Diabetes Mellitus – 15-03-04
The 1st page of lecture notes is summarised in the following paragraph. 

Glucose metabolism (Robbins pp 914)
Insulin and plasma C peptide is stored in secretory granules ready to be excreted. The main trigger is glucose. A rise in glucose means more glucose enters the B cell via GLUT 2 and causes immediate release of insulin. This is the immediate phase (released of preformed insulin). If glucose remains high, then an active insulin secretory response begins. Insulin therefore increases the rate of glucose transport into the striated muscle cells (skeletal muscle), fibroblasts, fat cells (adipose tissue), and hepatocytes (glycogen). The brain, eyes, kidneys do not need insulin for its glucose uptake. Furthermore insulin also functions to enable certain cells to grow and differentiate (acts like a growth factor). 
The principle problem therefore is, when there is no insulin the blood has too much glucose which cannot be taken up by most of the bodies cells, except the brain of course. Lack of glucose will lead to protein catabolism & breakdown of adipose tissue. 
Diabetes – Definition (Lecture notes)

It is a chronic disorder of carbohydrate, fat and protein metabolism as a result of inadequate action of/ amount of insulin. As a result the main feature of hyperglycaemia. 

Classification (Robbins pp 913)
· Type I: This type usually begins at young age

· Type II: This type usually occurs in adults
· Gestational: occurs during pregnancy

· 2nd Diabetes: pancreatic disease (chronic pancreatitis), drugs (steroids, growth hormones)

Aetiology (Pathogenesis) & Epidemiology – Type I Diabetes (Robbins 915)

Three key aetiological factors are responsible for islet cell destruction: 1) genetic susceptibility (HLA-linked genes), 2) autoimmunity (preceding insulitis has “lymphocyte rich (CD8 & CD4 cells) inflammatory infiltrate”, immunosuppression has been shown to ameliorate diabetes in animals/children) 3) environment factors (stress, geographical, viruses: coxsackie B, measles, mumps, CMV, infectious mononucleosis). 
Aetiology (Pathogenesis) & Epidemiology – Type II Diabetes (Robbins 917)

Aetiological factors include: 1) genetic susceptibility (multiple genetic defects), 2) Deranged insulin secretion (acute secretion period is lost) 3) Insulin resistance (when insulin binds to the receptors, there is decreased post-receptor signalling ( GLUT receptors are not translocated to the membrane therefore not enabling the glucose to get into the cell), 4) Obesity, 5) Amylin
COMPLICATIONS OF DIABETES (Robbins pp 919)
· Atherosclerosis
· Microangiopathy (basement membranes of small vessels)
· Neuropathy

· Infection

· Hyperosmolar cell damage

· Metabolic emergencies

· Retinopathy

· Nephropathy

Note that complications are very similar between Type I & Type II, and their pathogenesis is the same. 
Pathogenesis of complications (Robbins pp 919, Fig 20-17A/B)

Two fundamental metabolic events occur in diabetes:

1. Non-enzymatic glycosylation: Glucose attaches itself to a protein without the aid of enzymes and this becomes a Schiff base ( which becomes a amadori product (more stable). As time proceeds, glucose glycosylation products with collagen and other proteins turn into AGEs.
a. AGEs are important because it traps LDL within vessel walls ( atherogenesis. AGEs occur in basement membranes and plasma protein albumin binds to it therefore making it thicker + leaky ( process seen in renal glomeruli, retinal vessels. 
b. AGEs also bind to endothelial cells, fibroblasts, macrophages. This causes procoagulant effects, increased synthesis of ECM, and release of cytokines respectively. 
c. Inhibition of AGEs results in none of the above happening. 
2. Intracellular hyperglycaemia with disturbance of polyol pathways: Brain, kidneys, lens, nerves do not require insulin for glucose to get into their cells. Too much glucose will be metabolised with assistance from aldose reductase to sorbitol ( fructose. Too much of these intracellularly will cause osmolarity to rise therefore water influx will cause osmotic injury. Sorbitol also damages Schwann cells, and pericytes surrounding retinal capillaries ( therefore cause peripheral neuropathy & retinal microaneurysms. 
MORPHOLOGY OF DIABETES AND ITS LATE COMPLICATIONS (Robbins pp 920-924)

The following section will cover the morphology of complications of diabetes
· Pancreas: Type 1: 1) reduction in number of islets, 2) Insulitis: infiltration of T cells in the pancreas. Type 2: 1) Amyloid deposition: seen in and around vessels. Composed of amylin fibrils derived from B cells. 

· Vascular System:  Diabetics have higher LDL and lower HDL levels. AGEs have something to do with it as well. The complications in the vascular system are: accelerated atherosclerosis ( acute MI, CVA, gangrene of lower extremities. Hyaline arteriosclerosis is a complication where the arteriole wall thickens due to an amorphous hyaline substance ( narrows the lumen ( hypertension. 
· Diabetic microangiopathy: There is diffuse thickening of basement membranes. The basal lamina separating the epithelium from surrounding cells is thickened by concentric layers of hyaline membranes (Type IV collagen). Contrastingly, thickening produces leaky capillaries. 
· Diabetic nephropathy: Nephropathy occurs in three ways: 1) glomerular disease (diffuse glomerulosclerosis: diffuse thickening of basement membrane with associated increased mesangial matrix & mesangial cell proliferation, nodular glomerulosclerosis: ball like deposits of matrix within mesangial core ( Kimmelstiel-Wilson lesion ( Refer to Renal lecture) ( eventually leading to renal failure (nephrotic syndrome: proteinuria, hypoalbuminemia, oedema), 2) vascular lesions: arteriosclerosis/atherosclerosis, 3) pyelonephritis (necrotising papillitis). 
· Diabetic retinopathy: 1) retinopathy, 2) cataract formation, 3) glaucoma. (i.e.: aneurysms, haemorrhages, hard & soft exudates). 
· Diabetic neuropathy: peripheral, symmetrical neuropathy affecting sensory and motor function (sensory more commonly affected). Microangiopathy (hyaline material can thicken vessels supplying peripheral nerves) can cause neuropathy, Hyperosmolar cell damage (see above for genesis) can occur. 
METABOLIC EMERGENCIES IN DIABETES (Davidsons 18th pp 491-496)

· Diabetic ketoacidosis
· This occurs exclusively in Type I patients

· Pathogenesis: Insulin deficiency (glucagon increase) ( breakdown of adipose stores ( release of free fatty acids ( oxidation process occurs in liver (acetyl-CoA) ( ketone bodies ( rate of production > rate of usage by muscles etc ( ketonaemia / ketonuria ( eventual dehydration ( increase plasma [H+] ( ketoacidosis. 

· Precipitation: 1) infection: increased insulin requirements 2nd to increased BSL, but patients do not follow this, 2) vomiting: dehydration, 3) poor control
· Management: rehydration (dehydration), short acting insulin (hyperglycaemia), administer K+ (loss due to hyperurination), antibiotics (if infection). 

· Hyperosmolar coma
· This occurs in Type II patients
· Pathogenesis: recurrent hyperglycaemic episodes ( increased urinary output ( dehydration ( absence of hyperketonuria/acidosis. 

· Precipitation: 1) infection: increased insulin requirements 2nd to increased BSL, 2) CVA/elderly: patients unable to drink enough water by themselves, 3) poor control
· Hypoglycaemia
· This occurs in both types of diabetes
· Pathogenesis: too much insulin / too little glucose

· Precipitation: 1) poor control, 2) alcohol/unexpected exercise, 3) gastroparesis 2nd to autonomic neuropathy, 4) malabsorption
· Management: sugar drink / parenteral glucose / 1mg IM glucagon. 

