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The pituitary gland

The pituitary gland is also known as hypophysis. It is a small gland that
lies at the base of the brain. It is connected with the hypothalamus by the
pituitary stalk or hypophyseal stalk.

Pituitary gland is divided into two portions:

1. Anterior pituitary or adenohypophysis
2. Posterior pituitary or neurohypophysis.
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HORMONES SECRETED BY ANTERIOR PITUITARY
Anterior pituitary is also known as the master gland because it regulates
many other endocrine glands. Six hormones are secreted by the anterior
pituitary:

1. Growth hormone (GH) or somatotropic hormone (STH)

2. Thyroid stimulating hormone (TSH) or thyrotropic hormone

3. Adrenocorticotropic hormone (ACTH)

4. Follicle stimulating hormone (FSH)

5. Luteinizing hormone (LH in females) or interstitial cell stimulating
hormone (ICSH in males)

6. Prolactin.

FSH and LH are together called gonadotropic hormones or gonadotropins
because of their action on the gonads. Recently, the hormone B-lipotropin
is found to be secreted by anterior pituitary.
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Regulation of secretion of anterior pituitary hormones

Secretion of anterior pituitary hormones is regulated by hypothalamus.
Hypothalamus secretes some releasing and inhibitory hormones (factors)
which are transported from hypothalamus to anterior pituitary through
hypothalamo-hypophyseal portal vessels.

Releasing and Inhibitory Hormones Secreted by Hypothalamus

1. Growth hormone releasing hormone (GHRH)— stimulates the release
of GH.

2.Growth hormone releasing polypeptide (GHRP) — stimulates the
release of GHRH and GH.

3.Growth hormone inhibitory hormone (GHIH) or somatostatin —
inhibits GH release.

4.Thyrotropic releasing hormone (TRH) —stimulates the release of TSH
5.Corticotropin releasing hormone (CRH) —stimulates the release of
ACTH.

6.Gonadotropin releasing hormone (GnRH) —the release of the
gonadotropins — FSH and LH.

7. Prolactin inhibitory hormone (PIH) — inhibits prolactin secretion.

Growth hormone

GH is responsible for the growth of almost all tissues of the body, which
are capable of growing. It actually increases the size and number of cells
by increasing the mitotic division. GH also causes specific differentiation
of certain types of cells like bone cells and muscle cells. GH also acts on
the metabolism of all the three major types of foodstuffs in the body,
proteins, lipids and carbohydrates.

Regulation of GH Secretion

Secretion of GH is regulated by hypothalamus and feedback control. Role
of hypothalamus in the secretion of GH Hypothalamus regulates GH
secretion by releasing three hormones:

1.GHRH that increases the secretion of GH by stimulating the
somatotropes of anterior pituitary.

2. GHRP that promotes the release of GHRH from hypothalamus and GH
from pituitary

3. GHIH or somatostatin which inhibits the secretion of GH.

These three hormones are transported from hypothalamus to anterior
pituitary by hypothalamo-hypophyseal portal blood vessels.

Y



Medical physiology Lec9

Hypothalamus is in turn influenced by many factors which cause increase
or decrease in GH secretion.

Feedback control

GH secretion is under negative feedback control Hypothalamus releases
GHRH and GHRP, which in turn promote the release of GH from
anterior pituitary. GH acts on various tissues. It also activates the liver
cells to secrete somatomedin-C (IGF-I).

Now, the somatomedin-C increases the release of GHIH from
hypothalamus. GHIH in turn inhibits release of GH from pituitary.
Somatomedin also inhibits the release of GHRP from hypothalamus. It
acts on pituitary directly and inhibits the secretion of GH.

Hypoglycemia, fasting, starvation,
exercise, stress, trauma
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Regulation of GH secretion

GH inhibits its own secretion by stimulating the release of GHIH from
hypothalamus. This type of feedback is called short-loop feedback
control. Similarly, GHRH inhibits its own release by short-loop feedback
control. Whenever, the blood level of GH decreases, the GHRH is
secreted from the hypothalamus. It in turn causes secretion of GH from
pituitary.
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Hormones of posterior pituitary

Posterior pituitary hormones are:

1. Antidiuretic hormone (ADH) or vasopressin

2. Oxytocin.

Actually, the posterior pituitary does not secrete any hormone. ADH and
oxytocin are synthesized in the hypothalamus. Hence, these two
hormones are called neurohormones.

1-Antidiuretic hormones

ADH is secreted mainly by supraoptic nucleus of hypothalamus and in
small quantity by paraventricular nucleus. From here, this hormone is
transported to the posterior pituitary through the nerve fibers of
hypothalamo-hypophyseal tract by means of axonic flow Antidiuretic
hormone is a polypeptide, containing 9 amino acids.

The major function of ADH is retention of water by acting on kidneys. It
increases the facultative reabsorption of water from distal convoluted
tubule and collecting duct in the kidneys ADH increases water
reabsorption in the tubular epithelial membrane by regulating the water
channel proteins called aquaporins through V2 receptors.

In large amount, the ADH shows vasoconstrictor action in all parts of the
body. Due to the vasoconstriction, the blood pressure increases. ADH
acts on blood vessels through V1A receptors.

Regulation of Secretion

The secretion of ADH depends upon the volume of body fluid and the
osmolarity of the body

fluids.

The potent stimulants for ADH secretion are:

1. Decrease in the ECF volume

2. Increase in osmolar concentration in the ECF.

Oxytocin

Oxytocin is secreted mainly by the paraventricular nucleus and a small
quantity is secreted by the supraoptic nucleus in the hypothalamus. And it
Is transported from hypothalamus to posterior pituitary through the nerve
fibers of hypothalamo-hypophyseal tract.

In the posterior pituitary, the oxytocin is stored in the nerve endings of
hypothalamohypo-physeal tract. When suitable stimuli reach the posterior
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pituitary from hypothalamus, oxytocin is released into the blood.
Oxytocin is secreted in both males and females. Oxytocin is a
polypeptide, having 9 amino acids.

Oxytocin acts on mammary glands and uterus.

Action of oxytocin on mammary glands

It causes ejection of milk from the mammary glands. The ducts of the
mammary glands are lined by myoepithelial cells. Oxytocin causes
contraction of the myoepithelial cells and squeezes the milk from alveoli
of the mammary glands to the exterior through the duct system and
nipple. The process by which the milk is ejected from the alveoli of
mammary glands is called the milk ejection reflex or milk let down
reflex. It is one of the neuroendocrine reflexes.

Milk ejection reflex Plenty of touch receptors are present on the
mammary glands, particularly around the nipple. When the infant suckles
mother’s nipple, the touch receptors are stimulated and impulses are
discharged. Impulses from here are carried by the somatic afferent nerve
fibers and reach the paraventricular and supraoptic nuclei of
hypothalamus.

Now, hypothalamus in turn, sends impulses to the posterior pituitary
through hypothalamohypophyseal tract and cause release of oxytocin into
the blood. When the hormone reaches the mammary gland, it causes
contraction of myoepithelial cells resulting in ejection of milk from
mammary glands. As this reflex is initiated by the nervous factors and
completed by the hormonal action, it is called a neuroendocrine reflex.
During this reflex, large amount of oxytocin is released by positive
feedback mechanism.

Action oxytocin on pregnant uterus

Throughout the period of pregnancy, oxytocin secretion is inhibited by
estrogen and progesterone. At the end of pregnancy, the secretion of these
two hormones decreases suddenly and the secretion of oxytocin increases.
Oxytocin causes contraction of uterus and helps in the expulsion of fetus.

During labor, large quantity of oxytocin is released by means of positive
feedback mechanism, i.e. oxytocin induces contraction of uterus, which
In turn causes release of more amount of oxytocin.

The contraction of uterus during labor is also a neuroendocrine reflex.
Oxytocin also stimulates the release of prostaglandins in the placenta.
The prostaglandins intensify the uterine contraction induced by oxytocin.
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Dwarfism: Short stature can be due to GHRH deficiency, GH deficiency, IGF-I
deficiency or other causes.

Gigantism and Acromegaly: Tumors of somatotropes of anterior pituitary secrete
large amount of growth hormone leading in children to gigantism and in adults to
acromegally.

Thyroid Gland
Thyroid is an endocrine gland situated at the root of the neck on either
side of the trachea. It has two lobes, which are connected in the middle by
an isthmus. It weighs about 20 to 40 gm in adults.

Thyroid gland is composed of large number of closed follicles. The
follicles are lined with cuboidal epithelial cells, which are follicular cells.
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The follicular cavity is filled with a colloidal substance known as
thyroglobulin which is secreted by the follicular cells. Follicular cells
secrete tetraiodothyronine (T4 or thyroxine) and tri-iodothyronine (T3).
In between the follicles, the parafollicular cells are present. These cells
secrete calcitonin.

Thyroid gland secretes three hormones:

1. Tetraiodothyronine — T4 (thyroxine)

2. Tri-iodothyronine — T3

3. Calcitonin.

T4 is otherwise known as thyroxine and it forms about 90% of the total
secretion, whereas, T3 is only 9 to 10%. But the potency of T3 is four
times more than that of T4.
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Synthesis of thyroid hormones

Synthesis of thyroid hormones takes place in thyroglobulin present in
follicular cavity. lodine and tyrosine are essential for the formation of
thyroid hormones. lodine is consumed through diet. It is converted into
iodide and absorbed from GI tract. Tyrosine is also consumed through
diet and is absorbed from the GI. For the synthesis of normal quantities of
thyroid hormones, approximately 1 mg of iodine is required per week or
about 50 mg per year.

Various stages involved in the synthesis of thyroid hormones are:

1. Thyroglobulin Synthesis
The endoplasmic reticulum and Golgi apparatus in the follicular cells of
the thyroid gland synthesize and secrete a thyroglobulin continuously.
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Each thyroglobulin molecule contains 140 tyrosine molecules. After
synthesis, the thyroglobulin is stored in the follicle.

2. lodide Trapping or lodide Pump

lodide is transported actively from the blood into the follicular cell
against the electrochemical gradient by a process called iodide trapping.
lodide is pumped with sodium into the follicular cell by sodium-iodide
symport pump. From here, iodide is transported into the follicular cavity
by an iodide-chloride pump.

3. Oxidation of the lodide

lodide must be oxidized to elementary iodine because only iodine is
capable of combining with tyrosine to form thyroid hormones. The
oxidation of iodide into iodine occurs inside the follicular cells in the
presence of thyroid peroxidase.

4. lodination of Tyrosine

The combination of iodine with tyrosine is known as iodination. It takes
place in the follicle within thyroglobulin. First, iodine is released from
follicular cells into the follicular cavity where it binds with thyroglobulin.
This process is called organification of thyroglobulin. In the
thyroglobulin, iodine combines with tyrosine which is already present
there. Binding of iodine (I) with tyrosine is accelerated by the enzyme
iodinase which is secreted by the follicular cells. lodination of tyrosine
occurs in several stages. Tyrosine is iodized first into monoiodotyrosine
(MIT) and later into di-iodotyrosine (DIT). MIT and DIT are called the
iodotyrosine residues.
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Synthesis of thyroid hormones
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5. Coupling Reactions

The iodotyrosine residues get coupled with one another through coupling
reactions. The coupling occurs in different configurations to give rise to
different thyroid hormones.

Storage of thyroid hormones

After synthesis, the thyroid hormones remain in the form of vesicles
within thyroglobulin. In combination with thyroglobulin, the thyroid
hormones can be stored for several months.

And, thyroid gland is unique in this, as it is the only endocrine gland that
can store its hormones for a long period of about 4 months. So, when the
synthesis of thyroid hormone stops, the signs and symptoms of deficiency
do not appear for about 4 months.

Release of thyroid hormones from the thyroid gland

Thyroglobulin itself is not released into the bloodstream. On the other
hand, the hormones are first cleaved from the thyroglobulin. Only T3 and
T4 are released into the blood. In the peripheral tissues T4 is converted
into T3.

Transport of thyroid hormones in the blood

The normal plasma level of total T3 is 0.12 mg/dL and that of total T4 is
8 mg/dL. The thyroid hormones are transported in the blood in
combination with three types of plasma proteins.

1. Thyroxine binding globulin (TBG)

2. Thyroxine binding prealbumin (TBPA)

3. Albumin.

Functions of thyroid hormones

Thyroid hormones have two major effects on the body:
I. To increase the overall metabolic rate in the body

I1. To stimulate growth in children.

Regulation of secretion of thyroid hormones
The secretion of thyroid hormones is controlled by anterior pituitary and
hypothalamus through feedback mechanism.
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Role of pituitary gland

Thyroid Stimulating Hormone

Thyroid stimulating hormone (TSH) secreted by anterior pituitary is the
major factor regulating the synthesis and release of thyroid hormones.

Role of hypothalamus

Hypothalamus regulates thyroid secretion by controlling TSH secretion
through thyrotropic releasing hormone (TRH) from hypothalamus. From
hypothalamus, TRH is transported through the hypothalamo-hypophyseal
portal vessels to the anterior pituitary. After reaching the pituitary gland,
the TRH causes the release of TSH.

Feedback control

Thyroid hormones regulate their own secretion through negative feedback
control by inhibiting the release of TRH from hypothalamus and TSH
from anterior pituitary.

Role of iodide

lodide is an important factor regulating the synthesis of thyroid
hormones. When the dietary level of iodine is moderate, the blood level
of thyroid hormones is normal. However, when iodine intake is high, the
enzymes necessary for synthesis of thyroid hormones are inhibited by
iodide itself resulting in suppression of hormone synthesis.
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Regulation of secretion of thyroid hormones
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Applied physiology-Disorders of thyroid gland

1. Hyperthyroidism

Causes for Hyperthyroidism

1. Graves’ disease

Graves’ disease is an autoimmune disease. Normally, thyroid stimulating
hormone (TSH) combines with surface receptors of thyroid cells and
causes the synthesis of thyroid hormones. In Graves’ disease the B
lymphocytes (plasma cells) produce autoimmune antibodies called
thyroid stimulating autoantibodies. These antibodies act like TSH by
binding with membrane receptors of TSH and activating cCAMP system of
the thyroid follicular cells. This results in hypersecretion of thyroid
hormones.

Ii. Thyroid adenoma
Sometimes, a localized tumor develops in the thyroid tissue. It is known
as thyroid adenoma and it secretes large quantities of thyroid hormones.

2. Hypothyrodism

Decreased secretion of thyroid hormones is called hypothyroidism.
Hypothyroidism leads to myxedema in adults and cretinism in children.

Myxedema

It is the hypothyroidism in adults characterized by generalized edematous
appearance.

Causes for myxedema

Myxedema occurs due to diseases of thyroid gland, genetic disorder or
iodine deficiency. In addition, it is also caused by deficiency of thyroid
stimulating hormone or thyrotropic releasing hormone.

Cretinism

Cretinism is the hypothyroidism in children characterized by stunted
growth.

Causes for cretinism

Cretinism occurs due to congenital absence of thyroid gland, genetic
disorder or lack of iodine in the diet.

3. Goiter
Goiter means enlargement of the thyroid gland. It occurs both in
hypothyroidism and hyperthyroidism.
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Goiter in Hyperthyroidism — Toxic Goiter
Toxic goiter is the enlargement of thyroid gland with increased secretion
of thyroid hormones caused by thyroid tumor.

Goiter in Hypothyroidism — Nontoxic Goiter

Nontoxic goiter is the enlargement of thyroid gland without increase in
hormone secretion. It is also called hypothyroid goiter.

Based on the cause, the nontoxic hypothyroid goiter is classified into two
types:

I. Endemic colloid goiter

It is the nontoxic goiter caused by iodine deficiency. It is also called
iodine deficiency goiter.

iIi. Idiopathic nontoxic goiter
It is the goiter due to unknown cause. Enlargement of thyroid gland
occurs even without iodine deficiency. The exact cause is not known.

Parathyroid Glands and Physiology of Bone

There are four parathyroid glands located immediately behind thyroid
gland at the upper and lower poles. The parathyroid glands are very small
In size measuring about 6 mm long, 3 mm wide and 2 mm thick with dark
brown color.

Each parathyroid gland is made up of chief cells and oxyphil cells. The
chief cells secrete parathormone. Parathormone is essential for the
maintenance of blood calcium level within a very narrow critical level.

Superior - -
parathyroid gland

Thyroid - -

Inferior - -\g="
parathyroid gland N

Parathyroid glands on the posterior surface of thyroid gland
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Action of parathormone
PTH maintains the blood calcium level and blood phosphate level.

On Blood Calcium Level

The primary action of PTH is to maintain the blood calcium level within
the critical range of 9 to 11 mg/dL. The blood calcium level has to be
maintained critically because, it is very important for many of the
activities in the body. PTH maintains the blood calcium level by acting
on:

1. Bones.

2. Kidneys.

3. Gl tract.

1. On bone
PTH increases resorption of calcium from the bones by acting on
osteoblasts, osteocytes and osteoclasts of the bone.

2. On kidneys

PTH increases the reabsorption of calcium from distal convoluted tubule
and proximal part of collecting duct into the plasma. It also increases the
formation of 1,25-dihydroxycholecalciferol (activated form of vitamin D)
from 25-hydroxycholecalciferol in kidneys which is necessary for
absorption of calcium form GI tract.

3. On gastrointestinal tract
PTH increases the absorption of calcium from Gl tract by increasing the
formation of 1,25-dihydroxycholecalciferol in the kidneys.
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Activation of vitamin D: There are various forms of vitamin D but, the
most important one is vitamin D3. It is also known as cholecalciferol.
Vitamin D3 is synthesized in the skin from 7-dehydrocholesterol by the
action of ultraviolet rays from the sunlight. It is also obtained from
dietary sources. The activation of vitamin D3 occurs in two steps.

In the first step, cholecalciferol (vitamin D3) is converted into 25-
hydroxycholecalciferol in the liver. This process is limited and is
inhibited by 25-hydroxycholecalciferol itself by feedback mechanism.

In the second step, 25-hydroxycholecalciferol is converted into 1,25-
dihydroxycholecalciferol (calcitriol) in kidney. And, it is the active form
of vitamin D3. This step needs the presence of PTH. The 1,25-
dihydroxycholecalciferol increases the absorption of calcium and
phosphate from intestine.

On Blood Phosphate Level

PTH decreases blood level of phosphate by acting on:
1. Bones

2. Kidneys

3. Gl tract.

1. On bone
PTH increases the phosphate absorption from bones.

2. On kidneys

Phosphaturic action: Phosphaturic action is the effect of PTH by which
phosphate is excreted in urine. PTH inhibits reabsorption of phosphate
from renal tubules so that excretion of phosphate through urine increases.

3. On gastrointestinal tract

PTH increases the formation of 1,25-dihydroxycholecalciferol in the
kidneys. This vitamin in turn increases the absorption of phosphate along
with calcium.

Mode of Action of PTH
On the target cells, PTH executes its action through cAMP,

Regulation of Parathormone secretion
Blood level of calcium is the main factor that regulates the secretion of
PTH. Blood phosphate level also influences PTH secretion.

V¢
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Blood Level of Calcium

PTH secretion is inversely proportional to blood calcium level. Increase
in blood calcium level decreases PTH secretion.

Blood Level of Phosphate

PTH secretion is directly proportional to blood phosphate level.
Whenever the blood level of phosphate increases, it combines with
ionized calcium to form calcium hydrogen phosphate.

This decreases ionized calcium level in blood which stimulates PTH
secretion.

Calcitonin

Source of Secretion

Calcitonin is secreted by the parafollicular cells or clear cells (C cells)
situated amongst the follicles in thyroid gland.

Calcitonin (Ca lowering hormone): It is secreted from parafollicular
cells (C cells) of the thyroid gland.

Action: Calcitonin receptors are mainly found in bones and kidneys.
Calcitonin lowers circulating Ca** and PO43- levels .

Regulation of calcitonin secretion
High calcium content in plasma stimulates the calcitonin secretion
through a calcium receptor in parafollicular cells.

Calcium metabolism importance of calcium

Calcium is very essential for many activities in the body such as:
. Teeth and bone formation

. Neuronal activity

. Skeletal muscle activity

. Cardiac activity

. Smooth muscle activity

. Secretory activity of the glands

. Cell division and growth

. Coagulation of blood.

CO~NOoOOTh WN -

Regulation of blood calcium level

Blood calcium level is regulated mainly by three hormones
1. Parathormone

2. 1,25-dihydroxycholecalciferol (calcitriol).

3. Calcitonin.
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FUNCTIONS OF BONE

1. Protective function — protects the soft tissues and vital organs of the
body.

2. Mechanical function — supports the body and brings out various
movements of the body.

3. Metabolic function — metabolism and homeostasis of calcium and
phosphate in the body

4. Hemopoietic function — red bone marrow in the bones is the site of
production of blood cells.

CELL TYPES OF BONE

Bone has three major types of cells:
1. Osteoblasts

2. Osteocytes

3. Osteoclasts.
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Endocrine Functions of Pancreas

Islets of Langerhans

The endocrine function of pancreas is performed by the islets of
Langerhans. Human pancreas contains about 1 to 2 million islets. Islets of
Langerhans consist of four types of cells

1. A cells or a cells which secrete glucagon

2. B cells or B cells which secrete insulin

3. D cells or 9 cells which secrete somatostatin

4. F cells or PP cells which secrete pancreatic polypeptide.

Insulin

Insulin is secreted by B cells or the B cells in the islets of Langerhans of
pancreas. Insulin is a polypeptide with 51 amino acids. It has two amino
acid chains called o and  chains which are linked by disulfide bridges.

Action

Insulin is the important hormone that is concerned with regulation of
carbohydrate metabolism and blood sugar level. It is also concerned with
metabolism of proteins and fats.

1. On Carbohydrate Metabolism

Insulin is the only antidiabetic hormone secreted in the body, i.e. it is the
only hormone in the body that reduces blood sugar level. Insulin reduces
the blood sugar level by its following actions on carbohydrate metabolism
are:

I. Increases transport and uptake of glucose by the cells: Insulin facilitates
the transport of glucose from the blood into the cells by increasing the
permeability of cell membrane to glucose. Insulin stimulates the rapid
uptake of glucose by all the tissues particularly liver, muscle and adipose
tissues.

1. Promotes peripheral utilization of glucose: Insulin promotes the
peripheral utilization of glucose. In the presence of insulin, the glucose
which enters the cell is oxidized immediately. The rate of utilization
depends upon intake of glucose.
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Iii. Promotes storage of glucose — glycogenesis

Insulin  promotes the rapid conversion of glucose into glycogen
(glycogenesis), which is stored in muscle and liver. Thus, glucose is
stored in these two organs in the form of glycogen. Insulin activates the
enzymes, which are necessary for glycogenesis. In liver, when glycogen
content increases beyond its storing capacity, insulin causes conversion of
glucose into fatty acids.

Iv. Inhibits glycogenolysis
Insulin prevents the breakdown of glycogen into glucose in muscle and
liver.

v. Inhibits gluconeogenesis

Insulin prevents gluconeogenesis, i.e. the formation of glucose from
proteins. Thus, insulin decreases the blood sugar level by:

I. Facilitating transport and uptake of glucose by the cells

Ii. Increasing peripheral utilization of glucose

lii. Increasing the storage of glucose by converting it into glycogen in
liver and muscle

Iv. Inhibiting glycogenolysis

v. Inhibiting gluconeogenesis

2. On Protein Metabolism
Insulin facilitates the synthesis and storage of proteins and inhibits the
cellular utilization of proteins.

3. On Fat Metabolism
Insulin stimulates the synthesis of fat. It also increases the storage of fat
in the adipose tissue.

4. On Growth

Along with growth hormone, insulin promotes growth of body by its
anabolic action on proteins. It enhances the transport of amino acids into
the cells and synthesis of proteins in the cells.

Mode of action

On the target cells, insulin binds with the receptor protein and forms the
insulin-receptor complex. This executes the action by activating the
intracellular enzyme system.
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Regulation of secretion

Insulin secretion is mainly regulated by blood glucose level. In addition,
other factors like amino acids, lipid derivatives, gastrointestinal and
endocrine hormones and autonomic nerve fibers also stimulate insulin
secretion.

1. Role of Blood Glucose Level

When the blood glucose level is normal (80 to 100 mg/dL), the rate of
insulin secretion is low (up to 10 pU/minute). When the blood glucose
level increases between 100 to 120 mg/dL, the rate of insulin secretion
rises rapidly to 100 pU /minute. When the blood glucose level rises

above 200 mg/dL, the rate of insulin secretion also rises very rapidly up
to 400 pU /minute.

2. Role of Proteins
The excess amino acids in blood also stimulate insulin secretion.

3. Role of Lipid Derivatives
The B ketoacids such as acetoacetate also increase insulin secretion.

4. Role of Gastrointestinal Hormones
Insulin secretion is increased by some of the gastrointestinal hormones.

5. Role of Endocrine Hormones

The diabetogenic hormones like glucagon, growth hormone, and cortisol
increase the blood sugar level which, in turn, stimulate insulin secretion
indirectly. The prolonged hypersecretion of these hormones causes
exhaustion of B cells resulting in diabetes mellitus.

6. Role of Autonomic Nerves
The stimulation of parasympathetic nerve to the pancreas (right vagus)
increases insulin secretion.

Glucagon

Glucagon is secreted from A cells or a cells in the islets of Langerhans of
pancreas. It is also secreted from A cells of stomach and L cells of
intestine. Glucagon is a polypeptide with 29 amino acids.

Actions

Actions of glucagon are antagonistic to those of insulin. It increases the
blood sugar level and peripheral utilization of lipids and facilitates the
conversion of proteins into glucose.
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1. On Carbohydrate Metabolism
Glucagon increases the blood glucose level by increasing glycogenolysis
and gluconeogenesis in liver and releasing glucose into the blood.

2. On Protein Metabolism
Glucagon increases transport of amino acids into liver cells. The amino
acids are utilized for gluconeogenesis.

3. On Fat Metabolism

Glucagon shows lipolytic and ketogenic actions. It increases lipolysis by
increasing the release of free fatty acids from adipose tissue and making
them available for peripheral utilization. The lipolytic activity of
glucagon, in turn, promotes ketogenesis (formation of ketone bodies) in
liver.

Mode of action
On the target cells (mostly liver cells) glucagon causes formation of
cyclic AMP which brings out the actions of glucagon.

Regulation of secretion
The secretion of glucagon is controlled mainly by blood glucose and
amino acid levels in the blood.

1. Role of Blood Glucose Level

The important factor that regulates the secretion of glucagon is the
decrease in blood glucose level. When blood glucose level decreases
below 80 mg/dL of blood, a cells of islets of Langerhans are stimulated
The glucagon in turn increases the blood glucose level. On the other
hand, when the blood sugar level increases, a cells are inhibited and the
secretion of glucagon decreases.

2. Role of Amino Acid Level in Blood
Increase in amino acid level in blood stimulates the secretion of glucagon.
Glucagon, in turn, converts the amino acids into glucose.

Somatostatin

Somatostatin is secreted from hypothalamus, D cells (8 cells) in islets of
Langerhans of pancreas and D cells in stomach and upper part of small
intestine. Somatostatin is a polypeptide.
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ACTIONS

1. Somatostatin acts within islets of Langerhans and, inhibits o and 8
cells, i.e. it inhibits the secretion of both glucagon and insulin

2. It decreases the motility of stomach, duodenum and gallbladder.

3. It reduces the secretion of gastrointestinal hormones.

4. Hypothalamic somatostatin inhibits secretion of GH and TSH from
anterior pituitary. That is why, it is also called growth hormone inhibitory
hormone (GHIH).

Mode of action
Somatostatin brings out its actions through cAMP.

Regulation of secretion

The secretion of pancreatic somatostatin is stimulated by glucose, amino
acids and cholecystokinin. The tumor of D cells of islets of Langerhans
causes hypersecretion of somatostatin. It leads to hyperglycemia and
other symptoms of diabetes mellitus.

Regulation of blood sugar level

Normal blood sugar level

In normal persons, blood sugar level is controlled within a narrow range.
In the early morning after overnight fasting, the blood sugar level is low
ranging between 70 and 110 mg/dL of blood. Between first and second
hour after meals (postprandial), the blood sugar level rises to 100 to 140
mg/dL. The sugar level in the blood is brought back to normal at the end
of second hour after the meals. The blood sugar regulating mechanism is
operated through liver and muscle by the influence of the pancreatic
hormones insulin and glucagon. Many other hormones are also involved
in the regulation of blood sugar level. Among all the hormones, insulin is
the only hormone that reduces the blood sugar level and it is called the
antidiabetogenic hormone.

The hormones, which increase blood sugar level, are called diabetogenic
hormones or antiinsulin hormones.

Necessity of Regulation of Blood Glucose Level

Regulation of blood sugar (glucose) level is very essential because,
glucose is the only nutrient that is utilized for energy by many tissues
such as brain tissues, retina and germinal epithelium of the gonads.
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APPLIED PHYSIOLOGY

HYPOACTIVITY — DIABETES MELLITUS

Diabetes mellitus is a metabolic disorder characterized by high blood
sugar (glucose) level associated with other manifestations. In most of

the cases, the diabetes mellitus develops due to the deficiency of insulin.

Types of Diabetes Mellitus
Diabetes mellitus is of two types, Type | and Type II.

Type | Diabetes Mellitus

Type | diabetes mellitus is due to the deficiency of insulin. So it is also
called insulin dependent diabetes mellitus (IDDM). Type | diabetes
mellitus may occur at any age of life but, it usually occurs before 40 years
of age. When it occurs at infancy (due to congenital disorder) or in
childhood, it is called juvenile diabetes.

Causes of type | diabetes mellitus

1. Degeneration of B cells in the islets of
Langerhans of pancreas

2. Destruction of 8 cells by viral infection
3. Congenital disorder of B cells

4. Destruction of B cells during autoimmune
diseases.

Type Il Diabetes Mellitus

It is due to the absence or deficiency of insulin receptors. It usually
occurs after 40 years hence, it is called maturity onset diabetes mellitus.
This type of diabetes mellitus is also called noninsulin dependent diabetes
mellitus (NIDDM).

Causes for type 11 diabetes mellitus

In this type of diabetes the structure and function of B cells and the blood
level of insulin are normal. But the insulin receptors are reduced in
number or absent in the body. The major causes for type Il diabetes are:

1. Hereditary disorders

2. Other endocrine disorders.
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Complications of Diabetes Mellitus

Prolonged hyperglycemia in diabetes mellitus causes dysfunction and
injury of many tissues resulting in some complications such as:
1.Cardiovascular complications like hypertension and myocardial
infarction

2.Degenerative changes in retina called diabetic retinopathy
3.Degenerative changes in kidney known as diabetic nephropathy
4.Degeneration of autonomic and peripheral nerves called diabetic
neuropathy.

HYPERACTIVITY — HYPERINSULINISM
Hyperinsulinism is the hypersecretion of insulin.

Cause of Hyperinsulinism

Hyperinsulinism occurs due to the tumor of B cells in the islets of
Langerhans.

Signs and Symptoms of Hyperinsulinism

1. Hypoglycemia

The blood sugar level falls below 50 mg/dL.

2. Manifestations of central nervous system

Manifestations of central nervous system occur when the blood sugar
level decreases. All the manifestations are together called
neuroglycopenic symptoms.

Initially, the activity of neurons increases resulting in nervousness, tremor
all over the body and sweating. If not treated immediately, it leads to
clonic convulsions and unconsciousness. Slowly, the convulsions cease
and coma occurs due to damage of neurons.

Adrenal gland

FUNCTIONAL ANATOMY OF ADRENAL GLANDS

There are two adrenal glands. Each gland is situated on the upper pole of
each kidney. Each gland is made of two parts, the adrenal cortex and
adrenal medulla. Adrenal cortex is the outer portion constituting 80% of
the gland. Adrenal medulla is the central portion of gland constituting
20%.

Adrenal cortex is formed by three distinct layers of structures

1. Zona glomerulosa — outer layer

2. Zona fasciculata — middle layer

3. Zona reticularis — inner layer
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HORMONES OF ADRENAL CORTEX

The hormones secreted by adrenal cortex are collectively known as
adrenocortical hormones

or corticosteroids. Based on their functions the corticosteroids are
classified into three groups:

1. Mineralocorticoids

2. Glucocorticoids

3. Sex hormones
- -+ Adrenal gland

Adrenal gland

MINERALOCORTICOIDS

Mineralocorticoids are the corticosteroids that act on the minerals
(electrolytes) particularly sodium and potassium. The mineralocorticoids
are secreted by zona glomerulosa of adrenal cortex.

Mineralocorticoids are:

1. Aldosterone

2. 11-Deoxycorticosterone.

FUNCTIONS OF MINERALOCORTICOIDS

Ninety percent of mineralocorticoid activity is provided by aldosterone.
Life Saving Hormone

Aldosterone is very essential for life and it is usually called life saving
hormone because, the total loss of this hormone causes death within 3

days to 2 weeks. It is mainly because of loss of mineralocorticoids which
are essential to maintain the osmolarity and volume of ECF.
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Actions of aldosterone are:

1. On Sodium lons

Aldosterone increases reabsorption of sodium from distal convoluted
tubule and the collecting duct in kidney.

2. On Extracellular Fluid Volume

When sodium ions are reabsorbed from the renal tubules, almost an equal
amount of water is also reabsorbed. So the net result is the increase in
ECF volume.

3. On Blood Pressure
Increase in ECF volume and the blood volume finally leads to increase in
blood pressure.

Aldosterone escape or escape phenomenon

Aldosterone escape refers to escape of the kidney from salt-retaining
effects of excess secretion of aldosterone as in the case of primary
hyperaldosteronism.

Mechanism of aldosterone escape

When aldosterone level increases, there is excess retention of sodium and
water. This increases the ECF volume and blood pressure.

Aldosterone induced high blood pressure decreases the ECF volume
through two types of reactions:

I.It stimulates secretion of atrial natriuretic peptide (ANP) from atrial
muscles of the heart: ANP causes excretion of sodium in spite of increase
in aldosterone secretion.

Ii. It causes pressure diuresis (excretion of excess salt and water by high
blood pressure) through urine. This decreases the salt and water content
in ECF in spite of hypersecretion of aldosterone.

Because of aldosterone escape, edema does not occur in primary
hyperaldosteronism.



Increased aldosterone level

Reabsorption of excess sodium and water
from renal tubules

!

Increase in ECF volume

Increase in arterial blood pressure

Secretion of ANP, BNP l
and CNP from Pressure diuresit
cardiac muscle

Excretion of sodium and water through urine

Decreased ECF volume
Aldosterone escape

MODE OF ACTION
Mineralocorticoids act through the messenger RNA mechanism.

REGULATION OF SECRETION

Aldosterone secretion is regulated by four important factors.

1. Increase in potassium ion concentration in ECF

2. Decrease in sodium ion concentration in ECF

3. Decrease in ECF volume

4. Adrenocorticotropic hormone.

Increase in the concentration of potassium ions is the most effective
stimulant for aldosterone secretion. It acts directly on zona glomerulosa
and increases the secretion of aldosterone. Decrease in sodium ion
concentration and ECF volume stimulates aldosterone secretion through
renin-angiotensin mechanism.

Renin secreted from juxtaglomerular apparatus of kidney acts on
angiotensinogen in the plasma and converts it into angiotensin I, which is
converted into angiotensin Il by converting enzyme (ACE) secreted by
lungs. Angiotensin Il acts on the zona glomerulosa to secrete more
aldosterone. Aldosterone, in turn, increases the retention of sodium and
water and excretion of potassium leading to increase in the sodium ion
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concentration and ECF volume. Now, the increased sodium ion
concentration and the ECF volume inhibit the juxtaglomerular apparatus
and stop the release of renin. So, angiotensin 1l is not formed and release
of aldosterone from adrenal cortex is stopped. Adrenocorticotropic
hormone mainly stimulates the secretion of glucocorticoids. It has only

a mild stimulating effect on aldosterone secretion.

Decrease in K* concentration
Increase in Na* concentration
Increase in ECF volume

Increase in K* concentration
Decrease in Na* concentration
Decrease in ECF volume

Stimulation Feedback  Inhibition

T v v
Angiotensinogen
Excretion of K*
: Juxtaglomerular
l‘_—— Renin apgaratus Retention of Na*
Retention of water
Angiotensin |
<+—— Converting enzyme
Angiotensin I ={ Adrenal cortex }—> Aldosterone

Regulation of aldosterone secretion

GLUCOCORTICOIDS

Glucocorticoids are the corticosteroids which act mainly on glucose
metabolism. Glucocorticoids are secreted mainly by zona fasciculata of
adrenal cortex. A small quantity of glucocorticoids is also secreted by
zona reticularis.

Glucocorticoids are:

1. Cortisol

2. Corticosterone

3. Cortisone.

FUNCTIONS OF GLUCOCORTICOIDS

Cortisol or hydrocortisone is more potent and it has 95% of
glucocorticoid activity. Corticosterone is less potent showing only 4% of
glucocorticoid activity. Cortisone with 1% activity is secreted in minute
quantity.
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Life Protecting Hormone

Like aldosterone, cortisol is also essential for life but in a different way.
Aldosterone is a life saving hormone, whereas cortisol is a life protecting
hormone because, it helps to withstand the stress and trauma in life.
Glucocorticoids have metabolic effects on carbohydrates, proteins, fats
and water. These hormones also show mild mineralocorticoid effect.

Anti-inflammatory Effects Glucocorticoids

Inflammation is defined as a localized protective response induced by
injury or destruction of tissues. When the tissue is injured by mechanical
or chemical factors, some substances are released from the affected area,
which produce series of changes in the affected area.

Glucocorticoids prevent the inflammatory changes in the injured or
infected tissues by:

I. Inhibiting the release of proteolytic enzymes responsible for
inflammation

Ii. Preventing rush of blood to the injured area by enhancing
vasoconstrictor action of catecholamines

Ii. Inhibiting migration of leukocytes into the affected area

Iv. Preventing loss of fluid from plasma into the affected tissue by
decreasing the permeability of capillaries

v. Reducing the reactions of tissues by suppressing T cells and other
leukocytes.

In addition to preventing inflammatory reactions, if inflammation has
already started, the glucocorticoids cause an early resolution of
inflammation and rapid healing.

Anti-allergic Actions of Glucocorticoids

Corticosteroids prevent the various reactions in allergic conditions as in
the case of inflammation.

Immunosuppressive Effects of Glucocorticoids

Glucocorticoids suppress the immune system of the body by decreasing
the number of circulating T lymphocytes. It is done by suppressing
lymphoid tissues (lymph nodes and thymus) and proliferation of T cells.
Glucocorticoids also prevent release of interleukin-2 by T cells.

Thus, hypersecretion or excess use of glucocorticoids decreases the
Immune reactions against all foreign bodies entering the body. It leads to
severe infection causing death. The immunological reactions, which are
Common during organ transplantation, may cause rejection of the
transplanted tissues.

Glucocorticoids are used to suppress the immunological reactions,
because of their immunosuppressive action.
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MODE OF ACTION
Glucocorticoids act through the messenger RNA mechanism.

REGULATION OF SECRETION

Anterior pituitary regulates glucocorticoid secretion by secreting ACTH.
ACTH secretion is regulated by hypothalamus through corticotrophin
releasing factor (CRF).

Role of Anterior Pituitary — ACTH

Anterior pituitary controls the activities of adrenal cortex by secreting
ACTH. ACTH is mainly concerned with the regulation of cortisol
secretion. It plays only a minor role in the regulation of mineralocorticoid
secretion.

Emotion, stress, trauma and
influence of circadian rhythm

»[ Hypothalamus ]

.

Corticotropin releasing factor
(CRF)

sodaiciabied >[ Anterior pituitary ]

!

Adrenocorticotropic hormone
(ACTH)

|

[ Adrenal cortex J

i | Cortisol

Regulation of cortisol secretion

Feedback Inhibition |

Role of Hypothalamus

Hypothalamus also plays an important role in the regulation of cortisol
secretion by controlling the ACTH secretion through corticotrophin
releasing factor (CRF). It is also called corticotropin releasing hormone.
CRF reaches the anterior pituitary through the hypothalamo-hypophyseal
portal vessels.

CRF stimulates the corticotropes of anterior pituitary and causes
synthesis and release of ACTH.
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CRF secretion is induced by several factors such as emotion, stress,
trauma and circadian rhythm. CRF in turn, causes release of ACTH,
which induces glucocorticoid secretion.

Feedback Control

Cortisol regulates its own secretion through negative feedback control by
inhibiting the release of CRF from hypothalamus and ACTH from
anterior pituitary.

ADRENAL SEX HORMONES

Adrenal sex hormones are secreted mainly by zona reticularis. Zona
fasciculata secretes small quantities of sex hormones. Most of the
hormones are male sex hormones (androgens). But small quantities of
estrogen and progesterone are also secreted by adrenal cortex.

Adrenal Medulla

Medulla is the inner part of the adrenal gland and it forms 20% of mass of
adrenal gland.

HORMONES OF ADRENAL MEDULLA

Adrenal medullary hormones are the amines derived from catechol and so
these hormones are called catecholamines. Three catecholamines are
secreted by medulla:

1. Adrenaline or epinephrine

2. Noradrenaline or norepinephrine

3. Dopamine

ACTIONS OF ADRENALINE AND NORADRENALINE

Adrenaline and noradrenaline stimulate the nervous system. Adrenaline
has significant effects on metabolic functions and both adrenaline and
noradrenaline have significant effects on cardiovascular system.

MODE OF ACTION OF ADRENALINE AND NORADRENALINE
—ADRENERGIC RECEPTORS

Adrenaline and noradrenaline execute their actions by binding with
receptors called adrenergic receptors which are present in the target
organs.



Adrenergic receptors are of two types:

1. Alpha adrenergic receptors
Medical physiology Lec9

2. Beta adrenergic receptors.
Alpha receptors and, beta receptors are divided into betal and beta2
receptors.

ACTIONS

The effects of adrenaline and noradrenaline on various target organs
depend upon the type of receptors present in the cells of the organs.
Adrenaline acts through both alpha and beta receptors equally.
Noradrenaline acts mainly through alpha receptors and occasionally
through beta receptors.
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