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Abstract

Maintaining a healthy glycaemic condition is associated with so many more
other protective/precautionary attributes. Recent advancement in the field of drug
discovery have led us find more and more options to choose from. DPP-4 inhibitor
sitagliptin makes sustained expression of incretins GLP-1 and GIP that in turn establishes glycaemic control. But recent reports claimed pro-inflammatory as well as
pro-carcinogenic action of the drug after prolonged use in T2DM patients. Interestingly, in those cases also, the effector molecule responsible is said to be the incretin
GLP-1. The same molecule has been hypothesized for being responsible to cause
thyroid C-cell carcinomas. In vitro investigations using human cell lines did not show
any clues in support of carcinoma formation. Instead, the DPP-4 inhibitory action of
sitagliptin serves in other complications associated with T2DM. In any tissue injury
due to hypoxic stress in T2DM, sitagliptin serves in the tissue repair mechanisms via
its DPP-4 inhibiting property. Consequently, DPP-4, for not being able to be active
in presence of sitagliptin, fails to truncate the CXCL-12/SDF-1 and therefore helps
in the homing of HPCs/EPCs to repair the injured tissue. In conclusion, it can be said
that more research is definitely required to be confirmed about the pre-cancerous activity of the drug, and to make the drug more usable in favour of the other beneficial
effects of it.
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Introduction
Today’s biggest concern in human lifestyle is maintaining a decent health that has been turning into a very challenging job
due to the increase in the global diabetic population. In spite of the fact that globally under-nutrition is widespread, especially in
the 3rd world countries, contrasting views can be captured in more developed countries where there is habitually disproportionate
food consumption leading to obesity and diabetes, cardiovascular disease and often some or the other forms of cancer. Among the
mentioned diet-associated complications, obesity and diabetes and the cancer are well documented to be linked with each other[1,2,3].
Cancer has been linked with diabetes only recently though. Inflammation has been a major problem in the patients with diabetes.
Apart from that, the major linked pathological conditions include cardiovascular pathology, diabetic nephropathy, retinopathy, neuropathy and others. The best pre-emption to resist the advancement to the diseased condition is a proper glycaemic control[4,5]. The
effective treatment of diabetes merely came to be plausible in the 1920s with the discovery of insulin. Insulin came handy in combating type-1 diabetes mellitus (T1DM) while it is also recommended for prevention of type-2 diabetes mellitus (T2DM) in cases
where oral drugs stand insufficient or during particular conditions like pregnancy, perisurgical time or in acute states (myocardial
infarction)[4,5].
But there are conditions when use of insulin cannot be prescribed to control hyperglycaemia. Since insulin is a potential
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growth factor for mammalian cells, it would have a boomerang action leading towards the initiation of tumorigenesis or carcinogenesis. There are dozens of published data and analysis that emphasize the association of cancer with diabetes, the disease itself, as
well as the treatment of it[2,6,7]. This, in fact, was a unanimously accepted consensus by the experts of American Diabetes Association
and the American Cancer Society[1,2]. Epidemiological data supports the view that diabetics remain in a significantly higher risk of
cancer[2].
Contemporary oral treatment modalities are targeted to reduce the hepatic glucose yield, easing glucose absorption, increasing peripheral glucose utilization, and stimulating the release of insulin. Altogether, the treatment regime is involved in the
management of hyperglycaemia associated with T2DM but the pathophysiological decline in the beta-cell function and mass largely
remain unaffected and the gap in knowledge remained over the long term. These agents- including biguanides, sulfonylureas, meglitinides, alpha-glucosidase inhibitors and thiazolidinediones –are also often concomitant by substantially inappropriate side-effects[8].
Sitagliptin, introduced in 2006, was the first FDA approved drug in the Dipeptidyl peptidase-4 (DPP-4) inhibitor class. This
group of therapeutic agents is considered unique in its target mechanistic approach in the treatment of diabetes and thus to improve
glycaemic control.
Classification of the drug
Sitagliptin (Januvia, Merck) belong to the DPP-4/CD26 inhibitor class of insulin sensitizers which are anti-hyperglycaemic
agents directed towards improvement of glycaemic control in patients with T2DM. The drug (sitagliptin) is available as tablets of25-, 50-, and 100 mg. The drug has been used as monotherapy as well as combination therapy (along with other class of anti-diabetic
drugs) intending to achieve synergistic efficacy. For example, a sitagliptin and metformin combination (Janumet, Merck) was made
available and approved in 2009[9].
Pharmacology and mode of action
Modern day research in regard to the management of T2DM and hyperglycaemia has led to new targets in connection
with the role of gut hormones in the regulation of pancreatic beta cells. After the ingestion of meal, a club of hormones are secreted
from the intestinal mucosa, i.e. incretins [glucagon-like peptide (GLP-1), and glucose-dependent insulinotropic peptide (GIP) etc.],
causing stimulation to the beta cells resulting in release of insulin[10,11]. Reasonably, this insulin release is glucose dependent. GLP-1
is secreted from the L-cells of distal small intestine after food intake and GIP is mainly secreted by K-cells of proximal small intestine[11]. After the action, GLP-1 gets degraded by DPP-4, a cell surface serine protease which cleaves dipeptides, containing proline
or alanine in N terminal position[12]. Taking under consideration the anti-diabetic properties of GLP-1 receptor agonists (GLP-1 RA),
couple of drugs, namely exenatide and liraglutide, was developed to exploit the advantageous incretin pathway through subcutaneous administration for prolific secretion of insulin. Another way to utilize the incretin system is by inhibiting the DPP-4 enzyme
by oral administration of sitagliptin, vildagliptin, saxagliptin, linagliptin or alogliptin. Incretin therapy has certain associated health
benefits like bodyweight reduction and dodging from hypoglycaemic attack[13].
GLP-1 acts through its G-protein coupled receptor pathway. The incretin stimulates the propagation and differentiation of
pancreatic alpha and beta cells by increasing the synthesis of insulin. This is achieved via giving stimulus to the insulin promoter
factor 1 (Pdx-1, pancreatic and duodenal homeobox 1)[14]. Apart from increased insulin secretion, GLP-1 can act to achieve glycaemic control via several routes, viz a decline in the glucagon concentrations, a delay in the gastrointestinal clearing, and potential
induction of satiety. GLP-1 plays a role in the decreased rate of apoptosis of pancreatic beta cells other than assisting proliferation of
the same population[15]. Circulating levels of GLP-1 gets elevated immediately after a meal only to decrease in a couple of minutes
(half-life < 2 minutes) when it is rapidly inactivated by DPP-4, a proteolytic enzyme. DPP-4 inhibitors like sitagliptin have sealed
that gap to increase the activity by the incretins like GLP-1.
Sitagliptin and inflammation
Sitagliptin heals: Inflammation (originally Latin word, meaning setting on fire) is generally defined as a confined tissue response
towards infection or wound which is categorized by the four basic signs- heat (calor), redness (rubor), swelling (tumor) and pain
(dolor)[16]. Apart from these signs, there are certain molecular markers by which the inflammation can be analysed in living systems.
As part of our concern, diabetes and inflammation are linked together hugely. The foremost feature of T2DM is the presence of higher concentration of glucose in the peripheral blood. Prolonged exposure of beta cells to the elevated concentration of this
glucose and fatty acids results in upsurge in the metabolic activity of the islet cells, thus in turn giving rise to increased production
of reactive oxygen species (ROS)[17]. ROS is vastly responsible for inflammation. Other than this, there are certain pro-inflammatory molecules that mediate inflammation. DPP-4 (CD-26) is present in the cell surface which is a molecule of this kind. Therefore,
inhibitor of DPP-4 is a potent anti-inflammatory molecule. Reports have been there regarding the use of sitagliptin to combat the
inflammatory activity of DPP-4 by inhibiting its synthesis and the action there of. The use of sitagliptin has been reported to be very
advantageous in the treatment of atherosclerosis, a chronic inflammatory disease, because of the drug’s potent and rapid anti-inflammatory effect[18,19,20]. Exenatide, a potent GLP-1 agonist had also been observed to show a similar act and thus protecting against
inflammation[21].
Therefore, by inhibiting its synthesis or inactivating the DPP-4 the bioavailability of GLP-1 can be extended to exert its
beneficial effect against inflammation[21]. Apart from this finding, sitagliptin usage interestingly reduced the free fatty acids (FFA)
concentrations in the plasma and thereby improving the insulin sensitivity. The fall in the concentration of the FFA resulted in a
www.ommegaonline.org
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decrease in inflammation, which is in line with the finding that FFA induces inflammation[22]. Using mononuclear cells (MNC), sitagliptin had been shown to reduce the intranuclear binding of NF-κB and decrease the expression of certain other pro-inflammatory
molecules like TNF-alpha, TLR-4, CD-26[18]. TLR-4 is a receptor for the endotoxin lipopolysaccharide (LPS). It becomes evident
from the above information that LPS induced inflammation can be checked by sitagliptin[18,23]. Human MNC data was potentially
supported by rat ventricular myoblast cell line experiments data only to show that like in mononuclear cells of humans, in the cardiomyocytes of rats the NF-κB is downregulated and inflammatory response is reversed as a consequence[18]. Apart from playing
roles in reduction of inflammatory responses in blood cells and cardiomyocytes, the anti-diabetic drug raised strong to be effective
enough in the treatment of diabetic nephropathy (DN), an associated complication in diabetics. A diabetic rat model demonstrated
the drug’s efficacy to inhibit the inflammation and associated pro-apoptotic mechanism of the kidney cells in vivo[24] (Figure 1).

Figure 1: Depicting various roles played by a DPP-4 inhibitor sitagliptin in sustaining glycaemic control, tissue repair, enhancement of immunotherapy against cancer and anti-inflammatory mechanisms.

Some contradictions: Nearly half a dozen scientific reports have stated about the adverse effects of using agonists of GLP-1 pathway. Sitagliptin is one of them. It has been reported recently that using sitagliptin for long duration resulted in increased rate of
acute inflammation of the pancreas resulting in pancreatitis[25,26,27]. Again, a study by Suissa et al, reported no significant association
between pancreatitis and sitagliptin usage as compared to other medications[28].
Other adverse effects, reported from post-marketing analysis of sitagliptin, include- serious allergic reactions, including
anaphylaxis, angioedema, and Stevens–Johnson syndrome. It has been reported by the Food and Drug Administration (FDA), USA,
that sitagliptin use may induce fatal/non-fatal necrotic pancreatitis in addition to acute pancreatitis[26,29]. Apart from these, recent
studies on case reports have raised some contradictions that DPP-4 inhibitor sitagliptin may be responsible for acute and chronic
inflammatory diseases like rheumatoid arthritis/ arthralgia, an inflammatory pain in the joint and psoriasiform, one type of autoimmune skin inflammation[30,31].
In spite of all these studies based on population data and case reports, the adequacy in this regard has not been achieved till
date. Since the population based studies have certain limitations and the reasons behind the initiation of inflammatory response has
not been experimentally assessed, the thrust for knowledge remained on the issue.
Sitagliptin and cancer
Resulting from the upsurge in the scientific investigations regarding the association of diabetes and cancer, several anti-diabetic drugs have been put under trial to evaluate their anti-cancer therapeutic efficacy. Sitagliptin, besides being recognized
to be a potent anti-inflammatory agent in different studies, mentioned in this manuscript, has been observed to cure cancer also. In
this section, we would scrutinize the risk factors, if any, of using sitagliptin in cancer-diabetic patients and of course the benefits of
inhibiting DPP-4 enzyme in the anti-cancer mechanisms.
Anti-cancer activity: Data are scarce in regard to studies evaluating the role of sitagliptin or other DPP-4 inhibitors in carcinoSarkar, M., et al.
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genesis or tumorigenesis. There are very few evidences suggesting anti-cancer role of the drug. A similar in vitro study with colon
cancer cells (HT-29) reports the drug’s anti-cancer property with a very low IC-50 value. A higher IC-50 was observed in case of
another DPP-4 inhibitor, vildagliptin[32]. An earlier study had shown that the inhibition of growth of the colon cancer cells as well
as induction of apoptotic cell death (ACD) mechanism is carried out by the incretin GLP-1 after the activation of its receptor[33]. A
very recent study from our laboratory also demonstrates a similar result in case of HCT-116 colon cancer cells and HepG2 hepatocarcinoma cell line (data not shown; unpublished). But, in their article by Amritha et al (2015), the anti-pancreatic cancer activity
of the DPP-4 inhibitor was mentioned, though this is certainly arguable keeping in mind the recent scientific reports. Keeping aside
the GLP-1 mediated action of the medicinal agent, investigators found some evidence that supports the drug’s action causing the
body’s own defence system to get activated and killer /effector lymphocytes can invade the tumor and inflammation territory to kill
the cancerous cells. The anti-cancer activity is said to be carried out depending upon the presence or absence of DPP-4 or CD-26 on
the cell surface. Sitagliptin inhibits the DPP-4 and thus biologically active chemokine CXCL10 is stabilized and CXCL10 mediated
CXCR3+ T cells recruitment in to the tumor parenchyma enhances T cell dependent antitumor effect. Therefore, the study validates
that the use of sitagliptin may augment the general and adjuvant based immuno therapy of cancer[34,35]. (Figure 1)
Pro-cancerous motion: The drug, in several population based studies, was found to be responsible for development of cancer. As
stated earlier in the text, sitagliptin has been found to trigger pancreatitis and pancreatic cancer after prolonged treatment[25,26,27]. A
study involving Taiwanese T2DM patients, suggested a possible link between sitagliptin use and thyroid cancer[25,36,37]. Generally
speaking, thyroid cancer is a rare disease and it requires prolonged exposure to the drugs with higher bioavailability and longer
half-life to promote the proliferating pathway[38]. In rodents, GLP-1 agonists have been found to elevate the risk of C-cell adenoma
and medullary carcinoma spontaneously while in the humans it is thought to be rare. There have been reports that cell lines from the
C-cell origin of rodents, showed elevated production of cAMP second messenger and instant increase in secretion of calcitonin[39].
The similar cells from the human origin had also been tested to find if any proliferative mechanism does act in the same line. But
human origin cells, though exposed to a far higher concentration of the GLP-1 agonists, did not give any indication of becoming
cancerous[40]. Various similar studies were carried out in the run and they all demonstrate the effect of GLP-1 protein itself or, GLP-1
agonists upon GLP-1 receptors or effects of GLP-1 receptor agonists. Our drug of concern, sitagliptin is a DPP-4 inhibitor and is
very faintly and not directly related to the mode of action of aforesaid effector molecules.
Sitagliptin in injury and tissue repair
Apart from the drug’s debated influence in the anti-inflammatory mechanisms and several other cases involving anti-cancer
instruments, this inhibitor of DPP-4 enzyme extends its activity to enhance the homing and engraftment of the hematopoietic stem
cells (HSCs). Kim et al (2014) demonstrated in one of their contemporary investigation that the DPP-4 inhibitors have pivotal effects
on the hematopoietic system[12]. This study supported a previous investigation by Gupta et al (2012), suggesting anti-platelet action
of sitagliptin in both diabetic and healthy persons[41]. Kim et al (2014) suggested with evidence that the recovery from bone-marrow
suppression was enhanced with the use of DPP-4 inhibitor[12]. It was explained in a recent report that DPP-4/CD26 has potential
influence on the modulation of hematopoietic chemokine effects. The study illustrates the effects of the proteolytic enzyme DPP-4/
CD26 that can influence the activity of certain proteins by forcing their post-translational modification. A truncated CSF (T-CSF)
fails to stimulate the proliferation of hematopoietic progenitor cells (HPCs). Truncated CXCL-12 (T-CXCL-12) is another such
protein which is inactivated by the DPP-4 enzyme. The most harmful result, among what they deliver is the inhibitory action of the
truncated versions over the expression of their full length protein variants[42].(Figure 1)
The CXCL-12 is one of the substrates of DPP-4 as we know. The other terminology used to indicate CXCL-12 is SDF-1
(Stromal-cell Derived Factor-1). Among all other substrates of DPP-4, SDF-1 has been studied most intensely. SDF-1 has 2 variants – alpha and beta, and works as a homing molecule for hematopoietic stem cells (HSCs), hematopoietic progenitor cells (HPCs)
and endothelial progenitor cells (EPCs). The upregulation of expression of SDF-1 takes place in case of injury. Other than this the
homing molecule is expressed constitutively by the bone marrow cells[12,43]. Whenever any vascular injury is occurred, in response
to the SDF-1 generated from the injury sites, EPCs get bound to mobilize to that sites through blood stream and put back together
the anatomical integrity of the injured tissue[44]. In presence of DPP4 inhibitor, concentration of SDF1 rise thereby increasing peripheral blood flow, angiogenesis, and endothelial progenitor cell homing and wound healing[45]. It has been reported that interaction
between SDF-1 from the hypoxic sites and the receptor of SDF-1/CXCL-12, CXCR-4, on EPCs seems significant in vascular repair
and neo-angiogenesis. That an anti-DPP-4 treatment can improve cardiac homing of stem cells and improve heart function after
a myocardial infarction (MI) has already been shown in some preclinical studies[46]. Therefore it can be clearly understood that
treatment of T2DM patients with sitagliptin may enhance amelioration from any tissue injury (including the most common in such
patients – cardiovascular injury) along with sustained glycaemic control. (Figure 1)
The DPP-4 does have even more to offer for the scientific society. A new field of interest developed for the investigators
after the report of DPP-4 being involved in the list of cancer stem cell markers for colon cancer cells due to having germ-line polymorphisms[47]. Forthwith a hypothesis can be drawn that inhibition of DPP-4 by sitagliptin could hypothetically lead to a decreased
number of cancer stem cells and the chance of recurrence can be reduced henceforth.

Discussion and Conclusion
Present studies are targeted towards finding out important and truly efficient drugs in the treatment of diabetics suffering
from cancer. Since, different drug action requires different effector molecules to exert the beneficial outputs, it is necessary to have a
www.ommegaonline.org

105

J Stem Cell Regen Biol | Volume 2: Issue 2

DPP4 Inhibitor Sitagliptin in Inflammation, Injury and Cancer

sound knowledge regarding the pharmacology and associated side effects of the drug. The anti-hyperglycaemic action of sitagliptin
is beyond doubt. The anti-inflammatory action claims larger use of the drug. The anti-cancerous physiognomies claim the drug’s
usage irrespective of patients’ cancer history. In principle, there could be weak or strong evidence, either in favour of or against the
claims that sitagliptin can someway cause pancreatitis, pancreatic cancer, thyroid cancer, or other cancers or work absolutely to oppose all these circumstances. Our present review is concerned about its claimed hostile actions as depicted by several demographic
data representations, and whether it is good or bad to use sitagliptin in diabetes patients with or without a history of any type of
cancer and inflammatory diseases.
Whether a drug can cause pancreatitis or any drug can cause pancreatic cancer is interrelated. Lowenfels et al. (1993) in
their report stated that chronic pancreatitis enhances the risk factor to result in pancreatic cancer by 26-fold as compared with cases
not associated with chronic pancreatitis[48]. The underlying roots include genetic susceptibility, alcohol abuse and some drugs[49-51].
Once chronic pancreatitis has been recognized, the chronic inflammation and bigger intraductal pressure due to stenosis in the pancreatic duct(s) often may show progression towards pancreatic carcinoma[49-51]. But, interestingly there are very few or absolutely no
data supporting the establishment of chronic pancreatitis associated with treatment of sitagliptin. This is of importance that substantial evidences prove the episodes of acute pancreatitis instead of the chronic one.
Instead, sitagliptin has several times been reported to act against inflammatory mechanisms in past as mentioned in the
manuscript. It decreases the risk of LPS induced inflammatory markers like TNF-α, ROS, IL-1β, IL-6. Apart from this, a major
anti-inflammatory action is completed by reducing the activation of NFκB, whereas, it’s DPP-4 inhibitory function itself defines its
anti-inflammatory action. The inhibitory effect of DPP-4 inhibitor on NFκB also important for its antiproliferative activity against
cancer. (Figure 1)
In experiments using transgenic rats who over expressed human islet amyloid polypeptide in the endocrine pancreas (HIP
rat), it was demonstrated that except in a very few cases (statistically insignificant) where only sitagliptin was administered no signs
of pancreatitis could be traced in the models involving combination therapy of sitagliptin with metformin or metformin alone[24].
Among other aspects of the study, an enhanced rate of ductal cell proliferation was observed in sitagliptin treated group and the
condition was ameliorated with the combination therapy with sitagliptin and metformin[24]. What we understand from the reports is
that sitagliptin usage may bring about ductal cell carcinoma and thereby cause pancreatitis and perhaps in the long run pancreatic
carcinoma in rat[24]. But in case of humans, it should be the rarest of the cases since the pancreatic cancer is possible only after a long
standing insult by chronic pancreatic inflammation.
Present knowledge regarding the known mutation rates and rate of augmentation of cancer causing somatic mutations at
respective stages of development of pancreatic cancer suggest that the incidence must be a chronic process, because from a stage
of normalcy a duct cell takes about an era (approx. 12 years) to get initiated to be a tumor cell and to give rise to a parental clone
from which a pancreatic carcinoma can grow. And these cells then get converted into sub-clones with metastatic capacity in another
7 years and further 3 years from then the disease gets diagnosed with evident clinical symptoms of primary tumor accompanied by
metastasis[52]. Therefore, the possibility of developing pancreatic cancer via such a process seems a bit difficult from this point of
view.
The similar observation was reported in case of development of a thyroid C-cell carcinoma. In experiments, involving
rodent animal models, the generation of second messenger cAMP and release of calcitonin were demonstrated to be there behind
the upsurge of the C-cell proliferation. In contrary with this, the similar cell lines from human origin did not show similar cyclic
AMP (cAMP) generation and cellular secretion thereby denying favouring the same pathway as in case of the rodent model[39,40].
Therefore, the reported case of Thyroid C-cell carcinoma needs serious concern to find out the reason behind its development. It
cannot be challenged straightaway because a recent investigation with immunohistochemistry suggested that GLP-1 receptors were
examined and detected in some, but not all, follicular cells and in some papillary thyroid carcinomas. This indicated the influence of
such receptors on the rate of cell proliferation[53]. However, contradictory reports do exist which state that GLP-1 receptors are not
present outside the C-cells in the thyroid tissue[54].
Other than the above mentioned mechanisms, GLP-1 and its receptor has been reported to enhance the Wnt signalling
pathway towards generation of cancer stem cells and high proliferation rates. Although the studies have marked the GLP-1 and its
receptor agonists to be responsible for causing cancerous symptoms, but not the DPP-4 inhibitors like sitagliptin[55]. Therefore, the
present topic demands more discussions to confirm the usability of sitagliptin at the same time, invading the risk of development of
cancer.
In agreement with the GLP-1 related studies, reports have been there indicating that a reduced expression of the DPP-4 is
associated to malignancy in a few cases like ovarian, colon, and melanoma cancers[56]. The mechanism behind the scene might be
the viable concentration of GLP-1 due to unavailability of adequate concentration of DPP-4 to degrade GLP-1. So it can be said
hypothetically that in these cases also the GLP-1 remained the main molecule to result in progression towards cancer. Hence, the
mechanisms related to DPP-4 remained unclear till now.
But research regarding the DPP-4 enzyme and functions related to it, has placed the DPP-4 gene among the markers associated with colon CSC (cancer stem cell) as we have discussed earlier[47]. However, DPP-4 activity might also increase in some cancers
like hepatocellular carcinoma or skin basal cell cancer and the enzyme’s immunosuppressive potency has also been suggested[56].
In support of this, Silva et al (2015) have very recently suggested the role of DPP-4 inhibitor in raising a natural immunotherapy
against cancer[34]. In consistency with this we have previously talked about cases where sitagliptin has been observed to cure colon
cancer in vitro[32,33]. This in turn justifies the use of sitagliptin to potentially reduce the risk of colon cancer and raise the natural
immunotherapy against carcinogenic insult.
Sarkar, M., et al.
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Before declaring the overall conclusion regarding the use of sitagliptin in diabetic-cancer patients, we must not forget about
its effects on the hematopoietic cells[12,41,42]. In diabetic patients, certain pathophysiological conditions like nephropathy, retinopathy,
and cardiomyopathy are seen frequently. In these and other tissue injury cases CXCR-4+ cells are increased thus activating tissue
repair mechanisms. DPP-4 inhibitor, like sitagliptin, enhances the CXCR-4 expression and activity of it by increasing the expression of the ligand of it, SDF-1. This, in turn, is assisting the tissue repair mechanisms in cardiovascular and other tissue injuries by
mobilizing and homing of EPC and stem cells. Other than these, the DPP-4 inhibitor enhances vasorelaxation, improves blood flow
in organs, and combats hypoxic stresses in tissues by inducing angiogenesis[42,45,46,57]. (Figure 1)
After all the discussion, we may conclude that DPP-4 inhibitor (sitagliptin) ensures double edge advantages including anti-inflammatory, anti-cancer and tissue repairing functions, while used by the diabetic populations. Future studies at molecular level
are indispensable to reveal more pros and cons of its use.
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