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ABSTRACT 
 
Rapid socio-economic development and demographic changes, along with 
increased susceptibility for Indian individuals, have led to the explosive increase 
in the prevalence of diabetes mellitus in India over the past four decades. Different 
parts of India have demonstrated an escalating prevalence of diabetes not only in 
urban population but also in rural population as a result of urbanisation of life 
style parameter. The prevalence of prediabetes is also high. Recent studies have 
shown a rapid conversion of impaired glucose tolerance to diabetes in the 
southern states of India, where the prevalence of diabetes among adults has 
reached approximately a total population of (30%). 20% in urban populations and 
approximately (10%) in rural populations. Due to considerable disparity in the 
availability and reasonability of diabetes care, as well as low awareness of the 
disease, lower age at onset and a lack of good glycaemic control are likely to 
increase the occurrence of vascular complications. The economic burden of 
treating diabetes and its complications is considerable. It is appropriate that the 
Indian Government has initiated a national program for the management and 
prevention of diabetes and related metabolic disorders. Lifestyle modification is 
an effective tool for the primary prevention of diabetes in Asian Indians. There 
seems to be a major threat in the developing world regarding diabetes. Currently, 
approximately (40%) of the world population reside in areas of diabetes mellitus. 
This article presents an overview of the currently available therapeutic options for 
diabetes mellitus and efforts being undertaken to develop new drugs based on 
both the recent technological advances and modifications to the old remedies, and 
on combination therapies.  
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INTRODUCTION 
 
Diabetes mellitus (DM) is one of the leading public health 
problems of the modern era. According to World Health 
Organization, 347 million people worldwide are suffering 
from DM, with the prediction that it will be the seventh 
leading cause of death in 2030 (Alwan, 2010). 

Basically, DM is marked by the disturbed homeostasis of 
carbohydrates and lipids resulting in a high concentration 
of glucose in the blood. This serious metabolic disease has a 
significant effect on health, quality of life and life 
expectancy of diabetic patients (Sancheti et al., 2009).  

Treating DM requires the use of different drugs 
depending on the level and stage of the disease. During 
almost life-long  therapy  that  includes  oral  hypoglycaemic 

agents and/or insulin many patients turn to alternative 
forms of treatment, relying on medicinal plants. 

Recently, there has been a positive tendency concerning 
the use of the herbal medicine in treating chronic diseases, 
while this therapeutic approach has been the only choice in 
the underdeveloped countries of the world (Lal et al., 
2011). 
 
 
TYPE 1 DIABETES 
 
Insulin dependent type 1 diabetes develops when the 
body’s immune system  destroys  pancreatic  beta  cells,  the  
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only cells in the body that make the hormone insulin that 
regulates blood glucose. This form of diabetes usually 
strikes children and young adults, although disease onset 
can occur at any age. Before diagnosis with type 1 diabetes, 
elevated blood glucose levels will develop symptoms of 
increased urination, thirst and appetite in addition to 
weight loss or failure to grow normally. If not diagnosed 
soon enough, life-threatening ketoacidosis may result. After 
diagnosis of type 1 diabetes, blood glucose monitoring and 
attention to food intake (especially carbohydrates) adds 
stress to many families. Families must receive 
comprehensive education, diabetes self-management 
training, frequent follow-up and social support on an on-
going basis. The burden of living with a chronic illness is a 
consequence that is often overlooked (Betschart and Thom, 
1995). 
 
 

TYPE 2 DIABETES 
 
Non-insulin-dependent diabetes mellitus (NIDDM) or adult-
onset diabetes, type 2 diabetes may account for about 90 to 
95% of all diagnosed cases of diabetes. It usually begins as 
insulin resistance, a disorder in which the cells do not use 
insulin properly. As the need for insulin rises, the pancreas 
gradually loses its ability to produce insulin. Type 2 
diabetes is associated with old age, obesity, family history 
of diabetes, history of gestational diabetes, impaired 
glucose metabolism, physical inactivity, and race/ethnicity. 
Daily management regimen includes attention to food 
intake (carbohydrates, as well as, fats and total energy 
intake), exercise and blood glucose monitoring. 
Administration of medication (insulin or oral medications) 
may also be required. This new regimen may stress families 
(Pinhans-Hamiel et al., 1996). In addition to type 1 and type 
2 diabetes, there are other types of diabetes classified as 
Type 3 that also exist (Gestational DM) and type 4.  
 
 
Treatment of T2DM 
 

Non-pharmacologic treatment 
 

It is well-established that lifestyle plays a crucial role in 
prevention and treatment of T2DM (Bi et al., 2012). The 
ADA (2015) endorses the education of diabetes self-
management. This education can help the patient to obtain 
necessary knowledge and skills for self-care, manage 
hyperglycemia and possibly hypoglycemia and make 
lifestyle changes (Inzucchi et al., 2012). 
 
 

TYPE 3 (GESTATIONAL DM) 
 

Gestational diabetes mellitus (GDM) is defined as any 
degree of glucose intolerance starting with pregnancy or 
noticed during pregnancy. If the glucose tolerance is not 
noticed before  pregnancy,  we call  it  pre-existing  diabetes  

 
 
 
mellitus (Alfadhli, 2015). The gestational diabetes mellitus 
is a common metabolic problem, considered an important 
issue. For this reason, the diagnostics is extremely 
important (Mukesh, 2015). 

During pregnancy, the maternal tissues become 
insensitive to insulin. It occurs due to the placental lactose 
hormone and other hormones, such as progesterone, 
cortisol and growth hormone. When the pancreas is unable 
to offer an appropriate response of insulin to compensate 
normal insulin resistance, GDM is present. The resistance to 
insulin leads to maternal hyperglycaemia and this 
stimulates the fetal hyperinsulinemia (Figure 1). 
 
 
Symptoms of diabetes 
 
The classic symptoms of untreated diabetes are weight 
loss, polyuria (increased urination), polydipsia (increased 
thirst) and polyphagia (increased hunger). Symptoms may 
develop rapidly (weeks or months) in type 1 DM, while they 
usually develop much more slowly and may be subtle or 
absent in type 2 DM. The symptoms may also include blurry 
vision, headache, fatigue, slow healing of cuts and itchy 
skin. Prolonged high blood glucose can cause glucose 
absorption in the lens of the eye, which leads to changes in 
its shape, resulting in vision changes. 

People (usually with type 1 DM) may also experience 
episodes of diabetic ketoacidosis, a metabolic disturbance 
characterized by nausea, vomiting and abdominal pain, the 
smell of acetone on the breath, deep breathing known 
as Kussmaul breathing and in severe cases a decreased 
level of consciousness. A rare but equally severe possibility 
is hyperosmolar non-ketotic state which is more common 
in type 2 DM and is mainly the result of dehydration. 

All forms of diabetes increase the risk of long-term 
complications. The major long-term complications relate to 
damage in blood vessels. Diabetes doubles the risk 
of cardiovascular disease and about 75% of deaths in 
diabetics are due to coronary artery disease. Other "macro 
vascular" diseases are stroke and peripheral vascular 
disease (Figure 2). 

The primary complications of diabetes due to damage in 
small blood vessels include damage to the eyes, kidneys and 
nerves known as diabetic retinopathy, diabetic nephropathy 
and diabetic neuropathy respectively. Diabetes-related foot 
problems (such as diabetic foot ulcers) may occur and can 
be difficult to treat, occasionally requiring amputation. 
Additionally, proximal diabetic neuropathy causes 
painful muscle wasting and weakness. 
 
 
Recent method of treatment and management of 
diabetes mellitus  
 

Nanotechnology and diabetes 
 

Diabetes  in  new  technology  in  the  treatment  of  diabetes  
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Figure 1: Types of diabetes. 

 
 
 

 
 
Figure 2: Main symptoms of diabetes. 

 
 
was introduced by the novel strategies for measurement of 
glucose and insulin delivery. Many researchers demonstrated 

the advantages of glucose sensors and closed loop insulin 
delivery approaches in facilitating the diabetes treatment.  
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Diagnosis of diabetes mellitus  

 

                                 

 

Fasting glucose test 

                                       

                               

 

Oral glucose tolerance test 

                             

 

 

Glycosylated Haemoglobin test  

 

 
 
Figure 3: Diagnosis of diabetes mellitus. 

 
 
 
Diagnostic tests for diabetes 
 
Diabetes may be diagnosed based on A1C criteria or plasma 
glucose criteria, either the fasting plasma glucose (FPG) or 
the 2-h plasma glucose (2-h PG) value after a 75 g oral 
glucose tolerance test (OGTT). The same tests are used to 
screen and diagnose diabetes. Diabetes may be identified 
anywhere along the spectrum of clinical scenarios: in 
seemingly low-risk individuals who happen to have glucose 
testing, in symptomatic patients, and in higher-risk 
individuals whom the provider tests because of a suspicion 
of diabetes. The same tests will also detect individuals with 
prediabetes (Figure 3). 
 
 
A1C 
 
The A1C test should be performed using a method that is 
certified by the NGSP (National Glycohemoglobin 
standardization programme) and standardized or traceable 
to the Diabetes Control and Complications Trial (DCCT) 
reference assay. Although point-of-care (POC) A1C assays 
may be NGSP certified and proficiency testing is not 
mandated for performing the test, so use of POC assays for 
diagnostic purposes may be problematic and is not 
recommended. 

The A1C has several advantages to the FPG and OGTT, 
including greater convenience (fasting not required), 
greater pre-analytical stability, and less day-to-day 
perturbations during stress and illness. These advantages 
must be balanced by greater cost, the limited availability of 
A1C testing in certain regions of the developing world and 
the incomplete correlation between A1C and average 
glucose in certain individuals. 

 
 
 

It is important to take age, race/ethnicity and 
anaemia/hemoglobinopathies into consideration when 
using A1C to diagnose diabetes (WHO, 2004). 
 
 
Fasting and 2-hour plasma glucose 
 
In addition to the A1C test, the FPG and 2-h PG may also be 
used to diagnose diabetes. The concordance between the 
FPG and 2-h PG tests is imperfect, as is the concordance 
between A1C and either glucose-based test. National Health 
and Nutrition Examination Survey (NHANES) data indicate 
that an A1C cut point of ≥6.5% identifies one-third fewer 
cases of undiagnosed diabetes than a fasting glucose cut 
point of ≥126 mg/dl (7.0 mmol/L). Numerous studies 
confirmed that, compared with these A1C and FPG cut 
points, the 2-h PG value diagnoses more people with 
diabetes. Of note, the lower sensitivity of A1C at the 
designated cut point may be offset by the test’s ease of use 
and facilitation of more widespread testing. 

Unless there is a clear clinical diagnosis (for example, a 
patient in a hyperglycaemic crisis or with classic symptoms 
of hyperglycemia and a random plasma glucose ≥200 
mg/dl), it is recommended that the same test be repeated 
immediately using a new blood sample for confirmation 
because there will be a greater likelihood of concurrence. 
For example, if the A1C is 7.0% and a repeat result is 6.8%, 
the diagnosis of diabetes is confirmed. If two different tests 
(such as A1C and FPG) are both above the diagnostic 
threshold, this also confirms the diagnosis. On the other 
hand, if a patient has discordant results from two different 
tests, then, the test result that is above the diagnostic cut 
point should be repeated. The diagnosis is made on the 
basis of the confirmed test. For example, if a patient meets 
the diabetes criterion of the A1C (two results ≥6.5%), but 
not FPG (<126 mg/dl [7.0 mmol/L]), that person should 
nevertheless be considered to have diabetes (WHO, 2004). 
 
 
Diagnostic criteria for diabetes 
 
The confirmation of chronic hyperglycemia is a pre-
requisite for the diagnosis of diabetes mellitus. The state of 
glycemia may be classified within three categories, diabetic 
type; borderline type and normal type. Diabetic type is 
defined when fasting plasma glucose (FPG) is 7.0 mmol/L 
(126 mg/dl) or higher, and/or plasma glucose 2 h after 75 g 
glucose load (2hPG) is 11.1 mmol/L (200 mg/dl) or higher. 
A casual plasma glucose (PG) ≥11.1 mmol/l (200 mg/dl) 
also indicates diabetic type. Normal type is defined when 
FPG is below 6.1 mmol/L (110 mg/dl) and 2 h PG below 7.8 
mmol/L (140 mg/dl). Borderline type includes those who 
are neither diabetic nor normal types. 

Presently, HbA1c is considered the gold standard test for 
diabetes. HbA1c reflects plasma glucose over the previous 
eight to twelve weeks. 
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Table 1: Individuals with prediabetes. 
 

Condition 
2 hour glucose 

mmol/L(mg/dL) 

Fasting glucose 

mmol/L (mg/dL) 
 

 

 

HbA1c 

mmol/L DCCT (%) 

Normal <7.8(140) <6.1 (<110) <42 <6.0 

Impaired fasting glycemia <7.8 (<140) ≥6.1(≥110) and  <7.0 (<126) 42-46 6.0-6.4 

Impaired glucose tolerance ≥7.8 (≥140) <7.0 (<126) 42-46 6.0-6.4 

Diabetes mellitus ≥11.1 (≥200) ≥7.0 (≥126) ≥48 ≥6.5 
 
 
 

WHO diagnostic criteria for diabetes mellitus and 
prediabetes 
 

Impaired fasting glucose test and impaired glucose 
tolerance test 
 

According to WHO people with fasting glucose levels from 
6.1to 6.9 mmol/L are considered to have impaired fasting 
glucose. People with plasma glucose at or above 7.8 
mmol/L, but not over 11.1 mmol/L, two hours after a 75 g 
oral glucose load are considered to have impaired glucose 
tolerance (Neumiller and Campbell, 2010). These two 
prediabetic states, the latter in particular is a major risk 
factor for progression to full blown diabetes mellitus, as 
well as, cardiovascular disease.  

In a systematic review of 44,203 individuals from 16 
cohort studies with a follow-up interval averaging 5.6 years 
(range 2.8 to 12 years), those with an A1C between 5.5 to 
6.0% had a substantially increased risk of diabetes (5-year 
incidence from 9 to 25%). An A1C range of 6.0 to 6.5% had 
a 5-year risk of developing diabetes between 25 to 50% and 
a relative risk 20 times higher as compared with an A1C of 
5.0% (Zhang et al., 2010). Other analyses suggest that an 
A1C of 5.7% is associated with a diabetes risk similar to 
that of the high-risk participants in the Diabetes Prevention 
Program (DPP) (Ackermann et al., 2011). Hence, it is 
reasonable to consider an A1C range of 5.7 to 6.4% as 
identifying individuals with prediabetes (Table 1).  
 
 

A novel therapeutic approaches treatment and 
management for diabetes mellitus 
  
Gene therapy in diabetes 
 
The recent new therapy of the cloning and expression of 
insulin in the culture cell was tremendous in the field of 
medicine and application of gene therapy in the treatment 
of diabetes and in the treatment it reduces the complication 
associated with the diabetes. 

Somatic gene therapy involving the somatic cell of the 
body involves two methods of gene delivery. The first ex- 
vivo by the gene therapy and one thing of the tissue are 
removed from the body, the therapeutic gene is inserted in 
vitro and then gene therapy vectors inserted directly to the 
patient by subcutaneous iv intra-bronchial.  

Stem cell technology  
 
Stem cells are undifferentiated biological cells that can 
differentiate into specialized cells and can divide (through 
mitosis) to produce more stem cells. The many researcher 
found to the possible therapeutic for diabetes has 
eventually explored new technologies areas of research. 
Both type 1 and type 2 diabetes are characterized by a 
marked deficit in beta-cell mass causing insufficient insulin 
secretion in the pancreatic cells. The defect of the 
pancreatic Beta cell replacement strategies offers a novel 
source. Beta cell replacement currently aimed at islet cell 
and pancrease transplantation are limting due to shortage 
of donor organs. (Figure 4). 
 
 
Mesenchyme stem cell  
 
Mesenchyme stem cell is derived from adipose tissue. 
Basically, MSc cell generates new cell. It is a multipotent cell 
derived from the original embryonic stem cell. MSc 
maintains the skeletal muscle tissue, that is, homeostasis 
maintained. 

Type 2 diabetes inhibits osteogenesis process. BMSC is 
the Pre-cursor cells for the osteoblasts cells which help in 
the process of osteogenesis. It was found that bmal1 gene 
regulate type 2 diabetes bone remodelling. Suppression of 
BMAL1 expression was found in DIABETIC-BMSC, while the 
expression of other gene in Diabetic-BMSC such as beta 
catenin and T cell factor decreased and expression of GSK3 
beta, NLK increased. It was found that over expression of 
BMAL1 gene induce wnt/beta catenin signalling pathway 
by inhibiting the suppressive effect of gsk beta on wnt/beta 
catenin signalling. As such over expression of BMAL1 gene 
may induce osteogenesis in diabeteic –BMSC patients (Lee 
et al., 2011). 
 
 
Pharmacological agents for therapy of type 2 diabetes 
mellitus 
 

Biguanides 
 

A Biguanide, metformin, is the most commonly used in over 
weight and obese patients; it suppresses hepatic glucose 
production,     increases       insulin     sensitivity,     enhances  
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Figure 4: Stem cell. 

 
 
glucose uptake by phosphorylating GLUT-enhancer factor, 
increases fatty acid oxidation and decreases the absorption 
of glucose from the gastro intestinal tract. It concerns the 
development of lactic acidosis; metformin should be used 
with caution in elderly diabetic individuals with renal 
impairment. It has a low incidence of hypoglycaemia as 
compared to sulphonylureas (Bruce, 2006). 
 
 
Sulphonylureas 
 
These are generally well tolerated but stimulate 
endogenous insulin secretion; they carry a risk of 
hypoglycaemia. Elderly patients with DM treated with 
sulphonylureas have a 36% increased risk of 
hypoglycaemia as compared to younger patients. Glyburide 
is associated with higher rates hypoglycaemia as compared 
to glipizide. Some of the risk factors for hypoglycaemia are 
age-related. Impaired renal function, simultaneous use of 
insulin or insulin sensitizers, age greater than 60 years, 
recent hospital discharge, alcohol abuse, caloric restriction 
and multiple medication or medications potentiate 
suphonylurea actions. 
 
 
Meglitinides 
 
Repaginate and Nateglinide are non-sulphonylureas that 
acts on the ATP dependent k-channel in the pancreatic 
beta-cells thereby stimulating the release of insulin from 
the beta-cells, similar to sulphonylurea though the binding 
site is different. Meglitinides have  a  rapid  onset  and  short 

duration of action (4 to 6 hours) and thus lowers the risk of 
hypoglycaemia. Meglitinides are given before meals for 
postprandial blood glucose control. Pre-prandial 
administration allows flexibility in case a meal is missed 
without increased risk of hypoglycaemia (Rosomann, 
1998). 
 
 
Thiazolidinedione 
 

Thiazolidinedione is an insulin sensitizer. They are the first 
drugs to address the basic problem of insulin resistance in 
type 2 DM patients (Jarvinar, 2004). 
 
 
Alpha-glycosidase inhibitors 
 

Acarbose and Miglitol have not been widely used to treat 
type 2 DM individuals but are likely to be safe and effective. 
These agents are most effective for postprandial 
hyperglycaemias and should be avoided in patients with 
significant renal impairment (Chiniwala and Jabbour, 
2011). 
 
 

Incretion-based therapies 
 

Glucagon-like peptide 1(GLP-1) analogues are the 
foundation of incretion-based therapies which are used to 
target this previously unrecognized feature of DM 
pathophysiology resulting in sustained improvements in 
glycaemia control and improved body weight control 
(Stone et al., 2012). 
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Dipeptidyl-Peptidase IV Inhibitors 
 

Dipeptide-Peptidase (DPP) IV Inhibitors inhibit Dipeptidyl 
peptidase-4 (DPP-4), a ubiquitous enzyme that rapidly 
inactivates both GLP-1 and GIP, increase active levels of 
these hormones and, in doing so, improves islet function 
and glycaemic control in type 2 DM (Pratley and Gilbert, 
2008). 
 
 

Insulin 
 

Insulin is used alone or in combination with oral 
hypoglycaemia agents. Augmentation therapy with basal 
insulin is useful, if some beta cell function remains. 
Replacement of basal-bolus insulin is necessary if beta cell 
exhaustion occurs. Rescue therapy using replacement is 
necessary in cases of glucose toxicity which should mimic 
the normal release of insulin by the beta cells of the 
pancreas (Mayfield and White, 2004). 
 
 

Pharmacological therapy (recently drug are used in 
type 2 diabetes mellitus) 
 

Alogliptin 
 

A highly selective DPP-4 inhibitor, being developed by 
Takeda Pharmaceutical Company is currently in phase 
three clinical trials. Alogliptin in dose range of 25 to 400 mg 
causes significant reduction in HbA1c, when used alone or 
in combination with other oral agents in patients with 
T2DM similar to Sitagliptin. However, long-term studies are 
necessary before Alogliptin in the management of type 2 
diabetes can be established. 
 
 
Sitagliptin 
 

Sitagliptin phosphate was approved by the United States 
FDA for the treatment in October, 2006 as an adjunct to diet 
and exercise to improve glycaemic control in patients with 
T2DM either as a monotherapy or in combination with 
metformin or thiazolidinedione, when the single agent does 
not provide adequate glycaemic control.  
 
 

Anakinra 
 

Recently, clinical trials in the arthritis drug, kinerat helped 
to control blood glucose level diabetes; the drug known as 
recombinant human interleukin -1 receptor antagonized 
high glucose level and appear to trigger the release of 
interferon beta cell (Hermasen et al., 2007). 
 
 

Resveratrol in rats and mice 
 

Recently, experiments  on  the  anti-inflammatory  activities  

 
 
 
in rat and mice have been carried out. Blood sugar diabetes 
and other beneficial effect of resveratrol on cardiovascular 
system have been reported in humans. However, while rat 
studies have shown that resveratrol possess control 
glycaemic effect in STZ induced diabetic Rat and STZ –
nicotinamide, induced diabetes rat resveratrol ameliorates 
induced diabetic rat symptom polydipsia and increase the 
body weight of the rat. Other model studies on diabetes 
causes by different reservetrol have also demonstrated its 
action or effect. 
 
Salsalate 
 
It is a non- steroidal anti-inflammatory drug (NSAID) that 
belongs to a class of drug called salicylate. Salsalate may 
work by inhibition by production of all release of 
prostaglandin. It is used for type-2 diabetes. It also reduces 
blood sugar in obese adult who do not have diabetes 
apparently by making insulin work better (Aspirin, 2006). 
 
 
Glycogen synthase Kinase (GSK-3) 
 
The key enzyme involved in glycogen metabolism is now 
known to regulate a wide range of cell function; it has the 
ability to phosphorylate and inhibit glycogen synthase 
deactivation of its affinity. Lithium ion has been found to 
cause reactivity specific inhibition of GSK and has insulin 
like effect of diabetes mellitus (Lawrence and Svetlana, 
2002). 
 
 
Liver selective glucocorticoids antagonist 
 
It was discovered recently that new approaches in the 
blood glucose level functionally antagonised have a 
potential role in the management of type-2 diabetes 
mellitus and lipid profile in an animal model of diabetes 
mellitus.  
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