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Anti-Obesity Drugs: A Current Research Insight
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Obesity is increasing worldwide and has become a major health burden in Western societies affecting every third
American and every fifth European. Obesity makes a major contribution to morbidity and mortality, predisposing

individuals to cardiovascular disease and diabetes. Many new substances are currently being investigated for their
usefulness in the pharmacotherapy of obesity. Most anti-obesity drugs can be divided into four groups: those that reduce
food intake; those that alter metabolism,; those that increase thermogenesis; and those that regulate hormone involved in
feeding behavior. In this article we review these and other agents available in various couatries for the treatment of
obesity. Perhaps more importantly, we have focussed on areas of potential productivity in the future. Over the last 5 or
so years, this impetus in obesity research has provided us with exciting new drugs targets involved in the regulation of

feeding behavior and cellular mechanism involved in energy expenditure. Recent development in the quest for control

of human obesity include the discovery of hormones, neuropeptides, receptors and transcription factors involved in

feeding behavior, metabolic rate and adipocyte development. For developing new, perhaps even more specific
pharmacological agents, further research is needed to understand the individual different genetic and physiological basis
of obesity. It remains the hope of research scientists that in the not too distant future we shall see a new class of
anti-obesity drugs arising logically from the molecular biology revolutions.
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Table 1. Strategies for molecules targeted against obesity

Class Mechanism of Action

Drugs

Noradrenergic agents

. Serotonic agents
Appetite suppressants

Benzphetamine, Phendimetrazine, Dietylpropion, Mazindol,
Phenylpropanolamine, Phentermine

Fenfluramine, Dexfenfluramine, Fluoxetrine, Sertraline

SNRI’ Sibutramine
Dopaminergic agents Topiramate
Histaminergic agents Histamine
Lipase Inhibitor Orlistat
Fat substitut Olestr.
Digestive inhibitors at substitates estra . .
. Glucagon-like peptide-1
GI peptides .
Enterostatin
Ephedrin/Caffeine combination
Thermogenic agents Exercise mimetics B3-adrenoceptor agonists
UCP-2, UCP-3
Hormonal manipulation Leptin, Neuropeptide Y Methionyl human leptin

*SNRI: serotonin-noradrenaline reuptake inhibitors, GI peptides: Gastrointestinal peptides,

UCP: Uncoupling protein, NPY: neuropeptide Y
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EoE E7eta Al A R sAE AR
A AL A4S DA =, @A o= delAnt
FTaAl YA FolAY FDAS $1& ZitEln e
HIREA| 52150 13015 Gohs Ao= Jotdn. dEvts
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rgic receptor), B-oF= Y F8-H) (B-adrenergic receptor), =
2 E=39 (dopamine) TEAE F3te] ALAA Y S
sste ANFRAE ol AZEUA FE (serotoni-
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2EY F2& F7MA ASGARE-S Ve AREY
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B2HE 7 oE (AZFHT, EEEYHEN (chloroam-
phetamine), =HZFEPY (norfenfluramine) 12|32 A ZE

TEAl A 283 2 (AT (quipazine)), FE 2
I #2kA (m-chlorophenylpiperazine), MK212, RU24969)2
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Efo|=go] &l ATt (Fig. 1) (Van der Ploeg et al., 2000).

JFILI

-90 -



HZ vwx gAY /ML ol ATRE BAF Al
Lo
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1. ASAMH

FHIF2T S (catecholamine)?t AZEUFE= A &2Hd

Bojzh= AAAG B4R wolmd A FEAS} AZE
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3t oFEo] FRHE o] F3 Ut} (Table 2) (Bray et al., 2000).
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Fig. 1. Schematic outline of organ systems involved in obesity.
This figure schematically summarizes the interaction between
organs involved in the control of appetite and metabolism. * CCK,
cholecystokinin; GRP, gastrin-releasing peptide; MSH, melanocy-
testimulating hormone; ORX, orexin (Ref: Curr Opin Chem Biol.
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2000. 4. 452-460). A
Table 2. Appetite suppressants approved by the US FDA for anti-obesity drugs

Drug group Drug name Trade name DEA’ FDA approval
. yes

Methamphetamine Desoxyn I (warning box?)
Amphetamine Dexedrine I yes

(warning box)
Noadrenaline releasers Benzphetamine Didrex I yes
Phendimetrazine Bontril PDM, Plegine, X-Trozine il yes
Diethylpropion Tenuate Dospan v yes

. Adipex-P, Fastin, Obenix,Oby-Cap, .

Phentermine Oby-Trim, Zantryl, Ionamin v yes
Noadrenergic reuptake inhibitor Mazindol Sanorex v yes
Noadrenergic agonists Phenylpropanolamine Dexatrim, Accutrim oTC' yes
SNRI Sibutramine Meridia v yes

"DEA: drug enforcement agency, 'OTC: over the count. Ref) Nutrition 2000. 16: 953-960.
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Fig. 2. Serotonin (red spheres) secreted by a presynaptic cell
binds to receptors (shades of green) on a postsynaptic cell and
directs the postsynaptic cell to fire or stop firing. The cell's res-
ponse is influenced by the amount of serotonin in the cleft and by
the types of receptors. Serotonin levels in synapses are reduced by
two kinds of presynaptic molecules: autoreceptors (orange), which
direct the cells to inhibit serotonin production, and reuptake tran-
sporters (yellow), which absorb the neurotransmitter (Ref: Int Clin
Psychopharmacol. 1995. 10: 15-21).
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Ao A gARzrg o2 LS R wIEL o|uE
(imidazole) F-E=HAZA NS4S A2 2ojaoz
ATt o] R0l e v AN A AFHLan
£ 48 AN 53 flASE oFge] WgEA o
a8 e Zeje)-98) FF7 (Prader-Willi Syndrome)
Aol Al F2 ARRECL

2) N2EUYH 2E (serotoninergic agents)

HNZEY (5-HT, 5-hydroxytryptamine)2 &2 H, 53]

FIES AFEE TE s Bdde A
s %Z‘Olﬁ}, AREYA 452 AZEUS FHlE FxiA|
1A, AEFE A, NREY T8AE ASEo2N F
Fo| AZEY 285 S7HA AES AT HEF
R, 92AAEFHT), EF2AE, NEZH Fo| o 94‘%01]
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FEE T/ (Fig. 2) (Baumann et al., 1995).
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3) OIERHLEIA-NEEHA USHY (adrenergic—
serotonergic agent combinations)

of=edRA-MEEGA F2HEE 2E71-0] =7
W) 2ol A7LET (additive), F5EH (synergic)s YHERATE

AZFA 3 AT JIA (fen-phen)y S A& A &3}
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24 e RIFe] 23 AT FAFHST AZEW-xol=
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take inhibitors) A|F-EZPHL 3ol 2 EXFE EXoT
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ramate, =32 2%, Topamax®)w= 19963 7HE k0 2 FDAZ]
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5) SIAEHQA 2k= (Histaminergic agents)

& 2B} (histamin)®) &A1& HI, H2, H3 4| 7H417} &)
o Algol= Hi1 H3ol Hei3he dj2Elle) Foj7t 2
25 ZHEAIZIYE HL $&Ad tigh A3+ OTC AF
PP AAR Gy o] 81 ovt 23S o HaE
o] glo] HIRAIE AR F7|7F AM-& Agsta vk H3
|49 A3 g HIBY 24 JehA T H3 $8-A7)

oIzre]l AEZEYE (dipsogenic behavior)ol] FojHT = B
37} glo} EAF Han ek (Kraly et al, 1985). H3 58
AZAE o]&-3 v UXNFAR GT-2061S S oH 2 (Glia-
tech) At A B8 55 AT (WO9511894, US5652258),
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7“413]‘*0]‘: (cannabmmd)l‘—‘c> |StiulZ Cannabis sativa
°1 PHE) 3 (marihuana)®] -71‘-@"?—"]‘4. tufzofE Holx
400017)?4 3EHE A o ‘5“’301 o ol 607) o]/l
ZhjrlcelEel, ol F F8H HEL HEHs|=R
ZhelE (THC; tetrahydrocannabmol)o]q THCE A3sH—
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SsprA-olEdY 2 SYskls A820ReL T
Yk prlmols £84) AFAZ 7P 2 LR AR

AAE ohdtiule] = (anandamide)sh 1 FEATH WA R
A opdrintolc 2HE-8 AAlstE CB1 ZFA (cannabi-
noid receptor antagonists)Z ©]-&-3} ‘:"-»]- ad38o EFE
walsta HAe) A3 B F4E TAINEE gtk Al
7)-2e2hs (SanofiSynthelabo) = CB1 A FA SR-
1’211716A (Arnone et al,, 1997; Colombo et al, 1998)2 94 it
‘q’ﬂ]i 73] Fof| 9lom, opHlEl X~ (Aventis), = 5\_%174
(Glﬂo—WeHcome) = (Merck) 3lo) 2} (Plizen) A7t Z}L}H]
gofo] tiaf AT Zo)rk,
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2. BME E4HH

1) ANy ESAAA

A FFAAAE ?‘]‘”4 Faste A SAY A
3l (lipolysis)& 57 “:t X]Bo“‘\j*g’“ (lipogensis)& A
3 5 S FES AA FEH 95S Abeld] A
HHE¥ o) s nFth. &Y 2AHE (tetrahydrolipostatin, |
UZ®E Streptomyces toxytricinil 3 A4E H2Erd

(lipstatin)®] §-EAM 24 FI k-2 25 (Hoffmann La Roche)A}
A JpdE v RAT 9B Ay AstEad g
SH8kA) (ipase) 247 MeH o2 oxjstel AT A
o] o} 30% =S FFEA &I AN ZN AFER
& FEg. &I EHE\_" A A A M7 Rabge
A °J'/JC°D% 75_ Hlukx) 247} ol 2Hg5hed A
9 3R e aadges
Alzkgo] gt H2 d7E &9

2R Ee) 9 B89l JiAwE, AU, FEHEAW (oily
spotting), 7324}, B7A% W AWEAE F0]7] Y3
AEZQ 2~ (cellulose)E H7}3H A}&T Aol Al =
AT (ZZH-Z 57 W00009122, EP1105122, ﬁU]Z\_ﬂa}ﬂﬁi
21 WOO0013667, EP1112063). 1 ¥} £27= (Oxford Mo-
lecular, % Z)/Alizyme (AE2]X|, G0l EE ATL-962
7} 44 10 dtk

2) 7Iet BAE &4 A

olgtFEa A4 A A (disaccharidase inhibitor) ©}7FE. 2
(acarbose; Glucobay®)-‘ Sl Hlalst FFAh F5 Foll
g doAM Z2g T3 gL vt 4—2, B 3
XMV% ARSI glov, AFAFE 9% 23}, F5 AAA)
o] Ahge] gt Holeta A8 Wyl ofF o Auith

3. OfL4%| CHAF ZIH

1) olE E2/71E2! B8R (Ephedrine/Caffeine)

AHl =7l Heaye 92 f%‘ ;‘7}3} A8AA F
74X &3S Jehdo) ofi=de HEIAAAR delA
et A§gaargol glof HIL Aol AFEHT EF o

AL pi-ol=eln $gAs} wgste] QA aAE Y
guj=d], 72l Eﬂ;%ﬂ (theophlling) Al W€ ZAH (me-

thylxanthine) 2 2 3} m%@}?ﬂ A o] g¥+ of Fugck
w32} %01] o3k cAMP X~ 9telobA| (phospatase) A A&

3}2 cAMP 7} S7ksto 2 drzasl Quby awh
g% FusE Aoz gAY o)s} Po] F=d L B
9] &AL HeARA I3 WS F7hE B

2p-gol o3l o AR ATHEE YT A "k Citrus
aurantivml Al E2]8t A X (synephrine)= ©19 F4}3
FE Ve gtk aev dddEde £5, 75, A4
7%, A (dRkE) 59 F2H8ol o] HTAEA
2 FDAS] 39& &7 Z3lglrt

2) HEI-Ot=Y -85
agonists)

HEl-ol=dx 584 ZEAE AFAAA ol=aE8]
B2-, B3- S8l Agate] 8L AAske J)AS o] &

2R (p3—adrenoceptor

Table 3. Clinical experience with first-generation B-adrenoreceptor agonists

Compound Efficacy Side effects

BRL-26830 Thermogenesis and weight loss Tremor

BRL-35135 Improved insulin sensitive and glucose tolerance Tremor

ZD-7114 No thermogenesis -

ZD-2079 Thermogenesis Fidgeting

CL-316243 Increased insulin-mediated glucose disposal and fat oxidation in healthy None, but poor (10%) bicavailability

lean subjects

Ref) Int J Obes Relat Metab Disord. 1996. 20: 191-199, New Antidiabetic Drugs. London: Smith-Gordon; 1990. pp. 177-189, Int J Obes.

1995. 19: S41, Diabetes 1998. 47: 1555-1561.
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oFgolt} p3- F&AVt B3} =y Aol HHR
A Aake FEl A7), Ak aeEeS &

(Leonhardt et al,, 1999). ©1213F a3 287 EE Lo7]7|
T Atk FE2 ZAATARTY EEI] dAHEE 5
s

Sha, WA HEE A o A = 53 (lipolysis)yE FHAIA

YA E] F7)9F RHHEE (distribution), FE (leptin)£H]
2 A& Aol FAsts AoZ Az vk o] oF
& Aded U #A] neE s At Hojvw
g, FuiAgARY §aH AZAZ 7Hsde] |
f+45}T} (Table 3) (Arch et al., 1996; Smith et al., 1990; Toubro

[¢]
-

al., 1995; Weyer et al., 1998).

@A o] F2EL 27PEEA o] I T FH T
o) e, 12 M) FEolA] YRt EA13L EA]EE
A vEhd oluR] 4| St a3kE A AA & 3
3k gethe A3, p3-ot=dddy FEAl T Sold
o2 zZHgaR i ohE ol=digdN FEAlE 2HE-5)
o A, RiAF e Aol gol yehdrh=s otk o
2t AsrEL Qtty p3ol=de FEAE T2
(cloning)3te] Q17+ Aol EAA AHEAE 22 Sirk v
A, B AEulo]AAFH (BMS; Brystol-Myer-Squibb), 3}
o)z}, dd] Eli Lily)At A S 9, 4E dAT (Te-
keda)Ale tloh]E (Dianippon)A 5B AJ-96772) ElolAl
A :.L_]E]E uLo], ol/\]- I°ﬂ ;d/\ﬂou:} AZ-40140% 01/\1- =
JeAd vk S2EadAd A 2ZERIEEte A
g p3-of=dddA FEA tia Aye e )k

3) UCP-2, UCP-3 (Uncoupling proteins 2 and 3)

AL A A v|EEE2]ofe] ofLdR] thAte] THEE
SA e T A (thermogenin) = 2F T4 (UCP
uncoupling protein)©] k. F &} ZE A¢NTES] AHALE
Aole AN Frg JURAE G2 e B2
UCP-10] lEd], Abe] Ag- gjag7] o] 1'“— 7&*“1]‘%_%
zlo] Elga] Wg)r] wigel] & #HE B Z
UCP-13 72202 FAFE UCP-2, UCP-3°] A}%MHE -
ALY 1 glo] EdAAY v~ (transgenic mouse)E ©]-&-5}
o olg @] 715E A8kl Tk UCP-2, UCP-37} A
WA Ee] FLAE FUHSI AME FAE FAATIE
APE S Y3, o5 BHAE o] &3 H|ve A

Z1d77E 2 A8y 7H”L°ﬂ Z e 2o gt

o
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o
%

OH4 -]IN‘
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1) EFMNEAZE XUZE HEO|E

Fig. 3 (Van der Ploeg et al., 2000)0l 4] B uje} Zho] A&
z3d) BAsie Hepol=Be] FAH[TH, ASE 4F
AZVE e A2S71Ee-S 71 %‘riﬁ“ﬂﬂc (neurope-
ptide Y, ©]3} NPY), 284 (orexin) 5°] HEHQ EZo|th
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Fig. 3. Color-coded coronal section through the rat hypothalamus
(inset) and schematic outline of hypothalamic CNS pathways in-
volved in the control of appetite and metabolism. Red arrows in-
dicate an increase in food intake; green arrows indicate a decrease
in food intake. The brown dashed line ouatlines the perimeter of this
coronal view of the hypothalamus. 3 SHT, serotonin; ARC, arcuate
nucleus; CRH, corticotrophin releasing hormone; DMH, dorsome-
dial hypothalamus; LHA, lateral hypothalamic area; PVN, paraven-
tricular nucleus; VMH, ventromedial hypothalamus (Ref: Curr
Opin Chem Biol. 2000. 4: 452-460).

(1) ®=2BEO|EY (NPY; Neuropeptide—Y)

NPYT AdsMRoA] AL, FHlEE 36709 ofmieibe
2 748 Helolzoltk AEg A 8zlRtgo] glor, W
AAZEAL Al ot o] An¥] FAEH 23 BE
o9 (lipoprotein) ] ItolA] E/dsloll o3t A 85
7AA 3L vk NPYE Y-59) v-1 &0 Agste] ze&
vERN 7] wEel 8Aol ek A dAE ANdste] NPYS]
28-g JAEtL SAHHE Folv A9E e (Ta-
ble 4) (Wieland et al., 1998; Kanatani et al., 1996; Criscione et al.,
1998). &Al A7 MEES NPY Z23AS BFAS 73t
—‘Efﬂ Azs5 9

(2) MCH (Melanin—concentrating hormone)

MCHE 7ZZoFolx Easo] wrzae dAste &
2ROZ 4#A gk 19903t MCHE] 21 &34 g
A7k ol FolH T, 19993 A &EzIARLo] 9l o] H‘ﬁﬂi\:}
(Tritos et al,, 1999). 41&of #HAE MCHE Fiste

o e eEA7} ERs= 2oz Ko}, "ol MCH &
A gaEts o AZ: FH 2ol AldEH-olA MCHS} 313514
© 2 A= SLC-1 (somatostatin-like receptor) G-Hd 2

(G protein coupled) &7 BA= o, SLC-1 48

A7} v 2R g TFed & AAEAL 9

(3) &et (Galanin)

gz Ao Bojsh= wy

;K
nin) AEJAe] HHE BT AFHLE o

é

Zahd (gala-
A= Buvt
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Table 4. New therapeutic peptides for obesity which affect central nervous system

Compound Company Structure Reference Action
Axokine® Regeneron Us 5780600 CNTF analogue
BIBO 3304 Bochringer Ingelheim Reference 13 NPY-1 antagonist
1229U91 (GW1229) Banyu/Glaxo Reference 14 NPY-1 antagonist
Benzylamines substitute Neurogen US5985873 NPY-1 antagonist
dihydropyridines, dihydropyrimidones Bristol-Myers Squibb US5554621, 5668151, 5889016, 6001836  NPY-1 antagonist
L-152804 Banyu NPY-5 antagonist
CGP71683A Novatis/Synaptic Reference 15 NPY-5 antagonist
Spiro-indolines BanywMerck WO000/27845 NPY-5 antagonist
Imidazolones Bristol-Myers Squibb US6054590, 6063934, 6096745 NPY-5 antagonist
amides and (thio) alkoxyamides Bayer US5939462, 6048900 NPY-5 antagonist
Diarylimidazoles Neurogen/Pfizer US6121260 NPY-5 antagonist
Tricyclics Synaptic US6124331 NPY-5 antagonist
Spiropiperidines Merck W099/64002 MC4R agonist
Isoquinolines Trega US6127381 MCH4R agonist
Ref) Br J Pharmacol. 1998. 125: 549-55, Endocrinology 1996. 137: 3177-82, J Clin Invest. 1998. 102: 2136-2145.

AT (Kalra et al., 2000). 7R3 E}l2 =847} £5 3 SKIN HYPOTHALAMUS
Wa A2 FRA T, B AEvntolo] A B, T2 (Neuro- o-Melanocyte o Melanocyte

gen), A (SynapticAt7} ¥Rk 2 AR Zehd A gAE
A8k glet.

{(4) 2= (Crexins; orexigenic peptides)

vj=r AEAbE oF) M ES A&xF S22 o] U
At} (Sakurai et al., 1998). Orexin-A$} orexin-BE FHH o
F 7 2R Y A E8e IAshE FHdA &
o, o]& W= A" (icv; intemal cerebral vein) &2 FA}
e W A& FT7HAPPIE S et 23ale] A&
AZEa3E AF7] Y3k orexin-Aol i A9l OX1
(orexin-1) T8 A (SB334867)E N2t} gu|w &
HE FEshE oFEo] JIWEI Qth 28 AL orexin-A<]
F%°| orexin-B BT+ $53 A4S el AT NPY
& ol &%t A4 g Hrie WA vehdo) AleksiilEs
o]

ML

_{

OX F&Ad dlste] 43285 el o2& v
X gAZ ALsta

(5) ¥t IEE (melanocortins) 2t OFE| (agouti) &
N

1z

=
™

=

A&} =T =¥ (melanocortin)S o= Eﬂ THEEIEZH F

22 (adrenocorticotrophic hormone), WE-AET (B-endor-
phin), o-p-y-MSHE $r=+& A7 Z2uedeleg2d
(POMC; pro-opiomelanocortin)oll A =8+ HEtole g F
Fob 2o YA HA Jom, AEA 23} U] 4]
F7HEH7E Yok debe2ye dele T 2R 583 MCR
{melanocortin recepton)& A8t aFHE VERY = o]
g ZHE A S o]-&3te] HITABAY] siEe] o]Fo)x 1
9t} 2127k4] MTI (Melanotan 11)% NDP-MSH 40| 7}

Stimulating Hormone Stimulating Hormone

lé—— Inhibits Agouti Protein —Inhibi’s—)l
Melanocortin 2 Receptor Melanocortin 2 Receptor

! !

Pigmentation Reduced Food Intake

Excess Agouti Protein Results in Fat, Yellow Mouse

Fig. 4. The model of obesity induced by overproduced agouti
protein. Agouti proteins are normally secreted only in hair follicle.
They stimulate the production of enumelanin and inhibit the bin-
ding of alpha-MSH to melanocortin-4 (Ref: Ind J Pharmacol 1999.
31: 388-403, Regul Pept. 2003. 114: 79-86).

A= oE GBS 47 MC4R9 MC-2R AEH o
2 2hgate] A8 Aae-S vehdth 53] MTI®| MC4R
of g A&AAEAE oFE 58 7Y FA& FFe] b
5 %’501 HAFA ok, A7IH R o] tial
HIEEA 84 7pgR Z)dEck | 3AL
T MCR®| % %Zﬂ 21 23] 2] 5] (spiropiperidine) %A
o] Bl B35 T3t (W09964002, EP1085869).
bt T MC-3R, MC-4R A= MCHH MSH-r
Ab k=] 23k MCR 233 adenylate cyclase E4del]
8} 4&8} (Fig 4) (Kulkami et al,, 1999). o} E] iz o]
Fhol HTE do7)e Y-S 0|83t olnE Y FEA
(homology)E 7} ]’ El-T3H E (AgRP; agouti-related
protein) S U 57k} vTkS =3k o 24, MCR
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Adipocyte Strategy

l Enhance Secretion

Circulating Leptin

|

Central Leptin

Displace from Binding Proteins

Enhance Transport

Leptin Analogue
Leptin Receptor Agonist

STAT-3 Activator (e.g. CNTF)

SHP-2 Phosphatase Inhibitor
SOCS/CIS Inhibitor

g\@ RNA
Nucleus g—'
DNA
STAT-3
Rosponsive

Promotor Cloment

Fig. 5. Potential sites of intervention for anti-obesity drugs in
the leptin pathway. The illustration depicts the long form of the
leptin receptor. Upon leptin binding, the associated JAK kinase
phosphorylates itself, the leptin receptor, and STAT3 (after it binds
to the phosphorylated leptin receptor). SOCS-3 and possibly CIS
are activated by leptin and prevent activation of STAT3. Inhibitory
influences on leptin signalling are shown by dashed lines (Ref:
Pharmacol Ther. 2001. 89: 81-121).

9 F8 ZTFEHE A3 Ik SEHAAHAL MC-1RY)
thet Eo] <l Agrzt-g9] ofmE] wfalg 1w At
(6) BIEl (Leptin)

7113} §AFS 1467)19) o) ato @ T4 H Helo|=r} v

Thelol Al Fe FE7F 2L Zlo] AW uiFe] B

Fele] AgAe) ATHIULE AL APAEAA Eo|F o
A

AFEHE-e] SANHE ZAEsA A8k NPYS] A E
AAsla, Aefea2gle] A - E0E S7HAA AES 7
N7 A8 JA Y, AEe] ue) AEE ALY &
ARF} oUIA ame Uz FEE SASA s 42
& @3 gtk ol=dt e 2HEo] AR ¥R EAZA
FEuA) =i

2 g)Ate] LY355101 (Brown-Augsburger et al., 2000)= H€
g0 Zgahs Az duwhde A Folv, ¢
A (AmgenA = R} AAE Aelo) =2 AFEm Yok
A2 FY A0 gt FEAE HFR)HEE
2 Al oFEHge] dAAE FEIEE F3Ye] A
o} ole 84 AAE AT Perol=Ag o) okt
A A RE ATo] AGHE ANZHGAA (signal

transduction pathway)oll IHE EIE gp7lo Aty AW
288 FHH= Z248 7pgshs W o)t} Fig. 5 (Clapham
et al, 2001 HE FEA 2 JAK-STAT Az A2 A5 o]
£ o] 83t AMud ¢ U ¥ 8 2HEZES UE
d oo dAle 9d 8432 Ak 22 S0Cs-3
(suppressor of cytokine signalling-3)2} CIS (cytokine-inducible
SH2-containing protein)7} 33+ SHH|TEX| F.A9] elo] F
31 JEd], SOCs-39k CISHl| tid HAAE 7gate] H-
o AEZHDLE FH (amplify)dte HEelth ol2ig X84
9] @& JAK, STAT, EA 3 Elo}al, AlolE7F9l MEzA
Az} Apgo] AW FEAAAT HegFow 2HgetE=A
oflE® LA ¥ LS fLd  due AHold.
# A= (Regenom 7} 7|23l oF47) (Axokine®)2 el
28 STAT 8X438lE #%38H= CNTF (ciliary neurotrophic
factor)} T E HEetol== Rl thsied] wkE3A] ggkd
EEAAM 2 AAE Uehlien, dulddda dxst
vt Ao AFALEadE B3tk Y Aasa 39 A
FHS o83 HXSA ] NEL vlS FEIA BIhE

o] gt}

2) HIEFNEAEE EEO|IE .

(1) 24 (bombesin) 2t GRP (gas't{r:in—releasing pe-—
ptide: Cholecystokinin; CCK)

A2 wFARe) FUY A% Al el Tugie
Fx BuAl, FHAE2EZY (cholecystokinin, ©]3} CC.I%
#HZA SFIHE (pancreatic glucagon)™ ZL HElo]=A| &
Eo| gl vlutA| R T80 H1 glrh. BEHjae gl
W2l Bombina bombina2} Bombina variegata] -0 A
28 14709 olx4to R FAH HEjol=t} FHAS
7hEdT) ite] BHE RSk AEd EdolH, vk
EY-ENE| S (gastrin-releasing peptide; ©|3} GRP)! CCK,
AAHE, #FEHNE S (pancreatic polypeptide), UEH,
ZFI12 (glucagon) B A HEelol= FH|E A3
Adde| 549 AR 240 HulE FX%ch GRPE &
W2k o9 AR AESE @4& AL JEH FH2
GRPE AlgolAl AuFAlsted S24dH 9 AAT g a
7t 295k BHAS CCK FEE Y02 AT Y
Ehll=d), 9138 3252 CCKE P|FAAE A8t £t
74 frsta SAXFAE e et BHal 8
A ZeA7 AEE v g4z 7lg"d GrRPY 42
o]g317] Y3l FARE MdFol dom dPHOE A&
Ha doy AFHRL Holelrt obd MEHI QA @4t
FE2 47 | HE (Abbot)AE CCK-A &4 A¢AE
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(o3

183l A4 @Al Fean Yok ® HZ 7)&L CCK
e 2Yo=2A CCK 848 24 E AEZH 19 F
i=3
olF HElol=E FEH AFAAM €& dFUF AlEEHX
Ror} ofA A= RAREo] He AoZ Yehlx Q) §
28-S EQ EHHQ AT REThE e A&
ZREA Y2 43e XA gk, I 28
AE oFA HAge] Fo] yold Aok
(2) GLP~1 (Glugagon—like peptide—1)

o

SRR AT ot FRAN Lulsle FRATL
FE UAN0R SAUHE BN ST 27

(6~29719] ot :=Ahel GLP-1 A Y3 £5-& JAsl
WS freste] ASAHE o2t GLP-12 TE A7

HElo]= NPY, €, ZE|FEZY "f: 12 4 (corticotropin-
releasing factor)?} = 45 24-5}, 4F4 AH] (oxygen con-
sumption)$} AR Av|E FIHA Z_E]- AFAES GLP-1
F8A Fed FFtn ded, @A bR (Amylin)Al
oA GLP-1 24| exendindZE 7ferata] <izbol} 2-&3}31
At

(3) SIE|2AEEl (Enterostatin)

F7 3ol &%elA BulEE WE Helol= 4
AAZE-S ot ke viRkEE ez AEE
Al (enterostatin system)2] ©]d ZA&o] 71213 Ao P2ty
of ojol #AHH *ES Esta gt

(4) GIP {Gastric inhibitory polypeptide)

Aol FH-& AAHE A HW AolAF oz RE GIP
e S 28] gty U DEUYEIE (Kyto University)
e Aol (Yutaka Seino) B T EITLELS GIPEt:
o] AYAES GIP A AH3E A 59 Ag
AA FFSIES E9Ethe AMS AR Miyawaki
et al, 2002). WetA GIPS} GIP =842 S JAlste]

A F5E A dRitasE s = ok

(5) 7| &

2 Pr % 193 (ghrelinye] 2har e 2824 T2
°] 1999 4& FHANHERATF LM XL DA X
7] 1008 o)de] @R =Fo] Lol vhex g} 28719
otujizato 2 ojRolzl 1YL 2o AAZATERS
= AAEHA oY oA Ak ZulEo] AL T H=
Ags] WiaES =7 A @the ARl e, dA 98
HRRAELS &, do)2, ¢, AFH2R 28] T Hoj
A Qe B A 1dYE Fojs] AEES Tojegd 3}
9ok B3 Sl adhe] AA RuEEE s E
< Zot HTAAAZE sl e A=7} o] FojA 1 Yt

HT AFAHZAA 2 g Acrp30°] gt B ERR
A gAcrp300] AL we} e#EAA AW A ate] 25

A
& 28

ri

ol

oM @Y LRSS s A48 vehdo vF g
o|EF= 74 (Whitehead Institute)?} ZA (Genset)AH=
LR (Fruebis et al, 2001). °]2{¥ 2hgo] A AP54
2 WA o] RS vtR R g ] shede

ANSRT, E AR AE Ao A9 Famoxin] 2
£ 9uge) A 28T A4 ol5zhge] dge vl
A Fo 4EYS WY,

detz9] =8 =T]A3 (Novo Nordisk)AFS H]Eh BlE Q]
Holl= A4 FEo) vla] A4 2F CART (cocaine and
amphetamine regulated transcript)Zhe HEFO|E 217} of-$-
s 2E 2AFH o] 228 P99 Ney sl #H3-3ke
A& 9 IHRe sk 8-S 7K ik &, XA
27} BAAsE fEe Hue] CART 3] 5718 FE3511
CARTE ENE Fi SHAUHE FAES 3= UsE
WY 77} Yol 9
& {59 NPY 558 Fo] 488 FohsE B0z X

f Energy expenditure
G!uoose maetabolism

Lemm
\ @ ‘Ad|pocy19
energy stores

Fig. 6. The regulation of adipocyte and leptin. Leptin has a
function to maintain constant level of fatty acid by feedback me-
chanism. Up-regulated fatty acid causes increase of leptin level
and thereby, increase in the expression of POMC and CART with
inhibition of NPY and AGRP. This subsequently decreases the in-
take of food and increases the consumption of glucose metabo-
lism and energy expenditure and causes the low level of energy in
adipocyte. ¥ AGRP, agouti-related protein; CART, cocaine- and
amphetamine-regulated transcript; NPY, neuropeptide Y; POMC,
pro-opiomelanocortin (Ref: Nature 1998. 393: 72-76, Cell 2004.
23: 337-350).
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Table 5-1. Status of new anti-obesity drugs in development

Drug name Leading Corporation Development Status
Axokine Regeneron Phase III
Glucagon peptide-1 Amylin Phase I
p57 Phytopharm, Pfizer Phase I
Ecopipam Schering-Plough Phase I
Leptin Amgen Phase I
GW427353 GlaxoSmithKline Phase I
Human steroid hormone analogue Supergen Phase II
RF-1051 Supergen Phase I
SB418790 GlaxoSmithKline Phase I/I
Leptin (second generation) Amgen Phase I
Lipase inhibitor Alizyme Phase I
Gl1181771 GlaxoSmithKline Phase |
1426 Aventis Phase I
Corticotropin releasing factor Lily, Neurocrine, Janssen, Dupon Pre-clinical
Galanin antagonist Neurogen, Synaptic Pre-clinical
Melanocortin (MC-4) Trega, Pharmocopia Novatis, Millennium, Roche, Amgen Pre-clinical
Neuropeptide Y inhibitor Aguron, Synaptic, Novatis Neurogen, Pfizer Pre-clinical

Table 5-2. Obesity drug candidates recently at Phase II or beyond

Compound Stats Made of Action Company
Mazindol " Marketed Adrenergic agonist Novartis
Orlistat Marketed Lipase inhiorsbit Hoffmann La Roche
Sibutramine Marketed SNRI Knoll
Posatirelin Phase IIT Thyrotropin-releasing hormone analogue Dainippon
Sertraline Phase IIT SSRI Pfizer
Topiramate Phase 11 GABA agonist, glutamate antagonist, sodium-channel blocker Johnson&Johnson
SR141716 Phase IIT Cannabinoid antagonist Sanofi-Synthelabo
Bupropion Phase II Dopamin reuptake inhibitor Glaxo-Wellcome
Enterostatin Phase I unknown receptor AstraZeneca
Linititript Phase I CCK-A antagonist Sanofi
Pegylated leptin Phase I Anoretic Hoffmann La Roche
AD 9677 Phase It B3-adrenergic agonist Dainippon

HAEe] @ AREei=E0) 483 B (Fig. 6). 3

sAge
HUARAR AT 5
A (Nature) FHEAZANA
1998).

Z1Z Table 55 A /ML FA v EA 9] 2Fd
(Table 5-1)3 42 I oAk ©Aldl] e HIWAEA] TR

E72 (Table 5-2)& YR Sich

Q€% NPYE E&6lo] CART HERO|=7} 335
Ae AEd $HEH

F25kar 1o} (Kristensen et al.,

Jojzh el
AR JIEE 42
Wil B 23

He] F4jo] Hol gt
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ARAL F71o] wE AR BH) F77E s Ny
B4e ST dehemade] 44 2 2018 374
48 Faryle 4o AHADA P % deheae
€ i Fol A 38U gl 5, Azl Y
Mol FHe YHHE ALSe] BA FEA FASAR
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o] £4At YR ¥z LU 4P B 9L How
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NPY Z 34 3) MCR 4) g3-ol=# =584 244 5) GRP,
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24 Hqepol= EZS ISR 3= GBS e 54
oz st glon, o et 01—‘% 285 LhE}
|4 AZAGE AASAY THAN2H B} M8z o
3 ZHAQ X 8A LS AEstn Yok 55 B AF
Hetol= FEAEL ATAGHERI Bol ATE seven-
membrane G B2 AFTEE JIX T JoJA] o|F EFlL
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oFETlel Qo] BAFEE Tt AN A HEel =
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o] FojA|A] K& Aeith
ol¢} o] AFA HAEE A&z #¥ Peho|=rt 3
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Table 6. Selected list of candidate genes for human obesity

Gene™ Phenotype Chromosomal location References’

ASIP obesity 20q11.2~q12 Michaud et al., 1997

CPE obesity 4928 Hall et al., 1993

LEP obesity 7~q32 Geffroy et al., 1995
LEPR obesity 1~p31 Tartaglia et al., 1995

TUB obesity 11p15.4~p15.5 Kiyen et al., 1996

UCP1 energy balance 4q31 Cassard et al., 1990
UCP2 energy balance 11q13 Fleury et al., 1997

UCP3 " energy balance 11q13 Solanes et al., 1997
MC3R " feeding behavior 20q13 Magenis et al., 1994
MC4R feeding behavior 18q21.3~q22 Huszar et al., 1997
POMC obesity (leptin levels?) 2p23.2 Mountjoy and Wong, 1997
NPYRS5 appetite regulation 4q31~q22 Nakamura et al., 1997
MSTN skeletal mucle growth 2q32.1 McPherron and Lee, 1997
CCKAR satiety 4pl5.1 Huppi et al., 1995

TNFA obesity 6p21.3 Norman et al., 1995
PPAR-y Adipocyte differentiation 3p25 Chawla et al., 1994
ADRB3 adipocyte differentiation 8pll.2~pl2 Mitchell et al., 1998

“ASIP, agouti signaling protein; CPE, carboxypeptidase E; LEP, leptin; LEPR, leptin receptor; TUB, tubby; UCP, uncoupling protein;
MCR, melanocortin receptor; POMC, pro-opiomelanocortin; NPYR, neuropeptide Y receptor; MSTN, myostatin (also called growth
differentiation factor); CCKAR, cholecystokinin A receptor; TNFA, tumor necrosis factor; PPAR-y, peroxisome proliferator activated
receptor-y; ADRB3, beta-3-adrenergic receptor. Ref) Science. Vol 280. 29 May 1998. 1374-1377p
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