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Table 1. Actions of GLP-1

1. Insulin secretion

(a) potentiates glucose-induced insulin secretion

(b) enhances all steps of insulin biosynthesis

(c) upregulates insulin gene expression

(d) upregulates expression of genes essential for f cell function

(e) mitotic for f cells

(f) promotes differentiation of duct progenitor cells

(g) inhibits apoptosis

2. Inhibits glucagon secretion

3. Inhibits gastrointestinal secretion and motility

4. Inhibits appetite and food intake
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1) Exenatide

DPP-IVE GLP-19] N #reke] ZEa)7} okl olAls}
o] Z2A ¥:d), 7hksiA| o] 919k vl = DPP-IVol]
thstod Z%W—"— ZHA) E][17], Xl GLP-191] vlslo] 2Hg&
A7) odzk=Elc), ] 7pA wo| oAy} RsiE] 3
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ek GLP-13= <F 53%9] AgAS Zar Soiis).

Exendin-4+= GLP-1 <=8Ajol] that Z-&-A|= DPP-IVel o
gl ZgA)S Za glowg ol GLP-19] whdg FE
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Table 2. Comparison of dipeptidyl peptidase-IV (DPP-IV) antagonists with glucagon-like peptide-1
(GLP-1) and glucagon-like peptide-1 agonists[51]

Property

DPP-IV antagonists

GLP-1/agonists

Route of administration

Effect on weight

Adverse effects

Glycemic control

Dosing schedule

Experience

Mode of action

Patient compliance

Natural homologues

Associated hypoglycemia
when used as monotherapy

Lingering concerns

Prospects for clinical utility

Oral

Appears at least weight neutral. May be
associated with mild weight loss

Pruritus, diarrhea, dizziness and diaphoresis
are notable

Has demonstrable efficacy in controlling
fasting and postprandial hyperglycemia

Twice daily and three times daily dosing
schedules so far tested

Still limited. Multiple studies underway

Inhibition of endogenous, ubiquitous
plasma enzyme DPP-IV
Excellent, side effects infrequent and

generally tolerable

None thus far identified

Probably no but even if so uncommon and
generally mild

DPP-1V is a ubiquitous enzyme that in
vivo degrades over 20 different endogenous
human peptides. The consequences of all
these peptides on a long-term basis in
humans and even animals is yet unclear

Good,
Merck) in phase 2 and 3 trials

two agents (from Novartis and

Subcutaneous and intravenous.
Oral preparations are in rudimentary stages
of development

Clearly demonstrated to be associated with
weight loss

Nausea, vomiting, anorexia, and early

satiety are notable

Most dominant effect appears related to
controlling prandial hyperglycemia. Long-
acting analogues with greater effect on
fasting hyperglycemia are also being tested

Preprandial multiday dosing schedules well
tested. Potential for less frequent dosing
including once daily, 2~3 times weekly or
even once weekly are the subject of
ongoing trials

Fairly extensive human experience from
several different pharmaceutical groups

Enhancement of endogenous incretin

hormone effects

Good, for subjects who are not needle
phobic. The side effects are generally mild
when present and largely tolerable
Exendin-4 from the Gila monster

No

Physiologic effects and consequences of
GLP-1
extensively studies in animals and humans

fairly well understood and

Good, several different agents in phase 2
and 3 trials
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377785 e Z 30 7t exenatide S s 23] IJslFAL
2 Fofslglel. tizats Eislel Al FoE Urele,
X 872 exenatide 5 g bid$} 10 pg bidE U-ro] Foist
gt X5 $ JelEAse] Wil X85 ) sl
ZAslFe I ZT-2 +0.12%, 5 pgi-2 -0.46%, 10 uga-<
-0.86% 74zslSich). Hdk skl Fol &gl wlellsted A
FAa7} WAYEIAT. Exenatide®] %2 7HsA e A
= o] &40 uigl glolct. gk oA ollA] exenatideol] tigk
Al 22% 01X WAEIGANE, 3] Rl uhd I 244
ee] Wizh} Fakg- whalle] gk Xjol7}t fle AR HuE|gl
oi22].

Exenatide = exendin-4& 338 Zloctl. Egan S{19]<
7783k ARk 7 QlEEE ARgRl EAo] gl ARY 2
3 e dier wdd FUZE ol 83l
exenatide® FAZIE dolH9t}  ExenatideS 0.15
pmol/kg/min® 2 1A7F B3t Foit Az} QIS Hhgo]

Glucagon—llke Peptlde 1 (GLP-1)

4] Z7RISIEL, olel EAhe Folf FANLE 4 A7
Bk A%sigon], A AT
Aoyt
wel C-FE|er) St AL olgwle] =l ]’ sl
718

AAEY] Zioll o8t Aol ol AL uigch
Exenatide X| &% W 7 7~ EFoll¥] 7|4 SF7R2X=

Zraslar Tt AAES =718t} Exenatides A4S
nkdl 34120 Sle] e 4% oA mighe Anbd oz Qe
A Frgel gHo] B 5 ¥F Ex wwm Hol2l 5|
|9l & Exgh o|EH o 4wl Bu] 37wt
Qheke 2 oulie,

ExenatideE ©]8%t Hr}l 277k o7} FE=IQIcH23].
62 12 pmol/kgS LY 23714 91 9] olEal-g A3
BA) e ARY P SRS o Folsiglch 9
S 9,104 83%E v 1704 wholl ZHasideh &
22 Hk ofu] g Rslglon), A3 Whe ofd A
A} A3k 719k, oA ol RAA Sefol} A
£ 717l o3k Ao Kol 171 E]F Adsl= B9t
I} Aeksle e WA 4 glolek F GLP-1 58
9] s}gkzA(down regulation)o] Hlrhe AL ovu|gic) =
gk o] edollA 1I7HEZEE] A8 F o] FelAXAFTAS
How A% At AR 5] Wsks $igieh

pelEElg AAEY FEEZE o]83k o] oI 23]

01-531714'“440]] ;H%‘]— Hyoo alz%zjlo]x] s} XJH]—ZJQ

gol

2 exenatide®] JEUTAell et avbe B3l £

glycine-extended form

amidated form

v»m-de (7-36)amide

30 35 36

COPETEEosee

Liraglutide (l\NZle Novo Nordisk)

i
Chemical reactant (covalent binding to

albumin) —————————____
<» Albumin

C-16 fatty acid (non-covalent binding to albumin)

(o]

H Lys=AEEA linker
” ' 0,
{e]

Fig 1. Amino acid sequence of GLP-1 and incretin mimetics under development as

antidiatetic drugs. Amino acids identical to the same position in the GLP-1 sequence are

shown in light grey, amino acids different from the native molecule are displayed in

darker grey.
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2) Liraglutide

Exenatide 2]9] t}2 §EAE+ Novo Nordisk®] NN
221121= Al GLP-1 §-=A47} 9tk o= Xed GLP-1¢ll
oM(acyl) #H5 A7 Zlolck NN2211+= A|e] Hwlzt

7A3ls1A| =lo] DPP-IVell tigh Zpido] Yar, 4} H9of]
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ok 1Y 13] FoI& 247k F]F A 5 55 74
Al = Qrh30~34]. AA o] EZL liraglutide}sr v
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A7} 0.75% Zasiaick o2 e o4, TE, T
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ALH37). TREL o] SfAl i 13] AT F5
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TR GLP-1 SIS ulgelr Wit gl
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2

4) PEGylated GLP-1

FellA Youn S{38]°] 73k GLP-1 F=Aleolck
GLP-1 2HA717] lsle] PEGE 91 Aoz 2l
GLP-19] AE9] 03% AES] FF& fAHIA oF 39
A9 AARE 2 A0 o] Qe et okg A
B toR & QPRITE AEsA oot o AnE
HYAE % o Jlelol & Aoz Bk

2. DPP-IV XAl 7Hg

o oAl kel wielie 28 =iar BRI DPPIV
S ofAllsl GLP-19] 57} Z7lsjo] drnko] zhdsghei
Aol glvH39]. 5 DPP-IVE AgHor A4 -
+ =A2o] b A, 52 U4 GLP-19] E3llE
o} Qludl | 4 s TR = YUel1T). =
dof|4] A2 FoI3k DPP-1V HAAlE durtel 245 ¢
8] 7HAAZAEH40]. ol2 gt SFAIEEE P32/98 (Probiodrug
AG), DPP728 (Norvatis AG), LAF237 (Norvatis AGQG),

b2

e
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MK-0431 (Merck Co) -5°| vt (Fig. 2). T2l DPP728<- ©F
Al ZLgA710] Fot 7] /MeAlA FRk=9la, 1 B} 2
& Azle] 71 LAR2370] % MItHAIR s7kE Shvat Qlek

o|2]dt DPP-IV A4l GLP-10] S| E AKF]7]
wfitell vhE GLP-1 tiabze] Aol S4=lo] ddd A
slarks WolrmelA] k&7t s 7l Aot FHE
GLP-17} DPP-IV dAAIE AellA] BAloll Fodsle] 1
2 A 229 ks A B An T3 oiAEAe]

GLP-19] dgA]slael oJgks A ¢k= vhe A4
7} W= YrH41).

1) Vidagliptin
0= Norvatisoll4 78F LAF237-2 vildagliptin &2

NH, NH,
Valine-pyrrolidide o 95?9011
(Ferring)
N
\} N

—

/

\ H
\N H/\/N\)]\D

- 0

NVP-DPP 728
(Novartis)

F F

NH, O

2

N/
Sitagliptin \SVF
(Merck) F}

Fig. 2. Structures of DPP-IV inhibitors.

HbAlc (%)

gEen A 34 944 AR Foll glvk o]E DPP-IV
AAAL] AL 73T Fol7t Thsskar Ak Bkl ¢l
the Aolth39]. DPP-IV AR} AE S22 e
LS PS5 A S84 AR DPP728S o83}
A7 B 3AellA] dddo] AslHrhs AMS HolE
A7ArH42]. 2} DPP728 1 & skl ARA|7F AH8-
39l vildagliptin (LAF237) wliell ¥ o]4ke] A7 zle)
FA] 9831 ek Vildagliptine s 3 Wl AR Fofshs
WHO R 47F AAR AFolA] SFaodsehy zslol
7122] DPP728% bid B tid 2 Fofsh= Zgt 79 44
she, Ae dg gl gl A ks e vt A
o8 Hawgleh43]). Sx7F W7t e 3t JERIA
© AFH R fAEeH, 9% SFTRAE A

- o]

\/:\HL“\I:\/S

NH,

Isoleucine thiazolidide
(Probiodrug)
OH N
o
H\)J\ 3
N N
N
Vildagliptin
(Novartis)
OH
N
o I
O
NH2 s 8
Saxagliptin

(BMS)

—— LAF/MET (Core, ITT n=56)
—O—PBO/MET (Core, ITT n=51)
—&— LAF/MET (Extension, ITT n=42)
—e— PBO/mET (Extension, ITT n=29)

6.8 +————
4 0 4 8

12 16 20 24 28 32 36 40 44 48 52

Week
Fig. 3. HbAlc concentrations during 12 weeks (core study, open
symbols) and 1 year (extension study, closed symbols) treatment
of type 2 diabetic patients with metformin alone (circles) or in
combination with vildagliptin (50 mg once daily; triangles)[44].
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2) Sitagliptin

MerckAFe] MK-04312  sitagliptin® 2  HH=|l o]
sitagliptin 200611 114 €Al FDA2] 5218 92 Aeflo
w, FllellAl= Al 34 AR Folck Sitagliptinge %+
A7+ 243 DPP IV JAAZ 19 13] 7750 & 5 Q)
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Fig. 4. Means * SE time courses of insulin secretion (pmol/L 30 min)/(mmol/L) (A), dynamic

insulin sensitivity (OGIS, mL * min - B m’z) (B), and adaptation index (nmolc-peptide mmolglucose'1
mL" - m'z) (C) at baseline (week 0) and after 12, 24, and 52 weeks of treatment with
vildagliptin (50 mg once daily, n = 31) or placebo (n = 26) in metformin-treated type 2 diabetic

subjects. D: Regression between change in adaptation index and change in A1C after 52 weeks

of treatment with vildagliptin (@) or placebo (O). Asterisks indicate probability level of
random difference between groups. * P < 0.05; ** P < 0.01[45].
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