Vijay. K" et al. /International Journal Of Pharmacy&Technology

P,

N Wy,
&
{ 2@;
% | SSN: 0975-766X

CODEN: IJPTFI
Available Online through Review Article
www.ijptonline.com
AN INSIGHT INTO DPP-1V INHIBITORS: NOVEL ORAL ANTI-HYPERGLYCAEMIC

AGENTS
Rama Lakshmi. K, Sri Harika. K, Vijay. K*
University College of Pharmaceutical Sciences, Aga&agarjuna University, Guntur.
Email:vijai.kotra@gmail.com
Received on 15-08-2011 Accepted on 28-08-2011

Abstract:

Emerging as an epidemic of the®2¥entury type |l diabetes has become a major heaitblem throughout
the globe. Known treatments for diabetes have &itiwbhs such as weight gain and hypoglycaemias. W ne
perspective is the use of incretin hormones ancetimcenhancers which are novel approach for treatraf type 2
diabetes is based on the gut hormone glucagorpkide-1 (GLP-1), which is antidiabetic due todtsmbined
action to stimulate insulin secretion, increaseatoatil mass, inhibit glucagon secretion, reducer#te of gastric
emptying. DPP IV rapidly inactivates the incretimrimones glucagon-like peptide-1 (GLP-1) and glucose
dependent insulinotropic polypeptide (GIP). Inhidot of DPP IV prolongs and enhances the activity of
endogenous GLP-1 and GIP, which serve as impopiantdial stimulators of insulin secretion and regois of
blood glucose control.

Keywords: type-Il diabetes, GLP-1(glucagon like peptide)PQGglucose dependent insulinotropic polypeptide),
DPP (dipeptidyl peptidase).
Diabetes Milletus:

Diabetes mellitus is a chronic metabolic disordearacterised by a high blood glucose concentration
hyperglycaemia(fasting plasma glucose > 7.0mmai/phlasma glucose > 11.1mmol/2hours after a meal3ed by
insulin deficiency, often combined with insulin igtance’ Hyperglycaemia occurs because of uncontrolled tiepa

glucose output and reduced uptake of glucose detskenuscle with reduced glycogen synthesis.
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Types of diabetes mellitus:

* Type-I DM
* Type-2 DM
* Gestational DM
TYPE-I DIABETES known as insulin-dependent diabetes mellitus IDQY) juvenile —onset diabetes. In type-

IDM, there is an absolute deficiency of insulin ukisg from autoimmune destruction of Beta cells.was
traditionally termed as juvenile diabetes becatsgpresents a majority of the diabetes casesiidreh.

TYPE-2 DIABETES known as non-insulin dependent diabetes mellitiBEM (or) maturity-onset
diabetes.Type-2 diabetes is accompanied both hinneesistance and by impaired insulin secretiOmer 90%
cases are type-2DM.

GESTATIONAL DIABETES resembles type-2 diabetes in several aspectdyvingaa combination of relatively
inadequate insulin secretion and responsivenesgclirs in about 2-5% of all pregnancies and magyawve (or)
disappear after delivery. About 20-50% of affectenen develop type-2 diabetes later in life.

SIGNS& SYMPTOMS:

The classical symptoms of diabetes are polyurieg(fent urination), polydipsia (increased thirst)l @olyphagia
(increased hunger).

Prolonged high blood glucose causes glucose al@orpthich leads to changes in the shape of theekef the
eyes, resulting in vision changes, sustained skengibcose control usually returns lens to its ioag shape.

A number of skin rashes can occur in diabetesateatollectively known as diabetic dermadromes.
FACTORSRESPONSIBLE FOR TYPE-2DM:

« Factorsrelated to diet: Diet is one of the most important factors trigggrDM. Indeed, DM is a
condition in which the blood sugar level increaaaed so, any diet that contains carbohydrates, are
directly responsible for increasing the overallddsugar level.

« Factorsrelated to lifestyle: DM is a lifestyle disease. It has been observatlitiis disease is more

rampant in the upper classes, since they tenchigelrnore on unhealthy foods.
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malfunctioning of the pancreas and hence, secrefiamsulin.

% Stress is another very important cause of DM. In somehfrigk people, stress can cause

s Environmental & external factors. People who take steroids and other drugs that #ter

hormonal balance are very susceptible to DM, asatheunt of insulin can be reducddfections

can also cause DM. Some micro-organisms can ittiegbancreas and reduce its functioning.

% HEREDITARY FACTORS:. DM type-2 is definitely hereditary, but it is compwled in future

generations due to other problems such as obésgertension and high blood pressireople can

also get a defective mechanism from their precedigerations due to which the B-cells of the

islets of langerhans can be impaired in their fiomst

% FACTORSRELATED TO AGE: DM type-2 mostly occurs in the adulthood.

as it is higher among women than men.

CURRENT TARGETSFOR TREATMENT OF TYPE-2 DM >t

Table 1

s SEX: The prevalence of type-2 DM in the pediatric papioh is higher among girls than boys, just

CLASS

MECHANISM

DRUGS

ADVERSE EFFECT}S

UJ

Sulfonyl ureas

These drugs stimulate
insulin secretion by stimulatin

B cells of islets of Langerhans

tA®lbutamide,

o )
Acetohexamide,
Chlorpropamide,
Glipizide,

Glibenclamide.

Hypoglycaemia and

weight gain.

Meglitinides

By closing the k+ channels
the pancreatic B-cells, the
open the calcium channe

hence  enhancing insul

oRepaglinide

yNateglinide
Sl

n

Weight gain ang
hypoglycaemia.
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)

secretion.
Biguanides These drugs stimulate glucps&etformin, Gastrointestinal
utilization by muscles & they ) disturbances, lacti
. Phenformin. o
also suppress degradation |of acidosis.
insulin.
Thiazolidinediones These drugs produdeoglitazone, Weightgain, oedemg
improvement in insulin anaemia.
o Pioglitazone,
sensitivity.
Rosiglitazone.
Alpha-glucosidase These drugs inhibit a- | Acarbose, Gastrointestinal
inhibitors glucosidase: an enzyme that disturbances.
Miglitol.

at the gastrointestinal tract.

increases absorption of glucose

PTP-1 inhibitors

PTP-1B can dephosphorylate

the phosphotyrosine residuges

of the activated insulin

receptor kinase.
Glucagon like peptide GLP agonists bind to BEXENATIDE Nausea.
analogs and agonists| membrane GLP receptor. As|a

consequence, insulin releas-[e-ASOGLUTlDE

from the pancreati@-cells is

increased.
Amylin analogues These drugs slows gastiRRAMLINITIDE Nausea

emptying and suppress
glucagon. They have all
incretin actions except
stimulation of insulin
secretion.
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DPP-1V: Introduction

Dipeptidyl peptidase IV (DPP IV or DPP-4) is a gtgbeptidase which preferentially cleaves proteind peptides
after a proline amino acid residue. DPP IV is comipa@haracterised by an ability to cleave Xaa-PrXXaa-Ala
dipeptides preferentially from the N-terminus ofypeptides (where Xaa is any amino acid except.»BP-IV is
also the CD26 T-cell activating antigen found imast all human organs and tissteJissues which strongly
express DPP IV include the exocrine pancreas, kidgastrointestinal tract, biliary tract, thymugmiph nodes,
uterus, placenta, prostate, adrenal, sweat glaadisary and mammary glands. DPP IV is anchoretthéoplasma
membrane of endothelia of almost all organs exathiaad is also found solubilised in body fluidssas blood
plasma and cerebrospinal fllitiThe broad distribution of DPP IV gives it readycess to endocrine peptides,
neuropeptides and a wide range of paracrine anociang peptides and polypeptides. Although DPP $Vai
pleiotropic enzyme that cleaves and generally inatds a wide variety of peptide hormones, it hasome
renowned for its inactivation of two intestinal hwnes known as the incretins. These include glutdde
peptide-1 (GLP-1) and glucose-dependent insulipitrpolypeptide (GIP). Initial interest in the ietin hormones
as potential antidiabetic hormones was arousetidiy potent insulin-secretory activity and consequent lowering
of prandial plasma glucose. However, degradatioGloP-1and GIP by DPP 1V is rapid (half-life lessathtwo
minutes) and leads to formation of metabolites Hrat devoid of insulin-releasing activity. Thuseyenting the
degradation of the incretin hormones, by DPP Ihitton, became an attractive therapeutic strat8gihe present
review evaluates the concept, therapeutic poteatidl limitations of DPP IV inhibitors as potentaitidiabetic
agents.

OTHER MEMBERS OF THE DPP-1V ENZYME FAMILY: Improvements in our knowledge of DPP 1V, and
in particular the discovery of a family of enzymeh DPP [V-like activity, have reopened the isaafanhibitor
selectivity. Examples of enzymes which possess DPRkke activity are: fibroblast activation protei(FAP),
dipeptidyl peptidase Il (DPP I, also known as DPRr quiescent cell proline dipeptidase [QPP]),egimlyl

peptidase 8 (DPP 8) and dipeptidyl peptidase 9 (BPPipeptidyl-peptidase (DPP-I), a cysteine proteinase, was
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recently demonstrated to play a requisite roleemaving the activation dipeptide from many of thakocyte and

mast cell granule-associated proteinases includurgan cathepsin G, leucocyte elastase, mast cgthade and
tryptase, and lymphocyte granzymes B and H. DR¥igjnally called cathepsin C, was discovered whgtracts
of kidney were found to catalyze the hydrolysis@lf-Phef-naphthylamide. It is a lysosomal enzyme widely
expressed in many tissues that is felt to be ingooin intracellular degradation of proteirBipeptidyl peptidase

2 is an essential survival factor in the regulatidncell quiescence. DPPII (dipeptidyl peptidase HBs been
demonstrated in various mammalian tissues. Howeaeprofound molecular and catalytic characterizgtio
including substrate selectivity, kinetics and pHpeledence, has not been conducted. The human erappeared
as a 120 kDa homodimer. Mass spectrometric anafftes tryptic digestion together with a kineticngoarison
indicate strongly its identity witlfQPP (quiescent cell proline dipeptidase), also calligoeptidyl peptidase 7.
Natural human DPPII showed high efficiency towasgsthetic substrates containing proline at th@dition and
lysine at B. The importance of the;Pgroup for B and R selectivity was revealed, explaining many discnejes

in the literature. Furthermore, substrate prefegermaf human DPPII and dipeptidyl peptidase IV wewenpared
based on their selectivity constarf&AP is a membrane-bound protease capable of dipepigtidase activity to
cleave N-terminal dipeptides from polypeptides. F#A$b possesses collagenolytic activity that cagratke gelatin
and type | collagef® Although FAP does not appear to be expressed itbigly like other members of the DPP
IV enzyme family, it has been found in the alphlscef the pancreas and in serdfdPP Il is expressed across a
range of human tissué$Similarity between the activities of DPP Il and PP/ is most neatly demonstrated by
the fact that many of the established inhibitor©&P Il activity were originally described as DRPihhibitors.
DPP 8 and DPP 9 are widely distributed post-proline cleaving dipeases. Their DPP IV-like activity is
demonstrated by their ability to hydrolyse subsgalerived from H-Ala-Pro and HGly- Pro. AlthougkP® 8 and
DPP 9 have not yet been associated with any platiduological process, it remains a distinct pbsisy that
many of the functions ascribed to DPP IV may atyubé derived from the activity of DPP 8 and/or DBP

Selective inhibition of DPP 8/9-attenuated T-celivaation suggests that these enzymes are invotvdte immune
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system'® Earlier observations that the plasma of DPP IMeikefit mice is capable of cleaving the substratg- Gl

PropNA indicates that, in hindsight, the existeatether DPP IV-like enzymes could have been faase

salt bridge

Figurel - Secondary, tertiary and quaternary structure of DPIV
(A) The DPIV homodimer as a ribbon diagram with leanonomer coloured blue to red; carbohydrates are

depicted in ball-and-stick representation and pmsstof important amino acids as spheres. The erang yellow
residues Leu294 and Val341 are essential for ADAdibig, whereas the red positively charged residugs843
and Lys441 are important in epitopes of antibodies inhibit ADA binding. Glu205 and Glu206, coledr blue,
are essential for enzyme activity. Both domaingrdouate to the dimerization interface, thgropeller contributing
two p-strands that protrude from blade 4. Substratesactethe catalytic site occurs via the side opgnthat face
each other and are between the eight-blgdgeropeller (bottom) anda/f hydrolase (top) domains. The
transmembrane domain (residues 7—-28) is above ¢hecuoie in this view of the extracellular portiorsidues 39—
766, of human DPIV. (B) A surface representationttid DPIV monomer with the negatively charged siefa
coloured red and positively charged surface colbbiae. Viewed side-on (on left) and towards thepetler lower

face (on right). An inhibitor is coloured yellow tedicate the position of the catalytic pocket. (€these surface
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representations of DPIV and its ligand, ADA, amiacids in the binding interface are labelled. Pwslyi and

negatively charged residues are blue and red, anepalar and polar uncharged residues are yelladvaange
respectively. The helices 1 and 2 of ADA are ladmbiil anda2. The DPIV monomer is oriented similarly to the
monomer on the right in (A). In each image, a laagew points towards the central opening of thappHer lower
face.

THE THREE-DIMENSIONAL STRUCTURE OF DPIV: The DPPIV crystal structures recently reporteteof
a sudden global interest in the pharmaceuticalgdest DPPIV inhibitors .The DPPIV glycoprotein isdamer.
Each monomer subunit consists of two domainsg/grhydrolase domain (residues39-51 and 501-766) and a
eight-blades-propeller domain (residues 59-497), that enclokege cavity of approx. 30-45A° (1A°=0.1nm)in
diameter. Access to this cavity is provided by méaside opening of approx. 15A*However, only elongated
peptides, or unfolded or partly unfolded fragments) reach the small pocket with in this cavityt th@ntains the
active site. DPPIV contains nine N-linked glycosiyla sites that lie predominantly on the propetlemain near
the dimerisatioft interface and perhaps shield this trypsin-resigtatracellular protein from proteolysis.

The active site and catalytic mechanism

The residues forming the catalytic triad are Ser68§p708 and His740. In addition, Tyr547 in the fojdse
domain is essential for catalytic activity and Ive tcrystal structure appears to stabilize the letteal oxyanion
intermediate form of a substr&teTwo glutamate residues in the catalytic pockey285 and Glu206 (Figure),
align the substrate peptide by forming salt bridigetts N-terminus, leaving room for only two amiacids before
the peptide reaches the active serine residue, ékplgining its dipeptide-cleaving activity. Furtheore, in the
substrate second position only amino acids withllemside chains such as proline, alanine and gé/cian fit into
the narrow hydrophobic pocket. Thus the crystalcttmres have helped to explain the substrate sgiecibf
DPPIV and the mutation data showing that Glu205 @hd206 are essential for catalysis. An intriguagpect of

DPPIV biochemistry is the dependence of peptidasivity upon homodimerization. Dimerization requaréhe
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hydrolase domain and a protrusion from the foutddé of thep-propeller (Figure above). A single amino acid

point mutation near the C-terminus, His#5Glu, is sufficient to prevent dimerizatigh.

The unusual propéeller of DPPIV: S-Propellers have four to eight blades formed bgmeated subunit containing
at least 30 and generalB0 amino acids in #-sheet of four anti-parallel strandBropellers commonly act as
scaffolding for protein—proteimteractions’*®> The points of contact witligand and antibodies are formed by
loops contributed by adjacent propeller blades shahbinding epitopedepend upon tertiary structure. DPPIV has
all of thesecharacteristicsThe structure of DPPIV is unique among leucosddgace molecules. Other leucocyte
surface antigens thanclude ag-propellef’® domain areCD100 and integrinchain?’ which have seven-blade
propellers. ADPPIV is a type Il protein, the propeller domainmsits lower face towards the extracellular milieu
(see above Figure). The eight-blatdpropeller domain of DPIV imore disordered than other propellers.

The ADA binding site on DPPIV:

ADA (adenine deaminase) is a soluble globular ereyresent in all mammalian tissues. ADA catalys$es t
irreversible deamination of adenosine to inosing @hn2_-deoxyadenosine to 2_-deoxyinosine. ADAdstifrom
rabbits, cattle and humans binds to human, butmtse, DPPIV. ADA binds human DPPIV wittK& of 4-20
nM. Both monomeric and dimeric DPPIV bind ADA .Ldzang ADA to the cell surface by its binding to @b
probably reduces inhibition of T-cell proliferatidsy extracellular adenosine. Three charged residnesDA,
Glul39, Argl42 and Aspl43 have been identified binppmutation as important for ADA-DPPIV bindiAg?°
The crystal structure of DPPIV with ADA shows thia¢ ADA binding is located, as predicted from thed®l, on
the outer edges of the fourth and fifth blades le lower side near the lower face of fheropeller domain of
DPPIV. Only one salt bridge binds ADA to DPPIV (&g C). Most of the involved residues on DPPIV are
hydrophobic and most of the 13 involved residuesA®A, which are all polar, are charged. Genergtisgtein—
protein binding primarily involves hydrophobic sacés with some salt bridges that are mostly pergbhe the
binding interface. Thus the amino acid composibbthe ADA— DPPIV binding site is unusual, perhap to the

short evolutionary time that it has undergone s$eleqressure. ADA binding to human DPPIV is blodKay
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certain anti-DPPIV MAb (monoclonal antibodies) thigfine a similar epitope. MAb that block ADA bindi rely

upon Val341 and Thr440-Lys441 of DPPIV for bindifigne DPPIV structure shows that these amino acigl®m
one side of the propeller and distant from botlthef openings, which explains the lack of interfeeefrom either
ADA or MAb with the catalytic activity of DPPIV oADA. This location of ADA binding also positions AD
away from the cell surface and perhaps increasessaibility to ligands such asAl-adenosine recepiut
plasminogen-2.

FUNCTION: The proteinencoded by the DPPIV gene is an antigenic enzyrpeesged on the surface of most
cell types and is associated with immune regulatsgnal transduction, and apoptosis. It is anrneic membrane
glycoprotein and a serine exopeptidase that cleXvpsoline dipeptides from the N-terminus of polypees.
DPP-IV plays a major role in glucose metabolisnis Itesponsible for degradation of incretins suslGaP-1. It
appears to work as a suppressor in the developaier@ncers and tumours. It plays an important moleumour
biology and is useful as a marker for various cesiceith its levels either on the cell surface orthe serum
increased in some neoplasms. DPP-4 also bindsihyene adenosine deaminase specifically and with &ffinity
THE INCRETIN CONCEPT

Because orally ingested glucose leads to a fartgreasulin response than intravenous glucose sithilar
postprandial plasma glucose excursions, the phemomleas been termed the "incretin effect”. Upim thirds of
insulin normally secreted in relation to meal irgak thought to be due to the insulinotropic aiohthe so called
incretin hormones. Studies have revealed that Bewref incretin hormones is diminished in typeidlibtes.

TWO MAJOR INCRETIN HORMONES

Two gastrointestinal hormones, glucagon-like peptid GLP-1) and glucose-dependent insulinotroplgpeptide
(GIP), are the 2 major incretin hormones identifteddate. GLP-1 is a product of the glucagon gevtech is
mapped on the human chromosome 2q36-q37. It iseegpd in pancreatic a-cells and the L-cells located
predominantly in the ileum and colon, although Gl-Pproducing L-cells have also been identified more

proximally in the duodenum and jejunum. The protpneduct of the glucagon gene in pancreatic a-dslls
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glucagon while the expression in the L-cells is thkease of the C-terminal products GLP-1 and GLRA4zich

show approximately a 50% sequence homology witltagjan. On the contrary, GIP (also known as gastric
inhibitory polypeptide) is a 42-amino acid hormgmeduced from a different gene on chromosome.
Physiological Functions of GLP-1

» Stimulates insulin secretion, glucose-dependently

* Increases b-cell mass in animal models

» Decreases glucagon secretion, glucose-dependently

Delays gastric emptying, decreases food intakebanlgt weight
* Improves insulin sensitivity; enhances glucose aksp

Has beneficial cardiovascular effects

Has beneficial CNS effects in animal models

IMPORTANCE OF DEVELOPING SELECTIVE DPP-IV INHIBITORS:

Development of small molecules as selective inbibi of DPP-IV is a major challenge. Although
experimental results obtained using non-selecti?®IV inhibitors implicated a role for DPP-1V indltontrol of
immune regulation, transplantation biology, cancelt growth and metastasis, there is limited datesimilar
studies using highly selective DPP-IV inhibitorsitthave been generated for the treatment of typiai2etes®
More recent experiments comparing the actions oP{DP selective versus non-selective inhibitors ssgjghat
preferential inhibition of DPP-8/9 and quiescenll ggoline dipeptidase (QPP) in vivo was associatgth a
species and tissue specific profile of differentxid¢dies. Inhibition of DPP-8/9 produced alopecia,
thrombocytopenia, splenomegaly and multi organgdatly, leading to death in rats and gastrointektm4city in
dogs. Moreover similar toxicities were observedwitd type, DPP-IV mice treated with DPP-8/9 inhdy&. In
contrast, inhibition of the related enzymes QPRIpced reticulocytopenia in rats, whereas selectilidbition of
DPP-IV was not associated with detectable toxieityats or dogs similarly, inhibition of DPP-8/9tmot DPP-1V,

was associated with reduction of mitogen-stimulaediferation of human mononuclear cells in vittcCuriously,
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some but not all DPP-1V inhibitors have been regbiio produce skin lesions in monkey studies. Ttieng to

which these finding reflect differential selectiviof specific agents for the monkey enzymes whetherlesions
are completely attributable to non-DPP-IV dependaathanisms remains poorly understood. Collectj\utigse
findings illustrate that data obtained using nolece/e DPP-IV inhibitors needs to be interpreteithvecaution in
regard to the putative role of DPP-IV in the deypeh@nt of specific organ pathologies.
MECHANISM OF ACTION: DPP-IV inhibitors competitively inhibit the enzymDPP-IV. This enzyme
breakdown the incretins GLP-1 and GIP, gastroimakthormone that are released in response to d. Bga
preventing GLP-1 and GIP inactivatiéhGLP-1 and GIP are able to potentiate the secratibimsulin and
suppress the release of glucagon by the pancréas.diives blood glucose levels towards normal.tifes blood
glucose levels approaches normal, the amountssofimreleased and glucagon suppressed diminislissénding
to prevent an “overshoot” and subsequent low blsogar(hypoglycaemia) which is seen with some otmaf
hypoglycaemic agents.
ADVANTAGES OF DPP-1V INHIBITORS:®

e Oral administration

* Long acting

» Effect less strong compared with incretin mimegesgpt decrease in HbAlc)

* Monothreapy or adjunctive therapy

* Increase in endogenous GLP-1 concentrations

* Inhibited glucagon secretion

» Stimulated insulin secretion

* No change in fasting glucose

e Slight reduction in prandial glucose

» Drug overdose is non-toxic(except liver toxicityda®@T prolongation for vildagliptin)

* No weight gain
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VARIOUS CLASSES OF DPP-1V INHIBITORS:

DPP-4 inhibitors, are a class of oral hypoglycentict block DPP-4. They can be used to treat désbetellitus
type 2.The first agent of the class - sitagliptimas approved by the FDA in 2006.

As a therapeutic class, the DPP-IV inhibitors casgra diverse group of compounds, which can bedbyoa
divided into those compounds such as ;

Sitagliptin(3-aminoacid based)

Vildagliptin and saxagliptin (nitrile containinghibitors)

Alogliptin(modified pyrimidinone)

Linagliptin(xanthine based)

Dutegliptin

Siitagliptin, alogliptin,and linagliptin form nonewalent interactions with residues in the catalgite. In contrast,
inhibition of DPP-IV by vildagliptin and saxagliptihas been described as a two-step process thavesvthe
formation of a reversible covalent enzyme-inhibtomplex in which there is a slow rate of inhibibanding and a
slow rate of inhibitor dissociation, resulting inet enzyme slowly equilibrating between the actiud aactive
forms. This means that the catalytic activity via# inhibited even after the free drug has beerretefrom the
circulation.

Sitagliptin entered the Australian drug marketatel2007 for the treatment of difficult-to-contaibbetes
mellitus type2.Dipeptidyl peptidase-4 (DPP-1V) ibitors like sitagliptin and vildagliptin are prormg new
medicines for the treatment of type 2 diabeteslitnel They are supposed to improve metabolic @bnias
measured by lowering blood glucose) without causiegere hypoglycaemia (low blood sugar levels leado
unconsciousness and other symptoms). DPP-IV imtbibhave a favorable tolerability profile and regamat the
most recently approved class of agents for therreat of Type 2 diabeté8.They prevent the DPP-IV enzyme
from breaking down GLP-1, thereby increasing thele of this hormone in the digestive tract andlled. The

increased levels of intact GLP-1 stimulate insynoduction by the pancreatic beta cells and redjlaeagon
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production by the pancreas, both of which resuteisiuced blood glucose levels. In clinical triadsdate, DPP-IV

inhibitors have been well tolerated and have predidlinically meaningful reductions in HbAlc whesed as the
sole medical treatment, as well as important inemetal decreases in HbAlc when used in combinatiaiinsother
anti-diabetic medications. DPP-IV inhibitors alstbeo several advantages over other types of digbiterapies,
including: absence of weight gain and edema, I@sk of hypoglycemia, and potential for improved beédl
function.

Since the new DPP-IV inhibitors may influengenune function additional long-term data on thietsaof
these drugs are necessary. Also, cardiovasculeomas like heart attacks and strokes should notdseased with
any antidiabetic therapy but data so far are lagkigntil new information arrives, DPP-IV inhibitoshould only
be used under controlled conditions and in indiglchatients.

SITAGLIPTIN: "Sitagliptin is an oral antihyperglycemic of thegeptidyl peptidase-4 (DPP-IV) inhibitor class.
This enzyme-inhibiting drug is used either alonenocombination with other oral antihyperglycemueats (such
as metformin or a thiazolidinedione) for treatmehtdiabetes mellitus type 2. The benefit of thisdiome is its
lower side-effects (e.g., less hypoglycemia, legsght gain) in the control of blood glucose valuEgenatide

(Byetta) also works by its effect on the incretystem.

F /F

\
F

N/g

N
\ /
N

Systematic (IUPAC) name: - (R)-4-oxo0-4-[3-(trifluoromethyl)-5,6 dihydro[1,2,4]azolo[4,3a]pyrazin-7(8&)-

yl]-1-(2,4,5-trifluorophenyl)butan-2-amine.
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Formula: C16H15FsN50

M echanism of action: Sitagliptin works to competitively inhibit the enmg dipeptidyl peptidase 4 (DPP-IV). This
enzyme breaks down the incretins GLP-1 and GIPtrgagestinal hormones that are released in regptosa
meal. By preventing GLP-1 and GIP inactivation, GLBnd GIP are able to potentiate the secretionsoflin and
suppress the release of glucagon by the pancréas.diives blood glucose levels towards normal.tifes blood
glucose level approaches normal, the amounts afimeeleased and glucagon suppressed diminishesstémding
to prevent an "overshoot" and subsequent low bkaghr (hypoglycemia) which is seen with some otiral
hypoglycemic agents.

Adverse effects. Side effects of sitagliptin are cold(running nosiffy nose, diarrhea, also sore throat, headache
were observed. Recently, post-marketing reportanafphylaxis, angioedema and rashes including siet&ison
syndrome, in sitagliptin treated patients have g@er There have been several reports of panese@iiime fatal)
in people treated with sitagliptiif,and the U.S. package insert carries a warninpisoeffect, although the causal
link between sitagliptin and pancreatitis has redthyeen fully substantiated.

The DPP-4 enzyme is known to be involved in thepsegsion of certain malignancies, particularly in
limiting the tissue invasion of these tumotit$nhibiting the DPP-4 enzymes may allow some cant@iprogress.
A study of DPP-4 inhibition in human non-small delhg cancer (NSCLC) concluded that "DPPIV functi@s a
tumor suppressor, and its downregulation may doutiei to the loss of growth control in NSCLC cells.

Drug interaction: The combination of sitagliptin with pioglitazonesults in pheripheral oedema(4%). Glitazones
probably posses a cardiotoxic effect(increasedtlagt@ck) and worsening of heart failure. It is sote whether the
increase of cardiotoxic effects is only a resultltoé combination therapy. Although sitagliptinnet as likely to
cause hypoglycaemia as some other oral diabetegatieds, be careful while prescribing any otharglthat can
potentially lower blood sugar, such as: probenidd5AIDS, aspirin or other salicylates, sulfa drugs;

monoaminooxidase inhibitors frblockers. An interaction with any antidiabetic gsthas not been observed.
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Vildagliptin: a potent and specific inhibitor of DPP-4: Vildagliptin is an oral anti-hyperglycemic agent (anti-

diabetic drug) of the new dipeptidyl peptidase-4PH>4) inhibitor class of drugs. Vildagliptin inhibithe
inactivation of GLP-1 and GIP by DPP-4, allowing &Il and GIP to potentiate the secretion of insimlithe beta
cells and suppress glucagon release by the alglsaotehe islets of Langerhans in the pancredslagliptin has
been shown to reduce hyperglycemia in type 2 desbetellitus.

Phar macokinetic profile: Vildagliptin is an N-substituted glycyl-2-cyanopghidine. It is a potent competitive and
reversible inhibitor of human and rodent DPRrdvitro, with a median inhibitory concentration (IC50) ~2-3
nmol/L. Importantly, vildagliptin inhibits DPP-4 i high specificity relative to other similar pegases where its
IC50 exceeds 20pmol/L. This specificity is of potential clinical iportance as inhibition of DPP-8 and DPP-9 has
been associated with immune, histopathological gastrointestinal toxicity in various animal moddls.healthy
humans, vildagliptin is rapidly and almost completabsorbed (~85% of administered dose) after oral
administration with a tmax of 1-2-hours. Plasmalewere linearly related to dose and the plasnfdifearanged
from 1.5-4.5 hours with doses from 25 to 200 mge @hug does not appear to accumulate with multipleing
and the pharmacokinetics are not affected by fdast of the drug is metabolised with hydrolysistioé cyano
moiety dominating (55%), but a fraction (22%) isakxcreted unchanged by the kidneys. The drugnsnally
metabolised by the major cytochrome P450 enzymesntietabolise many other drugs and is neither hibitor
nor an inducer of these enzymes. In the circulatisidagliptin is not extensively protein bound (496). No
adjustment of dose is necessary in either hepatieral insufficiency.37 Single doses of vildaghp{25-200 mg)
rapidly inhibit plasma DPP-4, achieving > 90% intdn within 30—60 minutes. The duration of inhibit is dose
dependent; with the anticipated therapeutic dos&8 esng and 100 mg, DPP-4 activity is inhibitedb§0 and 90%
at 12 hours and remains inhibited by ~40% at 24$aith the higher dose.

In drug naive patients with type 2 diabetes, foeeks of treatment with vildagliptin at a dose 00 1fig per day
reduced both fasting and postprandial plasma gidesels, resulting in significant decreases in HGA

Vildagliptin treatment also improved insulin seaat as assessed by the insulin responses retatitree glucose
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responses to a standard mixed meal, increasedblasdl and postprandial GLP-1 levels, and decregisedgon

levels. The drug appeared well tolerated.

B

(9-1-[N-(3-hydroxy-1-adamantyl)glycyl]pyrrolidine-2-carbitmie
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Synthesis:

Source: 1-[[(3-Hydroxy-1-adamantyl)amino]acetylano-(S)-pyrrolidine

Dosage, administration, and formulations: Vildagliptin (Galvus) can be prescribed to patiemigh type 2
diabetes at a dosage of 50 mg once daily in cortibmavith a sulfonylurea, or 50 mg twice daily withetformin

or a thiazolidinedione such as pioglitazone. A t@iformulation of vildagliptin is available in Brhand Mexico.

A fixed dosecombination of vildagliptin 50 mg plus metformin@&g or vildagliptin 50 mg plus metformin 1000
mg (Eucreas®) has also been approved for twicgrdai in patients inadequately controlled with oretin alone

or who are already receiving each drug separately.

Adver se effects: The adverse effects of vildagliptin were headadasppharyngitis, dizziness, pheripheral edema,
increased sweating and cough. Similar rates ofethedverse effects were reported in the placebopgrou

Hypoglycaemias are rare in response to vildagligiombined with pioglitazone(0.3%) but were highethw
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pioglitazone being used alone(1.9%). Pioglitazaredased body weight (1.4kg) Which is further iasexl using

a combination with 100mg vildagliptin(2.7kg).

SAXAGLIPTIN: Saxagliptin previously identified as BMS-477118,asnew oral hypoglycemic (anti-diabetic
drug) of the new dipeptidyl peptidase-4 (DPP-4)ibitbr class of drugs. It was developed by Bridiblers
Squibb. A New Drug Application for saxagliptin ireadtment of type 2 diabetes was submitted to tha FRJune
20082 It was based on a drug development program withn@omized trials: 1 phase 2 dose-ranging (2.5-100
mg/d) study; 6 phase 3, 24-week controlled trialthvadditional controlled follow-up from 12 to 42omths,
double-blinded throughout; and one 12-week mechawoiaction trial with a 2-year follow-up perioda Dune
2008, it was announced that Onglyza would be @detname under which saxagliptin will be marketgueptidyl
peptidase-4's role in blood glucose regulatiorh@ight to be through degradation of GIP and theadkgion of

GLP-1.

,,//////H

HO NH,

Systematic (IUPAC) name: (1S,3S,5S)-2-[(2S)-2-amino-2-(3-hydroxy-1-adambatetyl]-2-
azabicyclo[3.1.0]hexane-3-carbonitrile.

Synthesis: Saxagliptin is produced industrially by Bristol-khg Squibb by the amide coupling of N-Boc-3-
hydroxyadamantylglycine (2) and methanoprolineam({8e with EDC. The former is commercially available
whereas the latter is available as the N-Boc analbg prolineamide moiety is subsequently dehydratéh
trifluoroacetic anhydride to give the cyanide as thfluoracetate ester, which is hydrolyzed. Realmf the Boc

protecting group, followed by neutralization givbs desired product.
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M echanism of Action:

saxagliptin is an orally-active ibhor of the DPP4 enzyme. D-PP4 inhibitors work dffecting the

action of natural hormones in the body called ihoge.Increased concentrations of the incretin fwres such as
glucagon-like peptide-1(GLP-1) and glucose-dependesulinotropic polypeptide (GIP) are releasedoirihe
bloodstream from the small intestine in responsemials. These hormones cause insulin release fhem t
pancreatic beta cells in a glucose-dependent mdutare inactivated by the DPP4 enzyme within n@suGLP-
1 also lowers glucagon secretion from pancreapibakells, reducing hepatic glucose productions Bhaixagliptin
is a competitive DPP4 inhibitor that slows the ination of the incretin hormones, thereby incragstheir
bloodstream concentrations and reducing fasting mosdprandial glucose concentrations in a glucegeeddent
manner.
CombinationT her apy:

In trials evaluating Onglyza in combination wittetformin, glyburide, and thiazolidinedione (pidgtone
and rosiglitazone), Onglyza 2.5 mg and 5 mg plusldoation provided significant improvements in ARG,
and PPG compared with placebo plus combination.

Side Effects:
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Adverse events associated with the use of Onglyaaintlude, but are not limited to, the following:

Upper respiratory tract infection
« Urinary tract infection

Headache

+ Nasopharyngitis

Tolerability
Both monotherapy and combination therapy witleottgents was generally well tolerated in clintcals.
Linagliptin:

Linagliptin is the most advanced investigationampound for the treatment of type2diabetes withha t
Boehringer Ingelheim diabetes portfolio. It belonigsthe class of dipeptidyl peptidase (DPP)-4 iithils and is
being developed as an oral once daily tablét. clinical studies to date, linagliptin has bestown to:

* Provide significant, sustained and clinically megghil improvements in blood glucose control

* Have an excellent safety and tolerability profdad low risk of hypoglycaemia

* Not cause weight gain

* Not require dose adjustment, irrespective of contanh disease or co-medication, even in patients wi

renal impairment.

{
T
N,

Systematic (IUPAC) name: 8-[(3R)-3-aminopiperidin-1-yl]-7-(but-2-yn-1-yl)-3methyl-1-[(4-methylquinazolin-
2-yl)methyl]-3,7-dihydro-1H-purine-2,6-dione

M echanism of action:
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DPP-IV inhibitors represent an innovative approtictype2 diabetes treatment with a uniqgue mechaonfsm

action compared to other classes in this therapearga. By binding to the DPP-IV enzyme, they iiththe
breakdown of the two incretin hormones, glucagde ppeptide (GLP) -1 and glucose dependent insubpat
peptide (GLP). GLP-1 and GIP are naturally occgrimormones, which are released by the gut aftedsreesd
target the pancreas by increasing glucose depemnugiin secretion and suppressing glucagon secrebPP-IV
inhibitors increase the GLP-1 plasma concentratwitisin the physiological range in contrast to oigble GLP-1
mimetics which have supra-physiological plasma ll@ad are assosciated with an increased Gl sidetehte
such as nausea and vomiting.

The inhibition of DPP-1V is beneficial for type 2atbetes patients to control blood glucose leveds

primary goal of type 2 diabetes management. A diosing period at the begining of therapy is noeded when
treating with a DPP-IV inhibitors . This is becawdeheir rapid mode of action. And the fact thait favourable
tolerability profile does not cause nausea, vonuttind has a low risk of drug —drug interactiorftis Tnakes them
appropriate for monotherapy or as add-on to exjdtieatment regimens.

DUTOGLIPTIN: Dutogliptin tartrate is currently in Phase 3nadal development. Dutogliptin is a dipeptidyl
peptidase-4, or DPP-1V, inhibitor that we are adwag as a once daily, oral treatment for Type belies. DPP-IV
inhibitors have a favorable tolerability profile camepresent the most recently approved class aftader the
treatment of Type 2 diabetes. They prevent the DP&zyme from breaking down GLP-1, thereby inchegshe
levels of this hormone in the digestive tract anel blood. The increased levels of intact GLP-1 gkite insulin
production by the pancreatic beta cells and redjweagon production by the pancreas, both of winedult in
reduced blood glucose levels. In clinical trials date, DPP-IV inhibitors have been well toleratedl dave
provided clinically meaningful reductions in HbAfdien used as the sole medical treatment, as wethasrtant
incremental decreases in HbAlc when used in combire with other anti-diabetic medications. DPP-IV
inhibitors also offer several advantages over otiipes of diabetes therapies, including: absenceefht gain

and edema, low risk of hypoglycemia, and potefitialmproved beta cell function.
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ALOGLIPTIN: Alogliptin is a dipeptidyl peptidase-4 inhibitdhat is approved in japan for treatment of adult
patients with type-2DM that is inadequately conaolby diet and exercise alone or by diet plusttneat with an
a-glucosidase inhibitor. In general, the incidentéypoglycaemia was similar to that seen in placgtmups and
alogliptin treatment had neutral effects on bodygheand lipid parameter. The long-term safety of alogliptin
therapy remains to be established in clinical ggsidind with clinical experience. In the meantimleglatin is a
promising new option for the treatment of patiemith type-2 diabetes, including elderly patients.

Systematic (IUPAC) name: 2-({6-[(3R)-3-aminopiperidin-1-yl]-3-methyl-2,dioxo-3,4-dihydropyrimidin-1(2H)-

yl}methyl)benzonitrile.
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NAME COMPANY STAGE IN
DEVELOPMENT
SITAGLIPTIN Merck In market
VILDAGLIPTIN Novartis In market
ALOGLIPTIN Takeda Phase-lIl
SAXAGLIPTIN Bristol-Myers Squibb Phase-lll
PSN-9301 OSI Pharmaceuticals Phase-lI
R1438 Roche Phase-lI
TA-6666 Tanabe Phase-lI
PHX1149 Phenomix Phase-lI
GRC8200 Glenmark Pharmaceuticals Phase-lI
SYR-619 Takeda Phase-I
TS-021 Taisho Pharmaceuticals Phase-I
SSRT62369 Sanofi-Aventis Phase-I
ALS2-0426 Alantos Pharmaceuticals Phase-I

FUTURE PROSPECTS:

* The therapeutic potential of inhibitors of postipre cleaving enzymes like DPP-IV has been the $oalu

recent pharmaceutical research.
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* DPP-IV inhibitors are evaluated being as monothegsgpr in combination with other anti-diabetic dsuep:

metformin, thiozolidinediones, PPAR-agonists.

e Although human trails results in type-2 diabeteshwDPP-IV inhibitors look promising, the lack of
selectivity i.e; inhibition of the structurally ekd enzymes DPP-8 and DPP-9, has been a potaizrn.

» Based on the crystal structure resolved, it is etgqueto develop certain therapeutic agents suctmesl
peptide via binding to the catalytic binding siteaa“substrate selective” DPP-IV inhibitors.

* Recently, one exiting finding is to show the adyivof such DPP-IV inhibition is due to in part dfeir
specific absorption by a small intestinal di- angdptides uptake transporter, PEPT1, thus eshabtjsa
system for optimising the orally active peptidomifoelrugs such as amino acid-based DPP-IV inhibitor

* DPP-4 inhibitors mainly causes the progressive gnos¥ the cancer in various tissues or in the bbgy
decreasing the anti tumour activity and causesh@s®somal activity in the cells due to that the thoice
of carcinogenicity is increased. This is the mawbpem araised in the clinical trials of the INDIsso many
drugs.

* Most of the research is going on the DPP-4 inhibitbat mainly focussed to reduce the adversetsfthat
mainly causes tumour progression is to be congidere

* Metaboliccontrol can be markedly improved by administraiddrexogenou§LP-1, but the native peptide
is almost immediately degradég the enzyme dipeptidyl peptidase IV (DPP 1V) atidbreforehas little
clinical value.

« Orally active inhibitors of DPP IMave now been developed and have been shown to@kadogenous
levels of GLP-1, resulting in improved glucose talece, lastingmprovement of HbA1C and improved
beta-cell function. In genertde DPP IV inhibitors are weight neutral, and weléerated.

* The beneficial effects of DPP-1V inhibitors on th@e&nt for type-2 diabetes not only offer advantages
the current therapies but also provides more tleertapapplications beyond the treatment for diabelige

to the biological diversity of DPP-IV.
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Conclusion: In general, the safety profiles of most DPP-IV bitars are very promising but additional studies ar

certainly needed to obtain a thorough insight mithvivo effects of DPP-IV inhibition. The beneficial effecbf
DPP-IV inhibitors on treatment for type 2 diabetes only offer advantages over the current thesapiat also
provide more therapeutic applications beyond thattnent for diabetes due to the biological diversitDPP-IV.
So far, there is no sufficient data available tckenaweeping generalization about the long-termcedfef various
DPP-4 inhibitors on T-cell signalling and immunendtionsin vivo. The development of selective inhibitors of
DPIV proteolytic activity and identification of land-binding activities in this gene family wouldateto rapid
advances in understanding DPIV biology.
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