pathology of internal organs, systems, accompanied by various disturbances and disorders. To conclude session full of learning and presenting it in writing, computer test and oral replies to. the questions will not only organize obtaining knowledge about the structure of the internal organs, but also understand the indissoluble unity of the human body and all its systems. Functional connectivity with a variety of functions confirms that it causes not only single organ disease, but a disease of the whole organism.
Aims of the classes:

To study the structure, topography and function of the endocrine system.
Methodology of practical class:
Work I. Learn to find and show mediastinal organs.

Work 2. Learn to palpate each other thyroid gland.

Work 3. Describe the structure of the thyroid gland.
The student must be able to name and show:

– on the corpse – ductless glands;
– endocrine glands on the external details of anatomic structure;

– topographical relations of endocrine glands.

Practical equipment: skull, sagittal section of a brain, preparations of endocrine glands (thyroid with parathyroid, pancreas, suprarenal glands, ovaries, testicles, thymus of child).

The student must know:

Neural and Endocrine Signaling

The nervous system uses two types of intercellular communication—electrical and chemical signaling—either by the direct action of an electrical potential, or in the latter case, through the action of chemical neurotransmitters such as serotonin or norepinephrine. Neurotransmitters act locally and rapidly. When an electrical signal in the form of an action potential arrives at the synaptic terminal, they diffuse across the synaptic cleft (the gap between a sending neuron and a receiving neuron or muscle cell). Once the neurotransmitters interact (bind) with receptors on the receiving (post-synaptic) cell, the receptor stimulation is transduced into a response such as continued electrical signaling or modification of cellular response. The target cell responds within milliseconds of receiving the chemical “message”; this response then ceases very quickly once the neural signaling ends. In this way, neural communication enables body functions that involve quick, brief actions, such as movement, sensation, and cognition.In contrast, the endocrine system uses just one method of communication: chemical signaling. These signals are sent by the endocrine organs, which secrete chemicals—the hormone—into the extracellular fluid. Hormones are transported primarily via the bloodstream throughout the body, where they bind to receptors on target cells, inducing a characteristic response. As a result, endocrine signaling requires more time than neural signaling to prompt a response in target cells, though the precise amount of time varies with different hormones. For example, the hormones released when you are confronted with a dangerous or frightening situation, called the fight-or-flight response, occur by the release of adrenal hormones—epinephrine and norepinephrine—within seconds. In contrast, it may take up to 48 hours for target cells to respond to certain reproductive hormones.

In addition, endocrine signaling is typically less specific than neural signaling. The same hormone may play a role in a variety of different physiological processes depending on the target cells involved. For example, the hormone oxytocin promotes uterine contractions in women in labor. It is also important in breastfeeding, and may be involved in the sexual response and in feelings of emotional attachment in both males and females.

In general, the nervous system involves quick responses to rapid changes in the external environment, and the endocrine system is usually slower acting—taking care of the internal environment of the body, maintaining homeostasis, and controlling reproduction. So how does the fight-or-flight response that was mentioned earlier happen so quickly if hormones are usually slower acting? It is because the two systems are connected. It is the fast action of the nervous system in response to the danger in the environment that stimulates the adrenal glands to secrete their hormones. As a result, the nervous system can cause rapid endocrine responses to keep up with sudden changes in both the external and internal environments when necessary.

	
	Endocrine system
	Nervous system

	Signaling mechanism(s)
	Chemical
	Chemical/electrical

	Primary chemical signal
	Hormones
	Neurotransmitters

	Distance traveled
	Long or short
	Always short

	Response time
	Fast or slow
	Always fast

	Environment targeted
	Internal
	Internal and external


Structures of the Endocrine System

The endocrine system consists of cells, tissues, and organs that secrete hormones as a primary or secondary function. The endocrine gland is the major player in this system. The primary function of these ductless glands is to secrete their hormones directly into the surrounding fluid. The interstitial fluid and the blood vessels then transport the hormones throughout the body. The endocrine system includes the pituitary, thyroid, parathyroid, adrenal, and pineal glands. Some of these glands have both endocrine and non-endocrine functions. For example, the pancreas contains cells that function in digestion as well as cells that secrete the hormones insulin and glucagon, which regulate blood glucose levels. The hypothalamus, thymus, heart, kidneys, stomach, small intestine, liver, skin, female ovaries, and male testes are other organs that contain cells with endocrine function. Moreover, adipose tissue has long been known to produce hormones, and recent research has revealed that even bone tissue has endocrine functions.

Endocrine System

Endocrine glands and cells are located throughout the body and play an important role in homeostasis. The ductless endocrine glands are not to be confused with the body’s exocrine system, whose glands release their secretions through ducts. Examples of exocrine glands include the sebaceous and sweat glands of the skin. As just noted, the pancreas also has an exocrine function: most of its cells secrete pancreatic juice through the pancreatic and accessory ducts to the lumen of the small intestine.

Other Types of Chemical Signaling

In endocrine signaling, hormones secreted into the extracellular fluid diffuse into the blood or lymph, and can then travel great distances throughout the body. In contrast, autocrine signaling takes place within the same cell. An autocrine (auto- = “self”) is a chemical that elicits a response in the same cell that secreted it. Interleukin-1, or IL-1, is a signaling molecule that plays an important role in inflammatory response. The cells that secrete IL-1 have receptors on their cell surface that bind these molecules, resulting in autocrine signaling.

Local intercellular communication is the province of the paracrine, also called a paracrine factor, which is a chemical that induces a response in neighboring cells. Although paracrines may enter the bloodstream, their concentration is generally too low to elicit a response from distant tissues. A familiar example to those with asthma is histamine, a paracrine that is released by immune cells in the bronchial tree. Histamine causes the smooth muscle cells of the bronchi to constrict, narrowing the airways. Another example is the neurotransmitters of the nervous system, which act only locally within the synaptic cleft.

The Pituitary Gland and Hypothalamus

The hypothalamus–pituitary complex can be thought of as the “command center” of the endocrine system. This complex secretes several hormones that directly produce responses in target tissues, as well as hormones that regulate the synthesis and secretion of hormones of other glands. In addition, the hypothalamus–pituitary complex coordinates the messages of the endocrine and nervous systems. In many cases, a stimulus received by the nervous system must pass through the hypothalamus–pituitary complex to be translated into hormones that can initiate a response.

The hypothalamus is a structure of the diencephalon of the brain located anterior and inferior to the thalamus. It has both neural and endocrine functions, producing and secreting many hormones. In addition, the hypothalamus is anatomically and functionally related to the pituitary gland (or hypophysis), a bean-sized organ suspended from it by a stem called the infundibulum (or pituitary stalk). The pituitary gland is cradled within the sellaturcica of the sphenoid bone of the skull. It consists of two lobes that arise from distinct parts of embryonic tissue: the posterior pituitary (neurohypophysis) is neural tissue, whereas the anterior pituitary (also known as the adenohypophysis) is glandular tissue that develops from the primitive digestive tract.

Hypothalamus–Pituitary Complex

The hypothalamus region lies inferior and anterior to the thalamus. It connects to the pituitary gland by the stalk-like infundibulum. The pituitary gland consists of an anterior and posterior lobe, with each lobe secreting different hormones in response to signals from the hypothalamus.

	Pituitary Hormones

	Pituitary lobe
	Associated hormones
	Chemical class
	Effect

	Anterior
	Growth hormone (GH)
	Protein
	Promotes growth of body tissues

	Anterior
	Prolactin (PRL)
	Peptide
	Promotes milk production from mammary glands

	Anterior
	Thyroid-stimulating hormone (TSH)
	Glycoprotein
	Stimulates thyroid hormone release from thyroid

	Anterior
	Adrenocorticotropic hormone (ACTH)
	Peptide
	Stimulates hormone release by adrenal cortex

	Anterior
	Follicle-stimulating hormone (FSH)
	Glycoprotein
	Stimulates gamete production in gonads

	Anterior
	Luteinizing hormone (LH)
	Glycoprotein
	Stimulates androgen production by gonads

	Posterior
	Antidiuretic hormone (ADH)
	Peptide
	Stimulates water reabsorption by kidneys

	Posterior
	Oxytocin
	Peptide
	Stimulates uterine contractions during childbirth

	Intermediate zone
	Melanocyte-stimulating hormone
	Peptide
	Stimulates melanin formation in melanocytes


Posterior Pituitary

The posterior pituitary is actually an extension of the neurons of the paraventricular and supraoptic nuclei of the hypothalamus. The cell bodies of these regions rest in the hypothalamus, but their axons descend as the hypothalamic–hypophyseal tract within the infundibulum, and end in axon terminals that comprise the posterior pituitary. 

Neurosecretory cells in the hypothalamus release oxytocin (OT) or ADH into the posterior lobe of the pituitary gland. These hormones are stored or released into the blood via the capillary plexus.
The posterior pituitary gland does not produce hormones, but rather stores and secretes hormones produced by the hypothalamus. The paraventricular nuclei produce the hormone oxytocin, whereas the supraoptic nuclei produce ADH. These hormones travel along the axons into storage sites in the axon terminals of the posterior pituitary. In response to signals from the same hypothalamic neurons, the hormones are released from the axon terminals into the bloodstream.

Anterior Pituitary

The anterior pituitary originates from the digestive tract in the embryo and migrates toward the brain during fetal development. There are three regions: the pars distalis is the most anterior, the pars intermedia is adjacent to the posterior pituitary, and the pars tuberalis is a slender “tube” that wraps the infundibulum.

Recall that the posterior pituitary does not synthesize hormones, but merely stores them. In contrast, the anterior pituitary does manufacture hormones. However, the secretion of hormones from the anterior pituitary is regulated by two classes of hormones. These hormones—secreted by the hypothalamus—are the releasing hormones that stimulate the secretion of hormones from the anterior pituitary and the inhibiting hormones that inhibit secretion.

Hypothalamic hormones are secreted by neurons, but enter the anterior pituitary through blood vessels. Within the infundibulum is a bridge of capillaries that connects the hypothalamus to the anterior pituitary. This network, called the hypophyseal portal system, allows hypothalamic hormones to be transported to the anterior pituitary without first entering the systemic circulation. The system originates from the superior hypophyseal artery, which branches off the carotid arteries and transports blood to the hypothalamus. The branches of the superior hypophyseal artery form the hypophyseal portal system. Hypothalamic releasing and inhibiting hormones travel through a primary capillary plexus to the portal veins, which carry them into the anterior pituitary. Hormones produced by the anterior pituitary (in response to releasing hormones) enter a secondary capillary plexus, and from there drain into the circulation.

Anterior Pituitary

The anterior pituitary manufactures seven hormones. The hypothalamus produces separate hormones that stimulate or inhibit hormone production in the anterior pituitary. Hormones from the hypothalamus reach the anterior pituitary via the hypophyseal portal system.

The anterior pituitary produces seven hormones. These are the growth hormone (GH), thyroid-stimulating hormone (TSH), adrenocorticotropic hormone (ACTH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), beta endorphin, and prolactin. Of the hormones of the anterior pituitary, TSH, ACTH, FSH, and LH are collectively referred to as tropic hormones (trope- = “turning”) because they turn on or off the function of other endocrine glands.

The Thyroid Gland

A butterfly-shaped organ, the thyroid gland is located anterior to the trachea, just inferior to the larynx. The medial region, called the isthmus, is flanked by wing-shaped left and right lobes. Each of the thyroid lobes are embedded with parathyroid glands, primarily on their posterior surfaces. The tissue of the thyroid gland is composed mostly of thyroid follicles. The follicles are made up of a central cavity filled with a sticky fluid called colloid. Surrounded by a wall of epithelial follicle cells, the colloid is the center of thyroid hormone production, and that production is dependent on the hormones’ essential and unique component: iodine.

Regulation of TH Synthesis

The release of T3 and T4 from the thyroid gland is regulated by thyroid-stimulating hormone (TSH). Low blood levels of T3 and T4 stimulate the release of thyrotropin-releasing hormone (TRH) from the hypothalamus, which triggers secretion of TSH from the anterior pituitary. In turn, TSH stimulates the thyroid gland to secrete T3 and T4. The levels of TRH, TSH, T3, and T4are regulated by a negative feedback system in which increasing levels of T3 and T4 decrease the production and secretion of TSH.

Functions of Thyroid Hormones

The thyroid hormones, T3 and T4, are often referred to as metabolic hormones because their levels influence the body’s basal metabolic rate, the amount of energy used by the body at rest. When T3and T4 bind to intracellular receptors located on the mitochondria, they cause an increase in nutrient breakdown and the use of oxygen to produce ATP. In addition, T3 and T4 initiate the transcription of genes involved in glucose oxidation. Although these mechanisms prompt cells to produce more ATP, the process is inefficient, and an abnormally increased level of heat is released as a byproduct of these reactions. This so-called calorigenic effect (calor- = “heat”) raises body temperature.

Adequate levels of thyroid hormones are also required for protein synthesis and for fetal and childhood tissue development and growth. They are especially critical for normal development of the nervous system both in utero and in early childhood, and they continue to support neurological function in adults. As noted earlier, these thyroid hormones have a complex interrelationship with reproductive hormones, and deficiencies can influence libido, fertility, and other aspects of reproductive function. Finally, thyroid hormones increase the body’s sensitivity to catecholamines (epinephrine and norepinephrine) from the adrenal medulla by upregulation of receptors in the blood vessels. When levels of T3 and T4 hormones are excessive, this effect accelerates the heart rate, strengthens the heartbeat, and increases blood pressure. Because thyroid hormones regulate metabolism, heat production, protein synthesis, and many other body functions, thyroid disorders can have severe and widespread consequences.

Calcitonin

The thyroid gland also secretes a hormone called calcitonin that is produced by the parafollicular cells (also called C cells) that stud the tissue between distinct follicles. Calcitonin is released in response to a rise in blood calcium levels. It appears to have a function in decreasing blood calcium concentrations by:

· Inhibiting the activity of osteoclasts, bone cells that release calcium into the circulation by degrading bone matrix

· Increasing osteoblastic activity

· Decreasing calcium absorption in the intestines

· Increasing calcium loss in the urine

However, these functions are usually not significant in maintaining calcium homeostasis, so the importance of calcitonin is not entirely understood. Pharmaceutical preparations of calcitonin are sometimes prescribed to reduce osteoclast activity in people with osteoporosis and to reduce the degradation of cartilage in people with osteoarthritis.
Of course, calcium is critical for many other biological processes. It is a second messenger in many signaling pathways, and is essential for muscle contraction, nerve impulse transmission, and blood clotting. Given these roles, it is not surprising that blood calcium levels are tightly regulated by the endocrine system. The organs involved in the regulation are the parathyroid glands.

The Parathyroid Glands

The parathyroid glands are tiny, round structures usually found embedded in the posterior surface of the thyroid gland. A thick connective tissue capsule separates the glands from the thyroid tissue. Most people have four parathyroid glands, but occasionally there are more in tissues of the neck or chest. The function of one type of parathyroid cells, the oxyphil cells, is not clear. The primary functional cells of the parathyroid glands are the chief cells. These epithelial cells produce and secrete the parathyroid hormone (PTH), the major hormone involved in the regulation of blood calcium levels.

The parathyroid glands produce and secrete PTH, a peptide hormone, in response to low blood calcium levels. PTH secretion causes the release of calcium from the bones by stimulating osteoclasts, which secrete enzymes that degrade bone and release calcium into the interstitial fluid. PTH also inhibits osteoblasts, the cells involved in bone deposition, thereby sparing blood calcium. PTH causes increased reabsorption of calcium (and magnesium) in the kidney tubules from the urine filtrate. In addition, PTH initiates the production of the steroid hormone calcitriol (also known as 1,25-dihydroxyvitamin D), which is the active form of vitamin D3, in the kidneys. Calcitriol then stimulates increased absorption of dietary calcium by the intestines. A negative feedback loop regulates the levels of PTH, with rising blood calcium levels inhibiting further release of PTH.

Parathyroid Hormone in Maintaining Blood Calcium Homeostasis

Parathyroid hormone increases blood calcium levels when they drop too low. Conversely, calcitonin, which is released from the thyroid gland, decreases blood calcium levels when they become too high. These two mechanisms constantly maintain blood calcium concentration at homeostasis.

Abnormally high activity of the parathyroid gland can cause hyperparathyroidism, a disorder caused by an overproduction of PTH that results in excessive calcium reabsorption from bone. Hyperparathyroidism can significantly decrease bone density, leading to spontaneous fractures or deformities. As blood calcium levels rise, cell membrane permeability to sodium is decreased, and the responsiveness of the nervous system is reduced. At the same time, calcium deposits may collect in the body’s tissues and organs, impairing their functioning.

In contrast, abnormally low blood calcium levels may be caused by parathyroid hormone deficiency, called hypoparathyroidism, which may develop following injury or surgery involving the thyroid gland. Low blood calcium increases membrane permeability to sodium, resulting in muscle twitching, cramping, spasms, or convulsions. Severe deficits can paralyze muscles, including those involved in breathing, and can be fatal.

When blood calcium levels are high, calcitonin is produced and secreted by the parafollicular cells of the thyroid gland. As discussed earlier, calcitonin inhibits the activity of osteoclasts, reduces the absorption of dietary calcium in the intestine, and signals the kidneys to reabsorb less calcium, resulting in larger amounts of calcium excreted in the urine.

The Adrenal Glands

The adrenal glands are wedges of glandular and neuroendocrine tissue adhering to the top of the kidneys by a fibrous capsule. The adrenal glands have a rich blood supply and experience one of the highest rates of blood flow in the body. They are served by several arteries branching off the aorta, including the suprarenal and renal arteries. Blood flows to each adrenal gland at the adrenal cortex and then drains into the adrenal medulla. Adrenal hormones are released into the circulation via the left and right suprarenal veins.

Adrenal Glands

The adrenal gland consists of an outer cortex of glandular tissue and an inner medulla of nervous tissue. The cortex itself is divided into three zones: the zona glomerulosa, the zona fasciculata, and the zona reticularis. Each region secretes its own set of hormones.

The adrenal cortex, as a component of the hypothalamic-pituitary-adrenal (HPA) axis, secretes steroid hormones important for the regulation of the long-term stress response, blood pressure and blood volume, nutrient uptake and storage, fluid and electrolyte balance, and inflammation. The HPA axis involves the stimulation of hormone release of adrenocorticotropic hormone (ACTH) from the pituitary by the hypothalamus. ACTH then stimulates the adrenal cortex to produce the hormone cortisol. This pathway will be discussed in more detail below.

The adrenal medulla is neuroendocrine tissue composed of postganglionic sympathetic nervous system (SNS) neurons. It is really an extension of the autonomic nervous system, which regulates homeostasis in the body. The sympathomedullary (SAM) pathway involves the stimulation of the medulla by impulses from the hypothalamus via neurons from the thoracic spinal cord. The medulla is stimulated to secrete the amine hormones epinephrine and norepinephrine.

One of the major functions of the adrenal gland is to respond to stress. Stress can be either physical or psychological or both. Physical stresses include exposing the body to injury, walking outside in cold and wet conditions without a coat on, or malnutrition. Psychological stresses include the perception of a physical threat, a fight with a loved one, or just a bad day at school. The body responds in different ways to short-term stress and long-term stress following a pattern known as the general adaptation syndrome (GAS). Stage one of GAS is called the alarm reaction. This is short-term stress, the fight-or-flight response, mediated by the hormones epinephrine and norepinephrine from the adrenal medulla via the SAM pathway. Their function is to prepare the body for extreme physical exertion. Once this stress is relieved, the body quickly returns to normal. The section on the adrenal medulla covers this response in more detail. If the stress is not soon relieved, the body adapts to the stress in the second stage called the stage of resistance. If a person is starving for example, the body may send signals to the gastrointestinal tract to maximize the absorption of nutrients from food. If the stress continues for a longer term however, the body responds with symptoms quite different than the fight-or-flight response. During the stage of exhaustion, individuals may begin to suffer depression, the suppression of their immune response, severe fatigue, or even a fatal heart attack. These symptoms are mediated by the hormones of the adrenal cortex, especially cortisol, released as a result of signals from the HPA axis. Adrenal hormones also have several non–stress-related functions, including the increase of blood sodium and glucose levels, which will be described in detail below.

	Hormones of the Adrenal Glands

	Adrenal gland
	Associated hormones
	Chemical class
	Effect

	Adrenal cortex
	Aldosterone
	Steroid
	Increases blood Na+ levels

	Adrenal cortex
	Cortisol, corticosterone, cortisone
	Steroid
	Increase blood glucose levels

	Adrenal medulla
	Epinephrine, norepinephrine
	Amine
	Stimulate fight-or-flight response


Disorders Involving the Adrenal Glands

Several disorders are caused by the dysregulation of the hormones produced by the adrenal glands. For example, Cushing’s disease is a disorder characterized by high blood glucose levels and the accumulation of lipid deposits on the face and neck. It is caused by hypersecretion of cortisol. The most common source of Cushing’s disease is a pituitary tumor that secretes cortisol or ACTH in abnormally high amounts. Other common signs of Cushing’s disease include the development of a moon-shaped face, a buffalo hump on the back of the neck, rapid weight gain, and hair loss. Chronically elevated glucose levels are also associated with an elevated risk of developing type 2 diabetes. In addition to hyperglycemia, chronically elevated glucocorticoids compromise immunity, resistance to infection, and memory, and can result in rapid weight gain and hair loss.

In contrast, the hyposecretion of corticosteroids can result in Addison’s disease, a rare disorder that causes low blood glucose levels and low blood sodium levels. The signs and symptoms of Addison’s disease are vague and are typical of other disorders as well, making diagnosis difficult. They may include general weakness, abdominal pain, weight loss, nausea, vomiting, sweating, and cravings for salty food.

The Pineal Gland

Recall that the hypothalamus, part of the diencephalon of the brain, sits inferior and somewhat anterior to the thalamus. Inferior but somewhat posterior to the thalamus is the pineal gland, a tiny endocrine gland whose functions are not entirely clear. The pinealocyte cells that make up the pineal gland are known to produce and secrete the amine hormone melatonin, which is derived from serotonin.

The secretion of melatonin varies according to the level of light received from the environment. When photons of light stimulate the retinas of the eyes, a nerve impulse is sent to a region of the hypothalamus called the suprachiasmatic nucleus (SCN), which is important in regulating biological rhythms. From the SCN, the nerve signal is carried to the spinal cord and eventually to the pineal gland, where the production of melatonin is inhibited. As a result, blood levels of melatonin fall, promoting wakefulness. In contrast, as light levels decline—such as during the evening—melatonin production increases, boosting blood levels and causing drowsiness.

The secretion of melatonin may influence the body’s circadian rhythms, the dark-light fluctuations that affect not only sleepiness and wakefulness, but also appetite and body temperature. Interestingly, children have higher melatonin levels than adults, which may prevent the release of gonadotropins from the anterior pituitary, thereby inhibiting the onset of puberty. Finally, an antioxidant role of melatonin is the subject of current research.

Jet lag occurs when a person travels across several time zones and feels sleepy during the day or wakeful at night. Traveling across multiple time zones significantly disturbs the light-dark cycle regulated by melatonin. It can take up to several days for melatonin synthesis to adjust to the light-dark patterns in the new environment, resulting in jet lag. Some air travelers take melatonin supplements to induce sleep.

Gonadal and Placental Hormones

The male and female reproductive system is regulated by follicle-stimulating hormone (FSH) and luteinizing hormone (LH) produced by the anterior lobe of the pituitary gland in response to gonadotropin-releasing hormone (GnRH) from the hypothalamus. In males, FSH stimulates sperm maturation, which is inhibited by the hormone inhibin. The steroid hormone testosterone, a type of androgen, is released in response to LH and is responsible for the maturation and maintenance of the male reproductive system, as well as the development of male secondary sex characteristics. In females, FSH promotes egg maturation and LH signals the secretion of the female sex hormones, the estrogens and progesterone. Both of these hormones are important in the development and maintenance of the female reproductive system, as well as maintaining pregnancy. The placenta develops during early pregnancy, and secretes several hormones important for maintaining the pregnancy.

	Reproductive Hormones

	Gonad
	Associated hormones
	Chemical class
	Effect

	Testes
	Testosterone
	Steroid
	Stimulates development of male secondary sex characteristics and sperm production

	Testes
	Inhibin
	Protein
	Inhibits FSH release from pituitary

	Ovaries
	Estrogens and progesterone
	Steroid
	Stimulate development of female secondary sex characteristics and prepare the body for childbirth

	Placenta
	Human chorionic gonadotropin
	Protein
	Promotes progesterone synthesis during pregnancy and inhibits immune response against fetus


The Endocrine Pancreas

The pancreas is a long, slender organ, most of which is located posterior to the bottom half of the stomach. Although it is primarily an exocrine gland, secreting a variety of digestive enzymes, the pancreas has an endocrine function. Its pancreatic islets—clusters of cells formerly known as the islets of Langerhans—secrete the hormones glucagon, insulin, somatostatin, and pancreatic polypeptide (PP).

The pancreatic exocrine function involves the acinar cells secreting digestive enzymes that are transported into the small intestine by the pancreatic duct. Its endocrine function involves the secretion of insulin (produced by beta cells) and glucagon (produced by alpha cells) within the pancreatic islets. These two hormones regulate the rate of glucose metabolism in the body. 

Regulation of Blood Glucose Levels by Insulin and Glucagon

Glucose is required for cellular respiration and is the preferred fuel for all body cells. The body derives glucose from the breakdown of the carbohydrate-containing foods and drinks we consume. Glucose not immediately taken up by cells for fuel can be stored by the liver and muscles as glycogen, or converted to triglycerides and stored in the adipose tissue. Hormones regulate both the storage and the utilization of glucose as required. Receptors located in the pancreas sense blood glucose levels, and subsequently the pancreatic cells secrete glucagon or insulin to maintain normal levels.

	Hormones of the Pancreas

	Associated hormones
	Chemical class
	Effect

	Insulin (beta cells)
	Protein
	Reduces blood glucose levels

	Glucagon (alpha cells)
	Protein
	Increases blood glucose levels

	Somatostatin (delta cells)
	Protein
	Inhibits insulin and glucagon release

	Pancreatic polypeptide (PP cells)
	Protein
	Role in appetite


Dysfunction of the production of insulin or target cell resistance to the effects of insulin causes diabetes mellitus, a disorder characterized by high blood glucose levels. The hormone glucagon is produced and secreted by the alpha cells of the pancreas in response to low blood glucose levels. Glucagon stimulates mechanisms that increase blood glucose levels, such as the catabolism of glycogen into glucose.

	Organs with Secondary Endocrine Functions and Their Major Hormones

	Organ
	Major hormones
	Effects

	Heart
	Atrial natriuretic peptide (ANP)
	Reduces blood volume, blood pressure, and Na+ concentration

	Gastrointestinal tract
	Gastrin, secretin, and cholecystokinin
	Aid digestion of food and buffering of stomach acids

	Gastrointestinal tract
	Glucose-dependent insulinotropic peptide (GIP) and glucagon-like peptide 1 (GLP-1)
	Stimulate beta cells of the pancreas to release insulin

	Kidneys
	Renin
	Stimulates release of aldosterone

	Kidneys
	Calcitriol
	Aids in the absorption of Ca2+

	Kidneys
	Erythropoietin
	Triggers the formation of red blood cells in the bone marrow

	Skeleton
	FGF23
	Inhibits production of calcitriol and increases phosphate excretion

	Skeleton
	Osteocalcin
	Increases insulin production

	Adipose tissue
	Leptin
	Promotes satiety signals in the brain

	Adipose tissue
	Adiponectin
	Reduces insulin resistance

	Skin
	Cholecalciferol
	Modified to form vitamin D

	Thymus (and other organs)
	Thymosins
	Among other things, aids in the development of T lymphocytes of the immune system

	Liver
	Insulin-like growth factor-1
	Stimulates body growth

	Liver
	Angiotensinogen
	Raises blood pressure

	Liver
	Thrombopoetin
	Causes increase in platelets

	Liver
	Hepcidin
	Blocks release of iron into body fluids


The endocrine system originates from all three germ layers of the embryo, including the endoderm, ectoderm, and mesoderm. In general, different hormone classes arise from distinct germ layers. Aging affects the endocrine glands, potentially affecting hormone production and secretion, and can cause disease. The production of hormones, such as human growth hormone, cortisol, aldosterone, sex hormones, and the thyroid hormones, decreases with age.

Task for self-control of the initial level of knowledge:

To distinguish exo-, endo-, paracrine and mixed glands.

To study classification of endocrine glands on the sources of development.

To master, that endocrine glands (glandulae endocrinae) produce bioactive organic matters – hormones, executing a specific function – adjusting of major physiological processes of organism: reproduction, growth, metabolism. Endocrine glands do not have excretory ducts. Due to the well developed microvasculature, the hormones produced by them directly to blood and lymphatic vessels get in the internal environment of organism (from here other their name is ductless glands).

It is necessary to get a clear idea of general an anatomical and functional properties of endocrine glands and paraganglia:

a) on the structure endocrine glands belong to the parenchymatic organs;

b) does not have excretory ducts;

c) basic tissue of almost all of endocrine glands, determining their function, is a glandular epithelium;

d) all they have the widely developed network of blood vessels, the feature of structure of capillary network is a presence of sinusoids;

e) closely related to the nervous system;

f) are in very difficult mutual relations.

Control questions:

1. What general anatomical and functional properties do the organs of the endocrine system have?

2. What are the mechanisms of regulator functions on organism of ductless glands?

3. Are mutual relations between nervous and the endocrine systems in providing of adjusting of shape-generating influence on development of organism?

4. Classification of organs of the endocrine system.

5. What phenomena in an organism are called by hypo evolution of thyroid?

6. Morphology and significance for the organism of parathyroid glands.

7. Structure of thymus gland, its age-dependent features. Functional significance.

8. What are the shapes, sizes, mass and location of hypophysis and pineal gland and their functions?

9. What is a hypothalamo-hypophysial neurosensor system?

10. Morphology and functional significance of cortex and medulla of adrenal glands.

11. That are the paraganglia?

12. What consequences in an organism can cause the disorder of insular apparatus of pancreas?

13. What organs of the female genital system contain creations, producing hormones?

14. What organs of the male genital system contain cells, producing hormones?

15. Main results for an organism of hyper- and hypofunction of endocrine glands.

Control of knowledge with the help of situational tasks.

For a girl 10 years old during a clinical inspection the signs of premature pubescence are exposed. The decreasing of function of what endocrine gland could cause this phenomenon?

A. Thyroid gland.

B. Parathyroid glands.

C. Thymus gland.

D. Epiphysis.

E. Medullar matter of adrenal glands.

At a boy of 13 years old the signs of cretinism are exposed (nanism, excalation of privy parts and mental lag). What could serve a reason of development of this pathology?

A. Hypofunction of thyroid.

B. Hyperfunction of thyroid.

C. Hypofunction of parathyroid glands.

D. Hypofunction of parathyroid glands.

E. Hypofunction of posterior lobe of hypophysis.

A man appealed to the doctor with complaints about that female sexual signs appeared at him. About the tumor of what gland is it possible to think?

A. Insulae pancreaticae.

B. Glandula suprarenalis.

C. Glandula thyroidea.

D. Glandula parathyroidea.

E. Glandula pineale.

To the child 2 years old with the pneumonia X-ray of thorax was performed out, on which shade of retrosternal gland (thymus) was found. Till what age such phenomenon considered as a norm?

A. Till 10 years.

B. Till 5 years.

C. Till 7 years.

D. Till 3 years.

E. Till 17 years.

Patient 30 years complaints of strong thirst and dryness in the mouth, which appeared after strong nervous shock. At a laboratory inspection found out the increasing of blood sugar level to 10 mmol/l. Disease of what endocrine gland is at a patient?

A. Sexual.

B. Thyroid.

C. Pancreas.

D. Suprarenal.

E. Epiphysis.

Patient B. 39 years old, which can not become a pregnant during 8 years, advised to appeal to endocrinology. At an inspection for a patient found out exophthalmia, hands tremor, tachycardia. The disease of what endocrine gland is accompanied such symptoms?

A. Suprarenal.

B. Pancreas.

C. Sexual.

D. Thyroid.

E. Epiphysis.

After the resection of thyroid gland the cramps appeared at a patient. What structure was damaged during an operation?

A. Glandula parathyroideae.

B. Nervus laryngeus inferior.

C. Arteria laringea inferior.

D. Nervus vagus.

E. Truncus sympathicus.

A man 27 years old appealed to a doctor. At examination found out the increasing of hands, feet and the mandible. Except it deformation of joints and vertebral column, hormonal disorders (impotence, atrophy of testicle) were traced. Hyperfunction of what gland call such symptoms?

A. Suprarenal Sexual.

B. Anterior lobe of pituitary gland.

C. Pineal body.

D. Thyroid.

E. Parathyroid.

At X-ray research of bones of cranial base the increase of cavity of the Turkish saddle, thinning of anterior sloping processes, destruction of different departments of the Turkish saddle, is exposed. The tumor of what endocrine gland can do it?

A. Epiphysis.

B. Thymus gland.

C. Thyroid gland.

D. Suprarenal gland.

E. Hypophysis.

A child during 10 months is ill with cold disease, suffers with fatty loose body. What pathology is it related to?

A. Hypoplasia of thymus.

B. Hyperplasia of thyroid.

C. Hypoplasia of thyroid.

D. Enlargement of spleen.

E. Hyperplasia of thymus.

At a baby suddenly the spasm of vocal fissure developed with a threat an asphyxia. In anamnesis – propensity to vomiting after feeding, cramp. About pathology of what gland is it possible to think?

A. Pancreas.

B. Thyroid gland.

C. Thymus.

D. Parathyroid glands.

E. Genital glands.

To reception of hospital was delivered a patient who lost consciousness in the street. At an inspection found out the smell of acetone of mouth. What preliminary diagnosis can be put?

A. Diabetic coma.

B. Hepatic coma.

V. Uremic coma.

G. Cirrhosis of liver.

D. Internal bleeding.

A patient appealed an endocrinologist with complaints of a frequent pulse and shaking of finger tips. The exophthalmia, dryness of skin were objective. Taking account information of laboratory researches – Bazedov’s disease was diagnosed. At the hyperfunction of what gland does it develop?

A. Inferior parathyroid.

B. Suprarenal.

C. Superior parathyroid.

D. Hypophysis.

E. Thyroid.

A woman 38 years old after testing found that she is pregnant. At an inspection for a gynecologist determined a term 12-13 weeks, although the menstruations stopped only two weeks ago, that is related to the insufficient selection of hormone of yellow body. Did a secretion of what hormone take a place?

A. Estrol.

B. Progesteron.

C. Estradiol.

D. Gonadotropic.

E. Testosteron.

The patient of 31 years old appealed to a doctor with complaints about edema of subcutaneous fat, apathy, decline of ability to work, decline of temperature of body. A mixedema was diagnosed. The function of what gland is disorder?

A. Thymus.

B. Pancreas.

C. Thyroid.

D. Parathyroid.

E. Suprarenal.

Physiological reactions which arise after of sudden stress are called by entering to blood in great numbers of hormones of cortex of suprarenal gland:

A. Catecholamin.

B. Vasopressin.

C. Tiroksin.

D. Progesteron.

E. Parathormon.

The shock of any etiology require single introduction of hormonal preparations which in the organism of man are synthesized by cells of fasciculate zone of suprarenal cortex:

A. Mineralokortikosteroid.

B. Glyukokortikosteroid.

C. Prolaktin.

D. Testosteron.

E. Parathormon.

A woman has a weakness of childbirth (weakness of contraction of myometrium). The level of what hormone is decreased?

A. Corticosteroid.

B. Parathormon.

C. Tiroksin.

D. Somatotropin.

E. Oxytocin.

At a sick woman 50 years old the tumor of brain is exposed in the area of visual part of hypothalamus. The level of vasopressin in blood is increased. What nucleus of hypothalamus does produce this hormone?

A. Nucl. supraopticus.

B. Nucl. preopticus.

C. Nucl. paraventricularis.

D. Nucl. corporis mamillaris.

E. Nucl. infundibularis.

A patient complaints of an increased physical and mental weakness, adynamia. At examination a

hyperpigmentation and mucous tunics were fouind. What endocrine glands are staggered?

A. Genital glands.

B. Suprarenal.

C. Hypophysis.

D. Insular islets of pancreas.

E. Thyroid gland.
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