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Endocrine glands are ductless glands of the
endocrine system that secrete their products,
hormones, directly into the blood.

he major glands of the endocrine system include
the pineal gland, pituitary gland, pancreas, ovaries,
testes, thyroid gland, parathyroid gland,
hypothalamus and adrenal glands.

The hypothalamus and pituitary glands are
neuroendocrine organs.



1. HISTOLOGY OF ENDOCRINE GLANDS : PINEAL, PITUITARY,
THYROID , PERATHYROID , ADRENAL, PANCREAS ;2.HORMONES
SECRETED BY THEM AND THEIR MECHANISMS OF ACTION

PINEAL,

The pineal gland, conarium, or epiphysis cerebri, is a small endocrine gland in
the brain of most vertebrates. The pineal gland produces melatonin, a
serotonin-derived hormone which modulates sleep patterns in both circadian
and seasonal cycles. The shape of the gland resembles a pine cone from
which it derived its name. The pineal gland is located in the epithalamus, near
the center of the brain, between the two hemispheres, tucked in a groove
where the two halves of the thalamus join. The pineal gland is one of the
neuroendocrine secretory circumventricular organs in which capillaries are
mostly permeable to solutes in the blood



Gross Anatomy

e The epiphysis cerebri is a reddish-grey, approximately 5 — 8
mm long, pine cone-like structure that is located in the
diencephalic part of the prosencephalon (forebrain). The gland
was formed as an outward growth of the roof of the third
ventricle. Therefore, the gland rests between the posterior

aspects of the thalami as it projects posteriorly from the wall of

the third ventricle



It’s attachment to either half of the brain is by the Habenular
commissure and trigone superiorly, and the posterior commissure
inferiorly.

e The Habenular and posterior commissures are a part of the pineal
stalk. The Habenular commissure is a part of the superior lamina of the
stalk, while the posterior commissure is a part of the inferior lamina.
The space between the laminae is known as the pineal recess. It
communicates anteriorly with the hypothalamic sulcus and the third

ventricle.



Structural Relations

 There are several surrounding structures that are useful in grossly
identifying the epiphysis cerebri.

 On acoronal section of the brain (vertically through the cerebellar
hemispheres and pons), the following structural boundaries can be
appreciated

e Superiorly, the splenium of the corpus callosum is observed,

e Super laterally, the choroid plexus of the third ventricle is seen
bilaterally



It varies with changes in day length and this is why the pineal
gland is sometimes referred to as both an endocrine clock and
an endocrine calendar.

Melatonin secreted by the pineal gland is an important part of
the body’s circadian timing system and can synchronise daily

rhythms (see the articles on jet lag and circadian rhythm sleep
disorders).

There is considerable research that shows that without the
pineal gland and its secretion of melatonin, animals are unable
to adapt physiologically to seasonal changes



Structural Relations

e |Inferiorly, the superior and inferior colliculi are seen.In the sagittal
section (along the longitudinal cerebral fissure):the quadrigeminal plate
(in addition to the colliculi) is also readily observed inferiorly,the
Habenular commissure and the thalamus are seen in anterosuperior
relations to the gland,the great cerebral vein of Galen has a
posterosuperior relation to the gland,and the posterior commissure, the
cerebral peduncle and the cerebral aqgueduct of Sylvius lays

anteroinferiorly



What does the pineal gland do?

The pineal gland is best known for the secretion of the
normone melatonin, which is released into the blood and
nossibly also into the brain fluid, known as cerebrospinal fluid.
The body’s daily (circadian) clock controls the production of
pineal melatonin, so melatonin is commonly used in human
research to understand the body’s biological time. There is a
rhythm to the biology of the pineal gland.
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Microanatomy

The pineal body consists in humans of a lobular parenchyma of
pinealocytes surrounded by connective tissue spaces. The gland's
surface is covered by a pial capsule.

The pineal gland consists mainly of pinealocytes, but four other cell
types have been identified.

As it is quite cellular (in relation to the cortex and white matter), it
may be mistaken for a neoplasm.



MICROANATOMY




Cell type

Pinealocytes

Interstitial
cells

Perivascular
phagocytes
Pineal
neurons
Peptidergic
neuron-like
cells

Description

The pinealocytes consist of a cell body with 4-6 processes emerging. They produce and secrete
melatonin. The pinealocytes can be stained by special silver impregnation methods. Their cytoplasm is
lightly basophilic. With special stains, pinealocytes exhibit lengthy, branched cytoplasmic processes that
extend to the connective septa and its blood vessels.

Interstitial cells are located between the pinealocytes. They have elongated nuclei and a cytoplasm that
is stained darker than that of the pinealocytes.

Many capillaries are present in the gland, and perivascular phagocytes are located close to these blood
vessels. The perivascular phagocytes are antigen presenting cells.

In higher vertebrates neurons are usually located in the pineal gland. However, this is not the case in

rodents.

In some species, neuronal-like peptidergic cells are present. These cells might have a paracrine
regulatory function.



11. Histology

The pineal gland is encased by pia mater and lobulated by its connective tissue
septae that projects into the gland. Within the epiphysis cerebri, there are
pinealocytes and neuroglia cells. The pinealocytes account for approximately
95% of the cellular content of the gland. They are irregularly shaped with
peripheral processes, and lightly staining large, round nuclei. Pinealocytes are
primarily concerned with the photo-regulated production of melatonin. This
hormone works with the body’s circadian rhythm (which is controlled by the
suprachiasmatic nucleus of the hypothalamus) to regulate the cycle of sleep

and wakefulness.



Additionally, some researchers believe that melatonin may
alter sexual development in humans, contribute to
thermoregulation, and cellular metabolism.There are also
corpora arenacea (brain sand) bodies present within the gland.
Calcification of these bodies is a common occurrence with
increasing age. As a result, they appear as radiographic
opacities on plain film radiography and can therefore be used

as landmarks.



12. Vascular Supply

e Bilaterally, the vertebral arteries arise from the first part of the
subclavian artery and travels cranially, receiving anastomosing
tributaries from the ascending cervical artery (a branch of the inferior
thyroid artery) along the way. The left and right vertebral arteries
anastomose at the level of the root of the hypoglossal nerve (CN XIl), to
form the basilar artery (which runs along the pons). At the level of the
root of the oculomotor nerve (CN Ill), the basilar artery bifurcates to
form the posterior cerebral artery and the superior cerebellar artery.
The former vessel forms an anastomosis with the internal carotid artery
by way of the posterior communicating artery



13. After the anastomosis, it gives off a posterior medial choroidal
artery that drains to the choroid plexus of the third ventricle, which
provides the pineal gland with oxygenated blood.The internal cerebral
veins drain deoxygenated blood from the pineal gland and join with the
basal vein of Rosenthal and the posterior mesencephalic vein to form
the great cerebral vein of Galen. After receiving tributaries from the
dorsal vein of the corpus callosum and the inferior sagittal sinus, the
great cerebral vein of Galen becomes the straight sinus. This sinus then
terminates at the confluence of sinuses, where it is joined by the
superior sagittal and left and right transverse sinuses. Eventually, these
sinuses drain to the internal jugular vein, which joins the subclavian
vein to become the brachiocephalic vein.




14. Clinical Implications

e Since the epiphysis cerebri is implicated in the regulation of
several intrinsic processes, particularly the sleep-wake cycle,
any fluctuations in its hormonal output will have a ricochet
effect on the individual.

Some studies have suggested that elderly patients with low
nocturnal serum melatonin levels can be treated with
exogenous melatonin, which alleviates their insomnia.
Melatonin therapy has also been shown to have beneficial
effects in children with Angelman syndrome



Function

The primary function of the pineal gland is to produce melatonin. Melatonin
has various functions in the central nervous system, the most important of
which is to help modulate sleep patterns. Melatonin production is stimulated
by darkness and inhibited by light.Light sensitive nerve cells in the retina
detect light and send this signal to the suprachiasmatic nucleus (SCN),
synchronizing the SCN to the day-night cycle. Nerve fibers then relay the
daylight information from the SCN to the paraventricular nuclei (PVN), then to
the spinal cord and via the sympathetic system to superior cervical ganglia
(SCG), and from there into the pineal gland.

The compound pinoline is also claimed to be produced in the pineal gland; it is
one of the beta-carbolines. This claim is subject to some controversy.



Regulation of the pituitary gland

Studies on rodents suggest that the pineal gland influences the pituitary gland's
secretion of the sex hormones, follicle-stimulating hormone (FSH), and luteinizing
hormone (LH). Pinealectomy performed on rodents produced no change in
pituitary weight, but caused an increase in the concentration of FSH and LH

within the gland.

Administration of melatonin did not return the concentrations of FSH to normal
levels, suggesting that the pineal gland influences pituitary gland secretion of FSH
and LH through an undescribed transmitting molecule.

The pineal gland contains receptors for the regulatory neuropeptide, endothelin-
1 which, when injected in picomolar quantities into the lateral cerebral ventricle,
causes a calcium-mediated increase in pineal glucose metabolism



Regulation of bone metabolism
Studies in mice suggest that the pineal-derived melatonin regulates
new bone deposition.

Pineal-derived melatonin mediates its action on the bone cells through
MT?2 receptors.

This pathway could be a potential new target for osteoporosis
treatment as the study shows the curative effect of oral melatonin
treatment in a postmenopausal osteoporosis mouse model



Calcification

Calcification of the pineal gland is typical in young adults, and has been observed
in children as young as two years of age.The internal secretions of the pineal
gland inhibit the development of the reproductive glands because when it is
severely damaged in children, development of the sexual organs and the skeleton
are accelerated.Pineal gland calcification is detrimental to its ability to synthesize
melatonin but has not been shown to cause sleep problems.

The calcified gland is often seen in skull x-rays. Ca
country and correlate with an increase in age, wit
estimated 40% of Americans by age seventeen Ca

cification rates vary widely by
h calcification occurring in an

cification of the pineal gland is

associated with corpora arenacea, also known as "brain sand".



9. What hormones does the pineal gland produce?

e The major hormone produced by the pineal gland is melatonin.

10. What could go wrong with the pineal gland?

e |t is not unusual to see pineal cysts on magnetic resonance imaging (MRI)
scans. These are benign and not harmful. However, on rare occasions, tumours

of the pineal gland are found.



There are some extremely rare reports of precocious puberty
(early puberty) in individuals with pineal gland cysts or
tumours.

It is not clear whether these changes in puberty are caused by
melatonin or some other hormone, such as human chorionic
gonadotrophin, which is reported to be released by some
pineal tumours.

Otherwise, there are no known diseases associated with over
or underactivity of the pineal gland



BRIEF ACCOUNT OF STRUCTURAL FEATURES
HISTOLOGICAL STRUCTURE AND FUNCTION OF
PITUITARY GLAND
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Located at the base of the brain, the pituitary gland is
protected by a bony structure called the sella turcica of the
sphenoid bone.
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In vertebrate anatomy, the pituitary gland, or
hypophysis, is an endocrine gland, about the size of a
pea and weighing 0.5 grams (0.018 oz) in humans. It is a

protrusion off the bottom of the hypothalamus at the
base of the brain.

The hypophysis rests upon the hypophysial fossa of the
sphenoid bone in the center of the middle cranial fossa
and is surrounded by a small bony cavity (sella turcica)
covered by a dural fold (diaphragma sellae).



The anterior pituitary (or adenohypophysis) is a lobe of the gland
that regulates several

physiological processes (including stress, growth, reproduction, and
lactation).

The intermediate lobe synthesizes and secretes melanocyte-
stimulating hormone.

The posterior pituitary (or neurohypophysis) is a lobe of the gland
that is functionally connected to the hypothalamus by the median
eminence via a small tube called the pituitary stalk (also called the

Infundibular stalk or the infundibulum).



Wnes secreted from the pituitary gland help to control
growth, blood pressure, energy management, all functions
of the sex organs, thyroid glands and metabolism as well as
some aspects of pregnhancy, childbirth, breastfeeding,
water/salt concentration at the kidneys, temperature

regulation and pain relief.



Structure
The pituitary gland, in humans, is a pea-sized gland that sits in a protective

bony enclosure called the sella turcica. It is composed of two lobes: anterior
and posterior, with the intermediate lobe that joins the two regions. In many
animals, these three lobes are distinct. The intermediate is avascular and
almost absent in human beings.

The intermediate lobe is present in many animal species, in particular in
rodents, mice and rats, that have been used extensively to study pituitary
development and function.

In all animals, the fleshy, glandular anterior pituitary is distinct from the neural
composition of the posterior pituitary, which is an extension of the

hypothalamus



Anterior pituitary

The anterior pituitary arises from an invagination of the oral ectoderm
(Rathke's pouch). This contrasts with the posterior pituitary, which

originates from neuroectoderm.

Endocrine cells of the anterior pituitary are controlled by regulatory
hormones released by parvocellular neurosecretory cells in the hypothalamic
capillaries leading to infundibular blood vessels, which in

turn lead to a second capillary bed in the anterior pituitary. This vascular
relationship constitutes the hypothalamo-hypophyseal portal system.
Diffusing out of the second capillary bed, the hypothalamic releasing
hormones then bind to anterior pituitary endocrine cells, upregulating or

downregulating their release of hormones.



The anterior lobe of the pituitary can be divided into the pars tuberalis
(pars glandularis) and pars distalis (pars glandularis) that constitutes
~80% of the gland. The pars intermedia (the intermediate lobe) lies
between the pars distalis and the pars tuberalis, and is rudimentary in the
human, although in other species it is more developed.[4] It develops
from a depression in the dorsal wall of the pharynx (stomal part) known
as Rathke's pouch.

The anterior pituitary contains several different types of cells[6] that
synthesize and secrete hormones. Usually there is one type of cell for
each major hormone formed in anterior pituitary. With special stains
attached to high-affinity antibodies that bind with distinctive hormone, at

least 5 types of cells can be differentiated.



SI.No Type of cell Hormonesecreted Percentage of type of cell

1. Somatotropes: human growth hormone (hGH) 30-50%

2. Corticotropes: adrenocorticotropin (ACTH) 20%

3. Thyrotropes thyroid stimulating hormone (TSH) 3-5%

4. Gonadotropes: gonadotropic hormone i.e., both luteinizing hormone (LH) and

follicle stimulating hormone (FSH)3-5%

5. Lactotropes:prolactin (PRL) 3-5%



Posterior pituitary
The posterior lobe develops as an extension of the hypothalamus,
from the floor of the third ventricle. The posterior pituitary hormones

are synthesized by cell bodies in the hypothalamus. The
magnocellular neurosecretory cells, of the supraoptic and
paraventricular nuclei located in the hypothalamus, project axons
down the infundibulum to terminals in the posterior pituitary. This
simple arrangement differs sharply from that of the adjacent
anterior pituitary, which does not develop from the hypothalamus.
The release of pituitary hormones by both the anterior and posterior
lobes is under the control of the hypothalamus, albeit in different

ways



Anatomy and Histology of the Pituitary Gland

The pituitary gland or hypophysis is derived from two embryologically-
distinct tissues. As such, it is composed of both neural and glandular
tissue. Both tissues produce hormones that affect a large number of
physiological processes.

Prior to embarking on the lessons below, it would be best to review the
core section

Functional Anatomy of the Hypothalamus and

Pituitary Gland.

Close examination of a sectioned pituitary gland reveals two closely
apposed, but distinctive tissues called the adenohypophysis (anterior
or glandular pituitary) and neurohypophysis (posterior or neural
pituitary).



The adenohypophysis is further classified into several regions.
The adenohypophysis and neurohypophysis have seperate
embryological origins.

Microscopic examination of the conventionally-stained
adenohypophysis reveals three distinctive cell types called
acidophils, basophils and chromophobes.

This pattern of staining reflects the chemical character of
intracellular hormone-laden granules within the pituitary
cells.

The neurohypophysis is an extension of the hypothalamus. It
composed of bundles of axons from hypothalamic
neurosecretory neurons intermixed with glial cells.
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FUCTIONS OF THE PIYUITARY GLAND

Anterior

The anterior pituitary synthesizes and secretes hormones. All releasing
hormones

(-RH) referred to, can also be referred to as releasing factors (-RF).

Somatotropes :

Human growth hormone (HGH), also referred to as 'growth hormone' (GH), and
also as somatotropin, is released under the influence of hypothalamic growth
hormone-releasing hormone (GHRH), and is inhibited by hypothalamic

somatostatin.



Corticotropes:

Cleaved from the precursor proopiomelanocortin protein, and
Include adrenocorticotropic hormone (ACTH), and beta-
endorphin, and melanocyte-stimulating hormone are released
under the influence of hypothalamic corticotropin-releasing

hormone (CRH).
Thyrotropes:

Thyroid-stimulating hormone (TSH), is released under the
Influence of hypothalamic thyrotropin-releasing hormone (TRH)

and is inhibited by somatostatin.



Gonadotropes:

Luteinizing hormone (LH).
Follicle-stimulating hormone (FSH), both released under influence of

Gonadotropin-releasing Hormone (GnRH)

Lactotropes:

Prolactin (PRL), whose release is inconsistently stimulated by
hypothalamic TRH, oxytocin, vasopressin, vasoactive intestinal
peptide, angiotensin Il, neuropeptide Y, galanin, substance P,
bombesin-like peptides (gastrin-releasing peptide, neuromedin B
and C), and neurotensin, and inhibited by hypothalamic

dopamine.



These hormones are released from the anterior pituitary under the influence of the
hypothalamus. Hypothalamic hormones are secreted to the anterior lobe by way of a
special capillary system, called the hypothalamic-hypophysial portal system.

There is also a non-endocrine cell population called folliculostellate cells.

Intermediate
The intermediate lobe synthesizes and secretes the following important

endocrine hormone:
Melanocyte=stimulating hormone (MSH). This is also produced in the

anterior lobe.[10] When produced in the intermediate lobe, MSHs are

sometimes called "Iintermedins".



Posterior PITUITARY

The posterior pituitary stores and secretes (but does not synthesize) the following
Important
endocrine hormones:

Magnocellular neurons:
Antidiuretic hormone (ADH, also known as vasopressin and arginine
vasopressin AVP), the majority of which is released from the supraoptic

nucleus in the hypothalamus.

Oxytocin, most of which is released from the paraventricular nucleus in the
hypothalamus. Oxytocin is one of the few hormones to create a positive
feedback loop. For example, uterine contractions stimulate the release of
oxytocin from the posterior pituitary, which, in turn, increases uterine

contractions. This positive feedback loop continues throughout labour.



Hormones

Hormones secreted from the pituitary gland help control the following body processes
Growth (GH)

Blood pressure

Some aspects of pregnancy and childbirth including stimulation of uterine contractions

Breast milk production
Sex organ functions in both

sexes Thyroid gland function

Metabolic conversion of food into energy

Water and osmolarity regulation in the body

Water balance via the control of reabsorption of water by the kidneys
Temperature regulation

Pain relief



Clinical significance

A normal-sized hand (left) and the enlarged hand of someone with acromegaly (right)
Main article: Pituitary disease
Some of the diseases involving the pituitary gland are:

Central diabetes insipidus caused by a deficiency of vasopressin

Gigantism and acromegaly caused by an excess of growth hormone in childhood and adult,
respectively

Hypothyroidism caused by a deficiency of thyroid-stimulating hormone

Hyperpituitarism, the increased (hyper) secretion of one or more of the hormones normally
produced by the pituitary gland

Hypopituitarism, the decreased (hypo) secretion of one or more of the hormones normally
produced by the pituitary gland

Panhypopituitarism a decreased secretion of most of the pituitary hormones

Pituitary tumours

Pituitary adenomas, noncancerous tumors that occur in the pituitary gland

All of the functions of the pituitary gland can be adversely affected by an over- or under-
production of associated hormones.

The pituitary gland is important for mediating the stress response, via the hypothalamic—pituitary—
adrenal axis (HPA axis) Critically, pituitary gland growth during adolescence can be altered by
early life stress such as childhood maltreatment or maternal dysphoric behavior.



BRIEF ACCOUNT OF
STRUCTURAL FEATURES
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The thyroid is a butterfly-
shaped gland that sits low on
the front of the neck. Your
thyroid lies below your Adam,s
apple, along the front of the
windpipe. The thyroid has two
side lobes, connected by a
bridge (isthmus) in the middle.
When the thyroid is its

normal size, you can'‘t feel it

Brownish-red in color, the
thyroid is rich with blood
vessels. Nerves important for
voice quality also pass through
the thyroid.



The thyroid secretes several hormones,
collectively called thyroid hormones. The
main hormone is thyroxine, also called
T4. Thyroid hormones act throughout the
body, influencing metabolism, growth and
development, and body temperature.
During infancy and childhood, adequate
thyroid hormone is crucial for brain
development.



STRUCTURE : HISTOLOGY

HISTOLOGY OF
THYROID: Section

of athyroid gland
under the
microscope.

1 colloid,

2 follicular cells,

3 endothelial cells




At the microscopic level, there are three primary features of the thyroid—
follicles, follicular cells, and parafollicular cells, first discovered by Geoffery
Websterson in 1664

Follicles
Thyroid follicles are small spherical groupings of cells
0.02-0.9mm in diameter that play the main role in thyroid

function. They consist of a rim that has a rich blood
supply, nerve and lymphatic presence, that surrounds a
core of colloid that consists mostly of thyroid hormone
precursor proteins called thyroglobulin, an iodinated

glycoprotein



Follicular cells
The core of afollicle is surrounded by a single layer of follicular

cells. When stimulated by thyroid stimulating hormone (TSH), these
secrete the thyroid hormones T3 and T4. They do this by
transporting and metabolising the thyroglobulin contained in the
colloid.[5] Follicular cells vary in shape from flat to cuboid to

columnar, depending on how active they are.

Parafollicular cells
Scattered among follicular cells and in spaces between the

spherical follicles are another type of thyroid cell, parafollicular

cells.[5] These cells secrete calcitonin and so are also called C cells



ANATOMICAI STRUCTURE OF THYROID GLAND
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The thyroid gland is a butterfly-shaped organ composed of two lobes, left and right,

connected by a narrow tissue band, called an "isthmus" It weighs 25 grams in adults,
with each lobe being about 5 cm long, 3 cm wide, and 2 cm thick, and the isthmus
about 1.25 cm in height and width The gland is usually larger in women than in men,
and increases in size during pregnancy.

The thyroid is near the front of the neck, lying against and around the front of the
larynx and trachea. The thyroid cartilage and cricoid cartilage lie just above the gland,
below the Adam's apple. The isthmus extends from the second to third rings of the
trachea, with the uppermost part of the lobes extending to the thyroid cartilage and

the lowermost around the fourth to sixth tracheal rings.



The infrahyoid muscles lie in front of the gland and the sternocleidomastoid muscle to

the side. Behind the outer wings of the thyroid lie the two carotid arteries. The trachea,
larynx, lower pharynx and esophagus all lie behind the thyroid.In this region, the
recurrent laryngeal nerve and the inferior thyroid artery pass next to or in the
ligament. Typically, four parathyroid glands, two on each side, lie on each side
between the two layers of the thyroid capsule, at the back of the thyroid lobes.

The thyroid gland is covered by a thin fibrous capsule,which has an inner and an
outer layer. The inner layer extrudes into the gland and forms the septae that divides

the thyroid tissue into microscopic lobules.



The outer layer is continuous with the pretracheal fascia, attaching the
gland to the cricoid and thyroid cartilage via a thickening of the fascia to
form the posterior suspensory ligament of thyroid gland, also known as
Berry's ligament.This causes the thyroid to move up and down with the

movement of these cartilages when swallowing occurs.

Blood, lymph and nerve supply
The thyroid is supplied with arterial blood from the superior thyroid artery, a
branch of the external carotid artery, and the inferior thyroid artery, a branch

of the thyrocervical trunk, and sometimes by an anatomical variant the
thyroid ima artery, which has a variable origin. The superior thyroid artery
splits into anterior and posterior branches supplying the thyroid, and the

Inferior thyroid artery splits into superior and inferior branches



The superior and inferior thyroid arteries join together behind the
outer part of the thyroid lobes.The venous blood is drained via
superior and middle thyroid veins, which drain to the internal jugular
vein, and via the inferior thyroid veins. The inferior thyroid veins
originate in a network of veins and drain into the left and right
brachiocephalic veins. Both arteries and veins form a plexus
between the two layers of the capsule of the thyroid gland.

Lymphatic drainage frequently passes the prelaryngeal lymph nodes
(located just above the isthmus), and the pretracheal and
paratracheal lymph nodes.The gland receives sympathetic nerve
supply from the superior, middle and inferior cervical ganglion of the
sympathetic trunk. The gland receives parasympathetic nerve supply
from the superior laryngeal nerve and the recurrent laryngeal nerve.



Function:

Diagram explaining the relationship between the thyroid hormones T3 and T4, thyroid
stimulating hormone (TSH), and thyrotropin releasing hormone (TRH)

The thyroid hormones T3 and T4 have a number of metabolic, cardiovascular and
developmental effects on the body. The production is stimulated by release of thyroid

stimulating hormone (TSH), which in turn depends on release of thyrotropin releasing hormone
(TRH). Every downstream hormone has negative feedback and decreases the level of the
hormone that stimulates its release.

Thyroid hormones

Thyroid hormones
The primary function of the thyroid is the production of the iodine-containing thyroid

hormones, tritodothyronine (T3) and thyroxine (T4) and the peptide hormone calcitonin.The
thyroid hormones are created from iodine and tyrosine. T3 is so hamed because it contains

three atoms of iodine per molecule and T4 contains four atoms of iodine per molecule. The

thyroid hormones have a wide range of effects on the human body. These include:
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The thyroid hormones T3 and T4 have a

number of metabolic, cardiovascular
and developmental effects on the

body. The production is stimulated by
release of thyroid stimulating hormone
(TSH), which in turn depends on release
of thyrotropin releasing hormone (TRH).
Every downstream hormone has
negative feedback and decreases the
level of the hormone that stimulates its

release.



Metabolic. The thyroid hormones increase the basal metabolic rate

and have effects on almost all body tissues. Appetite, the absorption
of substances, and gut motility are all influenced by thyroid
hormones. They increase the absorption in the gut, generation,
uptake by cells, and breakdown of glucose. They stimulate the
breakdown of fats, and increase the number of free fatty acids.
Despite increasing free fatty acids, thyroid hormones decrease
cholesterol levels, perhaps by increasing the rate of secretion of

cholesterol in bile



Cardiovascular. The hormones increase the rate and strength of the
heartbeat. They increase the rate of breathing, intake and consumption
of oxygen, and increase the activity of mitochondria. Combined, these

factors increase blood flow and the body's temperature.
Developmental. Thyroid hormones are important for normal
development. They increase the growth rate of young people,and cells
of the developing brain are a major target for the thyroid hormones T3

and T4. Thyroid hormones play a particularly crucial role in brain

maturation during fetal development and first few years of postnatal life



The thyroid hormones also play a role in maintaining normal sexual
function, sleep, and thought patterns. Increased levels are associated
with increased speed of thought generation but decreased focus.
Sexual function, including libido and the maintenance of a normal

menstrual cycle, are influenced by thyroid hormones.

After secretion, only a very small proportion of the thyroid hormones
travel freely in the blood. Most are bound to thyroxine-binding globulin
(about 70%), transthyretin (10%), and albumin (15%). Only the 0.03% of
T4 and 0.3% of T3 traveling freely have hormonal activity. In addition,
up to 85% of the T3 in blood is produced following conversion from T4

by iodothyronine deiodinases in organs around the body.



Thyroid hormones act by crossing the cell membrane and binding to

intracellular nuclear thyroid hormone receptors TR-al,TRa2,TR1
and TR-2, which bind with hormone response elements and
transcription factors to modulate DNA transcription. In addition to
these actions on DNA, the thyroid hormones also act within the cell
membrane or within cytoplasm via reactions with enzymes,
Including calcium ATPase, adenylyl cyclase, and glucose

transporters



HORMONE PRODUCTION: The thyroid hormones are created

from thyroglobulin. This is a protein within the colloid in the
follicular lumen that is originally created within the rough
endoplasmic reticulum of follicular cells and then
transported into the follicular lumen. Thyroglobulin
contains 123 units of tyrosine, which reacts with iodine

within the follicular lumen
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Thyroglobulin is synthesized in the rough endoplasmic reticulum and follows the

secretory pathway to enter the colloid in the lumen of the thyroid follicle by exocytosis.
-Meanwhile, a sodium-iodide (Na/I)symporter pumps iodide (I-)actively into the cell, which
previously has crossed the endothelium by largely unknown mechanisms.

- This iodide enters the follicular lumen from the cytoplasm by the transporter pendrin, ina
purportedly passive manner.

- Inthe colloid, iodide (I-) is oxidized to iodine by an enzyme called thyroid peroxidase.

- lodine (10) is very reactive and iodinates the thyroglobulin at tyrosyl residues in its protein chain
(in total containing approximately 120 tyrosyl residues).

- In conjugation, adjacent tyrosyl residues are paired together.

- The entire complex re-enters the follicular cell by endocytosis.

-Proteolysis by various proteases liberates thyroxine and triiodothyronine molecules, which

enters the blood by largely unknown mechanisms



lodine is essential for the production of the thyroid hormones. lodine
(I0)travels in the blood as iodide (I-), which is taken up into the
follicular cells by a sodium-iodide symporter. This is an ion channel
on the cell membrane which in the same action transports two
sodium ions and an iodide ion into the cell. lodide then travels from
within the cell into the lumen, through the action of pendrin, an
lodide-chloride antiporter. In the follicular lumen, the iodide is then
oxidized to iodine. This makes it more reactive, and the iodine is
attached to the active tyrosine units in thyroglobulin by the enzyme
thyroid peroxidase. This forms the precursors of thyroid hormones

monoiodotyrosine (MIT), and diiodotyrosine (DIT)



When the follicular cells are stimulated by thyroid-stimulating

hormone, the follicular cells reabsorb thyroglobulin from the follicular
lumen. The iodinated tyrosines are cleaved, forming the thyroid
hormones T4, T3, DIT, MIT, and traces of reverse triiodothyronine. T3
and T4 are released into the blood. The hormones secreted from the
gland are about 80—90% T4 and about 10—-20% T3. Deiodinase enzymes
In peripheral tissues remove the iodine from MIT and DIT and convert
T4 to T3 and RT3. This is a major source of both RT3 (95%) and T3

(87%) in peripheral tissues.



Regulation
The production of thyroxine and triiodothyronine is primarily regulated by thyroid-

stimulating hormone (TSH), released by the anterior pituitary gland. TSH release in
turn is stimulated by thyrotropin releasing hormone (TRH), released in a pulsatile
manner from the hypothalamus. The thyroid hormones provide negative feedback to
the thyrotropes TSH and TRH: when the thyroid hormones are high, TSH production
IS suppressed. This negative feedback also occurs when levels of TSH are high,

causing TRH production to be suppressed.

TRH is secreted at an increased rate in situations such as cold exposure in order to
stimulate thermogenesis. In addition to being suppressed by the presence of thyroid
hormones, TSH production is blunted by dopamine, somatostatin, and

glucocorticoids



Calcitonin
Calcitonin

The thyroid gland also produces the hormone calcitonin, which helps regulate blood

calcium levels. Parafollicular cells produce calcitonin in response to high blood calcium.
Calcitonin decreases the release of calcium from bone, by decreasing the activity of
osteoclasts, cells which break down bone. Bone is constantly reabsorbed by osteoclasts
and created by osteoblasts, so calcitonin effectively stimulates movement of calcium into
bone. The effects of calcitonin are opposite those of the parathyroid hormone (PTH)
produced in the parathyroid glands. However, calcitonin seems far less essential than PTH,
since calcium metabolism remains clinically normal after removal of the thyroid

(thyroidectomy), but not the parathyroid glands.



Gene and protein expression

Further information: Bioinformatics § Gene and protein expression

About 20,000 protein coding genes are expressed in human cells:
/0% of these genes are expressed in thyroid cells. Two-hundred fifty
of these genes are more specifically expressed in the thyroid, and
about 20 genes are highly thyroid specific. In the follicular cells, the
proteins synthesized by these genes direct thyroid hormone
synthesis - thyroglobulin, TPO, and IYD; while in the parafollicular c-

cells, they direct calcitonin synthesis - CALCA, and CALCB.



The most common neoplasm affecting the thyroid gland is a benign

adenoma, usually presenting as a painless mass in the
neck.Malignant thyroid cancers are most often carcinomas, although
cancer can occur in any tissue that the thyroid consists of, including
cancer of C-cells and lymphomas. Cancers from other sites also
rarely lodge in the thyroid. Radiation of the head and neck presents
a risk factor for thyroid cancer, and cancer is more common in

women than men, occurring at a rate of about



BRIEF ACCOUNT OF STRUCTURAL FEATURES
HISTOLOGICAL STRUCTURE AND FUNCTION OF
PANCREAS

The pancreas Is a glandular organ in the upper

abdomen, but really it serves as two glands in one: a
digestive exocrine gland and a hormone-producing
endocrine gland. Functioning as an exocrine gland, the
pancreas excretes enzymes to break down the proteins,

lipids, carbohydrates, and nucleic acids in food




The pancreas is an organ of the digestive system and endocrine system of
vertebrates. In humans, it is located in the abdomen behind the stomach
and functions as a gland. The pancreas has both an endocrine and a
digestive exocrine function. As an endocrine gland, it functions mostly to
regulate blood sugar levels, secreting the hormones insulin, glucagon,
somatostatin, and pancreatic polypeptide. As a part of the digestive
system, it functions as an exocrine gland secreting pancreatic juice into
the duodenum through the pancreatic duct. This juice contains
bicarbonate, which neutralizes acid entering the duodenum from the
stomach; and digestive enzymes, which break down carbohydrates,

proteins, and fats in food entering the duodenum from the stomach.



Pancreatic duct
Lobules

Common bile duct
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Duodenum

ANATOMY OF
PANCREAS



STRUCTURE
The pancreas is an organ that in humans lies in the abdomen,
stretching from behind the stomach to the left upper abdomen near

the spleen. In adults, it is about 12-15 centimeters (4.7-5.9in) long,

and salmon-coloured in appearance

Anatomically, the pancreas is divided into a head, neck, body, and talil.
The pancreas stretches from the inner curvature of the duodenum,
where the head surrounds two blood vessels: the superior mesenteric
artery, and vein. The longest part of the pancreas, the body, stretches
across behind the stomach, and the tail of the pancreas ends

adjacent to the spleen



Two ducts, the main pancreatic duct and a smaller accessory pancreatic duct,
run through the body of the pancreas, joining with the common bile duct near
a small ballooning called the ampulla of Vater. Surrounded by a muscle, the

sphincter of Oddi, this opens into the descending part of the duodenum.

Parts
The head of the pancreas sits within the curvature of the duodenum,

and wraps around the superior mesenteric artery and vein. To the right
sits the descending part of the duodenum, and between these travel

the superior and inferior pancreaticoduodenal arteries.



Behind rests the inferior vena cava, and the common bile duct. In
front sits the peritoneal membrane and the transverse colon. A small
uncinate process emerges from below the head, situated behind the

superior mesenteric vein and sometimes artery.

The neck of the pancreas separates the head of the pancreas,
located in the curvature of the duodenum, from the body. The neck
Is about 2cm (0.79 in) wide, and sits in front of where the portal vein
IS formed. The neck lies mostly behind the pylorus of the stomach,
and is covered with peritoneum. The anterior superior
pancreaticoduodenal artery travels in front of the neck of the

pancreas.



The body is the largest part of the pancreas, and mostly lies behind the stomach, tapering
along its length. The peritoneum sits on top of the body of the pancreas, and the transverse
colon in front of the peritoneum Behind the pancreas are several blood vessels, including the
aorta, the splenic vein, and the left renal vein, as well as the beginning of the superior
mesenteric artery. Below the body of the pancreas sits some of the small intestine, specifically
the last part of the duodenum and the jejunum to which it connects, as well as the suspensory
ligament of the duodenum which falls between these two. In front of the pancreas sits the

transverse colon.

The pancreas narrows towards the tail, which sits near to the spleen. It is usually between 1.3—-
3.5cm (0.51-1.38in) long, and sits between the layers of the ligament between the spleen

and the left kidney. The splenic artery and vein, which also passes behind the body of the

pancreas, pass behind the tail of the pancreas.|



HISTOLOGICAL STRUCTURE OF PANCREAS

This image shows a pancreatic
Islet when pancreatic tissue is
stained and viewed under a
microscope. Parts of the digestive
("exocrine") pancreas can be
seen around the islet, more
darkly. These contain hazy dark
purple granules of inactive

digestive enzymes (zymogens).




The pancreas contains tissue with an endocrine and exocrine role, and this divisionis

also visible when the pancreas is viewed under a microscope.

The majority of pancreatic tissue has a digestive role. The cells with this role form
clusters (Latin: acini) around small ducts, and are arranged in lobes that have thin
fiborous walls. The cells of each acinus secrete inactive digestive enzymes called
zymogens into the small intercalated ducts which they surround. In each acinus, the
cells are pyramid-shaped and situated around the intercalated ducts, with the nuclei
resting on the basement membrane, a large endoplasmic reticulum, and a number of
zymogen granules visible within the cytoplasm. The intercalated ducts drain into larger
intralobular ducts within the lobule, and finally interlobular ducts. The ducts are lined by

a single layer of column-shaped cells



There is more than one layer of cells as the diameter of the ductsincreases.

The tissues with an endocrine role within the pancreas exist as clusters of cells called

pancreatic islets (also called islets of Langerhans) that are distributed throughout the
pancreas. Pancreatic islets contain alpha cells, beta cells, and delta cells, each of which
releases a different hormone. These cells have characteristic positions, with alpha cells
(secreting glucagon) tending to be situated around the periphery of the islet, and beta
cells (secreting insulin) more numerous and found throughout the islet. Enterochromaffin
cells are also scattered throughout the islets. Islets are composed of up to 3,000 secretory
cells, and contain several small arterioles to receive blood, and venules that allow the

hormones secreted by the cells to enter the systemic circulation.



Function

The pancreas is involved in blood sugar control and metabolism

within the body, and also in the secretion of substances (collectively
pancreatic juice) that help digestion. These are divided into an
"endocrine" role, relating to the secretion of insulin and other
substances within pancreatic islets that help control blood sugar
levels and metabolism within the body, and an "exocrine" role,
relating to the secretion of enzymes involved in digesting substances

In the digestive tract



BLOOD GLUCOSE REGULATION: Cells within the pancreas help

to maintain blood glucose levels (homeostasis). The cells that do this

are located within the pancreatic islets that are present throughout the
pancreas. When blood glucose levels are low, alpha cells secrete

glucagon, which increases blood glucose levels. When blood glucose
levels are high beta cells secrete insulin to decrease glucose in blood.

Delta cells in the islet also secrete somatostatin which decreases the

release of insulin and glucagon.



Glucagon acts to increase glucose levels by promoting the creation of glucose and

the breakdown of glycogen to glucose in the liver. It also decreases the uptake of
glucose in fat and muscle. Glucagon release is stimulated by low blood glucose or
Insulin levels, and during exercise.Insulin acts to decrease blood glucose levels by
facilitating uptake by cells (particularly skeletal muscle), and promoting its use in the
creation of proteins, fats and carbohydrates. Insulin is initially created as a precursor
form called preproinsulin. This is converted to proinsulin and cleaved by C-peptide to
Insulin which is then stored in granules in beta cells. Glucose is taken into the beta
cells and degraded. The end effect of this is to cause depolarisation of the cell

membrane which stimulates the release of the insulin.



The main factor influencing the secretion of insulin and glucagon are the levels of glucose in blood

plasma.Low blood sugar stimulates glucagon release, and high blood sugar stimulates insulin release.

DIGESTION:The pancreas plays a vital role in the digestive system. It does this by

secreting a fluid that contains digestive enzymes into the duodenum, the first part of the
small intestine that receives food from the stomach. These enzymes help to break down
carbohydrates, proteins and lipids (fats). This role is called the "exocrine" role of the
pancreas. The cells that do this are arranged in clusters called acini. Secretions into the
middle of the acinus accumulate in intralobular ducts, which drain to the main pancreatic

duct, which drains directly into the duodenum. About 1.5 - 3 liters of fluid are secreted In

this manner every day



The cells in each acinus are filled with granules containing the digestive enzymes. These
are secreted in an inactive form termed zymogens or proenzymes. When released into the
duodenum, they are activated by the enzyme enterokinase present in the lining of the

duodenum. The proenzymes are cleaved, creating a cascade of activating enzymes.

Enzymes that break down proteins begin with activation of trypsinogen to trypsin. The free

trypsin then cleaves the rest of the trypsinogen, as well as chymotrypsinogen to its active

form chymotrypsin.

Enzymes secreted involved in the digestion of fats include lipase, phospholipase A2,

lysophospholipase, and cholesterol esterase.

Enzymes that breakdown starch and other carbohydrates include amylase



BRIEF ACCOUNT OF STRUCTURAL FEATURES
HISTOLOGICAL STRUCTURE AND FUNCTION
OF ADRINAL GLAND

The adrenal glands (also known as

MEDICALNEWSTODAY

Adrenal Glands

adrenal glands

suprarenal glands) are endocrine glands

that produce a variety of hormones
Including adrenaline and the steroids
aldosterone and cortisol. They are found
above the kidneys. Each gland has an

outer cortex which produces steroid

hormones and an inner medulla.



The adrenal cortex itself is divided into three zones: the zona glomerulosa, the zona fasciculate

and the zonareticularis.

The adrenal cortex produces three main types of steroid hormones: mineralocorticoids,
glucocorticoids, and androgens. Mineralocorticoids (such as aldosterone) produced in the
zona glomerulosa help in the regulation of blood pressure and electrolyte balance. The
glucocorticoids cortisol and cortisone are synthesized in the zona fasciculata; their functions
Include the regulation of metabolism and immune system suppression. The innermost layer of
the cortex, the zona reticularis, produces androgens that are converted to fully functional sex
hormones in the gonads and other target organs.The production of steroid hormones is called
steroidogenesis, and involves a number of reactions and processes that take place in cortical
cells. The medulla produces the catecholamines, which function to produce a rapid response

throughout the body in stress situations.



Adrenal gland

The adrenal glands lie above
the kidneys.

Kidney



Structure
The adrenal glands are located on both sides of the body in the retroperitoneum, above and

slightly medial to the kidneys. In humans, the right adrenal gland is pyramidal in shape,
whereas the left is semilunar or crescent shaped and somewhat larger. The adrenal glands
measure approximately 3 cm in width, 5.0 cm in length, and up to 1.0 cm in thickness. Their
combined weight in an adult human ranges from 7 to 10 grams. The glands are yellowish in
colour.

The adrenal glands are surrounded by a fatty capsule and lie within the renal fascia, which
also surrounds the kidneys. A weak septum (wall) of connective tissue separates the glands
from the kidneys. The adrenal glands are directly below the diaphragm, and are attached to

the crura of the diaphragm by the renal fascia.

Each adrenal gland has two distinct parts, each with a unique function, the outer adrenal

cortex and the inner medulla, both of which produce hormones



Adrenal cortex
Section of human adrenal gland under the microscope, showing its different layers.

From the surface to the center: zona glomerulosa, zona fasciculata, zona reticularis,
medulla. In the medulla, the central adrenomedullary vein is visible.

The adrenal cortex is the outermost layer of the adrenal gland. Within the cortex are
three layers, called "zones". When viewed under a microscope each layer has a distinct
appearance, and each has a different function.The adrenal cortex is devoted to

production of hormones, namely aldosterone, cortisol, and androgens.

Zona glomerulosa

The outermost zone of the adrenal cortex is the zona glomerulosa. It lies immediately
under the fibrous capsule of the gland. Cells in this layer form oval groups, separated by
thin strands of connective tissue from the fibrous capsule of the gland and carry wide

capillaries.



This layer is the main site for production of aldosterone, a mineralocorticoid, by
the enzyme aldosterone synthase. Aldosterone plays an important

role in the long-term regulation of blood pressure.

Fascinated area
The zona fasciculata is situated between the zona glomerulosa and zona

reticularis. Cells in this layer are responsible for producing glucocorticoids
such as cortisol. It is the largest of the three layers, accounting for nearly 80%
of the volume of the cortex. In the zona fasciculata, cells are arranged in
columns

radially oriented towards the medulla. Cells contain numerous lipid droplets,



Zona reticularis
cortical layer, the zona reticularis, lies directly adjacent to the

medulla. It produces androgens, mainly dehydroepiandrosterone (DHEA), DHEA
sulfate (DHEA-S), and androstenedione (the precursor to testosterone) in

humans. Its small cells form irregular cords and clusters, separated by

capillaries and connective tissue. The cells contain relatively small quantities of

cytoplasm and lipid droplets, and sometimes display brown lipofuscin pigment.
Adrenal medulla

The adrenal medulla is at the centre of each adrenal gland, and is surrounded
by the adrenal cortex. The chromaffin cells of the medulla are the body's main

source of the catecholamines adrenaline and noradrenaline, released by the
medulla. Approximately 20% noradrenaline (norepinephrine) and 80%

adrenaline (epinephrine) are secreted here.



The adrenal medulla is driven by the sympathetic nervous system via

preganglionic fibers originating in the thoracic spinal cord, from

vertebrae Because it is innervated by preganglionic nerve fibers, the

adrenal medulla can be considered as a specialized sympathetic

ganglion. Unlike other sympathetic ganglia, however, the adrenal

medulla lacks distinct synapses and releases its secretions directly

Into the blood.



FUNCTION  OF ADRENAL GLAND
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The adrenal gland secretes a number of different hormones which are metabolised by
enzymes either within the gland or in other parts of the body. These hormones are

Involved in a number of essential biological functions.

Corticosteroids
Corticosteroids are a group of steroid hormones produced from the cortex
of the adrenal gland, from which they are named. Corticosteroids are

named according to their actions:

Mineralocorticoids such as aldosterone regulate salt ("mineral™) balance
and blood volume.

Glucocorticoids such as cortisol influence metabolism rates of proteins,

fats and sugars ("glucose")



Mineralocorticoids
The adrenal gland produces aldosterone, a mineralocorticoid, which is important

In the regulation of salt ("mineral”) balance and blood volume. In the kidneys,
aldosterone acts on the distal convoluted tubules and the collecting ducts by
Increasing the reabsorption of sodium and the excretion of both potassium and
hydrogen ions. Aldosterone is responsible for the reabsorption of about 2% of
filtered glomerular filtrate. Sodium retention is also a response of the distal colon
and sweat glands to aldosterone receptor stimulation. Angiotensin Il and
extracellular potassium are the two main regulators of aldosterone
production.The amount of sodium present in the body affects the extracellular
volume, which in turn influences blood pressure. Therefore, the effects of
aldosterone in sodium retention are important for the regulation of blood

pressure.



Glucocorticoids

Cortisol is the main glucocorticoid in humans. In species that do not create cortisol,

this role is played by corticosterone instead. Glucocorticoids have many effects on

metabolism. As their name suggests, they increase the circulating level of glucose.
This is the result of an increase in the mobilization of amino acids from protein and the
stimulation of synthesis of glucose from these amino acids in the liver. In addition, they
Increase the levels of free fatty acids, which cells can use as an alternative to glucose
to obtain energy. Glucocorticoids also have effects unrelated to the regulation of blood
sugar levels, including the suppression of the immune system and a potent anti-
Inflammatory effect. Cortisol reduces the capacity of osteoblasts to produce new bone

tissue and decreases the absorption of calcium in the gastrointestinal tract.



The adrenal gland secretes a basal level of cortisol but can also produce

bursts of the hormone in response to adrenocorticotropic hormone
(ACTH) from the anterior pituitary. Cortisol is not evenly released during
the day —its concentrations in the blood are highest in the early morning
and lowest in the evening as a result of the circadian rhythm of ACTH

secretion. Cortisone is an inactive product of the action of the enzyme

11B-HSD on cortisol. The reaction catalyzed by 11B-HSD is reversible,
which means that it can turn administered cortisone into cortisol, the

biologically active hormone.
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Formation: Steroidogenesis in the adrenal glands —different steps occur in
layers of the gland

All corticosteroid hormones share cholesterol as a common precursor.
Therefore, the first step in steroidogenesis is cholesterol uptake or synthesis.

Cells that produce steroid hormones can acquire cholesterol through two
paths. The main source is through dietary cholesterol transported via the blood
as cholesterol esters within low density lipoproteins (LDL). LDL enters the cells
through receptor-mediated endocytosis. The other source of cholesterol is
synthesis in the cell's endoplasmic reticulum. Synthesis can compensate when
LDL levels are abnormally low. In the lysosome, cholesterol esters are

converted to free cholesterol, which is then used for steroidogenesis or stored

In the cell
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Regulation

Negative feedback in the HPA axis
Glucocorticoids are under the regulatory influence of the hypothalamus-pituitary-

adrenal (HPA) axis. Glucocorticoid synthesis is stimulated by adrenocorticotropic
hormone (ACTH), a hormone released into the bloodstream by the anterior pituitary. In
turn, production of ACTH is stimulated by the presence of corticotropin-releasing
hormone (CRH), which is released by neurons of the hypothalamus. ACTH acts on the
adrenal cells first by increasing the levels of StAR within the cells, and then of all
steroidogenic P450 enzymes. The HPA axis is an example of a negative feedback
system, in which cortisol itself acts as a direct inhibitor of both CRH and ACTH
synthesis. The HPA axis also interacts with the immune system through increased

secretion of ACTH at the presence of certain molecules of the inflammatory response



Mineralocorticoid secretion is regulated mainly by the renin—

angiotensin—aldosterone system (RAAS), the concentration of
potassium, and to a lesser extent the concentration of ACTH. Sensors
of blood pressure in the juxtaglomerular apparatus of the kidneys
release the enzyme renin into the blood, which starts a cascade of
reactions that lead to formation of angiotensin Il. Angiotensin
receptors in cells of the zona glomerulosa recognize the substance,

and upon binding they stimulate the release of aldosterone.



Catecholamines
referred to in the United States as epinephrine and norepinephrine, adrenaline and

noradrenaline are catecholamines, water-soluble compounds that have a structure made of

catechol group and an amine group. The adrenal glands are responsible for most of the
adrenaline that circulates in the body, but only for a small amount of circulating
noradrenaline.These hormones are released by the adrenal medulla, which contains a dense
network of blood vessels. Adrenaline and noradrenaline act at adrenoreceptors throughout the
body, with effects that include an increase in blood pressure and heart rate. actions of
adrenaline and noradrenaline are responsible for the fight or flight response, characterised by
a quickening of breathing and heart rate, an increase in blood pressure, and constriction of

blood vessels in many parts of the body.



Formation
Catecholamines are produced in chromaffin cells in the medulla of the adrenal gland,

from tyrosine, a non-essential amino acid derived from food or produced from

phenylalanine in the liver.

Glucocorticoids produced in the adrenal cortex stimulate the synthesis of

catecholamines by increasing the levels of tyrosine hydroxylase and PNMT.

Catecholamine release is stimulated by the activation of the sympathetic nervous
system. Splanchnic nerves of the sympathetic nervous system innervate the medulla of
the adrenal gland. When activated, it evokes the release of catecholamines from the

storage granules by stimulating the opening of calcium channels in the cell membrane.



Androgens

Cells in zona reticularis of the adrenal glands produce male sex

hormones, or androgens, the most important of which is DHEA. In
general, these hormones do not have an overall effect in the male
body, and are converted to more potent androgens such as
testosterone and DHT or to estrogens (female sex hormones) in the

gonads, acting in this way as a metabolic intermediate



HISTOLOGY OF ADRENAL GLAND

' Cortex

Adrenal cortex tissue is derived from the intermediate mesoderm. It first
appears 33 days after fertilization, shows steroid hormone production
capabilities by the eighth week and undergoes rapid growth during the first
’ster of pregnancy. The fetal adrenal cortex is different from its adult
counterpart, as it is composed of two distinct zones: the inner "fetal" zone,
\ whith carries most of the hormone-producing activity, and the outer
"definitive" zone, which is in a proliferative phase. The fetal zone produces
arge amounts of adrenal androgens (male sex hormones) that are used by

placenta for estrogen biosynthesis



Cortical development of the adrenal gland is regulated mostly by ACTH,
a hormone produced by the pituitary gland that stimulates cortisol
synthesis. During midge station, the fetal zone occupies most of the
cortical volume and produces 100—-200 mg/day of DHEA-S, an androgen
and precursor of both androgens and estrogens (female sex
hormones).Adrenal hormones, especially glucocorticoids such as
cortisol, are essential for prenatal development of organs, particularly
for the maturation of the lungs. The adrenal gland decreases in size
after birth because of the rapid disappearance of the fetal zone, with a

corresponding decrease in androgen secretion



Medulla
The adrenal medulla is derived from neural crest cells, which come from the ectoderm layer

of the embryo. These cells migrate from their initial position and aggregate in the vicinity of
the dorsal aorta, a primitive blood vessel, which activates the differentiation of these cells
through the release of proteins known as BMPs. These cells then undergo a second migration
from the dorsal aorta to form the adrenal medulla and other organs of the sympathetic
nervous system. Cells of the adrenal medulla are called chromaffin cells because they
contain granules that stain with chromium salts, a characteristic not present in all
sympathetic organs. Glucocorticoids produced in the adrenal cortex were once thoughtto be
responsible for the differentiation of chromaffin cells. More recent research suggests that
BMP-4 secreted in adrenal tissue is the main responsible for this, and that glucocorticoids

only play arole in the subsequent development of the cells.



Clinical significance

The normal function of the adrenal gland may be impaired by

conditions such as infections, tumors, genetic disorders and
autoimmune diseases, or as a side effect of medical therapy. These
disorders affect the gland either directly (as with infections or
autoimmune diseases) or as aresult of the dysregulation of hormone
production (as in some types of Cushing's syndrome) leading to an

excess or insufficiency of adrenal hormones and the related symptoms.



Cushing's
syndrome
Cushing's syndrome is the manifestation of glucocorticoid excess. It can be the result

of a prolonged treatment with glucocorticoids or be caused by an underlying disease

which produces alterations in the HPA axis or the production of cortisol. Causes can
be further classified into ACTH-dependent or ACTH-independent. The most common
cause of endogenous Cushing's syndrome is a pituitary adenoma which causes an
excessive production of ACTH. The disease produces a wide variety of signs and

symptoms which include obesity, diabetes, increased blood pressure, excessive body

hair (hirsutism), osteoporosis, depression, and most distinctively, stretch marks in the

skin, caused by its progressive thinning



Primary

aldosteronism
When the zona glomerulosa produces excess aldosterone,

the result is primary aldosteronism. Causes for this
condition

are bilateral hyperplasia (excessive tissue growth) of the
glands, or aldosterone-producing adenomas (a condition

called Conn's syndrome). Primary aldosteronism produces

hypertension and electrolyte imbalance, increasing

potassium depletion sodium retention



Addison's disease

Characteristic skin hyperpigmentation in Addison's disease

Addison's disease refers to primary hypoadrenalism, which is a
deficiency in glucocorticoid and mineralocorticoid production by the
adrenal gland. In the Western world, Addison's disease is most
commonly an autoimmune condition, in which the body produces
antibodies against cells of the adrenal cortex. Worldwide, the disease is
more frequently caused by infection, especially from tuberculosis. A
distinctive feature of Addison's disease is hyperpigmentation of the skin,

which presents with other nonspecific symptoms such as fatigue.
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Testicle or testis (plural testes) is the male reproductive gland or gonad

In all animals, including humans. It is homologous to the female ovary.

The functions of the testes are to produce both sperm and androgens,

primarily testosterone. Testosterone release is controlled by the

anterior pituitary luteinizing hormone; whereas sperm production is

controlled both by the anterior pituitary follicle-stimulating hormone

and gonadal testosterone.



Structure

Male gonad (testes, left) and female gonad (ovaries, right)

Males have two testicles of similar size contained within the scrotum, which is an
extension of the abdominal wall. Scrotal asymmetry is not unusual: one testicle extends

farther down into the scrotum than the other due to differences in the anatomy of the

vasculature.

Measurement
The volume of the testicle can be estimated by palpating it and comparing it to
ellipsoids of known sizes. Another method is to use calipers (an orchidometer) or aruler

either on the person or on an ultrasound image to obtain the three measurements of the
X, Y, and z axes (length, depth and width). These measurements can then be used to

calculate the volume, using the formula for the volume of an ellipsoid:



Internal structure

Transverse section through the left side of the scrotum and the left testis.

Duct system

The testes are covered by a tough membranous shell called the tunica albuginea. Within the
testes are very fine coiled tubes called seminiferous tubules. The tubules are lined with a
layer of cells (germ cells) that develop from puberty through old age into sperm cells (also
known as spermatozoa or male gametes). The developing sperm travel through the
seminiferous tubules to the rete testis located in the mediastinum testis, to the efferent
ducts, and then to the epididymis where newly created sperm cells mature (see
spermatogenesis). The sperm move into the vas deferens, and are eventually expelled

through the urethra and out of the urethral orifice through muscular contractions.



Primary cell types

Within the seminiferous tubules

Here, germ cells develop into spermatogonia, spermatocytes, spermatids and

spermatozoon through the process of spermatogenesis. The gametes contain
DNA for fertilization of an ovum

Sertoli cells =the true epithelium of the seminiferous epithelium, critical for the
support of germ cell development into spermatozoa. Sertoli cells secrete
Inhibin.

Peritubular myoid cells surround the seminiferous

tubules. Between tubules (interstitial cells)



Between tubules (interstitial cells)
Leydig cells —cells localized between seminiferous tubules that produce and secrete

testosterone and other androgens important for sexual development and puberty,
secondary sexual characteristics like facial hair, sexual behavior and libido, supporting

spermatogenesis and erectile function. Testosterone also controls testicular

volume.
Also present are:
Immature Leydig cells

Interstitial macrophages and epithelial cells.



Blood supply and lymphatic drainage
and lymphatic drainage of the testes and scrotum are distinct:

The paired testicular arteries arise directly from the abdominal aorta and descendthrough the
iInguinal canal, while the scrotum and the rest of the external genitalia is supplied by the internal
pudendal artery (itself a branch of the internal iliac artery).

The testis has collateral blood supply from 1. the cremasteric artery (a branch of the inferior
epigastric artery, which is a branch of the external iliac artery), and 2. the artery to the ductus
deferens (a branch of the inferior vesical artery, which is a branch of the

Internal iliac artery). Therefore, if the testicular artery is ligated, e.g., during a Fowler- Stevens
orchiopexy for a high undescended testis, the testis will usually survive on these other blood

supplies.



Lymphatic drainage of the testes follows the testicular arteries back
to the paraaortic lymph nodes, while lymph from the scrotum drains

to the inguinal lymph nodes.

Layers:Layers of the Scrotum.ogv

3D anatomy of the layers surrounding the testis.
Many anatomical features of the adult testis reflect its

developmental origin in the abdomen. The layers of tissue enclosing
each testicle are derived from the layers of the anterior abdominal
wall. Notably, the cremasteric muscle arises from the internal

obligue muscle.
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The female gonads are called the ovaries. In this article, we will initially look at the basic function, location,
components and clinical significance of the ovaries. The latter part of the article will cover the ligaments

associated with the ovaries and their vasculature, lymphatic drainage and innervatio

In both the males and females, the gonads develop within the mesonephric ridge and descendthrough

the abdomen. However, unlike the testes, the ovaries stop in the pelvis.

The ovaries are paired, oval organs attached to the posterior surface of the broad ligament of the uterus

by the mesovarium (a fold of peritoneum, continuous with the outer surface of the ovaries).

Neurovascular structures enter the hilum of the ovary via the mesovarium.

The main functions of the ovaries are:

To produce oocytes (female gametes) in preparation for fertilization.
To produce the sex steroid hormones estrogen and progesterone, in response to pituitary gonadotrophins

(LH and FSH).



The ovary is an organ found in the female reproductive system that

produces an ovum. When released, this travels down the fallopian

tube into the uterus, where it may become fertilized by a sperm.

There is an ovary (from Latin ovarium 'egg, nut') found on each side

of the body. The ovaries also secrete hormones that play arole in
the menstrual cycle and fertility. The ovary progresses through many
stages beginning in the prenatal period through menopause. It is
also an endocrine gland because of the various hormones that it

secretes



Structure
The ovaries are considered the female gonads.[2] Each ovary is whitish in
color and located alongside the lateral wall of the uterus in aregion called

the ovarian fossa. The ovarian fossa is the region that is bounded by the
external iliac artery and in front of the ureter and the internal iliac artery. This
areais about4cmx3cm Xx 2cm in size.

The ovaries are surrounded by a capsule, and have an outer cortex and an
iInner medulla. The capsule is of dense connective tissue and is known as the

tunica albuginea.

Usually, ovulation occurs in one of the two ovaries releasing an egg each

menstrual cycle.



The side of the ovary closest to the fallopian tube is connected to it by
Infundibulopelvic ligament, and the other side points downwards

attached to the uterus via the ovarian ligament.

Other structures and tissues of the ovaries include the hilum.

Ligaments
The ovaries lie within the peritoneal cavity, on either side of the uterus, to
which they are attached via a fibrous cord called the ovarian ligament. The

ovaries are uncovered in the peritoneal cavity but are tethered to the body
wall via the suspensory ligament of the ovary which is a posterior
extension of the broad ligament of the uterus. The part of the broad

ligament of the uterus that covers the ovary is known as the mesovarium.



The surface of the ovaries is covered with membrane consisting of a lining of

simple cuboidal-to-columnar shaped mesothelium, called the germinal

epithelium.
The outer layer is the ovarian cortex, consisting of ovarian follicles and
stroma in between them. Included in the follicles are the cumulus
oophorus, membrana granulosa (and the granulosa cells inside it),
coronaradiata, zona pellucida, and primary oocyte. Theca of follicle,
antrum and liquor folliculi are also contained in the follicle. Also in the
cortex is the corpus luteum derived from the follicles. The innermost
layer is the ovarian medulla.[8] It can be hard to distinguish between
the cortex and medulla, but follicles are usually not found in the

medulla.



Micrograph of the ovarian cortex from a
rhesus monkey showing several round
follicles embedded in a matrix of stromal
cells. A secondary follicle sectioned
through the nucleus of an oocyte is at
the upper left, and earlier stage follicles
are at the lower right. The tissue was
stained with the dyes hematoxylin and

eosin

Follicular cells are flat epithelial cells that originate from surface epithelium covering the ovary, are
surrounded by Granulosa cells - that have changed from flat to cuboidal and proliferated to produce a

stratified epithelium



Function
At puberty, the ovary begins to secrete increasing levels of hormones.
Secondary sex characteristics begin to develop in response to the

hormones. The ovary changes structure and function beginning at puberty.
Since the ovaries are able to regulate hormones, they also play an

Important role in pregnancy and fertility. When egg cells (oocytes) are
released from the Fallopian tube, a variety of feedback mechanisms
stimulate the endocrine system which cause hormone levels to change.
These feedback mechanisms are controlled by the hypothalamus and
pituitary gland. Messages from the hypothalamus are sent to the pituitary
gland. In turn, the pituitary gland releases hormones to the ovaries. From this

signhaling, the ovaries release their own hormones.



Gamete production: Oogenesis
The ovaries are the site of production and periodical release of egg cells, the female gametes. In

the ovaries, the developing egg cells (or oocytes) mature in the fluid-filled

The process of ovulation and gamete production, oogenesis, in a human ovary.

follicles. Typically, only one oocyte develops at a time, but others can also mature

simultaneously. Follicles are composed of different types and number of cells according to the

stage of their maturation, and their size is indicative of the stage of oocyte development.

When the oocyte finishes its maturation in the ovary, a surge of luteinizing hormone secreted by
the pituitary gland stimulates the release of the oocyte through the rupture of the follicle, a
process called ovulation.[13] The follicle remains functional and reorganizes into a corpus luteum,
which secretes progesterone in order to prepare the uterus for an eventual implantation of the

embryo.
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Hormone secretion
At maturity, ovaries secrete estrogen, androgen, inhibin, and progestogen.
In women before menopause, 50% of testosterone is produced by the

ovaries and released directly into the blood stream. The other 50% of
testosterone in the blood stream is made from conversion of the adrenal
pre-androgens ( DHEA and androstenedione) to testosterone in other parts
of the body. Estrogen is responsible for the appearance of secondary sex
characteristics for females at puberty and for the maturation and
maintenance of the reproductive organs in their mature functional state.
Progesterone prepares the uterus for pregnancy, and the mammary

glands for lactation. Progesterone functions with estrogen by promoting

menstrual cycle changes in the endometrium
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3. CLASSIFICATION OF
HORMONES
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Hormones can be classified according

to their chemical nature, mechanism
of action, nature of action, their
effects, and stimulation of Endocrine
glands. i. This category of hormones
are divided to six classes, they are
hormones steroid; amines; peptide;
protein; glycoprotein and eicosanoid.




Hormones:

Hormones are the chemical messenger produced in small amount by endocrine glands, secre
stream to control metabolism and biological activities in target cell or organs.

Characteristics or properties of hormone
Low molecular weight

Small soluble organic molecules
Rate of diffusion is very high and are readily oxidized but the effect does not remains consta
It is effective in low concentration

Travels in blood

It has its target site different from where it is produce and is specific to a particular target

Hormones are non-specific for organisms and may influences body process of other individuals
Functions of hormones

Regulatory and homeostasis functions

Maintain consistency of interior of cell

Permissive functions; movement of substance in and out of cell
Integrative function; usually balance two system

Developmental function; helps in development of foetus



Classification of hormone

Hormones are classified

A.On the basis of chemical nature

B.On the basis of mechanism of hormone action
Group | hormone

Group Il hormone

A. On the basis of chemical nature:

Protein hormones: insulin, glucagon

Steroid hormone: sex hormones, glucocorticoids

Aminoacids derivatives hormones: epinephrine, nor epinephrine etc




B. On the basis of mechanism of hormone action
1. Group | hormone (lipophilic hormone):

These hormones are lipophilic in nature.

They are mostly derivatives of cholesterol.

These hormones binds to intracellular receptors

Example: Steroid hormones, Estrogen, androgen, glucocorticoids, cholcalciferol,
thyroxine etc

2. Group Il hormones (water soluble hormone):

These hormones binds to cell surface receptors and stimulates the
of certain molecules

(secondary messengers) to perform biochemical functions



On the basis of secondary messengers group Il hormones are of
types;

i. Secondary messenger is CAMP:

eg. Adrenocorticotropic hormone, FSH, LH, PTH,ADH, calcitonin,
glucagon,

ii. Secondary messenger is phosphotidylinocitol/calcium or both:

eg. Acetylcholine, vasopressin, cholecystokinin, gastrin, gonadotropin
releasing hormone, thyrotropin releasing hormone,

Insulin, chorynoic somato mamotropin, epidermal growth factors,
fibroblast growth factors, GH,
Prolactin

iii. Secondary messenger is cGMP:
Atrial natriuretic peptide (ANP)



\

Hormones can be categorised into three distinct groups according to their chemical composition

The three types of hormones are steroid hormones, peptide hormones and amino acid derivatives
The different types of hormones will have different mechanisms of action due to their distinct ch

properties

Steroid Hormones

Steroid hormones are lipophilic (fat-loving) - meaning they can freely diffuse across the plasma m
of a cell

They bind to receptors in either the cytoplasm or nucleus of the target cell, to form an active rece
hormone complex

This activated complex will move into the nucleus and bind directly to DNA, acting as a trans
for gene expression

Examples of steroid hormones include those produced by the gonads (i.e. estrogen, pr

testosterone)
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Peptide Hormones: peptide hormones are hydrophylic and'lipophobi
hating) - meaning they cannot freely cross the plasma membrane

They bind to receptors on the surface of the cell, which are typically co
internally anchored proteins (e.g. G proteins)

The receptor complex activates a series of intracellular molecules call
messengers, which initiate cell activity

This process is called signal transduction, because the external signal (h
is transduced via internal intermediaries

Examples of second messengers include cyclic AMP (cAMP), calcium io
nitric oxide (NO) and protein kinases
The use of second messengers enables the amplification of the initi
more molecules are activated)

Peptide hormones include insulin, glucagon, leptin, ADH and o
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Amine Hormones

Amine hormones are derived from the
amino acid tyrosine and include adrenaline,
thyroxin and triiodothyronine

Amine hormones do not all share identical
properties and have properties common to

both peptide and steroid hormones




Synthesis

Peptide

Synthesised as prohormones,
requiring further processing
(e.g. cleavage) to activate

Steroid

Synthesised in a series of
reactions from cholesterol

\

Amino acid derivative

Synthesised from the
amino acid tyrosine

Storage

Stored in vesicles
(regulatory secretion)

Released immediately
(constitutive secretion)

Stored before release
(storage mechanism varies)

Solubility

Most are polar and water soluble,
can travel freely in the blood

Generally non-polar and require
carrier proteins to travel in blood

Some are polar (adrenaline),
others must be protein-bound

Receptors

Bind receptors on cell membrane
and transduce signal via the use
of second messenger systems

Bind to intracellular receptors to
change gene expression directly

Adrenaline acts on membrane
receptors, while thyroid hormones
act directly on nuclear receptors

Often fast onset transient changes
in protein activity, though gene
expression changes can occur

Alterations in gene expression;
slower onset but longer duration
than peptide hormones

Adrenaline functions like peptides,
thyroid hormones function in a
similar manner to steroids

Examples

Insulin, glucagon, prolactin, ACTH,
gastrin parathyroid hormone

Cortisol, aldosterone, estrogen,
progesterone, testosterone

Adrenaline, thyroxin,
triiodothyronine
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4. REGULATION OF
THEIR SECRETION

During hormone regulation, hormones are released, either directly
by an endocrine gland or indirectly through the action of the
hypothalamus of the brain, which stimulates other endocrine glands
to release hormones in order to maintain homeostasis.




How is hormone production regulated?

Hormone production and release are primarily
controlled by negative feedback. In negative feedback
systems, a stimulus causes the release of a substance
whose effects then inhibit further release. In this way,
the concentration of hormones in blood is maintained

within a narrow range.



The rate of hormone biosynthesis and secretion is
often regulated by a homeostatic negative feedback
control mechanism.

Such a mechanism depends on factors that influence
the metabolism and excretion of hormones.

Thus, higher hormone concentration alone cannot
trigger the negative feedback mechanism. Negative
feedback must be triggered by overproduction of an
"effect"” of the hormone



Hormone secretion can be stimulated and inhibited
by:

 Other hormones (stimulating- or releasing -
hormones)

 Plasma concentrations of ions or nutrients, as well
as binding globulins

* Neurons and mental activity

 Environmental changes, e.g., of light or
temperature



One special group of hormones is the tropic hormones that
stimulate the hormone production of other endocrine glands.
For example, thyroid-stimulating hormone (TSH) causes
growth and increased activity of another endocrine gland, the
thyroid, which increases output of thyroid hormones.

To release active hormones quickly into the circulation,
hormone biosynthetic cells may produce and store
biologically inactive hormones in the form of pre- or
prohormones. These can then be quickly converted into their
active hormone form in response to a particular stimulus.



Eicosanoids are considered to act as local hormones. They are
considered to be "local" because they possess specific effects on target
cells close to their site of formation. They also have a rapid
degradation cycle, making sure they do not reach distant sites within
the body.

Hormones are also regulated by receptor agonists. Hormones are
ligands, which are any kinds of molecules that produce a signal by
binding to a receptor site on a protein. Hormone effects can be
inhibited, thus regulated, by competing ligands that bind to the same
target receptor as the hormone in question. When a competing ligand
is bound to the receptor site, the hormone is unable to bind to that site
and is unable to elicit a response from the target cell. These competing
ligands are called antagonists of the hormone



During hormone regulation, hormones are released, either
directly by an endocrine gland or indirectly through the
action of the hypothalamus of the brain, which stimulates
other endocrine glands to release hormones in order to
maintain homeostasis. The hormones activate target cells,
which initiate physiological changes that adjust the body
conditions. When normal conditions have been recovered,
the corrective action — the production of hormones - is
discontinued. Thus, in negative feedback, when the original
(abnormal) condition has been repaired, or negated,
corrective actions decrease or discontinue.



In another example of hormone regulation,
the anterior pituitary signals the thyroid to
release thyroid hormones. Increasing levels of
these hormones in the blood then give
feedback to the hypothalamus and anterior
pituitary to inhibit further signaling to the
thyroid gland, as illustrated in Figure 1.
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Figure 1. The anterior pituitary stimulates
the thyroid gland to release thyroid
hormones T3 and T4. Increasing levels of
these hormones in the blood results in
feedback to the hypothalamus and
anterior pituitary to inhibit further
signaling to the thyroid gland. (credit:
modification of work by Mikael
Haggstrom)



Stimuli

There are three mechanisms by which endocrine glands are
stimulated to synthesize and release hormones: humoral stimuli,
hormonal stimuli, and neural stimuli.

Humoral Stimuli

The term “humoral” is derived from the term “humor,” which refers
to bodily fluids such as blood. A humoral stimuli refers to the
control of hormone release in response to changes in extracellular
fluids such as blood or the ion concentration in the blood. For
example, a rise in blood glucose levels triggers the pancreatic
release of insulin. Insulin causes blood glucose levels to drop, which
signals the pancreas to stop producing insulin in a negative
feedback loop.



Hormonal Stimuli

Hormonal stimuli refers to the release of a hormone in response to
another hormone. A number of endocrine glands release hormones
when stimulated by hormones released by other endocrine glands.
For example, the hypothalamus produces hormones that stimulate
the anterior portion of the pituitary gland. The anterior pituitary in
turn releases hormones that regulate hormone production by other
endocrine glands. The anterior pituitary releases the thyroid-
stimulating hormone, which then stimulates the thyroid gland to
produce the hormones T3 and T4. As blood concentrations of T3 and
T4 rise, they inhibit both the pituitary and the hypothalamus in a
negative feedback loop.



Neural Stimuli

In some cases, the nervous system directly stimulates
endocrine glands to release hormones, which is referred to
as neural stimuli. Recall that in a short-term stress response,
the hormones epinephrine and norepinephrine are
important for providing the bursts of energy required for
the body to respond. Here, neuronal sighaling from the
sympathetic nervous system directly stimulates the adrenal
medulla to release the hormones epinephrine and
norepinephrine in response to stress.
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5.MODE OF
HORMONE ACTION



Hormones activate target cells by diffusing through the plasma membrane
of the target cells (lipid-soluble hormones) to bind a receptor protein
within the cytoplasm of the cell, or by binding a specific receptor protein in
the cell membrane of the target cell (water-soluble proteins)

Hormone

Plasma
membrane

CAMP Response Element



1. Cellular receptors and hormone action

1) Hormone receptors bind specific hormones

- Each type of receptor is capable of binding only one
specific hormone, or at most, a small number of closely
related hormones.

- Ligand: agonist vs. antagonist

- Ligand binding specificity



2) Tissue responses to a hormone are determined by the presence of specific
receptors

- Insulin @ increase glucose uptake by hepatocytes, fat cells, and
certain muscle cells, and interacts with many other cell types

- Parathyroid hormone (PTH) @ elevates serum Ca2+ levels by
releasing Ca2+ from bone, stimulating Ca2+ uptake from the gut
and preventing Ca2+ loss from the kidney.

3) Some hormones can activate multiple receptor isoforms

- Estrogen: estrogen receptor alpha (ERa) and beta (ERB) 2 evoke
different responses in different tissues, or even different responses
in the same tissues, depending upon the relative abundance of
each of these two receptor isoforms in the target cells

- i.e., in some mammary gland cells, estrogen stimulates cell
proliferation by activating ERa, while activation of ERPB in other
cells can inhibit cell growth.



2. Characteristics of physiological receptors
2l High affinity

?l Specificity

?l Saturability: Under normal conditions, a
cell generally produces between 2,000

and 100,000 receptor molecules.

?l Reversible nature

?l Associated with physiological response in
the target cell




Fig. 3.1. Schematic
representation of (a)
hormone molecules
binding to plasma
membrane receptors,
(b) hormone molecules
present in increasing
concentrations and
corresponding
Increases in receptor
binding, as in a typical
saturation receptor
binding assay, and (c)
saturation receptor
binding curves in a
typical saturation
binding assay.
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Mechanism of Hormone Action
2l Binding to receptor
- Cell surface receptors

- Intracellular receptors : Cytoplasmic
Nuclear

Mitochondrial

2] Activation of postreceptor messengers

?l Cellular answer
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3. Plasma membrane hormone receptors

1) Membrane receptor families have characteristic structures and
functional properties

A. Four main classes of membrane-bound receptors:

a. Class I: A superfamily of receptors coupled to G (GTP-binding)
proteins (G-protein-coupled receptors, GPCRs); Receptors for
ACTH, LH, FSH, hCG, TSH, glucagon, katecholamines,

muscarine, serotonine, dopamine, histamine

b. Class Il: Receptors that are also enzymes (tyrosine protein
kinases, serine/threonine kinases, or guanylate cyclase);
Receptors for insulin, growth factors (tyrosine kinase),
ANP(guanylyl cyclase), TGF-B (serine-threonine kinase).
Receptors for GH, cytokines, interferones.

c. Class lll: Receptors that are associated with enzymes (cytokine
receptors associated with tyrosine kinases)

d. Class IV: Receptors coupled to ion channels: Receptor for Ach.
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Fig. 3.4. Schematic representation of (a) Fig. 3.5. Schematic model of insertion of
multi- and (b) single-transmembrane G-protein-coupled receptors in the
receptors plasma membrane.




Binding domain

e Class Il of

Protein

receptor

Tyrosine kinase
domain
Class IV of
Binding domain Protein
receptor
Class lll of
Protein
receptor

Accessory protein
With tyrosine kinase
domain




4. Second messengers of hormone action

CYCLIC NUCLEOTIDES

O OH

3’,5’-Cyclic AMP
(CAMP)

Second messengers (stimulated by lipid insoluble hormones):

O OI11

3’,5'-Cyclic GMP
(cGMP)
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Fig. 3.6. Cyclic nucleotide synthesis and inactivation




Stimulating Inhibiting
hormone A hormone B

B

gl Aaenv-v- i
cgmplex c J complex
7~ Gre
GDP °A$P GDP
Inactive
cAMP-dependent
protein kinase (PKA)
Regulatory P(—d
subunit Active
catalytic
subunit
Protein ** Phosphoprotein
. X phosphoryilation h h -
Flg. 5 By 4 CYC“C AMP Protein Protein— PO, (‘j) O:p ahtaS?st. th
production and action ¥ i IOES PN e xS
Cellular response phospho-protein -
Enzyme activation
ok in nthesis returned to basal level

Muscle contraction
Nerve stimulation
Hormone secretion

Copyright © 2007 Pearson Prentice Hall, Inc.



First Extracellular First

messenger (A) fluid messenger (B)
Hormone Active Hormone
ot G protein
;5 G protein Adenylate cyclase _

2,51'9

Activa
eﬂector
enzyme @
Receptor Second
Cytoplasm messenger

"x

Triggers responses of target cell
(activates enzymes, stimulates cellular

secretion, opens ion channels, etc.)

19




! /

(7p)

3y,

D

O Cyclic Cellular
= A AMP Response
% il: Protein
< o Phosphorylation

2 /

(b

o

D

L

Time——=>

Fig. 3.8. Temporal cellular events in hormone-mediated cAMP production and action
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5. Membrane receptor signal transduction

(a)

Receptor + Ligand =——— Recptor*Ligand ——— Receptor Desensitized

(b)

[¢GTP - 5,1,

GTP
g PT \/

o GDPf, aGTP + By—>

+By //CTX
o GDP + Pi

Effectors

Phosphodiesterase
Phospholipase C
Adenylyl Cyclase
Phospholipase A2
lon Channel

® PTX (pertussis toxin) 2>
blocks the catalysis of GTP
exchange by the receptor

® CTX (cholera toxin) =
inhibitor of GTPase

Fig. 3.11. Receptor-G-protein-mediated signal transduction




6. Phosphorylated proteins

effectors ... o

extracellular

chemical

messenger ( G protein
intermediary

&

S~
@

Receptor

(Binding of extracellular ATP

messenger to receptor
activates a G protein, the
oz subunit of which shuttles
to and activates adenylyl!
cyclase)

**% Protein phosphatases: hydrolyzing
phosphoryl groups of particular
proteins

(Converts)

-— Second massenger
l e (Activates)

as physiological

Plasma
membrane

/ ECF

ICF

¢

Protein kinase A J

l 0 (Phosphorylates) AT

(

Particular protein )—e ADP

1 e (Phosphorytation induces
protein to change shape)

0 = phosphate
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Altered protein
shape and function




/. Multiple membrane messengers

First messenger,
an extracellular

Plasma membrane

Phospholipase C ECF

PIP2 (a component of the
; phospholipid tails)

{PIP, converted by ICF
phospholipase C 1o
DAG and 1P,)

Receptor
(Binding of extraceliular
messenger to receplor
activates a G protein
the o subunit of which

shutties 10 and activates
phospholipase C) m P3
X =7
Je (Maobilizes)
Initiates a separate

second-messenger ( Intracellular Ca2* 3
pathway L stored within organelles

Y

Increase in
cytosolic Ca®*

‘o {Activates)
™

Calmodulin
. . >
e {Inguces protesn
to change shape)
Altered protein
shape and function

Brings about
cellular response

Second messenger —

PiP, = Phosphatidylinositol bisphosphate
DAG = Diacylglycerol

IP5 = Inositol trisphosphate
® 2007 Thomson Higher Education

. Ca* Ca™ Cellular
Ca® - > Response

" ca Ca?- Ca*
Ca®*" Ca® Ca**

Fig. 3.12. Inositol phosphate and
receptor signal transduction

% DAG = DG, diacylglycerol




8. Eicosanoids and hormone action
¢ In 1930s, human semen and
extracts of seminal vesicles
from animals caused uterine
tissue to contract or relax
“prostaglandin (PG)”

¢ PGs belong to a family of
chemically related substances,
eicosanoids.

e Nobel Prize in
Physiology/Medicine for 1982:
Bergstrom, Samuelsson, and
Vane for their “discoveries
concerning prostaglandins and
biologically related
substances”.
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Cellular Response
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J

Nucleotide

Cyclases
Intracellular y \L
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Fig. 3.14. General scheme of eicosanoid biosynthesis and mechanisms of actiort.




. TABLE 20-3

Actions of Prostaglandins

BODY SYSTEM
ACTIVITY

ACTIONS OF PROSTAGLANDINS

Reproductive
System

Respiratory System

Urinary System

Digestive System

Nervous System

Endocrine System

Circulatory System
Fat Metabolism

Defense System

Promote sperm transport by action
on smooth muscle in the male and
female reproductive tracts

Play a role in ovulation
Play important role in menstruation

Contribute to preparation of the
maternal portion of the placenta

Contribute to parturition

Some promote bronchodilation,
others bronchoconstriction
Increase the renal blood flow
Increase excretion of water and salt

Inhibit HCI secretion by the stomach
Stimulate intestinal motility

Influence neurotransmiitter release
and action

Act at the hypothalamic “thermostat”™
to increase body temperature

Exacerbate sensation of pain

Enhance cortisol secretion

Iinfluence tissue responsiveness to
hormones in many instances

Influence platelet aggregation
Inhibit fat breakdown

Promote many aspects of inflamma-
tion, including development of fever



Inflammatory Actions of Eicosanoids

Action

Metabolite

« \/asoconstriction

* \Vasodilation

* Increased vascular
permeability

« Chemotaxis, leukocyte
adhesion

* Thromboxane A., leukotrienes C,, D,, E,
* PGI,, PGE,, PGE,, PGD,

* Leukotrienes C,, D,, E,

* Leukotriene B,, HETE, lipoxins




The following is a comparison of different types of prostaglandin,
prostaglandin I, (PGL,), prostaglandin E, (PGE,), and prostaglandin F,, (PGF,,).

Type |Receptor Function

vasodilation
PGIl, |IP «inhibit platelet aggregation
*bronchodilatation
bronchoconstriction
Gl tract smooth muscle contraction

bronchodilatation
EP, Gl tract smooth muscle relaxation
vasodilatation

*| gastric acid secretion
PGE, 1 gastric mucus secretion
uterus contraction (when pregnant)
EP, Gl tract smooth muscle contraction
* lipolysis inhibition
T autonomic neurotransmitters
1 platelet response to their agonists and 1 atherothrombosis in vivo

‘Hyperalgesia
Pyrogenic

uterus contraction
bronchoconstriction

EP,

Unspecified

PGF,, FP



9. Nuclear hormone receptors:Nuclear receptors are ligand-regulated
transcription factor that control gene expression by binding to target
genes usually in the region near their promoters.

1) Class I: steroid hormone. Are present in either the cytosol or the
nucleus. Ligand binding promotes dissociation of certain

proteins and formation of receptor homodimers that bind to specific
DNA element (HREs)

2) Class ll: thyroid hormone, retinoid, vitamin D, PPAR. Receptors
already present in the nucleus in the unliganded state. They are
commonly active in the absence of hormone.



Plasma Cytoplasm of target cell Nucleus
mbrane

e

c ——— —

H = Free lipophilic hormone HRE = Hormone response element
R = Lipophilic hormone receptor MRNA = Messenger RNA
© 2007 Thomson Higher Education
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- nuclear
envelope
RNA polymerase MANA
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NR dimer
nuclear DNA YNNI\
HRE target gene
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membrane




Steroid

** Hormone-responsive elements (HRE)

= Estrogen-response element (ERE)

= Glucocorticoid-responsive element (GRE)

= Thyroid hormone-responsive element (T;RE)
= Vitamin D-responsive element (VDRE)

Cytoplasm

Protein

I Translation

o

3 HSP, Heat shock protein

- - Activates
= | Transcription

Dimerization|
mer on !

Fig. 3.15. Mechanisms of steroid hormone action.




10. Permissive, additive, and synergistic
actions of hormones

 Permissive actions of steroid hormones

Steroid

Hormone
i Extracellular ;

Intracellular
Protein

»
(
Synthesis

/\n’j‘lA
Nucleus

Protein

Protein

i

Protein
Kinase

Protein
Phosphorylation

Protein— PO,

¥

Cellular Response

Copynght € 2007 Pearson Prentice Hall, Inc.
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Fig. 3.18. Role of protein kinases and phosphoprotein phosphatases in
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Additive effects of hormones [ Hypoliaainus J - 8
- epinephrine and glucagon: stimulate i l
glycogenolysis and the release of glucose by
liver cells

¢ Synergism: FSH and LH J L
-+ -+

[Gonadotropin-releasing hormone]

Synergism: FSH and LH ” Anterior pituitary .
LH and FSH from the M
anterior pituitary control I | |
testosterone secretion = "

and spermatogenesis

e GnRH: gonadotropin 0 Testes i

+ v Y+
' &
. cell cell
releasing hormone C
¢ LH: luteinizing hormone o FSH: follicle Y+ =

hormone |

e Inhibin : :
;( Inhibin ) Testosterone [

S




Receptor regulation

e Negative or “down” regulation: decrease

numbers of receptors

e Positive or “up’ regulatlon. increase

numbers of receptors

Insulin

The o subunit binds The f§ subunit transmits a signal from
insulin (the signal). bound insulin to the cytoplasm.

‘}‘y" . R H‘ ’
ytl‘:! )ﬁ ‘H!“i ((

® |nteraction of insulin and
its receptor

® Heterodimer: a and 8

subunits

the receptor’s protein kinas
domain in the cytoplasm.

Cytoplasm
Protein kinases from the
lnsulin/ \ receptor phosphorylate
response insulin-response substlrates
substrate triggering gther chemical
(IRS) responses inside the cell,
Cellular

responses




12. Termination of hormone action

c. Receptor endocytosis
d. Receptor down-regulation

a. Agonist removal

b. Receptor uncoupling

(&) Agonist Removal

{9 Receptor Down-Regulation

Increased
Degradaton

41



13. Pathophysiological Correlates
hormone action (i )

Terminal bution

® Myasthenia gravis inactivates Ach
receptor sites.

 Muscular weakness
e Autoimmune disease
- Antireceptor antibodies

— N, — . — . — . — . — . —

erroneously bind to e e

Contractile elements within muscie fitber

acethylcholine receptor and give C. ANTIRECEPTOR
false signals.

 AChE destroys much of the Ach.

* Treatment: neostigmine that
inhibits AChE temporarily,
prolongs the action of Ach at the
neuromuscular junction.

\ Acetylicholine

/  Motor end-plate in
. Mmyasthenia gravis




Mutation of G protein: Model for action of RAS genes. When a normal cell is
stimulated through a growth factor receptor, inactive (GDP-bound) RAS is
activated to a GTP-bound state. Activated RAS recruits RAF and stimulates the
MAP-kinase pathway

to transmit growth-promoting signals to the nucleus. The mutant RAS protein is
permanently activated because of inability to hydrolyze GTP, leading to
continuous

stimulation of cells without any external trigger (becoming cancer cells). The

anchoring
of RAS to the cell membrane by the farnesyl moiety is essential for its action.



J

L

Growth factor

Growth factor receptor

o = GTP
Bridging Activates
protein Inactivation by
hydrolysis of GTP

Farnesyl
membrane anchor

l” HH I n THIET Hlllllll
l lll’ l’l’ u’ 1 1,1, :':’ l’l’ r’:’ c': I ,', ,', :7 TR
l

Acuvat"o o Actlvo RAS CEOES

Phosphate @) T

BLOCKED IN
MUTANT RAS Activation of

MAP kinase pathway

¥ GAP, GTPase activatin

Cell cycie progression

© Elsevier 2005




A | Three classes of membrane receptor are shown illustrating the classic nuclear steroid
hormone receptor associated with a caveola.

eAa | The receptor is technically outside the cell and is associated with the outer surface of the
plasma membrane in the flask of the caveola.

oAb | The receptor is tethered by a scaffolding protein to the plasma membrane on the inner
surface of a caveola.

eAc | The receptor is tethered to the caveolae by a palmitic acid molecule that is esterified to a
receptor Ser or Thr with the fatty-acid side chain 'inserted' into the membrane
(palmitoylation).

e B | A G-protein-coupled receptor with its ligand-binding domain on the outside of the cell
and a

seven-membrane spanning peptide transition followed by an intracellular peptide domain that
can

bind G, and proteins.



C | A single-spanning membrane receptor with intrinsic kinase activity that might be
functional as

a monomer.

D | Same as C except a homodimer. Caveolae are flask-shaped membrane invaginations
present in the outer cell membrane of many cells; they are believed to serve as a 'platform’ to
accumulate or 'dock’ signal-transduction-related molecules. The signal-transduction systems
are listed ascandidates for mediating rapid responses to steroid hormones and are based on
published data.The details remain to be defined on the basis of careful experimentation. The
two ovals with RasGTP and c-Raf 'touching’ are to suggest that c-Raf was recruited to the
complex. AC, adenylyl

cyclase; DAG, diacylglycerol; EGFR, epidermal growth factor receptor; e-NOS, endothelial nitric
oxide synthase; IP3

, inositol triphosphate; MAP, mitogen-activated protein; PI3K,
phosphatidylinositol 3-kinase; PIP3

, phosphatidylinositol triphosphate; PKA, protein kinase A; PKC,
protein kinase C; PLC, phospholipase






MEANING OF SOME IMPORTANT POINTS

Signal transduction (also known as cell signaling) is the transmission of molecular signals from a cell's
exterior to its interior. Signals received by cells must be transmitted effectively into the cell to ensure an
appropriate response. This step is initiated by cell-surface receptors.

G proteins, also known as guanine nucleotide-binding proteins, are a family of proteins that act as molecular
switches inside cells, and are involved in transmitting signals from a variety of stimuli outside a cell to its interior.

caveolae (Latin for "little caves"; singular, caveola), which are a special type of lipid raft, are small (50—

100 nanometer) invaginations of the plasma membrane in many vertebrate cell types, especially in endothelial cells,
adipocytes and embryonic notochord cells.
Caveolins - Cavins - Caveolar endocytosis - Other roles of caveolae

G protein-coupled receptors (GPCRs), also known as seven-(pass)-transmembrane domain
receptors, 7TM receptors, heptahelical receptors, serpentine receptors, and G protein-
linked receptors (GPLR), form a large group of evolutionary related proteins that are cell
surface receptors that detect molecules outside the cell and activate cellular responses
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6.SIGNAL TRANSDUCTION
PATHWAY FOR STEROIDAL AND
NON STEROIDAL HORMONE



Steroid Hormones

Hormones that have a cholesterol backbone
and are not soluble in water due to their lipid
structure; steroid hormones are transported
through the blood attached to carrier proteins.
Steroid hormones penetrate the cell membrane
and interact with nuclear receptors that affect
the DNA



Non-steroid Hormones

A class of hormones that are primarily derived
from proteins and are water soluble due to their
polar nature; non-steroid hormones are
transported freely through the blood. Non-
steroid hormones interact with receptors on the
cell membrane and activate secondary
messenger systems that carry out their effects
within the cell.



Secondary Messenger

A group of signaling molecules located near a
hormone receptor on the inside of the cell; when
a non-steroid hormone binds to its receptor on
the extracellular side of the plasma membrane, it
activates secondary messenger systems that carry
out specific effects inside of the cell. Non-steroid
hormones rely on secondary messenger signaling
molecules because they are unable to penetrate
the cell membrane and get into the cell.



Hormones are substances that interact with target cells to
signal the cell's activity to change. So, these are chemicals
made within the body that will interact with specific types
of cells, signaling that cell's activity to change in some way,
depending on what the hormone is and what the cell type
is. So, cell receptors are specific to the hormones they
interact with. So, certain types of hormones can only affect
certain types of cells. So, what this means is that not every
hormone affects every type of cell. Cells have certainly
receptors that will only interact with certain types of
hormones.



Steroid hormones are one of the two classes of hormones. And these type
of hormones are lipids that are made from cholesterol. So, steroid
hormones are lipids that are made from cholesterol and they're produced
in the adrenal glands and reproductive glands. So, an example of a steroid
hormone, then, would be estrogen and testosterone. Now estrogen and
testosterone are examples of steroid hormones because they're produced
the reproductive glands and they're lipid-based, made from cholesterol.
So, because steroid hormones are lipids made from cholesterol, they're
lipid soluble. So, what this means is that they can move through the
plasma membrane easily. And because they're allowed to move through
the plasma membrane, they will then move through the cell and bind with
receptors that are on the nucleus of that cell.



So, in this way, they can interact with the cell's DNA. So they'll bind
to these receptors that are on the nucleus and this will allow them
to affect the behavior of the DNA.

So they can turn genes and DNA on or off, which controls protein-
making mechanisms and can affect the target cell's function. So,
steroid hormones interact with cell's DNA by binding to receptors
on the nucleus.

So, again, they're allowed to travel past the plasma membrane
because of their structure and they'll bind to receptors on the
nucleus. And then, in that way, that is how they will then affect the
target cell.



Non-steroid hormones are our other class of hormones. So,
non-steroid hormones are a little bit different in their
structure and how they interact with their target cells. So,
non-steroid hormones are derived from proteins. So,
because they are derived from proteins, they are water
soluble and therefore they cannot enter the cell.

They cannot pass through the cell's plasma membrane
because they're water soluble. So, what's going to happen,
in this case, with non-steroid hormones, is that they're
going to bind to receptors in the target cell's plasma
membrane.



How hormones are going to bind to receptors
on the nucleus. Non-steroid hormones are going
to bind to receptors in the target cell's plasma
membrane. Because again, they're not able to
pass through the plasma membrane. So, then
what has to happen is something called a second

messenger.



Something called a second messenger will then relay
the information to the interior of the cell. So, non-
steroid hormones will bind with these receptors on the
plasma membrane and then a second messenger will
deliver the information to the inside the cell, where the
cell's function can then be altered because of the
steroid. So that's the main difference between steroid
and non-steroid hormones and how they interact with
the target cells which they bind with. So, this lesson has
been an overview on steroid and non-steroid hormones.
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Signaling
e Membranes
Lipid Bilayer Prevents Entry of Most Molecules
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Lipid Bilayer Prevents Entry of Most Molecules
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} Signaling

Ligand-gated ion channel




p Stenaling Simplest Signaling

Ligand-gated ion channel
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} Nerve System Signaling
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Hormones and Signal Transduction

* Hormones

Hormones Communicate Messages

Hormones are Made in One Part of the Body
Exert Effects in Other Part of Body

First Messengers of a Multi-component Message
Numerous Chemical Forms

Epinephrine




Hormones and Signal Transduction

e Introduction

Cellular Signaling Has Complexity
Responses Aimed at Benefitting Organism
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Hormones and Signal Transduction
* Binding to Receptor

°

Steroid Hormones Diffuse Through Membrane — ®galtr
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Receptor Binding Outside of Cell

Non-steroid Hormone Numerous Internal
Hormones and Signal Transduction Message Carriers
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Hormones and Signal Transduction

* Receptors

Interaction of Hormone with Receptor Changes Receptor
Receptor Change Alters Interactions with Other Proteins

N7

Changes on Hormone Binding




} Hormones and Signal Transduction

* Membrane-bound Receptors

G-Protein Coupled Receptor
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Hormones and Signal Transduction
G-protein Coupled Receptors (GPCRs)

Almost 800 Genes in Human Genome
460 QOlfactory Extracellular

B-adrenergic Receptor / Domain
NH;"

Intracellular
Domain

COO" Seven Transmembrane
Membrane Bound Domains






Binding of Hormone

Structural Change of Receptor

Return to
Original
State

Replacement of GDP by GTI

Activation of an Enzyme



> Hormones and Signal Transduction

* Receipt of Message

Membrane Receptor Proteins Internalize Message
Activate Synthesis of Second Messengers

Covalent Modification of “Downstream” Proteins oH OPOz2
Alteration of Gene Expression HO OPO,2
Change of Enzyme Activities 2-0,PO OH

Inositol 1,4,5 Trisphosphate (IP3)

NH,
N =N
/4 @]
<N | N") Ca++ Ca++ {Nfl\NH
O ++ ++
Ho./ ° Ca Ca Ca+s 0— o N N/;J\NHE
& 4 OH Ca++ ‘
. 0=P—O OH
Cyclic AMP (cCAMP) Calcium lons OH

Cyclic GMP (cGMP)



Hormones and Signal Transduction
* GPCRs and G-Proteins

G-Proteins Bind Guanine Nucleotides (GDP and GTP)
Heterotrimeric - a,3,y Subunits

Associate with GPCRs

Altered by GPCR’s Binding of Hormone

<
3
Eplnephnne =3 /

@

Resting State GTP eap

GPCR GDP

@,
V-

Active




> Hormones and Signal Transduction
B-adrenergic Receptor Signaling

Creation of the Second Messenger

Second
Messenger
— ] Q
: GTP
A cAMP . + PPi

)

Also Membrane Bound

Activated by binding to
a-subunit of G-protein

Transmits Signal




Hormones and Signal Transduction
» Actions of the Second Messenger
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Membrane proteins are well known Changed on binding this
hormone Rearranging selves without protest

Stimulating a G alpha S To go open up and displace its GDP With GTP
.Because of ep-inephrine .Active G then moves a ways

Stimulating ad cyclase .So a bunch of cyclic AMP Binds to kinase and
then sets it free .All the active sites of the kinases await
Triphosphate Because of ep-inephrineMuscles are affected then
Breaking down their glycogen So they get a wad of energy

In the form of lots of G-1-P And the synthases that could make a
glucose chain All refrain Because of ep-inephrine

Now l've reached the pathway end Going from adrenalin Here's a
trick | learned to get it right Linking memory to flight or fright So the
mechanism that's the source of anxiou



No 6 end



/7.HYPOTHALAMUS:
NEUROENDOCRINE
GLAND




The hypothalamus (from Ancient Greek uno,

"under", and OaAapoc, "chamber") is a portion of the
brain that contains a number of small nuclei with a variety
of functions.

One of the most important functions of the hypothalamus
is to link the nervous system to the endocrine system via
the pituitary gland. The hypothalamus is located below the
thalamus and is part of the limbic system.

In the terminology of neuroanatomy, it forms the ventral
part of the diencephalon. All vertebrate brains contain a
hypothalamus. In humans, it is the size of an almond.



The hypothalamus is responsible for the regulation of
certain metabolic processes and other activities of the
autonomic nervous system.

It synthesizes and secretes certain neurohormones, called
releasing hormones or hypothalamic hormones, and these
in turn stimulate or inhibit the secretion of hormones from
the pituitary gland. The hypothalamus controls body
temperature, hunger, important aspects of parenting and
attachment behaviours, thirst, fatigue, sleep, and circadian
rhythms.



Thalamus

. Hypothalamus.

— |nfundibufum

Anterior pituitary

Posternor pauilary

Location of the hypothalamus (blue) in relation to the pituitary
and to the rest of the brain



STRUCTURE: Thehypothalamus is a divided into 3 regions
(supraoptic, tuberal, mammillary) in a parasagittal plane, indicating
location anterior-posterior; and 3 areas (periventricular, medial,
lateral) in the coronal plane, indicating location medial-lateral.
Hypothalamic nuclei are located within these specific regions and
areas. It is found in all vertebrate nervous systems. In mammals,
magnocellular neurosecretory cells in the paraventricular nucleus
and the supraoptic nucleus of the hypothalamus produce
neurohypophysial hormones, oxytocin and vasopressin. These
hormones are released into the blood in the posterior pituitary.
Much smaller parvocellular neurosecretory cells, neurons of the
paraventricular nucleus, release corticotropin-releasing hormone
and other hormones into the hypophyseal portal system, where
these hormones diffuse to the anterior pituitarv



Nuclei
The hypothalamic nuclei include the following



List of nuclei, their functions, and the neurotransmitters, neuropeptides, or hormones that they utilize

Region Area

Nucleus

Preoptic | Preoptic nucleus

Anterior Medial
(supraoptic)

Medial preoptic nucleus

Supraoptic nucleus

Paraventricular nucleus

Anterior hypothalamic
nucleus

Suprachiasmatic
nucleus

Function®]
e Thermoregulation

e Regulates the release of gonadotropic hormones from the adenohypophysis

e Contains the sexually dimorphic nucleus, which releases GnRH, differential
development between sexes is based upon in utero testosterone levels

. Thermoregulation[m]

e \Vasopressin release

e Oxytocin release

e thyrotropin-releasing hormone release
e corticotropin-releasing hormone release
e oxytocin release

e vasopressin release

e somatostatin release

e thermoregulation
e panting
e sweating

e thyrotropin inhibition

e Circadian rhythms



See Lateral hypothalamus § Function — primary source of orexin neurons that

Lateral Lateral nucleus _ _ .
project throughout the brain and spinal cord
- . e blood pressure
orsomedia
heart rate
hypothalamic nucleus *
e Gl stimulation
satiet
Medial @ Ventromedial nucleus : S
e neuroendocrine control
Middle
(tuberal) e Growth hormone-releasing hormone (GHRH)
Arcuate nucleus e feeding
e Dopamine-mediated prolactin inhibition
PO | See Lateral hypothalamus § Function — primary source of orexin neurons that
ateral nucleus
Lateral project throughout the brain and spinal cord
Lateral tuberal nuclei
Mammillary nuclei (part
memo
of mammillary bodies) : =
Medial e Increase blood pressure

Posterior nucleus

e pupillary dilation
e shivering

e vasopressin release



Posterior
(mammillary)

Lateral

Lateral nucleus

See Lateral hypothalamus § Function — primary source of orexin neurons that

project throughout the brain and spinal cord

Tuberomammillary
nucleus!™

o arousal (wakefulness and attention)
o feeding and energy balance

e [eamning

* memory

* Sleep




Connections

Further information: Lateral hypothalamus § Orexinergic projection system,
and Tuberomammillary nucleus § Histaminergic outputs

The hypothalamus is highly interconnected with other parts of the central
nervous system, in particular the brainstem and its reticular formation. As
part of the limbic system, it has connections to other limbic structures
including the amygdala and septum, and is also connected with areas of the
autonomous nervous system.

The hypothalamus receives many inputs from the brainstem, the most notable
from the nucleus of the solitary tract, the locus coeruleus, and the
ventrolateral medaulla.



Most nerve fibres within the hypothalamus run in two ways
(bidirectional).

Projections to areas caudal to the hypothalamus go through the
medial forebrain bundle, the mammillotegmental tract and the
dorsal longitudinal fasciculus.

Projections to areas rostral to the hypothalamus are carried by the
mammillothalamic tract, the fornix and terminal stria.

Projections to areas of the sympathetic motor system (lateral horn
spinal segments T1-L2/L3) are carried by the hypothalamospinal
tract and they activate the sympathetic motor pathway.



Sexual dimorphism

Several hypothalamic nuclei are sexually dimorphic; i.e., there are clear
differences in both structure and function between males and females. Some
differences are apparent even in gross neuroanatomy: most notable is the
sexually dimorphic nucleus within the preoptic area, in which the differences
are subtle changes in the connectivity and chemical sensitivity of particular sets
of neurons. The importance of these changes can be recognized by functional
differences between males and females. For instance, males of most species
prefer the odor and appearance of females over males, which is instrumental in
stimulating male sexual behavior. If the sexually dimorphic nucleus is lesioned,
this preference for females by males diminishes. Also, the pattern of secretion
of growth hormone is sexually dimorphic; this is why in many species, adult
males are visibly distinguishable from females.



Responsiveness to ovarian steroids

Other striking functional dimorphisms are in the behavioral
responses to ovarian steroids of the adult.

Males and females respond to ovarian steroids in different ways,
partly because the expression of estrogen-sensitive neurons in the
hypothalamus is sexually dimorphic; i.e., estrogen receptors are

expressed in different sets of neurons.

Estrogen and progesterone can influence gene expression in
particular neurons or induce changes in cell membrane
potential and kinase activation, leading to diverse non-
genomic cellular functions.



Estrogen and progesterone bind to their cognate nuclear hormone
receptors, which translocate to the cell nucleus and interact with
regions of DNA known as hormone response elements (HREs) or get
tethered to another transcription factor's binding site.

Estrogen receptor (ER) has been shown to transactivate other
transcription factors in this manner, despite the absence of an
estrogen response element (ERE) in the proximal promoter region of
the gene.

In general, ERs and progesterone receptors (PRs) are gene activators,
with increased mRNA and subsequent protein synthesis following
hormone exposure



Male and female brains differ in the distribution of estrogen
receptors, and this difference is an irreversible consequence of
neonatal steroid exposure. Estrogen receptors (and progesterone
receptors) are found mainly in neurons in the anterior and
mediobasal hypothalamus, notably:

the preoptic area (where LHRH neurons are located, regulating
dopamine responses and maternal behavior;
the periventricular nucleus where somatostatin neurons are

located, regulating stress levels;
the ventromedial hypothalamus which regulates hunger and sexual

arousal.



Development

In neonatal life, gonadal steroids influence the
development of the neuroendocrine hypothalamus. For
instance, they determine the ability of females to
exhibit a normal reproductive cycle, and of males and
females to display appropriate reproductive behaviors

in adult life



If a female rat is injected once with testosterone in the first
few days of postnatal life (during the "critical period" of sex-
steroid influence), the hypothalamus is irreversibly
masculinized; the adult rat will be incapable of generating an
LH surge in response to estrogen (a characteristic of
females), but will be capable of exhibiting male sexual
behaviors (mounting a sexually receptive female).

By contrast, a male rat castrated just after birth will be
feminized, and the adult will show female sexual behavior in
response to estrogen (sexual receptivity, lordosis behavior)



Function
Hormone release

The hypothalamus has a central neuroendocrine function,
most notably by its control of the anterior pituitary, which in
turn regulates various endocrine glands and organs. Releasing
hormones (also called releasing factors) are produced in
hypothalamic nuclei then transported along axons to either the

median eminence or the posterior pituitary, where they are
stored and released as needed.



Anterior pituitary

In the hypothalamic—adenohypophyseal axis, releasing
hormones, also known as hypophysiotropic or hypothalamic
hormones, are released from the median eminence, a
prolongation of the hypothalamus, into the hypophyseal
portal system, which carries them to the anterior pituitary
where they exert their regulatory functions on the secretion
of adenohypophyseal hormones. These hypophysiotropic
hormones are stimulated by parvocellular neurosecretory
cells located in the periventricular area of the hypothalamus



After their release into the capillaries of the third
ventricle, the hypophysiotropic hormones travel
through what is known as the hypothalamo-pituitary
portal circulation. Once they reach their destination in
the anterior pituitary, these hormones bind to specific
receptors located on the surface of pituitary cells.
Depending on which cells are activated through this
binding, the pituitary will either begin secreting or
stop secreting hormones into the rest of the
bloodstream.



Secreted hormone

Thyrotropin-releasing
hormone
(Prolactin-releasing
hormone)

Corticotropin-releasing
hormone

Dopamine
(Prolactin-inhibiting
hormone)

Growth-hormone-releasing
hormone

Gonadotropin-releasing
hormone

Somatostatin(2?]
(arowth-hormone-inhibitina

Abbreviation

TRH, TRF, or
PRH

CRH or CRF

DA or PIH

GHRH

GnRH or
LHRH

SS, GHIH, or

Produced by

Parvocellular
neurosecretory cells
of the
paraventricular
nucleus

Parvocellular
neurosecretory cells
of the
paraventricular
nucleus

Dopamine neurons
of the arcuate
nucleus

Neuroendocrine
neurons of the
Arcuate nucleus

Neuroendocrine
cells of the Preoptic
area

Neuroendocrine
cells of the

Effect

Stimulate thyroid-stimulating hormone (TSH) release from
anterior pituitary (primarily)
Stimulate prolactin release from anterior pituitary

Stimulate adrenocorticotropic hormone (ACTH) release

from anterior pituitary

Inhibit prolactin release from anterior pituitary

Stimulate growth-hormone (GH) release from anterior
pituitary

Stimulate follicle-stimulating hormone (FSH) release from
anterior pituitary

Stimulate luteinizing hormone (LH) release from anterior
pituitary

Inhibit growth-hormone (GH) release from anterior pituitary
Inhibit (moderatelv) thvroid-stimulatina hormone (TSH)



Other hormones secreted from the median eminence include
vasopressin, oxytocin, and neurotensinPosterior pituitary.

In the hypothalamic-neurohypophyseal axis, neurohypophysial
hormones are released from the posterior pituitary, which is
actually a prolongation of the hypothalamus, into the
circulation..



Secreted hormone Abbreviation Produced by Effect

Magnocellular
neurosecretory cells

_ of the Uterine contraction
Oxytocin OXY or OXT , ,
paraventricular Lactation (letdown reflex)
nucleus and

supraoptic nucleus

Magnocellular and
parvocellular
neurosecretory cells

. of the Increase in the permeability to water of the cells of distal
Vasopressin , , , ,
o _ ADH or AVP | paraventricular tubule and collecting duct in the kidney and thus allows
(antidiuretic hormone) , , ,
nucleus, water reabsorption and excretion of concentrated urine

magnocellular cells
in supraoptic
nucleus



It is also known that hypothalamic-pituitary-adrenal axis
(HPA) hormones are related to certain skin diseases and skin
homeostasis. There is evidence linking hyperactivity of HPA
hormones to stress-related skin diseases and skin tumors



Stimulation

The hypothalamus coordinates many hormonal and behavioural circadian rhythms, complex
patterns of neuroendocrine outputs, complex homeostatic mechanisms, and important
behaviours.

The hypothalamus must, therefore, respond to many different signals, some of which are
generated externally and some internally. Delta wave signalling arising either in the
thalamus or in the cortex influences the secretion of releasing hormones; GHRH and
prolactin are stimulated whilst TRH is inhibited.

The hypothalamus is responsive to:

Light: daylength and photoperiod for regulating circadian and seasonal rhythms
Olfactory stimuli, including pheromones



Steroids, including gonadal steroids and corticosteroids

Neurally transmitted information arising in particular from the
heart, enteric nervous system (of the gastrointestinal tract),[28] and
the reproductive tract.[citation needed]

Autonomic inputs

Blood-borne stimuli, including leptin, ghrelin, angiotensin, insulin,
pituitary hormones, cytokines, plasma concentrations of glucose
and osmolarity etc.

Stress

Invading microorganisms by increasing body temperature, resetting
the body's thermostat upward



Steroids

The hypothalamus contains neurons that react strongly to steroids
and glucocorticoids — (the steroid hormones of the adrenal gland,
released in response to ACTH).

It also contains specialized glucose-sensitive neurons (in the arcuate
nucleus and ventromedial hypothalamus), which are important for
appetite.

The preoptic area contains thermosensitive neurons; these are
important for TRH secretion.



Neural

Oxytocin secretion in response to suckling or vagino-cervical stimulation is
mediated by some of these pathways; vasopressin secretion in response to
cardiovascular stimuli arising from chemoreceptors in the carotid body and
aortic arch, and from low-pressure atrial volume receptors, is mediated by
others. In the rat, stimulation of the vagina also causes prolactin secretion,
and this results in pseudo-pregnancy following an infertile mating.

In the rabbit, coitus elicits reflex ovulation. In the sheep, cervical stimulation
in the presence of high levels of estrogen can induce maternal behavior in a
virgin ewe. These effects are all mediated by the hypothalamus, and the
information is carried mainly by spinal pathways that relay in the brainstem.
Stimulation of the nipples stimulates release of oxytocin and prolactin and
suppresses the release of LH and FSH.



Neuroendocrinology is the branch of biology (specifically of physiology)
which studies the interaction between the nervous system and the endocrine
system; i.e. how the brain regulates the hormonal activity in the body.

The nervous and endocrine systems often act together in a process called
neuroendocrine integration, to regulate the physiological processes of the
human body.

Neuroendocrinology arose from the recognition that the brain, especially the
hypothalamus, controls secretion of pituitary gland hormones, and has
subsequently expanded to investigate numerous interconnections of the
endocrine and nervous systems.

The neuroendocrine system is the mechanism by which the hypothalamus
maintains homeostasis, regulating reproduction, metabolism, eating and
drinking behaviour, energy utilization, osmolarity and blood pressure.



Neuroendocrine system

Major neuroendocrine systems
Hypothalamic—pituitary—adrenal axis (HPA axis)
Hypothalamic—pituitary—thyroid axis[ (HPT axis)
Hypothalamic—pituitary—gonadal axis (HPG axis)

Hypothalamic—neurohypophyseal system



Hypothalamus

The endocrine system consists of numerous glands throughout the body that
produce and secrete hormones of diverse chemical structure, including
peptides, steroids, and neuroamines. Collectively, hormones regulate many
physiological processes.

Oxytocin and vasopressin (also called anti-diuretic hormone), the two
neurohypophysial hormones of the posterior pituitary gland (the
neurohypophysis), are secreted from the nerve endings of magnocellular
neurosecretory cells into the systemic circulation. The cell bodies of the
oxytocin and vasopressin neurons are in the paraventricular nucleus and
supraoptic nucleus, respectively, and the electrical activity of these neurons is
regulated by afferent synaptic inputs from other brain regions.



By contrast, the hormones of the anterior pituitary gland (the
adenohypophysis) are secreted from endocrine cells that, in mammals, are not
directly innervated, yet the secretion of these hormones (adrenocorticotrophic
hormone, luteinizing hormone, follicle-stimulating hormone, thyroid-
stimulating hormone, prolactin, and growth hormone) remains under the
control of the hypothalamus.

The hypothalamus controls the anterior pituitary gland via releasing factors
and release-inhibiting factors; these are blood-borne substances|clarification
needed] [author means via bloodstream and not by the lymphatic system nor
air, nor any other modes of transport] released by hypothalamic neurons into
blood vessels at the base of the brain, at the median eminence. These vessels,
the hypothalamo-hypophysial portal vessels, carry the hypothalamic factors to
the anterior pituitary, where they bind to specific receptors on the surface of
the hormone-producing cells.



For example, the secretion of growth hormone is controlled by two
neuroendocrine systems: the growth hormone-releasing hormone (GHRH)
neurons and the somatostatin neurons, which stimulate and inhibit GH
secretion, respectively.

The GHRH neurones are located in the arcuate nucleus of the hypothalamus,
whereas the somatostatin cells involved in growth hormone regulation are in
the periventricular nucleus.

These two neuronal systems project axons to the median eminence, where
they release their peptides into portal blood vessels for transport to the
anterior pituitary. Growth hormone is secreted in pulses, which arise from
alternating episodes of GHRH release and somatostatin release, which may
reflect neuronal interactions between the GHRH and somatostatin cells, and
negative feedback from growth hormone.



The neuroendocrine systems control reproduction in all its
aspects, from bonding to sexual behaviour. They control
spermatogenesis and the ovarian cycle, parturition, lactation,

and maternal behaviour. They control the body's response to
stress and infection.

They regulate the body's metabolism, influencing eating and
drinking behaviour, and influence how energy intake is
utilised, that is, how fat is metabolised. They influence and

regulate mood, body fluid and electrolyte homeostasis, and
blood pressure.



The pituitary gland is divided into two sections: the anterior pituitary
and the posterior pituitary. The hypothalamus controls the anterior
pituitary's hormone secretion by sending trophic hormones down the
hypothalamohypophysial portal system. For example, thyrotropin-
releasing hormone stimulates the secretion of thyroid-stimulating
hormone by the anterior pituitary.

The posterior pituitary is innervated by the hypothalamus; the
hormones oxytocin and vasopressin are synthesized by
neuroendocrine cells in the hypothalamus and stored at the nerves'
ends in the posterior pituitary. They are secreted directly into
systemic circulation by the hypothalamic neurons.



/7 no end



8.PRINCIPAL NUCLEI INVOLVED
IN NEUROENDOCRINE CONTROL
OF ANTERIOR PITUITARY AND
ENDOCRINE SYSTEM



The hypothalamus is a portion of the brain that contains a number of smali
nuclei with a variety of functions. One of the most important functions of
the hypothalamus is to link the nervous system to the endocrine system via
the pituitary gland. The hypothalamus is located below the thalamus and is
part of the limbic system In the terminology of neuroanatomy, it forms the
ventral part of the diencephalon. All vertebrate brains contain a
hypothalamus. In humans, it is the size of an almond.

The hypothalamus is responsible for the regulation of certain metabolic
processes and other activities of the autonomic nervous system. It
synthesizes and secretes certain neurohormones, called releasing hormones
or hypothalamic hormones, and these in turn stimulate or inhibit the
secretion of hormones from the pituitary gland. The hypothalamus controls
body temperature, hunger, important aspects of parenting and attachment
behaviours, thirst, fatigue, sleep, and circadian rhythms.



Hypothalamo-hypophysal axis means the connecting portion between
hypothelamas and both anterior and posterior pituitary which consists of nerve
fibers, blood vessels , neurons .This portion or axis control and release of various
hormones which controls all metabolic and physiological activity of body.

Hypothelamo- hypophysal axis is divided into 4 parts
1. The hypothalamic—pituitary—adrenal axis
2. The hypothalamic—pituitary—gonadal axis (HPG axis)
3. hypothalamic—pituitary—thyroid axis (HPT),
and the

4.hypothalamic—neurohypophyseal system are the four major neuro
endocrine system



Hypothalamo-Hypophyseal System

A collection of NEURONS, tracts of NERVE FIBERS,
endocrine tissue, and blood vessels in the
HYPOTHALAMUS and the PITUITARY GLAND. This
hypothalamo-hypophyseal portal circulation
provides the mechanism for hypothalamic
neuroendocrine (HYPOTHALAMIC HORMONES)
regulation of pituitary function and the release of
various PITUITARY HORMONES into the systemic
circulation to maintain HOMEOSTASIS




1.The hypothalamic—pituitary—adrenal axis
(HPA axis or HTPA axis) is a complex set of
direct influences and feedback interactions
among three components: the hypothalamus,
the pituitary gland (a pea-shaped structure
located below the thalamus), and the adrenal
(also called "suprarenal”) glands (small, conical
organs on top of the kidney



These organs and their interactions constitute the HPA
axis, a major neuroendocrine system that controls
reactions to stress and regulates many body processes,
including digestion, the immune system, mood and
emotions, sexuality, and energy storage and expenditure.
It is the common mechanism for interactions among
glands, hormones, and parts of the midbrain that mediate
the general adaptation syndrome While steroid hormones
are produced mainly in vertebrates, the physiological role
of the HPA axis and corticosteroids in stress response is so
fundamental that analogous systems can be found in
invertebrates and monocellular organisms as well



Anatomy
The key elements of the HPA axis are:

The paraventricular nucleus of the hypothalamus, which contains
neuroendocrine neurons which synthesize and secrete vasopressin
and corticotropin-releasing hormone (CRH). These two peptides
regulate:

The anterior lobe of the pituitary gland. In particular, CRH and
vasopressin stimulate the secretion of adrenocorticotropic hormone
(ACTH), once known as corticotropin. ACTH in turn acts on:

the adrenal cortex, which produces glucocorticoid hormones
(mainly cortisol in humans) in response to stimulation by ACTH.
Glucocorticoids in turn act back on the hypothalamus and pituitary
(to suppress CRH and ACTH production) in a negative feedback



CRH and vasopressin are released from neurosecretory nerve terminals at the
median eminence. CRH is transported to the anterior pituitary through the
portal blood vessel system of the hypophyseal stalk and vasopressin is
transported by axonal transport to the posterior pituitary gland. There, CRH
and vasopressin act synergistically to stimulate the secretion of stored ACTH
from corticotrope cells. ACTH is transported by the blood to the adrenal cortex
of the adrenal gland, where it rapidly stimulates biosynthesis of corticosteroids
such as cortisol from cholesterol.

Cortisol is @ major stress hormone and has effects on many tissues in the body,
including the brain. In the brain, cortisol acts on two types of receptor —
mineralocorticoid receptors and glucocorticoid receptors, and these are
expressed by many different types of neurons. One important target of
glucocorticoids is the hypothalamus, which is a major controlling centre of the
HPA axis.



Vasopressin can be thought of as "water conservation hormone" and is also
known as "antidiuretic hormone." It is released when the body is dehydrated
and has potent water-conserving effects on the kidney. It is also a potent
vasoconstrictor.

Important to the function of the HPA axis are some of the feedback loops:
Cortisol produced in the adrenal cortex will negatively feedback to inhibit both
the hypothalamus and the pituitary gland. This reduces the secretion of CRH
and vasopressin, and also directly reduces the cleavage of
proopiomelanocortin (POMC) into ACTH and B-endorphins.

Epinephrine and norepinephrine (E/NE) are produced by the
adrenal medulla through sympathetic stimulation and the local
effects of cortisol (upregulation enzymes to make E/NE). E/NE will
positively feedback to the pituitary and increase the breakdown of
POMCs into ACTH and B-endorphins.



Function
Release of corticotropin-releasing hormone (CRH) from the

hypothalamus is influenced by stress, physical activity, illness, by
blood levels of cortisol and by the sleep/wake cycle (circadian

rhythm). In healthy individuals, cortisol rises rapidly after wakening,
The HPA axis has a central role in regulating many homeostatic systems in the
body, including the metabolic system, cardiovascular system, immune system,
reproductive system and central nervous systemAnatomical connections
between brain areas such as the amygdala, hippocampus, prefrontal cortex and
hypothalamus facilitate activation of the HPA axis.Sensory information arriving
at the lateral aspect of the amygdala is processed and conveyed to the
amygdala's central nucleus, which then projects out to several parts of the brain
involved in responses to fear. At the hypothalamus, fear-signaling impulses
activate both the sympathetic nervous system and the modulating systems of
the HPA axis.
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Almost all secretion by the pituitary is controlled by either hormonal or nervous
signals from the hypothalamus. Indeed, when the pituitary gland is removed
from its normal position beneath the hypothalamus and transplanted to some
other part of the body, its rates of secretion of the different hormones (except
for prolactin) fall to very low levels.Secretion from the posterior pituitary is
controlled by nerve signals that originate in the hypothalamus and terminate in
the posterior pituitary. In contrast, secretion by the anterior pituitary is
controlled by hormones called

hypothalamic releasing and hypothalamic inhibitory hormones (or
factors) secreted within the hypothalamus and then conducted, as
shown in Figure to the anterior pituitary through minute blood
vessels called hypothalamic-hypophysial portal vessels. In the anterior
pituitary, these releasing and inhibitory hormones act on the
glandular cells to control their secretion



The hypothalamus receives signals from many sources in the nervous system. Thus, when a person is exposed

to pain, a portion of the pain signal is transmitted into the hypothalamus.

Hypothalamic-Hypophysial Portal Blood Vessels of the Anterior Pituitary Gland

The anterior pituitary is a highly vascular gland with extensive capillary
sinuses among the glandular cells.

Almost all the blood that enters these sinuses passes first through another
capillary bed in the lower hypothalamus. The blood then flows through small
hypothalamichypophysial portal blood vessels into the anterior pituitary
sinuses. Figure shows the lowermost portion of the hypothalamus, called
the median eminence, which connects inferiorly with the pituitary stalk.
Small arteries penetrate into the median eminence and then additional smali
vessels return to its surface, coalescing to form the hypothalamic-
hypophysial portal blood vessels. These pass downward along the pituitary
stalk to supply blood to the anterior pituitary sinuses.
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Hypothalamic Releasing and Inhibitory Hormones Are Secreted into the
Median Eminence.

Special neurons in the hypothalamus synthesize and
secrete the hypothalamic releasing and inhibitory
hormones that control secretion of the anterior pituitary
hormones. These neurons originate in various parts of
the hypothalamus and send their nerve fibers to the
median eminence and tuber cinereum, an extension of

hypothalamic tissue into the pituitary stalk
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Hypothalamus

Optic chiasm
Mammillary body

Hypophysial stalk

Anterior pituitary Posterior pituitary

Pars intermedia
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Figure 75-9 Hypothalamic control of the posterior pituitary.



Homeostatic integration within the hypothalamus

Enviromental factors: light, temperature, stress
Internal factors: emotions, satiety, nutntional status, water balance
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Neurosecretory cells are the magno- and parvocellular
neurons in the hypothalamus

Parvicellular Hypothalamic
Magnicellular Neuron Hypophyseotropic Neuron Projection Neuron
Location: SON, PVH Location: PeVH, PVH Location: PVH
(AVP, OXY) (TRH, CRH, (AVP, OXY)
Somatostatin) LHA

Arc
(GHRH, GnRH,
Dopamine)

(MCH, ORX)

Arc
(POMC, CART)

Hypothalamus

Releasing
factors

Vasopressin

and oxytocin Neuronal targets

(e.g. sympathetic
preganglionic neuron
in spinal cord)

Trophic hormones
(ACTH, TSH, GH,
LH, FSH, Prolactin)

Kidney, Uterus, Anterior

Mammary Gland Pituitary Gland Neuronal Targets




The pituitary is connected with the hypothalamus via the
infundibulum

Pituitary gland Optic chiasm

(hypophysis)

optic chiasm Internal carotid artery

Anterior
clinold process
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Cavernous
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2.The hypothalamic—pituitary—gonadal axis (HPG axis)

refers to the hypothalamus, pituitary gland, and gonadal glands as if these
individual endocrine glands were a single entity. Because these glands often
act in concert, physiologists and endocrinologists find it convenient and

descriptive to speak of them as a single system.

The axis controls development, reproduction, and aging in animals. Gonadotropin-
releasing hormone (GnRH) is secreted from the hypothalamus by GnRH-expressing
neurons. The anterior portion of the pituitary gland produces luteinizing hormone (LH)
and follicle-stimulating hormone (FSH), and the gonads produce estrogen and

testosterone.
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In oviparous organisms (e.g. fish, reptiles, amphibians, birds), the HPG axis is
commonly referred to as the hypothalamus-pituitary-gonadal-liver axis
(HPGL-axis) in females. Many egg-yolk and chorionic proteins are synthesized
heterologously in the liver, which are necessary for ovocyte growth and
development. Examples of such necessary liver proteins are vitellogenin and
choriogenin.

The HPA, HPG, and HPT axes are three pathways in which the hypothalamus

and pituitary direct neuroendocrine function.
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Location and regulation

HPG regulation in males, with the inhibin/activin system playing a similar role on GnRH-
producing cells.

The hypothalamus is located in the brain and secretes GhnRH.GnRH travels down the anterior
portion of the pituitary via the hypophyseal portal system and binds to receptors on the
secretory cells of the adenohypophysis. In response to GnRH stimulation these cells produce
LH and FSH, which travel into the blood stream.

These two hormones play an important role in communicating to the gonads. In females FSH
and LH act primarily to activate the ovaries to produce estrogen and inhibin and to regulate
the menstrual cycle and ovarian cycle. Estrogen forms a negative feedback loop by inhibiting

the production of GnRH in the hypothalamus.



Function :Reproduction

One of the most important functions of the HPG axis is to regulate reproduction by controlling the uterine and
ovarian cycles. In females, the positive feedback loop between estrogen and luteinizing hormone help to prepare
the follicle in the ovary and the uterus for ovulation and implantation. When the egg is released, the empty
follicle sac begins to produce progesterone to inhibit the hypothalamus and the anterior pituitary thus stopping
the estrogen-LH positive feedback loop. If conception occurs, the placenta will take over the secretion of

progesterone; therefore the mother cannot ovulate again.

If conception does not occur, decreasing excretion of progesterone will allow the
hypothalamus to restart secretion of GnRH. These hormone levels also control the uterine
(menstrual) cycle causing the proliferation phase in preparation for ovulation, the secretory
phase after ovulation, and menstruation when conception does not occur. The activation of
the HPG axis in both males and females during puberty also causes individuals to acquire

secondary sex characteristics.



3.The hypothalamic—pituitary—-thyroid axis

(HPT axis for short, a.k.a. thyroid homeostasis or thyrotropic feedback control) is part of the
neuroendocrine system responsible for the regulation of metabolism and also responds to
stress.

As its name suggests, it depends upon the hypothalamus, the pituitary gland, and the
thyroid gland.

The hypothalamus senses low circulating levels of thyroid hormone (Triiodothyronine (T3)
and Thyroxine (T4)) and responds by releasing thyrotropin-releasing hormone (TRH). The
TRH stimulates the anterior pituitary to produce thyroid-stimulating hormone (TSH).

The TSH, in turn, stimulates the thyroid to produce thyroid hormone until levels in the blood
return to normal. Thyroid hormone exerts negative feedback control over the hypothalamus
as well as anterior pituitary, thus controlling the release of both TRH from hypothalamus and
TSH from anterior pituitary gland.

The HPA, HPG, and HPT axes are three pathways in which the hypothalamus and pituitary
direct neuroendocrine function.
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The pituitary gland secretes thyrotropin (TSH; Thyroid Stimulating
Hormone) that stimulates the thyroid to secrete thyroxine (T4)
and, to a lesser degree, triiodothyronine (T3).

The major portion of T3, however, is produced in peripheral
organs, e.g. liver, adipose tissue, glia and skeletal muscle by
deiodination from circulating T4. Deiodination is controlled by
numerous hormones and nerval signals including TSH, vasopressin
and catecholamines.

Both peripheral thyroid hormones (iodothyronines) inhibit
thyrotropin secretion from the pituitary (negative feedback).
Consequently, equilibrium concentrations for all hormones are
attained.
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9. PLACENTAL
HORMONE

The placenta produces two steroid hormones — oestrogen
and progesterone. Progesterone acts to maintain
pregnancy by supporting the lining of the uterus (womb),
which provides the environment for the fetus and the
placenta to grow.



In addition to its role in transporting molecules between
mother and fetus, the placenta is a major endocrine organ. It
turns out that the placenta synthesizes a huge and diverse
number of hormones and cytokines that have major
influences on ovarian, uterine, mammary and fetal
physiology, not to mention other endocrine systems of the
mother.

This section focuses only on the major steroid and protein
hormones produced by the placenta. Additional details on
placental endocrinology can be found in the Placental
Hormones section of the Endocrine System text.



Steroid Hormones

Sex steroids are the best known examples of placental hormones. Two major groups are
produced by all mammals:

Progestins: Progestins are molecules that bind to the progesterone receptor.
Progesterone itself is often called the hormone of pregnancy because of the
critical role it plays in supporting the endometrium and hence on survival of the
conceptus.

The placentae of all mammals examined produce progestins, although the
quantity varies significantly. In some species (women, horses, sheep, cats),
sufficient progestin is secreted by the placenta that the ovaries or corpora lutea
can be removed after establishment of the placenta and the pregnancy will
continue. In other animals (cattle, pigs, goats, dogs), luteal progesterone is
necessary throughout gestation because the placenta does not produce
sufficient amounts.



Progestins, including progesterone, have two major roles during
pregnancy:

Support of the endometrium to provide an environment conducive to fetal
survival. If the endometrium is deprived of progestins, the pregnancy will
inevitably be terminated.

Suppression of contractility in uterine smooth muscle, which, if unchecked,
would clearly be a disaster. This is often called the "progesterone block" on the

myometrium.

Toward the end of gestation, this myometrial-quieting effect is antagonized by
rising levels of estrogens, thereby facilitating parturition.

Progesterone and other progestins also potently inhibit secretion of the
pituitary gonadotropins luteinizing hormone and follicle stimulating hormone.
This effect almost always prevents ovulation from occurring during pregnancy



Estrogens: The placenta produces several distinct estrogens.
In women, the major estrogen produced by the placenta is
estriol, and the equine placenta synthesizes a unique group
of estrogens not seen in other animals. Depending on the
species, placental estrogens are derived from either fetal
androgens, placental progestins, or other steroid precursors.

With few exceptions, the concentration of estrogens in
maternal blood rises to maximal toward the end of
gestation. Two of the principle effects of placental estrogens

dare



Stimulate growth of the myometrium and antagonize
the myometrial-suppressing activity of progesterone.

In many species, the high levels of estrogen in late
gestation induces myometrial oxytocin receptors,
thereby preparing the uterus for parturition.
Stimulate mammary gland development.

Estrogens are one in a battery of hormones necessary
for both ductal and alveolar growth in the mammary
gland.



Like progestins, estrogens suppress
gonadotropin secretion from the
pituitary gland. In species like
humans and horses, where
placental estrogens are synthesized
from androgens produced by the
fetus, maternal estrogen levels are
often a useful indicator of fetal
well being.
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Protein Hormones

Several protein and peptide hormones are synthesized in placentae of various
species. They have effects on the mother's endocrine system, fetal metabolism
and preparation of the mother for postpartum support of her offspring.

Chorionic gonadotropins: As the name implies, these hormones have the effect
of stimulating the gonads, similar to the pituitary gonadotropins. The only
species known to produce a placental gonadotropin are primates and equides.

The human hormone is called human chorionic gonadotropin or simply hCG.
This hormone is produced by fetal trophoblast cells. It binds to the luteinizing
hormone receptor on cells of the corpus luteum, which prevents luteal
regression. Thus, hCG serves as the signal for maternal recognition of
pregnancy. The first hormone you produced was hCG!



Equine chorionic gonadotropin is also produced by fetal trophoblast
cells. It is actually the same molecule as equine luteinizing hormone.

Placental lactogens: These hormones are molecular relatives of
prolactin and growth hormone. These hormones have been
identified in primates, ruminants and rodents, but not in other
species.

The functions of placental lactogens are not well understood. They
are thought to modulate fetal and maternal metabolism, perhaps
mobilizing energy substrates for fetal use. In some species they have
been shown to stimulate function of the corpus luteum, and to

participate in development of the mammary gland prior to
narturition



Relaxin: Relaxin is a hormone thought to act
synergistically with progesterone to maintain
pregnancy. It also causes relaxation of pelvic
ligaments at the end of gestation and may
therefore aid in parturation. In some of the
species in which relaxin is known to be produced,
it is produced by the placenta, while in others, the
major source is the corpus luteum. In some
species, relaxin is produced by both the corpus
luteum and placenta.



FUNCTIONS OF PLACENTAL
HORMONE



The first hormone released by the placenta is called the human chorionic
gonadotropin hormone. This is responsible for stopping the process at the
end of menses when the Corpus luteum ceases activity and atrophies. If
hCG did not interrupt this process, it would lead to spontaneous abortion of
the fetus. The corpus luteum also produces and releases progesterone and
estrogen, and hCG stimulates it to increase the amount that it releases. hCG
is the indicator of pregnancy that pregnancy tests look for.

These tests will work when menses has not occurred or after implantation
has happened on days seven to ten. hCG may also have an anti-antibody
effect, protecting it from being rejected by the mother's body. hCG also
assists the male fetus by stimulating the testes to produce testosterone,
which is the hormone needed to allow the sex organs of the male to grow.



Progesterone helps the embryo implant by
assisting passage through the fallopian tubes. It
also affects the fallopian tubes and the uterus by
stimulating an increase in secretions necessary for
fetal nutrition. Progesterone, like hCG, is
necessary to prevent spontaneous abortion
because it prevents contractions of the uterus and
is necessary for implantation



Estrogen is a crucial hormone in the process of
proliferation. This involves the enlargement of the
breasts and uterus, allowing for growth of the fetus
and production of milk. Estrogen is also responsible for
increased blood supply towards the end of pregnancy
through vasodilation.

The levels of estrogen during pregnancy can increase so
that they are thirty times what a non-pregnant woman

mid-cycles estrogen level would be.



Human placental lactogen is a hormone used in pregnancy to
develop fetal metabolism and general growth and
development. Human placental lactogen works with Growth
hormone to stimulate Insulin-like growth factor production
and regulating intermediary metabolism. In the fetus, hPL
acts on lactogenic receptors to modulate embryonic
development, metabolism and stimulate production of IGF,
insulin, surfactant and adrenocortical hormones. hPL values
increase with multiple pregnancies, intact molar pregnancy,
diabetes and Rh incompatibility. They are decreased with
toxemia, choriocarcinoma, and Placental insufficiency



THE CELLS OF PLACENTA FROM WHERE
HORMONES ARE SECRETED



HUMAN TROPHOBLASTS IN VIVO: THREE
DIFFERENTIATION PATHWAYS

Trophoblasts are unique cells derived from the outer
cell layer of the blastocyst which mediate
implantation and placentation. Depending on their
external environment, undifferentiated
cytotrophoblasts can develop into

1) hormonally active villous syncytiotrophoblasts,

2) extravillous anchoring trophoblastic cell columns, or
3) invasive intermediate trophoblastsl1 (Fig 1).
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Fig. 1. Pathways of trophoblast differentiation . Just as the
basal layer of the skin gives rise to keratinocytes, the
cytotrophoblast—the stem cell of the placenta—gives rise to
the differentiated forms of trophoblasts. Left) Within the
chorionic villi, cytotrophoblasts fuse to form the overlying
syncytiotrophoblast. The villous syncytiotrophoblast makes
the majority of the placental hormones, the most studied
being hCG. cAMP, EGF, and even hCG itself have been
implicated as stimulators of this differentiation pathway. In
addition to upregulating hCG secretion, cCAMP has also been
shown to down-regulate trophouteronectin (TUN) synthesis



Center) At the point where chorionic villi make contact with
external extracellular matrix (decidual stromal ECM in the
case of intrauterine pregnancies), a population of
trophoblasts proliferates from the cytotrophoblast layer to
form the second type of trophoblast—the junctional
trophoblast. These cells form the anchoring cell columns that
can be seen at the junction of the placenta and
endometrium throughout gestation. Similar trophoblasts can
be seen at the junction of the chorion layer of the external
membranes and the decidua. The junctional trophoblasts
make a unique fibronectin—trophouteronectin—that
appears tomediate the attachment of the placenta to the



TGFRB and LIF have been shown to induce cultured trophoblasts to
secrete increased levels of trophouteronectin, while down-regulating
Hcg secretion. Right) Finally, a third type of trophoblast differentiates
towards an invasive phenotype and leaves the placenta entirely—the
invasive intermediate trophoblast. In addition to making human
placental lactogen, these cells also make urokinase and plasminogen
activator inhibitor-1 (PAI-1). Phorbol esters have been shown to
increase trophoblast invasiveness in in vitro model systems and to
upregulate PAI-1 in cultured trophoblasts.

The general theme that comes from these observations is that specific factors
are capable of shifting the differentiation pathway of the cytotrophoblast

towardsone of the above directions, while turning off differentiation towards
the other pathways.



Anchoring trophoblasts

It has been generally accepted that some form of cell-
extracellular matrix interaction takes place at the
attachment interface between the anchoring
trophoblasts and the uterus. Recently, a specific type of
fibronectin—trophouteronectin (TUN)—has been
implicated as the protein responsible for the
attachment of anchoring, extravillous trophoblasts to
the uterus throughout

gestation.



This specialized form of fibronectin appears to be made wherever
trophoblasts contact extracellular matrix proteins. The factors that
may be responsible for activating trophoblast TUN production
include TGFR 22 and leukemia inhibitory factor (LIF)23.

TGFRB has been identified in the region of the utero-placental
junction, possibly made by both decidual cells in that area and by
the trophoblasts themselves24. LIF has been identified in human
endometrium25, but has not been shown to be made by
trophoblasts. Interestingly, both TGFR and LIF have been shown to
upregulate TUN secretion from cultured trophoblasts while
downregulating hCG secretion22, 23(Fig. 1).



Invading trophoblasts

As human gestation progresses, invasive populations of
extravillous trophoblasts attach to and interdigitate through
the extracellular spaces of the endo- and myometrium. The
endpoint for this invasive behavior is penetration of maternal
spiral arteries within the uterus26.

Histologically, trophoblast invasion of maternal blood vessels
results in disruption of extracellular matrix components and
development of dilated capacitance vessels within the
uteroplacental vasculature.



Biologically, trophoblast-mediated vascular remodeling within
the placental bed allows for marked distensibility of the
uteroplacental vessels, thus accommodating the increased
blood flow needed during gestation. Abnormalities in this
invasive process have been correlated with early and mid-
trimester pregnancy loss, preeclampsia and eclampsia, and
intrauterine growth retardation . As would be anticipated
when considering invasive cells, these trophoblasts produce a
variety of proteases and protease inhibitors which are utilized
to regulate the invasive process. In addition to the protease
systems, invasive trophoblasts also make protein hormones,
most notably human placental lactogen



TROPHOBLASTS AS ENDOCRINE CELLS
Trophoblasts synthesize and secrete a vast array of
endocrine products . Collectively, these hormones
function to regulate trophoblast growth and
differentiation, affect fetal growth and
homeostasis, modulate maternal immunologic,
cardiovascular and nutritional status, protect the

fetus from infection, and prepare the uterus and
mother for parturition.
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