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ABSTRACT

Objectives : This study was undertaken to verify the modulation mechanism of Gyeongshingangjeehwanl8
(GGEx18) in ob/ob male mice.

Methods : Eight—week old mice (wild—type C57BL/6J and ob/ob) were used for all experiments. Wild—type
C57BL/6J mice were used as lean control and obese ob/ob mice were randomly divided into 5 groups : obese
control, GGEx15 (Ephedra sinica Stapf + Rheum palmatum L), GGEx16 (Ephedra sinica Stapf + Laminaria
japonica Aresch), GGEx17 (Rheum palmatum L, + Laminaria japonica Aresch), and GGEx18 (Ephedra sinica
Stapf + Laminaria japonica Aresch + Eheum palmatum L,). After mice were treated with several kinds of GGEx
for 11 weeks, the mRNA expression of peroxisome proliferator—activated receptor (PPAR) target genes and
uncoupling protein (UCP) were measured, In addition, PPARe and PPARB transactivation was examined in
NMu2Li hepatocytes, C2C12 myocytes, and 3T3—L1 preadipocytes using transient transfection assays.

Results : 1. Hepatic PPARa target genes, such as ACOX and VLCAD mRNA levels were significantly increased
by GGEx18 compared with obese controls, In skeletal muscle, LCAD mRNA expression was stimulated by
GGEx16, GGEx17, and GGEx18, whereas MCAD mRNA expression by GGEx17 and GGEx18, PPARB target
LPL mRNA levels were also increased by GGEx16, GGEx17, and GGEx18 in skeletal muscle, but adipose LPL
mRNA levels were decreased. In addition, GGEx18 upregulated UCP mRNA expression in skeletal muslce,

2. PPARa reporter gene expression was increased by GGEx18 in NMuZ2Li cells compared with vehicle, PPARa
and PPARB reporter activities were also increased by all GGEx treatments in C2C12 and 3T3-L1 cells,
Conclusions : These results suggest that GGEx can act as PPARe and PPARS activators, and that GGEx may
regulate obesity by stimulating PPARa , PPARS , and UCP activity., Of the 4 compositions, GGEx18 seems to be
most effective in improving obesity and lipid disorders,
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NAhAte] EFFoz offn] AH7L o] Lwmrct
Z o ujgk W3S LAYEty, vwke HP o) WS bAoA
nlgo] Rere 2 mulolsl, 1l Wik, AT A3
o 5o gugtozn Q7o) AZE YT A,
ghojslol A wlghe] QS I8, K, SNl R S ¥l
o2 gty QlAlste], Algolqel PEQWLS Aldehs
QolE, F2 okEQWoR {TRUML FEEK, JRILHER 59 X
22HE AN ate] BgstT ok EHKATLS
JAA HlEk 22 FEHT Y= AFoz Wiyt ok,
AfAGS &5e 7HT e figk FEAAGA Az
&, INFES AR EbEsE 55 AYR s

BAR, WEMIZEtaL @St A ESo] BE e KES
2 o]RoA glem, oju] ob/ob WRp-LoA SRt ][RR

a7} e Aoz WIRH.

s, o A= EHMiELS v|ThRd Zhgo]
g 287 HE Bt WIEH= AE ¥e BuA, in
vitro?}y in  vivoolAl  UAIERAEI BAE  peroxisome
proliferator—activated receptors (PPARs)Q} oux] A%
o} #AHE uncoupling protein (UCP)e] EAYESH 24
S AASt, {3t daE A7)0 Barskarz} sttt

dAE 2 A7
1. A3 =

1) MEs=E

TAZERZAE SYAUIAEE (Seoul, South Korea)olAl
23 85829 C57BL/6J mouse (lean control) $# 5uf
, ob/ob mouse A 25mtE|E ARESHAT ZF &+ © 5mt
E ASH o T2 dsto & EHE AAISH
, o1& Ag ARt

ARSEAEL 2= 21+2 €U, €% 555 %, 3H7] 3
15~17 3]/hour, % 150~300 lux, 181 RHL 124]
gl (HS5-06:00, 25-18:00)22 2Aste] AF 7]
=ot A& SPF (specific pathogen free) AElZ §X]
St 1FALE (Harlan, USA)¢F B2 A Folot 948
A F T,
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2) Algiore

AREEAL Ji#E + k#E (GGEx15), JiE + BEA
(GGEx16), kx# + BAfi (GGEx17)% g + BAT + k¥
(GGEx18)& Argdlg AL, REAL autoclaved water (H
TFH)E ARSSHAT g, B A =AY (Busan,
South Korea)ollA| +48taL, Fojchstn ghojatefst whA|st
wHoA AT FH st ARSHRTE GGEx15,
GGEx16, GGEx17%} GGEx182 Table 1o AAIGH wigty]
o] wo] E3t FH ZF 500 g& e FF4 5,000 cc
E B3 95CoA 22A%F 5¢ &3 Holl ol AHet
Ilshin Programmable Freeze Dryer (Ilshin Lab Co.,
Ltd., South Korea)E o]&ste 52 A=RsIgEtt. GGEx15

9] £82 19.1%, GGEx169] &2 17.4%, GGEx179] %
&2 23.4%, GGEx189 £&2 242%S ZHZ Aot
(Table 1).

Table 1. The composition of GGEx

GGEx 3refdg Ingredient Ratio (%) Yield (%)
JifiEE Ephedra sinica Stapf, 40
GGEx15 ” P 19.1
K Rheum palmatum L, 60
i Ephedra sinica Stapf, 40
GGEx16 ” P 17.4
BAi  Laminaria japonica Aresch 60
K Rheum palmatum L, 40
GGEx17 23.4
BA  Laminaria japonica Aresch 60
[Ty Ephedra sinica Stapf. 40
GGEx18 BAi Laminaria japonica Aresch 40 24,2
KE Rheum palmatum L, 20
3) Mz o ol
2% sute] $AL FASECH, GGEx15, GGExI6,
GGEx177 GGEx182 Z}Z} 1200mg/kgd] €Fo=z 1157+

Apmo] E3tste] Fo{3IATt (Table 2).

Table 2. Experimental groups

Group Number Sex
Lean control 5 male
control 5 male
Ob/Ob GGEx15 5 male
] GGEx16 5 male
obese mice GGEx17 5 male
GGEx18 5 male

2, d+4y

1) Target gene 2&iEA

a. Total RNA £&]

Total RNAE Trizol (Invitrogen, USA)& ARSI 7T
A agzHozye RS, dusl Ak e
Ztl Total RNAS 3&317] Y8iA Trizol 1 mlol ZF3&
100 mgS ¥3 homogenizerE ©]&3}o] 20% B3 23S
Zo, FA3tE 8HE A4 58 WA 7]
chloroform (Sigma, USA) 200 wE 7%t 39
chloroformo] AAHoZ Z Ao]=& 15% F9F Eg}siH,
A4 3EZE BRI & YR (18,000 rpm, 4T, 15
) atgch galEE H o4 g A5 wE A2
EHo| Bl oJ7]o 59| isopropanol (Sigma, USA)
< ket Aol 1087 #Ag & d4lEe (13,000
rpm, 47C, 108) stk dHER JE b 44
RNA pelleto]] 70% ethanol 1 ml2 &7}t 23] M|&H3HK
o (4,500 rpm, 4C, 5&), RNA pelleto] €3] AzE
H 0.01% DEPCZ A" FHFE 150 w FH7Fte] RNA

pelletg &3 AT

b. cDNA ZH|
o] Aol AMEE cDNAE: thdt Zth (Table 3).
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Table 3. cDNA used for Northern blot analysis
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Table 4. PCR primers and conditions used for RT—PCR

cDNA Enzyme Size of cDNA probe (bp) probe Species Sequences AT (c) PCR product (bp)
ACOX Xbal/Xhol 1037 — Rat F: 5-gicegecticagatocaagsts 3" 58 777
Thiclase XbalXhol 1017 R : B’-catcagctctttettcaget-37
VLCAD ECoRI 550 o Rat F: 5'-ctgagotggtgacctatgac—3" . 310
LCAD ECoRI 526 R: 5 -caagctgctcaataggtgac—3~
SCAD ECoRI 2000 uces Mouse ]}; 2,7C:attmtgadatggtgcgcica?, 58 504
© B'-ctgtggoacagaagccagctoo—
MCAD Pstl 2100 5 -actin - F: §'-tggastoctgtegeatooatgasac=3’ 30
LPL EGoRI 1450 R: 5 -taaaacgcagctoagtaacagtcog—3"
aP2 Notl 500
uce?2 EcoRI 239 AT, Annealing temperature
uce3s EcoRl 504
B -actin puC1s 1150 2) Reporter gene US{EA

c. Northern hybridization

Ha® RNA 10 wg& 0.22 M formaldehyde—1.2%
agarose geloA A7]953% T gel blotterE ©] &3t
down—load capillary =el]l 23] 20 X SSC (3 M Nadcl,
0.3 M Sodium citrate 2H;0, pH 7.0)° &4l Nytran
membrane (Schleicher & Schuell, Germany)22Z RNAZS
olsAIF . Membraneo| ©]F% RNAE UV-crosslinker
(1.5 J/em’, 48)E X&3t] membraneo] TLAAZ] Z 4|
Eo|dgS W93 prehybridization- &A1}t wHSAIF T
Membrane®} o8 £H9 cDNA probeE Northern
hybridization A]7]®, SSCEHoZ AZs}HTt  ProbeZ}
A3E membraned phosphorlmager screend] =A|7]
I, Molecular Dynamic Storm 860 Phosphorlmager
System (Molecular Dynamics, USA)2 ARE38lo] imageES
G443t stk o] Adol AREE  cDNA  probesZ
Ready—to—Go DNA Labeling kit (Amersham—Pharmacia
Biotech, USA)S AM23}%] random—primer ¥jog ¥p=
FAFE 2™, mRNA signal®] 7J=+ ImageQuant image
analysis software (Molecular Dynamics, USA)E AR5}
o 2ste

d. Reverse transcription—polymerase chain reaction
Reverse transcription—polymerase chain reaction
([RT-PCR)Z  ©]8st9 mRNA® & 43kt
Complementary DNAE total RNA 2 ug® reverse
primer 0.5 ug& T3l FHFE F 14 WS &SI 75C
oA 158 B¢t AT (heating)dt &, 58 5 ES £
BHI5igTh of7|o] 5X M—MLV reaction buffer, 10 mM
dNTP mixture, 200 units M—MLV RT (Promega, USA)
£ A7hete] 2F ol 25 w7t HA g F, 42TolA 1A7E
B HESAJAHTE, RT reaction 5 w9l 10X reaction buffer
(Mg?*23}), 10mM dNTP, 5 unites Taq polymerase
(Solgent, Korea), 283 10 ¢ M primerE 7|5l 2F
50007} EA 8 &, PTC—100™ Programmable Thermal
Controller (MJ Research, USA)E o]&3lo] PCRS XAl
gt Table 4= RT-PCRo| ARE-% primer?} product size
olc},

a. Cell culture

TEAIEZFQ] NMu2Li AlE, ZAIAEF C2C12 A=z}
AHPAFAEZQ] 3T3-L1 AZE A& (Table 5), =
E ANZFE 10% fetal bovine serum (Gibco—Brl, USA),
penicillin G (100U ml ™), streptomycin sulfate (100 ug
ml"), amphotericin B  (0.25 ugml), 18X
2—mercaptoethanol (50 um)©] Z3=o] Q= DMEM HjA|
oA viFsIH, 37C =2 5% COt 3dHE =3t 2
AL {AAZ F, transfection 24 A|ZF Ao 6—well
tissue culture plated] well @ 2.7 X 10°7§9] NES=
seeding st}

Table 5. Cell lines used for transient transfection assays

Name Species Source/Application Morphology Growth Mode
NMu2Li mouse liver epithelial adherent
ca2c12 mause muscle fibroblast adherent
3T3-L1 mouse embryo fibroblast adherent

b. Transient transfection assay

BE  transfection® A well F ZZF 200 ng9
plasmid7} AMEE 3, lipofectamine (Life technologies,
USA)E ARgsto] AlzAbe] Z|Ale] whet transfectiondtEiTt,
R 6A17F & AAE wiR] (ImDE A7kt s e
%l GGExE Ast, AR 2447 & wixE A|AS
Hjeret Mg $85keint,

Luciferase?} B —galactosidase @42 kit (Promega,
USA)E ARgIol AzALe] AAjol webd sk, 7]
Astd o2 Zt) B —galactosidase?} luciferase &4
o AgEE AgE2 YeHoA Ao =2 T YEE
Z Holeg ZEo] AMESIAT. 6-welld] AZE2 HiXE
AAT & PBSE o834 23] AFstH, 2z plateol 1
X reporter lysis buffer (300 w)S Y3l AR2o|A 1587+
WA Azgs SaAHT. A7t 9Hs] §3=H plate
2RE AZEL Hon, 4Hs] gE AEE AR
(12,000 rpm, 4T, 5@t G dHAS ZFS 45
NS EHEslEEt. Luciferase &AL  luciferase assay
systeme ©]83te] EASIH, luciferases ZF3H AENH
(20 w)3+ substrate (30 w)S &3} luminometer® =
=g 24L& 2] sl B
—galactosidase ZABIHTE (Promega's 8
—galactosidase enzyme assay system). 96 well plate®]
Hog AF=dal 9 X assay buffer® 20 WX Egfoz B
Fote 37ToA 1AZE BEGAIZL &, §hgAo] =g Wst
M 1 M sodium carbonate (50 )& 21 W2 HX|A|A
spectrophotometer (405 nm)2 &4 =E =339}

Luciferase

S [e]
A
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ISAHEA

2E ZFe mean * standard deviation (SD)2.Z ®EA|5}
., OriginLab Version 7.5 (OriginLab Corporation, MA,
USA)2] ANOVA one way, SigmaPlot 2001 (SPSS, USA)
9] unpaired, student's t—testE ©]&3st] EAFH FJAS

Fsqct,

gty
1. GGEx ¥]gk 39| in vivo 2AYESFA 24

1) GGEx0ll 2|8t Zt°| PPARy HEMRTKX} 2451

GGExoll &gt vt A] ax7t 749 PPARx #Z-5-47t
o oE EQIAE oty {5t PPARe & HHOEA
peroxisome®l| A AHARe] g —ARSte]  Toste BmAQ
acyl-CoA oxidase (ACOX)®} 3—ketoacyl—CoA thiolase
(thiolase)?} 7t mitochondriaolA] Z&3t= very long
chain (VLCAD), long chain (LCAD), medium chain
(MCAD)9} short chain acyl-CoA dehydrogenase (SCAD)
mRNA $&& Z3s%h. ob/ob WHRFF}  HwstA
GGEx18 Age) &3t 7+e] ACOX mRNA & (p<0.05)3}
VLCAD mRNA 43 (p<0.01)°] EAFez {054 %7}
stct (Figs. 1 and 2).

%
N
39

5 & B

m|
Thiolase/p-actin mRNA (R.D.U.)
£ e
&

2

5
3
>

LC oc 1516 17 18
Obese GGEx

LcC oc 15 16 17 18
Obese GGEx

Fig. 1. Modulation of liver peroxisomal PPARa target gene
expression by GGEx in ob/ob mice. Wild-type C57BL/6J and
ob/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. RNA was extracted from
the liver, and mRNA levels of peroxisomal PPARa target enzymes
and B —actin were measured as described in Materials and
Methods. All values are expressed as mean £ SD of RD.U.
(relative density units) using B —actin as a reference. * p{0.05
significantly different from obese control group. LC, lean control ;
OC, obese control.
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Fig. 2. Modulation of liver mitochondrial PPARa target gene
expression by GGEx in ob/ob mice. Wild—type C57BL/6 and
ob/ob mice received a chow diet or the same chow diet
supplemented with  GGEx or reductil for 11 weeks. RNA was
extracted from the liver, and mRNA levels of mitochondrial PPAR
a target enzymes and B —actin were measured as described in
Materials and Methods. All values are expressed as mean * SD
of RD.U. (relative density units) using B —actin as a reference. *
p{0.01 significantly different from obese control group. LC, lean
control ; OC, obese control.

2) GGExOll 2lgt 22729 PPARx 2 PPAR3 HX
FEX} died
GGEx7}  ZTZZNAM  AAE ARkl triglyceride

metabolismo]] THE PPARa ¢+ PPARB 9 28-S &%
S 2N HTRE JA|St=A] AR olF FA[AAS] I
g AP REZ=FotolA  fatty  acid—p
oxidation® &Z8l= PPARa 9 HZFEAHZQl LCAD
mRNAY] AL GGEx16, GGEx17% GGEx18 X0l jaf,
MCAD mRNA %82 GGEx173 GGEx18¢] <t EA4
22 {otA F7tEATE (p€0.05) (Fig. 3). PPARS 9 #
AL AR lipoprotein lipase (LPL) mRNA X% <A
GGEx16, GGEx17, GGEx18e| 9Jgte] =A Z7=ich
(p<0.05) (Fig. 4).
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Fig. 3. Modulation of muscle mitochondrial PPARax target gene
expression by GGEx in ob/ob mice. Wid—type C57BL/6J and
ob/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. RNA was extracted from
the muscle, and mRNA levels of mitochondrial PPARz target
enzymes and B —actin were measured as described in Materials
and Methods. All values are expressed as mean = SD of RD.U.
(relative density units) using B —actin as a reference. * p<0.05
significantly different from obese control group. LC, lean control ;
OC, obese control.
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Fig. 4. Modulation of muscle PPARG target gene expression by
GGEx in ob/ob mice. Wid—type C57BL/6 and ob/ob mice
received a chow diet or the same chow diet supplemented with
GGEx for 11 weeks. RNA was extracted from the muscle, and
mRNA levels of LPL (lipoprotein lipase) and B —actin  were
measured as described in Materials and Methods. All values are
expressed as mean *+ SD of RD.U. (relative density units) using
8 —actin as a reference. * p¢0.05 significantly different from obese
control group. LC, lean control ; OC, obese control.
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3) GGEx0ll 2fet X|HZEZIO| PPARy HZAMRTIAL U
A HPAZAM|3E (preadipocyte)= AHAIE (adipocyte)Z &
sigte] Wl AWA|ES] EAGAAL (marker gene)E5= Wd
she, Hgto] s ulel AANZ BXFHAES] HH
715 Ak, wEba AWAIEY 2715 FAaAX GGExY
2IE 7122, GGEx7} 7| Atz oA AAEZ
9] FXFAA}Q fatty acid transport protein (aP2)9} LPL
TS W@ o A=A AT GGEx Azl &ty
aP2 mRNA FZole= & FFE UsiA gtev LPL
mRNAE GGEx16 (p<0.01), GGEx17 (p<0.05), GGEx18
(0€0.01) =& A F2AFHTE (p<0.01) (Fig. 5).
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Fig. 5. Modulation of PPARy target gene expression by GGEX in
epididymal adipose tissue of ob/ob mice. Wild—type C57BL/6J
and od/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. RNA was extracted from
the epididymal adipose tissue, and mRNA levels of PPARy

target enzymes and [ —actin were measured as described in
Materials and Methods. All values are expressed as mean = SD
of RD.U. (relative density units) using 8 —actin as a reference. *
p€0.05, ** p{0.01 significantly different from obese control group.
LC, lean control ; OC, obese control.

4) GGEx0l| 2§t UCP %X} w5

Uncoupling protein (UCP)2 o|Ux|4H]E &Xgo=
TS Aok Aes d8A Jerg GGExe| gt H|gt
AA7F UCP 8l 2H=E=A] AT UCPYle 3%F
7b Qo] oeFs 28-S yeEldledl UCP1E ZMA =3,
UCP2+ 23t wzr=xz] 781l UCP3E EZENA +
2 dgEo] 285 Y ER o|F 7|HolA GGExell &%t
ol FAAES mRNA HES st GGEx AT+
hak AzA e UCP2 fAxpEadd WH3tE UetiA] 3%t
o1} (Figs. 6 and 7), GGEx18& ZTZAZ2] UCP3 mRNA
dES FAFSR [ FTHZHLEN FAT UCP3
2dE F HEE 2T 4 e AeE y7dEh

(p<0.05) (Fig. 8).
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Fig. 6. Modulation of liver UCP2 gene expression by GGEx in of
ob/ob mice. Wild—type C57BL/6J and ob/ob mice received a
chow diet or the same chow diet supplemented with GGEx for 11
weeks. RNA was extracted from the liver and mRNA levels of
UCP2 and £ —actin were measured as described in Materials and
Methods. All values are expressed as mean £ SD of RD.U.
(relative density units) using B —actin as a reference. LC, lean
control ; OC, obese control.
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Fig. 7. Modulation of adipose UCP2 gene expression by GGEx in
of ob/ob mice. Wild—type C57BL/6J and ob/ob mice received a
chow diet or the same chow diet supplemented with GGEx for 11
weeks. RNA was extracted from epididymal fat and mRNA levels
of UCP2 and B —actin were measured as described in Materials
and Methods. All values are expressed as mean = SD of RD.U.
(relative density units) using B —actin as a reference. LC, lean
control ; OC, obese control.
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Fig. 8. Modulation of muscle UCP3 gene expression by GGEx in
of ob/ob mice. Wild—type C57BL/6J and ob/ob mice received a
chow diet or the same chow diet supplemented with GGEx for 11
weeks., RNA was extracted from the muscle and mRNA levels of
UCP3 and B —actin were measured as described in Materials and
Methods. All values are expressed as mean = SD of RD.U.
(relative density units) using B —actin as a reference. * p{0.05
significantly different from obese control group. LC, lean control ;
OC, obese control.

2. GGEx H|9t2=AE9] in vitro EAPIESH £4

1) M0 GGExOll 2fét PPARx  reporter RTIXE 6
ZEA| =20 NMu2Li AL o PPARa ¢} RXRa
expression construct 12|31 F ACOX {ZA}e] PPRE
luciferase  reporter  construct = (PPRE3—tk—luc)E&
transfection A1 & PPARa reporter SAANES =4
stk 7t A9l in vivo ACOX ¥H&o] mx= &1t9} GA}
314, vehicle & A3 PPARe tRZy} H|wdlo
GGEx18 Az|tollA PPARa reporter H-8APLES FAA

o2 FosiA SRS (0€0.05) (Fig. 9).
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Fig. 9. Regulation of PPARx reporter gene expression by GGEx
in NMu2Li liver cells. Cells were transiently transfected with
expression plasmids for PPARa , a luciferase reporter gene
construct containing 3 copies of the PPRE from the rat acyl—CoA
oxidase gene and B —galactosidase gene. Cells were treated with
several kinds of GGEx at the initial time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for luciferase and [ —galactosidase
activities. All values are expressed as the mean £ SD of relative
luciferase  units/f —galactosidase  activity.  Experiments  were
performed at least three times. * p¢0.05 significantly different from
PPARa —only.
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2) Z=AMEOIN GGEx0l 2lst PPARx 2 PPARS
reporter &AL 2

TEA|EZF2 c2C12 A|3E o PPARe 2+ RXRa
expression construct 183 F ACOX $ZA2] PPRE
construct  (PPRE3—tk—luc)S
transfection A]Z1 & PPARa reporter S-AXEEHE &4
3ttt Vehiclex A% PPARa W&o vlgHY
GGEx15 (p<0.05), GGEx16 (p<0.05), GGEx17 (p<0.01),
GGEx18 (p<0.05)& PPARa reporter 3ZA &AL =24
S7HNAL (Fig. 10).

TEAZF0] PPARS ¢+ RXRa
2 uciferase

luciferase reporter

expression construct
reporter construct (PPRE3—tk—luc)S
transfection A]71 & PPARB reporter gene HdS &4
3t9tt. PPARa reporter 3AF L& ot mitel {A}
34 vehicle® X3t PPARS thZxwo] H|ste] GGEx15
(p<0.05), GGEx16 (p<0.05), GGEx17 (p<0.05), GGEx18

(p€0.01) =Tl o3t} FAFOE {sHA F7HEH A
(Fig. 11).
8000
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Fig. 10. Regulation of PPARa reporter gene expression by GGEx
in C2C12 muscle cells. Cells were transiently transfected with
expression plasmids for PPARa , a luciferase reporter gene
construct containing 3 copies of the PPRE from the rat acyl-CoA
oxidase gene and f( —galactosidase gene. Cells were treated with
several kinds of GGEx at the initial time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for luciferase and [ —galactosidase
activities. All values are expressed as the mean = SD of relative
luciferase  units/3 —galactosidase  activity,  Experiments  were
performed at least three times. * p<0.05, * p¢0.01 significantly
different from PPARa —only.
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Fig. 11. Regulation of PPARB reporter gene expression by GGEx
in C2C12 muscle cells. Cells were transiently transfected with
expression plasmids for PPARB , a luciferase reporter gene
construct containing 3 copies of the PPRE from the rat acyl-CoA
oxidase gene and f —galactosidase gene. Cells were treated with
several kinds of GGEx at the initial time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for Iuciferase and B —galactosidase
activities. All values are expressed as the mean + SD of relative
luciferase  units/8 —galactosidase  activity.  Experiments  were
performed at least three times. * p¢0.05 significantly different from
PPARS —only.
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3) X|HETMZOIN GGExOl 2/5t PPARx 2F PPAR
B reporter RTX} LR

APALAEZF 3T3-L1 AlEo] PPARa & RXRa
expression construct 12|11 F ACOX {ZH=A}e] PPRE
construct  (PPRE3—tk—luc)S
transfection A]Z1 & PPARa reporter F-AAMES =34
sttt VehicleE A3t PPARe  thxaell  H|Sh
GGEx15 (p<0.01), GGEx16 (p<0.01), GGEx17 (p<0.05),
GGEx18 (p<0.01) & PPARa reporter SAA T4 34
S7HFT (0<0.01) (Fig. 12).

AAFA|ZFo]|  PPARS ¢t RXRa
construct % reporter construct (PPRE3

luciferase reporter

expression
luciferase
—tk—luc)E transfection A]7] & PPARB reporter gene
UHE A5t VehicleE A3 PPARS  dizLol H
slo] GGEx15, GGEx16, GGEx17, GGEx18 Z%o| &J3}od
PPARB reporter gene W&o EAZ o2 {2514 £Vl
ek (p€0.01) (Fig. 13).
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Fig. 12. Regulation of PPARx reporter gene expression by GGEx
in 3T3—L1 preadipocytes. Cells were transiently transfected with
expression plasmids for PPARa , a luciferase reporter gene
construct containing 3 copies of the PPRE from the rat acyl—CoA
oxidase gene and B —galactosidase gene. Cells were treated with
several kinds of GGEx at the initial time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for Iuciferase and [ —galactosidase
activities. All values are expressed as the mean £ SD of relative
luciferase  units/f —galactosidase  activity.  Experiments  were
performed at least three times, * p<0.05, ** p{0.01 significantly
different from PPARa —only.
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Fig. 13. Regulation of PPARA reporter gene expression by GGEx
in 3T3—L1 preadipocytes. Cells were transiently transfected with
expression plasmids for PPARB , a Iuciferase reporter gene
construct containing 3 copies of the PPRE from the rat acyl—CoA
oxidase gene and B —galactosidase gene. Cells were treated with
several kinds of GGEx at the initial time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for luciferase and [ —galactosidase
activities. All values are expressed as the mean £ SD of relative
luciferase  units/B —galactosidase  activity.  Experiments  were
performed at least three times. * p{0.05 significantly different from
PPARS —only.
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ot A AFFENA oA AtEgoe] F7HE7 = SHHch
UCP1 null mice®] BAToA UCP29] &do] F=FH T o]
£ cold—sensitivedls Hlglo] SE5x] Qgtth= dAAnd
2 Al A vukE &3] Q3 ®Ho g FEF it

UCP2E& d&d EHlof glojd 4 2EA=EA ZEshe
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=y 53 #Ro] Ho Qs AS & 4 Aok £3] UCPL
null miceollA] UCP29] &&o| F7tElo] Qlof o]E2 & t}
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GGEx©l| 9Jgt v|etzd a37} 7ke] PPARe E&HF-32;
o] B WEQIAE AR Ay, WY dil2FI v|wste
GGEx18 g 25t 7Fe] ACOX mRNA & (p<0.05)=
VLCAD mRNA 42 (p<0.01)o] SAHo2 {9814 Z7}
slgch o]d Ad= GGEx180] 7+e) ARk g —A3lE &
gtk A HoZEot

GGEx7l  ZZZoA  Aat Alslel  triglyceride
metabolismo] #HE PPARx ¢ PPARB ¢ &S AT
oz HvkE Z2Esh=A] RARE A, u|EEE=gloloA
fatty acid—f oxidation® ZZs}= PPARa 9 ®ZAGHA}F
¢l LCAD mRNAY] 2dL GGEx16, GGEx173 GGEx18
o] &3, MCAD mRNA ¥#L GGEx173 GGEx18] 23}
o BAZHCRE folatA Z7HEh (p<0.05). PPARS & &
A AR lipoprotein lipase (LPL) mRNA % 94
GGEx16, GGEx171 GGEx18¢] oJste] =A Z71=glch
(p<€0.05), °l#3t Ait= GGEx7} ZAZo|A PPARx & &
<A L S R a = S N E I 8 PPARG & &3l
triglyceride 328 REFLEX HTES JAIE = IS Al
AFgtet,

AWAEL] TS ZAaAZ GGExY ARE 7|RE,
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¢l fatty acid transport protein (aP2)} LPL @3S F&
2 9=z AR AF, GGEx Ao 25t aP2 mRNA
FElE 2 IFE YA ¥key LPL mRNAS
GGEx16 (p<0.01), GGEx17 (p<0.05)¢+ GGEx18 (p<0.01)
£ 37 BAAATHPL0.01).

Uncoupling protein (UCP)Z oA 4H|E £ZATOZH
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z3do] UCPY| 93 2E==A 2ARE 23, GGEx AHEe
2t AR UCP2 fAbddo] Weks uUehfz] kst
O}, GGEx182 ZZ9] UCP3 mRNA W3S EAZO=R
S5 F7HACEN FFAZ UCP3 2Ee S8 vwe
ZAT 5 UL A2 AZH}(p0.05).
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ZHHIEFQl NMu2li MlZEoA GGExol <3t PPARa
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Th& A%t PPARe WiR2FY} B3t GGEx18 Ao

A PPARa reporter FRAAEHO] BAFHCR Fo5HA &
7h=| 2t (p<0.05)

TEAEF C2C12 AZA GGExel 23t PPARa &}
PPARS reporter $ZHAF WHE ZARE 23}, vehicleS A
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AALAEZER] 3T3-L1 AlZolA GGExoll €3t PPAR
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