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ABSTRACT

Objectives : This study was undertaken to verify the effects of Gyeongshingangjeehwanl8 (GGEx18) on obesity
using ob/ob male mice,

Methods : Eight—week old mice (wild—type C57BL/6J and ob/ob) were used for all experiments, Wild—type
C57BL/6J mice were used as lean control and obese ob/ob mice were randomly divided into 5 groups: obese
control, GGEx15, GGEx16, GGEx17, and GGEx18, After mice were treated with several kinds of GGEx for 11
weeks, body weight gain, feeding efficiency ratio, plasma lipid and glucose metabolism,

Results : 1. Compared with obese controls, GGEx—treated mice had lower body weight gain and feeding
efficiency ratio, the magnitudes of which were prominent in GGEx16 and GGEx18,

2. Consistent with their effects on body weight gain, GGEx16 and GGEx18 not only decreased plasma
triglycerides levels, but also increased HDL—cholesterol concentration,

3. CT analysis revealed that visceral fat areas were decreased in all treatment groups compared with obese
control mice, The decrease in visceral fat area was prominent in GGEx16 and GGEx18, although they were not
statistically significant,

4. The size of adipocytes were significantly decreased by GGEx18, whereas the adipocyte number per unit area
was significantly increased, suggesting that GGEx18 decreased the number of large adipocytes. Hepatic lipid
accumulation was decreased by GGEx16 and GGEx18, and the inhibitory effect was most effective in GGEx18,

5. Plasma GOT and GPT concentrations were significantly lower following GGEx16 and GGEx18 treatment
compared with obese controls, Organ weights were not changed by GGEx treatment, indicating GGEx do not
show any toxic effects,

Conclusions : These results suggest that GGEx may regulate obesity, Of the 4 compositions, GGEx18 seems to
be most effective in improving obesity and lipid disorders,
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i urtatke] thdAl EERAIEQ B EMEd K
B S] BRRES e ofgdhe o= WA fdE4d
g AANFEE AFdAZE utojzazhg” A%
g A AEEE 3 Y2712 olkzg 5& 3k
AT EE ZIBAANNE N BAREELRZE BE 5
& Agsly F2 olgatytt . 2 Sof upEke njuby
Aaszt Qo Ve Fo] e WA 1 olgo] st
ol s ATAATEAQ du=3 Evt2e|= (ephedrine
alkaloid)7} =9 Qo] 7k F2AY, 29 59 #2%
o] UehH? g7 Ho|E ArHolE o]2 YEoz Agdt=
HlE StojAe] HEAQ Helrt aET

BAfE ThAlok (kDo Z4Ed diE 2248 oA
ob (et @R AEQ A (B 3Bhims Ue o8
e Aoz S SAAdAL MARE & 3
28 AL S 52 st 1EY 1AE
Z 9 9udy 52 F2 Azsogrt ™. AT So] 2
29 FAEQ alginic acidole HIR} AAEFY HHET
7t 9 Aoz RuEdHY,

KL ntET} (BRSO 24E4E A EHEHE R
KT AR BEV|E U I AoE ETE
& FgoEuet FFEAGYRE GEENZMET Y
B3 28§97 AdE g uAE IR E4F
skel AWM Wz dzE X8 5o FES st F
ARG nEHEE” fPHEEE IR SAEEE
4 28 A AE T ARA We” mEy g9
At 2shg AYF IAEZ vlolzay 7R A ELES
5o Zz xasteigg ),

i BTl 3t Aoz dA o TiE
FIAY, BW 59 2Fgo] Qo dEoz AMgsher o
g 7HA] olggo] HwEd ZEE IXEFE AMAsE F
o] e AoZ IA gloy 1 &go] gmisith tidke
vgte] w2 WHE HAske 53yt glov 1 Fgo] st
L= TN B el RS el g B il 2ot 1 g e P = i |
a7 Qe ZEE Egstal vgte Rz WHulg jAshe oi%
< HiEst GGEx182 migre] R&-8-8 Zo|HAE uvbfAl
S FABHAY 1 53E o £Y 5 S Ao ddy
o] o]g Aoz HF3tuAl ATt

2 AFoAEe 8539 3 ob/ob WR-A HTIRES o]
&3t ik + k¥ (GGEx15), i + BA (GGEx16), X
# + BAi (GGEx17)¢F i + BAi + AH(GGEx18)9 &
A7t AFS7HE Aolag, % vutxATA u} =4
AxE= o FIFe FEA, B4 F 1233} APz
ZZ8t# 2l Zpol7t @A Ueht=Aof tiaia 2AL 4
skact,

A 9 9484

1. A=

ot

1) AdEs=E

TASEZAE Z2SAUISE (Seoul, South Korea)olA
T3 8589 C57BL/6J mouse (lean control) =3 5uf
g], ob/ob mouse F=H 257tE|E AMESHETE 24 & © 51t
2 AFHY] wE FEYH st & EEE AASH
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2T 2142 T, &% 55+5 %, 37 3
15~17 3)/hour, 2= 150~300 lux, 22|11 2H 1247+
el (FS: 06:00, &% 18:00)02 ZAsIe] AF 7|7H

=ot UdAT A2 §X5tt 1FPALE (Harlan, USA)&t
2 AF Folgk 348 AHH

ARAEZDLS M#E + k& (GGEx15), Ji# + BAf
(GGEx16), k¥ + BA (GGEx17)¢t ik + BAF + K¥
(GGEx18)& ARE3lg AL, REAL autoclaved water (B
T+H)E ARESHRTh FRE, RS kS A (Busan,
South Korea)ollAl +stal, Fojufeta ghojatest whA|st
aAoA A FH  EEete] ARSIt GGEx15,
GGEx16, GGEx17% GGEx18& Table 10| A|A|E+ uljgs)
o go] B9t H 7 500g& wHEOl FH4 5000cc s
B3 95T 22A1F 5 FEE FHol ol oAzt *
llshin Programmable Freeze Dryer (Ilshin Lab Co.,
Ltd., South Korea)E o]&3l9 AWz 40T (E4A
=70C), ¥ SmTorrolAl 48X7F Bt 4 Axstqch
GGEx159] 488 20.72%, GGEx169 $&2 18.28%,
GGEx179] 482 33.44%, GGEx18Y 482 27.74%%
22y At (Table 1),

Table 3. The composition of GGEXx

GGEx ¥y Ingredient Ratio(%) Yield(%)
i Ephedra sinica Stapf. 40
GoEx1s R P o b 2072
PN Rheum palmatum L, 60
5= Ephedra sinica Stapf, 40
GGEx16 L ) 18.28
BAf Laminaria japonica Aresch 60
K Rheum palmatum L, 40
GGEx17 neum pafmatd 33,44
BA Laminaria japonica Aresch 60
[ih=3 Ephedra sinica Stapf, 40
GGEx18 BAi Laminaria japonica Aresch 40 27.74
K Rheum palmatum L, 20
3) Mgtz o Sopuy
2% 5ute RS FASYOH, GGEx15, GGExIS,
1

GGEx177} GGEx18& ZHzb 1217mg/kg®) §Fo= 1157t
Atgol 235t RSt (Table 2).

Table 4. Experimental groups

Group Number  Sex Dose (mg/kg BW)
Lean control 5 male 0
control 5 male 0
Ob/ob GGEx15 5 male 1217mg/kg
b ) GGEx16 5 male 1217mg/kg
OPese MICe - HGaEx17 5 male 1217mg/kg
GGEx18 5 male 1217mg/kg
A e

1) MSSEE &

ZolobE (GGEx15, GGEx16, GGEx17, GGEx18)o] A
TSNl od MIE FEA gobir] $iste] uiF 23]
AZE AL, ol ZAR st AFS7IFS ARSI
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2) Ao|lgg =4
EdorE (GGEx15, GGEx16, GGEx17, GGEx18)o] 4]
L3 o] JERE LotRy] Yslo] AEH AR FHFTFY

=
Lo
g
oZ
I

o JdF ofuixamel Pelo] YLAS dohu
7] Slste] AAALS HF 13 2t

4) HohMBISt A

o AL 1242 A F dicthyl ether® UHHFH The
Aele] Bojguio]y Wl 1n0g AHSAOH], &AL
7] (Micro 12, Hanil, South Korea)Z ©]&3}o] 13,000
rpmellA 587 AR AY, 2 8L P (-2
0ol Edstn AASEEA7] (Selectra 2, Vitalab,
Netherlands)S ALg-5tod
transaminase (GOT), glutamic pyruvic transaminase
(GPT), triglyceride (TG), total cholesterol (TC), high
density lipoprotein cholesterol (HDL—cholesterol), low

glutamic oxaloacetic

density lipoprotein cholesterol (LDL—cholesterol), free
fatty acid (FFA), glucose, insulin, leptin 59| €% &=
2 77t 2439

5) TSIHEEA (CT)E 0l8e XHWHN =F

205 H Addd mex
(computerized tomography, CT)= Al3stact AA=H
C57BL/6J2} ob/ob uRe-AF Al vhy 3 o &9 Al &
2 AAE FAAZI7] S8 MRSl A AR okl 1A
Aol did mheAE Hobl(ventral position)2 18
o #FY9L AARASEIER (CT MAXI, General
Electric Medical System, USA)E ©o]-&35}¥tt. 2mm A,
3mm 783} pitch 1.5, 120kVp, 150mAse] ZAHL
scan ¥tk YT F PARAIOA HALFF pacs
system (PiViewSTAR, INFINITT, Korea)S o|-&3}o] u}f
S0 BRAAS displayst, Hulo] sshum 87
o] WAAHS A d9 (Free line RODCZE XAg F,
ROI®| View propertyE A#ste] @2 Information®] k
(Zo], WA, hounsfield ZH)< o|g3dte] A1} al= 929
AYzA Y] HE S AEsHT

o=

6) =22

B Hol Rasle] BRAMEA, 1 A% W A
Ak el BAS 2Asa, ol5e) Av)el AZE 4t 4
oz P,

7) Zxlo| SiEfst 54
op-Ao A EaEgt 2ZL2 10% phosphate —buffered
formalinoll A M7 o]4) 1SR oM 1247 ol 2=
EoA formaling A&A3t & 60% ethanololA 1A17F, 70%
ethanolo|A 1X]7F 80% ethanololA] 1A]7F, 90% ethanol
oA 1AIZF, 95% ethanolo]A] 1A]17F, 100% ethanoloA 1

ok

Azt A GARCRE GAIFHT Xylenol] 1AM 3 &
W3y % paraffine]l 1A7F ¥ 2 WEIPS AT
Zo)2}4  (embedding)& AH ¢ 3 me FAZ u-A
(paraffin—section)3}9] slide 9ol 23 ¢ ARAF &=
hematoxylin—eosin G2 3}t Slide? E7|E glolx
mounting medium (Sigma, USA)& Eolx=d & A3}
cover glass 9]0l 3717} 7|12 =g FsHA cover
glassE Ho| ITEE T £ J&E siuth. 239 AR
A3} AFAEZe] 4= d F7]EAL image analysis system
(Image pro—plus, USA)& ©o|-&3}%th,

8) SHEAN

BE ZFe mean * standard deviation (SD)2.2 HA|3}
W, OriginLab Version 7.5 (OriginLab Corporation, MA,
USA)2] ANOVA one way, SigmaPlot 2001 (SPSS, USA)
9] unpaired, students t—testE o83l EAF Fo8S

Ftqct,

SEERT
L As 37V

GGEx15, GGEx16, GGEx173} GGEx18 A7} u]uit)
239l obese controlo] vl 5URHE] EAHoz 9]
SHA AlssTHFe] AASEt 1 H==  GGEx163
GGEx18°] GGEx15%} GGEx179] H|3te © &Astgch
GGEx15& S5¥ARE AFTS7HFe] QAT Fasicrt
(p€0.001) 10¥8AHE 154A7HA] E&=L (p<0.01) 1 ©]
Foe AFHHFE ALHoE FA8 L ok GGEx172 5
ARRE 1594 (p<0.00)7HA] AFHFo] soluthrt 1
o|% 29944 (p<0.01)7HA] EZF=E L kAl 7184 (p<0.001)
7HA goluthrt mixetztx] E3=E T (p€0.01). GGEx16
I GGEx182 77¥ WW A&dA BAZHSE FosiA &
Ag AFedEFS YePR Sl (p<0.001) (Fig. 1).

—=— Lean control

"]| —@— Obese control
16 | —4— Obese GGEx15
(70 o ol Obese GGEx16
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Body weight gain (g)
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Fig. 1. Changes in body weight gain of ob/ob mice. All
values are expressed as the mean + SD. * p{0.05, **
p<0.01, *** (0.001 significantly different from obese control
group.

2. Aojag

AolE&2 offjo T4 didAA AF ATTNEE F
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ATz Y] A2 511 B4 EAetAc

Xlo|&& (feeding efficiency ratio: FER%) = AZEZ7}
ZF (2)/AEAHF (2)x100

Ao|a&9] FAoA gujst= v} Zo] AlmE HHSe=
o] W50l EFsta Al 7P Aves AL vuxd
Azt Qe AR 4T 5 ok wEbA Aojase Hlwt
< Yelie st HEg ARSSE 4 Qlal, Aojago =3
7} AE&pE vt dait okl & 4 Qo

Alo] g8 H|W =72l obese controlo] H|3}e] FEA
gt BRoA BARCE [ W2 ASE UERon,
I avtE= GGEx16 (p<0.01)3 GGEx18 (p<0.001)oA ¢
2 Aoz Yepyttt (Fig. 2).

304

25

L o ]

Feeding efficiency ratio (%)

T T T T T T
Lc oc 15 16 17 18
Obese GGEx

Fig. 2. Reduction of total feeding efficiency ratio in ob/ob
mice. All values are expressed as the mean *+ SD, *
p<0.05, ** p<0.01, ** <0.001 significantly different from
obese control group. LC, lean control; OC, obese control.

3. AAAL
FEAElZ BRE ALl HTWHET  obese

controlo| H|sto] FAZOR {7k 2po]E Holx| Yt
(Fig. 3).

] Lean convol
722 Obese control

Obese GGEx15
E= Obese GGEx16
29 Obese GGEXL7
Obese GGEx18

15

Rectal temperature (? )

0 10 20 30 4 50 60 70 80
Treatment (days)

Fig. 3. Changes of rectal temperature (C) in ob/ob mice.
All values are expressed as the mean + SD.

4. EAILEA

1) &= glutamic oxaloacetic transaminase (GOT) =X

AAZ 113 5 3 U GOTY %& =A% Ay, 1
Zrol GGEx159} GGEx18& H|gtt 7ol H|5le] BA 202
A W2 AR Yehton, GGEx163 GGEx17-2 H
TRl Hlgte] W2 AR YEeytou AZHCE {9
gk ztol= Aglch (Fig. 4).
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Fig. 4. Fasting plasma GOT levels in ob/ob mice. All
values are expressed as the mean =+ SD. ** p{0.01
significantly different from obese control group. LC, lean
control; OC, obese control.

2) 8% glutamic pyruvic transaminase (GPT) s

AP 11F 5 % W GPTY %S &A% Ay, 1
ol SFEATE EFoA vRidiRFe vlste FAHOoR
FY3HA W2 Ae=2 yggoen, I A=E GGEx18
(p<€0.001)0] © FASFATt (Fig. 5).
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Fig. 5. Fasting plasma GPT levels in ob/ob mice. All
values are expressed as the mean = SD. ** p¢0.01, ***
p<0.001 significantly different from obese control group.
LC, lean control; OC, obese control.

3) E= triglyceride s=

AL 115 T 3 Y triglycerided] 4 &3
T, 1 go] RE FEXFA vutd|RFo] H|S}o
Uehgdou SAFez fogt Aol gidich (Fig. 6).
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Fig. 6. Fasting plasma triglyceride levels in ob/ob mice. All
values are expressed as the mean =+ SD. LC, lean
control; OC, obese control.



Ob/Ob "Re-20f|l ARG 189 Wwk=d 5

4) E= total cholesterol =&

AHAZ 11F T & Y total cholesterol®] %2 =3
3t Aal 3 gho] GGEx159F GGEx18S H|uttzFo] u|3}

@2 Zog yehd v, GGEx169t GGEx172 H|gh
2ol Hlgte] 2 Ao Yoy BE FAHCRZ §

lo

gt Aol= AT (Fig. 7).

] [ T[T

250

200
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100

Plasma total cholesterol concentration (mg/dL)

Obese GGEx

Fig. 7. Fasting plasma total cholesterol levels in ob/ob
mice. All values are expressed as the mean + SD. LC,
lean control; OC, obese control.

5) &= HDL—cholesterol =k

ASAIZ 1153 & d4 Y HDL—cholesterol®] % &34
g Ay, I grol GGEx152 w|gtt = H]’G}oq =0 Ao
2 Uehd vhHf, LMX] GGEx16, GGEx17% GGEx182
Bl 18}01 Aog yeigod BE FAHe

N
8
]
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Plasma HDL-cholesterol concentration (mg/dL)

o

Obese GGEx

Fig. 8. Fasting plasma HDL—cholesterol levels in ob/ob
mice. All values are expressed as the mean x SD. LC,
lean control; OC, obese control.

6) % LDL—cholesterol &=

AFAZ 1157 & 8% Y LDL—cholesterol?
3 A3} 3 gho] GGEx15, GGEx163} GGEx182 H|qtx
o] Blgte] Z& Aoz yehd ¥ Uz GGEx17Z
HRttj 2ol Hlsle] & Ao2 yegoy ®E FAFHC
2 Fo% o= At (Fig. 9).

o =
¥ 33

70 o

50 -

40 o
30 o
20 o

I

T T T T T T
Lc oc 15 16 17 18

Obese GGEx

Plasma LDL-cholesterol concentration (mg/dL)

Fig. 9. Fasting plasma LDL—cholesterol levels in ob/ob
mice. All values are expressed as the mean = SD. LC,
lean control; OC, obese control.

7) 8= free fatty acid ==

AHAZ 1137 & & U free fatty acide] ¥ &7gt
Ax}, 1 Zko] GGEx16, GGEx173 GGEx182 H[ghz=+-

of Hlgte] F& AQE yehd vl UmA] GGEx15% H]
2ol Blgte] W2 Hoz uUEhtoly mE BAHom
Rt Aol Sl (Flg. 10).
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Obese GGEx

Fig. 10. Fasting plasma free fatty acid levels in ob/ob

mice. All values are expressed as the mean *+ SD. LC,
lean control; OC, obese control.

8) ¥= glucose ==

AYAIRE 1157 & 8 U glucosed ¥ =43 Ay}

L

1 Zko] GGEx164to] H|gitfRtel Hlgle] &L Aoz o}
wom, A GGEx15, GGEx17% GGEx18& gtz
o H|gte] W& Aoz YUehjoy BT EAZFoZ §ol5t
Aol sttt (Fig. 11).

fL

350 o

1L
[

150 o

100

50 o

Plasma glucose concentration (ng/dL)

T T
Lc oc 15 16 17 18
Obese GGEx

Fig. 11. Fasting plasma glucose levels in ob/ob mice. All
values are expressed as the mean £ SD. LC, lean
control; OC, obese control.
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9) 8= insuln s

AYAZE 115 F % W insulin®] & ST 2,
I Fol GGEx17% GGEx182 B[] vlsle] W
Aoz yehd vhdol|, GGEx159 GGEx162 H]|ght) ol
Hjgte] £& Aoz Yoy BE FAFo2 {3t Ao
£ %l (Fig. 12).

[

rlo

Plasmainsulin concentration (ng/mL)
IS
L
E—
—

T T T T T
Lc oc 15 16 17 18
Obese GGEx

Fig. 12. Fasting plasma insulin levels in ob/ob mice. All
values are expressed as the mean = SD. LC, lean
control; OC, obese control.

10) 5 leptin 5=

APAF 115 5 @F Ul leptin®] F& 24T A7}, 1
ol GGEx17gto] wlgkti 2ol wlste] && Aoz yehy
o], Ymx] GGEx15, GGEx163 GGEx182 H|gktzo]
Hlste] W Ao Uehtou BE EAHOR SO Kol
= i (Fig. 13).

Plasma leptin concentration (ng/mL)

T T
Lc oc 15 16 17 18
Obese GGEx

Fig. 13. Fasting plasma leptin levels in ob/ob mice. All
values are expressed as the mean = SD. LC, lean
control; OC, obese control.

5. ArBldesdde ol8sio] SR ENAYES

ope Aol HHo) A k2 (computerized
tomography, CT)& ¥ Holl I3}X% (subcutaneous fat),
WA (visceral fat)¥ HAAF (total fat)e] HWHE =
Ae A7, vg 2] vlste] FEADT BT HsiARY
o] F7I%k Aow Ueigtt, BE FEA TN WA
vre] WAL vt 2o H|gte] TAgH AoRE Uehgon,
I Ax= GGEx163 GGEx1894 @AY 25 =4
Ao g Fo3t Aol ¢t HARe WAL H|TtiRE
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of ul3te] GGEx163t GGEx18 ashs Zoz uehd
uhdol, GGEx159F GGEx172 Z7lehe Ao yehsto
B SAHCR fofst Aol §lih (Fig. 14).

[ Lean control
Obese control
) Obese GGEx15
E= Obese GGEx16
N Obese GGEx17
Obese GGEx18

|
100 +
REN=="7 4=\

Subcutaneous fat

Fat square (? )

AAMMLMNDOIDMDHOIOIDIDIDLDDINKNNY
AN\

7

Visceral faf Total faf

Fig. 14. Changes in CT on abdomen of ob/ob mice. All
values are expressed as the mean + SD. # p{0.05
significantly different from obese control group.
6. GGEx° <3t A¥zxz d9
histology2} morphology #H3}

=xZ 9

1) GGExoll 2lgt Xz
it}

GGEx7} #4334 vi-s=249Q ob/ob U Z|HhA|Z 9]
248 Fejghy w3l mXe FFE A st
AWz ZA-S hematoxylin—eosin GAHOoZ FAG & &u|
7 9 image analysis system© 2 IA3IETE Wild—type
a2 A(lean control, LC)2t v]@3te] ob/ob uF$A (obese
control, OC)IH AMAES] =717 3A 7= (LC,
2,844 £ 129 u m?; OC, 5,585 £ 837 u mg) a8y
obese control TR0 GGExE A TshH X|WA|Zo] =7]
7h stk AWAl29] 271 GGEx18) oste] FAZ
oz fosHA #AaEHUew (p<0.05), obese control TR
29} vty 12%2] AL et (OC, 5585 + 837
x m’; GGEx18, 4,911 + 423 x4 m®) (Figs. 15 and 16),
HHH, obese control¥} B|W3le] GGEx18 HaTtolA ¢
WG YA ZY] =5 F7HNFHLH (p0.05), T7/HEEE
13%gck (OC, 70+ 9 78; GGEx12, 78 + 10 74;
GGEx14, 77 + 10 70: GGEx16, 79 + 7 7)) (Figs. 15
and 17).

Z19| histology2t morphology

,,;A ’X
D

¥

white adipose

tissues and eosin (original

stained with  hematoxylin
magnification X 100) in genetically obese ob/ob mice.
Wild-type C57BL/6J and ob/ob received a chow diet or the
same chow diet supplemented with GGEx for 11 weeks.
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8000
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Cell size (ym?)

2000

LC oOoC 15 16 17 18
GGEx

Fig. 16. Size of adipocytes in white adipose tissue of
genetically obese ob/ob mice. Wild—type C57BL/6J and
ob/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. All values are
expressed as the mean = SD of four independent
experiments, * p{0.05 significantly different from obese
control group. LC, lean control; OC, obese control.
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Fig. 17. Number of adipocytes in white adipose tissue of
genetically obese ob/ob mice. Wild—type C57BL/6J and
ob/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. Number of
adipocytes in a fixed area (1,000,000 um®) were quantiiied
by an image analysis system. All values are expressed as
the mean = SD of four independent experiments. *
p<0.05 significantly different from obese control group. LC,
lean control; OC, obese control.

2) GGExOll 2ofst ZtRZ=lo| XS tH5}

8082 HTFgEAE Useili=  ob/ob o
wild—type ©h20} Blmste] AdsFe] o] HAE A
HE HojFEglon} o]t ob/ob whg2o) GGExE st
W 7ro AEAo] HAER AWAIEZS morphology©l
u)xE maykel AR 7He] AMEAL GGEx16 (p<0.05)
I GGEx18 (p<0.01)ell et FAASR [FootA ast
fom, 53] GGEx189] oJsto] tjS amtyoez AR =ict
(Figs. 18 and 19),

ol o AL

Fig. 18. Inhibition of hepatic lipid accumulation by GGEXx in
genetically obese ob/ob mice. Wild—type C57BL/6J and
ob/ob mice received a chow diet or the same chow diet
supplemented with GGEx for 11 weeks. Representative
hematoxylin— and eosin—stained sections of livers are
shown (original magnification X 100).

5

Lesion score

LcC oc 15 16 17 18

GGEx
Fig. 19. Histological analysis of hepatic lipid accumulation in
genetically obese ob/ob mice. Wild—type C57BL/6J and od/ob
mice received a chow diet or the same chow diet supplemented
with  GGEx for 11 weeks. Pathological scores of hepatic
accumulation are as follows: O, no lesion; 1, mild; 2, moderate;
3, severe; 4, very severe. All values are expressed as the mean
+ SD of four independent experiments. * p<0.05, ** p{0.01
significantly different from obese control group. LC, lean control;
OC, obese control.

nF

7 ob/ob HFe-A HMRASE o|gdte] migd + T
(GGEx15), = + &% (GGEx16), Y% + ZIx
(GGEx17)9} v}k + ZEZ + ¥} (GGEx18)9] Fo7} AlF
S7FF Aojago] od FIFE uX= Ao A gotr
et

Azzrleke] AL GGEx15, GGEx16, GGEx17%
GGEx18 AHg7} vy &2l obese controlel ®|3}e] 59
ARY SAHCE [ AFF7HFel FAsERoH,
GGEx163F GGEx18& 774 WU A&sA SAHCE {9
sHA AT AeHEFS YERHT (9<0.001)

Alo|ggL H|U RSl obese controlo] H|3te] <FEH
gt BRolA FARHCE [osHA W2 ALRE UEyton,
GGEx163} GGEx18 A&7} o2 ol H|dte] 2o|aex
2, vRii R Hgte FARHCRE [{osHA AFFIHF
o] Adt= Aoeg Hol GGEx16% GGEx18L Alo|zd&
ot AlFagads Uehtes Ao AZkEd

GGEx15, GGEx16, GGEx173} GGEx189] Ag|7} |
AHog gt AR LR BASI=AE ¢V Aste] mhReA
9 ARFA S &A% 24, JEAYE EFe HEHREd
obese controlo] H[gle] EAFORZ {o5t Zo]E HolX
aokth wEbd GGEx189 Aleddailyt A2357ke] gt
Aog Qg oA amel IA #Ho] ¢S & 4 Ut

GGEx15, GGEx16, GGEX173'—} GGEx189 A&7}t &%
HEHAES] GOTY A9 GGEx159 GGEx182 w|utg)
2o Hlsto %ﬂ]x—ioi vs]z‘s}ﬂ] $E AR ‘/}EP’“’fq
GGEx163} GGEx172 v|gtdjzo] vlgte] W Aoz 1}
Egout SAFHCE [oF Zol= fsith GPT—J 39 <

>~l
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EReZ BRolA wuigzze] vste] EAHCR fols
we Aoz uegrh (p(0.001) 7S] A ujaizzo]
H)alo] GGEx15, GGEx16, GGEx17% GGEx18S AA U
Mo Ao uehtou] GGExISIIME S.oa Zol7} et
stk Aol A9 GGExISOIAR wgijzzol wlsle] £
Hoz gofal] FAZL AA Urks W, X ok X2
oA AR folg Aolrk gk wig, A% A
o) A9 okBAZ BE HuitEZ] wst BAHOR
Solgt Zol7h AT T GGEx167 GGREx18e 7=
HomNE: QT Ao WO ek TR ke
A ujgheEe olge ARl the Az A5 S
FpOs Haw glo} uhg wEowm AN wiE o AU
27} 9PaA AZol avEn,

GGEx15= H|9tj=o] wlgle] &% triglyceride, total
cholesterol, HDL—cholesterol, LDL—cholesterol, free
fatty acid, glucose®?} leptin® =32 2k eH, insulin
9 FE#HT] =4 Usiey 2E RS04 FAAA #
oL $Sth  GGEx162 HRtizFo] Hstq EZF
triglyceride®t  leptin® =3 W9t HDL—
cholesterol, free fatty acid, glucose?} insulin® %3t
2 =9koH, total cholesterol®} LDL—cholesterol®] ==
e v UEhgen, BE ARENA FAAA 794
2 %o GGEx172  HERFe]  Hgt
triglyceride, glucose®} insulin®] H=gH F9kon, total
cholesterol, HDL—cholesterol, LDL—cholesterol, free
fatty acid®} leptin® =%=Ze =4 velgoy nE X%
SoA AR 942 ¢llth GGEx18E H|Rtthz<d
udte] &2 triglyceride, LDL—cholesterol, glucose®}
leptin® H=Z Weton, HDL— cholesterol® free
fatty acid®] = =4 Ugyton, total cholesterol,
insulin®] FEZ2 Bl Ueigey BE AxS0A 5
AR g At

Weh GGEx167 GGEx1SS AZgwraziel Axs
triglyceride®} leptin® FE=ZL WA YeEldy, HDL-
cholesterol®] ¥=71e =4 UJehtES oSy 9lon 1
FEEY A= e FEAYET § o7t & B
3 9Jo] GGEx163}F GGEx18 A9 A=<l AS5F7F o
Aaart 5 AsdFAR Ao gL Sohe A
S 433 FL S AARRI

vt tol| H|gte] FEAZTE ZF ALY wHHo]
F71 A= Ushyith BE FEAZTNA WA |
AL vgti 2o Hlste] FAg ASE yehgoen, 1 A
T GGEx163} GGEx189A4 dA3IFoY RE BAZFOR
Y3 ol it AAAL WAL vz H]st
o GGEx163} GEx18& #Asdl= Aoz uehd Hbde,
GGEx159} GGEx172 F7l6k= A2 Yeiytoy, - £
ARoZ Fo3t Zol Ut wEtd AFSHAFATRTE CT
iz a2 wrdEn 9, 3] GGEx163+ GGEx18
< ERAH Aol Aol USZ AARR

GGEx7} AHA|2S] =284, Fejstd] HIlE AR 2
T, AAHE] F7]= GGEx189 3l BAHo= {23}
A A= e (p<0.05), vlTtiRE} Blwste] 12%9] 3
2&% vedllth, vhd, veidi 2Ly vlwste] GGEx18 A
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oA SHHAY ALAZ 5 FT7HIHSH (p0.05),
F7H%= 13%%th. AHAIZS morphologyoll HlAl= &
et FARHAL, 7] AWEEFHL GGEx16  (p<0.05)3k
GGEx18 (p<0.01)] oJ3te] BAF SR FolaiA 7rasige
., 53] GGEx18¢] 9lgte] tj& aF oz At o]
Ze A3=2 Hol GGEx18& A7|7t & AWAES] =
A7) 22 AYAZe =5 F7MFISE2N AUEA
2AE 2Eshe AL E20|1 AYHE A4S b9
g & Ao Ay

Howe o o &
B>

no d
BN

A =2

=

7l ob/ob "k HTERES o]83te] GGEx15 (i
+ K#), GGEx16 (& + Bff), GGEx17 (k& + Ef)et
GGEx18 (i + BAi + KEH)Y Too o3t H5Z71F,
dojag, % uviHa A ®;e| Wzl BX CTEHY9 A%
WS &4gsta, 183 ARz 9 7xze] 22|yt g

det wale washe ool 2R AT

L AFS7HEE FEXEE BFoA Bzl Hlstey
SAHCE FosHA AaSHHAL, Aolagl HTiET
of vlste] FEAFT HFoA FAHLE FosHA ¥
Aoz yeigon, I a3E= GGEx167 GGEx189A4
o 2 ZoZ YeEt

2. GGEx163  GGEx18&  ASgFadtel  dXsH
triglyceride®}  leptin®] FEZL @A yERGA,

HDL—cholesterol®] =71 =4 Jeijon, 1 =
Ze A=rt g FEAIEY § 2 AolE B

3. B OT 899 mE FEANM WAL WS v
wjazol vatel ot ASE Uepges, 1 AEE
GGEx161 GGEx18°)|A4 @AstHLou nfF: FAHS=R
FolF Aol et

4 ANRAE BAROE fO% Hol7k g AOR eht
A Ao Aza,
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