


Definition 

    Hormones are chemical messengers secreted into blood by 

endocrine or ductless glands. 

However many hormones are secreted by organs which are not 

ductless glands. Hormone means to arouse or to excite. 

Major endocrine glands are pituitary, hypothalamus, thyroid; 

adrenals, pancreas, ovaries and testes. Others are Thymus, 

Pineal gland and gastro intestinal hormones. 

Hormones can be classified based on their structure, 

mechanism of action, based on their site of production etc. 



Hormones reach target organs, exert their metabolic effects, also 

reach their site of production. Here, they inhibit the production of 

the hormone. This is called as feed back inhibition. Sometimes the 

concentration of the hormone is less, which stimulates the 

production of hormone by a process of feedback stimulation 

Biosynthesis of Hormones 

Biosynthetic mechanisms are many. Some protein hormones are 

synthesized as precursors, which are converted to active form by 

removal of certain peptide sequences. E.g. Insulin is synthesized 

as pre-proinsulin (m.wt11500).Removal of some amino acids, 

peptides Producer insulin. Thyroxine, a single amino acid 

hormone. It is synthesized as a glycoprotein precursor called 

thyroglobulin, which has 115 amino acids. Other hormones like 

glucocorticoids/ minerolacorticoids from Adrenal gland are 

synthesized and secreted in their final active form. Pro-

hormones: Some hormones are synthesized as biologically 

inactive or less active molecules called pro-hormones. Usually 

they are polypeptides/ proteins. Eg.Pre-proinsulin→Proinsulin. 



Storage 
Hormones are stored in secretory granules within 

the cytoplasm of endocrine cells. eg. Thyroid  

hormones are stored in follicles filled with colloid 

particles. Catechoamines of Adrenal medulla are 

stored in secretory granules of cytoplasm. 

• Storage always protects the molecule from 

untimely inactivation. 

• Steroid hormones are not stored in significant 

quantities. 

• In response to stimulus they are synthesized 

and released immediately. 



Release: 
• When the target cells require free hormones, they are 

released immediately. 

• The deficit in the bound form is replaced by the secretion of 

the endocrine gland. Feed back inhibition/stimulation controls 

hormone release . 

• Protein, polypeptide hormones are released by exocytosis or 

pinocytosis. It involves fusion of granules and cellular 

membrane, followed by secretion in to blood stream. 

• Stimulus excites the endocrine cell. 

• The specific enzymes in the storage vesicle activate the 

hormone before release. 

• Disruption of the process by certain drugs interferes with 

exocytosis. 

• The secretory process is linked to the release of 

neurotransmitters. 



Binding of hormone to receptor leads to: 

• Conformational change in the receptor and G-protein (α, β, γ 

subunits). 

• It cleaves the trimeric form into activated α-GTP complex. 

• G-protein is a peripheral protein; which diffuses along the inner 

surface of the plasma 

membrane to reach the effector protein. 

• Through allosteric modification the message is conveyed to the 

effector protein. 

 



Receptors: are molecules which recognize specific hormone.  

    Cell surface contains receptors for the peptide, protein, 

glycoprotein hormones. 

 Lipophilic hormones like steroids, thyroxine are recognized by 

intracellular receptors, eg. Steroid receptor is in cytoplasm. It is a 

soluble oliomeric protein found in cytoplasm or nucleus.  

    Thyroxine receptor is in nucleus (HRE). Lipid soluble hormones 

cross the cell membrane easily. Receptor binding to hormone 

involves electrostatic and hydrophobic interactions, and is usually 

reversible process. Binding influences effector molecule, cause 

several other molecular events. 

. 

Receptors 



Cell surface receptors with second messenger as c-AMP found 

for the following hormones: 

ADH, HCG, LH, FSH, TSH, MSH, ACTH, CRH, Calcitonin,, 

Glucagon . Parathyroid hormone, somatostatin, angiotensin. 

Cytosolic receptors found for the following. 

a. Glucocorticoids. b. Mineralocorticoids     c. Progestins. 

d. Estrogens.      e. Calcitriol. 

 

Nuclear receptors are identified for Thyroxine, Triiodothyronine 



Regulation of receptors: 

There are number of specific receptors in the target cells.. There are 

two mechanisms for regulation. 

1- Down regulation: There is internal distribution of receptors 

such that few receptors are ava Prolonged exposure to high 

concentration of hormone leads to decreased receptors, called as 

desensitizationilable on the cell surface. This leads to decreased 

response in target tissue. More receptors reach cell membrane when 

the hormone concentration is low. Removal of receptor to the interior 

or cycling of membrane components alters the responsiveness to the 

hormone.eg. Insulin receptors can be shuttled  between cytoplasm  تنتقل

and cell membrane. In another type of down regulation, H-R complex, 

after reaching nucleus controls the synthesis of receptor molecule.  



Some times Covalent modification of receptors by 

phosphorylation decreases binding to hormone, which 

diminishes signal transduction. 

2-Up regulation: Some hormones like prolactin up 

regulate,(increase) their own receptors which ultimately 

increases the biological response and sensitivity in target 

tissues. 



are  inositiols phosphatidylcalcium, Second messengers: 

identified for GnRH, TRH, Acetyl choline, Angiotensin-II, Vasopressin. 

Insulin, GH, Prolactin, Oxytocin have unknown intracellular 

messengers. 

Hormone itself is first messenger. The message is communicated to 

the cell Via Second messengers. 

1. Cyclic AMP as second messenger: ATP is converted to cAMP by 

the effector protein, adenyl cyclase. This enzyme is activated when 

hormone binds to receptors. The signal is transmitted through G 

protein called Gs. It is a trimer consisting of α, β and γ subunits. When 

H binds to receptor, there is GTP induced dissociation of the subunits, 

GTP binds to α- subunit. 

Second messengers: 



exert their action Hormones :  Calcium, as second messenger. 2

via Ca, PI, or both.  Intracellular Ca is increased by: 

a) Entry of Ca from extra cellular region when stimulated. 

b) Inhibition of Ca pumps, which pumps out Ca ions in exchange 

for H ions. c) Release of Ca ions from intracellular reseveroirs like 

mitochondria, endoplasmic reticulum. 

Binding of hormone . bisphosphate5 , 4inositol  Phosphatidyl. 3

to receptor results in the cleavage of phosphatidyl inositol by 

phospholipase-c (PLC) to diacyl glycerol(DAG) and Inositol- 1, 4, 

5, triphosphate (IP3).Intracellular IP3 releases Ca ions. A calcium 

binding protein, calmodulin binds Ca . 



4. Diacyl glycerol (DAG), activates Ca-phospholipids dependent protein 

kinase which in turn phosphorylates several intracellular proteins. P KC 

has regulatory and catalytic domain. In the absence of DAG, Ca and 

phospholipids, there is interaction between regulatory and catalytic 

sites. This results in inactivation of the enzyme. 



INSULIN 

Insulin is a protein hormone secreted by β-cells of Islets of Langerhans of 

pancreas. 

Chemistry:  It is composed of 2 polypeptide chains, A and B, containing total 

of 51 amino acids. A chain has 21 and B has 30 amino acids. The two chains 

are held together by disulfide   linkages. If the disulfide bonds are broken the 

insulin molecule is inactivated. 



Biosynthesis of Insulin 

   Pre-pro insulin (109 amino acids) is synthesized in the 

endoplasmic reticulum of B Cells of islet of Langerhans. It is acted 

up on signal peptidase, gets converted to proinsulin (86AA). It is 

transported to Golgi where it is hydrolyzed to insulin (51AA) by 

trypsin like protease and carboxy peptidase B. The process 

liberates inactive C-peptide of 31a.a and 4 other amino acids from 

the C-terminal. C-peptide determination in urine is related to the 

insulin out put from pancreas. It is used to differentiate 

endogenous to exogenous source of insulin. 

Condensing vacuoles are pinched off from Golgi cisternae with equal 

quantities of insulin and C peptide. Insulin is secreted via exocytosis. Insulin is 

biologically active, pro insulin is inactive. 



Catabolism: Plasma half life of insulin is 3 to 5 minutes. It is 

catabolised in liver, kidney and placenta. 

a. Liver, kidney contains protease which is specific for insulin 

degradation. 

b. Insulinase or Glutathione-insulin trans hydrogenase is located in 

liver, kidney, muscles and placenta. It causes reductive cleavage of 

S-S bonds. 

c. After the reductive cleavage, the A&B chains are hydrolyzed by 

proteolysis. Mechanism of insulin action.  When insulin binds to 

specific receptor, several events take place. 

A. There is conformational change of the receptor. 

B. The receptors crosslink and form micro aggregates. 



C. The receptor complex is internalized. 

D. One or more signals are generated; however the role of second messenger is 

uncertain 

Regulation of Insulin Receptors 

High levels of insulin in blood decrease the insulin receptors 

on the target membrane. Here insulin-receptor complex is 

internalized, there by causing less sensitivity of target tissue. 

Regulation of Insulin secretion: 

Secretion of insulin is closely coordinated with the release by 

pancreatic α- cells. Insulin along with glucagon maintains 

glucose levels. 



A- Insulin secretion is increased by increase in glucose. B-cells of pancreas 

have sensors to glucose. High levels of glucose stimulate insulin secretion 

and decrease glucagon release. 

B- High levels of amino acids in the plasma induce the secretion of insulin. 

C- Gastrointestinal hormones like secretin and others are released in 

response to intake of food. 

They induce anticipatory secretion of insulin, before the rise of glucose in the 

portal vein. Therefore when glucose is given orally it induces more insulin 

secretion than when given intravenously. 

d. Glucose stimulates secretion of insulin and inhibits the release of 

glucagon. 

e. Synthesis, release of insulin is decreased when there is scarcity of dietary 

fuels. 



Metabolic Role of Insulin 

Carbohydrate metabolism: Insulin produces lowering of blood glucose and 

increases glycogen stores. This is achieved at several metabolic stages. *There 

is increased uptake of glucose, galactose by various tissues like muscles, 

adipose, mammary glands etc .It is due to increased translocation of glucose 

transporters from Golgi to plasma membrane. 

* Insulin induces the synthesis of glucokinase which phosphorylates and 

decreases the intracellular glucose in liver. 

* Insulin enhances glycolysis by inducing the synthesis of phosphofructokinse 

and pyruvate kinase. 

* Pyruvate dehydrogenase complex is activated via dephosphorylation of 

enzyme molecules which lead to increased production of acetyl- CoA from 

pyruvate. * Insulin stimulates protein phosphatase-1 which dephosphorylates 

and activates key enzyme glycogen synthase. This leads to increased 

synthesis of glycogen. 



Lipid metabolism:  

Insulin causes lowering of free fatty acids level in blood and increases the 

stores of triacylglycerol. 

• It decreases lipolysis by inactivating triacylglycerol lipase by dephosphorylation. 

• It increases fatty synthesis by making available acetyl - CoA, and acetyl - CoA 

carboxylase. 

• Triacylglycerol synthesis in the adipose tissue is increased by providing more of 

α- glycerophosphate from glycolysis. It also induces the synthesis of lipoprotein 

lipase which releases more fatty acids from the circulating lipoproteins. This 

provides more acyl- CoA for TG synthesis. 

Protein Metabolism: 

Insulin promotes protein synthesis by: 

• Increased uptake of amino acids through increased synthesis of amino acid 

transporters in the membrane.  

• Insulin effects gene transcription by increased levels of aminoacids, regulates m-

RNA synthesis and also translation. 

 



• It increases the enzyme ornithine carboxylase thereby increases 

polyamine synthesis which is required for r-RNA synthesis. 

• Insulin modulates ribosomal activity via phosphorylation of 6s-

ribosome of 40s ribosome 

:Growth & cell replication 

Insulin stimulates growth in vivo, It activates fibroblast growth factor 

(FGF), platelet derived growth factor (PDGF) and epidermal growth 

factor (EGF). net effect is cell proliferation and growth is seen in liver, 

mammary, adrenal tissue. 



Diabetes mellitus: 

β-cells of islets of Langerhans fail to secrete adequate amounts 

of insulin or producing absolute or relatively low amounts of 

insulin. This causes hyperglycemia and glycosuria. The condition 

may be inherited as autosomal recessive trait. وراثيا   متنحية صفة   

It is a chronic disease of impaired carbohydrate metabolism. It is 

caused due to diminished effectiveness or deficiency of insulin. 

Secondary changes in the protein, lipid, water and electrolytes 

metabolism may also occur. 

Diabetes mellitus (DM) is found usually after the age of 40 yrs. 

There are 22 clinical types of the disease. 


































