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THE MODERN CONCEPT OF MORPHOLOGICAL AND FUNCTIONAL FEATURES OF THE
ENDOCRINE GLANDS

VIIK 611.43-612.43

Lecture is the important link of submission of thet@wal material. Lecture on the endocrine systerthe course of
histology introduces students to new insights @ riorphological and functional features of the enide glands and their
hormonal activity and the effect on the body. Theaerine system, along with the nervous and immaystem, is among the
regulatory and integrating systems of the bodycdntrols the regulation of the body's most impdrtmctions: growth,
reproduction, proliferation and differentiation oélls, metabolism and energy, secretion, excretaisorption, and other
behavioral reactions. In general, the functiorhef éndocrine system is defined as the maintendrteenteostasis.

Key words: endocrine glands, hormones.

Lecture in higher education is the lead part ofrsewof study. It is a method of presentation of
the bulk theoretical material [Q].

Lecture on the features of the histological strietof the endocrine system is designed to give
students basic concepts about the structure oférnlecrine glands and the hormones that they produce
and their effect on the human body.

The endocrine system is very closely associateld thi¢ nervous system and is much like the
nervous system in some ways. The endocrine systeduges various secretions called hormones [Gr.
hormaein, to excite, to set in motion] that sergeeffectors to regulate the activities of varioedis;
tissues, and organs in the body. Its functionseseential in maintaining homeostasis and coordigati
body growth and development and are similar to thlathe nervous system: both communicate
information to peripheral cells and organs. Comroaitibn in the nervous system is through transmissio
of neural impulses along nerve cell processes hadlischarge of neurotransmitter. Communication in
the endocrine system is through hormones, whichcarged to their destination via connective tissue
spaces and the vascular system. These two systerigationally interrelatedl{0].

The endocrine system includes (1) endocrine glasdsh as the pituitary gland, thyroid and
parathyroid glands, adrenal glands, and the pigkaid; (2) clusters of endocrine cells locatedha t
organs such as islets of Langerhans in the pancaeds(3) isolated endocrine cells in certain &ssu
such as the enteroendocrine cells in the epithetitithe respiratory and digestive trad® [

Endocrine glands are aggregates of epithelioids delpithelial cells that lack free surface) that
are embedded within connective tissue. Despitéatiethat the endocrine glands vary in size, shape,
location in the body, they still have several comnobaracteristics. Endocrine glands do not possess
excretory ducts; therefore, their secretion is lthsged into the extracellular matrix of connectigsue
usually near the capillaries. From there, the $egrgroducts (i.e., hormones) are transported th&
lumen of the blood (or lymphatic) vessels for badge distribution. These secretory products influeen
target organs or tissues at some distance fronglired. For this reason, endocrine glands are well
vascularized and surrounded by rich vascular ndtsvorhe exception is the placenta, where hormones
produced by the syncytiotrophoblast pass direcily the maternal blood surrounding the placentél vi
[10, 2].

Endocrine system is classifying under following ibasomponents: |. Central regulatory
formation of endocrine system: 1. Hypothalamus.PRuitary gland. 3.Pineal gland II. Peripheral
endocrine glands: 1. Thyroid gland. 2.Parathyrdahd. 3.Adrenal glands: a) cortex, b) medulla, Il
Organs, having both endocrine and non-endocrinetitums: 1. Gonads: a) testis, b) ovary. 2. Placeéhta
Pancreas IV. Solitary hormone producing cells: LUBRcells (of nervous origin). 2. Solitary hormone
producing cells (not of nervous origird][

Endocrine secretions (hormones) are delivered girahe capillary network of the vascular
system to the target organs rather than througdriassof ducts as in the exocrine system. The tnoiin
hormone release is controlled by the hypothalaniie hypothalamus acts as a command center,
controlling the activity of the pituitary gland. @lpituitary gland functions as a master gland asiey
hormones to control other endocrine glands andnstgdhe organs or tissues that are activated by
released hormones are called target organs oetis3ihe cells in the target organ/tissue have gpiate
receptors, which are able to recognize and resfmapecific hormoned].
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In the classic definition, a hormone is a secrefmyduct of endocrine cells and organs that
passes into the circulatory system (bloodstream}rémsport to target cells. For years, this endecr
control of target tissues became a central paghdbcrinology. However, a variety of hormones and

hormonally active substances are not always digeltamto the bloodstream but are released
into connective tissue spaces. They may act orcedjaells or diff use to nearby target cells thqiress
specific receptors for that particular hormone.sTiyipe of hormonal action is referred to as pan&cri
control. In addition, some cells express recepimrdiormones that they secrete. This type of homahon
action is referred to as autocrine control. Thesenlones regulate the cell’'s own activif) [L1, 2]. Cells
of the endocrine system release more than 100 hwsnand hormonally active substances that are
chemically divided into three classes of compoursPeptides (small peptides, polypeptides, and
proteins) form the largest group of hormones. They synthesized and secreted by cells of the
hypothalamus, pituitary gland, thyroid gland, payabid gland, pancreas, and scattered enteroemgocri
cells of the gastrointestinal tract and respiratsygtem. This group of hormones (insulin, glucagon,
growth hormone (GH), adrenocorticotropic hormoneCTAl), follicle-stimulating hormone (FSH),
luteinizing hormone (LH), antidiuretic hormone (ARHoxytocin, interleukins, and various growth
factors), when released into the circulation, dissaeadily in the blood and generally do not regui
special transport proteins. 2) Steroids, cholebté#tved compounds, are synthesized and secrgted b
cells of the ovaries, testes, and adrenal cortbgs& hormones (gonadal and adrenocortical steraids)
released into the bloodstream and transported rigettecells with the help of plasma proteins or
specialized carrier proteins such as androgendfgngrotein. Hormone-binding carrier proteins protec
the hormone from degradation during transport et#rget tissue. 3) Amino acids and arachidonid aci
analogs, and their derivatives, including the dadémmines (norepinephrine and epinephrine—
phenylalanine/tyrosine derivatives) and prostagl@)dorostacyclins, and leukotrienes (arachidonid a
derivatives), are synthesized and secreted by mauasons as well as a variety of cells, includinsoef
the adrenal medulla. Also included in this groupcompounds are thyroid hormones, the iodinated
derivatives of the amino acid tyrosine that aretlsysized and secreted by the thyroid gland. When
released into the circulation, catecholamines tlissoeadily in the blood, in contrast to thyroid
hormones, the majority of which are bound to thcaerier proteins: a specialized thyroxine-binding
globulin (TBG), prealbumin fraction of serum praigi(transthyretin), and a nonspecific fraction of
albumins [LO, 11].

Regulation of hormonal function is controlled bgdback mechanisms. Hormonal production is
often controlled through feedback mechanisms froentarget organ. In general, feedback occurs when
the response to a stimulus (action of a hormonggrhaeffect on the original stimulus (hormone-séiage
cell). Two types of feedback are recognized: negdiedback occurs when the response diminishes the
original stimulus and is much more common than tpasifeedback, which occurs when the response
enhances the original stimulug [

The pituitary gland and the hypothalamus, the portf the brain to which the pituitary gland is
attached, are morphologically and functionally &dkin the endocrine and neuroendocrine control of
other endocrine glands. Because they play cemiad in a number of regulatory feedback systenes; th
are often called the master organs of the endosgietem. In the past, the control of pituitary hona
secretion by the hypothalamus was classically deghras the major function of the neuroendocrine
system. However, the field of neuroendocrinologyalp has expanded to encompass multiple reciprocal
interactions between the central nervous systemSjCBEutonomic nervous system (ANS), endocrine
system, and immune system in the regulation of letasis and behavioral responses to environmental
stimuli [10Q].

The hypothalamus is a portion of the brain thatt@ios a number of small nuclei with a variety
of functions. One of the most important functiorighe hypothalamus is to link the nervous system to
the endocrine system via the pituitary gland (hypis). The neurons in the periventricular areéedal
parvocellular neurosecretory cells synthesize audete certain neurohormones (releasing hormones or
hypothalamic hormones) and these in turn stimuaiahibit the secretion of anterior pituitary hanes
[Q]. The neurosecretory cells of anterior part of dtiyalamus form the paraventricular nucleus and the
supraoptic nucleus. The cells of the supraoptideuscsynthesize vasopressin (the antidiuretic hoemo
or ADH). This hormone controls reabsorption of watg kidney tubules. The cells of paraventricular
nucleus produce oxytocin which controls the coniitpacof smooth muscle of the uterus and also of the
mammary glandq, 2].
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The pituitary gland is a neuroendocrine organ kedatside the skull and considered a part of the
brain. It consists of two divisions: the adenohypygis (anterior lobe) and the neurohypophysis
(posterior lobe). The pituitary gland produces @asi types of hormones that act on many target sygan
many of which also secrete hormones.

The adenohypophysis, also called the anteriortpityiis the anterior division of the gland and is
derived from the ectoderm of the roof of the depilg oral cavity (Rathke pouch). It is composed of
glandular tissue. The adenohypophysis can be dlvidéo three regions based on their anatomic
positions: the pars distalis, pars tuberalis, aard jntermedia.

The pars distalis is the main body of the adenoplpsis, containing blood vessels, a capillary
network, and two main types of secretory cells sujgal by a network of reticular connective tissues.
These secretory cells are classified as chromoph@el chromophils. The chromophobes do not
effectively take a stain, so they appear clear he Mallory trichrome stain. These cells are
undifferentiated cells but are capable of diffei@img into chromophils I1, 2]. The chromophils
include basophils and acidophils. Basophils appéae in Mallory stain and include three subtypes of
hormone secretory cells: corticotrophs, thyrotrorl gonadotrophs. Various hormones are produced
by these cells, including adrenocorticotropic hameo(ACTH), thyroid-stimulating (thyrotropic)
hormone (TSH; thyrotropin), follicle-stimulating toone (FSH), and luteinizing hormone (LH). These
hormones stimulate various target organs includiveg cortex of the adrenal glands, the thyroid, the
testes, and the ovaries. The secretion of hormbgesells in the adenohypophysis is controlled by
hypothalamic releasing hormones and inhibitory hmres. Acidophils appear red in Mallory stain and
contain two subtypes of hormone secretory cellsiaotrophs and mammotrophs. Somatotrophs secrete
somatotropin (growth hormone), which stimulates liker to produce the insulin-like growth factor
(IGF-1) that promotes cartilage and bone growthptgin deposition, and cell reproduction.
Mammotrophs secrete prolactin, which increases mamygland size and promotes milk producti@n [
0].

The pars tuberalis is the neck of the adenohypaghigsvraps around the infundibular stalk of
the pituitary gland. It contains a rich capillargtwork and some low columnar basophilic cells Hrat
commonly arranged in cords.

The pars intermedia is located between the patalidisind pars nervosa. It contains cuboidal
follicular cells and colloid cysts called Rathkests; which are lined by follicular cells. The fuioct of
the pars intermedia cells in humans remains uncldar frogs, the basophils produce
melanocytestimulating hormones (MSH), which stinesgapigment production in melanocytes and
pigment dispersion in melanophores. In humans, MSHot a distinct, functional hormone. Because
MSH is found in the human pars intermedia in sraatbunts, the basophils of the pars intermedia are
assumed to be corticotropdd]].

The neurohypophysis is derived from the inferiorface of the developing diencephalon. It is
considered to be nervous tissue. It can be dividedthe infundibular stalk, the median eminence] a
the pars nervosa. The infundibular stalk conndetsnbedian eminence to the pars nervosa. The median
eminence connects the inferior portion of the hgp@mus to the infundibular stalk of the
neurohypophysis. It contains long axons that camtydiuretic hormone and oxytocin hormone produced
by nuclei in the hypothalamus. These axons passighrthe median eminence and terminate in the pars
nervosa. The median eminence also contains sharhsaxand axon terminal endings from the
hypothalamus that release neurosecretory hormdngmthalamic releasing and inhibiting hormones).
These hormones are transported through the hypephpgsertal system from the primary capillary plexus
to the secondary capillary plexus, thereby regudptthe secretion of the secretory cells in the
adenohypophysis. The pars nervosa is the main bbdye neurohypophysis. It contains a fenestrated
capillary plexus, pituicytes (glial cells), and asocand axon terminal endings from neuron cell t®die
the hypothalamus. Pituicytes provide support anglitimn to the axons of the neurons. The enlarged
axon terminal endings are filled with neurosecretgranules that are called Herring bodies. The
neurosecretory hormones released in the pars reeivdside vasopressin, oxytocin hormofe11].

The pineal gland (pineal body, epiphysis cerelsriam endocrine or neuroendocrine gland that
regulates daily body rhythm. It develops from neatoderm of the posterior portion of the roof o th
diencephalon and remains attached to the braindho# stalk. In humans, it is located at the paste
wall of the third ventricle near the center of tivain. The pineal gland is a flattened, pine cohaped
structure, hence its name. The pineal gland contauo types of parenchymal cells: pinealocytes and
interstitial (glial) cells. Pinealocytes are thaefltells of the pineal gland. They are arrangedlinmps
or cords within lobules formed by connective tissepta that extend into the gland from the pia mate
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that covers its surface. These cells have a latgeply infolded nucleus with one or more prominent
nucleoli and contain lipid droplets within theirtoplasm. The interstitial (glial) cells constititbout 5%

of the cells in the gland. They have staining afichstructural features that closely resemble thafse
astrocytes and are reminiscent of the pituicytethefposterior lobe of the pituitary gland. In aiofi to

the two cell types, the human pineal gland is dttarized by the presence of calcified concreticalied
corpora arenacea or brain sand. These concretmpeanto be derived from precipitation of calcium
phosphates and carbonates on carrier proteinsatieateleased into the cytoplasm when the pineal
secretions are exocytosed. The concretions argmezable in childhood and increase in number with
age Pl

The pineal gland is a photosensitive organ andngwoitant timekeeper and regulator of the
day/night cycle (circadian rhythm). It obtains infation about light and dark cycles from the retirea
the retinohypothalamic tract, which connects in siprachiasmatic nucleus with sympathetic neural
tracts traveling into the pineal gland. During thegy, light impulses inhibit the production of thejor
pineal gland hormone, melatonin. Melatonin is reéehin the dark and regulates reproductive fundtion
mammals by inhibiting the steroidogenic activity tbe gonads. In addition to melatonin, extracts of
pineal glands from many animals contain numerousateansmitters, such as serotonin, norepinephrine,
dopamine, and histamine, and hypothalamic-reggdtormones, such as somatosta®i |

The thyroid gland is a bilobate endocrine glandited in the anterior neck region and consists of
two large lateral lobes connected by an isthmu#)im band of thyroid tissue. The thyroid gland is
covered by a fibrous capsule. Septa extendingth@agland from the capsule divide it into lobul€s
microscopic examination each lobule is seen to Adep of an aggregation of follicles. Each fodlitd
lined by follicular cells, that rest on a basemer@mbrane. The follicle has a cavity which is filleg a
homogeneous material called colloid. The spacesdmst the follicles are filled by a stroma made tip o
connective tissue in which there are numerous legigit and lymphatics. The capillaries lie in close
contact with the walls of follicles. A part fromlficular cells the thyroid gland contains C-cells (
parafollicular cells) which intervene (here andré)ebetween the follicular cells and the basement
membrane. They may also lie in the intervals betwibe follicles. Connective tissue stroma surrongdi
the follicles contain a dense capillary plexus, pyratic capillaries and sympathetic nen@s(].

The follicular cells vary in shape depending onléhe! of their activity. Normally (at an average
level of activity) the cells are cuboidal, and tt@loid in the follicles is moderate in amount. Wihe
inactive (or resting) the cells are flat (squamaoasyl the follicles are distended with abundantoaall
When the cells are highly active they become colmamd colloid is scanty].

With the electronic microscope a follicular celbs¥s the presence of apical microvilli, abundant
granular endoplasmic reticulum, and a prominentasugclear Golgi complex. Lysosomes, microtubules
and microfilaments are also present. The apicalgidhe cell contains many secretory vacuoleq.[

The activity of follicular cells is influenced byhe thyroid stimulating hormone (TSH or
thyrotropin) produced by the hypophysis cerebrierEhis some evidence to indicate that their agtivit
may also be increased by sympathetic stimulation.

The follicular cells secrete two hormones thatuefice the rate of metabolism. lodine is an
essential constituent of these hormones. One harroontaining three atoms of iodine in each molecule
is called triodothyronine or T3. The second hormooetaining four atoms of iodine in each molecgle i
called tetraiodothyronine, T4, or thyroxine. T3riach more active than T4.

The synthesis of the two major thyroid hormonegrdkine and triiodothyronine, takes place in
the thyroid follicle in a series of discrete steds: Synthesis of thyroglobulin. Thyroglobulin (a
glycoprotein) is synthesized by granular endoplasmiiculum and is packed into secretory vacuates i
the Golgi complex. 2. Resorption, diffusion, anddaxion of iodide. Follicular epithelial cells aotily
transport iodide from the blood into their cytoptassing ATPase-dependent sodium/iodide symporters
(NIS). lodide ions then diffuse rapidly toward thpical cell membrane. From here, iodide ions are
transported to the lumen of the follicle. lodidehgn immediately oxidized to iodine, the activetficof
iodide. 3. lodination of thyroglobulin. One or tvadine atoms are then added to the specific tyeosin
residues of thyroglobulin. This process occurshia ¢tolloid at the microvillar surface of the folllar
cells and is catalyzed by thyroid peroxidase (TP&dition of one iodine atom to a single tyrosine
residue forms monoiodotyrosine (MIT). Addition ofsacond iodine atom to the MIT residue forms a
diiodotyrosine (DIT) residue. 4. Formation of T3dah4 by oxidative coupling reactions. The thyroid
hormones are formed by oxidative coupling reactiofistwo iodinated tyrosine residues in close
proximity. After iodination, T4 and T3 as well dsetDIT and MIT residues that are still linked to a
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thyroglobulin molecule are stored as the colloithim the lumen of the follicle. 5. Resorption oflloa.

In response to TSH, follicular cells take up thyobmlin from the colloid by a process of receptor-
mediated endocytosis. After endocytosis, thyrodiobdollows at least two different intracellular
pathways: 1) in the lysosomal pathway, thyroglabugi internalized and transported within endocgtoti
vesicles to early endosomes; 2) in the transejpdh@hthway, thyroglobulin is transported intaairfr the
apical to the basolateral surface of folliculadseb. Release of T4 and T3 from follicular celisoi the
circulation [LQ].

C-cells (parafollicular Cells) are also called clealls, or light cells. The cells are polyhedral,
with oval eccentric nuclei. Typically, they lie beten the follicular cells and their basement membra
They may, however, lie between adjoining follicutalls; but they do not reach the lumen. With the
electronic microscope the cells show well develogethular endoplasmic reticulum, Golgi complexes,
numerous mitochondria, and membrane bound secrgtanules. C-cells share features of the APUD
cell system and are included in this system. Gscgdicrete the hormone thyro-calcitonin. This hornon
has an action opposite to that of the parathyroignione on calcium metabolism. This hormone comes
into play when serum calcium level is high. It terid lower the calcium level by suppressing reladse
calcium ions from bone. This is achieved by suppngsbone resorption by osteocla€is(].

The parathyroid glands are small endocrine glahmisety associated with the thyroid. They are
ovoid, a few millimeters in diameter, and arrangedwo pairs, constituting the superior and inferio
parathyroid glands. They are usually located incthrnective tissue on the posterior surface ofétezal
lobes of the thyroid gland. The parathyroid glaads derived from the pharyngeal pouches (the smperi
glands from the fourth pouch and the inferior gaficom the third pouch). Each parathyroid gland is
contained within a capsule which sends septa hmagtand, where they merge with reticular fibelt th
support elongated cordlike clusters of secretois.c&Vith increasing age many secretory cells are
replaced with adipocytes, which may constitute nmben 50% of the gland in older people. Two types
of cells are present in parathyroid glands: chiefgfincipal) cells and oxyphil cells. The chiellseare
small polygonal cells with round nuclei and paleising, slightly acidophilic cytoplasm.
Ultrastructurally the cytoplasm is seen to be dll@ith irregularly shaped granules 200-400 nm in
diameter. These are secretory granules contaihiagolypeptide parathyroid hormone (PTH), a major
regulator of blood calcium levels. Much smallerfeaf clustered, populations of oxyphil cells are
sometimes present, more commonly in older indiMisluBhese are much larger than the principal cells
and are characterized by acidophilic cytoplasnedillwith abnormally shaped mitochondria. Some
oxyphil cells show low levels of PTH synthesis, gesting these cells are transitional derivativesifr
chief cells. Parathyroid hormone targets osteablasthich respond by producing an osteoclast-
stimulating factor to increase the number and #gtiof osteoclasts. This promotes resorption of the
calcified bone matrix and the release of Ca2+,easing the concentration of Ca2+ in the blood, Wwhic
suppresses parathyroid hormone production. Caloitdrom the thyroid gland inhibits osteoclast
activity, lowering the blood Ca2+ concentration grdmoting osteogenesis. Parathyroid hormone and
calcitonin thus have opposing effects and constitutiual mechanism to regulate blood levels of Ca2+
an important factor in homeostasis. Parathyroidrtoore also indirectly increases the absorption &+Ca
from the gastrointestinal tract by stimulating thenthesis of vitamin D, which is necessary for this
absorption. In addition to increasing the conceiutnaof Ca2+, parathyroid hormone reduces blood
phosphate levels. This effect results from anotheget cell of parathyroid hormone, renal tubulésce
which reduce their absorption of phosphate andvattmre phosphate excretion in uririg 10].

The adrenal (suprarenal) glands are paired ordeatdi¢ near the superior poles of the kidneys,
embedded in the perirenal adipose tissue.

Embryologically, the cortical cells originate framesodermal mesenchyme, whereas the medulla
originates from neural crest cells that migrate ihie developing gland.

Adrenal glands are each covered by a dense comadissue capsule that sends thin septa to the
interior of the gland as trabeculae. The stromasisté mainly of a rich network of reticular fibetsat
support the secretory cells. The gland consistsvofconcentric layers: a yellowish peripheral laybe
adrenal cortex, and a reddish-brown central layeradrenal medulla.

The suprarenal cortex is made up of cells arrangezbrds. Sinusoids intervene between the
cords. On the basis of the arrangement of its tieiscortex can be divided into three layers agyid:
zona glomerulosa, zona fasciculate, zona reticulari

The outermost layer is called the zona glomerulblgae the cells are arranged as inverted U-
shaped formations, or acinus-like groups. The zgloanerulosa constitutes the outer one-fifth of the
cortex. With the light microscope the cells of ttama glomerulosa are seen to be small, polyhedral o
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columnar, with basophilic cytoplasm and deeplyrstaj nuclei. The cells of the zona glomerulosa
secrete the primary mineralocorticoid called aldoste, a compound that functions in the regulation
sodium and potassium homeostasis and water balAltmsterone acts on the principal cells in thealis
tubules of the nephron in the kidney, the gastiicosa, and the salivary and sweat glands to stimula
resorption of sodium at these sites, as well astitoulate excretion of potassium by the kidney. The
secretion of hormones by the zona glomerulosa apgeabe largely independent of the hypophysis
cerebri ).

The next zone is called the zona fasciculata. Herecells are arranged in straight columns, two
cell thick. Sinusoids intervene between the colunifss layer forms the middle three-fifths of the
cortex. With the light microscope the cells of #ma fasciculata are seen to be large, polyheditid,
basophilic cytoplasm and vesicular nuclei. Thesceflthe zona fasciculata are very rich in lipidsick
can be demonstrated by suitable stains. The cklilseozona fasciculata produce the glucocorticeids
corticosterone and cortisol and small amounts ofagocorticoids (adrenal androgens). Glucocorticoids
get their name from their role in regulating glueogenesis (glucose synthesis) and glycogenesis
(glycogen polymerization). Glucocorticoids havdeliént, even opposite effects in different tissugsn
the liver, glucocorticoids stimulate conversionaafino acids to glucose, stimulate the polymerizatb
glucose to glycogen, and promote the uptake of anaicids and fatty acids; 2) in adipose tissue,
glucocorticoids stimulate the breakdown of lipidgytycerol and free fatty acids; 3) in other tissubey
reduce the rate of glucose use and promote theatioadof fatty acids; 4) in cells such as fibroldas
they inhibit protein synthesis and even promoteaganocatabolism to provide amino acids for convanrsi
to glucose in the liverd, 10].

The innermost layer of the cortex (inner one-fifth)called the zona reticularis. It is so called
because it is made up of cords that branch andanase with each other to form a kind of reticulum.
The cells in this layer are smaller and more adidapthan in other two layer. With the light migoope
the cells of the zona reticularis are seen to ilpdasi to those of the zona fasciculata, but thi lgpntent
is less. Their cytoplasm is often eosinophilic. Tdedls often contain brown pigment. The principal
secretion of the cells in the zona reticularis ¢siasof gonadocorticoids (adrenal androgens), mostl
dehydroepiandrosterone (DHEA), dehydroepiandrosteulfate (DHEAS), and androstenedione. The
cells also secrete some glucocorticoids but in mamhller amounts than those of the zona fasciculata
Here, too, the principal glucocorticoid secretedcistisol. DHEA and DHEAS are less potent than
androgens produced by the gonads, but they do aaweffect on the development of secondary sex
characteristics. In males, adrenal androgens hagigible importance because testosterone prodoged
the testis is a much more powerful androgen. Howeénevomen adrenal androgens stimulate growth of
axillary and pubic hair during puberty and adolesee DHEA can be converted into androstenedione
and then more potent androgens, such as testostanohestrogens in peripheral tissud3 P].

The adrenal medulla is composed of large, pal@isigipolyhedral cells arranged in cords or
clumps and supported by a reticular fiber netwérlprofuse supply of sinusoidal capillaries intergen
between adjacent cords and a few parasympathetigliga cells are present. Medullary parenchymal
cells, known as chromaffin cells, arise from neuwsdst cells, as do the postganglionic neurons of
sympathetic and parasympathetic ganglia. Chromatfit.s can be considered modified sympathetic
postganglionic neurons, lacking axons and dendates specialized as secretory cells. These granules
contain one or the other of the catecholaminesyegbirine or norepinephrine. Ultrastructurally the
granules of epinephrine-secreting cells are lesstin-dense and generally smaller than those of
norepinephrine-secreting cells. The conversionasépinephrine to epinephrine (adrenalin) occury onl
in chromaffin cells of the adrenal medulla. AboG#8 of the catecholamine secreted from the adrenal i
epinephrine. Medullary chromaffin cells are innéeeh by cholinergic endings of preganglionic
sympathetic neurons. Epinephrine and norepineplatieeeleased to the blood in large quantitiesnduri
intense emotional reactions, such as fright, aretiywe vasoconstriction, increased blood pressure,
changes in heart rate, and metabolic effects sscklevated blood glucose. These effects facilitate
various defensive reactions to the stressor (tbbt-fir-flight response). During normal activity,eth
adrenal medulla continuously secretes small quesititf the hormone®][ 11].

07 _

The endocrine system plays an important role indmumrganism. The endocrine system sends
messages to control and regulate the metaboliitgctif the body using chemical signals (hormones)
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that are released by endocrine secretory cellscaried by the blood circulatory system. Regulatibn
hormonal function is controlled by feedback mechars from the target organs.
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CYYACHI YSIBJIEHHS ITPO CTPYKTYPHO-
OYHKIIOHAJBHI OCOBJINBOCTI
EHIOKPUHHUX 3AJI03
SAxymxko O.C.

Jlexuiss - BaxkJMBa JIaHKAa I[0Aa4i TEOPETHYHOTO
Mmarepiany. Jlekuis 3 eHIOKPHUHHOI CHCTEMH B Kypci
ricTosorii 3HaHOMHTb CTYIEHTIB 3 HOBUMH IOTJIAAaMU HA
MopdodyHKIiOHATEHI 0COOIMBOCTI SHAOKPHHHUX 3aJ03, 1X
TOPMOHAJIbHY aKTHBHICTb 1 BIJIMB HA opraHi3M. EHIokpuHHA
CHCTEMa, MOPSJ 3 HEPBOBOI Ta IMyHHOI, BiJHOCHTBCS 10
YHCIIa PEryJIsSTOPHO-IHTErpYrOYnX cucTeM opraHizmy. ITif ii
KOHTpOJIeM IepeOyBae peryssinis HallBaXIMBIINX (QYHKIH
OpraHi3aMy.:  pOCTy,  pENpORYKIii, = pPO3MHOXEHHSI i
nudepeHifoBaHHS KIITHH, OOMiHY pEYOBHH 1 eHeprii,
cekpelii, eKCKpelii, BCMOKTYBaHHsI, HOBEIHKOBHUX peaKiii i
iHIUX. Y winomy, GyHKUi0 €HIOKPHUHHOI CHCTEMH MOXHA
BU3HAYMUTH SIK MiTPUMaHHI TOMEOCTa3y OpraHi3my.

Kuro4oBi ciioBa: eHIOKPUHHI 3aJ1034, TOPMOHH.

Crarrs Hagifinora 15.10.2016.

T

COBPEMEHHBIE TPEJCTABJIEHUS O MOP®O-
OYHKIIMOHAJIBHBIX OCOBEHHOCTAX
SHAOKPUHHBIX KEJIE3
SAxymko E.C.

Jlexkuus - BakHOE 3BEHO 104U TEOPETHUYECKOTO
Marepuana. Jlekuus no SHAOKPUHHOM CHCTEME B Kypce
THCTOJIOTMH 3HAKOMHT CTYJEHTOB C HOBBIMH B3IUISiIaMU Ha
MOpGOQYHKINOHAIBHBIE OCOOCHHOCTH 3HIOKPUHHBIX KEIe3,
UX TOPMOHAIbHYI0 AKTUBHOCTb M BIMSHUE HAa OPraHU3M.
OHJOKpPHUHHAs CHCTEMa, Hapsilly C HEPBHOM U HMMYHHOI,
OTHOCUTCS K YHUCIY PpEryIsSTOPHO-UHTEIPUPYIOIIUX CHCTEM
oprann3Ma. B ee BeleHUM HaXOIWTCS PEryJsIIUs BaKHEHIINX
GyHKIMI opraHu3Ma: pocTa, PENpOIYKIHH, PasMHOXKEHHS U
nuddepeHIPOBKH  KIIETOK, OOMEHa BEIIECTB W JHEpPruH,
CEKpELUH, SKCKPELUH, BCACHIBAHUSA, NMOBEACHUECKUX PEAKIH
u apyrux. B nenom, QyHKUIMS SHAOKPUHHOI CHCTEMBI MOXHO
OIIPEAENUTh KaK MOAJEepKaHIEe TOMEOCTa3a OpraHu3Ma.

KiroueBble ¢J10Ba: DHIOKPUHHBIC XKEIE3bl, TOPMOHBI.
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