
endocrinology : the  science of the structure and function of the endocrine glands, and the 

diagnosis and treatment of disorders of the endocrine

system is endocrinology

hormone  : is a mediator  molecule that is released in one part of the body but regulates the 

activity of cells in other parts of the bod, the site on which  it act called target cell & all hormones 

need receptors on their target cells .

Types of glands : 

the body contains two kinds of  glands: exocrine glands and endocrine glands. Exocrine glands

secrete their products into ducts that carry the  secretions into body cavities, into the lumen of an 

organ, or to the outer surface of the body. Exocrine glands include sudoriferous

(sweat), sebaceous (oil), mucous, and digestive glands.

Endocrine glands (endo- within) secrete their products ( hormones) into the interstitial fluid 

surrounding the secretor cells rather than into ducts. From the interstitial fluid, hormones

diffuse into blood capillaries and blood carries them to target cells throughout the body. The 

endocrine glands include the pituitary, thyroid, parathyroid,  adrenal, and pineal glands). In 

addition,several organs and tissues are not exclusively classified as  endocrine glands but contain 

hypothalamus, thymus, pancreas, ovaries, testes,the These include cells that secrete hormones. 

kidneys, stomach, liver, small intestine, skin, heart, adipose   tissue, and placenta.

Each hormone binds to specific receptor in he target cells .

the number of target-cell receptors may   decrease—an effect called down-regulation. Down-regulation makes a 

target cell less sensitive to a hormone. In contrast, when a hormone is deficient, the number of receptors may 

increase. This phenomenon, known as upregulation, makes a target cell more sensitive to a hormone



Circulating and Local Hormones
Most endocrine hormones are circulating hormones—they pass  from the secretory cells that make them into interstitial fluid and then 
into the blood. Other hormones, termed local  hormones, act locally on neighboring cells or on the same cell that secreted them without 
first entering the bloodstream .Local hormones that act on neighboring cells arecalled paracrines (para- beside or near), and those that act 
on the same cell that secreted them are called autocrines.

Chemical classification of hormones :

1-Lipid-soluble Hormones
The lipid-soluble hormones include steroid hormones, thyroid hormones, and nitric oxide.

2- Water-soluble Hormones   include amine hormones, peptide , protein hormones, and eicosanoid hormones-

MECHANISMS OF HORMONE ACTION
The response to a hormone depends on both the hormone and the target cell. Various
target cells respond differently to the same hormone. Insulin, for example, stimulates
synthesis of glycogen in liver cells and synthesis of triglycerides in adipose cells.

The response to a hormone is not always the synthesis of new molecules, as is the case
for insulin. Other hormonal effects include :

1- changing the permeability of the plasma membrane

2- stimulating transport of a substance into or out of the target cells,

3- altering the rate of specific metabolic reactions,

4- causing contraction of smooth muscle or cardiac muscle.

In part, these varied effects of hormones are possible because a single hormone can set
in motion several different cellular responses.include changing the However, a hormone
must first ―announce its arrival‖ to a target cell by binding to its receptors. The receptors
for lipid-soluble hormones are located inside target cells. The receptors forwater-soluble
hormones are part of the plasma membrane of target cells .permeability of the plasma
membrane
.



.

Action of Lipid-soluble Hormones:

1- free lipid-soluble hormone molecule diffuses from the blood, through interstitial fluid, and through 

the lipid bilayer

of the plasma membrane into a cell. 

2- if the cell is a target cell, the hormone binds to and activates receptors located within the cytosol or 

nucleus. The activated  eceptor–hormone complex then alters gene expression: it turns specific genes 

of the nuclear DNA on or off. 3- as the DNA is transcribed, new messenger RNA (mRNA) forms, 

leaves the nucleus, and enters the cytosol. Ther

it directs synthesis of a new protein, often an enzyme, on  the ribosomes. 

4- the new proteins alter the cell’s activity and cause the responses typical of that hormone Action of 

water soluble hormone 

water soluble hormone diffuses from  the blood through interstitial fluid and then binds to it  receptor 

at the exterior surface of a target cell’s plasma  membrane. 

1- The hormone–receptor complex activates a membrane protein called a G protein. The activated G 

protein in turn activates adenylate cyclase. 

2- adenylate cyclase converts ATP into cyclic AMP (cAMP).

3- cyclic AMP (the second messenger) activates one or more protein kinases, which may be free in 

the cytosol or bound to the plasma membrane. A proteinkinase is an enzyme that phosphorylates 

cellular proteins (such as enzymess. 

4- Phosphorylation activates some of these proteins& inactivates others..

5- phosphorylated proteins in turn cause reactions that produce

physiological responses



Hormone Interactions
The responsiveness of a target cell to a hormone depends on

) influences exerted 3cell’s hormone receptors, and (the  target ) the abundance of 2the hormone’s concentration, () 1(

by

level of a hormone rises or when it has more when  the A target cell responds more vigorously other hormones. 

receptor

(up-regulation). In addition, the actions of some hormones on target cells require a simultaneous or recent exposure 

to a second hormone. In such cases, the second hormone is said to have apermissive effect. For example, 

epinephrine alone only eakly stimulates lipolysis (the breakdown of triglycerides), but when small amounts of 

thyroid hormones (T3 and T4) are present, the same amount of epinephrine stimulates lipolysis much more powerfully. 

s for the other hormone, andnumber of receptorincreases the Sometimes the permissive hormone 

.expression of the other hormone’s effectsfor the it promotes the synthesis of an enzyme required sometimes 

When the effect of two hormones acting together is greater or more extensive than the effect of each hormone acting

alone, the two hormones are said to have a synergistic effect. For example, normal development of oocytes in the 

ovaries requires both follicle-stimulating hormone from the anterior pituitary and  estrogens from the ovaries. Neither 

hormone alone is sufficient. when one hormone opposes the actions of another hormone, he two hormones are said to 

have antagonistic effects. An example of an antagonistic pair of hormones is insulin, which promotes

synthesis of glycogen by liver cells, and glucagon, which stimulates breakdown of glycogen in the liver.



CONTROL OF HORMONE SECRETION  :The release of most hormones occurs in short bursts, with little

or no secretion between bursts. When stimulated, an endocrine  gland will release its hormone in more frequent bursts, 

increasing the concentration of the hormone in the blood. In the  absence of stimulation, the blood level of the hormone 

decreases. Regulation of secretion normally prevents overproduction or underproduction of any given hormone.

Hormone secretion is regulated by (1) signals from the  nervous system, (2) chemical changes in the blood, and (3) 

other hormones. For example, nerve impulses to the adrenal medulla regulate the release of epinephrine;

blood Ca2 level regulates the secretion of parathyroid hormone; and a hormone from the anterior pituitary 

.of cortisol by the adrenal cortexthe release (adrenocorticotropic hormone) stimulates 

example, For a few operate via positive feedback but work via negative feedback regulatory systems Most hormonal 

during childbirth, the hormone oxytocin stimulates contractions of the uterus, and uterine contractions in turn stimulate 

more oxytocin release, a positive feedback effect.

.



HYPOTHALAMUS AND PITUITARY GLAND:

For many years, the pituitary gland or Hypophysis was called the ―master‖ endocrine Gland, 
We now know that the pituitary gland itself has a  master—the hypothalamus, pituitary gland 
atteach to hypothalamus by infundibulum , anatomicall & functionally it devided into 
anterior lobe(adenohypophysis) which devided into pars distalis & paris tubularis.the
posterior lobe (neurohypophysis )devided into paris intermedia ( atrophied in adult )& p. 
nervosa.

Release of anterior pituitary hormones is stimulated by releasing hormones and suppressed by 
inhibiting Hypophyseal Portal System

Hypothalamic hormones reach the anterior pituitary through a portal system

Types of Anterior Pituitary Cells

Five types of anterior pituitary cells—somatotrophs,  secret human growth hormone which 
stimulate  secretion of  insulinlike growth facter( IGFs), thyrotroph secrete TSH, gonadotroph
secrete FSH & LH.,  lactotrophs secrete prolactine,  and corticotrophs secrete drenocorticotropic
hormone ( ACTH) or cortisol. 

Humen growth hormone(h GH)  : its Main function is Stimulate secretion of IGFs

, functions of IGFs:

1- increase uptake of a.a by tissue for synthesis of proten & inhibit protein brackdown.

2. IGFs also enhance lipolysis in adipose tissue,

3- human growth hormone and IGFs influence carbohydrate metabolism by decreasing glucose 
uptake .

Somatotrophs in the anterior pituitary release bursts of human growth hormone every few hours, 
especially during sleep. Their secretory activity is controlled mainly by two hypothalamic 
hormone

(1) growth hormone–releasing hormone (GHRH) (2) growth hormone–inhibiting hormone 
(GHIH) A major regulator of GHRH and GHIH secretion is the blood glucose level.



Hypoglycemia an abnormally low blood glucose concentration, stimulates the hypothalamus to

secrete GHRH, which flows toward the anterior pituitary in the hypophyseal portal veins. upon reaching 

the anterior pituitary, GHRH stimulates somatotrophs to release human growth hormone.

●3 Human growth hormone stimulates secretion of insulinlike growth factors, which speed up breakdown 

of liver glycogen into glucose, causing glucose to enter the blood more  rapidly.

●4 As a result, blood glucose rises to the normal level (about  90 mg/100 mL of blood plasma).

●5 An increase in blood glucose above the normal level inhibits  release of GHRH.

●6 Hyperglycemia an abnormally high  blood glucose concentration, stimulates the hypothalamus to

secrete GHIH 

●7 Upon reaching the anterior pituitary in portal blood, GHIH inhibits secretion of human growth 

hormone by somatotrophs.

●8 A low level of human growth hormone and IGFs slows  breakdown of glycogen in the liver, and 

glucose is released  into the blood more slowly.

●9 Blood glucose falls to the normal level.

●10 A decrease in blood glucose below the normal level (hypoglycemia)  inhibits release of GHIH.

include decreased fatty acids and growth  hormone Other stimuli that promote secretion of human 

stress or vigorous physical exercise; and with occuresuch as might ;, in the bloodamino acids increased 

human growth that  inhibit Factors . glucagon, estrogens, cortisol, and insulinhormones, including other 

acids and decreased levels of amino acids in the blood;of fatty hormone secretion are increased levels 

rapid eye movement sleep; emotional deprivation; obesity; low levels of thyroid hormones; and human 

growth hormone itself (through negative feedback)

. Thus, excess secretion of human growth hormone may have a diabetogenic effect; that

is, it causes diabetes mellitus (lack of insulin activity



Thyroid-stimulating Hormone
Thyroid-stimulating hormone (TSH) stimulates the synthesis  and secretion of the two thyroid 
hormones,  (T3)and (T4), both produced by the thyroid gland.

Thyrotropin-releasing hormone (TRH) from the hypothalamus controls TSH secretion. Release of 
TRH in turn depends on blood levels of T3 and T4; high levels of T3 and T4 inhibit secretion

of TRH via negative feedback. There is no thyrotropin inhibiting hormone.

Follicle-stimulating Hormone
(FSH). Each month FSH stimulating  hormone -follicle, the ovaries are the targets for femalesIn

initiates the development of several ovarian follicles,. FSH also stimulates follicular cells to secrete 
stimulates sperm production in the testes. , FSH In malesestrogens 

Gonadotropinreleasing hormone (GnRH) from the hypothalamus stimulates  FSH release. Release of 
GnRH and FSH is suppressed by estrogens  in females and by testosterone in males through negative 
feedback systems. There is no gonadotropin-inhibiting hormone.

Luteinizing Hormone
In females, luteinizing hormone (LH) triggers ovulation, the release of a secondary oocyte by an 
ovary. 

LH stimulates formation of the corpus luteum (structure formed after ovulation) in the ovary and the 
secretion of progesterone  by the corpus luteum. Together,  FSH and LH also stimulate secretion of 
estrogens by ovarian cells. Estrogens and progesterone prepare the uterus for implantation of a 
fertilized ovum and help prepare the mammary glands for milk secretion. In males, LH stimulates 
secretion of testosterone. Secretion of LH, like that of FSH,is controlled by gonadotropin-releasing 
hormone (GnRH).

.



Prolactin
Prolactin (PRL), together with other hormones, initiates and maintains milk secretion by the 

mammary glands. By itself, prolactin has only a weak effect. Only after the mammary glands 

growth hormone, glucocorticoids, human estrogens, progesterone, been primed by have 

does PRL bring about milk secretion.effects,exert permissive , and insulin, which thyroxine

Ejection of milk from the mammary glands depends on the hormone  oxytocin, which is released 

from the posterior pituitary. together, milk secretion and ejection constitute lactation

The hypothalamus secretes both inhibitory and excitatory hormones that regulate prolactin 

secretion. (PIH)&( PRH).

Adrenocorticotropic Hormone

Corticotrophs secrete mainly adrenocorticotropic hormone (ACTH). ACTH controls the 

production and secretion ocortisol and other glucocorticoids by the cortex of the adrenal glands.

Glucocorticoids inhibit CRH and ACTH release via negative feedback.

Melanocyte stimulating hormone(MSH):

Excessive levels of corticotropin-releasing hormone (CRH) can stimulate MSH release; 

dopamine inhibits MSH release.

posterior pituitary hormones: 

1- Oxytocin

During and after delivery of a baby, oxytocin affects two target tissues: the mother’s uterus and 

breasts. During delivery, oxytocin enhances contraction of smooth muscle cells in the wall of the 

uterus; after delivery, it stimulates milk ejection from the mammary glands in response to the 

mechanical stimulus provided by a suckling infant. The function of oxytocin in



Antidiuretic Hormone( ADH):
As its name implies, an antidiuretic is a substance that decreases urine production. ADH causes the 

kidneys

to return more water to the blood, thus decreasing urine volume. 

alcohol inhibits secretion of ADH. ADH also decreases the water lost through sweating and causes 

constriction

of arterioles, which increases blood pressure. This hormone’s  other name, vasopressin, reflects this 

effect on blood pressure. The amount of ADH secreted varies with blood osmotic pressure  and blood 

volume. 

secretion and the actions of ADH.

●1 High blood osmotic pressure—due to dehydration or a decline in blood volume because of 

hemorrhage, diarrhea, or excessive sweating—stimulates osmoreceptors, neurons in the hypothalamus 

that monitor blood osmotic pressure. they also receive excitatory input from other brain areas when 

blood volume decreases

●2 Osmoreceptors activate the hypothalamic neurosecretory cells that synthesize and release ADH.

●3 When neurosecretory cells receive excitatory input from the   osmoreceptors, they generate nerve 

impulses that cause exocytosis  of ADH-containing vesicles from their axon terminals  in the posterior 

pituitary. This liberates ADH, which  diffuses into blood capillaries of the posterior pituitary.

●4 The blood carries ADH to three target tissues: the kidneys, sweat glands, and smooth muscle n blood 

vessel walls. The kidneys respond by retaining more water, which decreases urine output. Secretory

activity of sweat glands decreases, which lowers the rate of water loss by perspiration from the skin. 



Smooth muscle in the walls of arterioles (small arteries) contracts in response to high levels of ADH, 

which constrict (narrows) the lumen of these blood vessels and increases

blood pressure.

●5 L ow osmotic pressure of blood (or increased blood volume)

inhibits the osmoreceptors.

●6 Inhibition of osmoreceptors reduces or stops ADH secretion.

The kidneys then retain less water by forming a larger

volume of urine, secretory activity of sweat glands Increases, and arterioles dilate. The blood volume 

and osmotic pressure of body fluids return to normal.

Secretion of ADH can also be altered in other ways. Pain,stress, trauma, anxiety, acetylcholine, 

nicotine, and drugs such as morphine, tranquilizers, and some anesthetics stimulate ADH secretion. 

The dehydrating effect of alcohol, which has already been mentioned, may cause both the thirst and 

the headache typical of a hangover. Hyposecretion of ADH or n onfunctional



Diabetes Insipidus

The most common abnormality associated with dysfunction of the posterior pituitary is diabetes 

insipidus or DI. This disorder is due to defects in  antidiuretic hormone (ADH) receptors or an inability to 

secrete ADH.

Neurogenic diabetes insipidus results from hyposecretion of ADH, usually caused by a brain tumor, 

head trauma, or brain surgery that damages the posterior pituitary or the hypothalamus. 

In nephrogenic diabetes insipidus, the kidneys do not respond to ADH. The ADH receptors may be 

nonfunctional, or the kidneys may be damaged. 

A common symptom of both forms of DI is excretion of large volumes of urine, with resulting dehydration 

and thirst. Bed-wetting is common in afflicted children. Because so much water is lost in the urine, a 

person with DI may die of dehydration if deprived of water for only a day or so.

Treatment of neurogenic diabetes insipidus involves hormone replacement, usually for life. Either 

subcutaneous injection or nasal spray application of ADH analogs is effective. 

Treatment of nephrogenic diabetes insipidus is more complex and depends on the nature of the kidney 

dysfunction. Restriction of salt in the diet and, paradoxically, the use of certain diuretic drugs, are helpful.



Lecture 2 & lecture 3 
GROOWTH HORMONE is also called somatotropic hormone or somatotropin contrast to other hormones, does not function 
through  a target gland but exerts its effects directly on all or almost allof the body.

Physiological function of G.H.:
I- It causes growth of almost all tissues of the body that are capable of growing. It promotes increased sizes of the cells and increased 
mitosis, with development of greater numbers of cells and specific differentiation of certain types of cells such as bone growth cells and early 
muscle cells.

II - metabolic effects include: 

1 – Promotes protein deposition in the tissues.:
A- Enhancement of Amino Acid Transport Through the Cell Membranes.

B- Enhancement of RNA Translation to Cause Protein Synthesis by ribosomes

C- Increased Nuclear Transcription of DNA to Form RNA

D-.decrease catabolism of amino acids & protein.

i.e Growth hormone enhances almost all facets of amino acid uptake and protein synthesis by cells, while at the same time reducing the 
breakdown of proteins.

release of fatty causing the Growth hormone has a specific effect in :Utilization for energy:  Growth Hormone Enhances Fat -2
acids from adipose tissue and, therefore, increasing the concentration of fatty acids in  the body fluids. In addition, in tissues throughout the

body, growth hormone enhances the conversion of fatty acids to acetyl coenzyme A (acetyl-CoA) and its subsequent utilization for energy. 
Therefore, under the influence of growth hormone, fat is used for energy in preference to the use of carbohydrates and proteins. Growth 
hormone’s ability to promote fat utilization together with its protein anabolic effect, causes a increase in lean body mass.

Ketogenic” Effect of Growth Hormone. Under the influence of excessive amounts of growth hormone, fat  mobilization from adipose tissue 
sometimes becomes so great that large quantities of acetoacetic acid are formed by the liver and released into the body fluids, thus 
causing ketosis. This excessive mobilization of fat from the adipose tissue also frequently causes a fatty  liver.

: Decreases  Carbohydrate Utilization Growth Hormone -3 
(1)decreased glucose uptake in tissues such as skeletal muscle and fat, (2) increased glucose production by the liver, and (3) increased 
insulin secretion.

. Each of these changes results from growth hormone–induced ―insulin resistance,‖ which attenuates insulin’s actions to stimulate the uptake 
and utilization of glucose in skeletal muscle and fat and to  inhibit gluconeogenesis (glucose production) by the liver; this leads to increased 
blood glucose concentration and a compensatory increase in insulin secretion.  for these reasons, growth hormone’s effects are called 
dabetogenic, and excess secretion of growth hormone can produce metabolic disturbances very similar to those found in patients with type 
II (non-insulindependent)diabetes, who are also very resistant to the metabolic effects of insulin.

- Necessity of Insulin and Carbohydrate for the Growth- Promoting Action of Growth Hormone. Growth hormone  fails to 
cause growth in an animal that lacks a pancreas; it  also fails to cause growth if carbohydrates are excluded from the diet. This 
shows that adequate insulin activity and adequate availability of carbohydrates  are necessary for growth hormone to be 

, but metabolism of growthis to provide the energy needed for the and insulin of this requirement for carbohydrates . Part effective
acids into amino of some to  enhance the transport . Especially important is insulin’s ability as wellthere seem to be other effects 

.rtsame way that it stimulates glucose transpocells, in the 



III- Growth Hormone Stimulates Cartilage and Bone Growth

1) increased deposition of protein by the chondrocytic and osteogenic cells that cause bone 

growth,

(2) increased rate of reproduction of these cells,

(3) a specific effect of converting chondrocytes  to  osteogenic cells, thus causing deposition of 

new bones.

IV - Growth Hormone Exerts Much  of Its Effect Through Intermediate Substances Called 

“Somatomedins” (Also Called “Insulin-Like Growth Factors”):growth hormone causes the 

liver (and, to a much less extent,other tissues) to form several small proteins called 

somatomedins that have the potent effect of increasing all aspects of bone growth. Many of the 

somatomedin effects on growth are similar to the effects of insulin on growth. Therefore, the 

somatomedins , are also called insulin-like growth factors (IGFs). The G.H have short half life , 

while somatomedine has longer half life. 

Regulation of GH secretion :

Factors stimulates its secretion are: 

1) starvation, especially with severe protein deficiency; (2) hypoglycemia or low concentration of 
fatty acids in the blood; (3) exercise; (4) excitement; (5) trauma(6) catecholamines,

dopamine, and serotonin, each of which is released by a different neuronal system in the 

hypothalamus, all increase the rate of growth hormone secretion.

Role of hypothalamus in controling GH secretion :

It is known that growth  hormone secretion is controlled by two factors secreted in the 

hypothalamus and then transported to the anterior pituitary gland through the 

hypothalamichypophysial portal vessels. They are growth hormone–releasing hormone and 

. ).nsomatostatialso called (hormone hormone inhibitory growth 



Abnormalities of Growth hormone Secretion
pituitary may be the anterior secretion of all term means decreased This = . Panhypopituitarism: Decrease secretion of GH ) 1

congenital or acquired.

A- Dwarfism. Most instances of dwarfism result from generalized deficiency of anterior pituitary secretion (panhypopituitarism)  

during childhood.

B- Panhypopituitarism in the Adult. Due to tumor of pituitarys gland or thrombosis of the pituitary vessels . The general 

effects of adult panhypopituitarism are (1) hypothyroidism, (2) depressed production of glucocorticoids by the adrenal glands, 

and (3) suppressed secretion of the gonadotropic hormones so that sexual functions are lost.

2) Oversecretion of GH : 

A- Gigantism. :  Over production of GH  before puperty Occasionally, the acidophilic, growth hormone–producing cells of the 

anterior pituitary gland become excessively active, and sometimes even acidophilic tumors occur in the gland. As a result, : 1- )  

large quantities of growth hormone are produced. All body tissues grow rapidly, 

2-) hyperglycemia,. Up to  10%  of giants, full-blown diabetes mellitus eventually develop . 

3-) In most giants, panhypopituitarism eventually develops if they remain untreated, because the gigantism iit usually caused by 

a tumor of the pituitary gland that grows until the gland itself is destroyed. 

B- acromegaly :If an acidophilic tumor occurs after adolescence—that is, after the epiphyses of the long bones have fused 

with the shafts—the person cannot grow taller, but the bones can become thicker and the soft tissues can continue to grow., This 

condition known as acromegaly. 

Clinical features are :

1- Enlargement in the bones of the hands and feet

2- enlargement n the membranous bones, including the cranium, nose, bosses on the forehead, supraorbital ridges, low

jawbone, and portions of the vertebrae, Consequently, the lower jaw protrudes forward,, the forehead slants forward because of 

excess development of the supraorbital ridges, the nose increases to as much as twice normal size, vertebrae ordinarily cause a 

hunched back, which is known clinically as kyphosis. 

3- many soft tissue organs, such as the tongue, the liver, and especially the kidneys, are enlarged.



Thyroid gland : The butterfly-shaped thyroid gland is located just inferior to the larynx (voice box). It is 
composed of right and left lateral lobes, one on either side of the trachea, that are connected by an

Isthmus

Formation, Storage, and Release  of Thyroid Hormones:

1- trapping of iodid ion from the blood to the follicular cells.

2- synthesis of throglobulin which contain tyrosin.

3- oxidation of iodide before binded to tyrosin.

4- iodination of tyrosin to form T1., binding of 2 molcules of T1 to form T2, then one T2+T1 →  T3,   
& T2+T2 → T4 (thyroxine).

5- More than 99% of both the T3 and  the T4 combine with transport proteins in the blood, mainly

thyroxine-binding globulin (TBG).

About 93 per cent of the thyroid hormone released from the thyroid gland is normally thyroxine and only 7 
per cent is triiodothyronine.

Physiological functions of Thyroid Hormones.

1. Thyroid Hormones Increase the Transcription of Large Numbers of Genes. By activating the receptors 
of thyroid hormones which located on the DNA or in a proximity to it, then after activation of the receptors 
,initiation of Transcription process result in formation of large numbers of different types of messenger 
RNA are formed, followed within another few minutes or  hours by RNA translation on the cytoplasmic 
ribosomes to form hundreds of new intracellular proteins

2- effecct of thyroid hormone on growth : 

Together with human growth hormone and insulin, thyroid hormones accelerate body growth, particularly the  
growth of the nervous and skeletal systems. Deficiency of thyroid hormones during fetal development, infancy, or 
childhood causes severe mental retardation and stunted bone growth

3- A  major effect of thyroid hormones is to stimulate synthesis of additional sodium-potassium pumps (Na/K 
A TPase), which use large amounts of ATP to continually eject  sodium ions (Na) from the cytosol into the 
extracellular fuid and potassium ions (K) from the extracellular fluid into the cytosol. As cells produce and use more 
ATP, more heat is given off, and body temperature rises. This phenomenon is called the calorigenic effect. In this 
way, thyroid hormones play an important role in the maintenance of normal body temperature. Normal mammals can 
survive in freezing temperatures, but those whose thyroid glands have been removed cannot.

-



:, In the regulation of metabolism. 4

, enhanced glycolysis, enhanced the cellsrapid uptake of glucose by :  stimulate carbohydrate metabolism -1

gluconeogenesis increased rate of absorption from the gastrointestinal tract, and even increased insulin 

secretion.

fat from the fat tissue, which decreases the mobilized rapidly are lipids .: of Fat MetabolismStimulation -2

stores of the body to a greater extent than almost any other tissue element. This also increases the free fatty 

acid concentration in the plasma,

. cholesterolthe concentrations of decreases -3

5- Increased Requirement for Vitamins. Because thyroid  hormone increases the quantities of many bodily 

enzymes and because vitamins are essential parts of some of the enzymes or coenzymes, thyroid hormone 

causes increased need for vitamins

the rate of oxygen consumption under standard or basal hormones increase basal metabolic rate (BMR),Thyroid .-6

oxygen to produce ATP. When the basal of cellular conditions(awake, at rest, and fasting), by stimulating the use 

metabolic  rate increases, cellular metabolism of carbohydrates, lipids, and proteins increases

:  .effect of thyroid hormones on CVS 7 

they (norepinephrine and epinephrine) because catecholaminesthe  enhance some actions of thyroid hormones The -1

up-regulate beta ( B) receptors. For this reason, symptoms of Hyperthyroidism include increased heart rate, more forceful 

heartbeats, and increased blood pressure.

2- Increased Respiration. The increased rate of metabolism Increases the utilization of oxygen and formation 

of carbon dioxide; these effects activate all the mechanisms that increase the rate and depth of respiration

8- increase GIT motility : thyroid hormone increase rate of secretio of digestive enzymes, & gastrointestinal 

motility.

9- when the quantity of hormone becomes excessive, the muscles become weakened because of

excess protein catabolism. One of the most characteristic signs of  hyperthyroidism is a fine muscle tremor.

This tremor is believed to be caused by increased reactivity  of the neuronal synapses in the areas of the  

spinal cord that control muscle tone. 

10- effect on sleep :because of the excitable effects of thyroid hormone on the synapses, it is difficult to sleep. 



Control of Thyroid Hormone secretion
Thyrotropin-releasing hormone (TRH) from the hypothalamus and thyroid-stimulating hormone (TSH) from the 

anterior pituitary stimulate synthesis and release of thyroid hormones, 

●1- ll llow blood levels of T3 and T4 or low metabolic rate stimulate the hypothalamus to secrete TRH.

●2 TRH enters the hypophyseal portal veins and flows to the anterior pituitary, where it stimulates thyrotrophs to

secrete TSH.

●3 TSH stimulates virtually all aspects of thyroid follicular cell activity, including iodide trapping hormone  

synthesis and secretion and growth of the follicular cells.

●4 The thyroid follicular cells release T3 and T4 into the blood until the metabolic rate returns to normal.

●5 An elevated level of T3 inhibits release of TRH and TSH  (negative feedback inhibition).

Conditions that increase ATP demand—a cold environment, hypoglycemia, high altitude, and pregnancy—also 

increase the secretion of the thyroid hormones.

Excitement and anxiety—conditions that greatly stimulate the  sympathetic nervous system—cause an 

acute decrease in secretion of TSH, perhaps because these state increase the metabolic rate and body 

heat and therefore exert an inverse effect on the heat control center.

Feedback Effect of Thyroid Hormone  to Decrease Anterior Pituitary secretion of TSH

Increased thyroid hormone in the body fluids decreases secretion of TSH by the anterior pituitary.When

the rate of thyroid hormone secretion rises to about 1.75 times normal.



Diseases of thyroid gland :

Hyperthyroidism :

the , with hyperthyroidismmost patients In : ). Graves’diseaseToxic Goiter, Thyrotoxicosis, Causes of Hyperthyroidism (

thyroid gland is increased to two to three times normal size, with hyperplasia

of the follicular cell lining into the follicles, so that the number of cells is increased greatly. Also, each cell

increases its rate of secretion several folds . plasma TSH concentrations are less than normal rather than 

enhanced in almost all patients and often are essentially zero. However, other substances that have actions 

similar to those of TSH are found in he blood of almost all these patients. These substances  are immunoglobulin 

antibodies that bind with the same membrane receptors that bind TSH.. These antibodies are called thyroid-
stimulating immunoglobulin (TSI.),  They have a prolonged stimulating effect on the thyroid gland, lasting for as

long as 12 hours, in contrast to a little over 1 hour for  TSH. The high level of thyroid hormone secretion

caused by TSI in turn suppresses anterior pituitary formation of TSH.

The antibodies that cause hyperthyroidism almost  certainly occur as the result of autoimmunity that has

developed against thyroid tissue.

Symptom of hyperthyroidism are :

1- exophthalmus : (protrusion of eye ball):the condition sometimes becomes so severe that the eyeball

protrusion stretches the optic nerve enough to damage vision. Much more often, the eyes are damaged because 

the eyelids do not close completely when the person blinks or is asleep. As a result, the epithelial surfaces of

the eyes become dry and irritated and often infected, resulting in ulceration of the cornea. The cause of the 

protruding eyes is edematous swelling of the retro-orbital tissues and degenerative changes in the extraocular

muscles

Diagnostic tests in hyperthyroidism :

1- elevated BMR .

2- TSH secretion is suppressed so in most cases no plasma TSH .

3- elevated level of TSI .



Hypothyroidism : causes are

1-The thyroid glands of most of these patients first have autoimmune ―thyroiditis,‖ which means thyroid 

inflammation. this causes progressive deterioration and finally fibrosis of the gland, with resultant 

diminished or absent secretion of thyroid hormone.

2-Several other types of hypothyroidism also occur, often associated with development of enlarged thyroid 

glands, called thyroid goiter

3- destruction of thyroid gland by irradiation or surgical removal of thyroid gland .

Physiological character are :

fatigue and extreme somnolence with sleeping  up to 12 to 14 hours a day, extreme muscular 

sluggishness, slowed heart rate, decreased cardiac output, decreased blood volume, sometimes increased 

body weight, constipation, mental sluggishness, failure of many trophic functions in the body evidenced by

depressed growth of hair and scaliness of the skin, development of a froglike husky voice, and, in severe

cases, development of an edematous appearance throughout the body called myxedema., atherosclersis

Diagonstic testes : the results are apposit to hyerthroidism .

Cretinism

Cretinism is caused by extreme hypothyroidism during fetal life, infancy, or childhood. This condition is 

characterize especially by failure of body growth and bymental retardation. It results from congenital lack of 

a thyroid gland (congenital cretinism), from failure of the thyroid gland to produce thyroid hormone because 

of agenetic defect of the gland, or from iodine lack in the diet (endemic cretinism).



Calcitonin
The hormone produced by the parafollicular cells of the thyroid gland is calcitonin (CT) CT can decrease the level 

of calcium in the blood by inhibiting the action of osteoclasts, the cells that break down bone extracellular

matrix. The secretion of CT is controlled by a negative feedback system.

When its blood level is high, calcitonin lowers the amount of blood calcium and phosphates by inhibiting bone 

resorption (breakdown of bone extracellular matrix) by osteoclasts and by accelerating uptake of calcium and 

phosphates into bone extracellular matrix.

PARATHYROID GLANDS.

Partially embedded in the posterior surface of the lateral lobes of  the thyroid gland.

Parathyroid  Hormone
Parathyroid hormone is the major regulator of the levels of calcium (Ca2), magnesium (Mg2), and phosphate (HPO

ions in the blood. The specific action of PTH is to increase the number and activity of osteoclasts. The result is 

elevated bone resorption,

which releases ionic calcium (Ca2) and phosphates (HPO4)@ into the blood. 

PTH also acts on the kidneys. 

.11 . It slows the rate at which Ca2 and Mg2 are lost from blood into the urine. 

.22. , it increases loss of HPO4     from blood into the urine. Because more HPO4  is lost in the urine than is gained

from the bones, PTH decreases blood HPO4  level and increases blood Ca2 and Mg2 levels. 

3. A third effect of PTH on the kidneys is to promote formation of the hormone calcitriol, the active form

of vitamin D., calcitriol increases the rate of Ca2, HPO4   and Mg2 absorption from the gastrointestinal tract into the 

blood.

The blood calcium level directly controls the secretion of both calcitonin and parathyroid hormone via negative 

feedback loops that do not involve the pituitary gland



The roles of calcitonin , parathyroid hormone ,and calcitriol in calcium homeostasis

●1 A higher-than-normal level of calcium ions (Ca2) in the blood stimulates parafollicular cells of the thyroid gland 

to

release more calcitonin.

●2 Calcitonin inhibits the activity of osteoclasts, thereby decreasing the blood Ca2 level.

●3 A lower-than-normal level of Ca2 in the blood stimulates chief cells of the parathyroid gland to release more 

PTH.

●4 PTH promotes resorption of bone extracellular matrix,  which releases Ca2 into the blood and slows loss of Ca2

in

the urine, raising the blood level of Ca2.

●5 PTH also stimulates the kidneys to synthesize calcitriol, the active form of vitamin D.

●6 Calcitriol stimulates increased absorption of Ca2 from foods  in the gastrointestinal tract, which helps increase the 

blood level of Ca2

Parathyroid Gland Disorders
Hypoparathyroidism—too little parathyroid hormone—leads to a  deficiency of blood Ca2, which causes 

neurons and muscle fibers to depolarize and produce action potentials spontaneously. This leads to 

witches, spasms, and tetany (maintained contraction) of skeletal muscle. the leading cause of 

hypoparathyroidism is accidental damage to  the parathyroid glands or to their blood supply during 

thyroidectomy surgery.

Hyperparathyroidism, an elevated level of parathyroid hormone, most often is due to a tumor of one of 

the parathyroid glands. An elevated level of PTH causes excessive resorption of bone matrix, raising the 

blood levels of calcium and phosphate ions and causing bones to become soft and easily fractured. High 

blood calcium level promotes forrmation of kidney stones. Fatigue, personality changes, and lethargy

are also seen in patients with hyperparathyroidism.



diabetus insipidud ?????

Adrenal gland (suprarenal gland):
The adrenal cortex produces steroid hormones that are essential for life. Complete loss of 

adrenocortical hormones leads to death due to dehydration and electrolyte imbalances in a

few days to a week, unless hormone replacement therapy begins promptly. The adrenal 

medulla produces three catecholamin hormones—norepinephrine, epinephrine, and a small 

amount of dopamine.

Adrenal Cortex
The adrenal cortex is subdivided into three zones, each of which secretes different 

hormones , The outer zone, just deep to the connective tissue capsule, is the zona

glomerulosa, secrete hormones called mineralocorticoids ,because they affect mineral 

homeostasis. the middle zone, or zona fasciculata secrete mainly glucocorticoids, so

named because they affect glucose homeostasis. The cells of the inner zone, the zona

reticularis), are arranged in branching cords. They synthesize small amounts of

weak androgens (andro- a man), steroid hormones that have

masculinizing effects-



Mineralocorticoids

Aldosterone is the major mineralocorticoid. It regulates homeostasis of two mineral ions, namely sodium ions(Na) and 

potassium ions (K), and helps adjust blood pressure and blood volume. Aldosterone also promotes excretion of H in the 

urine; this removal of acids from the body can help prevent acidosis , 

The renin–angiotensin–aldosterone or RAA pathway controls secretion of aldosterone:

●1 Stimuli that initiate the renin–angiotensin–aldosterone pathway  include dehydration, Na deficiency, or hemorrhage.

●2 These conditions cause a decrease in blood volume.

●3 Decreased blood volume leads to decreased blood pressure.

●4 Lowered blood pressure stimulates certain cells of the kidneys, called juxtaglomerular cells, to secrete the enzyme 

renin.   

●5 The level of renin in the blood increases.

●6 Renin converts angiotensinogen, a plasma protein produce by the liver, into angiotensin I.

●7 Blood containing increased levels of angiotensin I circulates in the body.

●8 As blood flows through capillaries, particularly those of the lungs, the enzyme angiotensin-converting enzyme 

(ACE) converts angiotensin I into the hormone angiotensin II.

●9 Blood level of angiotensin II increases.

●10 Angiotensin II stimulates the adrenal cortex to secrete aldosterone.

●11 Blood containing increased levels of aldosterone circulates to  the kidneys.

●12 In the kidneys, aldosterone increases reabsorption of Na & water so that less is lost in the urine. Aldosterone also 

stimulates the kidneys to increase secretion of K and H into the urine.

●13 With increased water reabsorption by the kidneys, blood

●14 As blood volume increases, blood pressure increases to normal

●15 Angiotensin II also stimulates contraction of smooth muscle in the walls of arterioles. The resulting vasoconstriction 

of the arterioles increases blood pressure and thus helps raise  blood pressure to normal.

●16 Besides angiotensin II, a second stimulator of aldosterone secretion is an increase in the K concentration of blood 

(or

interstitial fluid). A decrease in the blood K level has the opposite effect. 

.





Glucocorticoids
The glucocorticoids, which regulate metabolism and resistance to stress, include cortisol (hydrocortisone), corticosterone, and 

cortisone. Of these three hormones secreted by the zona fasciculata, cortisol is the most abundant, accounting for about 95% of 

glucocorticoid activity. 

control of glucocorticoid secretion occurs via a typical negative feedback system. Low blood levels of glucocorticoids, mainly 

cortisol, stimulate neurosecretory cells in the hypothalamus to secrete corticotropin-releasing hormone (CRH). CRH (together 

with a low level of cortisol) promotes the release of ACTH from the anterior pituitary. ACTH flows in the blood to the adrenal 

cortex, where it stimulates glucocorticoid secretion. (To a much smaller extent, ACTH also stimulates secretion of aldosterone.) 

the hypothalamus also increases CRH release in response to a variety of physical and emotional stresses.

Glucocorticoids have the following effects:

1. Protein breakdown. Glucocorticoids increase the rate of protein breakdown, mainly in muscle fibers, and thus increase the 

liberation of amino acids into the bloodstream. The amino acids may be used by body cells for synthesis of new proteins or for 

ATP production.

2. Glucose formation. Upon stimulation by glucocorticoids, liver cells may convert certain amino acids or lactic acid to 

glucose, which neurons and other cells can use for ATP production. Such conversion of a substance other than glycogen or 

another Monosaccharide into glucose is called gluconeogenesis

3. Lipolysis. Glucocorticoids stimulate lipolysis, the breakdown of triglycerides and release of fatty acids from adipose tissue.

4. Resistance to stress. Glucocorticoids work in many ways to provide resistance to stress. The additional glucose supplied by 

the liver cells provides tissues with a ready source of ATP to combat a range of stresses, including exercise, fasting, fright, 

temperature extremes, high altitude, bleeding, infection, surgery, trauma, and disease. Because glucocorticoids make blood  

vessels more sensitive to other hormones that cause vasoconstriction, they raise blood pressure. This effect would be an

advantage in cases of severe blood loss, which causes blood pressure to drop.

5. Anti-inflammatory effects. Glucocorticoids inhibit white blood cells that participate in inflammatory responses.

Unfortunately, glucocorticoids also retard tissue repair, and as a result, they slow wound healing., glucocorticoids are very useful 

in the  treatment of chronic inflammatory disorders such as rheumatoid arthritis.

6. Depression of immune responses. High doses of glucocorticoid depress immune responses. For this reason, glucocorticoids

are prescribed for organ transplant recipients to retard tissue rejection by the immune system.



Androgens
In both males and females, the adrenal cortex secretes small  amounts of weak androgens. The major androgen 
secreted by the adrenal gland is dehydroepiandrosterone (DHEA) .After puberty in males, the androgen testosterone 
is also released in much greater quantity by the testes. Thus, the amount of androgens secreted by the adrenal gland in 
males is usually so low that their effects are insignificant.

In females, however, adrenal androgens play important roles. They are converted into estrogens by other body tissues.

After menopause, when ovarian secretion of estrogens ceases, all female estrogens come from conversion of adrenal 
androgens.

Adrenal androgens also stimulate growth of axillary and pubic hair in boys and girls and contribute to the prepubertal

growth spurt. Although control of adrenal androgen secretion is not fully understood, the main hormone that stimulates 
its secretion is ACTH.

Adrenal Medulla
The inner region of the adrenal gland, the adrenal medulla, is a modified sympathetic ganglion of the autonomic 
nervous system (ANS). It develops from the same embryonic tissue  as all other sympathetic ganglia, but its cells, 
which lack axons  form clusters around large blood vessels. Rather than releasing a neurotransmitter, the cells of the 
adrenal medulla secrete hormones. The hormone-producing cells, called chromaffin cells affinity , are innervated by 
sympathetic preganglionic neurons of the ANS. Because the ANS exerts direct control over the  chromaffin cells, 
hormone release can occur very quickly.

The two major hormones synthesized by the adrenal  medulla are epinephrine and norepinephrine (NE), also called 
adrenaline and noradrenaline, respectively. The chromaffin cells of the adrenal medulla secrete an unequal amount of  
these hormones—about 80% epinephrine and 20% norepinephrine. UNlike the hormones of the adrenal cortex, the 
hormones of  the adrenal medulla are not essential for life since they only intensify sympathetic responses in other parts 
of the body. In stressful situations and during exercise, impulses from the hypothalamus stimulate sympathetic 
preganglionic neurons, Which in turn stimulate the chromaffin cells to secrete epinephrine and norepinephrine. These 
two hormones greatly augment the fight-or-flight response that you learned about. By increasing heart rate and force of 
contraction, epinephrine& norepinephrine increase the output of the heart, which increases blood pressure. They also 
increase blood flow to the heart, liver, skeletal muscles, and adipose tissue; dilate airways to the lungs; and increase 
blood levels of glucose and fatty acids.



Abnormalities of  Adrenocortical Secretion
Hypoadrenalism-Addison’s Disease
Addison’s disease results from failure of the adrenal cortices to produce adrenocortical hormones, and this in turn is 
most frequently caused by primary atrophy of the adrenal cortices( either autoimmune, or TB, or tumor).

Mineralocorticoid Deficiency. :Lack of aldosterone secretion greatly decreases renal tubular sodium reabsorption 
&consequently allows sodium ions, chloride ions, &  water to be lost into urine in great profusion. The net result is a 
greatly decreased extracellular fluid volume. Furthermore, hyponatremia, hyperkalemia, and

mild acidosis develop because of failure of potassium & hydrogen ions to be secreted in exchange for

sodium reabsorption. As the extracellular fluid becomes depleted, plasma volume falls, red blood cell concentration 
rises markedly, cardiac output decreases, and the patient dies in shock, death usually occurring in the untreated patient 
4 days to 2 weeks after cessation of mineralocorticoid secretion.

Glucocorticoid Deficiency. Loss of cortisol secretion makes it impossible for a person with Addison’s disease to

maintain normal blood glucose concentration between meals because he or she cannot synthesize significant

quantities of glucose by gluconeogenesis. Furthermore, lack of cortisol reduces the mobilization of both

proteins and fats from the tissues, thereby depressing many other metabolic functions of the body. This

sluggishness of energy mobilization when cortisol is not available is one of the major detrimental effects of 
glucocorticoid lack. Even when excess quantities of glucose & other nutrients are available, the person’s muscles are 
weak, indicating that glucocorticoids are needed to maintain other metabolic functions of the tissues in addition to 
energy metabolism.  Lack of adequate glucocorticoid secretion also makes a person with Addison’s disease highly 
susceptible to  the deteriorating effects of different types of stress, and even a mild respiratory infection can cause 
death

Melanin Pigmentation. Another characteristic of most  people with Addison’s disease is melanin pigmentation of the 
mucous membranes and skin.This melanin is not always deposited evenly but occasionally is deposited in blotches, 
and it is deposited especially in the thin skin areas, such as the mucous membranes of the lips and the thin skin of the 
nipples . The cause of the melanin deposition is believed to be the following::

When cortisol secretion is depressed, the norrmal negative feedback to the hypothalamus and anterior pituitary gland is 
also depressed, therefore allowing tremendous rates of ACTH secretion as well as simultaneous secretion of increased 
amounts of MSH. Probably the tremendous amounts of ACTH cause most of the pigmenting effect because they can 
stimulate formation of melanin by the melanocytes in the  same way that MSH does.



addisonian Crisis. Great quantities of glucocorticoids are occasionally secreted in response to different types of 

physical or mental stress. In a person with Addison’s disease, the output of gucocorticoids does not increase during 

stress. Yet whenever different types of trauma, disease, or other stresses, such as surgical operations, supervene, a 

person is likely to have an acute need for excessive amounts of

glucocorticoids and often must be given 10 or more times the normal quantities of glucocorticoids to

prevent death. this critical need for extra glucocorticoids and the associated severe debility in times of stress is called 

an  addisonian crisis.

Hyperadrenalism-Cushing’s syndrome

Hypercortisolism can occur from multiple  causes, including (1) adenomas of the anterior pituitary

(2) ―ectopic secretion‖ of ACTH by a tumor elsewhere in the body, such as an abdominal carcinoma; and 

(3) adenomas of the adrenal cortex. (4)abnormal function of the hypothalamus that causes high levels of 

corticotropin-releasing hormone (CRH), which stimulates excess ACTH release.

A special characteristic of Cushing’s syndrome is mbilization of fat from the lower part of the 

body, with concomitant extra deposition of fat in the thoracic and upper abdominal regions, 

giving rise to a buffalo torso.

The excess secretion of steroids also leads to an edematous appearance of the face, and the 

androgenic potency of some of the hormones sometimes causes acne and hirsutism (excess 

growth of facial hair). The appearance of the face is frequently described as a (moon face).



About 80 per cent of patients have hypertension, presumably because of the slight 

mineralocorticoid effects of cortisol. The effects of glucocorticoids on protein catabolism are 

often profound in Cushing’s syndrome, causing greatly decreased tissue proteins almost 

everywhere in the body with the exception of the liver; the plasma proteins also remain 

unaffected. The loss of protein from   the  muscles in particular causes severe weakness. 

The loss of protein synthesis in the lymphoid tissues leads to a  suppressed immune system, 

so that many of these patients die of infections. Even the protein collagen fibers in the 

subcutaneous tissue are diminished so that the subcutaneous tissues tear easily, resulting in 

development of large purplish striae where they have torn apart. In addition, severely 

diminished protein deposition in the bones often causes severe osteoporosis with

consequent weakness of the bones.

Primary Aldosteronism (Conn’s Syndrome)

Occasionally a small tumor of the zona glomerulosa cells occurs and secretes large amounts of 

aldosterone;the resulting condition is called ―primary aldosteronism‖ or ―Conn’s syndrome.‖ .The most

important effects are hypokalemia, slight increase in extracellular fluid volume and blood volume, very

slight increase in plasma sodium concentration ,  and, almost always, hypertension. Especially interesting 

in primary aldosteronism are occasional periods of muscle. paralysis caused by the hypokalemia. The 

paralysis is caused by a depressant effect of low extracellular potassium concentration on action potential 

transmission by the nerve fibers,. one of the diagnostic criteria of primary aldosteronism is a decreased 

plasma renin concentration. This results from feedback suppression of renin secretion caused by the 

excess aldosterone or by the excess extracellular fluid volume and arterial pressure resulting from the 

aldosteronism. Treatment of primary aldosteronism is  usually surgical removal of the tumor or of

most of the adrenal tissue when hyperplasia is the cause.



Pheochromocytomas

Usually benign tumors of the chromaffin cells of the adrenal medulla, called pheochromocytomas cause 

hypersecretion of epinephrine and norepinephrine. The result is a prolonged version of the fight-or-flight

response: rapid heart rate, high blood pressure, high levels of glucose in blood and urine, an elevated basal 

metabolic rate (BMR), flushed face, nervousness, sweating, and decreased gastrointestinal motility.

Treatment is surgical removal of the tumor.



PANCREATIC ISLETS The pancreas is both an endocrinen gland and an exocrine gland.

the pancreas is located in the curve of the duodenum, the first part of the small intestine, and consists of a head, a 
body, and a tail . Roughly 99% of the cells of the pancreas are arranged in clusters called acini. The acini produce 
digestive  enzymes, which flow into the gastrointestinal tract through a network of ducts. Scattered among the 
exocrine acini are 1–2 million tiny clusters of endocrine tissue called pancreatic islets or islets of Langerhans.

Cell Types in the Pancreatic Islets

Each pancreatic islet includes four types of hormone-secreting cells:

1.Alpha or A cells constitute about 17% of pancreatic islet cells and secrete glucagon 

2. Beta or B cells constitute about 70% of pancreatic islet cells secrete insulin

3. Delta or D cells constitute about 7% of pancreatic islet cells & secrete somatostatin (identical to the growth 
hormone–inhibiting hormone secreted by the hypothalamus).

4. F cells constitute the remainder of pancreatic islet cells and secrete pancreatic polypeptide.

We do know that glucagon raises blood glucose level, and insulin lowers it. Somatostatin acts in a paracrine manner to 
inhibit both insulin and glucagon release from neighboring beta and alpha cells. It may also act as a circulating 
hormone to slow absorption of nutrients from the gastrointestinal tract. Pancreatic polypeptide inhibits somatostatin

secretion, gallbladder contraction, and secretion of digestiv enzymes by the pancreas.

Regulation of Glucagon and Insulin Secretion
The principal action of glucagon is to increase blood glucose  level when it falls below normal. Insulin, on the other hand,

helps lower blood glucose level when it is too high. The level of blood glucose controls secretion of glucagon and 
insulin via   negative feedback):

●1 Low blood glucose level (hypoglycemia) stimulates secretion of glucagon from alpha cells of the pancreatic islets.

●2 Glucagon acts on hepatocytes (liver cells) to accelerate the  conversion of glycogen into glucose (glycogenolysis) 
and to promote formation of glucose from lactic acid and certain  amino acids (gluconeogenesis).

●3 As a result, hepatocytes release glucose into the blood more rapidly, and blood glucose level rises.

●4 If blood glucose continues to rise, high blood glucose level (hyperglycemia) inhibits release of glucagon (negative 
feedback).



●5 High blood glucose (hyperglycemia) stimulates secretion of insulin by beta cells of the pancreatic islets.

●6 Insulin acts on various cells in the body to accelerate facilitated diffusion of glucose into cells; to speed conversion 

of glucose into glycogen (glycogenesis); to slow the conversion of glycogen to glucose (glycogenolysis); to increase 

uptake of amino acids by cells and to increase protein synthesis; to speed synthesis of fatty acids (lipogenesis);; and to 

slow the formation of glucose from lactic acid and amino acids (gluconeogenesis).

●7 As a result, blood glucose level falls.

●8 If blood glucose level drops below normal, low blood glucose inhibits release of insulin (negative feedback) and

stimulates release of glucagon.

Insulin secretion is also stimulated by: 

• Acetylcholine, the neurotransmitter liberated from axon terminals of parasympathetic vagus nerve fibers that innervate

the pancreatic islets

• The amino acids arginine and leucine, which would be present In the blood at higher levels after a protein-containing

meal

• Glucose-dependent insulinotropic peptide (GIP),* a hormone released by enteroendocrine cells of the small intestine in 

response to the presence of glucose in the gastrointestinal tract   thus, digestion and absorption of food containing both

carbohydrates and proteins provide strong stimulation for insulin release.

Glucagon secretion is stimulated by:

• Increased activity of the sympathetic division of the ANS, as occurs during exercise

• A rise in blood amino acids if blood glucose level is low, which could occur after a meal that contained mainly protein





Regulation of blood glucose :

1- The liver functions as an important blood glucose buffer system. That is, when the blood glucose rises to a high 

concentration after a meal and the rate of insulin secretion also increases, as much as two thirds of the glucose absorbed from 

the gut is almost immediately stored in the liver in the form of glycogen. Then, during the succeeding hours, when both the blood 

glucose concentration and the rate of insulin secretion fall, the liver releases the glucose back into the blood. In this way, the liver 

decreases the fluctuations in blood glucose concentration to about one third of what they would otherwise be. In fact, in patients 

with severe liver disease, it becomes almost impossible to maintain a narrow range of blood glucose concentration.

2. Both insulin and glucagon function as important feedback control systems for maintaining a normal bood glucose 
concentration. When the glucose concentration rises too high, insulin is secreted;  the insulin in turn causes the blood glucose 

concentration to decrease toward normal. conversely, a decrease in blood glucose stimulates  gucagon secretion; the glucagon 

then functions in  the opposite direction to increase the glucose toward normal. Under most normal conditions, the insulin 

feedback mechanism is much more important than the glucagon mechanism, but in instances of starvation or excessive utilization 

of gucose during exercise and other stressful situations, the glucagon mechanism also becomes valuable.

3. in severe hypoglycemia, a direct effect of  low blood glucose on the hypothalamus stimulates  the sympathetic nervous 

system. In turn, the epinephrine secreted by the adrenal glands causes  still further release of glucose from the liver. This,

too, helps protect against severe hypoglycemia.

4. And finally, over a period of hours and days, both growth hormone and cortisol are secreted in response to prolonged 

hypoglycemia, and they both decrease the rate of glucose utilization by most cells of the body, converting instead to greater 

amounts of fat utilization. This, too, helps  return the blood glucose concentration toward normal



Pancreatic Islet Disorders

The most common endocrine disorder is diabetes mellitus : caused by an inability to produce or use insulin.

Because insulin is unavailable to aid transport of glucose into body cells, blood glucose level is high and glucose spills‖ into the 

urine (glucosuria). Hallmarks of diabetes mellitus are the three ―polys‖: polyuria, excessive urine production due to an inability

of the kidneys to reabsorb water; polydipsia, excessive thirst; &  polyphagia, excessive eating.

Both genetic and environmental factors contribute to onset of the two types of diabetes mellitus—type 1 and type 2—but the 

exact mechanisms are still unknown. I

type 1 diabetes insulin level is low because  the person’s immune system destroys the pancreatic beta cells. it is also called 

insulin-dependent diabetes mellitus (IDDM) because insulin injections are required to prevent death. Most commonly, IDDM 

develops in people younger than age 20, though it persists throughout life.

By the time symptoms of IDDM arise, 80–90% of the islet beta cells have been destroyed..

The cellular metabolism of an untreated type 1 diabetic is similar to that of a starving person. Because insulin is not present to 

aid the entry of glucose into body cells, most cells use fatty acids to produce  ATP. Stores of triglycerides in adipose tissue are 

catabolized to yield fatty acids and glycerol. The byproducts of fatty acid breakdown— organic acids called ketones or ketone 

bodies—accumulate. Buildup of ketones causes blood pH to fall, a condition known as ketoacidosis. unless treated quickly, 

ketoacidosis can cause death.

The breakdown of stored triglycerides also causes weight loss. As lipids are transported by the blood from storage depots to 

cells, lipid particles are deposited on the walls of blood vessels, leading to atherosclerosis & a multitude of cardiovascular 

problems, including cerebrovascular insufficiency, ischemic heart disease, peripheral vascular disease, and gangrene.

A major complication of diabetes is loss of vision due either to cataracts (excessive glucose attaches to lens proteins, causing 

cloudiness) or to damage to blood vessels of the retina.

Severe kidney problems also may result from damage to renal bood vessels.

Type 1 diabetes is treated through self-monitoring of blood glucose   level , regular meals containing 45–50% carbohydrates and 

less than 30% fats, exercise, and periodic insulin injections (up to 3 times a day)..



type 2 diabetes, also called non-insulin-dependent diabetes mellitus (NIDDM), is much more common than type 1, 

representing more that 90% of all cases. Type 2 diabetes most often occurs in obese people who are over age 35.. Clinical 

symptoms are  mild, and the high glucose levels in the blood often can be controlled by diet, exercise, and weight loss. Sometimes, 

a drug such as glyburide is used to stimulate secretion of insulin by pancreatic beta cells. Although some type 2 diabetics need 

insulin, many have a sufficient amount  of insulin in the blood. For these people, diabetes arises not from a shortage of insulin but 

because target cells become less sensitive to it due to down-regulation of insulin - receptors.

Hyperinsulinism most often results when a diabetic injects too much insulin. The main symptom is hypoglycemia, decreased 

blood glucose level, which occurs because the excess insulin stimulates too much uptake of glucose by body cells. The resulting 

hypoglycemia stimulates the secretion of epinephrine, glucagon, and human growth  hormone. As a consequence, anxiety, 

sweating, tremor, increased heart rate, hunger, and weakness occur. When blood glucose falls, brain cells are deprived of the 

steady supply of glucose they need to function effectively. Severe hypoglycemia leads to mental disorientation, convulsions, 

unlessDeath can occur quickly . insulin shockis termed insulin overdose Shock due to an unconsciousness, and shock. 

blood glucose level is raised. 

From a clinical standpoint, a diabetic suffering from either a hyperglycemia or a hypoglycemia crisis  can have very similar 

symptoms—mental changes, coma, seizures, and so on. It is important to quickly and correctly identify the cause of the cause

off underlying symptoms and treat them appropriately



Pineal gland :
The pineal gland is a small  endocrine gland attached to the roof of the third ventricle of the brain at the midline). Part of 

the epithalamus, it is positioned between the two superior colliculi, has a mass of  0.1–0.2 g, and is covered by a capsule 

formed by the pia mater.

The gland consists of masses of neuroglia and secretory cells  called pinealocytes.

The pineal gland secretes melatonin, an amine hormone derived  from serotonin. Melatonin appears to contribute to the 

setting of the body’s biological clock, which is controlled by the suprachiasmatic nucleus of the hypothalamus. As more 

melatonin is liberated during darkness than in light, this hormone is thought to promote sleepiness. In response to visual 

input from the eyes (retina),  he suprachiasmatic nucleus stimulates sympathetic postganglionic  neurons of the superior 

cervical ganglion, which in turn stimulate the pinealocytes of the pineal gland to secrete melatonin  in a rhythmic pattern, 

with low levels of melatonin secreted during  the day and significantly higher levels secreted at night. 

During  sleep, plasma levels of melatonin increase tenfold and then decline to a low level again before awakening. Small 

doses of melatonin  given orally can induce sleep and reset daily rhythms, which might benefit workers whose shifts 

alternate between daylight and nighttime  hours. 

Melatonin also is a potent antioxidant that may provide  some protection against damaging oxygen free radicals.

In animals that breed during specific seasons, melatonininhibits reproductive functions, but it is unclear whether melatonin

influences human reproductive function. 

Melatonin levels  are higher in children and decline with age into adulthood, but there is no evidence that changes in 

melatonin secretion correlate with the onset of puberty and sexual maturation.

.



Stress response:
It is impossible to remove all of the stress from our everyday  lives. Some stress, called eustress, prepares us to meet 

certain challenges and thus is helpful. Other stress, called distress, is harmful. Any stimulus that produces a stress 

response is called a stressor. A stressor may be almost any disturbance of the human  body—heat or cold, 

environmental poisons, toxins given off by bacteria, heavy bleeding from a wound or surgery, or a strong  

emotional reaction.

The responses to stressors may be pleasant or unpleasant, and they vary among people and even within the

same person at different times.

Your body’s homeostatic mechanisms attempt to counteract stress. When they are successful, the internal environment

remains within normal physiological limits. If stress is extreme,  unusual, or long lasting, the normal mechanisms may not 

be  enough. 

In 1936, Hans Selye, a pioneer in stress research, showed that a variety of stressful conditions or noxious agents

elicit a similar sequence of bodily changes. These changes, called the stress response or general adaptation syndrome 

(GAS), are  controlled mainly by the hypothalamus. 

The stress response occurs in three stages: (1) an initial fight-or-flight response, (2) a  slower resistance reaction, and 

eventually (3) exhaustion

The Fight-or-Flight Response
initiated by nerve impulses from the hypothalamus to the sympathetic division of the autonomic  nervous system (ANS), 

including the adrenal medulla, quickly  mobilizes the body’s resources for immediate physical activity

It brings huge amounts of glucose and oxygen  to the organs that are most active in warding off danger: the brain, which 

must become highly alert; the skeletal muscles, which may have to fight off an attacker or flee; and the heart, which must 

work vigorously to pump enough blood to the brain  and muscles. During the fight-or-flight response, nonessential

body functions such as digestive, urinary, and reproductive activities are inhibited.

Reduction of blood flow to the kidneys promotes release of renin, which sets into motion the  renin–angiotensin–

aldosterone pathway).  Aldosterone causes the kidneys to retain Na, which leads to  water retention and elevated blood 

pressure. Water retention also  helps preserve body fluid volume in the case of severe bleeding.



The Resistance Reaction
Unlike the short-lived fight-or-flight  response, which is initiated by nerve impulses from the hypothalamus,  the resistance 

reaction is initiated in large part  by hypothalamic releasing hormones and is a longer-lasting response. 

The hormones involved are corticotropin-releasing  hormone (CRH), growth hormone–releasing hormone (GHRH),  

and thyrotropin-releasing hormone (TRH).

CRH stimulates the anterior pituitary to secrete ACTH, which in turn stimulates the adrenal cortex to increase 

release of cortisol.

Cortisol then stimulates gluconeogenesis by liver cells,  breakdown of triglycerides into fatty acids (lipolysis), and 

catabolism of proteins into amino acids. Tissues throughout the body  can use the resulting glucose, fatty acids, and 

amino acids  to produce ATP or to repair damaged cells. Cortisol also reduces  inflammation.

A second hypothalamic releasing hormone, GHRH, causes  the anterior pituitary to secrete human growth 

hormone (hGH).  Acting via insulinlike growth factors, hGH stimulates lipolysis  and glycogenolysis, the 

breakdown of glycogen to glucose, in

the liver. 

A third hypothalamic releasing hormone, TRH, stimulates the anterior pituitary to secrete thyroid-stimulating 

hormone (TSH). TSH promotes secretion of thyroid hormones, which stimulate the increased use of glucose for 

ATP production.

The combined actions of hGH and TSH supply additional  ATP for metabolically active cells throughout the body.  The 

resistance stage helps the body continue fighting a stressor long after the fight-or-flight response dissipates. This is why  

your heart continues to pound for several minutes even after the stressor is removed. 

Exhaustion
The resources of the body may eventually become so depleted  that they cannot sustain the resistance stage, and 

exhaustion  ensues. Prolonged exposure to high levels of cortisol and other  hormones involved in the resistance reaction 

causes wasting of  muscle, suppression of the immune system, ulceration of the gastrointestinal tract, and failure of 

pancreatic beta cells. In addition,  pathological changes may occur because resistance reactions  persist after the stressor 

has been removed.



Stress and Disease
Although the exact role of stress in human diseases is not  known, it is clear that stress can lead to particular diseases 

by temporarily inhibiting certain components of the immune system.

Stress-related disorders include gastritis, ulcerative colitis, irritable bowel syndrome, hypertension, asthma, 

rheumatoid rthritis (RA), migraine headaches, anxiety, and depression.

People under stress are at a greater risk of developing chronic disease or dying prematurely.

Interleukin-1, a substance secreted by macrophages of the  immune system is an important link between

stress and immunity. One action of interleukin-1 is to stimulate  secretion of ACTH, which in turn stimulates the 

production of cortisol. Not only does cortisol provide resistance to stress and inflammation, but it also suppresses 

further production of interleukin-1. 

Thus, the immune system turns on the stress response, and the resulting cortisol then turns off one immune

system mediator. This negative feedback system keeps the immune response in check once it has accomplished its 

goal.

Because of this activity, cortisol and other glucocorticoids are used as immunosuppressive drugs for organ transplant 

recipients.






