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Changes in mRNA Expression of Obesity-related Genes by
GyeongshinhaeGihwan 1(GGT1) in hGHTg (human growth hormone
transgenic) obese Female Rats

Ki Hyeon Yoon, Michung Yoon', Hoon Kim? Soon Shik Shin*

Department of Formulaomics, College of Oriental Medicine & Korea Institute of Oriental Medicine, Dongeui University,
1. Department of Life Sciences, Mokwon University,
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To investigate the effect of GyeongshinhaeGihwan 1(GGT1) frequently used as an anti-obesity herbal medicine in
oriental medicine on the expression of obesity-related genes, we measured the changes in mRNA levels of these genes
by GGT1 in human growth hormone transgenic (hGHTQ) cbese female 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), PPARy
(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. Compared with control group, PPARy mRNA levels of liver and kidney were decreased in both
RD and GGT1 groups, and the effects were more prominent in GGT1 group than in RD group, suggesting that GGT1
is effective in the inhibition of lipid storage by decreasing the PPARy expression. PPARS mRBNA levels of adipose tissue
were increased by RD and GGT1 compared with DW, and the magnitude 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. GGT1group had higher concentrations of serum leptin, a well-known inhibitor of appetite, than control and
RD groups. However, The mRNA levels of leptin, LPL, and TNFa were not changed by GGT1. These results indicate
that GGT1 can prevent obesity in hGHTg obese female rats by down-regulating and up-regulating the mRNA expression
of PPARy and PPARS, respectively, and that this anti-obesity effects were more pronounced in GGT1 group compared
with RD group. In addition, GGT1 seems to inhibit obesity by increasing the circulating leptin levels.

Key words : female hGHTg rats, GyeongshinhaeGihwan 1, leptin, obesity-related gene, PPARS, PPARYy, reductil
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|2 hGHTg ¢ # (human
growth hormone transgenic rat)y& ©0]&3dkd GGT19] gH[Tg
H7E ol BIURRAERY BEEA e

norepinephrine} serotonin®] MESE AA5l] Mt EHE
VERIE oFZ2A] u]|= FDAo]A] reductil ()28, RD)
e ofE APEB GV UENE BEHLA SiETh

1. A EEZ
AEEEE Pi= FDAOA] SQIF QO AQ] RDS}F SHoFA
ARl GGT1E AFESIY AL, thAEE S autoclaved water (B
FE AHSIIGCE RDE 599 EQoA] Aarg ol duek=
oAl FASIE AL, GGTI2 HEEMRIT, O R/EMTELDS I
WS AU E SRIACKSE)oA FstL Suisty ¢k}
&} gral|atildlol A HAGH 5 2adle] dgol AI83INT &
S AJLS 71£02 RD (10ng/60kg AE)SH GGTL (3.28/60

ke AE)S #H9) ket SUYHT AFEA5IN

Table 1. The composition of GGT1
Ingredient %

Yk Liriopfs Tuber 2128
i Platycodi Radix 21.28
I Coicis Semen 21.28
S Scuteliariae Radix 1064
RBET Raphani Semen 1064
MR Ephedrae Herba 850
AE Rhei Rhizoma 318
EE Sargassum 319
Total amounts 100
2. HEEE
,g

ASEEA S ARMEESE
hWGH)Z Felsiel 4ile BRME BITHESTEOl 16780
O # (Wistar-imamichi rat strain) 1201212 A}E351%3c) 24
IE g 42l Asyeld mE FEIHo) 9slo] 7 (group)
2E1E AR5l AEoll AFZSHA
AFSEAES 2% 21:£2T, 55 5545%, 87| 34 15~173)
2y

& (human growth hormone,
k=1

/hour, 2% 150~300 lux, Z2]1 Z2HS 12417} HY (&
06:00, 45 1800028 ZFsl A8 7|7HEQt UHEHA SPF
(specific pathogen free) AEHZ SXGIACE. AEALE (Harlan,

3 AEE 9 oluy

T (group)d 4PiE] @ (female)E ZAlGI91CW, RDE
10mg/day/0.4né/human SO FE, GGT1S 32g/day/0.4m¢
/human9] EFCE ZFFEASINCT (Table 2). tHETE 0.4mf
8 BAFE AR en, 48F RD, GGT1)2 2t ¢
A a0l 4ScH g 04meo] 3145k dTEA51

Table 2. Experimental groups

Group Number of Head Sex Dose (mg/kg BW)
Control 4 Female 0

RD 4 Female 0.008
GGT1 4 Female 26

RD, reductil: GGT1, GyeongshinhaeGinwan 1

4. RT-PCR

GGT1o] "]kt BHo] =8 Lol y] 215k GGTIo|
OISk B FRA WA HElE HESITh R &8
= (RD, GGT1)9) &t & (adipose tissue, liver, kidney) 22X
E] total RNAE Z&E3I99 T (Invitrogen, US.A), reverse
transcription-polymerase chain reaction (RT-PCR)E E5}4 Hi
T #4E FEAL & lipoprotein lipase (LPL), peroxisome
(PPARY),

leptin 2! tumor

proliferator activated receptor ¥ peroxisome
proliferator activated receptor § (PPARS),
necrosis factor a (TNFa)9] mRNA 45 ZH5I9C}. ®3l, 2
E Ao wWHEIE house keeping gene®! G3PDH
(glyceraldehyde-3-phosphate dehydrogenase)&
standard2 AHZSl] RAXIY] LWHHLTE U uRAGKA

Complementary DNAE $M43}17] $131d 2 ug total RNAE 0.5
ug reverse primere} 2§t T 70TColA 527 BESAIZI ) Iceo]]

Al BZIAZ] E 200 units Moloney murine leukemia virus

internal

reverse transcriptase (M-MLV RT), 25 units ribonuclease 21
A, 4589 10 mM dNTP, M-MLV reaction bufferE &%
volume 25 ulojAl Z{EII2H, £2ToA 142 BEEAIZATE
(promega, US.A). o]& RT ¥&E 5 ul®t Z121Q] primer
(Table 3)E AME3dl] PCRS $+#BIACE

Table 3. Sequences of primer used for RT-PCR

sequence

LPL forward 5-CGCGCTCTAGTCCTCTGACG-3'
reverse 5-TTCTTCCTCCAGCCAGTTGAS

- PPARY forward 5'-CCACTCGCATTCCTTTGACA-S’v
reverse 5-TCAGCTGGTCGATATCACTG -3

PPARS forward 5'-CACAGACCTCTCCCAGAATT —3,‘
reverse 5-CGGGCCTTCTTTTIGGTCAT -3

Leptin forward 5-GAGGAAAATGTGCTGGAGAC 3
reverse 5-CTGGTGGCCTTTGAAACTTC -3

TNEa forward 5-CACGCTCTTCTGTCTACTGA 3
reverse 5-GCTGACTTTCTCCTGGTATG -3'

COPDH forward 5~ ATGTTCCAGTATGACTCCAC-3'

reverse 5'- GCCAAAGTTGTCATGGATGA-3'
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PARSS] SFA} B

HEZo] #odgh o

dols
61O

)

poasa=

1A =A) ”‘OﬂEJE

hGHTg 1Tt Fol A EBEREEH (GGT1)o) ¢ Higt
oll A
FAXQ] leptind} T

F

PPARy mRNA 28 2

PCRE 98l 5 ul RT HI2E, 4589 10 mM dNTP, 0.5 ug
reverse®} forward primer, 1 unit Taq polymerase (Solgent b
Korea) ¥ bufferZ 85191, A E volumeE 50 ul E B30 oA} So)x} glo] |
TaKaRa PCR Thermal Cycler (Japan)olAl PCRE —r-oo]&ﬂ\’/]— GGT1E ALFZEA] P
WS RALS 94TCo)A] 587 ¥4 (denaturation) A17] &, 94°Coll Aehibs] 21 9 uigt
HA, 61CoA 18 3435 (annealing) T8I 72T o)A}
8} cycleZ 8} 35 AOIEE BHESIG L, PHA 2. 7H8olA Bk RAAN) weieky
B HESAZAC T8, £43 g2 LPL2 AYE A4 GGT1 53t} e,
63T, leptin2 62T, TNFa:= 6 ATHCE ORI ToA S8 o uA EE 9T, RDS} H]
WEk GGT1o] Qi8] T WA wdlchs AR BEEUT (Fig.
z /KW%‘% SISt 2). J2iLt PPARS mRNA 23 AT FEFoTAA 7
r - ok - e QJAZF VIERIA] STt whekA] GGT1E HgollA] PPARY wﬂ
A8 olg A sl ZAAAoZM BT xRl AuAEE Mg A
OF Helth
L RD GG T 1
PPARy
PPARS

A1
12 30x%
BOE 72ColA 10
61C, PPARyE 63T, PPARSE
SEDE
| wzie
o

__l?‘
jpsi=s
2°¢, G3PDHE 61ToA] 35130 PCR 4HE2 1% agarose
25 O

G3PDH

geloll A H7|1G&35HL EtBrz
2 A8e AEREHIF0
Alg ZEAAXFA (H)A MHiwk
& gminied aREay ), Yo mek 48
5. 8% leptin BLI &5
B 59 £8e L4ESIE B4 & kit (Wako, Co, Ltd
Japan)Z O]%’SPO# Enzyme Linked Immunosorbent Assay
(ELISA) ¥lof ah HalEl protocolol wEt BAIGIAT
Z
1. AR A HIThd SRR W ek
NeRs E40! LPL mRNA U8e tAEZY GBSaE - f
_ = F|g 2. Regula’non of obesity- related gene expression by GGT1 in the
(=X} okl o)
(GGTL, RDjolIAT FeIAE §lO] =Ko, white adipose liver of hGHTg obese female rats. RD, Reducti: GGT1, GyeongshinhaeGihwan 1
tissueQ] KA Aol BoAshs 8AH Q] PPARYy mRNA AT
AT BEEAT oA FAL glo] LAH=UT (Fig. 1) 3. AAoA] iRt SHAe) ks ok
A& LPL mRNA 28 & a3 oHEFoTolA] FR}
OFO N 3 =1yepbS k) SRS /\Q_ o
— RD ST 7 UERIA] 934t (Fig. 3). AetA &oll #oddhks 801 PPAR
y mRNA 2} 2 )2 73} GCTIT oA 718 AA weldk= A
oz o, XERIZNE FWske #8H9] PPARS
LPL mRNA WSe R RERalElA §2 xm ViERIA) Q39
th ol Zzthr~ ol galsl FABE GGTlol| 96t
Bl HEE A O =i S AJAFSH
PPARY PPARy 2l b7} AWA A o) 718 = Qg AJARSI
PPARGS s RD GGT |
Leptin LPL
TNFa PPARy
G3PDH PPARS
: <all G3PDH
Fig. 3. Regulation of obesity-related gene expression by GGT1 in
hGHTg obese female rats. RD, Reductl GGT1

GysongshinhaeGihwan
T ARSI E EX

Fig. 1. Hegulatlon of obesity-related gene expression by GGT1 in
adipose tissue of hGHTg obese female rats. RD, Reductt GGTI,
ZH olAAANE ZEshE

bSf=i3e
S#]0] PPARSS] mRNA 28 & thR 7ol Hiskd EFAT

the kidney of
GyeongshinhaeGihwan
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4. % leptin 5T W3}

AlE XﬂgEEOI 2% leptin =EE DHF:LJJr H]mElo] ok
= &7zt OIaice} A3k GGT10] A_}Q-Qixﬂe EOH =t
Z2ZE £ JSZE HoErk
!

1400.00

1200.00 - - -

__1000.00

E

< 800.00 I, L
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.E 60000 - - - e p——
& 400,00

200.00 ]
| 0.00

Con RD GGT1

Fig. 4. Changes in serum leptin levels by GGT1 in hGHTg
obese female rats. Gon, control: RD, Reductil, GGT1, GyeongshinhaeGihwan 1
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GGT10]
ME AFBE 1 ]
AFSE7] S5k
H]oe %@X}
(GGT1, RD)2] z}
total RNAE F&35l1

Higk} gdo] UEAE YolE L, $ HHAIE
RD@}h olf AfHE GHE VEHIEA &
HZAME B2 2] (hGHTg rah) S AL 0}04
9 Halg AT WETHY HE
ZZ] (adipose tissue, liver, kldney)O_E._—,—Eﬂ
, RT-PCRE &3} vlby ##Ee 74
A}, & ALEHEAC) LPL, AL A Bodsh= PPARy, Aq}
{RIEVE EZA)I1E PPARS, d=¢ ALHZ markerd!
leptins} TNFa®] mRNA @3S &5 }M_U% G3PDHE
internal standard2 AL23}]
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dgolofi] €5 Achly EH4AY £RE $5e dgg of
w,? B3] BIUEETdolMd PPARSY ol gt
HDL-cholesterol $2X]2+5E PPARaS) SI7IER X fibrate
o 9%t 4&FMErE ¥ =4 LEICE PPARSO] #st 2
9] i ol A PPARSE ENNFEY, BTl BaY, gk S39

5 A

Ly

dAwyol Bawm Uy
I, RDZ GGT1T9] 7VaHD AlAllAs 1% S9x171 LE}
VAl @RtoL), AEzlois dERET0] tiRdol Higk
A5 =4 et weli] PPARSS] dhslo] =0 x)gt
AREE7E SRE S 2N olUX4HIE S71E 2R RDFZY HE
o} GGT1Fo] AUEA PPARSY wdl g E7iA1A vivkdAlol
HAErE dAFT)

%7‘7%1 —ﬂﬂﬂ# Agba

15104 PPARS mRNAE T|E

A
ZRH le
28 &X 10}— neuropeptlde Y (NPY)/aguti related protein
AAIBHLL 4]
POMC) neuronZ £X3I S4EFE EATE BINE R

Zlo] Z48H leptind} insuling] W o] AAEo] A8E £X)

AgRP) neurong A eSS o7ISHE proopiomelanocortin

Sh= NPY/AgRP neurono] &435) 1 A& AAI5H= POMC
neuron2 OFIE0] SAMHE ZyWIZINEY B UBoA]

leptin mRNA U3 L th =7, RDZI GGTIFEY XutAR of 4]
= FYAE UERIA] 9:%%}, SEE RS ¥
RDZ3} B8] GGT1ZolA T =4 LIER} GGT10] lepting]
rEg 57HKIA ol #ofsl A2 & 4 AUCh

Leptinilt FARSFA TNFae A <59h A ZolA] @hdlo] =
Touigide I wdlo] EVIEE AR LEiR om?, ud
O] YEEE =9 SUEHE Frisked 78 AR
2 o|8FT Uk B U] TNFo mRNA L= R,
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Q71 hGHTg 112k Foll A EE#EEN (GGT)ol 23 d]gk

3 GGT1#9] 72+ AAo|A BFE §9A}7F UERIA] 9o} GGT1
of ol Hrie Fge WA Bse ¢+ Utk

IHEE GGT1E 7Hat A1aE A9l PPARYy mRNA 4%
ZAA1713 R E R oA PPARS mRNA £ & ST7AL 2
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Bkl 1 O B AQE HOITh Ed phid 204
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