Insulin Action and Insulin Resistance
Unregulated glucose uptake (glucose entry in proportion to blood concentration) occurs in the 
brain, pancreas, and liver.  Stimulation of glucose-sensing neurons suppresses appetite.  
Glucose entry in the liver causes glycogenesis, and glucose entry in the pancreas 
stimulate insulin secretion.


Passive glucose transporters do not move glucose metabolites.  Since all glucose that 
enters cells is immediately converted to G1P or G6P, glucose that enters cells stays there.  
The main unregulated glucose transporters are:


--Glut2, found in pancreas, liver, and glucose-sensing neurons


--Glut3, found in most brain neurons

Regulated glucose uptake (controlled by insulin) occurs in muscle and fat.  Glucose entry into 
myocytes is used for energy.  If there is insufficient glucose, fatty acids are used for 
energy.  The byproducts of fatty acid oxidation are ketone bodies.  Diabetic ketoacidosis 
occurs when fat is used as fuel instead of glucose.

The main regulated glucose transporters are:


--Glut1, the major regulated glucose transporter in fat and muscle tissue



--Glut4, a basal-state transporter

Synthesis and Secretion of Insulin by Beta cells
Insulin synthesis:  glucose enters beta cells through the Glut2 transporter and goes through 
glycolysis.  This raises the ATP/ADP ratio, which closes the SUR and Kir channels.       


Potassium current slows, membrane potential rises, and calcium channels open.  Calcium 
influx stimulates vesicle fusion.  Vesicles contain proinsulin, C-peptide, and insulin.  


Since C-peptide is released with insulin, it can be used to estimate net insulin secretion.
      
Insulin is tightly folded due to lots of disulfide bridges and a hydrophobic core.  

Specific amino acids on its surface are critical for receptor binding.

Insulin resistance is a hallmark precursor of DM type 2.

In DM2, insulin processing deficient.  There is an increased proinsulin:insulin ratio.

In DM2, beta cells secrete more and more insulin to fight peripheral resistance, eventually 
causing beta cell failure.  Therefore, declining insulin levels in a diabetic are a bad sign, 
unless the patient is receiving treatment to reduce peripheral insulin resistance, in which 
case it is a good sign.
Insulin Receptor Binding and Activation
The insulin receptor is an integral transmembrane protein with 100x higher affinity for insulin 
than proinsulin.  Insulin binding activates the receptor’s intrinsic tyrosine kinase activity, 
which is required for insulin signaling.
Activation of the insulin receptor leads to phosphorylation of IRS.  This is a key step in insulin 
signaling, and inhibition of IRS phosphorylation causes insulin resistance.
Activation of the insulin receptor and IRS leads to assembly of a signaling cassette.
Tissue-Specific Effects of Insulin
1.  Liver:  insulin decreases hepatic glucose output (HGO) by decreasing expression of PEPCK.
2.  Fat:  insulin increases the number of Glut4 transporters, which increases glucose uptake.  
Elevated glucose decreases lipolysis and increases triglyceride synthesis.
3.  Muscle:  insulin increases the number of Glut4 transporters, which increases glucose uptake.  
This provides muscles with more energy.
Development of Insulin Resistance
Insulin resistance is due to decreased IRS phosphorylation in response to insulin.  Usually this is 
due to activation of serine kinases such as PKC or IKKbeta which phosphorylate serines 
on IRS, making it a poor substrate for the insulin receptor. 

These serine kinases are activated by TNF-α, which is why infections and surgery often cause a 
transient insulin resistance.

**These serine kinases are also activated by free fatty acids.  Thus, a high fat diet (especially 
saturated fats) will tend to inhibit IRS activation and lead to insulin resistance!  

Visceral fat contributes to insulin resistance, whereas subcutaneous fat may contribute to insulin 
sensitization (subcu fat produces adiponectin, which sensitizes cells to insulin).
Exercise increases insulin sensitivity
Exercise increases the AMP/ATP ratio, which activates AMPK.
In liver, AMPK decreases hepatic glucose output, so it amplifies insulin’s effects.

In muscle, AMPK increases glucose uptake by stimulating Glut4 translocation.

Metphormin (Glucophage) activates AMPK, producing insulin sensitization.  The main effect 
is to reduce hepatic glucose output.  Metphormin does not affect insulin secretion or the 
AMP/ATP ratio.
