Pancreas
Exocrine part 

-Acin secrete digestive enzyme to the duodenum 

-Very important and essential 

- if the enzyme decrease no digestive occurs

Endocrine part 

- islet of langerhans secret hormones into the blood directly 

         The endocrine part has 4 type of cells :  
1-PP cell :pancreatic polypeptide secreted by these cell 

2- Delta cell : secrets somatostatine 10% of cells

3- beta cells : secrets insulin 60% of cells 

4- alpha cells : secret glucagon 25% of cells 
*Both insulin and glucagons are synthesis as pre-pro hormone (large)  .then ,packed granules in golgi .Then cleaved to free hormone (insulin) and C peptide 

*Insulin consists of two chain alpha and beta and linked by disulfuid linkage 

*Insulin and glucagons are polypeptide hormone ,they circulate in the blood unbounded to carrier 

*C peptide excreted in the urine ,it is useful to know if the insulin is synthesized by the body or not

*insulin resistance(insulin does not attach to the receptor )  means insulin high and C peptide  low 
                Cell of islet of langerhans communicate via: 
1- gap junction (it regulates the ionic flow): alpha-alpha ,beta-beta,alpha-beta.

2-blood (10% of pancreatic blood flow in the islet)

3- neural connection :adrenergic ,cholinergic,peptidergic

*during stress ( we need glucagons to regulate the level of glucose by increase it ,GH and glucocorticoids (cortisol) as well.

Mechanism of action of insulin:    
Target cell : muscle ,adipose tissue ,hepatocyte 

Non-target cell: brain ,nerve ,RBC, germinal epithelial cell(gonads), renal tubular epithelial cells, intestinal cell, retina and corniaof the eye (they do not recall insulin for uptake once it need they will take)

*diabetic acidosis will occur if these cells need insulin because insulin will decrease glucose concentration and they all have essential job
           Cell membrane receptor  
2 alpha domain ( EC domain 

2beta domain ( penetrate the membrane 
Mechanism ( insulin bind to the receptor (conformational change ( activation of tyrosine kinase in beta unit ( autophospholyration  of beta subunit (phosphorylation of the otherenzyme)(stimulate glucose uptake ( conver glucose to glycogen ad inhibit gluconeogenesis 
Insulin-receptor complex

Internalization :taken into the target cell 
Fate of insulin-receptor complex 

Insulin: Degradation (if not will cause hypoglycemia )

Receptor: Stored ,recycled , degraded 
          Insulin down regulates it's receptor by : 
1- decrease synthesis of receptor 
 2- increase degradation of receptor 
Factor affecting insulin secretion :

Stimulation

Increase blood glucose conc.-
Increase amino acid conc.-
-Increase FA +ketoacids

-Glucagons 

-GH( release of insulin (increase blood glucose level )

-Cortisol (stress hormone) (  (increase blood glucose level )

-Vagal stimulation (Ach

-K+

-Gastric inhibitory peptide (GIP) ( GIT hormone 

-Surlfonylurea drugs ( for treatment of diabetes II

-Obesity       

Inhibition 
-Decrease blood glucose conc.

-Fasting 

-Exercise

-Somatostatin

-Alpha- adrenergic stimulation (agonists)

*Which will increase insulin secretion more ,IV or oral glucose ?
Oral take up ,because it stimulate gastric inhibitory  peptide GIP( stimulate insulin
Insulin secretion by beta cell (mechanism):

Note : sympathetic (stimulate glucagons, and inhibit beta cells
Diet rich in protein ( 2 hormones will be stimulated 
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Substrate that insulin act on :

N.B
*Insulin stimulated by glucose 

*In the presence of insulin the glucose will be stored as glycogen (in liver ) 150 g
*If glucose increased , there will be uptake by cell + utilization of it ( energy(inhibit gluconeogenesis or stimulate glycolysis 
*Insulin never stimulate gluconeogenesis unless with protein diet
Effect of insulin on fat metabolism :

-Insulin (lipogeneic ), in adipose tissue insulin enhance storage and inhibits mobilization of fatty acid 

-Insulin inhibit hormone-sensitive lipase 

-Insulin increase glucose transport .the subsequent metabolism of glucose to alpha glycerol phosphate increases the rate of esterification  of  FA for storage as TAG 
-Insulin induces lipoprotein lipase .this enzyme is present in the capillary wall and splits circulating TAG into FA, which is necessary for their transport into fat cell 

*under insulin stimulation FA not the source of energy 

*lipogenesis(formation of fat (lipid )
*insulin decrease FA conc. In the blood
effects of insulin on protein metabolism :

insulin is an anabolic hormone . it increase uptake of several amino acids from the blood into the cell limits the rise in plasma levels of certain amino acid after a protein meal ,so insulin increase protein synthesis by stimulating both gene transcription and translation of mRNA

*insulin inhibits protein catabolism and therefore decreases the release of amino acid from muscle 

N.B any malfunction in HSL or decrease lipoprotein lipase will cause insulin resistance (occur in obeses)

-Fasting glucose level =70-110 mg/dl
Effect of insulin on CHO metabolism :

                    In muscle   

 after meal ,insulin promotes the uptake and metabolism of glucose into the cell. glucose will under goes glycolysis and oxidation and is stored as glycogen 

During exercise insulin has no effect on increase glucose uptake by cell, instead , the energy heats the cell and increase the permeability of  the membrane ,so increase glucose uptake 

Net effect of insulin on glucose ( decrease glucose blood level 
Skeletal muscle facilitate glucose diffusion by increasing the number of glucose transport GLUT 4

                       In liver   
-increase the flux of glucose into the cells 

- increase glycogen synthesis by activating glycogen synthase
-direct the flow of glucose through glycolysis

-decrease uptake output of glucose in several ways 

How: 

Insulin impair glycogenolysis by inhibiting glycogen phosphorylase

Insulin decrease the exit of glucose from the liver by inhibiting glucose -6-phosphatase

Insulin inhibits gluconeogenesis by decreasing the amino acid uptake into the liver 

- enhance synthesis of FA in 2 ways 

Insulin increase the flow of glucose to pyruvate (glycolysis ) (then convert to acetyl CoA

Insulin stimulates acetyl CoA carboxylase , which convert acetyl CoA to malonyl CoA ( this is the rate limiting step in the synthesis of FA)

                     In adipose tissue  
insulin facilitate glucose entry into adipose cell

In brief :

-The effect of insulin on CHO

Increase Glucose entry to the cell by GLUT 4 

increase Glycogen synthesis 

Stimulate glycolysis

Decrease Hepatic output of glucose 

Decrease Gluconeogenesis 

Decrease Amino acid uptake 

Stimulate Fatty acid synthesis  

-The action of insulin 

Decrease Blood glucose level 

Lipogeneic
 anabolic 

Increase K+ uptake by the cell (effect Na+_K+pump)

Disorder of insulin 
Either increase or decrease 

Adenoma = benign tumor in endocrine gland 

Carcinoma = malignant tumor (cancer)

Insulinoma= benign tumor in pancreas in beta cells, cause excess insulin secetion 

Manifestation :

Low blood level hypoglycemia 

Dizziness up to loss of consciousness

Extensive sweating (from sympathetic stimulation (to stimulate glycogenolysis dry mouth ,vomiting 

Treatment =Surgical removal of the the tumor
Diabetes mellitus =deficiency of insulin 

Type I diabetes

Absolute deficiency  of insulin(there's no insulin ) 
Treatment =Subcutaneous insulin
 N.B: type I diabetes ( decrease anabolic hormones (GH "Dwarf", insulin, thyroid hormone)

Type II diabetes 

Relative deficiency of insulin (there's insulin ,but the receptor not working called insulin resistance)
Treatment =Insulin sensitizer table ,diet +exercise
Manifestation of diabetes mellitus
-Polydipsia (increase glucose in urine(increase osmolarity ( need water (polyurea (glucose increase in urine drag the water with it cuz overcome the maximum value)
Polyphagia(loss of weight –
Diabetes mellitus complications 
Diabetic ketoacidosis (decrease pH)

-It occurs in both type 

-Increase FA in the blood (weight loss

-Keton acid formation and secretion in urine 

-Electrolytes imbalance

-Hyperglycemia 

N.B acidity damage cell (coma 

Treatment =insulin 
Glucagons
-Hormone of starvation 

-Cell surface hormone

-Peptide hormone contain single chain 
-Promotes mobilization and utilization and energy store 

-Does not promotes storage of metabolic fuels 

-Like insulin synthesized as pre-prohormone 

Factors affecting glucagons secretion 
Affect alpha cell of pancreas 

Stimulation

- Fasting

Extensive exercise-
Decrease blood sugar level -
-Increased amino acid 

CCK(in case of fat, protein diet ,not CHO)-
-Beta  adrenergic agonist (stress)

-Ach

Inhibition 

Insulin -
Somatostati (inhibitory to the GIT)-
-Increased FA conc.

*if we take protein diet ( the insulin will increase uptake of amino acid by the cell and glucagons will stimulate the conversion of a.a to glucose 

*But if we take CHO and protein diet glucagons will not secreted (stimulate beta cell ,inhibit alpha cell )
Mechanism of action of glucagons 

Bind to cell surface receptors complex to adenyl cyclase via G protein ( stimulate cAMP(stimulate protein kinase (phosphorylation (affect number of enzyme activity 

Major target cells for glucagons is LIVER

Action 

Increase blood glucose level via -
-Glycogenolysis 

-Gluconeogenesis

Glycogen formation -
Inhibit glycolysis-
-Stimulate lipolysis 

-Stimulate ketoacid formation

-Heart ,stimulate cardiac contractility (heart failure )
Counter regulatory hormone for glucose
1-Glucagons increase Glycogenolysis, increase Gluconeogenesis 

2- glucocorticoids (cortisol) ( increase Gluconeogenesis

3-GH ( decrease glucose uptake by cells

4- adrenalin ( beta receptor of liver (increase glycogen breakdown 

5- thyroxin increase glucose transport through GI cell 
Summary: 

*Hormone which increase blood glucose level: 
glucocorticoids (cortisol)
Glucagons

GH

Catecholamine stimulate glycogenesis 

The only hormone that decrease glucose:*

 insulin 
Some notes ::
-CHO is source of energy ,Fat and protein are not 

-GH is protein sparer ,insulin is fat and protein sparer ,and both (GH and insulin) are not glucose sparer

-On the effect of insulin on FAT metabolism :Insulin inhibit hormone-sensitive lipase 

How ?? insulin will decrease rate of lipolysis of TAG and the release of FA in the circulation ..

-And let me tell u what about Insulin secretion by beta cell (mechanism):

Glucose attach to the receptor (cause the entry of it into the β cell (glucose will convert to glucose-6-phosphate by glucokinase ( oxidation lead to ↑ ATP ( will lead to closure of the K+ channel ( will ↑depolarization ( open Ca+2 channel ( entry of Ca+2 (↑ [Ca+2] ( lead to secretion of insulin.

Dr.noop  
Goodluck…
