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activated receptor y)E ASAI7]E= EolZa tylo](thiazolidinedione, TZD) AlEe] <FEEo] Ut}.
PPAR-y+= & T2F $8A(nuclear hormone receptor) 92 3 E o= dx F8A(retinoid X
receptor, RXR)9} ZAEsle] o]Fo]&Z A (heterodimer)E& P FH, HAFQIAM(transcription factor)® 283}
of ARAERES, BessE, ARdAL Tl 8% ZHE&S v, 53] PPAR-y = FE AWAIE(adipocyte) el
EA5hd 2 A (adipogenesis) 2 ‘;Lﬁ"(glucose uptake) 288 d}7] witol PPAR-y A SAHI(PPAR-y
agonist)7} 28 Fnd A SAZA Wo] AREEH vk, T EolZ tiu|o]>(thiazolidinedione, TZD) A&
o k= 29 T A BARA Wol] AHEH L dtt(Diabetes, 1998, 47(4), 507~514).

a8y, @8 FEABAe] dRe B Fxe] A A4/l AR oj=A Kshar leuvrr, ol -z

=
FE X H
€ o] Bausa glof el ARLE TRAoR AT = ofwe el AlEd Aol

MR Ehes] BAFOR g v A9 9B L del ol velxith: EAZE ok o A fdle] Hu,
WA AgelA 2 NFe sk gl glom dl4e] vl Qlrk. AARTF(H0)] A we
W oulghe S W Ee] Fvhstel 2008 @Al A Qo] oF 6891 49 W AEs} Wwbom 2AET 20154
o= 79 @ olabol A Rom d5aa gtk 53 KD F7bel A, A ulwFE suit Srksh FA
o] wiste] 7% 39 F 19e Hual }a—%é}ﬂ

3 Ao ZAMETH. EvetE AE3 o] Wt HwklAty
A4 (body mass index; BMI) 25 o]AF¢l ffh? AJ0o] H|ulol L= 2
e HRRL Ao ® ZAEQTH. AR ATEF] g wEd 19959 H]“J?l:rlﬂ A ?l 94
2001 dell= A 15-¢] 30.6%%, 2005»ﬂoﬂL AA Q1] 31.5%% FEFaFon ALz F7}
[e)

3|, dld glo] 2 Al EQlaksl g4 1B(protein tyrosine phosphatase 1B, PTPI1B)& 3l7] =

8 (insulin receptor) 2 Q&% 8| 7] (insulin receptor substrates)®] 2RlitstE
o A 71HdE WwaFor Adad AFLE oATIE a4E A k. E3, A7
A Eikst 54 1BE §Ye] Aedg dAodME Y 8 H Jakel A doju=
gFoer Fd AsAY 7|dE AAF(FLE 1 F2)o =2 Hvks doy)s ddow dex] YrhU. Med.
Chem., 2004, 47(17), 4142~4146).

(ot 1]

F IR: insulin receptor
@ﬁ IRS-1; insulin receptor substrate-1
le(R): leptinireceptor)
Jak: Janus kinase
STAT: signal transducer and activator of
,Inkz g Lk transcription
e PI3K: phosphatidylinositol-3-kinase
-o,;-_' Q’ Akt: protein kinase B (PKB)
GULTH4: glueoss transporter 4
ACC: acetyl CoA carboxylase
CPT1: carnitine palmitoy! transferase
Q >
STATS —

GSK3: glycogen synthase kinase 3
IRS-1 :
ﬁ &
w v ACO: acety]l CoAoxidase
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H = &4 7] duld gol2 Al ©latsla s 1Bo| #E AgE AulHoes %7 @Al MEY 7 §HA
gk, FH g elol2al "elatks) 1Be] A& 75 2 A 42 7o) e e wet A2 okE
kel gAlo] Ha 9dtk(Med. Res. Revi., 2012, 32, 459~517). 53], B, H|w, o 5 x4 Ao glo]
A gl gle] 24 ©latsl g s 1B o] Fy ] wel o] aa ASE EPoR sl A sde B

gt oZA, vlA glo] Al eelislas 1B FHAE AAT FHolA dud

FA7F o] Fo]A L 9t} oo o

ol AlA 28 Furo] FEA ko Hnte] AAHE Ado] B o™ (Science, 1999, 283,
1544~1548), w2 Elo]2 Al ©-<lalal & A 1B(protein tyrosine phosphatase 1B, PIP1B)E oAl E 4 Eo]
Fdu ans Hols dde] #EH Yk, Med. Chem., 2000, 43(5), 995~1010).
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] 55 £-8
(B &3]3 0001) Spiegelman, B.M., PPAR-gamma: adipogenic regulator and thiazolidinedione receptor.,
Diabetes, 1998, 47(4), 507~514.

(ME3F3 0002) Hooft van Huijsduijnen, R. et al. Prospects for inhibitors of protein tyrosine
phosphatase 1B as antidiabetic drugs., J. Med. Chem., 2004, 47(17), 4142~4146.

(ME3] 53 0003) Elchebly, M. et al., Increased insulin sensitivity and obesity resistance in mice
lacking the protein tyrosine phosphatase-1B gene., Science, 1999, 283(5407), 1544~1548.

(ME3F3 0004) Malamas, M.S. et al., New azolidinediones as inhibitors of protein tyrosine
phosphatase 1B with antihyperglycemic properties., J. Med. Chem., 2000, 43(5), 995~1010.

(M E3] &3 0005) Thareja, S. et al., Protein tyrosine phosphatase 1B inhibitors: a molecular level
legitimate approach for the management of diabetes mellitus., Med. Res. Revi., 2012, 32, 459~517.

(M E3]53 0006) Johnson, T.0. et al., Protein tyrosine phosphatase 1B inhibitors for diabetes.,
Nat. Rev. Drug Discov., 2002, 1, 696~709.

(B &3] &3 0007) Na. M. et al., Protein tyrosine phosphatase 1B inhibitory activity of triterpenes
isolated from Astilbe koreana., Bioorg. Med. Chem. Lett., 2006, 16, 3273~3276.
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Inhibition of protein tyrosine phosphatase 1B by diterpenoids
Bioorg. Med. Chem. Lett. 2006, 16, 3061~3064.

(H]E3 &3 0008) Na, M. et al.,

isolated from Acanthopanax koreanum.,

Protein tyrosine phosphatase-1B inhibitory activity of isoprenylated
2006, 69, 1572~1576.

(R 5324 0009) Na, M. et al.,
flavonoids isolated from Erythrina mildbraedii., J. Nat. Prod.,

Prenylated flavonoids with PTP1B inhibitory activity from the root
2008, 56, 85~88.

(B E3 &3 0010) Jang, J. et al.,

bark of Erythrina mildbraedii., Chem. Pharm. Bull.,

(M E3] 53 0011) Mizutani K. et al, Saponins from Anemone rivularis., Planta Med. 1984. 50, 327.

(ME3] &3 0012) Cui, L. et al., Protein tyrosine phosphatase 1B inhibitors from Morus root bark.

Bioorg. Med. Chem. Lett. 2006, 16, 1426.
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= 38 oh|mu|gEete]Atol= A(SIEFE 1)©] HMBC (H—C)eb H-H COSY (=) ¢ ¥4 2 NOE (o) A7)
= vehE a3t}

® 4 33 149 HNR 2HEHS GEu= 18T
% 5 SR 149 C-NR 2¥ERS dehe ezl

Wy A7 Hek FAF g

ofsh ¥ Wl whgAd Al P AWsslE Sk e, Bowwe ols1x dnsHs ANk 84
94 g3 ge FuE FAsE 7= Aok odlE, o)A alEe Ugel Axsta s, FGAlA
w el AR F83 Agss] 98 AFsE Aot

Azx" opiRY &g elA~(dnemone rivularis) AA(1.88kg)E B3t &, 747, gk 1240 (4 P2
ALoA 27t 33 FE3t] FAEEFEe] AxE AU WEE FES(150g)S AT o] ¥, AY] wEE
FEE 150gS 209 Eo dE3 T, -3k, tEFER2uE, dEolAEolE E n-RuER FAHor 2E(3
o] gz 747 238 F8)sle] 47 n-dAk FEE(5.3g), UEZEWE FE5E(14.8g), oAl E 3
E£5(43.2g) 2 n3EE FEE(72.19)S IA.

o] T EopAEOlE 8= (40.2g)& olHotAH o] E/ vl e-& /= (50:5:1-20:20:5) €] & smu) 23] A
A%-EE(Fr. EAL - Fr. EA9) B o]E59] TLC profile

o] & Fr. EA6 AFRIES WEZ/E(50:50—100:0)9] &vf FZ8] F719] (18 MPLC (Snap cartridge
column KP-C18-HS, 400g, 21x4cm)& o]&3lo] 38E 1(490mg)S AAdh. 3= 2(1.7g)% Fr. EAS AR E
S WES/2(40:60—100:0)9] &) FE=T-HF %719 18 MPLC(Snap cartridge column KP-C18-HS, 400g, 17X
8.5em)E o] &3te] At FeHE 3(179.5mg)S Fr. EA4 AR ES weS/5(70:30—100:0)8] &1 &=
v} %79 C18 MPLC(Snap cartridge column KP-C18-HS 120g, 21X4cm)E ©]&3le 4grt. wix|wto =z 3}3&
4(320mg)E Fr. EA9 AEHES Wt /E(55:45—75:25)¢ &u] s=v] x=7e] (18 MPLC(Snap cartridge
column KP-C18-HS 120g, 21x4cm)E o]&3&to] A},

<A 2. oY ESFFL {3 FHE Y} T2 >
AAle 2-1. o RUIZESAOIE A (3= 1)

anemonerivulariside A; 3-0-B-D-ribopyranosyl-(1/3)- a-L-rhamnopyranosyl-(1/2)- a-L-arabinopyranosyl-
22 a ~hydroxyhederagenin

white amorphous powder;

[al® : -13.65 (¢ 1.0, MeOH);

ESI-MS/MS (30 eV): 897 [M - H], 765 [(M - H) - ribl, 747 [(M - H) rib - OH], 619 [(M - H) - rib -
rhal , 601 [(M - H) - rib - rha - OH] , 487 [aglycone - H] ;

HRFABMS m/z 921.4827 [M + Na]+(Calcd for CylzONa: 921.4824);

A7) 3etE 19 HMBC 2~ E#, NOESY ~#E®  HMBCSH 'H-'H cosyel AH #A E ONOE ATEAlE = 1A
3ol YERRSITE.

37 ® 1¢ FFE 19 H-NR 2 C-NR 2HEZ AE v
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#£ 1
Position| §¢ Sy mult. Position | &, &y mult.
1 39.3 1.54 m, 1.06 m 24 14 .4 1.10 s
2 26.7 1.97 m, 2.20 m 25 16.3 0.91 s
3 81.5 4.27 overlapped 26 17.7 1.04 s
4 43.9 27 27.0 1.28 s
5 48.0 1.74 m 28 179.7
6 18.4 1.70 m, 1.30 m 29 33.7 0.98 s
7 33.0 1.65m, 1.28 m 30 25.5 1.10 s
8 40.3 ara—-1' 104.9 15.05 d (J=6.6)
9 48 .4 1.63 m 2' 75.6 4.56 over lapped
10 37.1 3! 75.5 4.02 dd (J=3.0, 7.8)
11 24.1 1.90m, 1.78 m 4' 70.1 4.12 m
12 123.2 5.45 brs 5' 66.6 3.67 d (J=10.8),
4.23 overlapped
13 144 .4 rha-1"" 101.7 6.30 brs
14 42.8 2" 72.3 4.89 brs
15 28.2 2.44m, 1.21 m 3" 81.4 4.74 dd (J=2.4, 9.6)
16 17.2 2.65m, 1.97 m 4" 73.1 4.41 m
17 53.4 5" 70.1 4.69 m
18 43.8 13.30 dd (J= 13.8, 3.0) 6" 18.7 [1.54 d (J=6.0)
19 46.2 1.90m, 1.24 m rib-1""" 104.9 15.93 d (J=3.6)
20 31.8 2'"! 73.1 4.29 over lapped
21 43.5 1.77 m 3" 70.5 4.14 m
22 71.8 4.55 over lapped 4'"" 69.1 4.50 brs
23 64.2 [4.26 overlapped, 3.91 d (J=10.2) 5! 65.5 4.29 m, 4.12 m

AN 2-2. ZEAEAI CP6 (FE 2)

prosapogenin CP6;

PC-NMR (63 Mz, pyridine-dy): 39.3 (C-1); 26.6 (C-2);: 81.4 (C-3); 43.8 (C-4); 48.4 (C-5); 18.7 (C-6):

31.2 (C-7); 40.0 (C-8); 48.0 (C-9); 37.1 (C-10); 23.9 (C-11); 122.9 (C-12); 145.0 (C-13); 42.4 (C-14);
26.6 (C-15); 24.1 (C-16); 46.7 (C-17); 42.2 (C-18); 46.9 (C-19): 28.6 (C-20); 34.5 (C-21); 33.6 (C-
22); 64.2 (C-23); 14.4 (C-24); 16.4 (C-25); 17.7 (C-26); 26.4 (C-27); 180.5 (C-28); 33.1 (C-29); 24.1
(C-30); a-L-Rhamnose [101.6 (C-1'), 72.3 (C-2'), 81.4 (C-3'), 73.1 (C-4'), 70.2 (C-5'), 18.7 (C-6")1;
B-D-ribose [105.0 (C-1''), 73.1 (C-2''), 70.6 (C-3''), 69.1 (C-4''), 65.5 (C-5'')]; a-L-arabinose
(inner) [105.0 (C-1'"'"), 75.8 (C-2''"), 75.5 (C-3'""), 70.2 (C-4''"), 66.8 (C-5"'"'")1;

AN 2-3. EFZaAtol= A (BFE 3)
huzhangoside A;

13C—NMR (63 MHz, pyridine-ds): 39.1 (C-1); 27.0 (C-2); 88.9 (C-3); 39.8 (C-4); 56.3 (C-5); 18.7 (C-6);

33.4 (C-7); 39.9 (C-8); 48.2 (C-9); 37.2 (C-10); 24.0 (C-11); 122.7 (C-12); 145.0 (C-13); 42.3 (C-14);
28.5 (C-15); 23.9 (C-16); 46.9 (C-17); 42.1 (C-18); 46.6 (C-19); 31.1 (C-20); 34.4 (C-21); 33.3 (C-
22); 28.4 (C-23); 17.4 (C-24); 15.8 (C-25); 17.6 (C-26); 26.4 (C-27); 180.6 (C-28); 33.5 (C-29); 23.9
(C-30); B-D-Xylose[106.3 (C-1'), 79.8 (C-2'), 77.4 (C-3"), 71.7 (C-4'), 67.1 (C-5")]; a-L-rhamnose
[101.7 (C-1''), 72.1 (C-2''), 81.4 (C-3''), 73.0 (C4''), 70.1 (C-5'"), 18.8 (C-6'")]; B-D-ribose
[104.7 (C-1"""), 73.0 (C-2'''), 70.4 (C-3'''), 69.2 (C-4'"""'), 65.4 (C-5"'")];

AAd 2-4, FRIA|E C (S3}E 4)

huzhangoside C;
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[0072]
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PC-NMR (125 MHz, pyridine-d): 39.4 (C-1); 27.2 (C-2): 88.9 (C-3); 40.0 (C-4); 56.5 (C-5); 18.9 (C-6):

33.4 (C-7); 48.4 (C-9); 37.4 (C-10); 24.1 (C-11); 123.2 (C-12); 42.5 (C-14); 28.6 (C-15); 23.7 (C-16);
47.4 (C-17); 42.0 (C-18); 46.6 (C-19); 31.1 (C-20); 34.3 (C-21); 32.9 (C-22); 28.6 (C-23); 17.6 (C-
24); 16.0 (C-25); 17.8 (C-26); 26.4 (C-27); 176.9 (C-28); 33.5 (C-29); 24.1 (C-30); B-D-Xylose[106.5
(C-1'), 80.2 (C-2'), 77.5 (C-3'), 71.9 (C-4'), 67.4 (C-5')]; a-L-rhamnose [101.8 (C-1''), 72.4 (C-
2''), 81.6 (C-3'"), 73.2 (C-4'"), 71.2 (C-5""), 18.9 (C-6'')]; B-D-ribose [105.2 (C-1'''), 73.2 (C-
2", 70.7 (C-3"'"), 69.5 (C-4'""), 65.7 (C-5''"")1; B-D glucose (immer)[ 96.0 (C-1'''"), 74.3 (C-
2"y, 79.1 (C-3''''), 70.6 (C-4''''), 77.4 (C-5'''"), 69.4 (C-6"'''")]; B-D glucose [105.0 (C-
'), 75,7 (G2 t), 76,9 (C-3''tt), 78.6 (C-4'''t''), 78.4 (C-5'''''), 61.6 (C-6'''"'")]; a-L-
rhamnose (terminal) [103.1 (C-1''''''), 72.9 (C-2''''"'"'), 73.1 (C-3"'""""), 74.2 (C-4'''''"), 70.2 (C-
5"y, 18,9 (G611

% g7 R 149 HNR R CNR 2HEY 2YTE % 4 2 % 5o AAH 9

% A7) 3gE 2~40] #3 A3 AW = [Mizutani K. et al, Saponins from Anemone rivularis., Planta
Med. 1984. 50, 327.]¢ 7HAI=o] Q&

<AAd 3. @9 Holzal BANSEL 1B BY ZH>

child glo] 241 gelibala A 1B o8] 712 ¢ p-nitrophenyl phosphate(p-NPP)”} p-nitrophenol (p-NP)Z W
stE =gAls YEER 405mollA] FFEY HIE SHFoRN asxTHS SHSATH(Bioorg. Med.
Chem. Lett. 2006, 16, 1426~1429).

A Elo] 241 %ﬂ’&ﬁ}ﬁ/\ 1B(PTP1B, human, recombinant): BIOMOL International LP(Plymouth Meeting,
PAYOIA Fiatelth. 969 Z@©]E(96 wells in a microtiter plate)el 2mM p-NPP€} 0.05~0.1pge] i €}
o2l "elistas 1IBE Yow 7 Addde= sEE 145 34 Mgtk o] W 969 EFdolE <te]
p-NPP, walad glo]Z Al Eelalsltas 1B 2 FFE 1-471 HdH o A4S 50mM citrate(pd 6.0), 0.1M
NaCl, 1mM EDTA 2 1mM dithiothreitol(DTT)® FAH<o] qom, FHF H3= 100u7F FA sFAtE. o] &, A
7] EF A= 37T 303 & F, 10M AP EF(10M NaOH) 505 A gfste] wke-& TdAzlen,
% golglE p-NPPY %S 405nmoll A Foleksict. 72 31gtE o] #AS [Cs(the half maximal inhibitory
concentration) 2= UYEMIATE. tiRToRE EolR4l Elitslasel JAAl F syl RK-682(3-
hexadecanoyl-5-hydroxymethyl-tetronic acid)E AF&38F% T},

01& mlM

¥ 2
33}@'% [Cs (M)
setE 1 74.1
SItE 2 70.2
s3E 3 61.0
sl e 4 50.4
RK-682 4.0

<AANd 4, SR>
AN 4-1, FAHAEA

woudel SRS Wzl HFS HARAS B FHA@UAD ooR BB AU v B4e =
Abshan, A AR Aol w AWe st QWA vheael IR vHAE vkl E 2659

3, 7z EE 10vkE) wAske T, gz atdlE 30% PEG-4009HS Fo
mumﬂgﬂﬂﬂﬂEAﬁﬁéfngloymﬁ 52 47 AT TS 7
%zymkéﬁ,ﬂéiﬂ(blﬂﬁglgﬁi§}§ﬁ¥ﬂibtﬁiﬁéﬂﬁﬂ.
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[0073]

[0074]

[0075]
[0076]

[0077]

[0078]

[0079]

AAo 4-2.
27

]
S| REA = ﬁﬂ‘rﬂl Abol = A(EHSE

[o
fit mlm
2N

Lo
_Pi

st

#E-S Algsglon Sojgt
AR 1 oFshE
1-1. AA Y A=

(o it w of dz
g

N o

A A o>

2 owge] ohdlmuleRele Aol = A(SHEHE
s2g3h Eeledrh. of Baol 108 Akl SN2 AR F, BANA 14 AAAZ FopAA

579 49> C57BL/6J *M fow 89 74 Fr(x ©]
DE 1.0g/kes] & 2
B 85 & gAS AFH sl GPT(glutamate—pyruvate transferase) 2 BUN(Blood Urea Nitrogen)®] & uj
Select E(Vital Scientific NV, Netherland) 7]7]Z o]&3}o] =435 A=
& GPTo 21547 AAUdE AoE 4zl BN A9, gz Hliﬁ}ﬁ /‘]ai% HUE Aol
w3, 72t SERHEE 1 4 w7

4YE % YETY 37 4 24 54 49

Ayl H A= FES FAFEH7] Hste] B ody
=2 B3 A8y Suiuks £ gz 5ES

k. 1 A, hEAds B

AAS HAFH st EA Lz%o]
ojdol BEHA FU.

AAARE 180 % FROlEA A
AL 7

1) 200ge FEL A 175.9g,

ZA7|3 o 7)o ZAAFAR 160g, 4] 50g D 2 olAA nladlg 5g8 UMl de EFES AAR THES

o,
1-2. FAtAAS] Az

2 o] oy 2y & e Alo] =
A 100mE THES]

k1
[N

1
(g
~

s tdwdd hL

L
'
L4
]
'
'

AEHE D) 1g,
. o] golg ol @i 20T A 3087k FtAske] HFAI AT

QIEF 0.6g % ohAIEEA 0.1 FHol §olA

|

m'._J.L

r-
F
-

.....
Bt !
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