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The pancreas is an organ in the digestive and endocrine system. In the human body it sits behind the stomach. There are two types of tissue in the pancreas. The endocrine region releases hormones that regulate blood glucose levels. The exocrine region produces enzymes that break down digestible foods. 
As endocrine gland producing several important hormones, including insulin, glucagon, somatostatin, and pancreatic polypeptide which circulate in the blood. The pancreas is also a digestive organ, secreting pancreatic juice containing digestive enzymes that assist digestion and absorption of nutrients in the small intestine. 
The exocrine portion of the pancreas plays a major role in the digestion of food. The stomach slowly releases partially digested food into the duodenum as a thick, acidic liquid called chyme.
So the pancreas is a two different organs contained within one structure:-
· Exocrine gland: - which is the acinar protion of the pancreas, secreting into the duodenal lumen the enzymes and ions used for the digestive process.

· .Endocrine gland: - which is the islets of langerhans.

There are 1-2 million islets of the human pancreas make up 1-2% of its weight and they are of 4 types, each secretes a specific hormones.

· A or alpha cells, secrete glucagon. 
· B or beta cells, secrete insulin.

                    •   D or delta cells secrete somatostatin.

· F cells secrete pancreatic polypeptide. 
A basic requirement for all vertebrates is stability of the level of blood glucose.  This is essential for brain function.  Regardless of large fluctuations in physical activity and food intake, blood sugar levels are held within very narrow limits.  The key to this is insulin, the secretion of which is closely regulated by circulating substrates of energy metabolism.  
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Insulin:- 

It is a protein hormone produced by the ß-cells of the islets of langerhans in the pancreas. Human insulin (MW 6000) consist of 51 amino acids in two chains (A and B) joind by two disulfide bridges , with a third disulfide bridges ,within the A chain .  It is a dimer of an A-chain and a B-chain, which are linked together by disulfide bonds. 
   Biosynthesis of Insulin 
Insulin is built from 51 amino acids and is one of the smallest proteins in the body. It is structured with two polypeptide chains linked by two disulfide bonds. There is also a third disulfide bond that connects these same amino acids within Chain A. 
Chain A consists of 21 amino acids and chain B contains 30 amino acids. Insulin is originally produced as preproinsulin, which is transformed into a prohormone molecule by proteolytic action into proinsulin, and finally into the active polypeptide hormone, insulin.
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Preproinsulin is the primary translation product of the insulin gene, composed of 110 amino acids. It is relatively inactive and has to be processed into proinsulin in order to eventually make the insulin hormone. Within the endoplasmic reticulum, proinsulin is exposed to several specific endopeptidases to excise the C peptide chain of 31 amino acids from the single-stranded polypeptide to derive insulin. Now the mature form of insulin has been made into clusters of endocrine cells in inslets of Langorhans . The extra C peptide and signal peptide, which was clipped off, are packaged in the Golgi into secretory granules to accumulate and be recycled in the cytoplasm. Once insulin is properly made and the beta cell is appropriately stimulated, insulin is secreted from the cell into the blood. One C-peptide for each insulin molecule which has no known biologic activity. 
C-peptide is the abbreviation for "connecting peptide", although its name was probably also inspired by the fact that insulin is also composed of an "A" chain and a "B" chain. 
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C-peptide values are based on the blood sugar level. C-peptide is a sign that the body is producing insulin. Low values (or no insulin C-peptide) indicate that the pancreas is producing little or no insulin.
C-peptide measurement is used for the following clinical applications 
1-The C-peptide level may be measured in a patient with type 2 diabetes to see if any insulin is still being produced by the body. It may also be measured in cases of hypoglycemia (low blood sugar) to see if the person's body is producing too much insulin. The test is not ordered to help diagnose diabetes, but when a person has been newly diagnosed with diabetes, it may be ordered by itself or along with an insulin level to help determine how much insulin a person's pancreas is still producing.
2-Any insulin that the body does make will be reflected in the C-peptide level; therefore, the C-peptide test can be used to monitor beta cell activity and capability over time and to help the doctor determine when to begin insulin treatment.

3-Patients who are or were on insulin therapy, regardless of the source of the insulin, may develop antibodies to insulin. 

4-C-peptide measurements can also be used in conjunction with insulin and glucose levels to help diagnose the cause of documented hypoglycemia and to monitor its treatment.  

5-Sometimes a C-peptide test may be used to help evaluate a person diagnosed with metabolic syndrome, a set of risk factors that includes abdominal obesity, increased blood glucose and/or insulin resistance, dyslipidemia, and hypertension.

6-C-peptide levels may be ordered when a person has been newly diagnosed with type 1 diabetes, as part of an evaluation of the person's "residual beta cell function." 
Insulin release
The process by which insulin is released from beta cells, in response to changes in blood glucose concentration.

The primary stimulus for insulin secretion is the beta-cell response to changes in glucose. Normally, glucose induces a biphasic pattern of insulin release. First-phase insulin release occurs within the first few minutes after exposure to an elevated glucose level; this is followed by a more enduring second phase of insulin release. Of particular importance is the observation that first-phase insulin secretion is lost in patients with type 2 diabetes. 

Type 2 glucose transporters (GLUT2) mediate the entry of glucose into beta cells. As the raw fuel for glycolysis, the universal energy-producing pathway, glucose is phosphorylated by the rate-limiting enzyme glucokinase. 
A widely accepted sequence of events involved in glucose-induced insulin secretion is as follows
1. Glucose is transported into beta cells through facilitated diffusion of GLUT2 glucose transporters.

2. Intracellular glucose is metabolized to ATP.

3. Elevation in the ATP/ADP ratio induces closure of cell-surface ATP-sensitive K+ (KATP) channels, leading to cell membrane depolarization.

4. Cell-surface voltage-dependent Ca2+ channels (VDCC) are opened, facilitating extracellular Ca2+ influx into the beta cell.

5. A rise in free cytosolic Ca2+ triggers the exocytosis of insulin.
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Metabolism of insulin
· Insulin has no plasma carrier protein; its plasma half life is less than 3-5 minutes under normal condition.

·  The major organs involved in insulin metabolism are the liver, kidneys and placenta.

· Two enzymes systems are responsible for the metabolism of insulin:-

          * Insulin specific protease 

          *  Glutatathion insulin transhydrogenase
The Insulin Receptor and Mechanism of Action
Once insulin is secreted by the pancreas, it goes directly to the liver through the portal vein where it affects carbohydrate and lipid metabolism. This is where the action of the insulin receptors comes into place. The insulin receptors are tyrosine kinase, integral membrane proteins, which contain two alpha subunits and two beta subunits. The alpha subunits are entirely extracellular and hold the binding site for the insulin. The beta subunits are attached to each of the alpha subunits by a sulfur bonds and extend through the plasma membrane to anchor the protein in the cell wall. The two complexes are connected by a disulfide bond.

[image: image8]
When insulin binds to the alpha subunit, the beta subunits phosphorylate themselves. One of the substrates of the insulin receptor. This substrate serves as a docking center for activation of other enzymes to mediate insulin’s effects by a signal transduction process, creating a complex biological response. 
The insulin receptor is a tyrosine kinas,it functions as an enzyme that transfers phosphate groups from ATP to tyrosine residues on intracellular target proteins. Binding of insulin to the alpha subunits causes the beta subunits to phosphorylate themselves (autophosphorylation), thus activating the catalytic activity of the receptor. 
The activated receptor then phosphorylates a number of intracellular proteins, which in turn alters their activity, thereby generating a biological response.
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We can list as follows:

· The first step of the mechanism of insulin action is the binding of the H.to its cell- surface receptor , so the insulin does not need to enter the cell to produce its effects 

· The receptors consist of four subunits with disulphide bridges, and these bridges appear to be important in the function of the receptor.

· Binding to the receptor lead to conformational change which results in cross-linking of these receptors to each other or to other protein, which might be important in the action of insulin.

· After binding, the insulin-receptor complex enters the cell by pinocytosis, producing a membrane- bound vesicle.

· Insulin then carries out many reactions ,this finally leads to a diverse biological effect, on carbohydrate, protein, lipids and cell replication.
· The insulin then degraded in the lysosomes and the receptors return back to the cell membrane.

Once insulin bound to the receptor, causes an increase in the transport of glucose across the cell membrane, and this occur by the presence of glucose transporter in both plasma membrane and endoplasmic reticulum of the cell. Insulin causes a redistribution of the transporter away from the endoplasmic reticulum to the plasma membrane.
[image: image10.png]Glucose transporters increase insulin-
mediated uptake of glucose into cell.

When insulin levels
decrease, glucose
transporters move from |
cell membrane to intra-
cellular storage pool,
where they can be
recycled.

Fission

transporter

Activated receptor promotes recruitment
of glucose transporters from intracellular
pool to cell membrane.

Vesicles fuse to form an
organelle called the endosome.

Insulin binds to its receptor
in the cell membrane.





[image: image11.jpg](a) I the absence of insulin, glucose cannot (b) Insulin signals the cell to insert GLUT 4 transporters

enter the cell. into the membrane, allowing glucose to enter cell.
(©] ] e ©
Gl () Insulin binds Gl
ucose—@ B wcos—@ @

Insulin receptor

Glucose
Ol Erocytosis] O enters ool

T
o )
s (‘ et *'
vesicle

GLUT 4
transport protein

o 02007 e i, . ko s B i, Fig. 22-12




Insulin release is stimulated by:
Glucose :- An increase in plasma glucose concentration is the most important physiologic regulator of insulin secretion.

The threshold concentration for secretion is the fasting plasma glucose level (80-100 mg/dl) and the maximal response is at glucose levels between 300and 500 mg/dl. 

 Glucose homeostasis reflects a balance between hepatic glucose production and peripheral glucose uptake and utilization. Insulin is the most important regulator of this metabolic equilibrium, but neural input, metabolic signals, and other hormones (e.g., glucagon) result in integrated control of glucose supply and utilization.
 In the fasting state, low insulin levels increase glucose production by promoting hepatic gluconeogenesis and glycogenolysis and reduce glucose uptake in insulin-sensitive tissues (skeletal muscle and fat), thereby promoting mobilization of stored precursors such as amino acids and free fatty acids (lipolysis). Glucagon, secreted by pancreatic alpha cells when blood glucose or insulin levels are low, stimulates glycogenolysis and gluconeogenesis by the liver and renal medulla. 


Hormonal factors:- growth hormone (Cortisol, Estrogen , Progesterone  and Placental Lactogen).

Gastrointestinal hormones :- as secretin

Amino acids: - after ingestion of protein.

Pharmacologic Agents :- many drugs stimulate insulin secretion and used in treatment for diabetes mellitus.
Insulin secretion is inhibited by : 

  Epinephrine: inhibit insulin secretion even in the presence of glucose.
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Function of Insulin
· Effects on glucose : The net action of insulin is to decrease the blood glucose level by:-

1-Insulin increase hepatic glycolysis:- by increasing the activity of glucokinase, phosphofructokinase and pyruvate kinas.

↑ Glycolysis ــــــــــــــــــــــــ>  ↑ glucose utilization

                                         ↓

                          ↓ Glucose release into plasma

2-Increase glycogen synthesis (glycogensis): Insulin activates the enzyme glycogen synthas.

3- Inhibition of gluconeogenesis: The key gluconeogenic enzyme in liver is phosphoenolpyruvate carboxykinas (PEPCK), and insulin decrease the amount of this enzyme.

Effects on lipid metabolism.

A) Inhibition of lipolysis in liver and muscle

B) Stimulation of lipogenesis in adipose tissue:-

Insulin increases the transport of glucose, providing the substance (glycerol-3-phosphate , acetyl CoA and NADPH ) and maintaining a normal level of enzyme acetyl-CoA carboxylase needed for fatty acid synthesis , and hence lipogenesis.

Effects on protein metabolism:

Insulin increase the transport of amino acid into cells, stimulate protein synthesis and inhibiting protein degradation (proteolysis).

Effects on cell replication :-

· Insulin has effects on cell growth and replication.

· Insulin has effects on fetal organogenesis and differentiation and in tissue regeneration 
Glucagon
· It is a single-chain polypeptide consisting of 29 amino acids.

· Synthesized mainly in the A cells of the pancreatic islets. It is synthesized as a much larger (proglucagon) precursor.

· Gloucagon circulates in plasma in the free form, since it does not associate with a transport protein; its plasma half-life is short (~ 5 minutes).

· Glucagon secretion is stimulated by low blood glucose, amino acids and epinephrine.

· Inhibition of secretion by increase blood glucose this occur after ingestion of carbohydrate-rich-meal. 
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Glucose is stored in the liver in the form of glycogen, which is a starch-like polymer chain made up of glucose molecules. Liver cells (hepatocytes) have glucagon receptors. When glucagon binds to the glucagon receptors, the liver cells convert the glycogen polymer into individual glucose molecules, and release them into the bloodstream, in a process known as glycogenolysis. As these stores become depleted, glucagon then encourages the liver and kidney to synthesize additional glucose by gluconeogenesis. Glucagon turns off glycolysis in the liver, causing glycolytic intermediates to be shuttled to gluconeogenesis.
Glucagon also regulates the rate of glucose production through lipolysis.
Functions (metabolic effects) of glucagon
· Effects on carbohydrate:-

It increases blood glucose level through:

 1-Stimulation of glycogenolysis (in liver and not in muscle).

2-Stimulation of gluconeogenesis.  
3-Slowing the use of glucose (this is done by reducing the rate of respiration).

  4-Reducing the amount of glucose absorbed into the body cells (particularly the liver).

· Effects on lipid metabolism:-

1-Helps the oxidation of fatty acid in liver and subsequent formation of ketones from acetyl to CoA.

2-Stimulate lipolysis through stimulation of hormone-sensitive triacylglycerol lipase.

· Effects on protein metabolism:-

    It increases the uptake of amino acids by the liver, for   gluconeogenesis.
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Figure shows the combined effects of insulin and glucagon on substrate flows between liver,adipose tissue and muscle. When the ratio of the concentrations of insulin to glucagon falls (eg.during starvation) , there is increased hepatic glucose and ketone production and decreased tissue glucose utilization.When the ratio is high  (eg. After a meal), glucose is stored as glycogen and converted into fat.
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Mechanism of action
Glucagon binds to the glucagon receptor, a G protein-coupled receptor, located in the plasma membrane. The conformation change in the receptor activates G proteins, a heterotrimeric protein with α, β, and γ subunits. When the G protein interacts with the receptor, it undergoes a conformational change that results in the replacement of the GDP molecule that was bound to the α subunit with a GTP molecule. This substitution results in the releasing of the α subunit from the β and γ subunits. The alpha subunit specifically activates the next enzyme in the cascade, adenylate cyclase.
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Adenylate cyclase manufactures cyclic adenosine monophosphate (cyclic AMP or cAMP), which activates protein kinase A (cAMP-dependent protein kinase). This enzyme, in turn, activates phosphorylase kinase, which, in turn, phosphorylates glycogen phosphorylase, converting into the active form called phosphorylase A. Phosphorylase A is the enzyme responsible for the release of glucose-1-phosphate from glycogen polymers.
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