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Chapter 5: The Endocrine Pancreas 
ORGANIZATION AND SECRETION OF THE ISLETS OF LANGERHANS 

Delta sell- somatostatin- not released in general circulation, has local effect, inhibit alpha and beta cells

Alpha-cells- secrete glucagons (gut hormones)– released into general circulation, and locally stimulate beta-cell. All gut hormones release insulin

Beta-cells- insulin, + small inactive peptide (C peptide)- no peripheral function, clinicalle- marker of endogenous secretion.

Qs- pt’s in emergency rom – severe hypoglycemia, coma, high circulating level of insulin- make difference whether high dose insulin injection – C peptide- normal

Insulin-secreting tumor- C peptide- elevated

Glucagons- stimulate release of insulin

Insulin- inhibit glucagon release
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ACTIONS OF INSULIN 

Insulin Receptor – never uses cAMP
· Receptor that faces the cytosol has tyrosine kinase activity 
· The receptor can phosphorylate itself and other proteins 
Peripheral Uptake of Glucose 
· Glucose cannot diffuse across cell membranes 
· Tissue uptake is by facilitated transport (protein-mediate)
· In some tissues insulin regulates the number of membrane transporters 
Tissues that require insulin for glucose uptake are: 
· Adipose tissue 
· Resting skeletal muscle 
· In exercise: glucose can enter exercising muscle without the aid of insulin 
Tissues in which glucose uptake is not affected by insulin are: 
· Nervous tissue 
· Kidney tubules (proximal tubule) - secondary active transport by Na
· Intestinal mucosa (small intestine) - secondary active transport by Na
· Red blood cells and -cells of pancreas 
· Insulin accelerates, but is not required, for glucose uptake by the liver 
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Metabolic Actions of Insulin 
Insulin is a major anabolic hormone 
Anabolic hormones promote protein synthesis (increase lean body mass). 

Other anabolic hormones include: 
· Thyroid hormones – normally- major
· Growth hormone/IGF-I 
· Sex steroids (androgens) 
Effects of insulin on carbohydrate metabolism: 
· Insulin increases the uptake of glucose and its metabolism in muscle and fat. 
· Insulin increases glycogen synthesis in liver and skeletal muscle 
Effects of insulin on protein metabolism: 
· Insulin increases amino acid uptake by muscle cells 
· Insulin increases protein synthesis, and decreases protein breakdown (so it breaks down in diabetics)
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METABOLIC ACTIONS OF INSULIN 
Effects of Insulin on Fat Metabolism 
Activates Lipoprotein lipase (LPL) and increase uptake of tryglicerids and clear it from bloodstream

  + increase synthesis of tryglicerides 

insulin stimulates conversion of carbohydrate in the fat, but cannot do the reverse

inhibits lypolysis (inhibits hormone-sensitive lipase (HSL) - intracellular lipase)

stress hormones- activate HSL- cortisol, GH, epinephrine, glucagons (not a major fat-mobilizing hormone)

Insulin Effects on Potassium 
· Insulin pumps K+ into cells (Na-K pump)
· This K+-lowering action of insulin is used to treat acute, life-threatening hyperkalemia 
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CONTROL OF INSULIN SECRETION 
Glucose- must be metabolized in beta cells before releasing insulin. 

Aminoacids- release insulin

Qs- which meal gives greatest secretion of insulin

Potato- greater insulin release (more glucose)

Stake- aminoacids not as potent as glucose

Somatostatin- inhibit insulin

Sympathetic neuron- (norepinephrin)- inhibit insulin,

In stress, symp inhibit insulin
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PATHOLOGICAL STATES 
Type 2 or NIDDM (noninsulin-dependent or maturity-onset) 
· Body build is usually obese 
· Insulin levels may be high, normal or low 
· Resistance to insulin action in major target tissues ( down regulation of the receptors, receptors are saturated, and the number of receptors regulates circulating insulin activity type2)
· With a controlled diet, the symptoms of type 2 diabetes often disappear 
· Individuals tend to be ketosis resistant (with some insulin activity there will be no ketoacidosis) 
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Type 1 or IDDM (insulin-dependent or juvenile onset) 
· Body build usually lean 
· Lack of insulin production but generally increased glucagon secretion 
Metabolic Effects in Insulin Deficient Individuals 

CHO: 
· Increased blood glucose (elevated glucagon)
· Increased glycogen breakdown 
· Decreased peripheral glucose use 
Protein: 
· Increased protein breakdown 
· Increased metabolism of amino acids 
· Increased gluconeogenesis (liver) 
· Increased ureagenesis 
· Decreased protein synthesis ( lack of insulin)
Fat: 
· Increased triglyceride breakdown (increase hormone-sensitive lipase activity)
· Increased free fatty acids (liver)
· Increased ketosis resulting in ketoacidosis (metabolic acidosis) 
· Decreased fatty acid synthesis 
· Decreased triglyceride synthesis 
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Type I or IDDM (insulin-dependent or juvinille onset) 
Potassium: 
· Intracellular K concentration is low (long-standing metabolic acidosis and lack of normal effect insulin to pump K into cells)
· Plasma levels increased, normal, or even decreased (if diuresis wash out K)
· Sudden insulin replacement can produce severe hypokalemia 
Pulmonary system: 
· Hyperventilation and reduced PCO2 as a compensation for the metabolic acidosis 
Renal system: 
· Elevated blood glucose produces an osmotic diuresis (proximal tubule)
· Excretion of electrolytes increases 
· A major determinant of urine osmolarity will be glucose 
· Individual becomes dehydrated and hyperosmotic 
· Plasma glucose sodium is not a good index of ECF osmolarity 
· Increased hydrogen ion excretion (acid urine) 
· Increased bicarbonate reabsorption 
Counter-regulatory hormones 
· Raise plasma glucose – make diabetes worse 
· Stress hormones – raise glucose
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ACTIONS OF GLUCAGON 
· The primary target for glucagon action is the liver 
· Note: Skeletal muscle is not a target tissue for glucagons- not break down glycogen in skeletal muscle 
Specific Actions of Glucagon on the Liver 
· Increases liver glycogenolysis 
· Increase liver gluconeogenesis 
· Increases lipolysis in the liver (increase hormone-secreting lipase)
promoter- hypoglycemia

plasma glucose- main regulator of glucagons

but aminoacids also stimulate glucagons.

Local effects of islet- insulin inhibit glucagon, and somatostatin also inhibits glucagon
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