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ABSTRACT 

Diabetes mellitus (DM) is a metabolic disorder resulting from a defect in insulin 
secretion, insulin action, or both. Insulin deficiency in turn leads to chronic 
hyperglycemia with disturbances of carbohydrate, fat and protein metabolism. It is 
the most common endocrine disorder and by the year 2010, it is estimated that 
more than 200 million people worldwide will have DM and 300 million will 
subsequently have the disease by 2025. As the disease progresses tissue or vascular 
damage ensues leading to severe diabetic complications such as retinopathy, 
neuropathy, nephropathy, cardiovascular complications and ulceration. Thus, 
diabetes covers a wide range of heterogeneous diseases. Diabetes mellitus may be 
categorized into several types but the two major types are type 1 and type 2. Drugs 
are used primarily to save life and alleviate symptoms. Secondary aims are to 
prevent long-term diabetic complications and, by eliminating various risk factors, to 
increase longevity. Insulin replacement therapy is the mainstay for patients with 
type 1 DM while diet and lifestyle modifications are considered the cornerstone for 
the treatment and management of type 2 DM. Insulin is also important in type 2 DM 
when blood glucose levels cannot be controlled by diet, weight loss, exercise and 
oral medications. Oral hypoglycemic agents are also useful in the treatment of type 
2 DM. Oral hypoglycemic agents include sulphonylureas, biguanides, meglitinide, 
DPP-IV inhibitors, α- glucosidase inhibitors, thiazolidenediones, bile acid 
sequestrant, D2 dopamine receptor agonist, GLP-1 receptor agonist, amylin 
analogues. The main objective of these drugs is to correct the underlying metabolic 
disorder, such as insulin resistance and inadequate insulin secretion. They should be 
prescribed in combination with an appropriate diet and lifestyle changes. Diet and 
lifestyle strategies are to reduce weight, improve glycemic control and reduce the 
risk of cardiovascular complications, which account for 70% to 80% of deaths among 
those with diabetes. Diabetes is best controlled either by diet alone and exercise 
(non-pharmacological), or diet with herbal or oral hypoglycemic agents or insulin 
(pharmacological). The main side effects are weight gain and hypoglycemia with 
sulphonylureas, gastrointestinal (GI) disturbances with metformin, weight gain, GI 
disturbances and liver injury with thiazolidinediones, GI disturbances, weight gain 
and hypersensitivity reactions with meglitinides and flatulence, diarrhoea and 
abdominal bloating with alpha-glucosidase inhibitors. In this article, different types 
of diabetes, current treatment and their adverse effects which lead to development 
of new hypoglycemic agents have been studied. 
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INTRODUCTION: Diabetes mellitus is a group of 
syndromes characterized by hyperglycemia, altered 
metabolism of lipids, carbohydrates and proteins 1. DM 
encompasses a family of disorders of carbohydrate 

metabolism that are characterized by hyperglycemia 
and the development of long term macro vascular, 
micro vascular and neuropathic complications 2. It has 
been reported that diabetes is mostly due to the 
environmental and hereditary causes which lead to 
high level of glucose in the blood called hyperglycemia 
3. As the disease progresses tissue or vascular damage 
ensues which lead to severe diabetic complications 
such as retinopathy 4 neuropathy 5 nephropathy 6 
cardiovascular complications 7 and ulceration 8. Thus, 
diabetes covers a wide range of heterogeneous 
diseases. 

Types of Diabetes mellitus: American Diabetes 
Association (2009 a, 2009 b) has divided the diabetes 
into four clinical classes. Majority of the cases of 
diabetes fall into two major etiopathogenetic 
categories that is type 1 and type 2 diabetes. 

1. Type 1 Diabetes Mellitus: Type 1 diabetes mellitus 
formely known as insulin dependent diabetes 
mellitus (IDDM) which occurs as a result of 
cellular-mediated autoimmune destruction of the 
pancreatic β- cells. Generally this demolition of the 
beta cells leads to absolute insulin deficiency 9, 10. 
As the beta cells destruction is quite rapid in 
infants and children therefore prevalence of type 1 
diabetes is greater in children and young as 
compared to others 11. It also developed in many 
type 2 diabetic patients with severe insulin 
resistance 12. This form accounts for only 5 - 10% 
of the diabetic patients 13. 

2. Type 2 Diabetes mellitus: It is also known as the 
non-insulin dependent diabetes mellitus (NIDDM) 
and occurs as a result of progressive insulin 
secretory defect along with insulin resistance 14, 15, 

10. Its different forms are characterized by a 
variable degree of insulin resistance and β cells 
dysfunction 16. It is the most common form of 
diabetes. About 90 to 95% of people with diabetes 
are suffering from type 2 DM 17, 13. It is related 
with family history, age, ethnicity, previous history 
of gestational diabetes and physical inactivity 18, 19. 

3. Gestational Diabetes mellitus: This type develops 
by glucose intolerance with onset or first 
recognition during pregnancy 13. In certain cases, 
unrecognized glucose intolerance may have 
started along with the pregnancy 20. Women 
suffering from gestational diabetes may have a 
chance of developing type 1 or type 2 diabetes 21, 

22. 

Diabetes due to other causes (e.g., genetic defects or 
medication induced): 

A. Genetic defect of β-cell function characterized 
by mutation in hepatocyte nuclear 
transcriptional factor (HNF) 4α *Maturity-onset 
diabetes of the young (MODY 1)], Glucokinase 
(MODY 2), HNF-1α (MODY 3), insulin promoter 
factor IPF 1 (MODY 4), HNF-1β (MODY 5), 
NeuroD1 (MODY 6) and mitochondrial DNA. 

B. Genetic defect in insulin action. 

C. Endocrinopathies such as acromegaly, Cushing’s 
syndrome and hyperthyroidism. 

D. Drug or chemical induced such as beta blockers, 
nicotinic acid, protease inhibitor, thiazides and 
glucocorticoids. 

E. Infections such as congenital rubella and 
cytomegalovirus 23.   

Prevalence of Diabetes mellitus: Diabetes mellitus is a 
global epidemic affecting approximately 285 million 
people worldwide,  that will  increase to 439 million by 
2030 24. South Asians, including Bangladeshis, Indians, 
Pakistanis, and Sri Lankans, are particularly vulnerable 
to diabetes but their occurrence rates differ across 
South Asian ethnicities, and show higher prevalence 
than Caucasians 25.  

South Asian children have increased plasma insulin in 
normal plasma glucose levels, which is an early sign of 
insulin insensitivity 26, 27. Diabetes is the fourth leading 
cause of death in most developed countries 
(International Diabetic Federation, 2010) with Pakistan 
currently ranking at 7th position in the list of countries 
with major burden of DM and it is expected to move to 
4th position if present situation continues 28.  
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Incidence of type 1 diabetes was estimated to be 
1.02/100000 per year in Karachi, Pakistan 29 and rate of 
gestational diabetes in Pakistan range from 3.2% to 
3.5%, comparable to Western populations but the 
rates of complications both to mother and fetus were 
found to be higher which may be due to poor glycemic 
control 30, 31. Incidence rate of diabetes, especially 
Type-2 diabetes in Pakistan is posing threats to the 
economy and quality of life of people 32.  

Pharmacotherapy: The primary aim of the treatment is 
to save life and alleviate symptoms. Secondary aims 
are to prevent long term diabetic complications and, by 
eliminating various risk factors, to increase longevity. 
The first aim is not difficult to attain and in some 
elderly patients or those who lack motivation it is the 
only aim 33. The care of diabetes on self management is 
based on the patient’s clinical status and his/her ability 
to participate in self-care. Insulin replacement therapy 
is the mainstay for patients with type 1 DM while diet 
and lifestyle modifications are considered the 
cornerstone for the treatment and management of 
type 2 DM.  

Insulin is also important in type 2 DM when blood 
glucose levels cannot be controlled by diet, weight loss, 
exercise and oral medications. Oral hypoglycemic 
agents are also useful in the treatment of type 2 DM. 
Oral hypoglycemic agents include sulphonylureas, 
biguanides, meglitinide, DPP-IV inhibitors, alpha 
glucosidase inhibitors, thiazolidenediones, bile acid 
sequestrant, D2 dopamine receptor agonist, GLP-1 
receptor agonist, amylin analogues and insulin 34 .  

The main objective of these drugs is to correct the 
underlying metabolic disorder, such as insulin 
resistance and inadequate insulin secretion. They 
should be prescribed in combination with an 
appropriate diet and lifestyle changes.  

Diet and lifestyle strategies are to reduce weight, 
improve glycemic control and reduce the risk of 
cardiovascular complications, which account for 70% to 
80% of deaths among those with diabetes (NIH, 1995).  

Diabetes is best controlled either by diet alone and 
exercise (non-pharmacological), or diet with herbal or 
oral hypoglycemic agents or insulin (pharmacological). 

Non-pharmacological management of Diabetes: In 
Pakistan, combine survey on the prevalence of 
diabetes mellitus conducted by Diabetic Association of 
Pakistan in collaboration with WHO shows that 
prevalence of diabetes is over 10% in both sexes in the 
people aged 25 years or above. Impaired Glucose 
Tolerance (IGT) was found to be over 13% in women 
and over 7% in men. Thus overall Abnormal Glucose 
Tolerance (AGT) was present in 20% of the subjects 
examined. Prevalence of glucose intolerance increased 
with age in both sexes. Age specific prevalence of IGT 
was higher for women than men at almost all ages.  

Diabetes self-management: Diabetes self-
management training is the process of educating the 
individuals that they enable to manage their diabetes 
which is considered an important part of clinical 
management since the 1930 35. The goals of diabetes 
education are to optimize metabolic control, prevent 
acute and chronic complications, and optimize quality 
of life with minimum and acceptable costs.  

Exercise: Exercise plays an important role in improving 
health, particularly in persons with obesity and its 
related health complications. Regular activity may 
reduce lipid levels, blood pressure, and the risk of 
osteoporosis and improve insulin sensitivity, abdominal 
adiposity, and glycemic control in patients with Type-2 
diabetes 36, 37.  

Life style activity: The obese diabetic patients increase 
their energy expenditure with their lifestyle activity 38, 

39. Lifestyle activity involves increase energy 
expenditure throughout the course of the day, without 
concern for the intensity or duration of the activity. 
Patients can increase their lifestyle activity by parking 
further away from store entrances, taking stairs rather 
than escalators, or getting off the bus 3 stops early and 
walking the remainder of the way. The energy 
expenditure associated with such events may sum to 
300 kcal per day, the equivalent of walking 3 miles 36. 

Pharmacological management of Diabetes mellitus: 

1. Insulin treatment in Diabetes mellitus: The 
introduction of insulin to treat diabetes has saved 
an estimated 5 million years of life for patients 
with type 1 diabetes during the year 2000 40. 
Considerable progress has been made, in recent 
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years, in the production, formulation and delivery 
of insulin preparations, as well as the development 
of insulin treatment regimens which maintains 
long-term-normoglycaemia, with a low risk of 
hypoglycemia 41, 42. The importance of the aim of 
preventing or slowing the progression of chronic 
micro vascular complications has been conclusively 
proven during the last decade, in both type 1 and 

type 2 diabetes (UKPDS, 1998). Unfortunately, 
patients treated with insulin have uniformly 
poorer glycemic control compared to those 
treated with other therapies.  

2. Oral hypoglycemic agents: Oral hypoglycemic 
agents are summarized in table 1 along with their 
adverse effects. 

TABLE 1: PHARMACOLOGIC AGENTS FOR GLYCEMIC CONTROL IN PATIENTS WITH TYPE 2 DIABETES 

Class Agent (Brand Name) 
Expected reduction 

in HbA1c level % 
Advantages Disadvantages Cost 

Oral      

Biguanides Metformin (Glucophage) 1.0–2.0 

Extensive clinical 
experience; hypoglycemia 

rare; improved lipid profile; 
decreased cardiovascular 

disease events; some weight 
loss in most patients 

Gastrointestinal intolerance; 
lactic acidosis rare (avoid in 

patients at increased risk, such 
as men with a serum creatinine 
level of ≥1.5 mg/dl and women 
with a serum creatinine level of 

≥1.4 mg/dl); vitamin B12 
deficiency 

Low 
(generic) 

Sulfonylurea 

Glyburide (Diabeta), 
glipizide (Glucotrol), 

Gliclazide(Diamicron), 
glimepiride (Amaryl) 

1.0–1.5 Extensive clinical experience 
Hypoglycemia; less durability; 

weight gain 
Low 

(generic) 

Meglitinide 
Nateglinide (Starlix), 

repaglinide 
(Prandin) 

0.5–1.0 

Short duration of action, 
hepatic clearance, 
glucose-dependent 
postprandial action 

Low efficacy, hypoglycemia in 
some patients, weight gain 

High 

Thiazolidine-
dione 

Rosiglitazone (Avandia), 
pioglitazone 

(Actos) 
0.5–1.4 

Hypoglycemia rare, more 
durable effect than that of 
metformin or sulfonylurea, 

improved lipid profile, some 
evidence of beneficial effect 
on coronary atherosclerosis 

(with pioglitazone) 

Edema, heart failure, weight 
gain, increased risk of long-

bone fractures and potential 
risk of bladder cancer and 

cardiovascular events (with 
rosiglitazone); use of 
rosiglitazone highly 

restricted 

High 

DPP-IV 
inhibitor 

Saxagliptin (Onglyza), 
linagliptin (Tradjenta), 
vildagliptin (Galvus), 
sitagliptin (Januvia) 

0.5–0.8 
Hypoglycemia rare, 

infrequent side 
effects 

Less efficacy than GLP-1–
receptor agonists, angioedema, 
unknown long term safety, risk 

of pancreatitis 

High 

α-glucosidase 
inhibitor 

Miglitol (Glycet), 
voglibose (Volix),§ 
acarbose (Precose) 

0.5–0.9 

Decreased level of 
postprandial glucose, 

hypoglycemia rare, possible 
decrease in risk of 

cardiovascular disease 
events 

Flatulence, diarrhea Moderate 

Bile acid 
sequestrant 

Colesevelam (Welchol) 0.5 
Lowering of LDL cholesterol 

level; hypoglycemia rare 

Gastrointestinal side effects, 
including constipation; low 

efficacy; only approved agent in 
class 

 
High 

 

D2 
dopamine–

receptor 
Agonist  

Bromocriptine, rapid 
release (Cycloset) 

0.5 Hypoglycemia rare 

Low efficacy; gastrointestinal 
side effects, including nausea; 
fatigue; dizziness; rhinitis; only 
rapid-release agent approved 

High 
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Injectable      

GLP-1–
receptor 
agonist 

Exenatide (Byetta), 
exenatide once 

weekly (Bydureon), 
liraglutide (Victoza) 

0.5–1.5 

Hypoglycemia rare, weight 
loss in most patients; 
possible protective 

cardiovascular effects 

Nausea and vomiting; risks of 
pancreatitis, thyroid C-cell 

hyperplasia, and tumors (with 
liraglutide and weekly 

exenatide); unknown long-term 
safety 

High 

Amylin 
analogue 

Pramlintide (Symlin) 0.5–1.0 
Weight loss in most 
patients, control of 

postprandial glycemia 

Nausea and vomiting, modest 
effect, hypoglycemia with 

insulin use, unknown long-term 
safety 

High 
 

Insulin 
 

Short-acting: human 
insulin (Novolin R 

or Humulin R), aspart 
(Novolog), glulisine 

(Apidra), lispro 
(Humalog); long-acting: 

neutral protamine 
Hagedorn (Novolin N or 

Humulin N), detemir 
(Levemir), glargine 

(Lantus); mixed insulin 
preparations 

1.0–2.5 Large effect in all patients Hypoglycemia, weight gain 
Moderate 

to high 

DPP-IV denotes dipeptidyl peptidase IV, GLP-1 glucagon-like-peptide-1, and LDL lowdensity Lipoprotein 
34

 

CONCLUSON: The review has summarized that there is 
potential need of new hypoglycemic agents which are 
free from noxious effect, favorably like herbal 
treatment.  
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