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The treatment of type 2 diabetes mellitus is metforand sulfonylurea (SU) as fi-line anti-
diabetic therapies for many years. It is the firgt treatment though the combination result
a progressive decline in [be-cell function. Tkere is 50% decline in [beta] cell by 3 year:
diabetic patients so there is requirement of arntiaddl pharmacological agent to maintain
glycosylated hemoglobin (HbAlc) <7.0% (UKPDS). @l represent a novel class of age
that improve beta cl health and suppress glucagon, resulting in imgdopos-prandial and
fasting hyperglycemia. They function by augmentthg incretin system (GL-1 and GIP)
preventing their metabolism by dipeptidyl peptic-4 (DPF-4). They are not only efficacious
butalso safe as they do not cause significant hypeghya and are weight neutral.

Gliptins
Incretins

1. Introduction

The treatment of type 2 diabetes mellitus (T2DMiipalarly in
the overweightpatient is Metformin and in both lean a
overweight patient is sulfonyurea (SU), as firgeliant-diabetic
therapies worldwide. Before 1995, sulfonyt (SU )was the
most popular antiliabetic therapy in the USA (United State
Sulfonyurea increasessulin secretion in a glucc-independent
manner, causing severe and unpredictable hypogtyie:
Hypoglycaemia occurs particularly if the meal isaged or if its
carbohydrate quantity reduced. The use of metformiy
became popular in the US after 199%hey continue to rema
mainstay therapy despite their problems they ast baited tc
deal with the original pathogenic triumvirate thedor T2DM
proposed by Ralf Defranzolhe triumvirate theory include
qualitative and quantitative beta cell fagu insulin resistance
level of liver and peripheral tissue. This was tsirece there wa
no agent that could help improve health of the hmth and
cause insulin release in a glucose dependant mamhéer all
changed once it was known about theretin system in the
pathogenesis of T2DM. Dearrangement of the incretisterr
has been implicated in progression of -cell failure so a
therapy that can augment this system has been stuopromote
beta cell health and insulin releasn a glucos-dependent
mannerl-5].

Metformin therapy has been associated with seahahntage
such as non-hypoglycemic, weidbs promoting, ar-ischemic

to cardiac tissue, improvement in -alcoholic hepatosteatosis,
anti-neoplastic , also its use has been ociated with
gastrointestinal adverse effects, limiting its ugatticularly in
the non-overweight patieft 6]. Use of SU's on the other hand
although effective in lowering plasma glucose camabsociate
with variable severities ofypoglycemia, weight gain, becell
death, and possibly adverse cardiac outcomes agosEC
originally by the UKPDS and later by other gro[2, 7].

The UKPDS was the first to show that the combimatdd SU
and metformin resulted in a progres: decline in [beta]-cell
function and by 3 years up to 50% of diabetic pasiecar
require an additional pharmacological agent to ta#inthe
glycosylated hemoglobin (HbAlc) <7.(2, 5]. Moreover, the
percentage of diabetic patients classified as aatety
controlled while mostly on these therapies stilmains &
challenge with a majority (> 50%) of diaic patients having a
HbAlc > 7%8] From the above data it seems clear that exi:
popular therapies are not only ineffective butassociated witl
a significant amount of morbidity (weight gain &
hypoglycemia). So the need of the population isefieshing
class of drugs whose effs is on hyperglycemia , without
adversely affecting the survival of b-cells, weight and free of
hypoglycemia,GLIPTINS might just close to that cla

1.1 Pathophysiol ogy

Type 2 DM is characterized by impaired insulin séon,
insulin resistance, erssive hepatic glucose production,
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abnormal fat metabolism. In the early stages of disorder,
glucose tolerance remains near-normal, despite limnsu
resistance, because the pancreatic beta cells cmage by
increasing insulin  output. As insulin resistance d an
compensatory hyperinsulinemia progress, the paticrigkets in
certain individuals are unable to sustain the hysetinemic
state. IGT, characterized by elevations in postiierglucose,
then develops. A further decline in insulin seanetiand an
increase in hepatic glucose production lead to todeabetes
with fasting hyperglycemia. Ultimately, beta celllfire ensues.

2. What areincretins

It is intestine secretion insulin.
Definition

Gut derived factors that increase glucose stimdldtesulin
secretion.

Two hormones

(2). glucagon-like peptide-1 (GLP-1)

(2). glucose-dependent insulinotropic polypepti@dR(

In 1930 La Barre described a greater effect of oedher

parenteral glucose in increasing insulin secretiorl.986 Nauck
demonstrated that a glucose infusion graded toeaehplasma
glucose levels identical to those achieved witH ghacose led
to a insulin response that was only one fourth fdt tin

comparison of oral glucose. This led the reseascteecome to a
conclusion that this is due incretin effect due itwretin

hormone. There are two main incretin hormones imims, GIP
(glucose-dependent insulinotropic peptide; alsonkmas gastric
inhibitory peptide) and GLP-1 (glucagon-like peptitl). Both

hormones are secreted by endocrine cells thatoaetdd in the
epithelium of the small intestine. The release ntrétin

hormone is regulated in a similar way as other stige tract
hormones. As the glucose concentration increaséisei small
intestine, it stimulates the release of incretincrétins are
released in the circulation to reach their targesue: the
pancreatic beta cells. Incretin stimulation of betls causes

suppresses hepatic glucose output by inhibitingcagon
secretion in a glucose-dependent manner. It enbapiceell
proliferation and survival in animal models andoaldelays
gastric emptying.

Glucose-dependent insulinotropic polypeptide (GIP)

It is secreted by K cells in the proximal gut (deadm). It
stimulates release of insulin in glucose-dependeanhner. It
also helps in proliferation g cell and its survival and delays
gastric emptying.

2.2 Incretinsin diabetes

The clinical relevance of the incretin system caméght when
it was recognised that the incretin response is ketdy

attenuated in people with type 2 diabetes. Therdeisreased
response of GLP-1 with respect to food intake legdto

hyperglycaemia in these patients through a relatagiction in
postprandial insulin response, the subsequentéadtiglucagon
suppression and a lack of appetite suppression.

concentration of GIP is near normal, but its effent insulin
secretion is diminished. These observations uneaover new
therapeutic strategy for type 2 diabetes - thaproimoting the
activity of the incretin system. Two pharmacologjiapproaches
have been taken to enhance the incretin effegipia 2 diabetes.

The

One approach is to administer GLP-1 ‘'analogues'P¢GL
receptor agonists) that are resistant to cleavag®m®P4. The
other approach is to inhibit DPP4 activity. Thisfeefively
increases the half life and therefore the circogati
concentrations of the incretins. The effectiveneds both
approaches suggests that there is no significashiction in
GLP-1 sensitivity in subjects with diabetes. GLBdsed
Agents Incretins are Gl hormones that are released meals
and stimulate insulin secretion. The two best knavenetins are
GLP-1 and GIP. Although these peptides share many
similarities, they differ in that GIP is not effact for
stimulating insulin release and lowering blood gise in
persons with type 2 diabetes, whereas GLP-1 isctefte
Consequently, the GLP-1 signaling system has besrteessful

them to secretenore insulin in response to the same amount ofdrug target.

blood glucosg,10].

This has generated an interest among the researdner
developing incretin-based therapies for the treatnoé type 2

diabetes mellitus. As it is well known that type diabetes

mellitus is due to insulin resistance, which ido decreased
responsiveness of tissues to insulin, and so it teag to a

relative insulin deficiency. In most of the advath@ases of type
2 diabetes mellitus there is a defect in insulicregon.

2.1 Incretinsand their actions
Glucagon-like peptide-1 (GLP-1)

It is secreted by L cells in the distal gut (ilewnd colon). It
stimulates release of insulin in glucose-dependeniner. It

39

Both GLP-1 and glucagon are products derived from
preproglucagon, a 180—amino acid precursor with §eparately
processed domains (Drucker, 2006). An amino-terhsignal
peptide is followed by glicentin-related pancreapeptide,
glucagon, GLP-1, and glucagon-like peptide 2 (G)P-2
Processing of the protein is sequential and octurs tissue-
specific fashion. Pancreatic -cells cleave progjoca into
glucagon and a large C-terminal peptide that iretuidoth of the
GLPs. Intestinal L-cells and specific hindbrain rems process
proglucagon into a large N-terminal peptide thatludes
glucagon or GLP-1 and GLP-2. GLP-2 impacts theifam@tion
of epithelial cells lining the GI tract. Teduglutida GLP-2
analog, is under development as a treatment fort dhawel
syndrome and has received orphan drug designatiorthie
treatment of short bowel syndrome from the U.S. Fal the
European Medicines Agency.
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Given intravenously to diabetic subjects in supyaptiogic
amounts, GLP-1 stimulates insulin secretion, irthilglucagon
release, delays gastric emptying, reduces foodkéntand
normalizes fasting and postprandial insulin seereti The
insulinotropic effect of GLP-1 is glucose dependémtthat
insulin secretion at fasting glucose concentratiangen with
high levels of circulating GLP-1, is minimal. Thdfexts of

approved for treatment diabetic patients in the. B&ndin-4 is
a naturally occurring reptilian, Gila Monster pelgtiof 39 amino
acids with considerable homology to GLP-1. It ipaent GLP-
1 receptor agonist that shares many of the phygicdb and
pharmacological effects of GLP-1. It is not metdted by DPP-
4. Plasma t1/2 of 2-3 hours following subcutanemjection.
Importantly, exendin-4 cause’s glucose-dependensulim

GLP-1 to promote glucose homeostasis and the ghucosecretion, delayed gastric emptying, lower glucalpmels, and

dependence of these effects are beneficial aspefctshis
signaling system for treating type 2 diabetes. GLB-rapidly
inactivated by the enzyme dipeptidyl peptidaseINP-4), with
a plasma t1/2 of 1-2 minutes; thus, the naturatigepitself, is
not a useful therapeutic agent.

Two broad strategies have been taken to applying-GLto
therapeutics, the development of injectable, DPRedistant
peptide agonists of the GLP-1 receptor, and thaticne of small
molecule inhibitors of DPP-4.

GLP-1 Receptor agonists

Several GLP-1 agonists are in advanced phasesvefatenent
but currently two GLP-1 receptor agonists that hdneen

reduced food intake.

Exenatide (BYETTA), synthetic exendin-4, is thesfiiGLP-1
agonist approved for use as monotherapy and asmdailje
therapy for type 2 diabetes patients,who do noiteaehglycemic
control with metformin, sulfonylurea, the combimeti of
metformin and sulfonylurea, or thiazolidinedion& tlinical
trials, exenatide, alone or in combination with foehin,
sulfonylurea, or thiazolidinedione, was associatétli improved
glycemic control, as reflected in an ~1% decreasélhA1C,
and weight loss that averaged 2.5-4 kg (Amori et al
2007).Amino acid sequence of Exenatide

Exenatide:
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS

GLP-1: HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRG

H-His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gin-Met-Glu-Glu-Glu-Ala-Val-
Arg-Leu-Phe-lle-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NH

Exenatide (Byetta)

Liraglutide is a second GLP-1 receptor agonistu@urally, available or under investigation is their pharmawcetics and the

liraglutide is nearly identical to native GLP-1,tlviLys34 to Arg exposure time to the GLP-1 receptor.

substitution and addition of a -glutamic acid cadplto a C16

fatty acyl group. The fatty acid side chain perntiiading to 2.3 Mechanism of action

albumin and other plasma proteins,this leads tersdd t1/2

permitting once a day administration. The pharmgwathic All GLP-1 receptor agonists works through a common

profile of liraglutide mimics GLP-1 and exenatidad in clinical mechanism,which is activation of the GLP-1 recepBLP-1

trials liraglutide caused both improvement in glyde control receptors are expressed by cells in the periphemdl central

and weight loss. In a single comparative triahdiutide reduced nervous system, the heart and vasculature, kidoneg, and Gl

A1C~30% more than exenatide. mucosa. Binding of agonists to the GLP-1 recepttivates the
CAMP-PKA pathway and several GEFs (guanine nudeoti

There are a number of other GLP-1 receptor agonistsexchange factors) (Drucker, 2006). GLP-1 recepidivation

development. A sustained-release form of exenagdenatide also initiates signals through PKC and PI3K, andiliers the

LAR, is being tested as a once-weekly injectionisTdompound activity of several ion channels. In cells, the erdult of these

is composed of exenatide in microspheres with thddyradable actions is increased insulin biosynthesis and ewsty in a

polymer D,L lactic-co-glycolic acid. In phase 3 dies, exenatide glucose-dependent manner.

LAR shares the pharmacodynamic properties of eidmdiut

may be more potent (Kim et al., 2007). Other lontirg GLP-1 2.4 Absor ption, distribution, metabolism, excretion, and

receptor agonists in advanced stages of developrimehide dosing

albiglutide, a recombinant protein fusion of GLRwid albumin;

taspoglutide, a modified GLP-1; lixisenatide, a fified exendin- Exenatide is given as a subcutaneous injectioretaaily, before

4 based molecule; and CJC-1134, an exendin-4/atbumeals. Exenatide is rapidly absorbed, peak coratioms is

conjugate. These agonists all have extended hal-lielative to reached in ~2 hours. It undergoes little metabolismthe

exenatide and liraglutide and may be suitable focesweekly circulation, and has a volume of distribution ofarlg 30 L.

injection. The distinguishing feature among thegsrcurrently Clearance of the drug occurs primarily by glomertilaation,

glomerular filtration, with tubular proteolysis anghinimal
reabsorption. Exenatide is marketed as a pen #lateds 5 or

40

10 g; dosing is typically started at the lower dosed it is
increased based on the response to therapy.
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Liraglutide is given as a subcutaneous injectiooeodaily. A

peak level is reached in 8-12 hours and the t1/2i44 hours.
There is little renal or intestinal excretion ofalylutide, and
clearance is primarily through the metabolic patysvaf large

plasma proteins. Liraglutide is supplied in a pajedtor that
delivers 0.6, 1.2, or 1.8 mg of drug. We start tieatment with
low dose and generally advanced to the two higloeesl based
on clinical response.

2.5 Adver s effects and drug interactions

Intravenous or subcutaneous administration of GLEauses
nausea and vomiting in a dose-dependent mannertroSas
intestinal side effects occur at higher doses whiehneeded to
regulate blood glucose. Based on data from clirticalls, up to
40-50% of subjects given a GLP-1 receptor agonegiont
nausea at the initiation of therapy. Because thsidd effects of
these drugs decreases over time, most affecteenpatire able
to continue a course of therapy. The activatiorthef GLP-1
receptor can delay gastric emptying; thus exenadite other
drugs of this class should be used with cautiorh vather
compounds that affect gastric emptying. Moreovet,P&
agonists may alter the pharmacokinetics of drugs thquire
rapid Gl absorption, such as oral contraceptivesaanibiotics.

The combination of exenatide or liraglutide withifesoylurea

drugs causes an increased rate of hypoglycemia aaupto

sulfonylurea treatment alone. Because of the higbrek of

renal clearance, exenatide should not be givenetsoms with

moderate to severe renal failure (creatinine clezga30

mL/minute). There is no current recommendation &mse

adjustments of other GLP-1 receptor agonists forefesed renal
function. Exenatide has also been rarely associaitd acute

renal failure. Based on surveillance data, there ipossible
association of exenatide treatment with pancrsatiticluding

fatal and nonfatal hemorrhagic or necrotizing peattis. There
is currently no mechanism to explain this assommtand cases
linking exenatide to pancreatitis are rare.

2.6DPP-4 I nhibitors
M echanism of action

DPP-4 is a serine protease that is widely distetuhroughout
the body, expressed as an ectoenzyme on endothellg) on
the surface of T-lymphocytes, and in a circulatiogn. DPP-4
cleaves the two N-terminal amino acids from peptigdth a
proline or alanine in the second position. Althoutlere are
many potential substrates for this enzyme, it seemsbe
especially critical for the inactivation of GLP-1nd GIP
(glucose-dependent insulinotropic polypeptide; magthibitory
peptide)9].

2.7 Dosage forms

Several agents provide nearly complete and longias
inhibition of DPP-4, thereby increasing the propmrtof active
GLP-1 from 10-20% of total circulating GLP-1
immunoreactivity to nearly 100%. Two of these, giifin

41

(JANUVIA) and saxagliptin (ONGLYZA), are now avdlilke in
the U.S.; a third, vildagliptin, is available inetfe.U.; a fourth
compound, alogliptin, is in advanced stages ofidcdintrials.
Sitagliptin and alogliptin are competitive inhibisoof DPP-4,
whereas vildagliptin and saxagliptin bind the eneytovalently.
Despite these differences, all four drugs can lvergin doses
that lower measurable activity of DPP-4 by >95% T@rhours.
This causes a greater than 2-fold elevation of mpéas
concentrations of active GIP and GLP-1 and is aatet with
increased insulin secretion, reduced glucagon seveind
improvements in both fasting and postprandial hglyeemia.
Inhibition of DPP-4 does not appear to have dirféects on
insulin sensitivity, gastric motility, or satietpor does chronic
treatment with DPP-4 inhibitors affect body weigPP-4
inhibitors used as monotherapy in type 2 diabetitiepts,
reduced HbAlc levels by an average ~0.8%. Theseconus
are also effective for chronic glucose control wiaglded to the
treatment of diabetic patients receiving metformin,
thiazolidinediones, sulfonylureas, and insulin. Téfects of
DPP-4 inhibitors in combination regimens appearaadditive.
The recommended dose of sitagliptin is 100 mg alaky. The
recommended dose of saxagliptin is 5 mg once daily.

2.8 Absor ption, distribution, metabolism, and excr etion

DPP-4 inhibitors are absorbed effectively from tkeall
intestine. They circulate in primarily in unbounadkrh and are
excreted mostly unchanged in the urine. DPP-4 itdrbbdo not
bind to albumin, nor do they affect the hepaticoctirome
oxidase system. Both sitagliptin and saxagliptie axcreted
renally, and lower doses should be used in patisittsreduced
renal function. Sitagliptin has minimal metabolisgw hepatic
microsomal enzymes. Saxagliptin is metabolized WP GA4/5
to an active metabolite. The dose saxagliptin shda lowered
to 2.5 mg daily when co-administered with strong R3A4
inhibitors (e.g., ketoconazole, atazanavir, clasdithycin,
indinavir, itraconazole, nefazodone, nelfinavir, tomavir,
saquinavir, and telithromycin).

2.9 Adver se effects and drug interactions

There are no consistent adverse effects that hega hoted in
clinical trials with any of the DPP-4 inhibitors. it few

exceptions the incidence of adverse effects in -tire@ted and
placebo-treated patients has been similar. DPPegpsessed on
lymphocytes; in the immunology literature, the amey is

referred to as CD26. Although there is some evidesfcminor

effects on in vitro lymphocyte function with DPPh#hibitors,

there is no evidence from clinical studies of magmverse
effects in humans. This area bears scrutiny as patients are
treated with these compourijis].
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