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Objectives The purpose of this study was to evaluate anti-obesity effect of Galgeun-
tang (gegentang) and elucidate the effect of it on gene expression related to obesity .
Methods The experiments were performed with the use of Diet-Induced Obese mice,
They were grouped NC (normal control), HFD (high fat diet control), GGT (Galgeun-tang
(gegentang), 700 mg/kg), ORL (Orlistat, 10 mg/kg). GGT was orally administered for 12
weeks, Body weight was measured every week, Real-time PCR was performed to inves-
tigate the effect of GGT on gene expression in liver tissue,

Results GGT group and ORL group were reduced in body weight compared with HFD,
HFD increased PPAR 7 , SREBP-1, Leptin, aP2, FATP1, FAS gene expression compared
with NC, GGT increased FATP1 gene expression, But GGT reduced PPAR 7 & FAS gene
expression in liver tissue of diet-induced obese mice compared with HFD,

Conclusions These results suggest that GGT is supposed to have a certain impact on
the treatment of obesity, But more study is needed in the future, (J Korean Med Rehab
2016;26(2):1-12)

Key words Galgeun-tang (gegentang), obesity, orlistat Galgeun, Mahwang, Obesity-
related genes
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70°CollA] Z&u} Aelgk &, 121°CollA 2087} autoclave
oM Am=aeleh. A7 Foll 32 ARSI I7EA] 20°C
o] o2 AAEI) Orlistat (ORL, Roche, Newjersey,
Usa) e BT o Ak

2) e S=

65799 47 C57BL/G] (Koatech, South Korea) FH&
2 AHRE AFE7] A 4F ZQF 12/12A4)7F Eﬂolzﬂ
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0 LPrelt. AR nomal group,
NC, n=6)& AAF37-2]o](normal research diet, AIN-93G;
12.7% of the calories)E AF HWtow AJHFAo]T
(n=18)2 AHFAo](high fat diet, D12492; 60% of the
calories)E& A|3HRICH AlSE H|Z Research DietsAFE
3| Fste] AT

2 970 48 A7 F AR Al T A )
o] 3t9] Fo g Y7 et Al 2o A WA 14|
H2lo)|E& HBQslu AAGE Fodl= tf&(control,
HFD, n=6), 7 WA JLAg2ols B83tal A9
Folgh GGTE(n=6), Al HA uA2elg EHg3lal
Orlistatg& Folgk ORL:rL(n=6)0]1ﬂr

Foko 1253 FHFE 647 ZE-2 700 mg/Kg *
A=, Orlistats= 10 mg/Kg - A %F._‘?. 3}l sHH
BT R Fofatdlon, NCole 22 739 7|
& wefslsich

Z o BF A wiE Fgsaer ASA(Wess
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ol zoletil (Virbac, France) n} ZJe]ollA Argo] 0]
At F 22S FYSETE. Adipokine 2k W
ARE flEM o] A 5—31]3 2] RNAlater
(Amblon Austin, USA)ol| HE3}3, 238 A A
Aste] —80°CollA] ARE- ZA7kA] Baatolct,

o 2 22E 7 EE ddeA s7iE
A3} ‘jr Al 71 22)of PBSE Yol wHset &
1ml TRIzol reagent (Invitrogen, USA)E *]gjsle] &
AT welslgch Red RNA 899 200 ple)
chloroform : isoamylalcohol (24 : 1)< Y ZsH 4
2 & A4 £28(14,000 pm)3te] FEH 500 ©lE w2
39 D} 0.5 ml isopropyl alcohol& 7}aFed —20°CollAd
RNAZS HHAZ] TR 2087F 1,400 rpmo 2 ¢
2] l}ﬂ%}gﬂ,\u} sl WE]a, 70% oleheZ AHskaL
2 AZAIFIT}. RNase free waterol]A] RNAE =91 &
RNase free DNaseZ Z7}3FaL —70°CollA #73s}ict,

[N
NN
> %
[-'\1

2) cDNA H|=

iz - AddtollA 242} F2lgt total RNAY 1 1 (1
g RNASHP) ol oligo dT (100 pmol) 1 1, RNase free
water 3 pl& ¥l FAAY &3} o], 65°CollA 10%
7} incubations}Gtr. Primer7} ZAEE 4°Col|lA] ¢F 5

Table I, Primers

FE7F #}2]8k & Reverse transcriptase buffer, dNTP (Z;
2.5 mM), RNase inhibitor, DTT (100 nM), Reverse tran-
scriptase (M-MLV 200 U/ )& 3718 vhg, 24274
&35l 5dtt, o] & 42°ColA] 90#7F incubationd}al, 95°C
oM 5EXE Aefgk & ARgsEI

3) Real time RT-PCR

Z}Z}+e] optical tube (MicroAmp® Optical 96 Well
Reaction Plate with Barcode and Optical Adhesive
Films, Applied Biosystems, Cat,.No, 4314320)°l] 3H]2]
SybrGreen Mix 2,5 11 (Sigma Aldrich, Cat,No, S9430),
(2)¢] cDNA 1 pzl, 10 pmol/#] primer pair mixl s],
dNTP (& 2.5 mM) 2 ul, 10xTag polymerase buffer
2.5 ul, Tag Polymerase 0.3 w19} 14,7 pl H,OE ¥
31, 95°C/5%/1 cycle, 95°C/30%, 45°C/30%, 72°C/60%/
40 cydes, 95°C/20%/1 cycle® EZAZt}. PCRE tube
E 7 o, 9 5 pnlE ARSSEY] 3% agarose gel
old] PCR specificity® =43}, ABI PRISM®
7000Sequence Detection System (Applied Biosystems,
Cat.No. 4349157)2 o]83}9] real time PCR Z¥= &
23}Fic}. PCRo| AR&3F primeri= Table 1] EA3FIT]

3. SAIXZ

Frdat kel gk A3 A Pt EE JAE
]

FAsFH, TEAE] HlaE 915k ol A5 Student’s

Primer Sense (5'-3")
PPAR Y AGGCCGAGAAGGAGAAGCTGTTG
C/EBP TTACAACAGGCCAGGTTTCC
SREBP-1 TGTTGGCATCCTGCTATCTG
Leptin GACACCAAAACCCTCAT
LPL TCCAAGGAAGCCTTTGAGAA
CPT-1 CTCAGTGGGAGCGACTCTTCA
ACS-1 CAACCCAGAACCATGGAAGT
HMG-CoA-R GCTGGTGAGTTGTCCTTGAT
FAS CGGCGTGTGATGGGGCTGGTA
FATP1 TGCCTCTGCCTTGATCTTTT
aP2 AAGAGAAAACGAGATGGTGACAA

Antisense (5'-3")

TGGCCACCTCTTTGCTCTGCTC
GGCTGGCGACATACAGTACA
AGGGAAAGCTTTGGGGTCTA
CAGTGTCTGGTCCATCT
CCATCCTCAGTCCCAGAAAA
GGCCTCTGTGGTACACGACAA
CTGACTGCATGGAGAGGTCA
CTTCTTGGTGCATGTTCCCT
AGGAGTAGTAGGCGGTGGTGTAG
GGAACCGTGGATGAACCTAA
CTTGTG GAAGTCACGCCTTT

C/EBP @ : CCAAT/enhancer binding protein- @, PPAR 7 : peroxisome proliferator activated receptor- 7 , SREBP-1c: sterol-regulatory
element-binding protein-1c¢, HMG-CoA-R: 3-hydroxy-3-methylglutaryl coenzyme A reductase, LPL: lipoprotein lipase, CPT-1: carnitine
palmitoyl transferase 1, ACS-1: acyl-CoA synthetase-1, FATP1: fatty acid transport protein-1, FAS: fatty acid synthase.
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1. A= H3}

oFs Fof 127 F Al5E SA% 2, NCGH2 33.72 g,
HFD2 50.05 g, ORLi2 45.32 g, GGTw- 44.09 g
o2 AUk

HFD& NGl Bl froldk Ae 57 vebdal,
GGTTH} ORLToM= HFDZ vla) 93k A5 a4
7} JeRTHEig. 1),
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Fig. 1. Change of Body Weight (g).

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

*represents p<0.05 compared to the NC group, Trcpresents p<0.05
compared to the HFD group.
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2ol AR vlek e 592K SREBP-1c, PPAR 7,
C/EBP @, Leptin, LPL, FATP1, ACS1, CPT1, aP2, FAS,

HMG-CoA- reductase®]|™, o]& 7+o] &A= Fig. 290 I+
gl BEAISHIT)

3. SREBP-1c (sterol-regulatory element-binding
protein-1c)

NCT-S 0.93+0,11% EREO ™M HFDTOAME 2,62+

722 =7 JERGA GGToME 2.94+0.89, ORLT
ow 2.06+1.002 YERIT

HFD72 NCol| Bl foJsHAl S7H=%laL, GGT
7} ORL7o|A+= HFD o) Hlsl] f-2ls %ﬁ}ﬂ UrE}Uer
SESITh(Fig. 3).

w

SREBP-1c

| '
FD GGT ORL

Fig. 3. mRNA Level of SREBP-Ic.

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

*represents p<0,05 compared to the NC group.
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Fig. 2, The Flow of obesity_re-

. lated gene. Black indicates that
gene expression was increased

in HFD group compared to NC

e
“Indicates that gene expression

was reduced in GGT group
compared to HFD group, ' Indi-
cates that gene expression was
increased in GGT group com-
pared to HFD group.



4. PPAR 7 (PeroxisomeProliferator-Activated
Receptor- 7)

NCT~2 0.941+0.062 YERSS ™ HEDT-oA= 3,59+
0.712 =7 UEPd GGTFolME 1.86%0.50, ORLT
oA 2.30£0.602 LFERITE.

HFDS NC-ol| vl reJsiAl Z7F=E9al, GG
3} ORLT RFollA] HFDEol| H]3)] f-olat 747} vrehyg
tHFig, 4).

5. C/EBP a (CCAAT/enhancer binding
protein-a)

NGTL 1,210,292 WERE o r HFDTOM= 1,44+
0.272 JERET GGTolAE 2.48+0.66, ORLZI|A]
2.28+0,57% YERTE,

HFDZE NCol| i) S7HEov foldh wsh=
ol U3L, GGT¥ ORL-E HFDoll M]3 F71= 910
U Feld Wshs obURltk(Fig. 5).

6. Leptin

NG 1.0410,052 YERES ™ HFDollA= 17,18+
3,532 YERSI GGTToAE 14.02+4.46, ORLT-||A]
5.11+1.362 YERITE

HFD<-2 NColl HI3l| frofshA| S71EQlaL, GGTE
A= HFDell vjal] fofgh Hele= vehtbA] eikal,

PPARr *
+
| 1
NC HFD GGT ORL

Fig. 4, mRNA Level of PPAR7Y .

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.
*represents p<0.05 compared to the NC group,
compared to the HFD group.
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ORLz oM Fofgh a7} vebstth(Fig. 6).
7. LPL (lipoprotein lipase)

NCT-2 1.00£0.03% VRO HFDFOME 0.93+
0.212 YEREIL GGTw oAM= 2.22+0,.54, ORLwoflA]
0.52+0,142 VFERATE

HFD<22 NColl HIsf ok Wb} vehtA] egsh
31, GGT¥ ORLT-o X% HFDo vlal] 23k wsh=
et 3SttkFig. 7).

8. FATP1 (fatty acid transport protein-1)

NG 0.9510.142 YEPEO ™ HFDwollX= 1.79+
0.412 YEPFIL GGTToAE 3.3610.68, ORLi-ollA]

ES
)

C/EBPa

NC HFD GGT ORL

Fig. 5. mRNA Level of C/EBPa.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.
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Fig. 6, mRNA Level of Leptin,

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.
*represents p<0,05 compared to the NC group,
compared to the HFD group.

Trepresenrs p<0.05
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Fig. 7. mRNA Level of LPL.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

w
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FATP1 +

| '
NC HFD GGT ORL

Fig. 8. mRNA Level of FATPI.

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

*represents p<0.05 compared to the NC group, Trepresents P
<0.05 compared to the HFD group.
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1.46£0.48% eyttt

HFD-& NCol| Hlsf| f-2JabAl $71=0aL, HFD
o ]3] GGTIelA et S717F U eH, ORLe]
AE frefek st glsichFg. 8).

9. ACS1 (acyl-CoA synthetase-1)

NG 1.0210,092 YEREO ™ HFDT-oA = 0.84+
0.192 YERII GGTeolM= 1.0310.33, ORL-ollA]
1.02+0.1982 YEPHT},

HFD-2 NCol| Hlaf f2j3t Z717F YehdA] 4%
a1, GGTTH ORLT-OIM % HEDl H]8) f-o)ah Wslr}
UERFA] edth(Fig. 9).
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15 4 ACS1

1 4
0.5 A '
0 -
NC HFD GGT ORL

Fig. 9. mRNA Level of ACS-1.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

nge)

mRNA Level(fold cha

2 -
'§, CPT1
215 A
"]
=
% 1 -'
20.5 -
e

o o

NC HFD GGT ORL

Fig. 10. mRNA Level of CPT-I.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

10, CPT1 (carnitine palmitoyl transferase 1)

NCT-E 1,010,152 YEPFo ™ HFDTolM+= 1,04+
0.412 YeRIa GGTTolAE 0.96%0.40, ORLT-ollA]
0.79+0.28%2 YERIT}

HFD NCol| H]3)] f-2ogh S7p7F vFehb=] edsk
3, GGTi ORLFoA % HFDol vl3) #-2)3t W3y}
YEREA] ek HFig. 10).

11, aP2
NG 0.9410.092 YEPEO ™ HFDw o= 2,17+

1.382 YERHI GGTollM= 2.85+1.85, ORLT-A
1,300,765 JERiT}



HFDT-& NGl 8|3 FoJ3HA] =71=E3%leu, GGT
T} ORLT-oX= HFD- vl f-egh Wshr} Jept
A kSkeh(Fig. 11).

12, FAS (fatty acid synthase)

NG 1.2310.342 YEREO ™ HFDTX = 5,56
1,472 eI GGTToM= 3.23+1.92, ORLT-9IA
3.57+1.712 YepRith

HFD-& NColl HJsiA] frefabA 371 =SlaL

7} ORLT: 5ol HFD9 vl&)] 528k 7427} Lef
WITHFig, 12).

e B

§ ap2

L *

g

2! | W

= .

NC HFD GGT ORL

Fig. 11. mRNA Level of aP2.

NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

*represents p<0,05 compared to the NC group.

FAS *
' T T
NC HFD GGT ORL
Fig. 12, mRNA Level of FAS.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.

*represents p<<0.05 compared to the NC group,
compared to the HFD group.
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Trepre%ent@ p<0.05

13, HMG-CoA-reductase (3-hydroxy-3-
methylglutaryl coenzyme A reductase)

NCT& 1,05%0.232 YEPES.
0.712 YJERIIL GGTTAME
1.85+0.712 Yebd},

HFDT& NCEo H|8] §-2J3t Zp) Vel bR 95k
31, GGT#2 ORLFoIM % HFDol| H3)| f-2l3k Halr}
YEREA] 9E3teh(Fig. 13).

HFDolM = 2,16+
2.18+1.26, ORLT-&

14, SR 24 2o}
ABel] 218 gk 7Hel §-27} SREBP-1c, PPAR 7
C/EBP @, Leptin, LPL, FATP1, ACS1, CPT1, aP2, FAS,
HMG-CoA-reductase 7}, W37} vepd f-dx1e] &
AES dolry] gA =202 FASITHFig. 14).
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JEAL180] NMu2Li ﬂxﬂi, C2C12 JE—ZJ—;L ME 2 3T3-L1
APATAEY] FEAFEFA PPAR @ 9 PPAR S ¢ ac-
tong EHHog &3Vathe A7) gon, =gt

>
)

HMGCoA reductase

NC HFD GGT ORL

Fig. 13, mRNA Level of HMGCoA reductase.
NC: normal diet group, HFD: high fat diet group, GGT: GGT
treated group, ORL: Olistat treated group.
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Fe] A 220l leptin HEHES AAA7]L, B3ARE
Fe S7PFcHE Baw ey,

HI A o] AAE of&gt Bvk A77F Haid wf
Qar”, wigpe] A% Wk Ul AT} 25
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T ORI, B ot 4 nigkg F8 74 o
A= sh= Zdeo] Hlvke)] ofH JiFS n|X|e= golir]
flete] A3E At

aaee] FepAQl Ao 4 AdR]] pueraring
Z g9 3 =M A RS 7
AlF)1aL, daidzeine <59 AWS AAISHH acetylcho-
lineo] FuAAHS 2=351e] Ex8H &4 2 U5
< A3} st} Genisteine LDLAKSH 4| &3}e} b4
Z A oA @50 glom? Aol isoflavoneAd 3}
&9 estrogen receptorol] 2H8-8= phytoestrogen &
Ho] EAlgt BuH”, 2R E the Fo
T4 kAl mlERe pseudo ephedrine®} methyl ephe-
drineo] AR EH1E B3 olixg S7A711”, ephe-
drine> 7HgA o 2= g W ABAIE A% F-29lol

A ol FHeEelelel dopamine, norepinephrine, epi-

q

N

)

7 235O
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Fig. 14, The results, Blue in-
dicates that gene expression was
reduced in GGT group com-
pared to HFD group. Red Indi-
cates that gene expression was
increased in GGT group com-
pared to HFD group.

nephrine 58 FHIAA IR AF0] AxHow
@, B IR BeAlR Aed) ol mpalA
AT asFolt Wbgs ol AdWA 2 T,
pas

4, B 22 58 A I gk 2 <lolle BT, Al
[¢]

:

i

[} .
AE A 299l A APt B4
A=

wojo AHPATMEZAAN ALt AN TR Ry

-

AAEe] E3le 2Eshe JARIAINE SREBPs,
PPARs, C/EBPs, So| Qu}’™. XAz 538 %70
insulin®]t} dexamethasone 3 7Z-& 328 G50 9
&l C/EBP B o] Wdo] x| e A =il C/EBP 57} &
gsted sl F7)o ApA|Ee] dAL QIARQ] C/EBP @
9} PPAR 7 o] Wlo] =gy,

C/EBP @ = PPAR 7 9} 235 2+g3te] ofake wxjeul’
C/EBP @ & adipose tissue?] 5o|% F7x1=52] & &
ol F7¥ste] oUA] e 207skal PPAR Y i adi-
pogenesis®] T8 ZHAZ WAR|LZZ| A ol By
o,

A AAE A9 E W adipogenesis®] F8 FHelx}el
PPARY 2|7} =7}El HFDT| B8] GGTTolA §-2
gk A7t Qo] et ol ARl AAd F
8 oS o= Aol 2Hgek vk 24 Ths Aol
Ao Wl

C/EBP @ 9} PPAR 7 o] &33P/} =W AgA|xe] 13
FE AAshs A2 o148 F7ARI terminal mark-

er59] W¥o] fF=¥} Terminal markeroll= AWThA}




oAl At o]l Fofsl= FATP, IPL, ACS, A4t
Aol ofeh= CPToF AUAIRE Estel] #ofeh= ap2
ol itk ol#gh AL xEe] 2ES T AAE
3Pt dojuhy 1 A#kz Fd AP lipid droplet©]
Azl yehbA] AR A AAIE 23t ¢R
o)

LPLL lipoprotein2 monoacylglycerol@} fatty acid®
7HEEslshe Fadolth Ao] A3 Fof LPL 20| 5
7¥sl] lipoprotein®] thilel] #ofatar 3o dUx|E =
A FElE AAE AT FH A E
LDL recptor®] ZA%#-S E0]3 cholesterol FF5 &3]
she o deid o,

FATPst= Welo] Fohet A4 faity acid®] A& 57}t
AlZIvkar HaEo] ik FATPs®| 39 HElE2 2H2t

£ AN Z47] QR dhe il 5§ SolHoR
FAsh= 9dEhe st} 1 = FATP1S skeletal muscle®}
adipose tissueol|X] S5olHo2 EA] W= Flos B
DT Q)

- AgdolA] HFD ol H]3] GGTolA] FATP1O] £
3le] o =2 FA1E YeRlaL ok a5 A8 dE
o M= FATP19] el =717} fatty acide] A4S 714
ot FAE in vivoold= teFet v whildETte
e 285 B 238 AskE SVME R vk
F55 3 sk Adse] Yot e mviAIES o'
FEAEE skl thgk Aot d xlsgE dart 9l
oHeks Bavt gl ol #dE J7t ol Pad
Aog Yzt

CPT-I-2 fatty acid oxidation®] rate limiting £4~% fat-
ty acidg WEZEZ} Y FYA7letl Fofdit”,
Aol ATWE S5jo] Ash]] Sl B
9] transferaseE ZQ 2 d=d CPT-I& o|&3} trans-
ferse] shpg A& o]&9] FR3F ATS sh= o=
el ok,

Leptin adipocyteol|4] 8] %= hormoneo|™ ||
Wegel| vjElste % srvt SRR, A2 S5l &
gato] 2AoldARS FaFer AFe xd7she
cytokine®]t},

Lipogenesis2 SREBPs¢} PPARG2] FA} Qlzlol] 2]
Z4 9}, SREBPsi= cholesterol¥} fatty acid®] $4d<
2 Hom WA

SREBPs:= SREBP-13} SREBP-27} o, 2 &
SREBP-12 ATAPEAE #stz7]e] waA fExo]
PPAR 7 9} Adipocyte 385 3714, A thAfel] &
A ] BRE 2P A o Es o
&5 P’ SREBP-1S AW} 7k2Z 9] cholesterol )
fatty acid®] $HA-& FH-sh= & HARRIAPY FAS, stearoyl
CoA desaturase (SCD), long chain fatty acyl elongase,
squalene synthase, HMG-CoA synthase, HMG-CoA re-
ductase®} 728 A& A FHE FHAAe] promotord]
ARt

HMG-CoA reductasei= cholesterol A whA| ol A
Z+-85)= rate limiting G40 A AR A
91 mevalonic acid®] $J< vifshe IS 3P, &
Zexe] FYzElE 2L ool SdlzH S0l =0t
A el mAne] o] whobr] dellx hoe g 2
ZHE o]FS FXIstal EF FUZHE 57} HolA
AW a7-Fo] ol B4 WHlo] Tt Edl=
HE 44 309,

FASE fatty acid Aol defsh= aaolot, A4t
o] Zrellx e gAML k=] VIDLY| Fel
2 IS Bl Az FAEE deeitt

FASS] ¥t 8% 242 ¥ 9 SREBP-19] 2™

B A3oA FASS] 79 HFDTO Hlg] GGTrelA
AarE FAE AT ol AEEE A FE] wofst

olz}e] A= lipid droplet 2 triglyceride] A4 &
70 At TFs e welE.

Y A At i GOTE oM AAIE
sho] 4] Z2HRAAR] PPAR y 9 A g7 el o
& T FASOX fewgk 2] At i e
1 FATP19] el 23]e] S7lstltt. wepa] 22w
of vk 5o glo] YAFRE Ags &

A
Hub o o B A7t o] Fofxof & Aol

73%»»»

ZZEHGGT) o] HvkAdE fxa wald n)2= 9%
S dolry] g5t Aoz Hlgke] f=E F <
4

k2O HEE B AR S W RS Z4stol
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1. ZZ°] GGTEH ORLTol|A] HFDol| v]&l] 743}
k.

2, A2 o2 H|vto] i FH o 7 22|olx A}
ol H|3]l PPAR7y , SREBP-1, aP2, Leptin, FATP1, FAS
A o] F7hE At

3. GGTol|A] HFDroll H|3] PPAR 7, FAS #-3#} 2
o] FHA-= At

4, GGTolA HFDTo H|a] FATP1 #-72x} H3o]
o S7HEA
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