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Effects of GyeongshinhaeGihwan 1(GGT1) on the Expression of
Obesity-related Genes in Obese Male hGHTg Rats
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To investigate whether GyeongshinhaeGihwan 1(GGT1), an anti-obesity herbal medicine widely used in oriental
medicine, regulates the expression of obesity-related genes, we measured the changes in mRNA levels of these genes
by GGT1 in human growth hormone transgenic (hGHTg) obese male rats, and these effects by GGT1 were compared
with those of reductil (RD), an anti-obesity drug approved by FDA. Rats received once daily oral administrations of
autoclaved water, RD, or GGT1 for 8 weeks. At the end of study, rats were sacrificed and tissues were harvested.
Total RNA from adipose tissue, liver and kidney was prepared and the mRNA levels for LPL (lipoprotein lipase), PPAR
y (peroxisome proliferator activated receptor-gamma), PPARS (peroxisome proliferator activated receptor-delta), leptin,
TNFa (tumor necrosis factor-alpha), and internal standard G3PDH (glyceraldehyde-3- phosphate dehydrogenase) were
analyzed by RT-PCR. PPARy mRBNA levels of liver and kidney were decreased in drug-treated groups compared with
control group and the decrease of PPARy expression was more prominent in  GGT1 group than in RD group,
suggesting that GGT1 is effective in the inhibition of adipogenesis and lipid storage by decreasing the PPARy
expression. In contrast, PPARS mRNA levels of adipose tissue and kidney were increased by RD and GGT1, and the
magnitudes of increase were higher in GGT1 group than in RD group, indicating that GGT1 stimulates fatty acid
oxidation and energy metabolism by activating PPARS expression. Compared with control and RD groups, GGT1
group had higher concentrations of serum leptin, a well-known inhibitor of appetite. However, The mRNA levels of
leptin, LPL, and TNFa were not changed by GGT1 and RD, compared with DW. These results demonstrate that GGT1
not only decreases PPARy expression of liver and kidney, but also increases PPARS expression of adipose tissue and
kidney, leading to the regulation of obesity and that these effects were more pronounced in GGT1 group compared
with RD group. In addition, GGT1 seems to prevent obesity by increasing the serum leptin levels.
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A ekslg Z8s6k] Yol Holrh.

2 dFoAE 8243 iviZ e hGHTg (human growth
hormone transgenic) 47} FHE 0183l GGT19] ghTtamy} of
L uRraH RS AR =A1E Yot A, WS norepinephrine
3} serotonin®] ANEFE AAGhE Z

189S sl BIVENE U
ERHE o2 A 12 FDACIA] S018 reductil (2]=22, RD)T}

=Y
= o AREE Gt ASAE AESHLA BI

As 2 A
1 Ag2d
AEEZE S 1| FDAoA SO AobA AR} RDE} SHokx
AQl GCT1E AMESIS L, tHREE S autoclaved water (Ff

$)E AIZBINIT). RDE S99 204 Ae wol Yoz
oAl TUBIN L, GCTIS HREMET, o HREWHTE'S i
B RO Z BA Kol TSk SQulaka 3ol T}
thah Wil Sh Aol A BASH 5 2akslol A8l AlZSINITE T
o2 AR 71E0 2 RD (10mg/60kg i{(%)Q} GGT1 (3.2g/60
kg AE FEASINTE

52 37

Table 1. The composition of GGT1

Ingredient %
Ik Liriopis Tuber 2128
14 Platycodi Radix 21.28
FR Coicls Semen 2128
-k Scutellariae Radix 1064
BEF Raphani Semen 1064
M Ephedrae Herba 850
A& Rhei Rhizoma 318
i Sargassum 3.19
Total amounts 100
2. 48 EE
A BSERAIE AR AIS 25 (human growth hormone,
hGHyg Tisia dRME FIAHE piitsaReel 16589
%71 % (Wistar-imamichi rat strain) 12R}218 AMSsiSich 2
IF B 402l E AEHo utE 22 25| T (group)
2P E Al Ago) AMESISTt
Al %@_ LT 21+2C, & 55:5%, &) B4 15~173]
/hour, 2F 150~300 lux, J8]1 £ 12417F PHek (B E:
06:00, 2~5: 1800282 ZHsI Adl 7|7HEQ U HsHA SPF
(specific pathogen free) AE|E RABIICE ILYAIE (Harlan,
USA)9} 22 118 Fol9} 48 47400, 23 8 28437
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3. AET H Sofgiy

T (group)d 4viEl $A (male)g FAIGIA M, RD=
10mg/day/04n¢/human EHCZ, GGT1E 32g/day/04mé
/humangd] 802 AFEAGI (Table 2). ETZES 04md
o g FrRololiien, 48F (RD, GGT)S 7 ¥
HEol 2SoHA 42 04ntol 5

Al ArRosiant
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Table 2. Experimental groups.

Group Number of Head Sex Dose (mg/kg BW)
Control 4 Male 0
RD 4 Male 0008

GG 4 Male 22
RO, reductil: GGT1, GyeongshinhaeGihwan
4. RT-PCR

GGT10] vk} o] YA E LotH7] gk GCT1 &
olofl whE BTk FHAT Waie] Wsls dasiot tEE
o=t (RD, GGT1)€) Z,‘ Z7A] (adipose tissue, liver, kidney) 2. &
HE] total RNAE FE36I91 (Invitrogen, USA.), reverse

2 =30 ujet

Q! lipoprotein lipase (LPL),

transcription-polymerase chain reaction (RT-PCR)
7 PHE REA, & ALEHNEA
A2ER Aol $odSl= peroxisome proliferator activated receptor
¥ (PPARy), AEREESHO] XS &3l oiAXzdo BASH::
HOF YUEdZl peroxisome proliferator activated receptor §
(PPARS), H<58t XM LY ZAFAAL (marker gene)2Al &
thAloll #cdEhs leptind} tumor necrosis factor a (TNFa)Q]
mRNA £Eg FFoIULE Ko ZE RELERE dolss
house keeping gene®]l G3PDH (glyceraldehyde-3-phosphate
dehydrogenase)Z internal standardZ A28l FFXIS] vl
HEE v uE45Irt Complementary DNAE BH55l7] #15}
& 2 ug total RNAEZ 0.5 ug reverse primer?} E¢} 5 70TolA]
SEZF BFEAIZE IeeollA HZHA17]
murine leukemia virus reverse transcriptase (M-MLV RT), 25
units ribonuclease XA, 457/ 10 mM dNTP, M-MLV
reaction buffer® & volume 25 ulo|A] E8151910H, 42TolA] 1
A7} BISAIZAT) (Promega, US.A). 01% RT 2}SE 5 ule} Z+2)
9] primer (Table 3)Z Al83kd PCRE 4-81819iCt.

[=)
T

200 units Moloney

Table 3. Sequences of primer used for RT-PCR
sequence

LPL forward 5'-CGCGCTCTAGTCCTCTGACG-3
reverse 5-TTCTTCCTCCAGCCAGTTGA-S'
PPATY torward 5-CCACTCGCATTGCTTTGACA-S
reverse 5-TCAGCTGGTCGATATCACTG -8
PPARS forward 5'-CACAGACCTCTCCCAGAATT -3
reverse 5-CGGGCCTTCTTTTIGGTCAT -3
Leptin forward 5-GAGGAABRATGTGCTGGAGAC -3
reverse 5-CTGGTGGCCTTTGAAACTTC -3
NFa forward 5-CACGCTCTICTGTCTACTGA -3
reverse 5-GCTGACTTTCTCCTGGTATG -8
P04 forward 5'- ATGTTCCAGTATGACTCCAC-3
revVerse 5- GCCAAAGTTGTCATGGATGA-S'

PCRE 98l 5 ul RT BFESE, 4579 10 mM dNTP, 05 ug

reverse?} forward primer, 1 unit Taq polymerase (Solgent,
Korea) & bufferE 28151311, A& volume 50 ul 2 9&o]
TaKaRa PCR Thermal Cycler (Japan)oi4] PCRE $#BI3C).
Y2272 94ColA] 527 ¥4 (denaturation) Al7] &, 94°Coll

Y, 61TColA] 12 £43} (annealing), ZL2| 1L 72°CollA]
30% MG B} cycleZ dlod 35 AlO1EE WHESI A, 1A
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5. 8% leptin 559 &
HE 550 ZHE HE5Y B4 kit (Wako, Co, Ltd,

Japan)& ©| 83K Enzyme Linked Immunosorbent Assay

(ELISA) ®Holl 93} EsiZl protocolo] W} HAIFIACE

L

Al TR §lo] WnE ASR %PQEJ Ut (Fig. ) FZ white
adipose tissue®] A& Ao} Boigh= A PPARYy mRNA
815 2 R ol HIGkd GGTIFoA] it Zh4s8he Aske Ut
ERAI, RDFOIA L thatoll Hgle HA welzle Aoz &
ZTRAct wok A P%_—'SHE E70e 02N oUALHIE E7F
Al71E RO F UEEl PPARS mRNA 82 ) £ Fol vl
RD#3} GGT1 FoFo] 24 U e ASE VEIGOH,
GGT1d gdh & Bl =4 gelg e Ae ¢ = A =
ot At Z 9 EAFHAQ! leptin} TNFa9] mRNA 2

2 yxF, RDTH GGTITolA] |9l Qo] glaiEl= AOo=2
saEQict w2 GGTIR AYxRAollA] PPARY 2adg Zhi
Al7]1L PPARS 28 S 72 0 ZH HIvtr ] Fodst 4 Q)
oglzk YzErk

= RD

GGT1
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PPARY
PPARS
Leptin
TNFa

G3PDH

Fig. 1. Regulation of obesity-related gene expression by GGT1 in
adipose tissue of hGHTg obese male rats. C control RD, Reducti:
GGT1, GyeongshinhaeGihwan

ZMS BlukEY hGHIg £ 719 ¢

LPL mRNA & or
RD)ollAl FQAF glo] ¥d A} (Fig. 2).
PPARY mRNA 28 & o & |5l oFE BoiollA A
Zadhs 2O E BEFA O, ARIENE 57H4]7)= PPAR
§ mRNA W&l 2 R} oFETollAl & AlO1E HOolA| iRk
olgiet AiE Hot ZhofAlel GGT1 &2 AUXRZA| T ﬂ]u_oﬂ
2 ) thes) e AR Holm, AL} PPARyY] 2HEE ¥
024 BiiAle] Ziog RAOE Holrt

[ RD

GGET1
PPARy

PPARS

G3PDH

F|g 2. Regulation of obesny -related gene expression by GGT1 in
the liver of hGHTg obese male rats. C, control RD, Reductil GGTY,
GyeongshinhaeGihwan

PPARy mRNA Li{% Uz l 6}011 RDQ} GGT1 0401]
olal SAEHA 245l oM, GGT1 Mald 98 B2 dH=Eg
o = QUUCE XEMEEEE Fesle] vigkE Arsk=t #ois)
= ZCE HolE PPARS mRNA U thxTol vlgkod
GGT1 BaolAl A E71519T) 2iH RD Al sl A&
©] PPARS mRNA 232 Z7I5IA] 2ok olel 2+ g B
o} GGT1&2 21A0I4] PPARS SHARIS S &%1611, PPARy SA
TEE GRECEN BluEEde #oldle Ao s YZE L

Oh >1-‘4

C RD

LPL

PPARy

PPARS

G3PDH

Fig. 3. Regulation of obesity-related gene expression by GGT1 in
the kidney of hGHTg obese male rats. C control RD, Reductl GGTY,
GyeongshinhaeGihwan )
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Fig. 4. Changes in serum leptin levels by GGT1 in hGHTg
obese male rats. Con, controk RD, Reductil GGT1, GyeongshinhaeGihwan
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GGT10] Bl9ky} B0 UAE YolR L, A BN EA
Z ABEI s RDSKE ol AMEE §3E UBhIEA 24}
571 918kad hGHTg 47 vl & A1E6i nlwEed A}
uI310] WElE BESIGnE i 487 (GGTL RD)Q 4 £
Z] (adipose tissue, liver, kidney) ©ZRE] total RNAE FE3|
1, RT-PCR (reverse transcription-PCR)S &3l Hlwh HeAE
FHAL & AYEH G4 LPL (lipoprotein lipase), AJ&A &0
Foisk= PPARy (peroxisome proliferator activated receptor ¥),
AeihtstEs  £ZXA7|=  PPARS
activated receptor 8), 43430 XA 9] markerQ] leptin} TNF
a (tumor necrosis factor a)2) mRNA ¢S ZE ST Jsla,
G3PDH (glyceraldehyde-3-phosphate dehydrogenase)E internal
standard 2 AFE5I] WAL E HINEAEIR
FEolAl GGT1o] 9ISt EF leptin 55 HSE

AR § 49) LPL mRNAE AYEZ 3 4
7 B)uskd RDZH GGTIFolA FYAF §lo
GGT12 LPL Wgioll Qarg FA &UTt

PPARyE URIECZ XutiAlol £R61, 1 2o WA,
A%, Yot 5 tjget RajolA] W=, target genedl SH &
AESOH 7158 VML AP EY B3HE & 271
Ao 71 wslo] £71E & PPARy: C/EBPag} BHA| XA -4l
EE AYNEE B3lgh=tl ol 7Ha SMEQ] 7isg gEe
o oA QP 8k XA, lipoprotein THAL, T2 Q]
&8 89 THEoA FQ3H 9 sh=th, Agxsldl e
2x20] PPARy target geneE2 APHOT AHIHEE ol
J2wlo] Atk &, PPARyQ wislo] 246 ALHTAHLE
B A EZ0) 237} AREE AlAlEH, oleist ddddle
v 29 A7)2b4A9 ARk EU XgEHY AL SHHE

(peroxisome  proliferator
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rh = 4d@olA] APZAQ PPARY mRNA &6l 2 AT, RD
i} GGT1E 5ol |FAX7F VERIA S3%keut, 2Hat 4
HollAs arggcTo] R Blale WA ddEien, &
3] RDEZHCE GCTiTolA] T wA wagEe & + JArt W
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2HA] BRG] Fo] thRT ol Blsla] Xg&EH o)
FAoA AEGE GGTIT0] FDAOA] SOIHES
RDFHCH AUAE dxjol 1S EH™US AlARIH
PPARSE AR A R E ZEOA] WEEE ACE B
IHY O TSR XA BT PPARSE o= F
f£E0E FHRIY 4 Q= BNEE BaHArY. PPARS
Sh 2]171E0) GW5015162 reverse cholesterold 01&5& &
5o BEkE Hols Ag A5olollA d€F Arhly S4AW
22 BRE dag Sy £6) niuirdold PPARSS) &
o 9]t HDL-cholesterol =X]45 & PPARaS] ZIJM=E UEdT
fibrateo] Q¢ A& ETETE AM A LERIT) PPARSO ot
229 Tl oA PPARSE ENRFEY, &,
T @0l BIE T UrP. 2 AsloA AEZ T}
PPARS mRNA &2 SHEEA70] iAol HIglH
TR oM, B3] GGT1T0| RDTEL T HA
2 DEelME RS SRR o] FAXPL
. Wi PPARSY gkslo] £2H o9 ]
B2 GFEROTOIA AR
n]5l2 2 RD7EYF ohde} GGT1wol PPARSS] wHal g
Aoy gEHTuanE Ve 5 ASS AR
AU A (fat cell mass)o] Bl AHER A 2ulsh
= leptin?} insulin®] Weio] 715 o]E0] AldGHRA Mg
8l A28 £X51= neuropeptide Y (NPY)/aguti related protein
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= NPY/AgRP neurono] &35l A& A k= POMC
neuron2 AAE o] FHHE E7ITILE6~7) WAl leptin

e xeg 2Eske 593 SEEOT UEA Urt 2 Aol
Al R EZA Y] leptin mRNA T HEF, RDTY GGTLT
A S0)Z7) LIERIAl 229k0L), §F leptin L& tHET, RD
T3} 18l GGT1wolA B A4 LIEN Q24 GGT10] #El
9 5T E7MIA A EYM doig Ho#C}

TNFoi= BlEidul 1 widlo] S7i=| 2™, deuaald) 9
HTE =o gHUENE Hrioket §8% AXE ol85HL
Tt 2 AsloljA] x1gkx A9l TNFa mRNA ¢£2 thE2E, RD
23 GGTIToA] §Ox7F LIERIA] 9o} GGT1720] TNFa gf
glol] grie ggg FA ULk
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HEMIEA (GGTlo] FAPE vIWiZY hGHTg 43

OEH GGTIo] X E 23} W XA & Axle] HS GTHE
&g AXIBICE PPARSE AlYA A 3} Alsloll 4] RDEM GGT1

o] iAol Hishkd E=A daERon, RD-?LED}GGTHLOM
B =7 gEEAnh wld] GGT1o] AeRIEFHE &XsoF
A AR ARIE E7HT1E AR Helth Leptm~ AEZ]
ofiAl thET, RDE GGTIol Al FAAE LIERIA] 9keroLd,
SEE AT U RDEH |58} GGT1T0lA] T
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off MUIE HTE FX & }

ZEHCOE GGT12
HEg LAAFIAL AWAA R PPARS mRNA W&l
THIF L ZM diTid el Bolgk= ZACE Holn, ol#st g
= oA HIER SH 2 AHZE]E RDECHH & ASE LIERIT.
St 5 leptin S7HIA SHIMEHE VEllE AL

wzkary,

&% leptin

j
_r_

90
==

1=l

—

sy E
= A7 =

o

sLE

FaEd
L FEE & EEELET SHROR A2, 825, p 123,
1993.
2 FYERATL B - 0] - Hel Alg EERQKAA(I).

- 97 -

1 #19) BlEkEe 8%

10.

. Enzo Nisoli et al.

Alg, AECOFEOHAA, pp 351-354, 1999.

. Rosenm E.D. et al. PPAR is required for differentiation of

adipose tissue in vivo and in vitro. Mol. Cell 4, 611-617, 1999.

. Oliver et al. A selective peroxisome proliferator-activated

receptor § agonist promotes reverse cholesterol transport.
Proc. Natl. Acad. Sci. USA. 96, 6102-6106, 1999.

. Winegar, D.A.. Effects of fenofibrate on lipid parameters in

obese rhesus monkeys. J. Lipid. Res. 42, 1543-1551, 2001.

. Michael W. Schwartz, Stephen C. Woods, Daniel Porte Jr,

Randy J. Seeley and Denis G. Baskin. Central nervous
system control of food intake. NATURE 404, 661-671, 2000.

. J. M. Friedman. Obesity in the new millennium. NATURE

404, 632-634, 2000.

. Fahumiya Samad et al. Tumor necrosis factor a is a key

component in the obesity-linked elevation of plasminogen
activator inhibitor 1. Proc. Natl. Acad. Sci. USA. 9,
6902-6907, 1999.

Tumor necrosis factor a mediates
apoptosis of brown adipocytes and defective brown
adipocyte function in obesity. PNAS 97, 8033-8038, 2000.
Park, HS,, Park, Y., Yu, R. Relationship of obesity and
visceral adiposity with serum concentrations of CRP,

TNF-alpha and IL-6. Diabetes Res Clin Pract 69(1):29-35, 2005.



