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Hormones



Therapeutic Hormones

• Hormonal control of Glucose homeostasis: 
Insulin & Glucagon

• Hypothalamo pituitary regulatory Hormones:

• Human growth hormone

• Gonadotrophins



Hormonal control of glucose 
homeostasis

• Glucose stimulates the secretion of insulin and suppresses the 
secretion of glucagon. Insulin is synthesized in the rough 
endoplasmic reticulum of the beta cells and is packaged into the 
secretory vesicles in the Golgi apparatus. Its secretion is initiated by 
the increased ATP/ADP ratio within the cell, which closes the 
membrane ATP-sensitive potassium channel. This depolarizes the 
cell, and the voltage change opens another ion channel: the calcium 
channel. The entry of calcium ions stimulates the first short phase 
of insulin secretion (compare this with the neurosecretory granules, 
Chapter 39) (Fig. 20.2). The second, more prolonged phase requires 
other signals such as an increase in the concentration of the 
cytosolic long-chain acetyl-CoA molecules. It also responds to 
diacylglycerol (DAG) - protein kinase C signaling

increased ATP/ADP 
ratio within the cell

increased concentration 
cytosolic long-chain 
acetyl-CoA molecules



Insulin Pharmacology at Glance

https://en.wikipedia.org/wiki/Infection


Insulin

• Insulin promotes the anabolic state by 
channeling the metabolism towards storage of 
carbohydrate and lipids, and synthesis of 
protein. Insulin acts on three main target 
tissues - liver, muscle, and adipose tissue



The insulin molecule

• Insulin consists of two peptide chains linked by two disulfide 
bonds 

• The α-chain contains 21 amino acids 

• The β-chain contains 30 amino acids. 

• The Mw of insulin is 5500 Da. 

• The precursor of insulin within the β-cells of the islet of 
Langerhans is the single chain preproinsulin. 

• During insulin synthesis a 24-amino-acid signal sequence is 
first cleaved from preproinsulin by a peptidase, yielding 
proinsulin

• Proinsulin: the insulin sequence & connecting peptide

• dimerization occurs via hydrogen bonding and hydrophobic 
interactions.
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The insulin protein production



The insulin protein production



The Recombinant insulin Soluble
Formulation

• Soluble formulations are sometimes referred 
to as 'regular insulin' or 'unmodified insulin'; 
or 'neutral insulin' is a short-acting 
preparation that can be given intravenously. 

• Making a solution (acidic or neutral pH)



The Recombinant insulin Prolonged
Formulation

• By modifying the particle size  various insulin zinc 
suspensions

• By complexing insulin with a protamine

• isophane (NPH insulin), contains equimolecular

Upon S.C. administration, Insulin hexamers
must first disassociate into monomeric form 
before entry into the bloodstream.

“long-acting” insulins are usually
administered in order to mimic low
baseline endogenous insulin levels.



The Recombinant insulin Prolonged
Formulation

• protamine zinc insulin, contains an excess 

amount of protamine



The Recombinant insulin molecule 
analogues

• With altered pharmacokinetic profiles:
• Rapidly acting: before meals (5 to 15 min) 
Insulin lispro (LysB28, ProB29)

Insulin aspart (AspB28)

Insulin glulisine (LysB3, GluB29)

• long-acting: (basal insulin analogue)
NPH (intermediate)
Insulin glargine: 
Insulin detemir (NN-304); Levemir
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Pharmacokinetic of insulin analogues





The Recombinant insulin molecule



The Recombinant insulin molecule



Insulin Delivery





Glucagon
• Glucagon is derived from ProGlucagon (180 aa) by 

prohormone convertase 2 (PC2) in the alpha-cells of 
the islets of Langerhans. 

• Glucagon is a single-chain polypeptide of 29 aa 
residues and a molecular mass of 3500 Da.

• Glucagon has an overall catabolic effect, stimulating 
the breakdown of glycogen, lipid and protein in the 
liver (gluconeogenesis and glycogenolysis).

• The in vivo half-life is about 5-6 min  has little or 
no effect in peripheral tissues other than its major 
target, the liver.



Glucagon Production 

• The structure of bovine, porcine and human 
glucagon is identical.

• ‘GlucaGen’ is recombinant glucagon, produced by 
Novo Nordisk using an S. cerevisiae & Glucagon by 
Eli Lilly in Escherichia coli.



Glucagon Administration
• Glucagon, 0.5–1.0 units (0.5–1.0 mg freeze-dried), is 

administered by s.c. , i.m. or i.v. injection.
• In the cases of insulin-induced hypoglycaemia:  treated 

by oral or i.v. administration of glucose, and sometimes 
treated by administration of glucagon.

• Glucagon recombinant is also used during radiologic 
examinations to temporarily inhibit movement of the 
gastrointestinal tract. It and anticholinergic drugs are 
equally effective for this use.

• be effective in anaphylaxis, biliary tract pain, beta-adrenergic blocker overdose, and 

esophageal obstruction and as premedication in endoscopic procedures.



New Diabetes therapeutics



Incretins
• Incretins are a group of metabolic hormones that 

stimulate a decrease in blood glucose levels. 

• Incretins do so by 

increasing insulin released

reducing gastric emptying and may directly 
reduce food intake

inhibiting glucagon release

• The two main incretins are 
Glucagon-like peptide-1 (GLP-1)

Gastric Inhibitory Peptide (GIP)
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Exenatide

• Trade name: Byetta

• Exenatide is a synthetic 39-amino acid peptide 
amide. It has a molecular weight of 4200 Da.

• It is an incretin mimic that acts as an agonist at the 
“Glucagon-like peptide 1 receptor” to enhance 
insulin secretion in the presence of raised glucose 
concentrations;

• It also suppresses inappropriate glucagon secretion 
and slows gastric emptying.  lower BLOOD 
glucose, and reduce food intake.



Liraglutide

• Trade name: Victoza

• Liraglutide is a recombinant 31-amino acid peptide. 
It has a molecular weight of 3700 Da.

• It is an incretin mimic that acts as an agonist at the 
“Glucagon-like peptide 1 receptor” to enhance 
insulin secretion in the presence of raised glucose 
concentrations;



The pancreas
• α cells, located peripherally and representing 10-20% of 

islet cells, secrete glucagon, a hyperglycaemic hormone, as 
well as cholecystokinin, gastric inhibitory protein and 
ACTHendorphin

• β cells, located in the centre of the islets, are more 
abundant, representing 60-80% of the islets of Langerhans, 
and secrete insulin, a hypoglycaemic hormone

• δ cells, responsible for the production of somatostatin, a 
hormone responsible for preventing drastic variations in 
both insulin and glucagon [This hormone is also capable of 
reducing intestinal motility and secretion of digestive 
juices. These cells represent about 5-40% of the islets


