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ABSTRACT
Type 2 diabetes mellitus is a metabolic disorder characterized by high blood glucose whose prevelance is
increasing in the 21% century. Its management involves lifestyle modifications and drug therapy.
The pathogenesis of type 2 diabetes mellitus is complex, and includes a significant reduction of the
incretin effect. In patients with type 2 diabetes, glucagon like peptide-1 secretion may be impaired.
Significant understanding of the role of incretin hormones in glucose homeostasis has led to the
development of incretin-based therapies that offer advantages over previously used antidiabetics. Incretin-
based therapies have significant glucose-lowering effects, promote weight loss (or are weight-neutral),
inhibit glucagon secretion and protect beta cells. They are currently recommended to be used as an add on
therapy to older antidiabetic drugs who show suboptimal glycemic control. Drug groups like glucagon-
like peptide-1 mimetics which mimic the effect of incretin and dipeptidyl peptidase-4 inhibitors that
prevent the degradation of glucagon-like peptide-1 specifically take care of the blunted response to
incretin in type 2 diabetics.
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INTRODUCTION

Diabetes mellitus is a spectrum of common metabolic disorders caused by genetic and environmental
factors which contribute to its pathogenesis. Its world wide prevalence has risen rapidly over the past two
decades. Based on the current scenario, there would be more than 360 million individuals suffering from
diabetes by the year 2030. (Powers , 2008). India has the largest number of people with diabetes and is
known as the “diabetic capital’ of the world. It has been projected that by 2025, India will have more than
60 million people with diabetes. (Wild et al, 2004; Vaz et al, 2011). Diabetes mellitus is classified on the
basis of pathogenesis which causes hyperglycemia and the two broad categories are type 1 and type 2
diabetes mellitus (Powers, 2008). Type 1 previously known as insulin dependent diabetes mellitus
accounts for 5-10% of diabetes and occurs due to destruction of pancreatic islet B cells, predominantly
due to an autoimmune process which can cause complete or near total insulin deficiency. Type 2 earlier
called as non insulin dependent diabetes mellitus is a progressive metabolic blood glucose disorder due to
multiple metabolic abnormalities including insufficient insulin secretion, impaired response of liver and
peripheral tissues to insulin, loss of beta cell function, impaired regulation of glucagon secretion and
disturbed incretin physiology (Andukuri et al, 2009). Incretins are involved in maintaining glucose
homeostasis along with other hormones like insulin, glucagon and amylin. Incretins are released by
enteroendocrine cells in the intestine in response to a meal. Incretin dysfunction, along with other defects,
has been implicated in contributing to the pathogenesis of type 2 diabetes mellitus (Campbell et al,
2011).Despite a plethora of medications already available for tackling diabetes today, adequate control of
diabetes and retardation of disease progression has not been possible yet. The current range of drugs used
for diabetes include biguanides (metformin), sulphonylureas (glyburide, glimiperide, glipizide,
gliclazide), thiazolidinediones (pioglitazone), meglitinides (nateglinide, repaglinide), alpha glucosidase
inhibitors (miglitol, acarbose, voglibose) and insulin. Sulfonylureas and meglitinides are insulin
secretagogues, causing the release of insulin by direct action on the Karp channel of the pancreatic beta
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cells. Blockage of this channel leads to depolarization and secretion of vesicles containing insulin. Their
main side effects are hypoglycemia and weight gain. Biguanides and thiazolidinediones are known as
insulin sensitizers i.e they increase the sensitivity of target organs to insulin. Biguanides reduce hepatic
gluconeogenesis by activating adenosine monophosphate-activated protein kinase (AMPK) and increase
uptake of glucose by the peripheral tissues, including skeletal muscle. Metformin is the biguanide
available for use in the market. The most frequent side effects with metformin are gastrointestinal
(anorexia, nausea, vomiting, diarrhea). Thiazolidinediones, also known as ‘glitazones’, bind to
peroxisome proliferator activated receptor-y (PPARY), a nuclear receptor involved in transcription of
genes regulating the release of adipokines (resistin and adiponectin) from adipocytes. Stimulation of
adiponectin secretion sensitizes peripheral tissues to the effects of insulin. There occurs increased glucose
transporter (GLUT 1 and GLUT 4) expression which helps in uptake of glucose. Adverse effects noted
are edema, increased fracture risk in wome, anemia and weight gain. Alpha glucosidase inhibitors are not
technically hypoglycemic agents because they do not have a direct effect on insulin secretion or
sensitivity. Alpha glucosidase enzyme in the gut digests starch and sucrose. Alpha glucosidase inhibitors
slow the digestion of starch in the small intestine, so that glucose from the starch of a meal enters the
bloodstream more slowly, so less glucose is absorbed as the carbohydrates are not broken down into
glucose molecules. These agents are effective as monotherapy only in the earliest stages of impaired
glucose tolerance, but can be helpful in combination with other agents in type 2 diabetes mellitus. The
main adverse effects seen with this class of drugs are flatulence and diarrhea. Insulin therapy with rapid
and long acting insulin preparations form the mainstay of therapy for managing type 1 diabetics while it
is used in type 2 diabetes patients when other oral antidiabetics fail to maintain adequate glycemic levels.
Latest in the development of anti-diabetes treatment are incretin based therapies which restore incretin
activity and may reduce the pathophysiologic consequences of diabetes. Two new classes of drugs based
on the actions of the incretins are injectable long-acting stable analogues of glucagon like peptide-1
(GLP-1) known as incretin mimetics, and orally available incretin enhancers which inhibit dipeptidyl
peptidase 4 (DPP4) enzyme, responsible for the rapid degradation of GLP-1 and glucose-dependent
insulinotropic polypeptide (GIP) (Masharani, 2010).

Incretin mimetics and enhancers

The incretin effect explains the augmentation in insulin secretion which is more pronounced in response
to oral glucose stimulation as compared to equivalent intravenous glucose bolus (Elrick et al, 1964;
Mclntyre et al, 1965) .Incretins are gastrointestinal hormones released after meals which can cause an
increase in insulin secretion. The two best known hormones that fulfill this criterion are GIP and GLP-1.
GIP also known as the glucose-dependent insulinotropic peptide is a member of the secretin family of
hormones. It is a 42-amino acid peptide synthesized and released from enteroendocrine K cells located
mostly in the duodenum and upper jejunum. Function of GIP is to induce insulin secretion, which is
stimulated primarily by hyperosmolarity of glucose in the duodenum . GIP is also thought to have
important effects on fatty acid metabolism by stimulation of lipoprotein lipase activity in adipocytes. It
has been demonstrated that GIP in the ruminant animal may play a role in nutrient partitioning in milk
production (Thorrens, 1995). GLP-1, is derived from proglucagon , a 180 amino acid precursor and exists
in two bioactive forms, GLP-1 (7-36) amide and GLP-1 (7-37) with GLP-1 (7—36) comprising up to 80%
of the GLP-1 in circulation (Chia and Egan, 2009). Production and secretion of GLP-1 occurs from
enteroendocrine L cells of jejunum and ileum (Theodorakis et al, 2006). Together, the insulinotropic
effect of GLP-1 and GIP accounts for up to 60% of the insulin secreted after eating food and plays a very
important role in promoting glucose homeostasis and GLP-1 in addition may have the potential to
improve pancreatic beta cell function. In addition, GLP-1 suppresses pancreatic glucagon secretion,
enhances glucose disposal, slows gastric emptying, promotes satiety, preserves islet integrity and
enhances resistance of beta cells to apoptosis. (Nauck et al, 2002; Meier et al, 2003; Drucker , 2006;
Kaushal et al, 2006; Gallwitz, 2006; Nielsen et al, 2004). GLP-1 has a very short half life of 1-2 minutes
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and is quickly metabolized by DPP- 4 enzymes and neutral endopeptidase (NEP) (Hupe et al, 1995;
Kieffer et al, 1995; Meier et al, 2004; Sharma and Sharma, 2011). Hence being a natural peptide itself is
not a useful therapeutic agent. In diabetics, the normal incretin effect is lost and GLP-1 secretion is
reduced. The response of beta cells to exogenously administered GLP-1 has been found to be three to five
times lower in patients with Type2 diabetes mellitus as compared to healthy people (Kjems et al, 2003;
Chia and Egan, 2009). Incretin mimetics or GLP-1 analogs boost GLP-1 to supra physiological levels by
activating GLP-1 receptor which is a seven-member trans-membrane G protein-coupled receptor. GLP-1
receptors are expressed by beta cells, cells in the peripheral and central nervous system, the heart and
vasculature, kidney, lung and gastrointestinal mucosa. When GLP-1 binds to its receptor, it activates
cAMP-PKA pathway and several guanine nucleotide exchange factors which in turn alters the activity of
several ion channels. In beta cells, it causes an increase in insulin biosynthesis and exocytosis in a glucose
dependant manner. (Thorens et al, 1993; Ducker, 2006; Powers and D’Alessio, 2011). When GLP-1 is
infused in patients with type 2 diabetes mellitus, it stimulates insulin secretion and lowers glucose levels
but unlike sulfonylureas, it has modest insulin stimulating effect at normoglycemic levels. Thus GLP-1 is
associated with a low risk of hypoglycemia (Masharani, 2010).Prolongation of GLP-1 action by inhibition
of its metabolic enzyme DPP-4 also is a promising therapeutic strategy in the incretin pathway and they
are termed incretin enhancers or gliptins. Owing to tremendous potential therapeutic utility in treatment of
type 2 diabetes mellitus, development of DPP-4 resistant GLP-1 analogs and DPP-4 inhibitors have been
taken up.

GLP-1 analogs

These are structurally altered chemical versions of GLP-1. They are receiving increased attention for
treatment of type 2 diabetes mellitus due to their ability to stimulate insulin secretion only during
hyperglycemic states (Arjona, 2008). Also there is decreased risk of rebound hypoglycemia with these
agents as compared to other drugs used for diabetes.The GLP-1 analogs available are exenatide,
liraglutide, taspoglutide and lixisenatide. Exenatide was the first marketed GLP-1 analog which was
approved by FDA in April 2005 as an adjunctive therapy for type 2 DM with metformin or sulfonylurea
(ltzjl, 2006). It should not be used in patients taking insulin. It is a synthetic version of a peptide
exendin-4 originally found in the saliva of the Gila monster (Heloderma suspectum). Unlike native GLP-
4, exenatide has a Glycine 8 in place of an Alanine8 of the N-terminus, which renders it resistant to the
action of DPP 4 enzyme. It reaches a maximum plasma concentration in approximately 2 hours, and the
mean half-life ranges from 3.3 to 4 hours (Kolterman 2005; Powers, 2008; Chia and Egan 2009;). It is
administered subcutaneously at a dose of Sug twice daily, one hour before a meal and can be increased to
a maximum of 10ug twice a day. It is equally absorbed from arm, abdomen, or thigh injection sites and
duration of action is upto 10 hours (Powers,2008; Nolte, 2009).The mean apparent volume of distribution
after administration of a single subcutaneous dose is 28.3 L. Based on animal studies, the bioavailability
of exenatide after subcutaneous injection has been estimated to be between 65% and 75%. The drug is
predominantly eliminated by glomerular filtration followed by proteolytic degradation (Bray, 2006).
Administration of exenatide once- or twice-daily by subcutaneous injections, in ten type 2 diabetes
mellitus patients who were insulin naive showed improvement in HbAlc (P<0.009) after one month of
treatment ( Egan et al., 2003). In another study, exenatide alone or in combination with metformin,
sulfonylurea or thiazolidinedione, was associated with modest reduction in HbAlc of about 1% (Amori,
2007). Exenatide long acting release (LAR) is in phase 3 development. Exenatide LAR is formulated with
exenatide and poly (d,I lactic-co-glycolic acid) microspheres, a biodegradable medical polymer
commonly used in extended drug release formulation. Once weekly subcutaneous injection is thought to
be the desired dosing frequency (Drucker et al., 2008). When a weekly injection of 2 mg exenatide LAR
was given, a therapeutic plasma level of 50 pg/mL was reached after the second injection. The steady
state concentration of 232 pg/mL was reached by sixth week (Kim et al, 2007). It was seen in one of the
studies that HbAlc of < 7% was achieved in 77 % of patients treated with exenatide LAR (once weekly)
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compared to 61% of those taking exenatide twice daily. Adverse events reported was nausea and pruritis
at injection site. Other adverse effects of exenatide reported have been nausea, vomiting, diarrhea,
dizziness, headache, dyspepsia, decrease in appetite, hypoglycemia (mainly when combined with a
sulfonylurea), increased sweating (Kaushal et al., 2006; Bray, 2006; Ezzo and Ambizas, 2006; (Levien et
al., 2009). Exenatide delays gastric emptying, so it should be administered atleast one hour before taking
other drugs like digoxin, lovastatin, lisinopril, acetaminophen, antiinfectives and oral contraceptives
(Kaushal et al., 2006; Bray, 2006).

Liraglutide is an acylated human GLP-1 analogue while is nearly identical to it with lysine 34 to
arginine substitution and an addition of a C-16 free-fatty acid derivative via a glutamoyl spacer at lysine
26. (Mudaliar, 2007; Chia and Egan, 2009). The free-fatty acid side chain promotes binding to albumin
and other plasma proteins leading to delayed absorption rate from the injection site and extended plasma
half life of 11-13 hours. Peak plasma concentration is attained within 10-14 hours after injection. The rate
of renal clearance of liraglutide is also slowed. (Knudsen et al, 2003; Knudsen et al, 2000; Agerso et al,
2002; Powers and D’Alessio, 2011). It was approved for use by US FDA in January 2010 and in europe
in 2009 (Parks and Rosebraugh, 2010). Liraglutide is indicated for adjunctive therapy along with
metformin, sulfonylurea or their combination and like exenatide is administered by subcutaneous route.
Liraglutide has been shown to lower blood glucose, cause weight loss, and improve beta cell functioning
on adding it to metformin and thiazolidienedione in the treatment of type 2 diabetes mellitus. In a single
comparative trial, liraglutide once a day reduced glycosylated hemoglobin levels to around 30% more
than exenatide twice a day and was better tolerated too (Buse et al., 2009). In another 12 week clinical
trial in 193 patients with type 2 DM, 0.75 mg liraglutide subcutaneously daily caused equivalent
reductions of Hb Alc compared with glimepiride and the treatment was associated with a weight reduction
of 0.39 kg, whereas patients treated with glimepiride experienced a mean weight gain of 0.94 kg.
(Madsbad et al., 2004 ; Mudaliar, 2007). FDA has expressed some serious concerns about safety of
liraglutide. Data from preclinical studies in rodents suggested that liraglutide was associated with increase
in the risk of thyroid C-cell focal hyperplasia and C-cell tumors. But though this is a troublesome news,
its relevance to humans is unknown. Also, a data from a long-term study did not show any notable
difference in mean calcitonin levels between liraglutide and control groups over 2 years of follow-up. So
the FDA concluded that statistically significant increases in cancer occurred only at drug levels many
times those used in humans but careful monitoring in humans and additional animal studies should be
carried out. There were some cases of pancreatitis reported in phase 2 and 3 studies with liraglutide but
such small data is difficult for forming any conclusion so the patients need to be aware that persistent
nausea and vomiting with liratglutide need careful evaluation and it should be discontinued if signs of
pancreatitis appear (Parks and Rosebraugh, 2010). More and more post approval clinical trials will give
us a better picture about their safety profile.

Another GLP-1 analog taspoglutide has 93% homology with native polypeptide where amino acids 8
and 35 of the native GLP-1 peptide are substituted with aminoisobutyric acid to prevent DPP-4 and
protease-mediated cleavage at the N- and C-terminus, respectively. It is to be injected subcutaneously
once weekly and is also effective given bi-weekly (Retterstol, 2009). Phase Il trials have shown that
weekly administration of a slow-release formulation was associated with enhanced glycemic control,
reduction in body weight and improved beta cell function. Mild gastrointestinal adverse effects were
reported and apart from that it is generally well tolerated (Arjona, 2008). Lixisenatide is a modified
exendin-4 based molecule with a short half-life of 2—4 hours, and it is classed as a short-acting GLP-1-
receptor agonist but despite that it is intended for once-daily dosing as it has a strong binding affinity to
the GLP-1 receptor. Various clinical studies with lixisenatide have shown beneficial effects on HbAlc
when combined with commonly used antidiabetes agents. Limited data with the intended once-daily 20
Mg subcutaneous dosing necessitate further evaluation of lixisenatide as add-on to various
antihyperglycemic treatments.There was no increased risk of hypoglycemia while beneficial weight
reduction was seen. Adverse effects were similar to other GLP-1 receptor agonists, the most frequent
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being gastrointestinal. Due to the pronounced effect of lixisenatide on postprandial plasma glucose it
seems rational to combine it with long-acting basal insulin analogs, so as to achieve additive effects on
glycemic control. (Barnett, 2011).

Dipeptidyl peptidase- 4 (DPP-4) inhibitors

DPP-4 gene family include four enzymes, DPP-4, DPP-8, DPP-9, fibroblast activation protein (FAP) and
catalytically inactive proteins DPP-6 and DPP-10 (Gupta and Kalra, 2011). Dipeptidyl peptidase 4 is a
complex cell surface, 766 amino acid serine protease that is widely distributed throughout the body,
expressed as an ectozyme on endothelial cells, on the surface of T-lymphocytes and in a circulating form.
(Drucker 2007; Powers and D’Alessio, 2011). It was originally known as the lymphocyte cell surface
marker CD26, or as the adenosine deaminase (ADA)-binding protein. Both GLP-1 and GIP are
endogenous physiological substrates for DPP-4 and it was seen that chemical inactivation of DPP-4
results in increased levels of intact bioactive GIP and GLP-1. (Drucker, 2007). So these agents increase
insulin secretion, reduce glucagon levels and improve both fasting and post prandial hyperglycemia.
Other physiological substrates of DPP-4 include neuropeptide-Y which has a role in appetite, energy
homeostasis, and blood pressure control, substance P which has a role in pain and inflammation.
Sitagliptin, saxagliptin, linagliptin, alogliptin and vildagliptin are the DPP-4 inhibitors available
(sitagliptin , saxagliptin and linagliptin in USA , vildagliptin in Europe, alogliptin in Japan), with several
others like gemiglaptan and dutogliptin are in various phases of clinical trials for use in type 2 diabetes
mellitus. Sitagliptin, saxagliptin and vildagliptin are also approved for use in India. (Palalau, 2009; Gupta
and Kalra 2011; Powers and D’Alessio, 2011)These drugs are orally available and quite effective in
reducing HbAlc. Sitagliptin, is a selective competitive DPP-4 inhibitor that results in two times increase
in postmeal active plasma GLP-1 (Palalau et al, 2009). It can be given once daily in a dose of 50 to 100
mg. The use of higher doses or twice-daily administration of sitagliptin did not provide additional benefits
(Aschner et al, 2006; Raz et al, 2006; Hanefeld et al, 2007).I1t has minimum metabolism by hepatic
microsomal enzymes. Sitagliptin is generally well tolerated and has been approved for use as as
monotherapy and in combination with metformin or a thiazolidienedione (Mudliar, 2007 ).

Saxagliptin, binds the enzyme DPP-4 covalently and reversibly and can be given once daily. It gets
metabolized in the body by CYP3A4/5 to an active metabolite. (Powers and D’Alessio, 2011). When
administered as initial therapy in type 2 diabetics, it showed 1.69% reduction in HbAlc while there was
1.99% reduction with metformin alone and 2.49-2.53% with a combination of saxagliptin and metformin.
Adverse reactions reported with it have been nasopharyngitis, headache, diarrhea, urinary tract infection
(Levien and Baker, 2009). It was laso seen that improvements in glycemic parameters from saxagliptin
(2.5-10 mg daily) in combination with metformin were sustained for at least 102 weeks and is weight
neutral (Defranzo et al, 2009; Palalau et al, 2009). In another monotherapy study, 521 patients with
T2DM were randomized to placebo, sitagliptin 100 mg once daily or sitagliptin 200 mg once daily for 18
weeks. A greater reduction of 0.60% in glycosylated hemoglobin was seen with sitagliptin 100 mg and
0.48% with sitagliptin 200 mg, respectively as compared with placebo. Fasting glucose levels were also
reduced with sitagliptin. In addition, sitagliptin 100 mg was associated with improvement in homeostasis
model of assessment of beta-cell function (HOMA-B), suggestive of beneficial effects on beta-cell
function (Gallwitz, 2007). Vildagliptin is another selective DPP-4 inhibitor yet to be approved for use in
USA but was approved in Europe in 2008. It is used as an adjunct in cases of type 2 diabetes whose blood
sugar is not sufficiently controlled by metformin, sulfonylurea or a thiazolidinedione. In a randomized,
double-blind, placebo-controlled, parallel-group study in 60 healthy Chinese volunteers, single and
multiple dose pharmacokinetics and pharmacodynamics, safety and tolerability of vildagliptin were
assessed after administration of 25, 50, 100, or 200 mg gid, OR 50 mg twice daily. Vildagliptin was
rapidly absorbed (tmax 1.5-2.0 hours) in the dose range of 25 to 200 mg and was rapidly eliminated with
a terminal elimination half-life of approximately 2 hours. No accumulation of vildagliptin was observed
following the administration of multiple doses (Hu et al, 2009). A study with vildagliptin 50 mg/day was
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compared with placebo for 12 weeks (with a further 40 week extension) in 107 patients with type 2
diabetes on metformin therapy40. At 1 year, vildagliptin caused reduction in the prandial glucose by 43
mg/dl, fasting glucose by 20 mg/dl and HbAlc by 1.1 per cent. (Mudaliar, 2007). Rare case of hepatic
dysfunctions have been reported with it and the liver function tests normalize after vildagliptin is
discontinued. So it is recommended that liver functions should be analysed before starting therapy with
vildagliptin and regularly evaluated after the treatment begins. At a dose of 100 mg as monotherapy,
vildagliptin was seen to cause dizziness, headache, constipation, peripheral edema. arthralgia and upper
respiratory tract infections.(Palau et al 2009).

Alogliptin is a potent, quinazoline based non covalent inhibitor of DPP-4, used alone or in combination
with insulin, metformin, sulphonylurea or a thiazolidinedione. Across all its doses, it has a mean half life
of 12.4-21.4 hours. In a study in type 2 diabetes patients who were not adequately controlled with insulin
alone or insulin plus metformin, alogliptin when added to insulin showed greater reduction in HbAlc
levels. It is well tolerated with few adverse effects like pruritis, nasopharyngitis and headache (Andukuri
et al, 2009 ; Levien and Baker, 2009). Alogliptin showed improvements in fasting blood glucose levels
and HbA,; which were sustained for at least 26 weeks. Alogliptin is weight neutral, and is associated with
very low incidence of hypoglycemia (Defronzo et al, 2008; Nauck et al, 2009; Pratley et al, 2009).
Linagliptin, a xanthine based DPP-4 inhibitor is currently being assessed as once daily tablet for
monotherapy or in combination with pioglitazone, metformin / metformin plus a sulfonylurea. It has
demonstrated around 80% inhibition of DPP-4 activity at a dose of 5 mg per day in phase Il clinical trials.
The effects were sustained, and were associated with minimum risk of hypoglycemia (Tiwari, 2009;
Deacon and Holst, 2010). In a short-term study in healthy adult male Japanese volunteers, multiple oral
doses of linagliptin inhibited plasma DPP-4 activity and elevated active GLP-1 concentrations in a dose-
dependent fashion, with no episodes of hypoglycemia. After oral administration of a single 5-mg dose to
healthy subjects, peak plasma concentrations of linagliptin occurred at approximately 1.5 hours post dose
(tmax). The effective half-life for accumulation of linagliptin, as determined from oral administration of
multiple doses of linagliptin 5 mg, is approximately 12 hours. The absolute bioavailability of linagliptin is
approximately 30%. Following oral administration, the majority (about 90%) of linagliptin is excreted
unchanged, indicating that metabolism represents a minor elimination pathway (Sarashina et al, 2010).
Dutogliptin, another small molecule inhibitor of DPP-4 underwent a single-center, randomized, open-
label, crossover study in type 2 diabetic patients was carried out where all patients received three
treatment regimens, each of 5 days duration: 400 mg OD of dutogliptin; 1000 mg metformin twice daily
and concomitant administration of 400 mg dutogliptin once daily and 1000 mg metformin twice daily.
The time to maximum plasma concentrations (t max) was essentially the same for dutogliptin with or
without metformin (Li J et al, 2010). All three treatment regimens were well tolerated.Dutogliptin was
also evaluated for efficacy and tolerability in a 12-week, multicentre, randomized, double-blind, placebo-
controlled trial in 423 patients with type 2 diabetes who were not optimally controlled with other
antidiabetics drugs. They received either dutogliptin (400 or 200 mg) or placebo as an add on medication
to either metformin alone, a thiazolidinedione alone or a combination of metformin plus a
thiazolidinedione . Dutogliptin for 12 weeks improved glycaemic control and dose of 400 mg resulted in
larger changes of HbAlc and FPG and more subjects attained HbAlc level of < 7% than the 200 mg
dose. The tolerability profile was favorable for both 200mg and 400mg dose (Pattzi et al, 2010).

CONCLUSION

There continues to be regular development in the field of anti-diabetics which has generated a lot of
interest. The newfound class of medications is a welcome addition to the existing armamentarium
against type 2 diabetes as their potential strengths and weaknesses are becoming better defined. GLP-1
agonists and DPP-4 inhibitors have a promising future due to their potential in retarding the disease
process in type 2 diabetes mellitus and less chance of hypoglycemic episodes. However, they will need
continuous evaluation both in long-term efficacy and safety controlled trials and in clinical practice to
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further assess their effectiveness in glycemic control, safety profile and whether they will alter the
micro and macrovascular complications of uncontrolled diabetes. This will determine their position
among the many available and well-established therapies for type 2 diabetes. Therefore it becomes
important for medical professionals to understand, initiate, and adjust treatment with the above
medications to provide appropriate care and safety for the well-being of their patients.

REFERENCES

Agerso H, Jensen LB, Elbrond B, Rolan P and Zdravkovic M (2002). The pharmacokinetics,
pharmacodynamics, safety and tolerability of NN2211, a new long-acting GLP-1 derivative, in healthy
men. Diabetologia 45 (2) 195-202.

Andukuri R, Drincic A and Rendell M (2009). Alogliptin : a new addition to the class of DPP-4
inhibitors. Diabetes, Metabolic syndrome and Obesity: Targets and Therapy 2 117-126.

Arjona A (2008). Taspoglutide. Drugs of the Future 33 (11) 938.

Aschner P, Kipnes MS, Lunceford JK, Sanchez M, Mickel C and Williams HDE (2006). Sitagliptin
study 021 group. Effect of the dipeptidyl peptidase-4 inhibitor sitagliptin as monotherapy on glycemic
control in patients with type 2 diabetes. Diabetes Care 29 (12) 2632-2637.

Barnett AH (2011). Lixisenatide: evidence for its potential use in the treatment of type 2 diabetes. Core
Evidence 6 67-69.

Bray GM (2006). Exenatide. American Journal of Health-System Pharmacy 63 (5) 411-418.

Buse JB, Rosenstock J, Sesti G, Schmidt WE, Brett JH, Zychma M and Blonde L (2009). Liraglutide
once a day versus exenatide twice a day for type 2 diabetes: 26-week randomized, parallel-group,
multinational trial (LEAD-6). The Lancet 374 (9683) 39-47.

Chakraborti CK (2010). Exenatide: A new promising antidiabetic agent. Indian Journal of
Pharmacological Sciences 72 (1) 1-11.

Chia CW and Egan JM (2009). Role and development of GLP-I receptor agonists in the management of
diabetes. Diabetes,Metabolic Syndrome and Obesity: Targets and Therapy 2 37-49.

Deacon CF and Holst JJ (2010). Linagliptin, a xanthine-based dipeptidyl peptidase-4 inhibitor with an
unusual profile for the treatment of type 2 diabetes. Expert Opinion on Investigational Drugs 19 (91) 133-
140.

DeFronzo RA, Fleck PR, Wilson CA and Mekki Q (2008). Alogliptin study 010 group. Efficacy and
safety of the dipeptidyl peptidase-4 inhibitor alogliptin in patients with type 2 diabetes mellitus and
inadequate glycemic control: a randomized, double-blind, placebo-controlled study. Diabetes Care 31
(12) 2315-2317.

Drucker DJ (2006). The biology of incretin hormones. Cell Metabolism 3 (3) 153-165.

Drucker DJ (2007). Dipeptidyl Peptidase-4 inhibition and the treatment of type 2 diabetes: Preclinical
biology and mechanism of action. Diabetes Care 30 (6) 1335-1343.

Drucker DJ, Buse JB, Taylor K, Kendall DM, Trautmann M, Zhuang D et al (2008). Exenatide
once weekly versus twice daily for the treatment of type 2 diabetes: a randomized, open-label, non-
inferiority study. Lancet 372 (9645) 1240-1250.

Egan JM, Meneilly GS and Elahi D (2003). Effects of 1 mo bolus subcutaneous administration of
exendin-4 in type 2 diabetes. American Journal of Physiology-Endocrinology and Metabolism 284 (6)
1072-1079.

Elrick H, Stimmler L, Hlad CJ and Arai Y (1964). Plasma insulin response to oral and intravenous
glucose administration. The Journal of Clinical Endocrinology and Metabolism 24 (10) 1076-1082.
Gallwitz B (2006). Exenatide in type 2 diabetes: Treatment effects in clinical studies and animal study
data. International Journal of Clinical Practice 60 (12) 1654-1661.

Gallwitz B (2007). Review of sitagliptin phosphate: a novel treatment for type 2 diabetes._Vascular
Health Risk Management. 3 (2) 203-210.

44



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online)
An Online International Journal Available at http://www.cibtech.org/jms.htm
2012 Vol. 2 (1) January-April, pp.38-47/Tikoo and Gupta

Review Article

Gupta V and Kalra S (2011). Choosing a Gliptin. Indian Journal of Endocrinology and Metabolism 15
(4) 298-308.

Hanefeld M, Herman GA, Wu M, Mickel C, Sanchez M and Stein PP (2007). Sitagliptin study 014
investigators. Once daily sitagliptin, a dipeptidyl peptidase-4 inhibitor, for the treatment of patients with
type 2 diabetes. Current Medical Research and Opinion 23 (6) 1329-13309.

Hu P, Yin Q, Deckert F, Jiang J, Liu D, Kjems L et al (2009). Pharmacokinetics and
pharmacodynamics of vildagliptin in healthy Chinese volunteers. Journal of Clinical Pharmacology 49
(1) 39-49.

Hupe SK, McGregor GP, Bridenbaugh R, Goke R, Goke B, Thole H et al (1995). Characterization of
the processing by human neutral endopeptidase 24.11 of GLP-1 (7-36) amide and comparison of the
substrate specificity of the enzyme for other glucagon-like peptides. Regulatory Peptides 58 (3) 149-156.
1tz JL, Baker DE, Setter SM and Keith CR (2006). Exenatide: an incretin mimetic for the treatment of
type 2 diabetes mellitus. Clinical Therapeutics 28 (5) 652-665.

Kaushal S, Chopra SC and Arora S (2006). Exenatide: An incretin-mimetic agent. Indian Journal of
Pharmacology 38 (1) 76-78.

Kieffer TJ, Mclntosh CH and Pederson RA (1995). Degradation of glucose-dependent insulinotropic
polypeptide and truncated glucagon-like peptide 1 in vitro and in vivo by dipeptidyl peptidase IV.
Endocrinology 136 (8) 3585-3596.

Kim D, MacConell L, Zhuang D,Kothare PA, Trautmann M, Fineman M et al (2007). Effects of
once-weekly dosing of a long-acting release formulation of exenatide on glucose control and body weight
in subjects with type 2 diabetes. Diabetes Care 30 (6) 1487-1493.

Kjems LL, Holst JJ, Volund A and Madsbad S (2003). The influence of GLP-1 on glucose-stimulated
insulin secretion: effects on beta-cell sensitivity in type 2 and nondiabetic subjects. Diabetes 52 (2) 380-
386.

Knudsen LB, Knudsen SM and Wilken M (2003). Plasma protein binding of NN2211, a long acting
derivative of GLP-1, is important for its efficacy. Diabetes 52 (Suppl 1) A321-A322.

Knudsen LB, Nielsen PF, Huusfeldt PO, Johansen NL, Madsen K, Pedersen FZ et al (2000). Potent
derivatives of glucagon-like peptide-1 with pharmacokinetic properties suitable for once daily
administration. Journal of Medicinal Chemistry 43 (9) 1664-1669.

Kolterman OG, Kim DD, Shen L, Ruggels JA, Nielsen LL, Fineman MS et al (2005).
Pharmacokinetics, pharmacodynamics and safety of exenatide in patients with type 2 diabetes mellitus.
American Journal of Health-System Pharmacy 62 (2) 173-181.

Li J, Klemm K, O’Farrell AM, Guler HP, Cherrington JM, Schwartz S et al (2010). Evaluation of
the potential for pharmacokinetic and pharmacodynamic interactions between dutogliptin, a novel DPP4
inhibitor, and metformin, in type 2 diabetic patients. Current Medical Research and Opinion 26 (8) 2003-
2010.

Levien TL and Baker DE (2009). New drugs in development for the treatment of diabetes. Diabetes
Spectrum 22 (2) 92-106.

Madsbad S, Schmitz O, Ranstam J, Jakobsen G and Matthews DR (2004). NN2211-1310
International Study Group. Improved glycemic control with no weight increases in patients with type 2
diabetes after once-daily treatment with the long acting glucagon-like peptide 1 analog liraglutide
(NN2211): a 12 week, double-blind, randomized, controlled trial. Diabetes Care 27 (6) 1335-1342.
Masharani U (2010). Diabetes Mellitus and Hypoglycemia. In: McPhee SJ, Papadakis MA. Current
Medical Diagnosis & Treatment, 49" ed. NY:McGraw-Hill 1079-1122.

Mcintyre N, Holdsworth CD and Turner DS (1965). Intestinal factors in the control of insulin
secretion. Journal of Clinical Endocrinology and Metabolism 25 (10) 1317-1324.

Meier JJ, Gallwitz B, Salmen S, Goetze O, Holst JJ, Wolfgang E et al (2003). Normalization of
glucose concentrations and deceleration of gastric emptying after solid meals during intravenous

45



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online)
An Online International Journal Available at http://www.cibtech.org/jms.htm
2012 Vol. 2 (1) January-April, pp.38-47/Tikoo and Gupta

Review Article

glucagon-like peptide 1 in patients with type 2 diabetes. Journal of Clinical Endocrinology and
Metabolism 88 (6) 2719-2725.

Meier JJ, Nauck MA, Kranz D, Holst JJ, Deacon CF, Gaeckler D et al (2004). Secretion, degradation
and elimination of glucagon-like peptide 1 and gastric inhibitory polypeptide in patients with chronic
renal insufficiency and healthy control subjects. Diabetes 53 (3) 654-662.

Meier JJ and Nauck MA (2005). Glucagon-like peptide 1 (GLP-1) in biology and pathology.
Diabetes/Metabolism Research and Reviews 21 (2) 91-117.

Mudaliar S (2007). New frontiers in the management of type 2 diabetes. Indian Journal of Medical
Research 125 (3) 275-296.

Nielsen LL, Young AA and Parkes DG (2004). Pharmacology of exenatide (synthetic exendin-4): A
potential therapeutic for improved glycemic control of type 2 diabetes. Regulatory Peptides 117 (2) 77-
88.

Nauck MA, Ellis GC, Fleck PR, Wilson CA and Mekki Q (2009). Alogliptin study 008 group. Efficacy
and safety of adding the dipeptidyl peptidase-4 inhibitor alogliptin to metformin therapy in patients with
type 2 diabetes inadequately controlled with metformin monotherapy: a multicentre, randomized, double
blind, placebo-controlled study. International Journal Of Clinical Practice 63 (1) 46-55.

Nauck MA, Heimesaat MM, Behle K, Holst JJ, Nauck MS, Ritzel R et al (2002). Effects of glucagon
like peptide-1 on counterregulatory hormone responses, cognitive functions and insulin secretion during
hyperinsulinemic, stepped hypoglycemic clamp experiments in healthy volunteers. The Journal of
Clinical Endocrinology and Metabolism 87 (3) 1239-1246.

Nolte MS (2009). Pancreatic hormones & Antidiabetic drugs. In: Katsung BG, Masters SB, Trevor AJ.
Basic & Clinical Pharmacology,11™ ed. New Delhi:McGraw-Hill 727-751.

Palalau Al, Tahrani AA, Piya MK and Barnett AH (2009). DPP-4 inhibitors in clinical practice.
Postgraduate Medicine 121 (6) 1-16.

Parks M and Rosebraugh C (2010). Weighing risks and benefits of liraglutide-The FDA’s review of a
new antidiabetic therapy. The New England Journal of Medicine 362 (9) 774-777.

Pattzi HMR, Pitale S, Alpizar M, Bennett C, O’Farrell AM, Li J et al (2010). Dutogliptin, a selective
DPP4 inhibitor, improves glycaemic control in patients with type 2 diabetes: a 12-week, double-blind,
randomized, placebo-controlled, multicentre trial. Diabetes Obesity and Metabolism 12 (4) 348-355.
Pratley RE, Kipnes MS, Fleck PR, Wilson C and Mekki Q (2009). Alogliptin study 007 group.
Efficacy and safety of the dipeptidyl peptidase-4 inhibitor alogliptinin patients with type 2 diabetes
inadequately controlled with glyburide monotherapy. Diabetes Obesity and Metabolism 11 (2) 167-176.
Powers AC (2008). Diabetes mellitus. In: Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL,
Jameson JL, Loscalzo J. Harrison’s Principles of Internal Medicine, 17" ed. NewYork:McGraw-Hill
2275-2304.

Powers AC and D’Alessio David (2011). Endocrine Pancreas and Pharmacotherapy of Diabetes Mellitus
and Hypoglycemia. Goodman & Gilman’s The Pharmacological Basis of Therapeutics,12" ed. NewYork:
Mcgraw-Hill 1237-1273.

Raz I, Hanefeld M, Xu L, Caria C, Williams HD and Khatami H (2006). Sitagliptin study 023 group.
Efficacy and safety of the dipeptidyl peptidase-4 inhibitor sitagliptin as monotherapy in patients with type
2 diabetes mellitus. Diabetologia 49 (1) 2564-2571.

Retterstol K (2009). Taspoglutide: a long acting human glucagon-like polypeptide-1 analogue. Expert
opinion on Investigational Drugs 18 (9) 1405-1411.

Sarashina A, Sesoko S, Nakashima M, Hayashi N, Taniguchi A, Horie Y et al (2010). Linagliptin, a
dipeptidyl peptidase-4 inhibitor in development for the treatment of type 2 diabetes mellitus: A phase I,
randomized, double-blind, placebo-controlled trial of single and multiple escalating doses in healthy adult
male japanese subjects. Clinical Therapeutics 32 (6) 1188-1204

Sharma HL and Sharma KK (2011). Insulin and other antidiabetic drugs. Principles of Pharmacology,
2" ed. Hyderabad:Paras Medical Publisher 626-641.

46



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online)
An Online International Journal Available at http://www.cibtech.org/jms.htm
2012 Vol. 2 (1) January-April, pp.38-47/Tikoo and Gupta

Review Article

Theodorakis MJ, Carlson O, Michopoulos S, Doyle ME, Juhaszova M, Petraki K et al
(2006).Human duodenal enteroendocrine cells: source of both incretin peptides, GLP-I and GIP.
American Journal of Physiology-Endocrinology and Metabolism 290 (3) E550-E559.

Thorens B, Porret A, Buhler L, Deng SP, Morel P and Widmann C (1993). Cloning and functional
expression of the human islet GLP-1 receptor. Demonstration that exendin-4 is an agonist and exendin-(9-
39) an antagonist of the receptor. Diabetes 42 (11) 1678-1682.

Thorens B (1995). Glucagon-like peptide-1 and control of insulin secretion. Diabetes and Métabolism 21
(5): 311-8

Tiwari A (2009). Linagliptin, a dipeptidyl peptidase-4 inhibitor for the treatment of type 2
diabetes.Current Opinion in Investigational Drugs 10 (10) 1091-1104.

Vaz NC, Ferreira AM, Kulkarni MS and Vaz FS (2011). Prevalence of diabetes mellitus in a rural
population of Goa, India. The National Medical Journal of India 24 (1) 16-18.

Wild S, Roglic G, Green A, Sicree R and King H (2004). Global prevalence of diabetes: Estimates for
the year 2000 and projections for 2030. Diabetes Care 27(5) 1047-1053.

47



