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Gambigyeongsinhwan(1) Improves Body Weight and Lipid Metabolism in High Fat
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ABSTRACT

Objectives : We investigated the effects of gambigyeongsinhwan(GGH)(1) on body weight and non-—alcoholic
fatty liver disease(NAFLD) examined whether blood total cholesterol, LDL—cholesterol, free fatty acid and
triglyceride levels and hepatic lipid accumulation are inhibited by it in high fat diet—fed obese male mice,
Methods : 8 weeks old, high fat diet—fed obese male mice were divided into 5 groups: C57BL/6N normal,
control, GGH(1)-1, GGH(1)-2 and GGH(1)—3, After mice were treated with GGH(1) for 8 weeks, we measured
body weight gain, food intake, feeding efficiency ratio, fat weight, plasma ALT, leptin and lipid levels, We also
did histological analysis for liver and fat on the mice,

Results : Compared with controls, GGH(1)—treated mice had lower body weight gain and adipose tissue weight,
the magnitudes of which were prominent in GGH(1)—3. Compared with controls, GGH(1)—treated mice had lower
feeding efficiency ratio and blood leptin level, the magnitudes of which was prominent in GGH(1)—3. Compared
with controls, GGH(1)—treated mice had lower blood plasma total cholesterol, LDL—cholesterol, free fatty acid
and triglyceride levels, Compared with controls, GGH(1)—3 treated mice had lower blood plasma ALT
concentration, Consistent with their effects on body weight gain, the size of adipocytes were significantly
decreased by GGH(1), whereas the adipocyte number per unit area was significantly increased, suggesting that
GGH(1) decreased the number of large adipocytes. Hepatic lipid accumulation was decreased by GGH(1).
Conclusions : In conclusion, these results suggest that GGH(1) exhibits anti—obesity effects through the
modulation of feeding efficiency ratio and plasma obesity parameters, Moreover, it seems that GGH(1) also
contributes to improve NAFLD through the regulation of plasma ALT and hepatic triglyceride accumulation,
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o] Sof it imufmEe] dko] glo] AL owsin
AT BAFAFY ool #ofsie, TR, V&M, LR
aol glo] NAYAE MAdst Y4HEHlE EX8kL JE
Zh-go] glom, *I}i%ij?z a0 9o 1tHT, FEAE, |
HAA 2, FASAES shar, kel LRG| Ae
Aoz delA U,

EAfi(Eckloniae Thallus)e 1 Rk} i, FE3HL 1 K
& JF, H, ®oltt”. orlel= alginic acid, fucoidan,
laminarin, laminine, mannitol, proline, glutamic acid,
aspartic acid, carotene, vitamin B1, B2, C, P ¥ I, Ca,
Co, Fe 5ol S ATF. AR, MAGRES] 28] o]
Folslate, A=A AUAF AARE Feuae Fore
o] Y& Ao FAA YotY. HIBo] Txe FHEI
alginic acidell+ HT T X EF9 HAHEIT} U= AR
EREL

B (Amorphophallus  rivieri DurieufA, Konjac K,
Kochl)e= 11 Fm7t 3%, %3t oJ7]ol= glucomannan,
mannan, glycerol, citric acid, ferulic acid, cinnamic
acid, methyl palmitic acid, heneicosene, [ —sitosterol,
3,4—dihydroxybenzaldehyde D—glucoside 5°] £9¢] it}
{LEETEFE, fRefAchs, 1TubRY E5°] o Jdzhe, &4
g, FRAE, WELE, AR AHE, FPRAE
of gt Aoz LA U, HITo| wpee FHEQ
glucomannan®li= ¥¥H} 1A EF AdERT} e AL
2 Baggep ),

djge Qubdos At Bd A8 A W
Ftte GAE BEA4E st &gl 7HXe AAGAL AR
A, A&AA, 7ke] AHTiAL A AT o) Zxe} nkert 7R
= AAAL A, AEAA L} 1Y ATjAL A&7 S
7Hd A99 olFH7AE st uiRE &, 229 uhe
9 WA= vvtzd 9 AHAARA 2 %ﬂ—’“"ﬂ oJste] AF
A 9 AT A ARE 4 QS AoE AAET A
PN E AHGEDL Sl HE o APFHeR HEstua &
ATE APt

v g4 "7k nonalcoholic  fatty liver disease,
NAFLD)Z A AAHe=R ghd 7ha3ke] 7 &35 Al &
9] shjolm, zHAZke] o2 AUl tigk FA7E §lo] HA
TA|2S] 5% ool Ateg =] gl 5% 20g wlRt
o AFL AT ASLES I, &= 4919 NAFLDY
FHELS 20049 11.5%°14 20104 23.6%2 F Hl A=
Z7heto] Hl% @ 9O HA H3E 16-25%9 A
93 wgrdel AeuARAT duH genz g
Q2] 95%, G A7e T5%elA NAFLDE /M43 9lot
9. NAFLDE tiARs323 283 dudel gom gis
29| 7} componentSTE Aol o QoY whaka
MR WsY) AW, AEwAnY st 500 ot

ARES AR s IdEY AW AER AR
= 9 gsiehn Az,

B QTN 879 nAWAelR $uE S npes
MR AZE BEE ol gdte] LuFATHDE Felzt A
F71, Aolg, ¥F AAWA 23 Bl Amet B4
AE, APEAY AL @A WA, S5 Kol
MAdols od S F= Aol A A,

ot > o

ol

AR % P
1. A3dA=

1) HeisE

FANEEEZAE KOATECH(Gyeonggi province, South
Korea)ollAl &g3% 8539 C57BL/6N 43 uk$-A 450tz
£ ARSI 4 & onlElE Al el ©E FRH
of osto] & EEE AHAIStL, o] AF el AN

RSB 2= 2142 C, 5% 55+5 %, 7] 34 15
~ 17 3/hour, 2% 150 ~ 300 lux, 183l 2L 12A)7F
BN ™S 06:00, 25 18:00008 At AF 775
ot UAS}A SPF(specific pathogen free) AE|Z FX3%
o T@AtE(Harlan, USA)9E &2 A Folet 345 Al
#rk,

2) A=

AFELL &4, 229 nhe EdAHE FAst W
A & 4. (1) (gambigyeongsinhwan(1), GGH(1))2kxL tgtgs}
ot GGH()Y 95% oghg FE2ELZ AMSSt ot 2
o] Azt THTable 1).

(1) GGH(1)9 R=AFEL 3HA|2H(Busan, South Korea)
oA Fstar, Tt ghejabehEl HA|Ea A o A
s H EEshh

(2) B3 GGH()(1 kg)S 95% ogrZ2 70ColA 180
BE7F 289} £33 No2 ZTER o1sie] 23519

_r;

) 1“-:°P°1 32.88%9 &5 AT

YPREZL autoclaved water(BH5)S ARSI

o
+F 9uteE] AL FABIALH, GGH(1)E 125, 250,
BT Bt A4S 10
%2 YRS, 2y FEFTLS
AHRE FFotAtHTable 2).

45kal%2) _TLX] s

Table 1. The composition of GGH(1)

Name Ingredient %
e & Curcumae Radix 60
B Eckloniae Thallus 20
g F Amorphophallus rivieri Durieu/A, Konjac K, Koch] 20

Total amounts 100

Table 2. Experimental groups

Group Treatment Number Sex

Normal Low fat(10kui%) 9 male

High fat(45ka%) + GGH(1)(mg/kg BW)

Control water 9 male
GGH(1)-1 125 9 male
GGH(1)-2 250 9 male
GGH(1)-3 500 9 male
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GGH(1)-1, GGH(1)—-2¢} GGH(1)-3°] AF F7I¥l=
ol"d WSS F=A dobEr] fjste] wiE 23] 8% ¢t A
= AL olF 2= 39 AT IS ARSI

2) Aolgg &3

GGH(1)-1, GGH(1)-2¢} GGH(1)—3¢] Al&3} o] g)
EXE dotry] 93t AFL wiF 23], ARAHFFS Ui
13 8% B¢t EH3¥ I, ol TAZE 3t olags A

Aksta.

3) SlotMsIst B

I A= AGAR 8F T 12X H2J3 F diethyl
ether2 T3 oh 7HESte] HigdolA EH 1miZ )
Zglgon, 1&YPAEZ 7] (Micro 12, Hanil, Korea)E 9]
g3to] 13,000 rpmellA 5E7F AAEsHAT, HejE 8%
2 YPFa(-200)0 EHst FYPSsHELA7](Selectra 2,
Vitalab, Netherlands)S AME3le] asparate aminotransferase,
alanine aminotransferase, triglyceride, total cholesterol,
high density lipoprotein cholesterol(HDL—cholesterol),
low density lipoprotein cholesterol(LDL—cholesterol),
free fatty acid, glucose, insulind} leptin®] % =&

22 245t

4) S22

g Fol FHste] 7] FH
(epididymal adipose tissue, EAT), ZTEH Zw waxz|d;
ZA(retroperitoneal adipose tissue, RAT), AFEFEY ¥
)8R Y= 2] (inguinal adipose tissue, IAT)I ZHAX| =z 2]
(brown adipose tissue, BAT)S ¢33l 0|59 FAIE &

etk

EERREE

M

—

A2 10% phosphate—buffered
formalino|A] 3}F o4} 1At 1247 ol Z2+= Eof
Al formaling A|&3%H 60% ethanolo|A 1A1ZF, 70%
ethanolo|A] 1A]7F, 80% ethanololA] 1A]7F, 90% ethanol
oA 1AIZF, 95% ethanolollA] 1A]7k, 100% ethanolo|A] 1
AN A gAR SR gEAFHT Kylenol| 1AM 3§19 &
Hag & paraffine] 1AIZF & 2¥H JERIFE AAR
ZujTHg(embedding)S AA <F 3 me FAR =E
(paraffin—section)3to] slide ¢lof A ¢ ARAZ] &=
hematoxylin—eosin G- 3}gch Slide?] E7]2 glofu
mounting medium(Sigma, MO, USA)E Hoj=d & R3F
3 cover glass Yo 7|7t AR BB ZolslHA
cover glass& @Ol FTHE T & U=EF St =9
AT APAEe] 4= P F7]EA4L2 image analysis
system(Image Pro—Plus, MD, USA)2S o|-&3}%ich

5) ZZlo| HElSHH

nh el Helst

HI

BN

al
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3. $AE4

RE 7F8 mean + standard deviation(SD)2.Z2 EA|S}
W, OriginLab Version 7.5(OriginLab Corporation, MA,
USA)Y] one way ANOVAE o]&3ty BAZ fo4de #
i

2 3

1. AF 7 AEA

8FF g2 ATl vstq FFAL 40.94%F A
Z7Fsl4th. GGH(1)-12 izl H|ste 7TdRHE FAH
o2 {YsHA AT S7FFel FAasy] AFst 104R”7HA]
A4 = om(P<0.05) 4LARE 16Y7HA] HaFo] F&E3}
o7t 179R%E oA o] AXI(P0.05) 23YA7HA]
FESITL 249ARE O] HAZo] § AR oH(P<0.01)
284A7kA] B AX3(P<0.001) 31LAREH E3ES
(P<0.05), 41¥9A71A] HaZ| Fo4do] ittt 42875 E
S Ho|a(P<0.01) 45¥UA 1 FraZo] © Fojton
(P<0.001), 49¢AIRE FE3IH7HP<0.01) 1 Fol wpxet
971 gaZo]l © AFTHP0.001). GGH()-2= Wtz
o Hlstq AF 7ol Faste FFE BIou 4594
R opRgE7Rowr FAEA f94S UESH
GGH(1)-3& tizwel Hete AlF F7HgFol Fhste FF
< B0 28UAY BAALL R4S Ho|thrHPL0.05),
1 F5E 419A7HK] SAIAQ fo42 fideH 42945 E
oA g g 7kR] AR 48 UeERSoP<0.00D) (Fig. 1).

ol WEZRE I A, tiRTd ®std GGH(1)-1
2 14.90%, GGH(1)-2% 13.48%, GGH(1)—3& 17.16%<]
AF FFEIE Y= A2 Ugod, A &= F
GGH(1)=3°lA 1 J=7t o & ALE Yehgr}

8F ¢ =S Fogh Fo FHst A7) H W
A HFz A (epididymal adipose tissue, EAT), TEH FH
WA 2 2 A (retroperitoneal adipose tissue, RAT), Abet
Ty F9H 93tA =R A (inguinal adipose tissue, IAT)x}t
ZARHZ A (brown adipose tissue, BAT)?] FAE =43}
art,

EAT, RAT, IAT®} BATY FAl= Akl vlste] =
TolA BARCRE FUFetAA, diRFel vlgke GGH(1)-1,
GGH(1)—-2¢} GGH(1)-3 EFoA FAHeR {ostA
4% Aoz YepgthFig, 2).

ol WEEE FHIeHH, EATY 7L, dizxe] H|stH
GGH(1)—-1& 14.80%, GGH(1)—2& 10.28%, GGH(1)-3&
14.88%= 1 FAZL AaEHo = A= UEPHa, RATY
A%tz Hgk] GGH(1)-12 8.36%, GGH(1)-2%=
9.28%, GGH(1)-3& 7.86%% 1 FA7} ZAAEe] = Ao
2 uEpton, 1ATY] A9, dizFe Higkd GGH(1)-12
8.26%, GGH(1)—2% 5.48%, GGH(1)-3& 7.04%=2 1 FA
7} #HaEo] gl ASE Ushgth BATY ¢, tixol H
st GGH(1)—1& 13.26%, GGH(1)—-2+ 16.92%, GGH(1)—3
< 11.90%= 1 FA7} ZaEY Sl ASE Yeith EAT,
RAT, TAT9} BATS RAIQ Zas Al = F GGH()-13}
GGH(1)—-3°M L J=7} o & A= Yeyith



38 KRS FE

W oEoE

12 Smpkprday

{1150 0m gk iy

By v elghtgain (g)

© WM ko

Treaimentperbd (days)

Fig. 1. Changes of body weight gain in high fat diet—fed obese

mice. Al values are expressed as the mean £ SD. p<0.05,
p<0.01,  p€0.001 significantly different from control.
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Fig. 2. Adipose tissue weights in high fat diet—fed obese mice. All
values are expressed as the mean = SD. p(0.05, p{0.01,
p{0.001 significantly different from control, ### p<0.001 significantly
different from normal.

B

2. Aola &I EF leptin =

Aojage oY FAo HAANA HAF AF TS
Z AEAFFOE Yol 4AEsta BAIEAEIT

Alo| g&(feeding efficiency ratio: FER%) = A= =7}
FH(g)/AFRAFH(g) x 100"

Ao|ag&2 tgrFoA Aol Hgte FAFSE {9
3 w2 o= yEigen, GGH()-1, GGH(1)-2%}
GGH(1)-39] mFolA th=o] Hlste FAKLRE F-olaHA
22 AR Yyegon, A & F GGH(1)-394 1 F=
7t o & Ao= YepdthP<0.001, Fig. 3-A).

olE WEEE TIT AL, Gl vste dtixdd
45.02%9] Aojago] 2 AR Ugon, tixdo H
slo]  GGH(1)-1&  13.74%, GGH(1)-2& 13.06%,
GGH(1)-3<& 17.56%2] Aojggo] ¥ Ao Jehgon,
Al 5= 3 GGH(1)-39A4 1 A=rt o & Ae=2 Yehy
o},

AFAR 8F & B Y leptin®] & &% 43, 1
ol GGH()9 BE F=oA tixte] vlste F2 A=
Uebgoy BAE f948L gl AR Uepdti(Fig.
3-B).
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il

Fig. 3. Reduction of total feeding efficiency ratio(A) and fasting
plasma leptin levels(B) in high fat diet—fed obese mice. All values
are expressed as the mean *+ SD.  p{0.05, p<0.01,
p{0.001 significantly different from control. ##Ht p{0.001 significantly
different from normal. Abbreviations as in Fig. 1.
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3. WepaseRLy

1) &= asparate
aminotransferase &

AYAZ 8F T A Y| asparate aminotransferase@}
alanine aminotransferase? %2 &A3t Z3I}, asparate
aminotransferase?] Zt& thZxo] vt GGH(1)E Al &
ZoA =A veElgou BE FARHCE {o3t Xol= A
thFig. 4—A). Alanine aminotransferase® Zr< ool
Hjgtel GGH(DY Al s=olA 2A yehgten GGH(1)-3
g FAZeR [ w2 AR YEHtHFig.
4-B),

aminotransferase?2t  alanine

) [ [
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Fig. 4. Fasting plasma asparate aminotransferase(A) and alanine
aminotransferase(B) levels in high fat diet—fgd obese mice. All
values are expressed as the mean = SD. p{0.05 significantly
different from control. Abbreviations as in Fig. 1.

2) &% total cholesterol, HDL—cholesterol} LDL
—cholesterol &=

AISARE 83 & A Y total cholesterol, HDL—cholesterol
1} LDL—cholesterol®] %2 =A%t A1} total cholesterol
9] 2 izl H|gtY GGH()Y Al & EFA 22
AoR Yeigou FAFI S48 ¢lthFig. 5-A).
HDL—cholesterol®] Zt& izl vlste] GGH(1)2 Al &
T BRA W2 Ao=w Yegon GGH(1)-14 FXZolA
T BAEYA f9Adol Y= AR YyehgthFig. 5-B).
LDL—cholesterol®] Zf2 tjzato] Hlste X Aoz e
wom GGH(1)-39 sZolAvt SAAA fo4de] e A
° 2 yepgth(Fig. 5-0).
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Fig. 5. Fasting plasma total cholesterol(A), HDL— cholesterol(B) and
LDL—cholesterol(C) levels in high fat diet—fed obese mice. All
values are expressed as the mean = SD. * p{0.05 significantly
different from control. Abbreviations as in Fig. 1. HDL = high
density lipoprotein; LDL = low density lipoprotein.

3) = free fatty acid2} triglyceride &

APAZ 8% & A U free fatty acid®} triglyceride
o] L ZAF A, free fatty acid® g thRol s
o GGH(1)Y Al 5% RFoA Eofxl= Aol glov &
AZJA  F94L gl AR YepdthFig.  6-A).
Triglyceride®] Zr thzo] vldte] GGHO)Y A X9
A Ze Aoz Yehton, GGH(1)-29 GGH(1)-39] =

qAT BAAL Aol e AR Yelylth(Fig. 6-B).

il il

Fig. 6. Fasting plasma free fatty acid(A) and triglyceride(B) levels
in high fat diet—*f*ed obese mice. All values are expressed as the
mean =+ SD. p<0.01, p€0.001 significantly different from
control. Abbreviations as in Fig. 1.
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4) = glucose?t insulin SE

ARAZ 8F T A Y glucose?t insulin® g =3
gt 23k, glucose? 2 iRl Hlgte GGH()Y Al &
T REA FAFHOR foatA W AR yeytHFig.
7-A). Insulin® Fr2 dizge] vlgte] GGH()Q Al &=
DEoA F& Aoz yegoy SAHA fo4 gle A
° 2 YepgrhFig. 7-B).

ion paal)

Fig. 7. Fasting plasma glucose(A) and insulin(B) levels in high fat
diet—fed obese mice. All values are expressed as the mean =+
SD. * pc0.05, ** p{0.01 significantly different from control.
Abbreviations as in Fig. 1.

4, GGH(1)°l <3t A=2] 9 7k=2)9] histology

2} morphology ¥3}

1) GGH(1)ol| 2|t X|EZ=Z19| histology2t morphology
5}

GGH(1)o] IX|2alo] upe-A H|TtR g Z|vhA|Ee] 2|3}
A, FHEA ®iglo) njxe FFE 2ABH] -?4’3}01 Az
A& hematoxylin—eosin GAHOZ FA3 & Fuj7g 9
image analysis systemo2 TastEc AAZT v 25ty
izl ARMEe F7I7F ZA F7FEtHnormal,
2745.89+225.89 um2; control, 7163.01+407.4 um?2).
vt nAAo] mhe-Ae) GGH(1)E FostH AHA| 29
2717F A APAIEY =2l diRTe] Hlsky
GGH(1)9] N v= BTN FAZHCZE Fo3t Zol& vet
Hom, I TAAEL 23.28%, 15.84%%} 24.60%=2 EFGTH
(control, 7163.01+407.4 um2; GGH(1)-1,
4457.66+320.68 um2; GGH(1)—2, 5203.87+304.46
um2; GGH(1)-3, 4335.22+625.2 um2, Fig. 8—A and
B). ¥, gz Hwate GGH()Y Al 5= RFA
DAY APAES = FAZHLE [FoHA F7Hek=

oz Yeigoen, I ZVAEE 23.34%, 15.84%%
25.10%% Hcontrol, 37.78+2.22 7N GGH(1)-1,
60.78+4.34 7N; GGH(1)-2, 52+2.96 7§; GGH(1)-3,
63.11+£8.66 7, Fig. 8—A and C). Al %= = GGH(1)-1

3 GGH()-34 1 A7k o 2 ez ek
A | Normal o Control
| GGH(1)1 _ 3 ‘ éeﬂ(l;»z o - (“;(;11(1}'3 h
B c
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Fig. 8. Histology of epididymal white adipose tissues in high fat
diet—fed obese mice. (A) Representative hematoxylin and eosin
sections of epididymal adipose tissue(original magnification X 50).
(B) Size of epididymal adipocytes. (C) Number of epididymal
adipocytes. The size and number of adipocytes in a fixed area
(1,000,000 m2) were quantified by an image analysis system. All
values are expressed as the mean + SD. ** p¢0.01, *** p¢0.001
significantly different from control. Abbreviations as in Fig. 1.

2) GGH(1)ol| 2lgt Zt==lo| X|H=A HS}

TAFA ol S] HTEAE Ustl= vRikeAE A of
$2&0 Hlwste] AFEEe] A|Hpol %@% A BAFES
O} olE3t H|FkmpAo GGH(1)E st 7] A&
Ho| ZrAE Tt HA|Z 9] morphologyc’ﬂ X avte}
AR THA|ES] AHEALE gzt H|gto] Al 5= BF
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oA SARCE 89514 lesion scored HAAFOW, 1
AARAEE 43.64%, 29.46%2} 43.64%FTr Al 5= =
GGH(1)-13 GGH(1)-3°l4 1 A=7l o & ALRE e
FohFig. 9).

GGH{1)-1

tomai | Cortrol i 2 3
GEH1)

Fig. 9. Inhibition of hepatic lipid accumulation by GGH(1) in high
fat diet—fed obese mice. (A) Representative hematoxylin— and
eosin—stained sections of livers are shown(original magnification X
50). (B) Histological analysis of hepatic lipid accumulation in high
fat diet—fed obese mice. Pathological scores of hepatic
accumulation are as follows: 0, no lesion; 1, mild; 2, moderate;
3, severe; 4, very severe, Al values are expressed as the mean
+ SD. p<0.05, p{0.01, p<0.001 significantly different from
control. Abbreviations as in Fig. 1.

5. GGH(1)°ll 93t 7Hg9] 54

P S o] wsteh AxlskA o) Sl di=
2o ATl Hstel BALE folsA o ke Ao
Getgon, dage] wstel GGH Al F& BEolA
A7 HA ke Ao® teholt GOH()-19) o]
At EAH folie] Gl Aoz ekt

[‘IO =N

Liver weight (g)

T T T T T
Normal Control 1 2 3
GGH(1)

Fig. 10. Liver weight on GGH(1) in high fat diet—fed obese mice.
Al velues are expressed as the mean =+ sp. # p<0.01
significantly different from normal. p<0.05 significantly different
from control. Abbreviations as in Fig. 1.

o FE

GGH(1)o] AsaFl EI7E J=Aet AFHE Tt

Uttd oo wat NAFLDY] 7JHETE oo =X& Uo}
7] 3, nAAe] mpeA H|gkEES o] §ste] A|FH
Alo|ag, EF leptin, AFWA 9 ALT 5, AY=Z
Fejsts A sk Wi}, x|Hzkel RALE kA | A
AL A

HA LAGAle] mReA BgtEES o]8ste] GGH(1)9
Fo7t AF F71FY wjo| et AREA oW JFE
u|2= Zof tisiA gobEgirt,

As J7FEF A, dzFel =gt GGH(1)-12
14,90%, GGH(1)—2+ 13.48%, GGH(1)—-3<2 17.16%2 A
F #AFERE e ALE UEHed, A s = F
GGH(1)—-3°lA 2 =7t o & Ae=2 vepgrhFig. 1).
EATO] ¢, dizol #lstd GGH(1)-12  14.80%,
GGH(1)—-2= 10.28%, GGH(1)-3& 14.88%= 1 FA7}
FaEe] e AR Uehgdal, RATY Z$, tizxatel Hlst
o] GGH(1)—1<& 8.36%, GGH(1)—2+= 9.28%, GGH(1)-32
7.86%= 1 A7} ZFAEY = A= YyeEtodw, IAT
o] AL dizFol H|st] GGH(1)-1& 8.26%, GGH(1)—2
L 5.48%, GGH(1)-32 7.04%2 1 FA7L Z4aHe] =
Ao yeylth BATY A9, dizo] vt GGH(1)-1
2 13.26%, GGH(1)-2& 16.92%, GGH(1)—-3< 11,90%=%
1 FAZE #AaEe Sl AR Uitk EAT, RAT, IAT
¢ BATY FAY FHae A = F GGH()-13%
GGH(1)-3°lA 21 =7t o & Ae2 uvepgrhFig. 2).
ek GGH()S Alsdgazel dxjstA s Ay
o2 AN AS AARR,

GGH(1)9| Fo7l Aojagol= ofF W3kg Fu EF
leptin Fxoll= o9A BtFE= Ko tsir= AR

gzl Hlgte] GGH(1)-12& 13.74%. GGH(1)—-2%&
13.06%, GGH(1)-3L 17.56%%2] Alo]lago] *e Zoz
vetgon, Al 5= F GGH()-394 1 A=7t o & A
o2 YepydthFig, 3-A).

2 leptin %2 ZHE GGH(1)Q RE EZoA iz
o Hlgte W Ao=m Uehpou 3AHY Y82 e
AR UetgthFig. 3-B). Ao|a&9] FAA u|she=
"ol Zro] AlgE HIFste ol B2ol= EF5t A9
7Pt A= AL vRizdangt e AeR 4%
Ak, Aojage HThE: UstY= shte A2 AT 5
UL, AojaE9] Fpo] FE&4E Hvkxdaiyt qvn &
4 Sty wEbN GGH(1) Alolagel ol w=t 8%
leptin FE=o)= BIFEo Aolag&s WHA EF leptin &
Er B30 AT SUFES EolH old e AYEAE &
ol AeE AZHA

GGH(1)9 Fo7t 8% 717 H4A%
aminotransferase(AST), alanine aminotransferase(ALT)
ot AlF2d 9 AU #HE A FEQI total cholesterol,
HDL—cholesterol, LDL—cholesterol, free fatty acid,
triglyceride, glucose, insulin® SE=& IARBIICH
Alanine aminotransferase(ALT)= ZHH|E £Ao] E35t1
$83 AE2A AT oA FaF gL I,
NAFLDE= 8% ALT 5&9 A5 dyskA ==l ot
B0 23 WE Aoa ALTS Th AW HHL A
A7} itk A Bojzoy,

o lo ot

=

asparate
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ASTO] gk iz H|gte GGH(1)Y Al s=olA &4
Hesed 2R FAZeR {3 Aol HUSAtHFig.
4=A). ALTY 32 tix) HIste] GGH(1)S Al FLollA
A Uebgem GGH(1)-3945E SAHSRE FostA *2
AeR YePGTHP(0.05, Fig. 4-B). ASTet ALTE| Zhol
A "t oA AexHo] THEAFY TAIE &4
oA o]FojZl Aol obdE & & U, T ALEHo] &

E9E AR

=0 H]5le] Total cholesterol®] 2 GGH(1)9] Al
FTE BFOA BE RAeg YEgoy FAFYU Y482 ¢
ith(Fig. 5—A). HDL—cholesterol®] k& tjzol H|3}o]
GGH(1)9] Al s&= =EFA w2 ez yeew
GGH(1)-19] F=oAT FAHA f9do] e AR Y
Ebtth(Fig. 5-B). LDL—cholesterold] k2 thzwte] H|st
of e Aoz yehgon GGH(1)-39 oAt 43
3 FoAdo] e ALeRE UehgthFig. 5-C). tizel ]
3l free fatty acid®] 2 GGH(1)S Al = ZFA
o= Aol oeut FAA 8L gl AR YE
WokFig, 6-A). Triglyceride®] ZHe tixZo| nIsle
GGH(1)9] Al s=ollA @& Aoz yepgton, GGH(1)-2
ot GGH(1)-39] F=olMTt TAAA F940] e A=
Uebdth(Fig. 6-B). iRl HIste]  glucosed] g
GGH(Y Al &= EFoA FAZLE FosiA W2 AL
2 Uehdth(Fig. 7-A). Insulin® 2 dizol sty
GGH(1)9] Al & HFA &2 Aog Yegou FA44
A Fo8e gl AR UesthFig. 7-B).

maka  GGH(D)E  Asgdgazet dXsHA  total
cholesterol, LDL—cholesterol, free fatty acid, triglyceride,
glucose®} insulin®] F=Fo] SAZFHLZE Fo3t zJol& E
A3 9ol GGH() Foi9 AAAR] AF 71 Haay
7t % ASTEARSYG Y ALEH Aetder S
u|Zth= A& AR

GGH(oll &t} Alsdganrt aA Aol a2 Hgt
RE O] XA Ee; ThA| 2] 2ZA)THA | FEehA Il WY
St=XE AT

AGA| L] F7)= diRtel H|gte GGH(1)Y Al 5& =
FolA FAHLE FoTt ZolE UEWen, I HAES
23.28%, 15.84%%} 24.60%=% el thFig. 8—A and B).
v 22 Blwste] GGH(1)Y Al 5% EToA &9
HAG APA|2Y = TAZLR FosHA FS7tske Ao
2 Yehgow, O FUMAEE 23.34%, 15.84%2}F 25.10%%
HFig. 8—A and C). Al = & GGH(1)-13 GGH(1)-3
oM 7 AEsL H 2 Aoz Uehgrt

AA|Z 2] morphologyell RIA|= &} FARHA THAIZ
o] ALEHLE 2| H|gt Al = EFoA FAHLR
89J5}lA lesion scoreE ZAAANFOW, 1 IaAFEE=
43.64%, 29.46%2} 43.64%Ft. Al 5= 5 GGH(1)-13
GGH(1)-390lA 1 =7t o & AeR YelgthFig. 9).

webA AFHFaTet XA GGH()o &Jste] 23A|
29 = TR O A7 HAastgen, AEe] A
HEHL gAsts A& & 4 ok

E3, W AEHY wskey dXsHA e FA=
izl Hgtq GGH()Y Al 5% EFolA FA die

AR YePgoy GGH(1)-19 F=oA% SAZFL 94
o] Sl AR YegthFig. 10).

I8 B2 GGH(1)Z Ao|8&7 leptin =5 @31 &
Z HEREEE MAANTIH WS 29 ASHEanE
e, il ZAEAe] 223k A EQ ALTE} triglyceride
9] /AL st NAFLDY 7o) 7198 4= &S 2
Zt},

A=

=

TAA o] §F £AnkeA HgkRES o8-8t GGH(1)
o Bzt AlF SV Az A, Aoagat EF
leptin &%, @F BV A&, T8 AHxF e 2325}
A, ey wIkel 722 AWEHE EAstaL Hrlsty
29 425 4Gl

1. GGH(1)& tjzol sl EAHe
Sl AR s,

GGH(1)-3014 o @Ashact,

FefsHA AF
a1 B

2. GGH(1) djzol gt FAHCR {o5HA 20|
LS Y0, FE leptin BEE 9o, 1 #dt
£ GGH(1)—3°0A4 o @A3HTt,

3. GGH() diztol H|gte BAHLRE {54 EF
total cholesterol, LDL—cholesterol, free fatty acid
%} triglyceride®] F=7 W2 AL2 Yyl

4. GGH(D)-3& tjzi2e] vlste] BAHOR fofot @
F ALTS| %7} grashs o= ehget,

5. AFAREeL QXA GGHO ste] AgAze)
SE Fhstem 1 are gaskgon, 1Y A
WEAL oAt

ZEAOZ GGH(1)Z 1AYA o] fE $AvRe-L HhR
dojlA 2o|FL&T} leptin FEE WY EF HUAEES
AAAZIe Ags o] ASHFadE veha, 3 A
Wz o] 293 A#Q ALTY triglyceride?] 7S E3}
o] NAFLDQ 7jAde] 7199& 4= e& HoEth

A 2

o] e 20138 E Fofstm WHATH]o] o) AT
EA2(2013AA099).
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