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Drugs used to treat Diabetes I and II 
 
Date:  Diabetes I/II Tuesday April 1st, 2014  9:30-11:30am 
  
Optional reading assignments:  ACP Medicine (Scientific American) 

Chapter 9, Sections I and II 
Available via the library e-book collection 
- nice background on Pathophysiology and Treatment of 

both type 1 and type 2 diabetes 
- http://www.acpmedicine.com/cgi-

bin/publiccgi.pl?loginOP 
 
Other resources:   http://www.endotext.org/ 

- An excellent web site that provides a series of detailed 
chapters on all aspects of endocrinology 

- Superb resource for further reading 
     

Key Concepts and Learning Objectives 
1. Describe the fundamental differences between type 1 and type 2-diabetes. 
 
2. List the current diagnostic criteria and therapeutic goals for the treatment of diabetes. 
 
3. Explain the pharmacological differences between the various insulin formulations used in the 
treatment of diabetes, especially their duration of action and how this affects their influence on 
the control of postprandial glucose levels versus fasting glucose levels. 
 
4. Explain the biological effects of insulin therapy on muscle, liver and adipose tissue  
 
5. Discuss the relative benefits and disadvantages between a conventional and intensive insulin 
therapy regimen. 
 
6. Identify the major adverse effects of insulin therapy and the therapeutic approaches to treat 
this condition 
 
7. List the indications, contraindications and clinical uses for each of the major classes of 
hypoglycemic agents used in the treatment of type-2 diabetes. 
 
8. Describe the mechanism of action and physiological effects of each of the major classes of 
hypoglycemic agents, especially their effects on fasting versus post-prandial glucose levels. 
 
9. List the major adverse effects associated with each of the major classes of hypoglycemic 
agents 
 
10. Discuss the use of combination hypoglycemic drug therapy including the use of insulin in the 
treatment of type-2 diabetes 
 
11. Apply your knowledge of the pharmacology of the major classes of hypoglycemic drug 
agents to select the most appropriate medication for a specific patient based upon patient-
specific criteria 
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Drugs to be covered in this lecture: 
1. Insulin Formulations 

Rapid acting insulin 
Insulin aspart (Novolog®) 
Insulin lispro (Humalog®) 
Insulin glulisine (Apidra®) 

Regular Insulin  
  Regular Insulin (Humulin R®, Novolin R®) 

Intermediate-acting insulin 
NPH Insulin (Humulin N®, Novolin N®) 

Long-lasting insulin 
Insulin detmir (Levemir®) 
Insulin glargine (Lantus®) 

 
2. INSULIN SECRETAGOGUES 

SULFONYLUREAS 
1st Generation:     2nd Generation:  
Chlorpropamide (Diabinese®),   Glimepiride (Amaryl®) 
Tolbutamide     Glyburide (DiaBeta®, Micronase®) 

       Glipizide (Glucotrol®) 
MEGLITINIDES 
Repaglinide (Prandin®)  
Nateglinide (Starlix®) 

 
3. INSULIN SENSITIZERS  

BIGUANIDES     THIAZOLIDINEDIONES 
Metformin (Glucophage®)   Pioglitazone (Actos®) 
      Rosiglitazone (Avandia®) 
 

4. Incretin mimetics/modulators 
Exenatide (Byetta®) 
Liraglutide (Victoza®) 
Sitagliptin (Januvia®) 

 Saxagliptin (Onglyza®) 
 
5. INHIBTORS OF CARBOHYDRATE DIGESTION 

ALPHA-GLUCOSIDASE INHIBITORS 
Acarbose (Precose®) 
Miglitol (Glyset®) 

 
6. SGLT2 inhibitors 

Canagliflozin (Invokana®) 
Dapagliflozin (Farxiga®) 

 
7. Bromocriptine (Cycloset®) 
 
8. Bile acid binding resin 
 Colesevelam (Welchol®) 
 
9. Amylin homolog 

Pramlintide (Symlin®) 
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1. DIABETES MELLITUS 
a) Diabetes Mellitus is a metabolic disorder that is characterized by hyperglycemia caused 

by either a defect in insulin production, insulin action, or a combination of the two. 
 
b) Chronic hyperglycemia is associated with long-term damage, dysfunction and failure of 

various organs including the eyes, kidneys, nerves, heart and blood vessels.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Regulation of glucose levels during homeostasis and Diabetes 

 

Type 1 Type 2

Defect Autoimmune destruction
of pancreatic beta cells

Insulin resistance with progressive
loss of pancreatic beta cell function

Insulin levels zero Typically higher than normal

Insulin resistance No Yes

Age of onset Typically < 30yrs Typically > 40yrs

Nutritional status
at time of onset

Undernourished Typically obese

Frequency 10-20% 80-90%

Genetic predisposition moderate strong

Acute complications Ketoacidosis/wasting Hyperglycemia

Chronic complications Neuropathy, Retinopathy
Nephropathy, CVD,

Peripheral vascular disease,
Lower extremity amputations

Same as type 1

Treatment Insulin replacement Oral hypoglycemics/insulin

Low blood glucose

gluconeogenesis

glycogenesis

High blood glucose

glycogenolysis

Muscle
Glucose uptake
Glycogen synthesis

Adipose
Glucose uptake
Triglyceride synthesis
Lipolysis
glycerol/FFA release

Glucagon

Pancreas

Liver
Glucose

Glycogen

Promotes
Insulin

Secretion

Promotes
Glucagon
Secretion

HOMEOSTASIS

Insulin

Inhibits
secretion
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Fasting plasma glucose

2hr Peak postprandial plasma glucose

Glycated hemeglobin (HbA1c)

Normal
Treatment

Goal

<100 mg/dL

<140 mg/dL

90-130 mg/dL

<180 mg/dL

<7.0%<6.0%

Pre-diabetes
IFG/IGT

100-125 mg/dL

140-199 mg/dL

Diabetes

>126 mg/dL

>200 mg/dL

>7.0%
 

Rapid-acting
Insulin aspart
Insulin lispro
Insulin glulisine 

Regular Insulin

Intermediate acting
NPH Insulin

Long acting
Insulin glargine

Insulin detmir

Formulation Onset Peak Duration Usage

Amino acid substituted insulin
variants that are monomeric for
faster absorption

Zinc ions added for stability; 
forms hexamers that dissociate 
into monomers prior to absorption

Conjugated with protamine peptide 
which delays absorption until it is
proteolytically cleaved by endogenous 
tissue proteases

Amino acid substituted insulin variant 
that forms large ppt at body pH and is 
slow to be absorbed

Insulin with fatty acid side chain that 
associates with tissue bound albumin 
that slows its absorption

5-15 mins 45-75mins 2-4 hrs

30-60 mins 2-4 hrs 6-8 hrs

1.5-2 hrs 6-10 hrs 16-24 hrs

~2 hrs No Peak 20->24 hrs

For meals or acute
Hyperglycemia;
Can be injected 

immediately before meals

For meals or acute
Hyperglycemia;

Needs to be injected
30-45 mins prior to meal

Provides basal insulin
And overnight coverage

Provides basal insulin
And overnight coverage

~2 hrs No Peak 6-24 hrs

2. DIAGNOSIS AND GOALS OF DIABETES THERAPY 
Symptoms of diabetes: polyuria, polydipsia, unexplained weight loss + polyphagia, blurred 
vision, and a causal plasma glucose concentration > 200mg/dL or FPG of > 126mg/dL. 

 
 

Treatment Goals: To achieve and maintain glycemic levels as close to the non-diabetic range 
as possible in order to prevent the development of complications of chronic diabetes. 
 

3. DRUGS TO TREAT TYPE 1 DIABETES 
Insulin 

a) Insulin replacement therapy is the only treatment available for patients with type 1-
diabetes. 

b) Commercially available insulin preparations are available in a variety of formulations that 
differ based upon their time of onset, peak activity and duration of action. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mechanism of Action. 
a) Insulin acts through its plasma membrane cell surface receptor  
b) Insulin corrects hyperglycemia by:  

(i) promoting glucose uptake in muscle, liver and adipose 
(ii) inhibiting hepatic glucose production (gluconeogenesis/glycogenolysis) 
(iii) inhibiting the flow of gluconeogenic precursors from muscle/adipose to the liver 
(iv) inhibiting the secretion of the counter-regulatory hormone glucagon 

 

Insulin Administration 
a) Subcutaneous injection with syringe: upper arms, upper legs, abdomen (most effective), 

and buttocks-sites of injection should be rotated to avoid injection site lipodystrophy 
- Initial dose 0.2-0.6 units/kg/day in divided doses 
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- Typically 50-75% of dose is given as intermediate/long-acting insulin and the   
remainder is administered as rapid-acting or short acting insulin at meal times 

b) Continuous subcutaneous insulin pump (regular insulin or rapid-acting insulin) 
c) Inhaled Insulin (Exubera®; powder formulation of rapid-acting insulin) 

- As effective as regular insulin in type 1 and type 2 diabetes 
- NOW DISCONTINUED due to poor patient adoption 

 

Adverse reactions 
Hypoglycemia, tachycardia, fatigue, mental confusion, Injection site lipodystrophy, diapheresis, 
and hypersensitivity (less common with human insulin). 
 

Drug Interactions. 
a) Drugs which DECREASE hypoglycemic effect of insulin: oral contraceptives, 

corticosteroids, dlitiazem, niacin, ephinephrine, thiazide diuretics, Ca2+ channel blocker, 
beta2-adrenergic agonists and HIV protease inhibitors. 

b) Drugs that INCREASE hypoglycemic effect of insulin: alcohol, beta-blockers, salicylates, 
lithium, sulfonamides and tetracylines 

 
Hypoglycemia 
 a) Blood glucose levels < 60 mg/dL 
 b) Potentially fatal if not promptly treated 
 c) Caused by lack of glucose availability to the brain and CNS 
 

Symptoms 
Mild Hypoglycemia: Tremor, palpitations, sweating and intense hunger 
 
Moderate hypoglycemia: Headache, mood changes and irritability, decreased attention, 
drowsiness, Patients may require assistance to help themselves 
 Treatment- oral dose of a simple carbohydrate 
 
Severe hypoglycemia: Unresponsiveness, Unconciousness, convulsions, prolonged 
severe hypoglycemia can result in death, patients require assistance. 

Treatment. Either IV glucose or IV/IM GLUCAGON (stimulates release of glucose 
from liver. 

 
Insulin Therapy Regimens 
Goal - To achieve near normaoglycemia, which has been demonstrated in clinical trials to 

prevent and/or slow the onset of diabetic complications 
- Achieving normoglycemia requires the administration of multiple doses of insulin every 
day 

 
Glycemic Goals: Fasting blood glucose  90-120 mg/dL 
   2hr Postprandial BG  <180 mg/dL 
   HA1c    <7% 
 
Typical Insulin dose: 0.5-0.8 units/kg/day in a divided dose split between a basla insulin (50-

75% of total) and pre-prandial insulin 
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(A) Conventional Insulin Therapy 
a) A simple non-physiological insulin regime consisting of either a single or two daily 

injections of insulin usually a mixture of regular or rapid acting insulin together with 
intermediate (i.e. NPH) insulin 
given in fixed amounts in the 
same syringe before breakfast 
and dinner 

b) Convenient, but will not 
adequately control glycemia 

c) NOT recommended unless 
patient cannot or will not comply 
with an intensive insulin regime 

 

(B) Intensive Insulin Therapy/Standard insulin therapy 
a) Aims to provide a more physiological profile of insulin by administration of a basal level 

of insulin to lower fasting glucose (provided by daily or twice daily injections of long-
acting insulin preparations e.g. NPH or glargine) together with pre-meal boluses of a 
rapid or very rapid acting insulin to control postprandial glucose elevations 

b) The dose of the pre-meal bolus is 
determined by the ambient blood glucose 
level before the meal, the size and 
composition of the meal and anticipated 
activity levels. 

c) Essentially near normal glycemia can be 
achieved using an intensive insulin regime 

d) Significantly reduces the risk of diabetic 
complications 

e) Recommended for the majority of type-1 
patients 

 
Drawbacks to intensive insulin therapy 

a) Greater effort required by patient 
b) Incidence of hypoglycemia/coma is higher  
c) Weight gain more likely 
d) Cost (~3x conventional therapy) 

 
4. DRUGS TO TREAT TYPE 2 DIABETES 
 
4.1  ORAL ANTI-DIABETIC DRUGS- INSULIN SENSITIZERS 
4.1.1 BIGUANIDES 
Metformin (Glucophage®) 
 

4.1.1A DESCRIPTION 
a) An oral anti-hyperglycemic medication that acts to lower plasma glucose levels primarily 

by reducing hepatic glucose production. 
b) Does NOT act by promoting insulin production 
c) Recommended by ADA and EASD as first line treatment for type 2 diabetes 

concurrent with lifestyle changes, diet and exercise 
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4.1.1B MECHANISM OF ACTION 
a) Reduces hepatic glucose production by inhibiting both gluconeogenesis and 

glycogenolysis 
b) Increases peripheral glucose uptake and utilization in muscle and fat tissues  
c) Effective only in the presence of insulin  
d) Acts by inhibiting complex I in the electron transfer chain of mitochondrion resulting in an 

increase in the cellular concentration of AMP that in turn: 
(i) Inhibits GLUCAGON-induced hepatogluconeogenesis by inhibiting the 

glucagons-induced activation of adenylate cyclase 
(ii) activates the AMP-dependent protein kinase (AMPK), an important metabolic 

enzyme involved in cellular and systemic energy homeostasis.  
- Activation of AMPK in muscle and adipose tissue promotes glucose uptake 
- Activation of AMPK in the liver inhibits hepatic glucose production, as well 

as inhibiting hepatic cholesterol and triglyceride biosynthesis (potentially 
explains favorable effects of metformin on lipid profiles and the 
development of CVD- see below). 

- AMPK activation promotes fatty acid oxidation, thereby reducing FFA stores 
that contribute towards the development of insulin resistance 

- AMPK activity inhibits the activity of inhibitors of the insulin signaling 
pathway thereby enhancing insulin signaling and preventing insulin 
resistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.1C INDICATIONS AND CLINICAL USE 

b) Approved for either monotherapy, or in combination with other oral hypoglycemic 
drugs, for the treatment/prevention of hyperglycemia in type 2-diabetes. 

c) Metformin is rapidly absorbed from the small intestine, it is not metabolized and 
is secreted in the urine with a half life of 1.5-5 hrs. Peak plasma concentration is 
achieved in 2 hrs & the duration of its biological effect is ~ 6hrs  

d) Primarily affects fasting blood glucose levels (i.e. inhibition of hepatic 
gluconeogenesis) rather than postprandial glucose increases. 

e) Lowers fasting blood glucose by 20% and HbA1c by ~1.5% points  
f) Does NOT cause WEIGHT GAIN and can even promote WEIGHT LOSS  
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g) Does NOT cause HYPOGLYCEMIA  
h) Multiple clinical trials show that metformin treatment DECREASES the frequency 

of MI, diabetes-related death and all-cause mortality in type-2 obese patients 
compared to other oral hypoglycemic agents 

i) Potential beneficial effect on CVD outcomes likely due to the effects of metformin 
on improving lipid profiles- decreased TG and FFA, small decrease in LDL, 
modest increase in HDL 

 

4.1.1D ADVERSE EFFECTS 
a) Generally well tolerated - only ~5% of patients discontinue due to adverse effects  
b) Most common adverse effect is on the GI tract- metallic taste, nausea, diarrhea and 

abdominal pain, which are minimized by taking the drug with food. 
c) Decreases absorption of Vitamin B12, although rarely causes megalobalstic anemia 
d) Lactic Acidosis is a rare (<1:100,000), but potentially fatal complication 

 Most associated with use in high risk patients- esp RENAL INSUFFICIENCY 
 Symptoms- deep/rapid breathing, vomiting, abdominal pain, muscle 

weakness 
 Caused by a build up of lactate in the blood due to the fact that lactate is a  

substrate for hepatic gluconeogenesis, which is inhibited by metformin.  
 In normal circumstances lactate is cleared by the kidney, but in renal 

insufficiency the lactate levels increase causing acidification of the blood 
 
N.B. phenformin an earlier biguanide was removed from the market because of 
increased frequency of lactic acidosis 

  
 

4.1.1E CONTRAINDICATIONS 
a) Women who are pregnant or that are lactating (insulin is the preferred treatment) 
b) Impaired renal function, since both metformin and lactate are entirely cleared by the 

kidney and patients with decreased renal function are more susceptible to drug 
accumulation and lactic acidosis  

c) Not to be given to the elderly >80 yrs due to renal insufficiency 
d) Should be discontinued in patients injected with iodinated contrast agents for 

radiographic studies and not started until 48hrs later to avoid contrast-induced acute 
renal failure which can increase metformin levels- insulin used during this time period 
to control hyperglycemia 

e) Conditions pre-disposing to lactic acidosis:  
- Congestive heart failure requiring drug therapy 
- Myocardial Infarction- immediate withdrawal 
- Impaired liver function/excessive alcohol consumption 
- Impaired renal function  
- Shock/septicemia  
- Serious acute illness or hypoxic condition 
- Hypoxic or ischemic states i.e. lung disease 

 

 
4.1.2 THIAZOLIDINEDIONES  
Pioglitazone (Actos®)  
Rosiglitazone (Avandia®) 
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4.1.2A DESCRIPTION 
“Insulin Sensitizers” that increase the sensitivity of adipose tissue, skeletal muscle and liver to 
endogenous insulin  
 

4.1.2B MECHANISM OF ACTION 
Thiazolidinediones act as agonists of the peroxisome proliferators-activated receptor gamma 
(PPAR) transcription factor, which influences the expression of multiple genes involved in the 
regulation of insulin sensitivity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activation of PPAR results in the: 

(i) Increased expression of GLUT4- the insulin-sensitive glucose transporter  
(ii) Increased expression of Adiponectin- an adipocytokine involved in 

promoting systemic insulin sensitivity  
(iii) Increased expression of genes involved in FFA uptake and FFA oxidation, 

which acts to decrease serum FFA that has been implicated in promoting 
insulin resistance. 

(iv) Decreased expression of the TNF-alpha cytokine involved in promoting 
insulin resistance 

(v) Decreased expression of Resistin an adipocytokine involved in inhibiting 
systemic insulin sensitivity 

(vi) Remodels adipose tissue: Reduces insulin-resistant visceral adipose tissue 
and increases the appearance of newly differentiated insulin-sensitive 
subcutaneous adipocytes. 

(vii) Inhibits hepatic genes involved in gluconeogenesis 
Overall these effects act to improve systemic insulin sensitivity and 
lower plasma glucose levels. 

 

4.1.2C INDICATIONS AND CLINICAL USE 
a) Approved for monotherapy or in combination with either metformin, sulfonylureas or 

insulin in the treatment of hyperglycemia in type 2-diabetes. 
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b) Typically decreases FPG with moderate effect on postprandial glucose  
c) Decrease Hb1Ac by 0.5-1.4% points  
d) Takes 6-14 weeks to achieve maximum effect 

 

4.1.2D ADVERSE EFFECTS 
a) Weight gain – mainly subcutaneous not visceral 
b) Fluid retention resulting in peripheral edema 

- Fluid retention is more common with concurrent insulin use 
- Fluid retention caused by increased expression of gamma subunit of Na+ 
channel in the collecting tubule cells of the nephron leading to increased Na+ 
reabsorption 
- Maybe related to increased risk of heart failure – BLACK BOX WARNING 

 c) Increased risk of bone fractures in women 
 
4.1.2E CONTRAINDICATIONS 

a) Should be used cautiously in patients with underlying liver disease- 1st 
Thiazolidinedione drug Troglitazone was removed from market due to increased 
fatalities due to liver failure 

b) Heart Failure- should not be given to patients with Class III/Class IV cardiac disease  
c) Not recommended for pregnancy (Insulin is preferred therapy) 

 
4.2  ORAL ANTI-DIABETIC DRUGS: INSULIN SECRETAGOGUES 
4.2.1 SULFONYLUREAS- INSULIN SECRETAGOGUES 
1st Generation:     2nd Generation:  
Chlorpropamide (Diabinese®),   Glimepiride (Amaryl®) 
Tolbutamide     Glipizide (Glucotrol®) 

     Glyburide (DiaBeta®, Micronase®) 
 

4.2.1A DESCRIPTION 
Insulin secretagogues that rapidly lower blood glucose levels by promoting insulin secretion 
from the beta cells of the pancreas. 
 

4.2.1B MECHANISM OF ACTION 
Sulfonylureas act by interacting with the SUR1 subunit of ATP-sensitive K+ channels (Kir6.2) 
expressed on pancreatic beta cells, this inhibits channel activity resulting in cell depolarization 
that triggers voltage-gated Ca2+-channels leading to Ca2+ influx and the secretion of insulin. 
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Duration of Biological Effect
First Generation
Chlorpropamide 24-72 hrs

Tolbutamide 14-16 hrs

Second Generation
Glipizide 14-16 hrs

Glyburide 20-24+hrs

Glimepiride 24+ hrs

4.2.1C INDICATIONS AND CLINICAL USE 
a) For control of blood glucose levels in type 2 diabetes 
b) Primarily reduce FPG, with little effect on postprandial glucose increases 
c) Decreases blood glucose by ~20% and HbA1c by ~1.5% points 
d) Approved for either monotherapy or in combination with other oral hypoglycemic 

drugs 
e) Typically given once per day 
f) Most effective in patients who have had diabetes for less than 10 years, whose 

weight is normal or slightly elevated and that can still secrete considerable amounts 
of insulin 

g) During the chronic progression of diabetes, as the total number of beta cells 
decrease, the sulfonylureas become 
less effective. 

h) 2nd generation drugs are more potent 
than 1st generation drugs, are 
associated with a lower frequency of 
inducing hypoglycemia and have 
fewer drug interactions. 

i) 2nd generation drugs are similar to 
each other in efficacy, but differ in 
dosage and duration of action 

 

4.2.1D ADVERSE EFFECTS 
a) Modest weight gain (~2 kg) – primarily subcutaneous adipose tissue not visceral 
b) Can cause hypoglycemia- especially in elderly patients with impaired RENAL and/or 

HEPATIC function- all drugs metabolized in liver and secreted in urine 
c) Severe hypoglycemia is rare  

 

4.2.1E CONTRAINDICATIONS 
a) Elderly Patients – lack of awareness of hypoglycemia 
b) Patients with sulfa allergies 
c) Patients with type 1-diabetes 
d) Pregnant or lactating patients (Insulin is the preferred medication) 
e) Impaired RENAL/LIVER function – all sulfonylureas metabolized in the liver and 

metabolites are excreted in the urine. 
Note:  Glipizide is a short acting sulfonylurea that is metabolized in the liver and 

is excreted in the urine as inactive metabolites- it is therefore the drug of 
choice in the elderly or patients with chronic renal failure 

 

4.2.1F DRUG INTERACTIONS 
Sulfonylureas are highly protein bound and therefore interact with many drugs e.g. salicylates, 
beta-blockers, warfarin & phenylbutazone, which compete for binding and act to increase serum 
concentrations of sulfonylureas thereby resulting in increased potential for hypoglycemia  
 
4.2.2 MEGLITINIDES: NON-SULFONYLUREA INSULIN SECRETAGOGUES 
Repaglinide (Prandin®) and Nateglinide (Starlix®) 
 

4.2.2A DESCRIPTION 
Short acting glucose-lowering drugs that are structurally distinct from the sulfonylureas, but act 
similarly to lower blood glucose levels by promoting insulin secretion. 
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4.2.2B MECHANISM OF ACTION 
Meglitinides trigger insulin secretion by a similar mechanism to the sulfonylureas, but interact 
with a different region of the SUR1 subunit of the beta cell ATP-sensitive K+ channel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.2C INDICATIONS AND CLINICAL USE 

a) Meglitinides are short acting glucose-lowering drugs used for the treatment of 
hyperglycemia in type 2-diabetes. 

b) Both drugs are rapidly absorbed and their peak action is at 1 hr and lasts for 4 hrs, 
they must therefore be given frequently, typically three times per day with meals. If 
meal is missed drug should be omitted 

c) Primarily affect postprandial glucose elevations with less effect on FPG 
d) Likely to be beneficial to patients with barely elevated FPG but prominent 

postprandial hyperglycemia 
e) Monotherapy is indicated early in type-2 diabetes when FPG is not greatly elevated 
f) They decrease Hb1Ac by ~1-1.5% points 
g) Approved for either monotherapy, or together with metformin and/or a 

thiazolidinedione. 
h) Nateglinide is less effective than repaglinide, which is as effective as sulfonylureas or 

metaformin at lowering Hb1Ac 
i) Considerably more expensive than sulfonylureas (~5-8X) 
j) Useful as a replacement for sulfonylureas in patients with sulfa allergies  
k) Repaglinide is metabolized to inactive metabolites and is therefore safe to use in 

patients with renal insufficiency 
 

4.2.2D ADVERSE EFFECTS 
a) Weight gain – similar to sulfonylureas 
b) Hypoglycemia – although less frequent than with sulfonylureas 

 

4.2.2E CONTRAINDICATIONS 
a) Liver disease- both drugs are metabolized primarily in the liver and excreted in the 

bile – increased risk of hypoglycemia 
b) Not to be used during pregnancy 
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4.3 INCRETIN MIMETICS AND MODULATORS 
4.3.1 GLP-1 ANALOGS 
Exenatide (Byetta®); Liraglutide (Victoza®) 
 

4.3.1A DESCRIPTION 
a) Exenatide is a stable analog of 

Glucagon-like peptide-1 (GLP-
1) that binds to the GLP-1 
receptor on the pancreatic beta 
cells and potentiates glucose-
mediated insulin secretion 

b) GLP-1 is produced by the L-
cells of the small intestine and 
helps mediates the INCRETIN 
EFFECT on plasma insulin 
levels 

c) Incretin Effect: Observation that plasma insulin levels are higher in response to oral 
glucose compared to intravenous glucose- indicating that factors produced in the GI tract 
(i.e. GLP-1) influence insulin secretion. 

 
 

4.3.1B MECHANISM OF ACTION 
a) Exenatide potentiates glucose-

induced insulin secretion when 
glucose levels are high.  

b) As glucose levels fall, the 
enhancing effects of exenatide on 
insulin secretion diminishes.  

c) Suppresses pancreatic 
production of glucagon 

d) Suppresses glucose release from 
liver 

e) Slows stomach emptying 
f) Increases satiety 
g) Acts to maintain beta cell mass 

 

 
4.3.1C INDICATIONS AND CLINICAL USE 

a) Exenatide and Liraglutide are approved as an alternative to starting insulin therapy in 
type 2 diabetic patients who have not achieved adequate glycemic control with either 
metformin, a sulfonylurea, or both. 

b) Need to be injected once or twice daily 
c) Mainly acts by reducing postparandial glucose concentrations 
d) Decreases Hb1Ac by ~0.5-1% point  
e) Little risk of hypoglycemia as the enhancing effects of exenatide on insulin secretion 

diminish as glucose levels fall  
f) Do NOT cause WEIGHT GAIN and may cause WEIGHT LOSS  

 

4.3.1D ADVERSE EFFECTS 
a) Frequent (30-45%) Nausea vomiting, diarrhea 
b) Increased risk of mild to moderate hypoglycemia when used with a sulfonylurea 
c) Increased risk of pancreatitis (RARE)- BLACK BOX WARNING 
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4.3.1E DRUG INTERACTIONS 
Due to the slowing of gastric emptying it can affect the absorption of other orally administered 
drugs (e.g. contraceptives & antibiotics), which should be taken 1 hr before or 2 hrs after. 
 
4.3.2 DIPEPTIDYL PEPTIDASE-IV (DPP-IV) INHIBITORS  
Sitagliptin (Januvia®); Saxagliptin (Onglyza®) 
 
DESCRIPTION 

a) Sitagliptin is an inhibitor of DPP-IV, the peptidase that cleaves and inactivates GLP-1 
b) Sitagliptin therefore promotes the action of endogenous GLP-1 by increasing its half-life 
c) Sitagliptin is an oral medication that is taken once daily. 
d) It is rapidly absorbed, reaches a peak 1-4 hrs after ingestion and is effective over 24hrs. 
e) Sitagliptin can decrease both FPG and postprandial glucose elevations, although is less 

effective than either pramlintide or exenatide in limiting postprandial hyperglycemia 
f) Stagliptin is approved for adjunct therapy of type-2 diabetes in combination with either 

metformin or a thiazolidinedione 
g) It reduce Hb1Ac almost as effectively as exenatide i.e. 0.6-0.8%  
h) There is no effect on weight loss 
i) It is not associated with hypoglycemia 
j) It has been associated with a small increased risk in the development of pancreatitis 

 
4.4  ORAL ANTI-DIABETIC DRUGS: INHIBTORS OF 

CARBOHYDRATE DIGESTION 
4.4.1 ALPHA-GLUCOSIDASE INHIBITORS 
Acarbose (Precose®) and Miglitol (Glyset®) 
 

4.4.1A DESCRIPTION 
Drugs that reduce postprandial blood glucose levels by inhibiting the rate of digestion of 
polysaccharides in the small intestine  
 

4.4.1B MECHANISM OF ACTION 
Acarbose and Miglitol inhibit the alpha-glucosidase enzyme that lines the brush border of the 
small intestine and is responsible for the hydrolysis of carbohydrates thereby delaying the 
absorption of glucose and other monosaccharides. 
 

4.4.1C INDICATIONS AND CLINICAL USE 
a) The control of postprandial hyperglycemia- should be taken with each meal 
b) Acarbose and Miglitol do NOT cause HYPOGLYCEMIA 
c) Acarbose and Miglitol are less potent than sulfonylureas or metformin – they 

decrease Hb1Ac by 0.5-0.8% points 
d) Because different mechanism of action Acarbose and Miglitol have an additive effect 

on reducing glycemia together with either a sulfonylurea, metformin or insulin 
e) Acarbose and Miglitol are not considered to be first line anti-diabetic drugs because 

of their reduced efficacy and poor tolerance due to side effects (see below)  
 

4.4.1D ADVERSE EFFECTS 
a) Unabsorbed carbohydrate causes abdominal pain, diarrheas and flatulence due to 

osmotic effect and bacterial fermentation 
b) Many patients (25-45%) stop taking the drugs due to side effects 
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c) Do not cause hypoglycemia by themselves, but can increase the risk when given 
with a sulfonylurea or insulin 

d) In event of hypoglycemia patients should be treated with oral administration of 
glucose not sucrose due to inhibitory effects of drug on the breakdown of sucrose 

 

4.4.1E CONTRAINDICATIONS 
a) Chronic intestinal disease 
b) Inflammatory bowel disease 
c) Colonic ulceration or any degree of intestinal obstruction  

 
 
4.5 ORAL ANTI-DIABETIC DRUGS: SODIUM GLUCOSE LINKED 
TRANSPORTER 2 PROTEIN INHIBITORS 
4.5.1 SGLT2 INHIBITORS 
Canagliflozin (Invokana®) & Dapagliflozin (Farxiga®) 
 
4.5.1A DESCRIPTION 
Drugs that reduce hyperglycemia by promoting glucose excretion in the urine 
 
4.5.1B MECHANISM OF ACTION 

a) Inhibition of Sodium-Glucose Linked Transporter 2 protein (SGLT2) activity in the S1 
segment of the proximal renal tubule prevents the normal process of glucose 
reabsorption leading to excretion of glucose in the urine 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4.5.1C INDICATIONS AND CLINICAL USE 

a) Improving glycemic control in Type 2 Diabetes- monotherapy or in combination  
b) Decreases HbA1c by 0.5-0.9%- low risk hypoglycemia when used as monotherapy 
c) Body weight- ~ 80g of glucose (200-300 kCal) eliminated each day 
d) BP- H20 eliminated by increased Osomotic diuresis 

 
4.5.1D ADVERSE EFFECTS 

a) Urinary Tract Infections- genital mycotic infections 
b) Thirst/Dehydration 
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c) Hypotension 
d) LDL-Cholesterol 
e) Hypoglycemia when given with other anti-hyperglycemia medications 
f) Hyperkalemia- especially patients taking Meds that interfere with K+ excretion 

    (e.g. K+ sparing diuretics) 
 
4.5.1E CONTRAINDICATIONS 

a) Renal impairment 
 
4.6 ORAL ANTI-DIABETIC DRUGS: BROMOCRIPTINE 
4.6.1 Bromocriptine (Cycloset) 
 
4.6.1A DESCRIPTION 

a) Sympatholytic Dopamine D2 receptor agonist 
b) Quick Release formulation- taken within 2 hrs of waking 
c) decreases HbA1c by ~ 0.5% 
d) Dosage much lower than that used in Parkinson’s 

 
4.6.1B MECHANISM OF ACTION 

a) Exact MOA in diabetes is unknown 
b) thought to act on the CNS to normalize the decreased AM dopamine levels    

present in Type 2 patients 
c) Increased morning dopamine signaling antagonizes hypothalamic sympathetic nervous 

system leading to a decrease in hepatic gluconeogenesis, reduced lipolysis and 
lipogenesis, which in turn results in an increase in insulin sensitivity and glucose 
tolerance. 
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4.7 ORAL ANTI-DIABETIC DRUGS: COVELESELAM (Bile Acid-Binding 
resin) 
4.7.1 Coveleselam 
 
4.7.1A DESCRIPTION: 

a) A lipid-lowering drug used in the treatment of hypercholesterolemia 
b) Serendipitously found to have beneficial effects in diabetes 
c) Used as an Adjunct “Add On” anti-diabetic therapy to reduce blood glucose levels by 
indirectly increasing expression of GLP-1 

 
4.7.1B MECHANISM OF ACTION 

a) Colesevelam binds bile acids in the small intestine forming insoluble complexes that 
are excreted in the feces 
b) Prevents reabsorption of bile acids 
c) Induces increased bile acid synthesis 
d) Bile acids bind to the TGR5 GPCR expressed on intestinal cells to stimulate GLP-1 
secretion 

 
4.7.1C INDICATIONS AND CLINICAL USE 

a) Add on therapy to metformin, sulfonylureas or insulin 
b) Decreases HbA1c by ~ 0.5% 
c) NOT considered FIRST LINE anti-diabetic drugs 
d) Useful in patients that also exhibit elevated LDL-cholesterol levels 

 
4.8 INSULIN THERAPY THE TREATMENT OF TYPE 2 DIABETES 

a) As type 2 diabetes progresses beta cell function gradually declines and insulin therapy is 
often required to achieve satisfactory glycemic control. Insulin is the most effective 
medication at lowering glycemia. 

 
b) Insulin can be considered a first-line therapy for all patients with type-2 diabetes and 

should be the initial therapy for patients HbA1c>10%, fasting plasma glucose >250 
mg/dL and random glucose consistently >300 mg/dL, Insulin is also the preferred 2nd line 
agent in patients with HbA1c > 8.5%.  

 
c) Insulin is indicated in patients presenting with a sudden onset of diabetes, significant 

recent weight loss, and polyuria accompanied by polydipsia- some of these patients may 
have late onset type 1 diabetes. 

 
d) Initial therapy is aimed at providing basal insulin with either intermediate (NPH) or long-

term insulin (glargine) given once/twice daily before breakfast/dinner. The primary goal 
of basal insulin is to lower fasting glucose by inhibiting hepatic gluconeogenesis. Note 
that because of increased obesity and insulin resistance in type 2 diabetics considerably 
more insulin is required to treat these patients compared to those with type 1 diabetes. 

 
e) If necessary, insulin therapy can be intensified by the addition of regular- or rapid-acting 

insulin before selected meals in order to reduce postprandial glucose elevations. In this 
case, any insulin secretagogue medications should be eliminated. 

 
f) Disadvantages of insulin therapy: hypoglycemia, weight gain, and injection site 

lipodystrophy. 
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4.9  AMYLIN HOMOLOGS 
Pramlintide (Symlin®) 
 

4.9A DESCRIPTION 
a) Pramlinitide is a synthetic analog of human Amylin, an endogenous neuroendocrine 

hormone that is synthesized by pancreatic beta  cells and co-secreted with insulin, which 
contributes to glucose control in the postparandial period 

b) Amylin production is absent in patients with diabetes 
 

4.9B MECHANISM OF ACTION 
a) Decreases hepatic gluconeogenesis  
b) Decreases postprandial glucagon levels – i.e. resulting in a decrease in 

gluconeogenesis, glycogenolysis and lipolysis  
c) Slow gastric emptying - this slows the rate of delivery of glucose to the circulation 

thereby helping prevent excessive increases in the postprandial glucose concentration 
N.B. gastric emptying is often increased in type1 and type 2 diabetic patients and 
contributes to rapid rises in postprandial glucose seen in these patients 

d) Increases Satiety – i.e. reduces food intake 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
4.9 INDICATIONS AND CLINICAL USE 

a) Pramlinitide is indicated as an ADJUNCT therapy in patients with either TYPE 1 or TYPE 
2 diabetes who are using mealtime insulin therapy and who have not achieved adequate 
glycemic control.  

b) The effects of pramlinitide are additive to insulin  
c) Provides postprandial control of glucose levels and limits glucose fluctuations   
d) Pramlinitide needs to be injected subcutaneously before each meal  
e) Pramlinitide therapy decreases Hb1Ac by 0.5-0.7% points  
f) Decreases amount of short acting insulin required 
g) Can promote WEIGHT LOSS ~1-1.5kg over 6 months (may be due to GI side effects) 
h) Most appropriate for highly motivated patients who can tolerate nausea and are willing to 

add 2-4 more injections per day and more frequent glucose monitoring 
i) Most likely to have greatest benefit in type 1 patients who are obese 

 
4.9D ADVERSE EFFECTS 

a) Nausea, vomiting, anorexia, headache 
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b) Together with insulin it increases the risk of severe hypoglycemia- the dose of insulin 
should be reduced ~50%. 

 

4.9E DRUG INTERACTIONS 
Due to the slowing of gastric emptying it can affect the absorption of other orally administered 
drugs (e.g. contraceptives & antibiotics), which should be taken 1 hr before or 2 hrs after 
 
 
 
5.  CURRENT RECOMMENDATIONS OF THE ADA/EASD FOR THE MANAGEMENT 

OF TYPE 2 DIABETES  
a) Patients should initially undergo life style changes including diet and exercise to improve 

glycemia, blood pressure and lipid profile. 
b) However, continuous treatment with oral anti-diabetic mediations will typically be 

required to maintain normal or near normal glycemia. 
c) Metformin therapy should be the first drug of choice in most patients. The Metformin 

dose should be titrated over a two-month period to the maximally effective dose 
(typically 850 mg twice a day). Advantages: Efficacy, Safety, Weight Loss, no risk of 
hypoglycemia and beneficial effects on CVD mortality. 

d) In cases where metformin is specifically contraindicated (e.g. elderly patients, renal 
hepatic, or cardiac disease, excess alcohol) another oral agent should be used (i.e. a 
sulfonylurea or thiazolidinedione).  

e) If after 2-3 months adequate glycemic control is NOT achieved (i.e. HbA1c remains 
>7%), another medication should be added e.g. a sulfonylurea (least expensive), 
thiazolidinedione (no hypoglycemia), exenatide (maybe useful in overweight patients), or 
insulin (most effective; especially if HbA1c is > 8.5%).  

f) Further adjustments to therapy should be made no less frequently than every three 
months. 

g) In those patients that fail to achieve adequate control of glycemia on a combination of 
two drugs a third drug or insulin can be added, or the insulin therapy regimen can be 
intensified.  
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SUMMARY: INSULIN PREPARATIONS 

Properties of commercially-available Insulin Preparations 

Rapid-acting 
Insulin aspart 
Insulin lispro 
Insulin glulisine  

Regular Insulin 

Intermediate acting 
NPH Insulin 
(Isophane) 

Long acting 
Insulin glargine 
 
 
Insulin detmir 

Formulation  Onset Peak Duration Usage 

Amino acid substituted 
insulin variants that are 

monomeric for faster 
absorption 

Zinc ions added for stability;  
forms hexamers that  

dissociate into monomers  
prior to absorption 

Conjugated with protamine  
peptide which delays  
absorption until it is 

proteolytically cleaved by  
endogenous tissue proteases 

Amino acid substituted insulin  
variant that forms large ppt at  

body pH and is slow to be  
absorbed 

Insulin with fatty acid side chain  
that associates with tissue bound  
albumin that slows its absorption 

5-15 mins 45-75mins 2-4 hrs 

30-60 mins 2-4 hrs 6-8 hrs 

1.5-2 hrs 6-10 hrs 16-24 hrs 

~2 hrs No Peak 20->24 hrs 

For meals or acute 
Hyperglycemia; 
Can be injected  

immediately before  
meals 

 
For meals or acute 

Hyperglycemia; 
Needs to be injected 

30-45 mins prior to meal 

Provides basal insulin 
and overnight  

coverage 

Provides basal insulin 
and overnight  

coverage 
~2 hrs No Peak 6-24 hrs 
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SUMMARY DRUGS TO TREAT TYPE 2 DIABETES 
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  Mechanism 
HbA1c 

Decrease 
Advantage Adverse Effects Contraindications 

Amylin mimetic 
Adjunct to insulin therapy 

 
Postprandial glucagon  

Hepatic gluconeogenesis 
Slows gastric emptying 

Satiety 

Postprandial glucose 
Weight loss 

Requires injections  
Nausea 

Hypoglycemia 
(especially with insulin 

-need to reduce insulin by 50%) 

0.5-0.7% 

Duration of 
Effect 

2-3 hrs Pramlintide 
(Used as adjunct therapy  

with insulin in both  
Type 1 and Type 2 

-reduce insulin by 50%) 

SGLT2 inhibitors 
Canagliflozin 
dapagliflozin 

0.5-0.9% >24 hrs 

Inhibits glucose  
renal reabsorption 

by inhibiting SGLT2 
promotes increased  

glucose excretion in urine  

Blood pressure 
Weight loss 

Urinary tract infections 
Thirst/Dehydration 

Hypotension 
LDL Cholesterol 

Risk of hyperkalemia 

Renal impairment 
Type 1 diabetes 

Bromocriptine 
(Cycloset) 

~0.5% 

Dopamine D2 agonist 
acts on the CNS to 

normalize hypothalamic  
dopamine levels thereby decreasing 

Sympathetic tone resulting in: 
Hepatic glucogenogenesis 

Lipolysis/FFA 
Lipogenesis/TG 
Glucose tolerance 
Insulin sensitivity 

Bile acid-binding 
resin 

Covelesalam 

~0.5% 

Prevent Bile acid reabsorption 
Promoting increased 
Bile acid synthesis 

 
Bile acids bind TGR5 GPCR 

on intestinal cells 
to induce GLP-1 secretion 


