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ABSTRACT

Objectives : Gambigyeongsinhwan 16 (GGEx16), gambigyeongsinhwan 18 (GGEx18) and gambitongseong capsule
are shown to be involved in the regulation of obesity, Therefore, the aim of this study was to compare the
reporter activity of anti—obesity genes such as peroxisome proliferator—activated receptor @ (PPARa ) and PPARS
by GGEx16, GGEx18 and gambitongseong capsule,

Methods : After NMu2Li liver cells, C2C12 skeletal muscle cells and 3T3-L1 preadipocytes were treated with
GGEx16 (1 pg/ml), GGEx18 (1 ug/ml) and different concentrations of gambitongseong capsule, the transactivation
of PPARe and PPARS was measured by a luciferase reporter gene assay.

Results :
increased by GGEx16, GGEx18 and gambitongseong capsule compared with control, whereas PPARa reporter gene
activity in C2C12 skeletal muscle cells was significantly increased by GGEx18 only compared with control,

PPARa reporter gene activity in NMu2Lli liver cells and 3T3—L1 preadipocytes was significantly

Similarly, PPARS reporter gene activity in 3T3—L1 preadipocytes was also significantly increased by GGEx18
compared with control, PPARS reporter gene activity in C2C12 skeletal muscle cells was significantly increased by
GGEx16 and GGEx18 compared with control although PPARS reporter gene activity in NMu2Li liver cells was not
changed by these three formulas,

Conclusions : These results suggest that all three formulas have the ability to stimulate PPARa and PPARS
transactivation in animal cell lines with high metabolic rates, In particular, this effects were most prominent in
GGEx18—treated cells, In addition, it is likely that GGEx18 may be used as an effective anti—obesity composition,
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1. A&

1) GGEx162} GGEx18

Wi, BASt k2 SHEAISF (Busan, South Korea)el
A Fdstar, FoldiEgn stelatoist WASa A A
3§ Este] ARSSIAT GGEx163 GGEx182 Table
1o A vjgtH]ge] 3ol 33t ¥ ZF 500g2 W=

S5 5000ccE R 95TOA 2247 FQF FE3
Hol o] 973t & Ilshin Programmable Freeze Dryer
(Ilshin Lab Co., Ltd., South Korea)E o]&3}o] Auke:
40C (94 -70T), AF 5SmTorrollA 4847+ B9 &
ARSI} (Table 1),

Table 1. The composition of GGEx

GGEx (224 Ingredient Hatio
(%)

COE16 i E[fbed{;ﬂ js‘[zubef Stapf. 40
BAf Laminaria japonica Aresch 60

Total amounts 100

S Ephedra sinica Stapf. 40

GGExI8 B Laminaria japonica Aresch 40
K Rheum palmatum L, 20

Total amounts 100

2) IBEiEECEEE

WinsEpge] =A%Ee A (Busan,  South
Korea)oll Al #9Jstar, Fodista grojadist =#A|stad
oA A T Bgstgch Table 20 AAIE wjg=]Eo|
grzo] et §H 500g2 THEYl FFSF 5000ccE R
95CollAl 2247 Bt FET Fo| o] ATt F Ilshin
Programmable Freeze Dryer (Ilshin Lab Co., Ltd., South
Korea)& ©olg3te] ARk2m= 40T (A -70T0). AF
5mTorrel| A 48A17k &<t E2AZ3ISTE (Table 2),
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Table 2. The composition of gambitongseong—capsule (CN1839978A)

Y Ingredient Ratio(%)
ERAH Rheum palmatum L, prepared in wine 2.5
JifEE Ephedra sinica Stapf. 2.5
i Citrus Aurantium L, 5.5
i Radix Angelicae Sinensis 55
[=p Rhizoma Atractylodis Macrocephalae 5.5
Fir Herba Schizonepetae 5.5
e PRadix Paeoniae Alba 5.5
B Radix Scutellariae 5.5
RS Natrii Sulfas Exsiccatus 1.2
M+ Fructus Gardeniae 71
FERE Radix Platycodi 5.5
g Gypsum Pibrosum 7.1
HE Radix Sophorae Flavescentis 13.8
NS Ligusticum Wallichii Franch,, 5.5
B Laminaria japonica Aresch 13.8
BA Talcum 5.5
b7 Mentha haplocalyx Briq, 2.5
Total amounts 100

2. ¥

1) NMu2Li ZEMIZZZ=9] HiQk} transient transfection

ZHMEZEQL NMu2Li MlZE 10% FBS, penicillin G
(100  U/ml), streptomycin sulfate (100 ug/ml),
amphotericin B(0.25 ug/ml)2} 2-mercaptoethanol (50
) & e DMEM HiRjol|lA wiekatgen, 37T, 5%
CO2 humidified incubatorol|A §-X|A]171 & tramsfectiond}
7] 24A17F Ao 6 well tissue culture plateo] well T
4x10*7)2] HZE22 seeding 3HT}.

Seeding 24A]17t ¥ transfection® 317]$]38]l expression
plasmid pSG5—mPPARea pSG5—mPPARS ,
PPRE3—TK-luciferase repoter plasmid @ pBSKE &
HISKE, Welld 200 ng® plasmid7b AR EH3UR
lipofectamine reagent (Invitrogen)& AR5}
transfection dFETH HHE S5A17F & HiX] 1mlS A7lstL
ZAAHES At FEE AT A 2447 T HiA
E AAS  wieket  MEoIA  luciferase AT B
—galactosidase &3 Z33Htt (Fig. 1).

2) C2C12 SZZMIZZO| i} transient transfection

ZAZAIEFC C2C12 A|EE 10% FBS, penicillin G
(100 U/ml), streptomycin sulfate (100 pg/ml), amphotericin
B (0.25 ug/ml), 283 2-mercaptoethanol (50 wM)o]
xz3tElo] ¢l= DMEM HiA|oA uiekstgon, 37C &
ot 5% CO.7} Fo 24E AN F
6—well tissue culture plated] well @ 4 X 10°719] AN=
42 seeding stT}.

Seeding 24A]7F & transfectione 37|93l expression
plasmid pSG5—mPPARa , pSG5—mPPARS , PPRE3-TK
—luciferase repoter plasmid @ pBSKE #H|3}ch Well
2 200 ng®l plasmid’} AR AL lipofectamine reagent
(Invitrogen)E& ARE3}Y] transfection FFTh WHS 16A]7F
T vjA 1mlE Frbstr 24QdES Asiat. dES A
Y& A 24X T HiAE AASKL e Az A
luciferase AT} B —galactosidase BAE &A1t (Fig. 2).
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NMu2Li liver cells
3T3-L1 preadipocytes

l grown to confluency

transient transfection

chemical treatment

1 =

Luciferase activity

Fig. 1. Schematic illustraton of the transient trnasfection
assay in NMu2Li and 3T3—L1 cells.

3) 3131
transfection

AVHALAEZZF  3T3-L1  preadipocyteE® 10% fetal
bovine serum (FBS, Invitrogen, Grand Island, NY, USA),
penicillin G (100 U/ml), streptomycin sulfate (100
ug/ml), amphotericin B (0,25 ug/ml)2} 2—mercaptoethanol
(50 uM)E FH5 DMEM Hiz|olA wjekstgon, 37T,
5% CO2 humidified incubatoroA FAAIZ1 & 6—well
tissue culture plate (2x104 cells/well)®] seeding 3}Th,

Seeding 24A]17F ¥ transfection 37|93l expression
plasmid pSG5—mPPARa , pSG5—mPPARS , PPRE3-TK
—luciferase repoter plasmid @ pBSKE Zv|5tgEth Well
= 200 ng9 plasmid7} AR E3 lipofectamine reagent
(Invitrogen)E& AME3FY] transfection dFFTh WS 5A]7F
< wiA] Imls F7bstal 2AAGES Ao d=2 A
2ggt A 24X T uiAE AASIL ks AlEoA
luciferase 47} g —galactosidase 4L X814t (Fig. 1).

AEAEZO| HiQFE transient

C2C12 myoblasts

l grown to confluency

transient transfection

16 h

chemical treatment

l 24h

Luciferase activity

Fig. 2. Schematic illustraton of the transient trnasfection
assay in C2C12 cells.

3. $AEH

RE Zre meanztstandard deviation (SD)2Z RJA|5}
o, SigmaPlot 2001 (SPSS Inc, Chicago, IL)2] unpaired,
student's t—test® |83t TAA FJ4E HAF3H4

Zz 3
1. NMu2Li liver cello|A]2] PPARa 9} PPARS

reporter gene W&

PPARx 9] 7% vehicle WZ73 H|&ste GGEx16,
GGEx18 Z8]31 0.01 ug/ml CN1839978A A ZZ lucifease
activity7tb BAIASRE FolA 7T (p€0.05, Fig.
3). PPARS & A< vehicle tzol| H|slY GGExe}
CN1839978A A&+ lucifease activityo] WIS FA &
et (Fig. 4).
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Fig. 3. Regulation of PPARx reporter gene expression by GGEx
or CN1839978A 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 [ —galactosidase gene. Cells were
treated with GGEx or CN1839978A 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/8 —galactosidase activity. Experiments were performed
at least three times. * p<0.05 Significantly different from vehicle.
G16, GGEx16; G18, GGEx18; V, vehicle.

&
8

§

Relative Luciferase Aotivity

W 1 i oo o1 1

10 {pgimi}

G SR CRH BT

Fig. 4. Regulation of PPARS reporter gene expression by GGEx
or CN1839978A in NMu2Li liver cells. Cells were transiently
transfected with expression plasmids for PPARS , a luciferase
reporter gene construct containing 3 copies of the PPRE from the
rat acyl—CoA oxidase gene and [ —galactosidase gene. Cells were
treated with GGEx or CN1839978A 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. G16, GGEx16; G18, GGEx18; V, vehicle.

2. C2C12 skeletal muscle cellol|AX2] PPARa
2} PPARS reporter gene @&
PPARa 9 A< vehicle ti&a3} vl GGEx18 X
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2 lucifease activityZ} EAIZLZ o514 Z7l=
(p<0.05, Fig. 5). PPARS o #% vehicle o] H|3}
o] GGEx16, GGEx18 AH&ol 23} lucifease activity’} %
AReR FosiA F7t=ET (Fig. 6).
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Fig. 5. Regulation of PPARa reporter gene expression by
GGEx or CN1839978A in C2C12 cells, a skeletal muscle
myogenic  progenital  cell line. Cells were transiently
transfected with expression plasmids for PPARz , a luciferase
reporter gene construct containing 3 copies of the PPRE from
the rat acyl-CoA oxidase gene and p —galactosidase gene.
Cells were treated with GGEx or CN1839978A 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 Iuciferase units/f —galactosidase
activity. Experiments were performed at least three times. *

p{0.05 Significantly different from vehicle. G16, GGEx16;
G18, GGEx18; V, vehicle.
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Fig. 6. Regulaton of PPARS reporter gene expression by
GGEx or CN1839978A in C2C12 cells, a skeletal muscle
myogenic progenital cell line. Cells were transiently transfected
with expression plasmids for PPARS , a luciferase reporter gene
construct containing 3 copies of the PPRE from the rat
acyl-CoA oxidase gene and [ —galactosidase gene. Cells were
treated with GGEx or CN1839978A 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 Iuciferase  units/8 —galactosidase  activity. Experiments
were performed at least three times. * p<0.05 Significantly
different from vehicle. G16, GGEx16; G18, GGEx18; V,
vehicle.

3. 3T3-L1 preadipocyte©llx|2] PPARz £} PPARS
reporter gene W&

PPARz ¢ 7<% vehicle tizZdt v|@ste] GGEx16,
GGEx18, 2E X9 (CN1839978A A& lucifease
activity7} BAFo=2 o5t F7F =tk (p<0.05,
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Fig. 7). PPARS 9 A< vehicle tj&to]| v)5te] GGEx18
Ao &3] lucifease activity7} BAZLZ {4 F
Zh=El ek (p€0.01, Fig. 8).
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Fig. 7. Regulation of PPARa reporter gene expression by
GGEx or CN1839978A in 3T3-L1 preadipocytes. Cells were
transiently transfected with expression plasmids for PPARx , a
luciferase reporter gene construct containing 3 copies of the
PPRE from the rat acyCoA oxidase gene and §f
—galactosidase gene. Cells were treated with GGEx or
CN1839978A at the inital time of culture. Following
incubation for 24 h, cells were harvested, lysed and were
subsequently assayed for luciferase and 3 —galactosidase
activities. All values are expressed as the mean = SD of
relative  Iuciferase  units/3 —galactosidase  activity.  Experiments
were performed at least three times. * p¢0.05 Significantly
different from vehicle. G16, GGEx16; G18, GGEx18; V,
vehicle.
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Fig. 8. Regulation of PPARS reporter gene expression by
GGEx or CN1839978A in 3T3—-L1 preadipocytes. Cells were
transiently transfected with expression plasmids for PPARS , 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 GGEx or
CN1839978A at the inital 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  Iuciferase  units/3 —galactosidase  activity.  Experiments
were performed at least three times. * p<0.01 Significantly

different from vehicle. G16, GGEx16; G18, GGEx18; V,
vehicle,
a Z

Energy homeostasis= &53t oy x|et AH[E oHXA
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°]% PPARz o g A= 1AEF ARA fibrateF
(el fenofibrate)”} PPARe ligand® B Oo2H A &
AE9len], tiglycerided] WE FES WED A A9
high density lipoprotein®] ¥=& F7MZLoZH IXEH
¥ AEwAsel vl okER A It =a
PPARe —null U252 AJ7ro] Zdof me} vigto] =,
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PPARS & &dA7ZdxE HW 2012 celloltt L6
myotubeoll PPARS agonistE® A= o AAthAL T
GRS wdo] Zrlstm AuMF A EAEGH?
3 PPARS  agonistg H|THRe-2o HegSuf XA
7t ZaED A&d wzgel FAHEYGY. o A
2 Ho} PPARS A H|TEE H]ESE  metabolic
syndrome®] 2ol §-8% o2 PZre},

meta 2 dAtdAe vitRdairl e AeR 4y
A GGEx16, GGEx181} CN1839978A 9] 3u|uk-g-ZA}
ZAL v wEtZA NMu2li liver cell, C2C12 skeletal
muscle cell ¥ 3T3-L1 preadipocyte®] BEA|EZFA]
PPARa @} PPARS 9 reporter gene BAS ZAFSHETH

PPARa lucifease activity®] 79 NMu2Li liver cello]
A+ GGEx16, GGEx18 12|22 0.01 ug/ml CN1839978A
o g JFAAeE [{YsA FUkEIeH, C2C12
skeletal muscle cellolAE GGEx189] oJafjAqt 2X=3]
o} E3F 3T3-L1 preadipocytedlAl= GGEx16, GGEx18S,

£ 559 CN1839978A Ao <5 FTAZHLE {9
SHA F7HEIQi olekd2 ATE Kol GGEx18°] PPARa
reporter gene WAL FHAst=r 7P BRI AS=E
Helr,

PPARS lucifease activity®] 739 NMu2li liver cello]
A= GGEx16, GGEx18, CN1839978A E%F I3 FX
oottt I8y C2C12  skeletal muscle  celloA&=
GGEx16TGGEx18°] 93] ZX=Eglen, Iame=
GGEx18°|4 ©< dAsItt, 3T3—L1 preadipocyte] Al
= GGEx189] 9JejAqt ZAIZHCRE {stA F7H= it
olobte Aute Hol GGEx18¢9] PPARS reporter gene
HdE EXsts AeR Bl

w2k PPARa €+ PPARS 9 H|Rt=d 22 A= A
ZHE o GGEx182 HIWXEA|ZAY 7FsAS HolE
o},

2 &
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skeletal muscle cell @ 3T3-L1 preadipocyte? SEA|

EZo|A PPARa €+ PPARS 9 reporter genel WdS %
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a reporter gene WL FARH FTHAHRLH,
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ZAch Wb GGEx180] CN1839978A9] H]3le] PPARa £}
PPARS actiong HL amzxoz A3 Aow Az
o, 3SHeE HTAAZEE o F Ao AZEn
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