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Introduction
World Health Organization (WHO) defines diabetes as a chronic 

disease where pancreas unable to produce enough insulin or the body 
develops resistance the use of insulin it produces. Current International 
Diabetes Federation and WHO report says that the worldwide 
prevalence of diabetes is expected to increase from 382 million people 
in 2013 to 592 million by 2035. There were 72.1 million people with 
diabetes in the South East Asia region in 2013 and this number is likely 
to increase to 123.0 million by 2035. India alone has 65.1 million people 
living with diabetes, this places India second to China with 98.41 million 
diabetic people [1,2]. WHO has predicts that with the aged people, 
the children and adolescents in both the developed and developing 
nations affected mostly with this disease. In the last decade different 
observational based studies highlighted that the prevalence of diabetes 
high in urban population and in today’s world its categorized under life 
style disorder. Diabetes mellitus is a group of metabolic disorders which 
characterized by hyperglycaemia [3]. Type 1 diabetes mellitus is occurs 
mainly due to insulin insufficiency because of lack of functionally active 
beta cells. Type 1 diabetic Patients therefore totally depends on other 
source of insulin, while Type 2 diabetes patients are develops resistance 
to secreted insulin and can treated with dietary changes, exercise and 
medication. Among all diabetic patients, 90-95% is suffered with Type 
2 diabetes and is the most affective form of diabetes than others [4]. 
The characteristic symptoms of diabetes are high levels of sugar in 
the blood, polyuria, polydypsia, polyphagia, unusual thirst, extreme 
weakness and tiredness, extreme hunger and unexpected weight loss. 
Besides hyperglycemia, several other factors including dislipidemia 
or hyperlipidemia are involved in the development of micro and 
macrovascular complications of diabetes, which are the leading causes 
of morbidity and death [5]. However, even with the great success in 
biomedicine development with increasing knowledge and potentially 
effective therapeutic approaches to treat different diseases, treatment 
of diabetes is still a big challenge. To tackle this issue researchers from 
various disciplines are in search for safer, yet convenient method 
to treat diabetes by evaluating natural and synthetic derivatives on 
different novel protein targets together with, rigorous evaluation of the 
mechanisms of drug action of the known compounds also helpful for 
further validation of several new molecular drug targets. In contrast, 

with several existing synthetic medicines, natural biomolecules also 
contain diverse structural variability and become the great source for 
active agents to generate newer lead compounds in drug discovery 
[4,6]. In modern age medicine, treatments are available for diabetes 
like Sulfonylureas, GLP-1 agonist, DPP4 inhibitors, metformin, 
PPAR-γ agonists, pioglitazone and rosiglitazone, GPR119 agonists, 
bariatic surgery etc. and some recent therapies are available like SGLT2 
inhibitors. In this review, we discuss various promising targets with 
advances in leads that materialize an effective and safe phytotherapeutic 
agent discovery and could be the next generation anti-diabetic therapy.

Consequences and Complications of Diabetes
Diabetes mellitus is a chronic metabolic disorder characterized 

by high levels of fasting and post prandial glucose in the bloodstream 
because of insulin resistance and relative insulin deficiency [7]. Patients 
suffering with diabetes will eventually develop multiple complications 
shown in Figure 1 such as nephropathy, neuropathy, retinopathy, 
diabetic foot ulcers, ketoacidosis, and even high risk of cardiovascular 
diseases like hypertension etc [4]. 

WHO estimates about 3.4 million people died from consequences 
of hyperglycemia in 2004 and approximate equal has expected in 
2010. 80% of total diabetes deaths occur in low- and middle-income 
development countries [2,8]. WHO assumes that diabetes will be 
ranked the 7th leading cause of fatality in 2030. Mainly there are 
two major types (type 1 and type 2) of diabetes mellitus recognized 
by WHO, the former arising from inadequate production of insulin 
due to abnormal functions of pancreatic β-cells, and the latter from 
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insulin insensitivity to in the target tissues and/or inadequate insulin 
secretion [9]. Although there are different types of diabetes listed in 
Table 1 [7], we mainly focused on type 2 or non-insulin-dependent 
diabetes mellitus (NIDDM) which occurs predominantly in older 
people especially in people who are overweight, and occurs more 
often in African, Americans, some Asian Americans, Indians, Native 

of Hawaiians and other Pacific Islander Americans, and Hispanics/ 
Latinos. Last two to three decades the number of incidence of NIDDM 
increases uncontrollably and affecting more than 300 million people 
globally and among which 80 million Chinese, 55 million Indians and 
25 million United States citizens leading with this [10].

Figure 1: Complications generally associated with diabetes mellitus.

Targets Mechanism Advantage Disadvantage

Glucagon-like peptide GLP-1
GLP-1 agonist increase insulin secretion and 
decrease glucagon secretion both α- and 
β-cells.

No hypoglycemic risk has observed.
Weight loss often observed.

Injections
Limited by GI tract
tolerance/nausea
May increase pancreatitis (rare)
May increase thyroid cancers (rare)

DPP-IV

DPP-IV inhibitors decrease proteolysis of
GLP-1,increase insulin secretion,
decrease glucagon secretion
(α- and β-cells)

Almost no hypoglycemic
risk
Weight neutral
Well tolerated

Modest efficacy
May increases pancreatitis (rare)
DPP4 inhibitors may interfere with the im-
mune system.

GPR119

GPR119 agonists stimulate insulin release in a 
glucose-dependent manner and induce GLP-1 
and glucose-dependent insulinotropic peptide 
secretion in enteroendocrine-derived cell lines

GPR119 agonists modulate insulin release 
from beta cells.
GPR119 agonists regulate metabolic func-
tion in skeletal and cardiac muscle.

--

GPR40 and GPR120

GPR40 potentiates insulin secretion in response 
to medium- and long-chain fatty acids.
GPR120 promotes GLP-1 and cholecystokinin 
secretion

GPR 120 play important role in enhancing 
bone density and metabolism. GPR40 may cause lipotoxicity.

Sodium glucose transport 
(SGLT2)

SGLT 2 inhibitors inhibit sodium/glucose co-
transporter responsible for 90% of glucose 
re-absorption.

Low risk of hypoglycemia, increased 
weight loss and reduction of blood pres-
sure.

SGLT 2 inhibitor therapy is associated with a 
modest diuresis.
A potential risk of dehydration and electro-
lyte imbalance

Diacylglycerol Acyltransfer-
ase (DGAT-1)

DGAT-1catalyses the final step of triglyceride 
synthesis inhibitors inhibit it and help in treat-
ment of obesity and diabetes.

-- --

11β-hydroxysteroid dehydro-
genase-1 (11β-HSD1)

11β-HSD1 inhibitors inhibit NADPH-mediated 
reduction of cortisone to cortisol in peripheral 
tissues and improve glucose homeostasis.

-- undesired mineralocorticoid mediated side 
effects

Peroxisome proliferator-acti-
vated receptor (PPAR)

It alters the tissue distribution of non-esterified 
fatty acid uptake and utilization. The genes 
activated by PPAR stimulate lipid uptake and 
adipogenesis by fat cells. PPAR γ activates the 
PON1 gene stimulate the synthesis and release 
of paraoxonase 1 from the liver, reducing 
atherosclerosis. Activation of adipocyte-predom-
inant transcription factor regulates glucose and 
lipid homeostasis.

--
fluid retention, edema and congestive heart 
failure have been reported with PPAR γ 
agonists

Table 1: Various targets for diabetes treatment [7].
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In NIDDM the number of β cells becomes low than to α-cells and 
secretion of insulin is usually insufficient to control hyperglycemia 
but sufficient to oppose the ketogenic actions of glucagon. The rate 
of normal hepatic glucose production increased in NIDDM patients, 
which results in hepatic insensitivity to insulin, decreased insulin 
secretion and increased glucagon secretion, and this increases the 
incidence of fasting hyperglycemia. This combined effect of decreased 
insulin secretion and cellular insulin resistance impairs healthy 
glucose uptake mechanism by the peripheral tissues [11,12]. Numbers 
of factors are involved for receptor mediated insulin resistance 
including increased serine/threonine phosphorylation of the receptor 
with decreased tyrosine phosphorylation, receptor desensitization, 
autoantibodies to the receptor and inherited structural defects in 
the insulin receptor. Abnormality in insulin action could also occurs 
at post-receptor events particularly glucose transport. On the other 
hand, hormones such as islet amyloid polypeptide (amylin) may also 
cause insulin resistance [12-14]. Diabetes is associated with long-
term complications that affect almost every part of the body. The 
disease often leads to blindness, heart and blood vessel disease, 
stroke, kidney failure, amputations, and nerve damage. In 
pregnancy, if high blood sugar level not controlled properly, then 
diabetes can complicate pregnancy and birth defects are more 
common in babies born to women with diabetes. The immune 
response is impaired in individuals with diabetes mellitus [15].

Diabetic cardiomyopathy

In this state heart is inefficient to circulate blood throughout the 
body, leads to heart failure, with accumulation of fluid in the lungs 
(pulmonary edema) or legs (peripheral edema). Most patients with 
diabetes have serious heart complications like heart failure which is 
results from coronary artery disease, and diabetic cardiomyopathy is 
only exists, if coronary artery disease is not there to explain the heart 
muscle disorder [16]. The pathogenesis is not yet fully understood, 
although it believes that, chronic hyperglycemia plays a key role to 
develop cardiomyopathy in diabetic individuals. The main metabolic 
abnormalities in diabetes are hyperglycemia, hyperlipidemia and 
inflammation, which together stimulate production of reactive free 
radicals, which leads to an increase in oxidative stress in the myocardial 
cells. Increase in oxidative stress result in reduction of myocardial 
contractility and develops myocyte fibrosis. Oxidative stress also causes 
cellular DNA damage and acceleration of cardiomyocyte apoptosis 
[17]. On the other hand, hyperglycemia causes significant functional 
abnormalities to the cellular Na+–Ca2+ ionic channel, resulting in a 
decreased extrapolation and increased intracellular calcium ions, which 
primarily causes an increase in the intracellular sodium concentration 
and secondarily further increase intracellular calcium concentration in 
the diabetic cardiac myocytes. These metabolic abnormalities finally 
result in cardiac dysfunction and heart failure [18].

Diabetic nephropathy

In diabetes mellitus, the common end-stage kidney disease that 
can lead to chronic renal failure, ultimately requiring dialysis. Diabetic 
nephropathy is the major cause of adult kidney failure worldwide. 
The main structural abnormalities in diabetic nephropathy include 
hypertrophy of the kidney, increase in glomerular basement membrane 
thickness, nodular and diffuse glomerulosclerosis, tubular atrophy, and 
interstitial fibrosis that cause various functional alterations like an early 
increase in glomerular filtration rate with intraglomerular hypertension, 
subsequent proteinuria, systemic hypertension, and eventual loss of 
renal function [19]. Increased blood sugar level causes hemodynamic 
changes, which initiates the kidney injury. Hemodynamic factors are 

activate such as the renin–angiotensin–aldosterone and endothelin 
systems, leads to increased secretion of profibrotic cytokines and 
further increased in systemic and intraglomerular pressure. When the 
blood glucose level exceeds its capacity to reabsorb from the kidney, 
glucose remains diluted in the fluid, raising its osmotic pressure and 
causing more water to filter out, thus, increasing the excreted urine 
volume. The increased volume dilutes the sodium chloride in the 
urine, signalling the macula densa to release more renin, causing 
vasoconstriction, causing infarct of its tissues and reduction of renal 
function. On the other hand, abnormal metabolism leads to increased 
secretion of inflammatory mediators, such as cytokines, growth factors 
and metalloproteinases, which develops of diabetic nephropathy [20].

Diabetic retinopathy

In diabetic retinopathy, friable and poor-quality new blood 
capillariesis developed in the retina as well as macular edema (swelling 
of the macula) and grown with disease progression, which can lead to 
loss of vision or blindness. Retinal damage (from microangiopathy) 
makes it the most common cause of blindness among non-elderly 
adults. Hyperglycemia activates protein kinase C, which causes cellular 
changes, leading to increased permeability of retinal vasculature, 
changes in blood flow to retina, basement membrane thickening 
and cellular signaling caused by vascular endothelial growth 
factors, resulting to ocular neovascularization. On the other hand, 
hyperglycemia increases the activity of glycation, leading to formation 
of advanced glycation end (AGEs) products, which is associated 
with microaneurysm formation and pericyte loss, resulting to retinal 
damage [21]. 

Diabetic neuropathy

Neuropathic disorders are common with diabetes mellitus. In this 
diabetic microvascular injury involving blood capillaries that supply 
blood to nerves are injured. The main conditions, which are associated 
with diabetic neuropathy, include third nerve palsy, autonomic 
neuropathy, mononeuropathy multiplex, a painful polyneuropathy, 
thoraco-abdominal neuropathy and diabetic amyotrophy. In 
diabetic patients, glucose dysmetabolism plays an important role 
in the development of diabetic neuropathy. Hyperglycemia causes 
accumulation of polyols in nerves, leading to neuropathy. In diabetic 
neuropathy the sensory neuron mitochondria plays an important role 
of in dorsal root ganglia, where in hyperglycemic neurons they are the 
source of production of reactive oxygen species, which can damage 
their DNA and membranes, impair cell functions and might lead to 
nerve cell degeneration [22]. 

Therapeutic Strategies and Common Targets For Anti 
Diabetic Drugs

Even with great advances in modern medicine and potentially 
effective therapeutic approaches, search for effective treatment for 
diabetes is still a big challenge. Many alternative measures taken to 
improve the action of insulin on its target tissues and searches were 
made to find promising lead compounds, which have the ability to 
improve the secretion of insulin, by β-cells. Researchers from various 
disciplines are in search for safer, yet convenient method to treat 
diabetes by evaluating natural and synthetic derivatives on different 
novel protein targets, important therapeutic targets listed in Table 
1. Last 20 years, several new orally active compounds have been 
discovered to control blood glucose level for type 2 diabetes patients, 
which are summarized in Table 2 [23,24]. These agents were worked by 
different pathways and having various adverse effects (Figure 2). 
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Insulin secreting agents

These agents designed to delay the absorption of carbohydrates 
from the gastrointestinal tract and insulin sensitivity. Generally, two 
kinds of insulin secreting drugs are available in market (sulfonylureas 
and non-sulfonylureas). Sulfonylureas stimulate the pancreatic β-cell 
to augment the release of insulin, such as glibenclamide (glyburide), 
glipizide, chlorpropamide, tolbutamide and glimepiride. Non-
sulfonylureas are short-acting newer agents that also stimulate insulin 
secretion. Insulin secretagogues were acted mainly on six possible sites, 
which are summarized in Table 3 [7,25].

The first insulin secreting agents are sulfonylureas. They were the first 
oral medication for type 2 diabetes patients in early 1950. Sulfonylureas 

increase the insulin secretion by increasing Ca2+ permeability from 
voltage-gated Ca2+ channels. Study showed that Tolbutanmide 
possesses insulin secretory process by a lipophillic interaction with the 
phospholipid domain in the membrane, play a role in activating the 
voltage-dependent Ca2+ channel [26,27]. Sulfonylureas having high 
affinity towards specific receptors located on the pancreatic beta cell 
membrane adjacent to K+ channels, called sulfonylurea receptor (SUR), 
imitate the ability of these compounds to stimulate insulin secretion 
from these cells. SUR activation inhibits ATP-sensitive K+ channels 
leading to a reduced efflux of potassium. The rise of intracellular 
potassium concentration creates a sufficient cellular depolarization to 
elicit the opening of voltage-dependent Ca2+ channels. This eventually 
increases intracellular Ca2+, which elicits insulin secretion [7]. In 

 Class Mechanism Agents Advantages Disadvantages
Oral hypoglycemic
Biguanides Decrease hepatic gluconeogenesis Metformin No hypoglycaemia, weight neutral GI disturbance, lactic acidosis
Sulphonylureas Stimulate insulin secretion Glimepiride Inexpensive Hypoglycemia, weight gain
Meglitinides  Stimulate insulin secretion Repaglinide Short onset of action, low postprandial glucose Hypoglycemia

Glucosidase inhibitors Decrease glucose absorption Acarbose, Vogli-
bose Reduce postprandial glucose GI flatulence

Thiazolidinediones Improve insulin resistance Pioglitazone Lower insulin requirement Edema, CHF, weight gain, frac-
ture, macula edema

DPP4 inhibitors Prolong GLP-1 action No hypoglycemia Less clinical experience
Parenteral hypoglycemic
Insulin Increase glucose utilization Human insulins Known safety profile Injection hypoglycemia

GLP 1 receptor agonist Stimulate insulin, suppress gluca-
gon, slow gastric emptying

Ezenatide, Lira-
glutide Reduce weight no hypoglycemia Injection, nausea, renal failure

Amylin agonist Slow gastric emptying Praminitide Reduce postprandial glucose, weight loss Injection causes nausea

Table 2: Oral antidiabetic drugs [20,21].

Figure 2: Mechanism(s) of action(s) of insulin secreting drugs.
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addition, Sulfonylureas inhibit secretion of glucagon and target tissues 
are sensitize by the action of insulin. Second generation Sulfonylureas 
(glipizide, gliclazide, glibenclamide, glimepiride and glibornuride are 
more potent than first generation (tolbutamide, chlorpropamide and 
carbutamide) and are active with much lower doses [28].

Alpha-glucosidase inhibitors

This class of drugs acts by slowing the carbohydrates absorption, 
dropping the postprandial rise in blood glucose level. They did not 
reduce plasma glucose level during the fast, causes a rather mild 
reduction in hemoglobin A1c (HbA1c). Acarbose, voglibose and 
miglitol are the most common of this class. In the gut membrane-bound 
alpha-glucosidases hydrolyze starch residues to oligosaccharides and 
disaccharides, thus releasing glucose in the intestine. This hydrolysis 
is essential for the absorption of digestive carbohydrates in the form 
of monosaccharides, Inhibition of alpha-glucosidases by drugs such 
as acarbose, voglibose, miglitol or emiglitate reduces and delays the 
hydrolysis and absorption of carbohydrates and decreases post-
prandial increase in blood glucose level [29].

Sodium glucose transporter inhibitor (SGLT2)

SGLTs encompass a family of membrane proteins that are 
responsible for the movement of glucose, amino acids, vitamins, ions 
and osmolytes across the brush-border membrane of proximal renal 
tubules as well as the intestinal epithelium. SGLT2 is a high-capacity, 
low-affinity transporter expressed chiefly in the kidney. It transports 
nearly 90% of glucose that reabsorbed in the kidney and has thus become 
the focus of a great deal of interest in the field of diabetes treatment. 
SGLT2 inhibitors block the reabsorption of filtered glucose leading 
to glucosuria. This mechanism of action holds potential promise for 
patients with type 2 diabetes mellitus to improve glycaemic control. In 
addition, the glucosuria coupled with SGLT2 inhibition is associated 
with caloric loss, thus providing a potential benefit of weight loss [30]. 
Dapagliflozin is a highly selective SGLT2 inhibitor developed for the 
treatment of type 2 diabetes mellitus. Its inhibition of SGLT2 blocks 
glucose reabsorption in the proximal tubule of the kidney, increasing 
the excretion of renal glucose via the urine, resulting in reduction of 
glycated hemoglobin and decrease in fasting and postprandial plasma 
glucose in patients with type 2 diabetes mellitus. The pharmacokinetics 

and pharmacodynamics of dapagliflozin are suitable for once-daily 
dosing [31].

Dipeptidylpepdidase 4 (DPP-4) inhibitors

Glucagon like peptide-1 (GLP-1) is one of the primary hormones 
in metabolism. After eating GLP-1, in combination with glucose-
dependent insulinotropic peptide (GIP) released, they delay gastric 
emptying, stimulate insulin secretion and decreases glucagon secretion 
[32]. On the contrary, they degraded enzymatically by dipeptidyl 
peptidase-4 (DPP-4) enzyme, and therefore, GLP-1 is no longer the 
most appealing therapeutic target, only it might be considered as an 
antidiabetic hormone [33]. DPP-4 is mostly expressed on the surface 
of many cell types of major organs in our body and circulates in a 
soluble form [34,35]. DPP-4 inactivates these incretins by breakdown 
of the two terminal amino acids of bioactive peptides to a shortened 
form [33,36] makes GLP-1 a short half-life(less than 2 min) enzyme, 
which may be the root cause of many limitation in treatment using 
the GLP-1 agonists. Therefore, increase interest is developed towards 
the therapeutic strategy using DPP-4 inhibitors to reduce down the 
degradation process of incretins; studies shown that DPP-4 inhibitors 
increase the half-life of GLP-1 two to three times in both animal models 
and in patients [33]. Evidences from various in vivo studies showed 
the significance of DPP-4 inhibition on GLP-1 levels and on insulin 
secretion.

Peroxisome proliferator-activated receptor-gamma 
(PPAR-γ)

Choi et al. [37] published targeting PPAR-γ for the development 
of the safer and convenient antidiabetic agent. PPAR-γ is the type 2 
nuclear receptor, mostly expressed in adipose tissues [38] and having 
three different messenger ribonucleic acid (mRNA) isoforms in 
three different positions. At different positions, PPAR-γ 1 primarily 
expressed at low level, while PPAR-γ 2 and PPAR-γ 3 expressed 
largely in adipose tissue. However, it is notice that PPAR-γ was highly 
expressed only in adipose tissue and in skeletal muscle, and level to 
be increased with insulin resistance [39,40]. PPAR-γ also regulated 
by insulin, tumor necrosis factor and glucocorticoids [41]. The main 
irony for PPAR-γ in facilitates insulin sensitivity by its agonist in 
muscle to uptake maximum glucose, because adipose tissues maintain 
glucose homeostasis in human body. When PPAR-γ is attached with a 
ligand or some agonist (thiazolidinedione) it becomes active and form 
complex with another transcription factor retinoid X-receptor (RXR), 
then bound to a specific DNA motif (peroxisome proliferate response 
element) in the promoters region of target gene [42], ultimately leads to 
the activation of regulation. Thiazolidinedione (glitazones) mainly act 
on PPAR-γ and stimulates insulin sensitivity.

11β -Hydroxysteroid dehydrogenase (11β HSD)

11β-hydroxysteroid dehydrogenase type 1 is nicotinamide ademine 
dinucleotid phosphate/nicotinamide ademine dinucleotid phosphate-
oxidase (NADP/NADPH) dependent enzyme highly expressed in key 
metabolic tissues including liver, adipose tissue, and the central nervous 
system in humans. Another isoform 11β -HSD2 is nicotinamide 
ademine dinucleotid (NAD+)-dependent dehydroductase and 
expressed primarily in liver [43]. In these tissues, 11B HSD1 reduces 
cortisone to the active hormone cortisol that activates glucocorticoid 
receptors and other which plays a key role in diabetes so 11β HSD is 
an important therapeutic target for type 2 diabetes [44,45]. In addition, 
the encoded protein can catalyze the reverse reaction of cortisone to 
cortisol. Cortisol is a primary stress hormone secreted from the adrenal 

Action Function

Stimulation of β-cell metabolism

Activation of glucokinase
Inhibition of glucose-6-phosphatase
Alternatives fuels
Inhibition of mitochondrial Na+/Ca2+ ex-
changer

Increase of β-cell [Ca2+]i by block-
ade of KATP channels

Interaction with sulfonylurea receptor (SUR)
Interaction with K+ insulin receptor

Increase of [Ca2+]i by action at 
sites
other than KATP channels

Blockade of other K+ channels
Activation of Ca2+ channels
Activation of ionic channel
Inhibition of [Ca2+]i lowering processes

Stimulation of amplifying
pathways in β-cells

Activation of the nutrient-mediated amplifica-
tion
Inhibition of AMP kinase
Inhibition of 11β-hydroxysteroid dehydroge-
nase type 1
Sensitization to Ca2+

Inhibition of cAMP degradation
Activation of the protein kinase C pathway

Action on β-cell membrane 
receptors

Antagonists of inhibitory receptors
Agonists of stimulatory receptors

Action on β-cell nuclear receptors Stimulates insulin release

Table 3: Mechanism of action of drugs used for insulin release [7,22].
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glands in response to stress. High levels of cortisol in blood decreases 
metabolism of glucose and increases blood glucose levels and increased 
blood fat levels through increase metabolism of fats, which contributes 
to insulin resistance. Increase in blood glucose levels and fats are the 
common factors of diabetes [46]. Increased in cortisol level can lead to 
central obesity, and a particular change in this gene has been associated 
with obesity and insulin resistance in children [47]. Scientifically it 
argued that 11β HSD is inhibited by peptic ulcer drug carbenoxolone. 
The microsomal enzymes are encoded by this gene and catalyze the 
conversion of the stress hormone cortisol to the inactive metabolite 
cortisone [43]. 

17β-Hydroxysteroid dehydrogenase type 1 (17β-HSD1)

17β-HSD1 stimulates the local synthesis of the most potent estrogen 
estradiol. Its expression is a characteristic marker for the diagnosis of 
patients with breast cancer and type 2 diabetes. Its inhibition is currently 
under consideration for breast cancer and type 2 diabetes prevention 
and treatment [7]. The association between risk of type 2 diabetes and 
estrogen use is not clear, yet studies revealed that, increase in estrogen 
level than normal likely to be linked with increased insulin resistance 
and insulin resistance is a characteristic of type 2 diabetes [48]. In 
estrogen target cells 17β -HSD1 catalyze the NADPH-dependent 

Scientific Name Family Countries where traditionally used Mechanism of action

Momordica 
charantia Cucurbitaceae

Saudi Arabia, West Africa, Pakistan, India, 
Sri Lanka, Thailand, Fiji, Bimini, Panama, 
Puerto Rico, Belize, Jamaica, Trinidad, 
Virgin Islands, England

It is having Insulin-like secretagogue effect. It can stimulate peripheral glucose utiliza-
tion. It may inhibit glucose-6-phosphatase and fructose biphosphatase [80].

Catharanthus 
roseus Apocynaceae

Australia, England, Thailand, Natal, 
Mozambique, India, Philippines, Vietnam, 
Dominican Republic, Jamaica

IIt increases cellular utilization of glucose.
It stimulates insulin release.
It regulates blood lipids by increasing the activity of lecithin cholesterol acyl transferase, 
in turn it increases blood HDL level. 
It decreases the activity of glycogen phosphorylase [81]. 

Anacardium oc-
cidentale Anacardiaceae

Ecuador, Colombia, Mexico, Venezuela, 
Jamaica, Madagascar, India, Thailand, 
England

It is having antioxidant activity.
It regulates blood lipid profile.
It increases cellular glucose utilization [82].

Syzygium cumini Myrtaceae India, Pakistan, Thailand, West Indies, USA, 
Portugal

It stimulates insulin release from pancreatic β-cells.
It inhibits glycogenolysis [83]. 

Eucalyptus 
globulus West Indies, Mexico, Guatemala, China

It stimulates insulin release from pancreatic β-cells by binding to sulphonylurea recep-
tors.
It increases glucose transport to the cell and enhances β-cell glucose metabolism [84]. 

Lupinus albus Fabaceae Canary Islands, India, Egypt, Israel, Portu-
gal, Morocco. It acts by increasing insulin secration and decreasing insulin resistance [85].

Trigonella 
foenum-graecum Israel, Egypt, France, India. It stimulates insulin release from the pancreas to improve peripheral glucose utilization.

It facilitates glucose transport to the target cells [86].

Aloe vera Liliaceae Haiti, India, Tunisia, Kuwait, Saudi Arabia It shows insulin like action and increases peripheral glucose utilization. It also prevents 
the death of β-cells [87].

Allium cepa India, Saudi Arabia, North Africa, Peru
It acts like glucogenic agent, increases glucose metabolism.
It also shows antioxidant activity.
It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level [88].

Allium sativum India, Saudi Arabia, Mexico, Venezuela
The hypoglycaemic action of garlic could possibly be due to an increase in pancreatic 
secretion of insulin from β-cells.
It also shows antioxidant activity [89]. 

Tecoma stans Bignoniaceae India, Mexico, Guatemala, Virgin Islands, 
Cuba

It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level.
It also increases glucose utilization [90].

Urtica dioica Urticaceae England, USA, Guatemala, Nepal, India It acts by decreasing effect on leptin.
It stimulates insulin secretion and decreases of insulin resistance [91].

Taraxacum of-
ficinale Asteraceae Europe, Costa Rica, Mexico, USA It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level [92].

Kyllinga mono-
cephala Cyperaceae India, Ethiopia, Indonesia, Philippines, 

South America

It shows antioxidant activity.
It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level [93].
It shows antioxidant activity.
It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level [93].

Phyllanthus 
emblica Euphorbiaceae India, Nepal, Tibet, Pakistan

It acts by inhibiting glycogenolysis, hepatic glucogenesis and glucose absorption from 
intestine. It also increases peripheral glucose utilization by stimulating insulin release 
[94].

Pbyllantbus niruri Indonesia, India, West Indies, Brazil
This plant shows its blood glucose lowering properties by inhibiting glucose absorption 
and enhancement of glucose storage.
It also stimulates insulin release from β-cells [95].

Azadirachta 
indica Meliaceae India, Fiji, Saudi Arabia, Trinidad It acts by increasing the uptake or utilization of glucose peripherally.

It activates peroxisome proliferator, the chief regulators of glucose metabolism [96].

Morus alba Moraceae India, USSR, China, Peru It inhibits α-glucosidase enzyme and reduces postprandial blood glucose level [97].

Daucus carota Apiaceae India, China, England, USA
It increases serum insulin level. 
It increases peripheral glucose utilization [98].

Hypericum perfo-
ratum Europe, Asia, North Africa North America.

It decreased the activity of glucose-6-phosphatase and increased glucose-6-phosphate 
dehydrogenase enzymes.
It also stimulates insulin release from β-cells [99].

Table 4: Common antidiabetic medicinal plants widely used [12].
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reduction of estrone (E1) to the potent 17β-estradiol (E2) which leads 
to over expression of 17β -HSD1 in breast tumor cells [49,50]. In post-
menopausal women, hormone proliferation led by increased levels of 
E2, so it commonly considered as a novel therapeutic target.

Glutamine fructose-6-phosphate amidotransferase (GFAT)

GFAT involves in glucose-induced insulin resistance by action on 
hexosamine biosynthetic pathway (HBP) and induces the synthesis of 
growth factor [51]. The transport of glucose into the cell has facilitated 
by synthesis of glucosamine from HBP. The majority of glucose will 
utilize by glycolysis, with a small quantity entering the hexosamine 
pathway. HBP participates in insulin resistance and the induction of the 
synthesis of growth factor. HBP is the minor branch of the glycoglysis, 
fructose-6-phosphate converted to glucosamine-6-phosphate, and this 
reaction catalyzed by GFAT. The major reaction product is uridine 
diphosphate N-acteylglucosamine (UDP-GlcNAc). It is intracellular 
protein O-glycosylation mediated by O-linked GlcNAc transferase 
(O-GlcNAc). O-GlcNAc is a cytosolic and nuclear enzyme catalyzes 
a reversible, post-translational protein modification, transferring 
N-acetylglucosamine in O-GlcNAc to specific serine/threonine residues 
of proteins. The metabolic effects of increased changes through HBP 
thought to mediate by increasing O-GlcNAcylation. HBP functions are 
important cellular nutrient sensor and play a role in the development 
of insulin resistance and the vascular complications of diabetes [52]. 
GFAT regulate the HBP products UDP-GlcNAc. Therefore, it grabs 
increasing interest in a therapeutic target against type 2 diabetes [53]. 
The human GFAT has three isoforms, GFAT1, GFAT2 and GFAT1L 
[54-56]. GFAT1 gains most interest because it has high expression in 
liver and fatty tissues, and for that reason, it is a target against diabetes 
and obesity.

Protein tyrosine phosphatase 1B (PTP1B)

Protein tyrosine phosphatases (PTPs) regulate tyrosine 
phosphorylation in cell system. Phosphorylation is a process of 
addition of a phosphate (PO4) group into a protein or a molecule, 
which can regulate many enzymes and receptors, causing or inhibiting 
the mechanisms of many diseases like type 2 diabetes. PTPs family is 
a largely diverse protein family of enzymes. PTPs remove phosphate 
groups from phosphorylated tyrosine residues on proteins. Evidences 
from studies showed that PTP1B, is an important regulator of the 
insulin-signaling pathway. The process of insulin signal transduction 
involves tyrosine phosphorylation in the insulin-receptor activation 
loop [57]. This process is regulated by PTP1B by dephosphorylating 
phosphor-tyrosine residues of the tissue insulin receptor kinase. 
Studies on the macromolecular role of the PTP1B on insulin signaling 
pathway have clearly shown that it serves as a key negative regulator 
of the tyrosine phosphorylation cascade integral to the insulin 
sensitization. Thus, PTP1B is a new target for drug design against type 
2 diabetes mellitus and associated obesity, because PTP1B inhibition 
also reduces adipose tissue storage of triglyceride under conditions 
of over-nutrition. In this reasons, the pharmaceutical development of 
PTP1B inhibitors may serve as a novel type of insulin sensitizer in the 
management of type 2 diabetes and other cardiovascular syndrome or 
obesity [58].

G-protein coupled receptor (GPR) 

GPR120 is a protein member of rhodhopsin family G protein-
coupled receptors. It expressed in the intestinal tract and in adipose tissue 
cell, which activated by medium to long chain fatty acids. Activation 
of GPR120 stimulates glucagon like peptide 1 (GLP-1) secretion and 

subsequent increases insulin secretion. Therefore, GPR120 thought as 
potential drug targets for such as diabetes and obesity. In this context, 
the scientists from chemical disciplines synthesized a novel GPR120 
agonist named NCG21, which strongly activated GPR120 and increased 
GLP-1 release both in murine enteroendocrine STC-1 cells, which 
expresses GPR120 endogenously, and in mice. Other isoform GPR40 
and GPR119, with fatty acids as ligands, expressed predominantly in 
pancreatic beta cells, liver and enteroendocrine cells in humans, the 
receptors for the incretin hormones glucagon-like peptide-1 (GLP-1) 
and glucose-dependent insulinotropic polypeptide (GIP). Activation 
of GPR40 receptor requires medium or long chain fatty acids, results in 
stimulating the release of calcium into the cytosol and hence increase 
in intracellular Ca2+ is responsible for the exocytosis in pancreatic β 
cells, ultimately release of insulin [59]. GPR119 receptor agonist 
causes an increase in intracellular cAMP levels via Gαs coupling to 
adenylatecyclase. Thus, GPR119 modulate insulin release from beta 
cell and GLP-1 from enteroendocrine cells [60]. Therefore, GPR is 
always gain interest and commonly considered as a therapeutic target 
in type 2 diabetes, since targeting GPR it is possible to stimulate insulin 
secretion and inhibit of glucagon secretion.

Glucose transporter type 4 (GLUT4)

The GLUT4 gene (aka SLC2A4) codes for a 509 amino acid long 
protein called GLUT4. There are several types of glucose transporters 
(such as GLUT1, GLUT2, etc.) present in the cell membrane that help 
to keep the blood glucose level low, but GLUT4 is the only one that 
responds to insulin translocation of GLUT4 to the plasma membrane, 
and has an important role in the development of insulin resistance. 
GLUT4 plays a key role in regulating whole body glucose homeostasis. 
GLUT4 is in the family of solute carriers and is responsible for 
facilitating the transport glucose into the cells in response to insulin 
[61]. For this reason, mutations in GLUT4 have been associated with 
type 2 diabetes. Therefore, it gains increasing interest in a therapeutic 
target against type 2 diabetes.

Natural Remedies for the Treatment of Diabetes
Because of globalization and the modern medical scenario, the 

cost of synthetic medicines is escalating day by day and treatment for 
diabetes in developing countries becomes a challenge now a days. The 
side effects associated with various synthetic drugs are also the cause for 
renewed interest in traditional systems of medicine where medicinal 
plants being looked up once again for the treatment of diabetes. Since 
ancient times, plants have been used in the treatment of diabetes 
mellitus there are many herbal remedies suggested for diabetes and 
diabetic complications. Medicinal plants form the main ingredients of 
these formulations. A list of most widely used traditional antidiabetic 
plants given in Table 4 [12].

In India, numerous medicinal plants are traditionally use for over 
many years in herbal preparations to treat various consequences of 
diabetes mellitus. Ethnobotanical knowledge played a particularly 
important role in historical diabetes therapies, with more than 400 
traditional plants have identified for the treatments of diabetes, on the 
contrary very few of them scientifically justified for medical evaluation 
to assess their efficacy. Recently, awareness towards natural products 
has increased once again, but there is need of thoroughly controlled 
studies on the development of effective and potential natural bioactive 
leads which further develops the diabetes treatment strategies through 
various targets and management of comorbid complications generally 
associated with diabetes mellitus [12,62-71]. 
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Concluding Remarks
Diabetes is one of the most common metabolic disorders worldwide. 

It is a major health problem with its frequency increasing every day in 
most countries. The impact of diabetes increases by rapid urbanization, 
nutrition transition, and increasingly sedentary lifestyles, the epidemic 
has developed in analogous with the global rise in obesity [72]. Increase 
in incidence to the younger peoples and children even before puberty 
with type 2 diabetes were prominent in developing countries. Asian 
population developed the risks of type 2 diabetes mellitus because of 
low level of BMI. This is why, Asian peoples are classified specifically for 
obesity (e.g. BMI 23 for overweight and 25 or 27 kg/m2 for obesity) and 
this will greatly affect the occurrence of obesity worldwide [73]. Several 
other factors contribute to develop diabetes in Asians, including the 
normal-weight metabolically obese phenotype, high rate of smoking 
and increasing alcohol use, high ingestion of carbohydrates (refined 
rice) and decreased physical activity. Sometimes Poor nutrition in 
early life combined with over nutrition in later life may also increases 
the incidence of diabetes in Asian Countries. On the contrary, the 
poorest peoples are commonly affected with diabetes in the developed 
world because poverty and lack of sanitation drive families to low cost-
per-calorie foods and packaged drinks, resulting occurrence of type 
2 diabetes mellitus. However, communications between Westernized 
diet and lifestyle and genetic background may increases the growth of 
diabetes in connection of rapid nutrition transition [72,73]. Patient 
non-compliance is a serious healthcare concern that poses a great 
challenge to the successful delivery of proper management to diabetics 
worldwide. The patient non-compliance is not only restricted to the 
failure to take medication, but also the failure to change sedentary 
lifestyle, undergo different diagnostic tests or keep appointments with 
healthcare personnel. Non-compliances may developed by factors that 
are related to patient oriented, therapy-related, or healthcare system – 
related. The patient related factors can be demographic (age, gender, 
educational level, and marital status) and psychological (patients’ 
beliefs and motivation towards the therapy, negative attitude, patient-
prescriber relationship, understanding of health issues, and patient’s 
knowledge). The therapy-related factors include route of medication, 
treatment duration, complexity of treatment, and the unwanted effects 
of the medicines. The factors associated with the healthcare system 
include availability, accessibility, and lack of awareness and interest to 
care the diabetics by the physician [74].

Antidiabetic drugs help to maintain blood sugar level in normal 
range in diabetes mellitus patients. Diabetes patients needs insulin 
every day to maintain the normal blood glucose level because the insulin 
produced from pancreas has reduced or insufficient to maintain normal 
blood glucose level. Therefore, to treat diabetes several therapeutic 
agents are available acting on various targets. Oral hypoglycemic 
drugs have proved to be encouraging with safety concerns. The first 
discovered oral anti diabetic agents were sulfonylureas but they have 
various off target effects. Phenformin discontinued due to its adverse 
effect. Metformin on other hand, shows significant action on lowering 
high blood sugar level, and it did not possesses any lethal effect on 
individuals and continue to maintain its profile as better oral antidiabetic 
drug [75]. Later on with new developments, some other agents were 
also discovered example thiazolidinediones. Solute carriers have also 
underutilized as therapeutic drug targets for diabetes viz. GLUT1-4 and 
SGLT2. Some newer agents with promising novel mechanism are DPP4 
inhibitors, SGLT2, GPR120, the G-protein-coupled receptor agonists, 
and the balanced dual peroxisome proliferator-activated receptor-
α/γ agonists. Since 2008, SGLT2 inhibitors will make remarkable 

status in the diabetes treatment research and within five years many 
of the interesting leads (dapagliflozin, canagliflozin, Tofogliflozin, 
Empagliflozin, Remogliflozin etabonate) have successfully completed 
registration and up to phase II clinical trials in United States [76,77]. 
By modulating the physiological function of the kidney to promote 
glucosuria, SGLT2 inhibitors provide an alternative mechanism 
to control postprandial glucose. This may reduce ER stress on the 
β-cell, delay loss of β-cell function, and be of significant long-term 
benefit. Although advent of new therapies available, there are still 
requirements of medications which directly interacts with insulin 
receptors. Researchers from various biomedical areas are in search of 
non-peptide drugs which activate the insulin receptors [78,79]. There 
is optimism that in the next few years, novel classes of oral antidiabetic 
drugs, which are currently under development, will offer additional 
control over blood glucose level via complementary mechanisms of 
action. However, history has shown that compounds of the same class 
can have different safety profiles and treatment effects. Therefore, high-
quality clinical trial evidence needed for every compound.
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