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Common types of DM: 
! Type 1 DM: (old name: insulin dependent DM)  
! Type 2 DM: (old name: non-insulin dependent DM) 
! Gestational DM: appears during pregnancy and disappears after labor. 
 

 Type 1 (IDDM) Type 2 (NIDDM) 
Pathophysiology: 
 

 
 
Onset (age): 
Body built:  
Insulin therapy:  
Oral drugs: 

Autoimmune condition 
against the pancreatic beta 
cells. The damaged 
pancreas doesn't make 
insulin. 
< 30 years 
Usually undernourished 
Essentially required. 
Not required. 

The pancreas usually 
produces some insulin. But 
either the amount is not 
sufficient, or the body's 
cells are resistant to it. 
>30 years (adult-onset) 
Usually obese 
Required in 20% of patients 
Essentially required. 

 
Less common types of DM:  
! Latent autoimmune diabetes of adults (LADA): is a condition in which type 1 

DM develops in adults.  
! Maturity onset diabetes of the young (MODY): is a condition in which type 2 

DM develops in children or young adults who develop persistent, asympt-
omatic hyperglycemia without progression to diabetic ketoacidosis. 

N.B. Adults with LADA or children with MODY are frequently misdiagnosed as 
having type 2 or type 1 DM, based on age rather than etiology. 

! Secondary DM: 2ry to drugs, infections, endocrine diseases, etc. 
 
Lines of treatment:  
! Diet control.  
! Diet + insulin (type 1). 
! Diet + oral antidiabetic drugs (type 2).  
! Exercise: to enhance peripheral glucose utilization. 
 
█ DIET REGIME  
 
It is the first line of treatment in all types of DM. 
 

 Glycemic Index (GI): 
–! It describes the capacity of a food to raise blood glucose in normal glucose 
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Up-regulation of insulin receptors:  Down-regulation of insulin receptors:
! Insulin deficiency (e.g. in fasting)  
! Drugs: INSULIN SENSITIZERS: 
a)! Thiazolidinediones: e.g.  

pioglitazone & rosiglitazone. 
b)! Trace elements: e.g. selenium & 

chromium. 

! Insulin excess (Obesity).  
Obesity causes continuous 
stimulation of β-cells → 
hyperinsulinemia → down regulation 
of insulin receptors.  

! Drugs: e.g. corticosteroids 
 
Pharmacokinetics of insulin 
! Endogenous insulin:  

-! The pancreas releases insulin in the portal vein in small bouts at short 
intervals according to blood glucose levels. The liver clears ~ 50% of the 
secreted amount; the rest is distributed all over the body and cleared by 
receptor-mediated uptake and intracellular degradation. 

-! The normal blood level of insulin is 5-15 PU/ml (fasting) and 60-90 PU/ml 
(postprandial). 

! Exogenous insulin: 
-! Insulin is not administered orally because it is rapidly destroyed by GIT 

enzymes. It is given s.c. (common) or i.v. (in emergencies). 
-! The plasma half-life of insulin given intravenous is 10-12 min. 

 
Sources of commercial insulin 
 
! Traditional (animal) insulin:  
-! Prepared from animals (beef and pork).  
-! POrk insulin differs from human insulin in One aa (alanine in pork and threonine 

in human) while bEEf insulin differs from human in thrEE aa. 
-! Animal insulin may contain traces of animal proteins and proinsulin, so it is more 

antigenic and can cause insulin resistance. 
 
! Human insulin:  
-! It is identical to human insulin and is prepared by recombinant DNA technology 

(genetic engineering) from yeasts or bacteria. 
-! Advantages: Less antigenic and rare development of insulin resistance. 
 
! Insulin analogs: 
-! Recombinant insulin analogs are now available in which some amino acids in the 

"normal" insulin have been switched (e.g. insulin lispro) or replaced (e.g. insulin 
glargine), making a “different molecule” so as to get different pharmacokinetic 
properties. 
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-! Post-receptor defect (intracellular): abnormal signal transduction due to genetic 
defect. 

-! Local insulin resistance: due to degradation of insulin in s.c. tissue by proteolytic 
enzymes. It is diagnosed by changing the route of administration to i.v. injection. 
If there is good response, then the resistance is local. 
 

Treatment of IR: 
 

! Life-style modification:  
-! Strict diet control.   
-! Weight reduction.   
-! Physical exercise. 

 

! Correction of any precipitating factor: e.g. infection or stress. 
! Metformin: to improve receptor sensitivity and ↓ intestinal glucose 

absorption (see later). 
! Thiazolidindiones (Insulin sensitizers): e.g. pioglitazone to ↑ insulin 

sensitivity (see later).  
! Change the site of injection regularly In cases of local insulin resistance  

 
 
█ ORAL ANTIDIABETIC DRUGS 
 
1. Sulfonylureas 
 
! Sulfonylureas are the most widely used medications for the treatment of T2DM.  
! All of the sulfonylureas are well absorbed after oral administration and bind to 

plasma proteins. 
 
Classification 
! First-generation compounds: chlorpropamide, tolbutamide, acetohexamide. 
! Second-generation compounds: glibenclamide, glyclazide and glipizide; they 

are up to 200 times more potent than first-generation agents. 
! Third-generation compounds: e.g. glimepiride; these compounds may interact 

with different cellular proteins than other sulfonylureas. 
 
Mechanism of action 
! Pancreatic action:  

-! Sulfonylureas ↑ insulin secretion by pancreatic β cells. They block K+ 
channels in β cells, leading to depolarization, increased Ca2+ entry via 
voltage-dependent calcium channels, and increased insulin secretion. 

-! They ↓ serum glucagon, which opposes the action of insulin. 

Hepatitis C makes 
people three to four times 
more likely to develop 
type 2 DM and insulin 
resistance. 
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! Extrapancreatic action: 
-! They ↑ insulin receptor sensitivity, may be by increasing the number of 

insulin receptors. However, sulfonylureas do not decrease the insulin 
requirements of patients with type I diabetes. 

-! They ↓ hepatic output of glucose (gluconeogenesis). 
 
Therapeutic uses 
!  Type 2 DM (they are not effective in type 1 DM).  
! Chloropropamide may be used in treatment of nephrogenic diabetes insipidus 

(it ↑ sensitivity of renal tubules to ADH). 
 
Adverse effects 
-! Hypoglycemia especially with long acting drugs (chlorpropamide) or in elderly 

patients with hepatic or renal dysfunction .. (contraindicated in renal failure). 
-! Increased appetite and weight gain. 
-! Pharmacologic failure is common, initially affecting 15%–30% of patients (1ry 

failure) and 90% after 6–7 years of therapy (2ry failure). It is due to progressive 
decline in β cell function. 

-! Hepatotoxicity (cholestatic hepatitis) .. (contraindicated in liver disease). 
-! Allergic reactions.  
 
2. Meglitinides: repaglinide and nateglinide  
 
! They increase insulin secretion by the same mechanism like sulfonylureas 

although the binding site on the β-cells is different. 
! They have very fast onset and short duration so; they are taken orally just before 

meals to control postprandial hyperglycemia. 
! They don't contain sulfur, so they can be used in patients allergic to 

sulfonylureas. 
! Hypoglycemia is the major side effect. 
! They should be used with caution in patients with hepatic or renal impairment. 
 
3. Biguanides: metformin 
 
Mechanism of action 
! ↓ intestinal glucose absorption and ↓ hepatic gluconeogenesis. It does not 

increase insulin secretion (so it doesn’t cause hypoglycemia). 
! ↑ insulin receptors sensitivity. 
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Therapeutic uses 
! Type 2 DM either alone (in mild cases) or in combination with other drugs. 
! To enhance weight loss in obese patients (↓ glucose absorption). 
! Recent studies showed that metformin is useful in the treatment of polycystic 

ovary syndrome (POS); it lowers serum androgen levels and restores normal 
menstrual cycles and ovulation. 

 
Adverse effects 
-! GIT upset (the most common): anorexia, vomiting, and diarrhea.  
-! ↓ absorption of vitamin B12: rarely a clinical problem. 
-! Lactic acidosis: due to increased anaerobic glycolysis especially in patients 

with severe renal or hepatic diseases or if taken with alcohol.  
 
4. Thiazolidinediones (insulin sensitizers): Pioglitazone – Rosiglitazone* 
 
Mechanism of action 
! They act on nuclear genes called peroxisome proliferator-activated receptor-

gamma (PPAR- γ) present in muscles, adipose tissue, and liver cells leading to: 
  

-! They ↑ insulin receptor sensitivity (by about 60%) and ↓ insulin resistance. 
-! They ↑ number of glucose transporters →↑ glucose uptake. 
-! They have beneficial effect on serum lipoprotein levels (↓TGs). 

 

! They have slow onset and prolonged duration because their mechanism 
involves gene regulation. 

 
Therapeutic uses: To improve insulin resistance in type 2 DM. 
 
Adverse effects 
-! Hepatotoxicity 
-! Fluid retention leading to peripheral edema & weight gain. (They should be 

avoided in patients with CHF). 
 
*N.B pioglitazone is now the only thiazolidinedione on the market. 
 
5. Į-Glucosidase inhibitors (starch blockers):  Acarbose – Miglitol 
 
! They act by competitive inhibition of intestinal α-glucosidase enzyme → ↓ 

digestion & absorption of carbohydrates.  
! GIT side effects are common: flatulence, diarrhea, abdominal pain. 
! They should be avoided in patients with inflammatory bowel disease. 
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█ NEWER ANTIDIABETIC DRUGS 
 
Incretins are group of metabolic peptides released by gastric and intestinal cells 
after eating to stimulate insulin secretion and lower plasma glucose. They are rapidly 
inactivated by the enzyme dipeptidyl peptidase 4 (DPP-4). The most important 
incretin peptide is glucagon-like peptide-1 (GLP-1). 
 
1. Incretin (GLP-1) mimetics: Exenatide 
 
Exenatide is a synthetic 39-amino acid GLP-1 analog; liraglutide is longer acting 
analog and more resistant to metabolism. 
 
Mechanism of action 
! They ↑ insulin secretion and ↓ glucagon secretion. 
! They slow gastric emptying and ↓ appetite. 
 
Therapeutic uses 
! Type 2 DM either alone or in combination with oral drugs. (It should not be given 

with insulin). 
! They are given parenterally (s.c.) 60 min before breakfast and dinner. (It should 

not be given after a meal). 
 
Major adverse effects: nausea, vomiting, and pancreatitis (may be serious). 
 
2. Dipeptidyl peptidase 4 inhibitors (Gliptins): Sitagliptin - Saxagliptin 
 
Mechanism of action 
! They inhibit dipeptidyl peptidase 4 (DPP-4), the enzyme responsible for the 

proteolysis of the incretin GLP-1. 
! DPP-4 inhibitors may also improve β-cell function. 
 
Therapeutic uses 
! Type 2 DM either alone or in combination with metformin. 
! They are given orally; most common side effects are headache and nausea. 
 
3. Amylin analogs: Pramlinitide 
 
! Pramlintide is a synthetic amylin analog. Amylin is a polypeptide secreted by β-

cells of the pancreas, and it acts in concert with insulin to reduce blood sugar. 
! It is injected s.c., typically with insulin.  
! Common side effects are hypoglycemia and nausea. 
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Drug interactions with oral hypoglycemic drugs 
 
Drugs potentiate the hypoglycemic 
effect: 

Drugs antagonize the hypoglycemic 
effect: 

! Microsomal enzyme inhibitors.  
! β-blockers: ↓ hepatic 

glycogenolysis    
! Salicylates: displacement of 

sulfonylureas from plasma proteins.  
 

 Microsomal enzyme inducers.  
! β-agonists: ↑ hepatic glycogenolysis.
! Thiazides and diazoxide: they open 

ATP sensitive K+ channels → ↓ insulin 
release and ↓ peripheral glucose 
utilization. 

! Anti-insulin hormones: e.g. steroids 
and glucagon. 

 
 
█ TREATMENT OF DIABETIC COMPLICATIONS 
 
▌Hypoglycemic coma 
 

Causes:  
-! Large dose of insulin or sulfonylurea. 
-! Missed meal while taking insulin or sulfonylureas.  
-! Vigorous muscular exercise without dietary adjustment.  

 

Manifestations: 
-! Sympathetic overactivity: tremors, cold sweating, mydriasis, tachycardia, etc. 
-! Hunger pain, mental confusion, and coma. 

 

Treatment: 
! If the patient is conscious or semiconscious → give oral sugar solution. 
! If the patient is in deep coma: (1) i.v. glucose 10%; (2) Glucagon 1 mg i.m. 

 
▌Hyperglycemic coma (diabetic ketoacidosis; DKA): 
 

Causes: 
-! Excess food intake.  
-! Inadequate insulin administration. 
-! Infection or stress condition. 
 

Manifestations (DKA): 
-! Dehydration and dry shrunken tongue. 
-! Ketosis: smell of acetone in breath and ketones in urine. 
-! Acidosis (pH < 7.3) ĺ acidotic breathing (rapid and deep). 
-! Deep coma in late cases. 
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Treatment: 
! Fluid replacement: fluid deficit = 4-5L.  
–! Use normal (0.9%) saline. Ringer’s lactate is also acceptable choice. 
–! Start with 1–2 L/h for the first 2 hours, followed by 500 mL/h for 6 hours. 
–! Potassium: is routinely added to the i.v. fluid as 20 mEq KCl/1L. 

  
! Regular insulin:  
–! Start with a bolus of dose of 0.1 units/kg i.v. followed by an infusion of 0.1 

units/kg/hour. 
–! Insulin infusion should continue until serum electrolytes, pH, and glucose 

level are normalized.  
–! Glucose 5 % is given when blood glucose falls to ~250 mg/dl to prevent 

cerebral edema.  

! Bicarbonate (HCO3): is not routinely given unless there is severe acidosis 
(pH < 7.1).  

 
▌Hyperosmolar hyperglycemic state (HHS): 
 
! HHS was previously termed hyperosmolar hyperglycemic nonketotic coma 

(HHNC); however, the terminology was changed because coma is found in fewer 
than 20% of patients with HHS. 

! It is a life-threatening medical emergency that is more common in old age.  
! Pathogenesis: severe hyperglycemia causes ↑ water loss (osmotic diuresis) with 

little sodium loss → severe dehydration 
with hyperosmolarity. Ketoacidosis is 
absent. 

 
Treatment: similar to DKA except in: 
! Fluid replacement: fluid deficit 

>5L.   
–! Rapid and aggressive i.v. isotonic saline is the principal treatment. The 

patient may require 5-8 L of saline.  
–! Fluid replacement alone can reduce glucose levels. 

! Insulin i.v.i similar to DKA. Insulin used without concomitant vigorous fluid 
replacement increases the risk of shock. 

! Hypokalemia is usually less marked but potassium may be required early in 
the treatment. 

! LMWH to prevent thrombotic complications. 

 DKA HHS 
BG > 250 mg/l > 600 mg/l 
pH < 7.3 > 7.3 
Ketonuria ++ -- 
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▌Diabetic neuropathy 
 
Diabetic neuropathy is the most common complication of diabetes mellitus (DM), 
affecting as many as 50% of patients with type 1 and type 2 DM. It may be cranial, 
sensory, sensory-motor or autonomic. DN is an irreversible process. 
 
Pathogenesis 
! Advanced glycated end-products: elevated intracellular levels of glucose cause 

a non-enzymatic covalent bonding with cellular proteins, causing microvascular 
damage, ischemia, hypoxia, and nerve damage. 

 
! Polyol pathway (sorbitol/aldose reductase pathway): elevated intracellular 

glucose is converted into sorbitol via the enzyme aldose reductase. Sorbitol is 
toxic to tissues. 

 
Treatment 
! Tight, stable glycemic control is the most important factor for slowing 

progression of DN. 
! For neuropathic pain, and tingling sensation: duloxetine (antidepressant drug) 

30 mg/12h orally (first choice) or pregabalin (second choice). 
! For diabetic gastroparesis: metoclopramide 
! For erectile dysfunction: sildenafil 
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