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ABSTRACT

Emerging as an epidemic of the 21st century type I diabetes has become a major health problem
throughout the globe. Known treatments of type I diabetes mellitus have limitations such as weight gam
and hypoglvcaemias. A new perspective is the use of incretin hormones and ncretin enhancers. Incretm
mimetics are a new class of pharmacological agents with muliiple antihyperglycemic actions that mmnic
the actions of imcretm hormones such as ghicagon-like peptide (GLP)-1. DPP-4, a protease that
specifically cleaves dipeptudes from protens and oligopeptides after a pennltimate N-terminal proline or
alanine, 15 involved m the depradation of a number of neuropeptides. peptide hormones and eviokmes.
mehading the inerefins GLP-1 and GIP, Based on preliminary clinical data, mcretmn mumetics and DPP-TV
mhibators show potential for treating type IT diabetes.
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INTRODUCTION

The metabolic syndrome (MS) is diagnosed by a cluster of clinical parameters mchidng central obesity,
atherogenic dvshpidemia, raised blood pressure and hyvperglycemia, Visceral obesity, hepatic steatosis
and insulin resistance {IR) have been proposed as unifying mechanisms, yielding a prothrombotic and
promflammatory state’. Consequently. patients with MS are at increased risk of micro- and macro-
vascular complications (e.g. coronary artery disease (CAD), stroke, remal failure, blindness and lower
extremity amputation) and progression to type 1T diabetes (T2D) Diabetes mellitis s a gronp of
metabolic diseases characterized by mereased blood glicose levels resulimg from defects mn msulin
secretion, msulin action, or both. Diabetes 15 commonly deseribed as a metabolic disorder of glucose
metabolism. Type IT diabetes mellitus {T2DM) is characterized climcally by hyperglyeenua and msuln
resistance. In T2DM. hyperglycemia results both from an impaired msulm secretory response to ghicose
and decreased insulin effectiveness in stimulating ghicose uptake by skeletal muscle and in restraining
hepatic ghicose production (msuln resistance). Though T2DM is not the resulf of genetic alternations m
the msulin receptor or the ghicose trausportor, however genetically determined postreceptor mtracellular
defects likely play a role. The resulting hypermsulineima may lead to other common conditions such as
obesity {abdommal), hypertenswon. hyperlipidemia and coronary artery disease (the syndrome of mnsulin
resistance), In T2DM, f-cell mass is normal, bowever pancreatic islet muoyloid resuliing from deposition
of amyln i5 found in a higher percentage, however, its relationship to pathogenesis 15 not well
established. Before diabetes develops, patients generally lose the early msulmn secretory response to
ghicose and may secrete relatively large amount of proinsulin (Figure 1),

Currently Available Therapy for the Treatment of Type II Diabetes

Dhiet, exercise, drug and msulin are the options for diabetic control. It 15 estimated that abowt half of the
new diabetic patients can be adequately controlled by diet and exercise. Anti-diabetic diugs treat dabetes
mellius by Jowering ghicose levels in the blood With the excepiions of insulin, exenatide and
pramlintide, all are admmistered orally and are thus also called oral hypoglyeemic zpents or oral
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antibyperghveene agents, There are different classes of anti-diabetic drogs, and thenr selection depends
on the nature of the diabetes, age and situation of the person, as well as other factors A list of these
agents along with their mechanism of action and adverse effects are summarized i table 1. Due to their
adverse side effects most of these treatments are considered to be unsatisfactory m terms of prevention of
complications and preservation of quality of life, Thus, there 15 an mmperative need for novel therapeutic
approaches for ghveemic control that can complement existing therapies and possibly attempt 1o preserve
normal physiological response to meal mtake. One of the deswrable approaches to achieve this goal would
be to dentify agents that promote/enhance ghicose {(nutnent)-dependent msulm secretion like mcretm
hormone.

THERAPEUTIC APPROACHES BASED ON INCRETIN HORMONE

Increting are a group of gastrointestinal hormones that cause an increase o the amount of wsulin released
from the beta cells of the islets of Langerhans after eating, even before blood ghicose levels become
elevated. They also slow the rate of absorption of mutrients mto the blood stream by reducing pastnie
emptving and mayv directly reduce food mtake. As expected. thev also mhabit glucagon release from the
alpha cells of the Islets of Langerhans. The two main candidate molecules that fulfill criteria for an
meretin are ghicagon-like peptide-1 (GLP-1) and Gastric mbibitory peptide (aka glicose-dependent
msulinotropic peptide or GIP). Both GLP-1 and GIP are rapudly mactivated by the enzyime dipeptidyl
peplidase-4 (DPP-4). There are two strategies for crowmnventing the rapid mactivation of GLP-1 have
been successful to date. One 1s the development of GLP-1 receptor agonists, which are not substrates for
DPP-IV and show onlv low affinity for the enzyme, thereby avoiding the rapud degradation and thus
ensurmg prolonged corculation time. Secomd strafegy 15 to mhibit the enzyme DPP-TV, thus preventmg the
degradation of GLP-1 and allowing the daily fluctuations of GLP-1 levels that follow each meal to be
angmemnted”.

DIFEPTIDYL PEFTIDASE IV INHIBITORS

Dipeptidyl peptidase (DPP)-IV inlubitors are a new appioach 1o the trestment of tyvpe 11 diabetes, DPP-TV
s a member of a family of serine peptidases that meludes quiescent cell proline dipeptidase (QPP), DPP8
and DPPO; DPP-IV 15 a kev regulator of mecretin hormones. Enzymes within this famuly have a rare
substrate specificity, cleaving N -terminal dipeptides from regulatory factors containing proline or alamine
in the penultimate position’. DPP4 was fist identified n 1966 by Hopsu-Havu and Glenner as
glyeylproline naphthylamidase” and was purified fiom tat liver and pig Kiduey in 1967 and 1968,
respectively™ " Dipeptidyl peptidase-IV (DPP-1V) mhibitors increase blood concentration of the incretm
GLP-1 (glicagon-like peptide-1) by mhibitmg its degradation by Dipeptidyl peptidase-IV (DPP-IV)
(Figure 27",

Mechanism of action

DPP-TIV wnhibitors competitively mhibit the enzyme Dipeptidy] peptidase-TV. This enzyme breaks down
the ncreting GLP-1 and GIP {ghcose-dependent msulinotrops polypeptide), gastrointestinal hormone
that are released m response to a meal®. By preventing GLP-1 and GIP inactivation, GLP-1 and GIP are
able 1o potentiate the secretion of msulin and suppress the release of glucagon by the pancreas. This
drives blood glicose levels towards nonmal. As the blood ghicose level approachies normal, the amonits
of msulm released and ghicagon suppressed dmmmishes thus fending 1o prevent an "overshood" and
subsequent low blood sugar (hypoglycenua) which is seen with some other oral hypoglycemic agents.
DPP-IV distribution and function

DPP-IV selectively cleaves two amino acids from peptides. such as GLP-1 and GIP which bave proline or
alanine in the second position (Figure 31° "' At the active sife of the protease there is a characteristic
motif of three ammnoe acids, Asp-His-Ser, DPP-IV 15 the CD26 T-cell activating antizen which 1s widely
distributed m bnman organs and tissue. Tissues which strongly express DPP-IV include the exocrine
pancreas, sweat glands, salivary and mammary glands, thymns, lymph nodes, biliary tract, kidney, liver,
placenta, uterus, prostate, sk and the capillary bed of the gut mucosa where most GLP-1 15 mactivated
locally, DPP-IV is attached to the plasma membrane of the endothelia of almost all organs in the body. It
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15 also present m body fluids, such as blood plasma and cerelmospinal fhnd, n a soluble forin DPP-IV
inactivates GLP-1 and GIP very rapidly. Regarding GIP and GLP-1, alanine and proline are crucial for
hiokogical activity, s0 elimination of these amino acids leads to formation of metabolites that are mactive,
Thus, preventing the degradation of the meretin hormones GIP and GLP-1 by whibition of DPP-IV is an
exciting therapeutic strategy'”

Importance of developing selective DFP-IV inhibitors

Development of small molecules as selective inhibitors of DPP-4 15 a majer challenge, Alhough
experimental results obtained nsmg ponselective DPP-4 mhibitors mmplicated a role for DPP-4 i the
control of mmune regnlation. transplantation biology. cancer cell growth. and metastasis" - * there is
lomited data for simlar studies using highly selective DPP-4 mhibrtors that have been generated for the
treatment of type 2 diabetes. More recent experiments comparing the actions of DPP-4 selective versus
nonselective inhibitors suggest that preferential mlubition of DPP-89 and quiescenmt cell proline
dipeptidase (QPP) m vivo was associated with a species- and tissue-specific profile of different toxicities.
Inlibition of DPP-E/'9 produced alopecia, thrombocytopenia, splenomegaly, thrombocytopenia, and
multiorgan pathology, leading to death m rats and gastremtestinal toxicity m dogs. Moreover, simlar
toxicities were observed m wild-type and DPP-4"" mice treated with DPP-8/9 mhibitors. In contrast.
mhbition of the related enzyme QPP produced reticulocytopenia in rats, whereas selective mnhibition of
DPP-4 was not associated with detectable toxicity in rats of dogs". Sunilarky, inhibition of DPP-8/9, but
uol DPP-4. was associated with reduction of mitogen-stumulated proliferation of human monomclear
cells m vitro™*. Curiousty, some but not all DPP-4 inhibitors have been reported to produce skin lesions in
monkey studies. The extent to which these findings reflect differential selectvity of specific agents for
the monkey enzymes and whether the lesions are completely afinbutable to non-DPP-4 dependent
mechanisims remams poorly understood. Collectively, these findmgs illustrate that data obtained using
nonselective DPP mhibitors needs to be interpreted with caution in regard fo the putative role of DPP-4 m
the development of specific organ pathologies

VARIOUS CLASSES OF DPP-IV INHIBITORS

In respect of current clinical developments of the thousands of indmvidual compounds prepared in the
mean time. three classes of DPP-1Y mhibitors are under investigation namely reversible product analogue
mhnbitors {eg. pyrolidines and thiazohdines). cowvalently modifying product analogues (e.g.
cvanopyrrolidines)  and  reversible npon-pepiidic  beterccyelic  mhibitors  (eg xanthines  and
aminomethylpyrimidmes) (Figure 4). Because of the different modes of action (non-covalent 1eversible or
transiently covalently modifying mhibitors), two treatment principles currently under investigation are
mealdependent admmistration of short acting DPP-IV mhibitors with the goal to minimize potential side
effects or long acting inhibitors with once a day dosing potential' **. l

Table 2 hists vanous DPP-IV mmhibitors in various stages of clinical dwelnpmen’r'?

SITAGLIPTIN (ME-0431)

Sitagliptin (Januvia) is the first compound of s class ntroduced in the market as a DPP-4 inlubitor. Its
chemical structure 15 (2R)-4-Oxo-4[3-trilluoromethy)-3,6-difrydro] 1,24 Jazo o[ 4,3-alpyrazin-T(8H)-
y1]1-{2.4 5-tritluoropheny]ybutan-2-amude  (Figure 4). In October 2006, the US. Food and Dmug
Administration (FDA) approved sitaghptin as monotherapy and as add-on therapy to either of two other
tvpes of oral diabetes medications, metformin orthiazolidmediones fo woprove blood ghicose control in
patients with type [I diabetes when diet and exerciss are not enough™. In March, 2007 it was approved m
Furopean Union. $itagliptin is currently approved in 42 covmtries” . The normal dose is 100 mg once a
day™,

Fharmacokinetics

Bioavailability of staghptin s approxunately 87%, Halflife 15 between 8-14 hours. Tt s 38% bound to
plasina protems. It undergoes limited metabolism via CYP3A4 and CYP2CR Elimimation = mamlby
through urme. The dose should not be changed when it 12 combined with other antidiabetic dmigs (e.a.
metformm or gltazones). In kidney malfunction or even renal failure the dose of sitaghptme has to be
rednced one half or one fourth or sitaghptin should even no longer be used™ 2
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Side effects: Side effacts of sitagliptin are cold (mmming nose), stuffv nose and diarthoea, also sore throat,
headache and arthralgias were observed Recently, postmarketing reports of anaphylaxis, angioedema,
and rashes, meluding Stevens- Johnson syndrome, in sitagliptin-treated patients have emerged

Drug interaction: The combination of sitagliptin with pioglitazone results m peripheral cedema {-fl'“fig}.
Glitazones probably posses a cardiotoxic effect (increased heart attack) and worsening of heart failure™,
It 15 not sure whether the mcrease of cardiotoxic effects is only a result of this combination therapy,
Although sitaghptm s not as hkely to cause hypoglveensa as some other oral diabetes medications, be
careful while prescribing any other drug that can pﬂteutially lower blood sngar, such as pmh-mech:]
nonsterokdal anti-inflammatory drugs lfJ'ﬂ:‘kIDi} aspirin or other salicylates. sulfa dmgs. 8 monoamine
oxiase mnbitor (MAOI) or beta- blockers™. An inferaction with any antidiabetic diugs has not been
observed™.

VILDAGLIPTIN (LAF237)

Vildagliptin {Gabvus) 1s a new oral anti-hyperglycemic agent (anti-diabetic drug) of the new dipeptidyl
peptidase-4 (DPP-4) mhubitor class of dmigs. Its chemical stucture 5 (8)-1-[N+{3-hydroxy-1-
adamantyllglveyl]pymrohdine-2-carbontrile {FLguIE 4.

Clinical evidence: Siaglptn and Vildaglptn are differemt 1 molecular structure and m
pharmacokmetics. The in vitro actions have translated info sipmficant effects in improving glyeaemic
control m type [I diabetic patients, as illustrated by the climcally meamngful reductions m HbAle (by
(.8%%) observed over 24 weeks™ and 1 vear’” when a monotherapy of 100 mg/day is used. Vildagliptin is
used as a monotherapy or in combination with metformn (50 mg together with 830 mg metformin).
Vildagliptin (as sragliptin) may be used as monotherapy in patients who cannot tolerate metformn or
silforvureas, Vildagliptin’s major antidiabetic mechanism of action appears to be an ephancement of
glncose-stimulated insulin release, mediated via an increase in GLP-1 levels™ . Mast of the published
evidence shows that vildaghptm 50 mg/day or 100 mg/day is more effectrve than placebo m reducing
both fasting plasma ghwcose and postprandial plasma glicose. Vildagliptin improves glhcose dependent
pancreatic A-cell function in tvpe 2 diabetes mellins, as shown by rednced ghicagon levels i the
postmeal period™ . The reduction in ghicagon/insulin ratio is associated with reduced endogenous
glueose production during both the posiprandial peniod and the postabsorptive period™. These results
llustrate the dual effects of vildaghptm to mprove ghicose tolerance during meals and to directly reduce
fasting hepatic ghicose production. The combination of vildaglptm 50 mg once or twice daily plus
metformin cansed a significant decrease of HbAle compared with metformin alone, and a significantly
greater proportion of patients achieved levels <7.0%"

Adverse effects: The adverse effects of vildagliptin were headache, nasopharyngitis, dizziness. peripheral
edema, mncreased sweating and cough Smmilar rates of these adverse effects were reported m the placebo
groups. Hypoglveaemias are rare i response to vildaghptin combined with pioglitazone (0.3%) but were
higher with pioglhtazone bemng nsed alone (1.9%:). Pioghtazone increased body weight (1.4 kg) which 1s
further increased vsing a combination with 100 mg vildaglptm (2.7 kg).

Dosage: Vildaglipiin (Galvus) can be prescribed to patients with type II diabetes at a dosage of 50 mg
once daily m combination with a solfonvlurea, or 50 mg wice daily with meformin or a
thiazolidinediong such as poglitazone. Vildaghptin shonld not be wsed by patients with impaired Kidney
fiunction or being dialvsad or having a severe liver disease.

SANAGLIPTIN (BMS-477118)

Bristol-Myvers Squibb (BMS) 15 developing saxaghptin (BMS-477118; pvirolidine-based structure), an
oral DPP-IV mhibitor, for a potential once-daily treatment of type II diabetes. In early struchure-actvity
relationships (SAR) studies, BMS has  mvestigated a series of 34- and 4, 5-disubstituted
methanoprolinenitrile  dipeptide mametics and found that compounds with the highest degree of
be*rahmml:mlg had the greatest stability. The stable n.ﬂuipmmds have demonstrated some ant-dmbetes
activities by suppressing postprandial glucose elevation™*, Several patents have been filed for BMS.-
477118 mcludmg the specific process for preparation of mtemvedlate-a mwolved m the production of
saxaghptn, mcluding the enzymatic process allowmg for a faster procedure and the wsolation of
crystalline forms without the use of ammonium hydroxide’ . In addition. saxaglptin has been shown
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not to inhibit T-cell activity in vive™ . In some clinical studies, saxagliptin exhibited several beneficial
effects: for example, 10 myg qd patients showed ghicose and HbAle lowering, and good toleration of the
drug. Phase II1 trals (both as a monotherapy and in combimation with other oral agents) were mitiated
durmg late 2005 with results expected soon

ADVANTAGES OF DPP-IV INHIBITION THERAFPY™
o Oral administration
Long actimg
Effect less strong compared with mcretim mimetics (except decrease in HbhAlc)
Monotherapy or adjunctive therapy
Increase m endogenous GLP-1 concentrations
Inhibited ghicagon secretion
Stunulated insulin secretion
Mo change m fasting glicose
Slight reduction in prandial glucose
Diug overdose 1s non-toxic (except liver toxicity and QT prolongation for vildaghptin)
Weight neutral (no effect)

® & & & & & ® & * @

CURRENT & FUTURE DEVELOPMENTS

The therapeutic potential of inhibitors of post-prolme cleaving enzymes like DPP-IV has been the focus
of recent pharmaceutical research The DPP-IV mhibitors are evaluated being as monotherapy or m
combination with other antidiabetic dmgs. e g, metformin, thiazolidinediones, and'or PPAR 4 aponists.
Although human trial results m type 11 diabetes with DPP-IV mhibttors look prommsing, the lack of
selectivity, 1e. mhubition of the structurally related enzymes DPP-8 and DPP-9. has been a potential
concern. Based on the crystal structure resolved, it is expected to develop certain therapeutic agents such
as simall peptade via bindling 10 the catalytic binding site as a *'substrate-selective™ DPP-IV inhibitor™ ',
Recently, one exiting finding is to show the activity of such DPFP-IV mhibitors s due in part to their
specific absorption by the small intestinal di- and tripeptide uptake transporter, PEPT1. thus establishing a
system for optimizing the orallv active peptidommmetic drugs such as amino acid-based DPP-TV
mhsbitors. The beneficial effects of DPP-IV mlubitors on treatment for type IT diabetes not only offer
advantages over the corrent therapies but also provide more therapeutic applications beyond the treatment
for diabetes due to the biological diversity of DPP-TV,
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Table 1: Currently available therapy for treatment of type 11 diabetes

Class Mechanism Drugs Adverse effects
Sulfonslureas These dmgs stimnulate the | Tolbwramide bvpoglyveemia,  weight
msulim  secretion by | Acetochexamuide, EAm
stinulating Todazamide,
focells  of islets  of | Chlorpropamide,
Lailgerfumys Glipizide,
Glibenclamide
Biguanides These  drugs  stimulate | BMefonnin gastroniesingl
glocose  wilizavion by | Phenformin dispurlances, Iactic
mscles & they  also acichosis
suppress  degradation  of
dysulia
Thiazclidinediones These drugs produce | Troglitazome, weight  gain, ocdenin.
mnprovestent i wsulin | Reciglitnzoeae. AnAcIALA
sensIvItY Picglitazone
e-Cilucosidase Tnlsbitors | These drugs  inhibit  e- | Acarbose gastroiniestisal
glucosidase:  an enzvme disturbances
that merenses  absorphion
aof  plucese st the
gastrontestinal tact
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Table 2: DPP-TV inhibitors in various stages of clinical development

_Name Company Stage in development |
Siagliptin (Jamivia) Merck In market
Vildaghptin { Galvus) Novartis In market

Alogliptin Takeda Phase LI

Saxagliptin Bristol-Myers Squibb Phase 11 .
PSN-9301 OS] pharmwacenticals Phase IT
R1438 Roche Phaze I1
TA-6666 Tanabe Phasc I1
PHX1149 Phenomix Phase I1
GRC 8200 Glenmark Pharmaceuticals Phase 1T
SYR-619 Takeda Phase [
TS-021 Tasho Pharmacenticals Phase |
SSR 162360 Sanofi- Aventis Phase 1
ALS 2-0426 Alantos Pharmaceuticals Phase 1
Heredntary Factors { 3 | Obeaty
| |
Delayed or meufficient | l/ Insulin resustance
Insubn zecrehon i & | freceptor defect or other events)
Y/
| Increased maubin demand |
Y
P cell exhaushon and dyshimcton
v
Impared secreien of insulin
Hyperglvcema
Mon-meulin dependent diabetes melibes (MIDTN

Figure 1: Pathogenesis of Type Il Diabetes Mellitus
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Figure 2: Mechanism of Action of DPP-TV Inhibitors

GLP-1: HAEGTFTSDVSSYLEGQAAKFEFIAWLVKGR
(Active GLP-1 peptide)

(7-39)

DPP IV enryme (cleavage)

HA + EGTFTSDVSSYLEGQAAKFEFIAWLVKGER
(Dipeptide) (Inactive GLP-1)

(9-39)

Figure 3: DPP-TIV Cleaves Two Amino Aclds from the N-Terminal end of Pepildes, such as GLP-1
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Figure 4: Structures of DPP-IV inhibitors
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