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Abstract: Type 2 diabetes mellitus is a chronic disease in which there is high level of sugar (glucose) in blood
caused by insufficient insulin secretary response. Glucagon-like peptide-1 (GLP-1) and glucose dependent
insulinotropic polypeptide (GIP) are incretin hormones which account for higher insulin response after oral
versus intravenous administration of glucose. These hormones have proposed a new mechanism for the
treatment of type-2 diabetes but are easily degraded by DPP IV. Various synthetic drugs are available in the
market as DPP IV inhibitors but, they have undesirable side effects. Therapeutic agents involving herbal plants
with antidiabetic properties and beneficial effects have been identified to cure diabetes. The objective of present
review is to ascertain the novel DPP IV inhibitors in the extract from specific part of a plant.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a genetically
diverse, polygenic disease with a multifaceted
pattern of inheritance [1]. It can be portrayed by
altered expression of many genes and their
products in several tissue types [2, 3]. The disease
may occur as a result of pancreatic [B-cells impairment,
leading to reduction in insulin secretion. Resistant
insulin receptors to the functions of circulating
insulin can also conduce in diabetes (ADA, 2010).
Number of proteins was considered as a target to
control the diabetes mellitus. Type II diabetes mellitus
is a clinical syndrome due to relative or absolute
deficiency of insulin or opposition to the cellular insulin
execution, as a result hyperglycemia and glycosuria
occurs.

An assemblage of lifestyle and genetic factors
is the usual cause of its development [5, 6]. Diet and
obesity can be individually controlled but, factors
like increasing age, female gender and genetics
cannot be [7]. A lack of sleep has been linked to type 2
diabetes and is considered to effect metabolically [8].
The nutritional status of a mother during fetal
development may also play a role, with the mechanism of
altered DNA methylation [9].

Presently available therapies for type II diabetes
mellitus are inclusive of biguanides, oral insulin
secretagogues, thiazolidinediones, sulfonylureas,
repaglinide, insulin, nateglinide, alpha-glucosidase
inhibitors, pramlintide and exenatide. Clinical trials have
shown that oral hypoglycemic drugs are valuable in the
treatment of patients with type II diabetes mellitus
(NIDDM). Traditional drugs like sulphonylureas and
biguanides are a cohesive source of treatment while
certain new and potent drugs have gained availability
now. Insulin is used as hypoglycemic agent in Type
IT diabetes mellitus [10]. The use of herbal medicines
(medicinal plants or phytotherapy) has recently made
headway all over the world for their efficacy in Type
IT diabetes mellitus.

Concept of Hormones and Incretin Mimetics:
The disposition of absorbed glucose through the
stimulation of insulin secretion from the endocrine
pancreas is facilitated by gut hormones. The observation
that enteral nutrition provided a more potent
insulinotropic stimulus compared with isoglycaemic
intravenous challenge led to the evolution of the incretin
concept [11]. The gradual beginning of postprandial and
fasting hyperglycemia is peculiar in Type 2 diabetes
mellitus.
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The first incretin to be identified was glucose-
dependent insulinotropic polypeptide (GIP), purified from
porcine intestinal extracts and it had debile effects on
gastric acid secretion but more potent insulinotropic
actions in human beings [12].

« GIP is a 42-aminoacid hormone synthesised in
duodenal and jejunal enteroendocrine K cells in the
proximal small bowel. The cloning of the cDNAs and
genes that encoded proglucagon led to the discovery
of second incretin hormone, glucagon-like peptide-1
(GLP-1). GLP-1 subsists in two circulating equipotent
forms of molecules, GLP-1(7-37) and GLP-1(7-36)
amide, though after eating, GLP-1(7-36)amide is
circulating profusely. Most GLP-1 is made in
enteroendocrine L cells in the distal ileum and colon,
but plasma levels of GLP-1, like GIP, also increase in
postprandial period [13].

*  Glucagon-like peptide 1 (GLP-1) is produced by the
proglucagon gene in mucosal L-cells of the small
intestine in response to nutrients[14]. It stimulates
glucose-dependent insulin release from the
pancreatic islets and the GLP-1 receptors on
pancreatic B-cells mediate its insulinotropic activity.
In addition to its insulin-related effects, it is thought
to exert hypoglcemic effects by slowing gastric
emptying[15], inhibiting inappropriate glucagon
release[16], stimulating p-cell proliferation and
differentiation[17] and improving satiety[18].

On the other hand, GIP is involved in glucose
metabolism by raising the secretion of insulin [19].
Both peptides have short half-lives (less than 2 minutes)
because of their rapid degradation by DPP-IV. Therefore,
inhibition of DPPIV prolongs the action of GLP-1 and GIP,
which in turn, amends glucose homeostasis with a low
risk of hypoglycemia [20].

Glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP) are incretin
hormones, secreted from L-cells and K-cells of intestine in
response to nutrient ingestion [21]. They are responsible
for normal glucose tolerance postprandially. GLP-1 (7-36)
is portrayed as the most potent insulinotropic hormone
and is well thought-out of as a therapeutic means for the
treatment of type 2 diabetes [22]. The continuous infusion
of this peptide decreases plasma glucose and improves
B-cells function. However, active GLP-1 (7-36) is
converted into inactive GLP-1(9-36) by dipeptidyl
peptidase IV [23]. The name incretin mimetics accentuates
the glucoregulatory and metabolic effects rather than
specific mechanism of action.

Incretin  mimetics GLP-1 analogues that are
resistant to degradation by DPP IV have been formulated.
These include: Liraglutide (Denmark) which is in
phase-2 trial, CJC-1131 (Canada) which has been put on
hold and Exenatide which is the first incretin mimetic to be
sanctioned by FDA for clinical use since it is not a GLP-1
analogue.

GLP-1 Receptor Signal Transduction Pathways in the
Pancreatic B Cell: The importance of endogenous GIP
and GLP-1 for glucose homoeostasis has been
experimentally examined in physiological studies with
receptor antagonists, or gene-knockout mice. Lowering of
insulin secretion and increase in plasma glucose after
glycaemic challenge in rodents [24] is related to acute
antagonism of GIP or GLP-1 similarly, mice with
inactivating mutations in the GIP or GLP-1 receptors also
have defective glucose-stimulated insulin secretion and
impaired glucose tolerance. GLP-1, but not GIP, is vital for
control of fasting glycaemia, since acute antagonism or
genetic disruption of GLP-1 action 1 contributes to
enhanced levels of fasting glucose in rodents [25].
Recent studies and research with the antagonist
expending show defective glucose-stimulated insulin
synthesis, compact clearance of glucose, rise in the levels
of glucagon and prompt gastric emptying after disruption
of GLP-1 action [26] confirming GLP-1 as an essential need
for glucose control in human beings.

Anti Diabetic Actions of GLP-1: Short-term intravenous
infusions of GLP-1 (1-1+2 pmol kg™ min™", leading to
pharmacological plasma concentrations of total GLP-1 of
70-150 pmol/L and of intact biologically active GLP-1 of
10-20 pmol/L) lowers blood glucose in patients with type
2 diabetes through a transient glucose-dependent
stimulation of insulin and suppression of glucagon
secretion and gastric emptying.

The short-term control of hyperglycaemia can be
sufficed by intravenous or subcutaneous GLP-1
infusions but, the long-term treatment of type 2 diabetes
needs a more feasible approach to achieve sustained
activation of GLP-1 receptors. The efficacy to inject GLP-1
receptor agonists (degradation-resistant peptides or larger
proteins with more suitable pharmacokinetic properties)
and DPP-4 inhibitors has been assessed in clinical trials
[27].

Dipeptidyl peptidase IV (DPPIV, EC 3.4.14.5) is a
unique serine protease, which removes N-terminal
dipeptides from polypeptides and proteins, that include
alanine or proline at the penultimate position [28, 29].
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Our prime objective and necessity is to develop
alternative strategies that intend to prolong the
antidiabetic activity of the hormone because the enzyme
inactivates GLP-1 (7-36). One of the approaches to
protract the half-life of GLP-1 is the application of DPP-IV
inhibitors [21].

DPP 1V inhibitors: Inhibition of DPPIV with vildagliptin
improved the glycemic control of type 2 diabetes by
enhancing the activity of GLP-1 and GIP with resultant
improvement in B-cell function [30]. Over a period of time,
DPP-IV inhibitors have shown improved efficacy in
clinical studies [21]. Currently, the inhibitors of DPP-IV are
under development and growth in preclinical and clinical
studies as potential drugs for the treatment of type 2
diabetes [22, 23, 28]. The question remains as to the safety
of inhibition of DPP-IV since DPP-IV is involved in
the metabolism of a vast number of life-sustaining
substrates (neuropeptides, chemokines, cytokines, etc.)
[29]. A greater potential may lie in combinatorial treatment
with other antidiabetic drugs.

The first DPP-IV inhibitor on the market was
sitagliptin (by Merck and Co.) in 2006 [31], which was
followed by the structurally similar vildagliptin (by
Novartis) in 2007 [32] and saxagliptin (by Bristol-Myers
Squibb and Astra Zeneca) in 2009 [33], linagliptin in 2011,
allogliptin in 2013 and omarigliptin (by Merck) in 2014.
The efficacy and safety profile of DPP-IV inhibitors have
been promising and beneficial to date. DPP-IV inhibitors
do not have an intrinsic risk of inducing or stimulating
hypoglycemia and they are body-weight neutral in
contrast to sulfonylureas and other antidiabetic drugs.
Their tolerability profile is good [20].

The DPP-4 inhibitors are all orally available and are
speedily ingested, with significant inhibition of plasma
DPP-4 activity being seen within 5 min of administration.
Oral biovailability is generally high in humans “87% for
sitagliptin [34], 85% for vildagliptin[35] and ~67% for
saxagliptin [36], although somewhat lower for linagliptin
("30%) [37].

Table 1: Some of the common drawbacks of DPP IV inhibitors

DPP 1V inhibitors Drawbacks

Sitagliptin Upper respiratory tract infection,nasopharyngitis,
and headache

Saxagliptin Upper respiratory tract infection,urinary tract
infection, andheadache

Vildagliptin A small increase in the risk of angioedema has
been observed, brings the problem of renal
impairment

Linagliptin Headache, joint pain, and sorethroat

The DPP-4 inhibitors are the first new therapeutic
class of oral antihyperglycaemic drug for T2DM for many
years. They were contrived for the treatment of the
disease based on prior knowledge of the physiology of
the incretin hormone GLP-1 and an understanding of the
target (DPP-4), contrasting with the development of other
antidiabetic agents whose blood glucose-lowering effects
were initially discovered more by chance than by design
without fully knowing the wunderlying mechanisms
(e.g. metformin, sulphonylureas and glitazones).

Identification of the 3-dimensional/tertiary structure
of the DPP-4 protein allowed the rational design of small
molecule inhibitors which interact only with the catalytic
site without interfering in any of the other functions of
the DPP-4/CD26 molecule. This, together with the
understanding of the role of GLP-1 in glucose
homeostasis and its unique susceptibility to breakage by
DPP-4, probably accounts for the noteworthy lack of
adverse effects so far associated with the therapeutic use
of the DPP-4 inhibitors.

The current review highlights the antidiabetic
activity of DPP-4 inhibitors that increase GLP-1 serum
concentration and the curative property of herbal plants.

Role of Medicinal Plants: It is worth noting that the
investigations of the last years manifested the inhibition
of DPP-IV and ADA activities by plant extracts [39-41].

Medical plants play an important role in the
management of type 2 diabetes mellitus (T2DM) by
delaying the development of diabetic complications
and correcting  metabolic abnormalities [42].
Traditional plant-based remedies have been and are being
used by T2DM patients around the world (e.g.,
patients belonging to the Chinese [43], Indian [44] and
Mexican [45] populations).

The most commonly studied hypoglycemic plants are
Opuntia streptacantha, Trigonella foenum-graecum,
Ficus bengalensis, Polygala
senegaand Gymnema sylvestre [38]. However, it is
apparent that additional research needs to be undertaken
on these and other medicinal plants with hypoglycemic
effects because the compounds which are bioactive and
their modes of action still remain unclear in most cases.

Regarding the stimulation of insulin secretion,
one target of interest for the anti diabetic action of these
extracts is the serine protease dipeptidyl peptidase-IV
(DPP-1V; EC 3.4.14.5) as the DPP-IV inhibition has been
shown to be an appropriate treatment for T2DM [20].
DPP-IV specifically removes N-terminal dipeptides from
substrates containing proline or alanine as the second

Momordica charantia,
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residue, altering them into inactive or antagonistic
species. Incretins like glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP) are
most important substrates of DPP-IV, which stimulates
insulin secretion [50].

Medicinal Plants Ascertained for the GLP-1 Stimulation
till Date: In 2010, Mangifera indica leaves have been
estimated by the scientists Shivanna Yogisha and
Koteshwara Anandarao Raveesha for presence of
antidiabetic properties using glucose-induced
hyperglycemia, normoglycaemic and streptozotocin (STZ)
induced diabetic mice. DPP-IV inhibitory assay (in-vitro)
was done to test the activity of methanolic extract of
M.indica leaves. The study confirmed that M. indica
methanolic extract inhibited DPP-IV mediated degradation
of GLP-1 in-vitro.

In 2011, the crude bark extract of tree turmeric
(Berberis aristata) was tested by Rituparna Chakrabarti,
et al., using Diprotin A as the standard inhibitor of DPP-IV
which is an effective inhibitor. The scientists used DPP-IV
assay of Diprotin and B. aristata which helped in
isolation of berberine, a natural DPP-IV inhibitor from the
bark of B. aristata. This phytochemical exhibited effective
inhibition against DPP-IV enzyme and explained the role
of B.aristata in regulating diabetes.

In 2012, Inonotus obliquus (a medicinal mushroom)
and whose previous studies have demonstrated that its
mycelium powers possess significant antihyperglycemic
effects in a mouse model of diabetic disease induced by
alloxan was analysed. The study conducted by scientists
in School of Pharmaceutical Science, Jiangnan University
aimed to identify the active ingredients of I obliquus
mycelium powders. They applied bioassay-guided
fractionation approach and explored the mechanism of
action of the active ingredients by using inhibitory assay
model of DPP-4 (an important enzyme as a new
therapeutic target for diabetes). It was depicted that the
chloroform extract of mycelium was potential inhibitory
against DPP-4. Bioactivity guided fractionation led to the
identification of 19 compounds using UPLC-Q-TOF-MS.
Molecular docking between the compounds and DPP-4
disclosed that 5, 8, 9, 14, 15 compounds may be the active
components responsible for the DPP-4 inhibitory activity.

In 2013, the anti diabetic effect of Nelumbo nucifera
(family Nymphaeaceae) was tested in streptozotocin
induced diabetic rats. The scientists Nallani Venkata Rama
Rao, A.Narendra Babu and M.Sathish Kumar confirmed
that the results obtained from methanolic extract of
Nelumbo nucifera leaf and stem had antidiabetic property

due to presence of alkaloids, amino acids, saponins,
glycosides, vitamins, etc.

In 2014, Anand-Krishna Singh, Rameshwar Jatwa and
Jaya Joshi evaluated Ocimum sanctum and Momordica
charantia for their cytoprotective potential and presence
of DPP IV inhibition activity. The use of different
antioxidant activity assays such as in vitro DPP IV
activity; ferric reducing potential and reducing power in
O. sanctum and M. charantia extracts clearly exhibited
that the leaf extract of O.sanctum and fruit extract of
M. charantia contains novel DPP-IV inhibitors with
cytoprotective potential.

CONCLUSION

The adverse effects related with DPP IV inhibitors
lead to an increased risk for infection and headache.
DPP IV inhibitors as monotherapy may not be sufficiently
active in patients with poor and long time disease.

To overcome the drawbacks related with the
synthetic drugs (DPP IV inhibitors), herbal supplements
have gained popularity. Therapeutic plants are mainly
utilized for their cost effectiveness and beneficial effects.
Due to the contribution of numerous substantial
components, the herbal medicines market has evolved at
an expressive rate internationally. There is a belief that
herbal medicines might be of effective benefit in the
treatment of certain diseases where conventional
therapies and medicines have proven to be inadequate.
The propensity of plants towards self-medication;
quality improvement and certainty of being safe in herbal
medicines and high cost of synthetic medicines has
opened gateway throughout the world.

GLP-1"based therapy would be a complementary
approach to diabetes management for various reasons.
It does not cause hypoglycemia. No weight gain occurs
that can be seen with insulin or sulfonylureas and may in
fact facilitate loss of weight. It can be applied as a bridge
to insulin therapy or to reduce insulin requirements of
insulin resistant patients in order to avoid weight gain.
Aggrandizement of GLP-1 and GIP protein concentration
by inhibition of DPP IV is a unique technique in a way
that it has been shown to reduce the rise in glucagon.
It also promotes [B-cell rescue and practically halt diabetes
progression. But, the technique is mainly used along with
the orally available drugs that act as DPP IV inhibitors.

Although scientists have immensely studied the cure
and treatment of type 2 diabetes by the use of extracts of
medicinal plant parts throughout the world to resurrect
the insulin level in body but, still the stimulation level
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could be improved to a higher percentage. This could be
improved by internalization of plant extract (stem-bark of
Mangifera indica) to augment GLP-1 factor in humans
without the involvement of synthetic drug inhibitors for
DPP 1V. This would serve as a novel aspect in the
experiment to be fared.

»  ABBREVIATIONS

«  DPP IV: Dipeptidyl peptidase IV

*  ADA: American Diabetes Association

*  NIDDM: Non Insulin-Dependent Diabetes Mellitus

* CJC-1131: ConjuChem

*  FDA: Food and Drug Administration

*  pmol kg™ min~": picomole per kilogram per minute

*  EC: Enzyme Commission

*  N-terminal: amino terminal, NH,-terminus

e Co.: Company

*  CD26: Cluster of Differentiation

* UPLC-Q-TOF-MS:  Ultra-performance  Liquid
Chromatography Quadrupole Time Of Flight Mass
Spectrometry
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