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| ABSTRACT |

Effect of Geijibokryung-hwan and Combination of Geijibokryung-hAwan and
Gangji-hwan on Obesity and Lipid Metabolism in Ob/0Ob Mice

Min-Ae Kim, Jung-Oh Song, In-Seon Lee
Dept. of OB & GY, College of Oriental Medicine, Dong-Eui University

Objectives: This study was designed to investigate anti-obesity effects the improvement
effects of Gyejibongnyeong-hwan and Gyejibongnyeong-hwan-Gangji-hwan (CIPPDF)
in a ob/ob mouse model.

Methods: Seven-week old mice (wild-type C57BL/6J and ob/ob) were used for
all experiments. Wild-type C57BL/6J mice were used as normal group and obese ob/ob
mice were randomly divided into 4 groups. a normal gro 8 given a standard diet,
an obese control group given a standard diet with CIPP (300 mg/kg), CIPPDF (1)
(300+300 mg/kg), CIPPDF (2) (300+600 mg/kg) respectively. After 10 weeks of treatment,
body weight gain, feeding efficiency ratio, blood lipid markers, mRNA levels of genes
involved in fatty acid [B-oxidation and lipogenesis in in-vivo, were examined.

Results:

1. Body weight gain and Feeding efficiency ratio were significantly decreased in CIPPDF
(1) compared with control. Fat mass was significantly decreased in CIPPDF (2) in

T compared with control.

2. Consistent with their effects on body weight gain and fat mass. circulating
concentrations of LD L-cholesterol were decreased in CIPPDF (1), CIPPDF (2) groups
compared with control.

3. MCAD mRNA levels of genes was 1ncreased in CIPPDF (1), CIPPDF (2) groups
in the liver, epididymal adipose tissue com}fare with_control. VLCAD mRNA levels
of genes was 1ncreased in CIPPDF (1), CIPPDF (2) groups in the skeletal muscle
compared with control.

4. PPARy mRNA was decreased in CIPPDF (1) in the liver compared with control.
SCD1 mRNA was decreased in CIPPDF (1), CIPPDF (2) groups in the epididymal
adipose tissue compared with control.

Conclusions: In conclusion, These results suggest that CIPPDF not only decrease
feeding efficiency ratio. and LD L-cholesterol. but also reduce EAT fat mass contributing to
the improvement of ovesity. CIPPDF also were increased in mRNA levels of genes involved
in fatty acid B-oxidation and decreased in mRNA levels of genes involved in lipogenesis.

MCA% Words Gangji-hwan, Geliibokryung-hwan, CIPP, CIPPDF, Ob/0Ob Mice,
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S EBE AFEA FF VYT LAY £ QY oIS PPRBT A
Jvstm FEAYEAAANG 5 Agetseh CIPPY 2YFES ohed
i e

= E“:}(Table 1)
A4 st AYEA RARDY 2L

2 d}
2) AdEA 315 Al 2F(Busan., Republic of Korea)el
A A AAEPZR(CIPP) S =4 A et & Eoisty stel et vb

oF2-2 314 2F(Busan., Republic of Korea) A HAAA ASFAAE ste] 7HH3E 5

AN FH3 F Folwsty sk off AAstY 2, AAS DFE ALddstw

WA st w A o Al F A AME shed A g ofstrystof| A S 4=2] 70% ollek-&E 85C

Hel AAsta, A CIPPE 59 oA 1807 23] FE3HHUoH, FEE

st gHe] el st wbA st w Al e A Sul £ 60ColA FF3E Foll 52733}

2] 70% Nek&=2 85ClA 270E7F 23] 2807%% &5 A9, o) E YARD

259 FE36en, FEEE 60Tl 3t Agel AHg-sksdeh. DFO] A o=

A FE5S Feo| FZEAXI 11.25%2 < 93 Z9(Table 2).

Table 1. Ingredients of Gyejibongnyeong-hwan (CIPP)
Content

Korean/English Name  Pharmaceutical Name Family Name Part Used (%)

Gyeji/ Cinnamon Twig  Cinnamomi Ramulus Lauraceae Young Branch 20

Bongnyeong/ Poria Poria Polyporaceae  Sclerotium 20
Mokdanpi/ Moutan Koot Bark  Moutan Cortex  Ranunculaceae Root Bark 20
Jagyak/ Peony Koot Paeoniae Radix  Ranunculaceae Koot 20
Doin/ Peach Kernel Persicae Semen Fosaceae Ripe Seed 20
Total Amount 100

Table 2. Ingredients of Gangji-hwan (DF)

Korean/English Name  Pharmaceutical Name Family Name Part Used C(()r;/taze)nt
Mahwang/ Ephedra Stem Ephedrae Herba Ephedraceae Stem 40
Daehwang/ Ehubarb Root . . ) Root and

and Rhizome Fhel Radix et Rhizoma Polygonaceae Bhizome 20

. Arnebiae .
Jacho/ Lithospermum J Lithospermi Radix Boraginaceae Koot 40
Total Amount 100

3) AR W oy 23} dzee AT 135 4755

1578 A5717 & 2+ 45 o= E 91, 22 1057 CIPPE 300 mg/ke.
A Foll upet F2H9eA & B2 E A4 CIPPDF(1)= CIPP 300 mg/kg+DF 300
st AAE, dEx2 2 GELS B mg/kg, CIPPDF(2)+ CIPP 300 mg/kg
T QAEE A5FFstdch 44 +DF 600 me/ke®) FEE 1417 24 ¥

N
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Fo 3t = (Table 3).

Table 3. Experimental Groups

Group Diet Treatment Number Sex
Normal Water 7 Female
Control Water 7 Female
CIPP Chow Diet 300 mg/kg 7 Female
CIPPDF (1) 300+300 mg/kg 7 Female
CIPPDF (2) 300+600 mg/kg 7 Female
2.9 H (Microplate Reader, Molecular Devices,
1 AF W3tz A LLC., USA)& o] £3}o insulin® &
FFFol o] AF F7hekel] v X = =5 47 ZAH3H Y. High density
oS dolrR 7] 93] FES Foste= lipoprotein cholesterol(HD L-cholesterol),
10 ob wjF 23X AF& A3 low density lipoprotein cholesterol(LD L~

o} H 7] 9ste] Aol EEe AAsIT)

Alel&& FER(%)9 AARA S "AlF
W 2k (g) /A=A F % (g) <1007 o] .

3) dHA e A

gl AHE AT Fo AR 10+ F 12
AlZb A A8k 5] diethyl ether® w}3 3t
ohg AAelA g 1 ml& AFH A
Blood clotting= $13] 30 o]} Al A]
HEx gk & w4-4441%-2] 7] (Microl2, Hanil,
Korea) & °]-§3ked 3000 rpmell A 10+#-7F
A4 pelsdd. 2w WS WED
(-20C)ell B33t HHAY3}shEA 7] Stat
Fax® 2600(Microplate Washer, Awareness
Technology, Inc., USA)3} SpectraMax 190

cholesterol), total cholesterol, triglyceride,
free fatty acid(FFA) ¥ glucose®] 83 5
= g3k 7] Hitachi7600( Automatic
Analyzer Series, Hitachi, Japan)& °]$
shof 717 24 ale),

=

A=y =
%E“I‘Zj

Adsk 5 BAsI] Azbe 2wz
(mesenteric adipose tissue, MAT), A 4]
7] 9 W A =)ukF =] (epididymal adipose
tissue, EAT), 53 FH A2 u}x3]
(retroperitoneal adipose tissue, RAT), A}
el7y 9 3)8A4% 2] (inguinal adipose
tissue, IAT)3 2 x)¥}=2%] (brown adipose
tissue, BAT)®] FAE
T3 3k o

5 In vivo 3 $Az 43 &3

(1) Isolation of total RNA

Trizol(Gibco-BRL, Grand Island, NY,
USA) & AM43te] 2 22|02 BE] M E
A2l Total RNAS FE3l9iow, zist
3] A3l o532 o Total RNAS
FZ&317] 18l A Trizol 1 mlell =% 100
mg= ¥ 3 homogenizerg °|-£3le] 20%

= = [
ZAsty 2A &
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T 2AS EHs e, #AE &
1 . o371l
chloroform(Sigma. USA) 200 plS 37}t
%o chloroforme] AAH oz 2 Aolx
= 16x FF £kl on, A2eA 3%
ZF A s & A1 52 (13,000 rpm, 4T,
2 5 S A B
+

Fue $7om o

F2](13.000 rpm. 4C. 10&)3lH9 = 72
vi=tel]l A% RNA pelletell 70% ethanol
1 mlE #H7Fsked 23] A3 (4,500 rpm, 4T,
5%)3Fg 2, RNA pellete] $+A3] Az
A A, x5 RNAl 0.01% DEPCZE
A" FHF4F 150 ul H7Fsked RNA
pellets &3 A] # ).

(2) Quantitative real-time PCR

Moloney Murine Leukemia Virus Reverse
Transcriptase® ©]&3Fe] A Z& RNA
(2 ug) ZHE] cDNAZS JAA}F st o,
ExicyclerTM 96 Real-Time Quantitative
Thermal Block(bioneer) 2} AccuPower®
GreenstarTM gPCR PreMix(Bioneer, Deajeon,
Korea) & °o]-&3le] 2+ §-4252] ¢cDNA
T SFAFHE. FAA LdE Bl o] &
gt PCR primer+= Table 1o &A|3} 2
™, PCRel AR&-3t 272 d33 2o
95Cel A 523F WA F 95TCelA 10,
u}

60Cell A 40%, 72Tl A 104 403]

B3kt cDNA T 5% 2%

sl Ansiela A 0
cDNA<} &4 FHX
= nAses,

N i
o
o

T

cDNA 7+e] ¥]&

o]

Bractin

opp

Table 4. Sequences of Primers Used for Quantitative Real-Time PCR Assays

Genes GeneBank Primer Sequences Size (bp)
Forward : 5'-gcaccattgccattcgataca-3’
ACOX 2Tz Reverse : 5'-ccactgctgtgagaatageegt-3' 328
MCAD NM 007382 Forward ‘1 5’—gcaatttggaaagctgctagtg—S ’ 1
Reverse : 5'-tcacgagctatgatcageetetg-3
VLCAD NM 017366 Forward ‘2 5’—cgtcagaggtgtactttgatgg—? 269
Reverse @ 5'-catggactcactcacatactg-3
Forward : 5'-attctggcccaccaacttegg—3'
PPARYy  NM_001127330 Reverse : 5'-tggaagcctgatgetttateecca-3 339
C/EBPa  NM_ 001287514 Forward 'I 5’—atccagagggactggagtt—3 ’ 373
Reverse : bH-aagtcttagecggaggaage-3
FAS NM_ 007988 Forward K 5’—cttgggtgctgactacaacc—?{ 163
Reverse : 5'-gcecteecgtacactcacte-3
30D1 NM 009127 Forward '3 5!—cggaaatgaacgagagaagg—?? 998
Reverse : b'-ccgaagaggcaggtgtagag-3
G-actin 700691 Forward k 5'-taaaatcctgtggcatccatgaaac-3' 349
Reverse : 5'-taaaacgcagctcagtaacagteeg-3

3. BAEA
X E 7k meantstandard deviation(SD)
©2 A3, OriginLab Version 9.1(OriginLab

Corporation, MA, USA)£] one way ANOVA

2 ol g3l BAH So4E A
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AR B A=t 105
T 23] SA A4
2T AF F7HE
o] 8dARE FolatA F7tslr] AlZHE
o (P<0.01), o] F Aq FE A7HA] A&A
o7 FosH S7FskAEH(P<0.01, P<0.001).
CIPPE wixel u|sle] Fof F 4UA)
FE 53 AT S7FFe] A3k 46
AR 7kA] W Ztol| vl §-o]3hA FHA3)
Aow A 46LA7FA] A Fo] o 2Ll
vlsl] ol sk Al 7F Akl 2 (P<0.05, P<0.01)
o] FEE FFAE o oA ATk
CIPPDF(1)= Wzl Hlsle] Fof &
AR BE Fo3H A AF F7MEFe] A

1N

ste] 504A7HA §-2l 5

2 a3hgl o0

AF 46D 7EA] A Fo] dxztell B3

Fol A 7 Aasks
L2 ZFAsH o f-2A o]

off

31(P<0.05, P<0.01) e]

Aokt 71

dA FelshAl AHAskd ok (P0.05).
CIPPDF(2)= Az

1A 5

o lste] Fof F
Jeisl A% bl i

31 TL(P0.05) 8LARE AY F= A7t
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o AFZ7heel
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g
< =k (Table 5. Fig D.
A3 AF BFE WY
dshel A2z
F7hehel om), o 2ol
H|ate] CIPP+= 816%. CIPPDF (1) 15
CIPPDF(2)& 31.38%¢ A%
o] 7k CIPPDF(1)elA
#2143 e ALATHPQ.0D,

el

Aot B4

9
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=5

2 At
< 83.88%

r [

.84%,
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Table 5. Changes in Body Weight Gain of CIPP and CIPPDF against Female Ob/Ob Mice

Normal Control CIPP CIPPDF (1) CIPPDF (2)
4 -0.3£0.455 0.198+0.369 -0.515+0.323*  -1.228+0.572**  -1.188+0.656™
8  -0.657+0.447  0.968+0.468%%  -0.025+0.565*  -0.55+1.002* -0.63£1.359
11 -0.328+0.44 1.09+0.733% -0.64+0.256™*  -0.72+0.918* -0.517+1.742
15 0£0.248 2.323+0.99%*  0.002%0.212**  0.047+0.979* 0.18+2.127
18 -0.202+0.274  2.77+0.938%**  (.05+0.624**  -0.145+0.897** 0.13+2.632
22 -0.58+0.188  3.595+1.344%*  0.687+0.974* 0.99+1.393* 0.913+3.545
25  -0.315£0.43 3.983+1.513*%  1.073+0.959* 1.348+0.835* 1.03+4.04
29  -0.043+0.579 5.16+1.84% 2.228+1.368* 1.883+1.144* 1.41+4.627
32 -0.195+0.274  5.548+1.716"**  2.655+1.105* 2.51£0.978* 1.96+5.055
36 -0.237+0.288  6.528+1.773%*  3.245+1.108* 3.53+0.887* 2.303£5.555
39 -0.115+0.296  6.95+1.865%**  3.755+0.792* 3.658+0.781* 2.548+5.463
43 -0.097+0.307  8.06+1.808%**  4.875+0.969* 4.588+0.96* 2.99+6.294
46 0.125+0.235  8.085*1.636%**  5.483+1.338* 5.295+1.04* 3.533+7.163
50  0.148+0.351  9.085+1.959%**  6.413+1.442 6.288+0.943* 4.328+7.458
53 0.478+0.451  9.463+2.042%%%  6.865+1.387 6.97+0.887 5.003+7.526
57 0.493+0.149  10.16+2.129%%*  7.905+1.289 7.618+0.891 5.11£7.933
60  0.475+0.513  11.183£2.039%%%  9.025+1.21 8.963+1.053 6.283+8.245
64  0.493+0.347  11.905+1.938%%*  9.265+0.978 9.853+(0.784 6.843+9.151
67 0.893x0.102  12.53+1.644%*  10.578+1.041 10.428+0.781 7.03£9.49
71 1.213+0.213  13.838+1.608***  11.75+1.459  10.053%0.621**  7.228+10.371

Data are expressed as the mean+SD. ¥ p<0.05, *# p<0.01, *** p<0.001 compared with normal. * p<0.05,
** p<0.01 compared with control.
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—a—NC

—a— CON
—a— CIFF
—y— CIPPDF(1)
—a— CIPPOF{Z)

It
"

Body weight gain (g)

* '&H
20 20 10 50 0 70 a0
Treatment (days)

Fig. 1. Changes of body weight gain in
female Ob/Ob mice.

Data are expressed as the mean+SD. * p<0.05,
## p<0.01, #** p<0.001 compared with normal.
* p<0.05, ** p<0.01 compared with control.
NC, normal: CIPP, 70% grain alcohol extract,
DF, De-fatty, 70% grain alcohol extract

2. Aolag

2] Aol E & 4.174+0.7450] 31
Z7 30.418+2.222 A Aol v]sle] o
Z70] o3 B2 Alolag S vehlg
(P<0.001). oFEFoi-2] Ale]&&2 CIPP,
CIPPDF(1), CIPPDF(2)e] 7z} 25.771
+4.506, 20.017+4.741, 16.278+19.332 =&
Azl wlsl wgkom o] 712+ CIPPDF(1)
(PO.ODNAM BAAD FeA e A=
(Table 6, Fig. 2).

o] F WEE&=E A A5, AHATol
vl 22 75.86%2] Aleola o] &
718l em, "ol ulste] CIPPE 8.28%,
CIPPDF(1)= 20.62%, CIPPDF(2)+= 30.28%
o] Ao|&fo| FAade AR YEle

™, CIPPDF(DelIA freAd el sdsi=H(pd0.00).

Table 6. Feeding Efficiency Ratio in Female Ob/Ob Mice

Normal

Control

CIPP  CIPPDF (1) CIPPDF (2)

Total Foed Intake 29.088+1.228 45.4252.0237% 45.05:3.523 52.213£11.920 52.35:0.29
Feeding Efficlency 10400745 30418425007 9577124506 20.017+4.741%* 16.278+19.33

Ratio

Data are expressed as the meanzSD. *## p<0.001 compared with normal. * p<0.05, ** p<0.01

compared with control.

Feeding effciency ratio (%)

(i

NC CON CiPpP CIPPDF{1}) CIPPDR{Z)

Fig. 2. Feeding efficiency ratio in female
Ob/0b mice.

Data are expressed as the meantSD. *#* p<0.001
compared with normal. * p<0.05, ** p<0.01
compared with control. Abbreviations as in
Fig. 1

3. AFA

10577 & Fof & FF 3t A2
A4} Z 2] (mesenteric adipose tissue, MAT),
A7) 8 A X akz=] (epididymal adipose
tissue, EAT), 59 Fw wAx)ulx2]
(retroperitoneal adipose tissue, RAT), A}
el F9 3)8kA4 24 (inguinal adipose
tissue, TAT)3} ZA=]9kz%] (brown adipose
tissue, BAT)®] FA& SA 30

ATl vlgte] x> EE AW
zA 9 A BARLE F3HA =2
Aoz YePFoH(P<0.001). MATE HZ+
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oz 2ol vl aled
Fhehed i, e

vA
ol u] bl of2 FoAv BFe Xl

Al fo A °] °l°4‘:}(P<005) RAT

CIPPE A ®}-7A 7}

FE FoAL BEE

WAL sl ot el el §ldl

Hlste] N A E
st ot 94

9xiet. BATE dx+-el ulsted CIPP
9’]’ CIPPDF(D% X]Ho“l‘ﬂ]ﬂ' %7]'6]'»\—1—
CIPPDF(2)& AW-FA7} FHAasisi ot =

Fol A o)
bz mE C

S leH(Table 7, Fig. 3-7).

IPP= MAT, EAT,

[ATE d 2l vls] 7F4, RAT, BATE
Z7hs et 42142 9lgish CIPPDR(D)
= MAT, EAT. RAT. IAT+ Wzl

w8 74, BATE
st ot fol Al
MAT, EAT. RA

gzzol
% Bas

_:Lrlr

=

r{J
= " % 4n

1
°]
o H]s}

dzzol wls 71
R, CIPPDF(2)
T, IAT, EAT., LAT
3 zFaskeda EAT
B9 (P<0.05).

HEE2 kst MATE A4
o d 22 88.64%° AW

AZb S7rskal W
= 3.02%. CIPPDF(I)% 4.28%. CIPPDF(2)
= 10.90%2] AHFA 7} ﬂAswguq s

o)4d¢ 9195} EATS) 7
ahof o
(S S

7 O
=

87.80%-4
el wlste] CIPPE 7.32%.

ol ¥]3te] CIPP

- Aol M
A AL F

CIPPDF(1)<> 6.66%. CIPPDF(2)& 17.90%

o A=A
SRR

At o, CIPPDF(2)
UK (P<0.05). RAT|

739 AAFe v]dled HEF2 92.06%

o] ApFA 7}
8] CIPPDF(1)2 0.06%.
WA 7L ZRAEkg o, Hbd
A FA 7L F7VEHR A
°i°*v} IATS] 7
2 87.44%9)
o B3t CIPPE 2.70%,

9.72%2) #
CIPP+= 0.48%°l
SolL
Hlate] Bz
7]_5]_0:1—/ q12
CIPPDF(1)=>

_1?_71]7]_ 7]-/\3]_03 01,]. l:,-'_oﬂ/\-] S

o A

S7Fek R AL, Az tell Ml
CIPPDF(2)+=

3. A

AEA 2

04%. CIPPDF(2)+= 10.70%

o4& $slH BATS] 7

3lo]
A, R
CIPPDF (1)< 4.90%<]

319

7 O
v

74.82%2

o Aol H|

A9 FAZE 57
H|3le] CIPPE 4.40%.
25 A 7F S}

sl o™ CIPPDF(2): 13.30%2 A4t
FA Y FHasked o

A=t

R R

Table 7. Effect of CIPP and CIPPDF on Adipose Tissue Weights in Female Ob/Ob Mice

Adipose Tissue Weight (g)

Normal Control CIPP CIPPDF (1) CIPPDF (2)
MAT  0.139+0.051 2.31+0.212%# 2.175+0.319 2.12+0.271 1.856+0.792
EAT 0.418+0.09 6.433+0.633 ### 5.555+0.705 5.629+0.533 4.48+1.041*
RAT  0.158+0.049  3.818+0.257*%*  3.855+0.422 3.814+0.583 3.142+1.415
IAT 0.338+£0.072  5.041+0.469%# 4.776+0.354 4.839+0.371 4.066+1.313
BAT  0.119£0.027  0.826+0.164 ### 0.902+0.195 0.911+0.121 0.632+0.208

Data are expressed as the mean=SD. *#* p<0.001 compared with normal. * p<0.05 compared with

control. MAT : mesenteric adipose tissue, EAT :
inguinal adipose tissue, BAT :

adipose tissue, IAT :

epididymal adipose tissue, RAT :
brown adipose tissue

retroperitoneal
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M esenteric adipose tissue weight (o)

NG CON CIPP CIPPDF{1} CIPPDFZ)

Fig. 3. Mesenteric adipose tissue weights
in female Ob/0Ob mice.

Data are expressed as the mean+SD. *** p<(0.001
compared with normal. * p<0.05 compared
with control. Abbreviations as in Fig. 1

[¥]

Epididymal adipose tissue weight (d)
(=] - i b n (1) -

MNC CON CIFF DFCIFF{i} DFCIFP{2)

Fig. 4. Epididymal adipose tissue weights
in female Ob/Ob mice.

Data are expressed as the mean+SD. ** p<0.001
compared with normal. * p<0.05 compared
with control. Abbreviations as in Fig. 1

Retropertoneal adipose tissue weight {g)

NC CON CIPP CIPPDF{1} CIPPDF(Z}

Fig. 5. Retroperitoneal adipose tissue weights
in female Ob/Ob mice.
Data are expressed as the mean*SD. ** p<(.001

compared with normal. * p<0.05 compared
with control. Abbreviations as in Fig. 1

Inguinal adipose tissue weight (g

(4

NT OoN CIFP CIFFDF{1} CIFFDF{Z}

Fig. 6. Inguinal adipose tissue weights in
female Ob/Ob mice.

Data are expressed as the mean+SD. ** p<0.001
compared with normal. Abbreviations as in Fig. 1

Brown adipose tissue weight (o)

0.0 -
NC CON ClIPP CIPPDF{1} CIPPDF{2)

Fig. 7. Brown adipose tissue weights in
female Ob/Ob mice.

Data are expressed as the mean+SD. ** p<0.001
compared with normal. Abbreviations as in Fig. 1

4. Q4 A 3}3tEA

1) % HDL-cholesterol 5=

°FE Fof Az 105 ¥ ¥4 W HDL-
cholesterol®] =% A3 A3, HAL
66+7.32991 B]3}ed o -2 163.429+47.258
2 FH 2 = B o (P0.001),
x| ®]sked CIPP., CIPPDF(1)3}
CIPPDF(2)+ Z+7t 163+51.685, 132+53.684,
124.429+55.2472 22 s =5 dehion
oA gl (Table 8, Fig. 8).
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Table 8. Blood Analysis in Female Ob/Ob Mice

Unit Blood Analysis Data
Normal Control CIPP CIPPDF (1) CIPPDF (2)
Glucose mg/dL 169.75+36.574 470.857+123.316% 449.714+187.366 560+251.068 711.571+191.555*
TG me/dL 50.875+7.882  88+43.355%  86.143+35.737 105.143+79.136 117.143+74.23
TC mg/dL 67.25+5.574 206.143+68.987% 217.714+77.854 144.571+53.11 135.571+52.262
HDL mg/dL  66+7.329  163.429+47.258%* 163+51.685  132+53.684 124.429+55.247
LDL mg/dL  10£2.828  39.857+21.559%* 44.429+23.444 18571+13.439% 15.143+10.057*
FFA uEq/L 1156.5£155.454 1991.571+459.718% 1750.571+291.538 1854+508.9 1788.714+231.68
Insulin ng/ml 1.053+0.809 12.226+4.978%%  10.203+3.02  9.213+4.477  8.88+6.487
Data are expressed as the meaniSD. # p<0.05, ** p<0.01, ##*# p<0.001 compared with normal. * p<0.05

compared with control. HDL : high density lipoprotein, LDL : low density lipoprotein, TC :
total cholesterol, TG : trlglycerlde FFA : free fatty acid, 1nsu11n

]

[

I
@
&

L.
=]
1

HOL chalesterol concentration (mg/dL)
L)

LOL cholesterol coneentration {magfdLy
T e i ay

4
NC CON CIPP CIPPDF(1} CIPPDF(Z) MC COM CFF CIPPDF{f} CIPFDF(Z)

Fig. 8. Fasting plasma HD L-cholesterol Fig. 9. Fasting plasma LD L-cholesterol

levels in female Ob/Ob mice.
Data are expressed as the mean+SD. *#* p<0.001
compared with normal. Abbreviations as in Fig. 1

2) 8% LDL-cholesterol 5=

oFE Fof A2} 105 ¥ ¥4 W LDL-
cholesterol®] =& = d
10£2.8281 B]sled o 22 39.857+21.519=
FroeHA e =5 RHow(P0.001),
2ol vl CIPPDF(I)A’ CIPPDF(2)
= 77} 18.571+13.439, 15.143+10.0572 ¥
FTEE vehl 3wkl CIPPE 42
444294234442 ¥ FEE e o,
CIPPDF(1), CIPPDF(2)°lA <8t 7
A5 B9 oH(P<0.05) (Table 8, Fig. 9).

lo

levels in female Ob/Ob mice.

Data are expressed as the mean+SD. ** p<0.01
compared with normal. * p<0.05 compared
with control. Abbreviations as in Fig. 1

3) 8% total cholesterol ¥ %

oFE Fo] AlZ} 105 ¥ &3 W total-
cholesterol®] s=& A3 A3, HA+-
67.25+5.5740] B|3}Fe] o 22 206.143+68.987
2 foH B2 555 9o (P0.001),
2 wlsle] CIPPDF(1) %} CIPPDF(Z)
= 27 144.571453.11, 135.571452.2622
TEE Jehd ow, widel CIPPE 7—.‘7—}
2177142778542 ¥ w5 depl oy
EelA fr2] A2 glsiek(Table 8, Fig. 10).
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Fig. 10. Fasting plasma total cholesterol
levels in female Ob/0Ob mice.

Data are expressed as the mean=SD. ** p<0.001
compared with normal. Abbreviations as in Fig. 1

4) dF triglyceride %

oFE Fof A2} 105 5 Ak W triglyceride
o FEE AT A, AT 50.875+
7.882¢ wW]aled o 22> 88+43.355%
A EL FEE Hew(P0.05),
CIPPDF(1), CIPPDF(2)= Z+7 105.143
+79.136, 117.143+74.232 o 2ol B]35}ed
o 5T vehllen, el CIPP=
86.143+35.737% P& x5 Jeld o}
oA gl (Table 8, Fig. 11).

2 8 8 8 5 83 8 8

Triglyceride concentration {ma/dL)

Lk
ST

MNC CON CFF CIPFDF(t) CIPFDFZ)

Fig. 11. Fasting plasma triglyceride levels
in female Ob/Ob mice.

Data are expressed as the mean+SD. * p<0.05
compared with normal. Abbreviations as in Fig. 1

5) 83 free fatty acid(FFA) =
b= 7ol A1 105 5 A | free fatty

acid®] FE5 SAT A3} AT 1156.5+
155. 45401] H] s} Eﬂi:—v':% 1991 o71+£459.718

Fosl B2 FE5 H9om(P0.00D),
“H Zzxel #lsted CIPP, CIPPDF(I)#
CIPPDF(2)+= 77+ 1750.571+291.538, 1854+
508.9. 1788.714+231.682 ¥ =& e}
Hort Rl A frojAd 2 Atk (Table
8, Fig. 12).

Free fatty acid concentration (UEgQL)

o

NC CON CF CIPPDE{1} CIFFDF{Z)

Fig. 12. Fasting plasma free fatty acid
levels in female Ob/Ob mice.

Data are expressed as the mean+SD. ** p<0.001
compared with normal. Abbreviations as in Fig. 1

6) % glucose 5%

oFE Fof A2 107 F &4 W glucose
2 %E% A3 7éTJr, A A 169.75+
< 470.857+123.316
=5 230 (P<0.001),
]5]' o] CIPPDF(1)Z CIPPDF(2)
7y} 560+251.068, 711.571+191.555% =
TES debllen, Hide] CIPP+
7y 449.714+187.366% F& 55 e}
O}, CIPPDF(2)ellA EAA< §9
o] 31 tH(P<0.05) (Table 8, Fig. 13).

()
CD
CJ‘I
ﬂ
Ny
=2
—|—f_‘
£ .
ol{‘ :V‘:,r
1ru HJ

O
r{J
é

o ¥ N rlo rlr £

30



J Korean Obstet Gynecol Vol.31 No.1 February 2018

&00

Glucose concentration (mgfdL)
]

NG CON CIFF CIPPDF{1} CIPPDF{2}

Fig. 13. Fasting plasma glucose levels in
female Ob/0Ob mice.

Data are expressed as the mean+SD. *** p<0.001
compared with normal. * p<0.05 compared with
control. Abbreviations as in Fig. 1

7) &% insulin ¥ %

k5 Fo A2 105 £ A W insulin®
A A 1.053+0.809¢
2 12.226+4.9782 EAH o
130 (P<0.01),

olr] Zhz}+ 10.203+3. 02 0.213+4. 477 8.88+6.487
2 FEE e o EAH
32 9o (Table 4, Fig. 14).

S )
I

Insulin concentration (ngf m)

= om ow
1 L

(ST ¥

NC CON CiPP CIPPDF{1) CIPPCR{Z)

Fig. 14. Fasting plasma insulin levels in
female Ob/Ob mice.

Data are expressed as the mean=SD. ** p<(.01
compared with normal. Abbreviations as in Fig. 1

6. In vivo A& SAA ¥ &I

1) gelAel w3

A1 Eo]] 23} peroxisome proliferator-activated
receptor a(PPARa) 8] A2 o] & A3
=5 A5, AU ¢ ol Ao 2y
o] 9lvh. PPARax o EA3l:= &
2E A & FREA AAFS A
WA Abel] AAR g2 FAAE =4
3}+= transcription factore]th. 53] =4k
b oAbstE Ao W E 313l w|nka
s A3 Aeq d#A gl
o}, B T A= quantitative real-time
PCRE o] &3t A|ubal B-Abste}l #=A
PPARa A A2 wael nv)2]= CIPP
2 CIPPDFe| &35 XA 24
AAZ = v EZ =g oled &3t AW
Ab 3-AF2} & 4~ medium chain acyl-CoA
dehydrogenase(MCAD ), very long chain
acyl-CoA dehydrogenase(VLCAD) ¢} |
FAFl EA I A WA B-AESE Al
acyl-CoA oxidase(ACOX)¢] mRNA 4%
<+ XAk

ACOX mRNAE] 735 AT vl
2 bl i Eea }

ol F7hsk AL CIPPDF(I) CIPPDF(2)
oM FefstA F7skal = (P<0.05).

WH VLCAD mRNA w32 A Akell
2l

DR EERE L e EE R
BE AYE] FAshGon £
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Fig. 15. Effects of experimental groups on
mRNA levels of genes involved in fatty

acid B-oxidation in the liver.
* p<0.05 compared with CON

(2) Zhell A o] AupAA -5zt whad o
H 3}

A E A= Y E2AQ Ehel=
fatty acid synthase(FAS), stearoyl-CoA
desaturase 1(SCD1)7}F 9lom, o]& &4
=< 98 AARIAEY 2 S e
o] 5 A AFelAlel| = peroxisome proliferator-
activated receptor y(PPARYy), CCAAT/
enhancer-binding protein a(C/EBPa)7}
Aot metA CIPP % CIPPDF7ZF ol &
AR HHdE A v =4

SHeA) obnia o f414HE) mRNA

= ggE A goddh. C/EBPa
mRNA®| ¢ A Lol vlsf Qo] 5
7vekgd 3z, dl 2l Hlsl CIPPDF(1)el
A fe s A Z71ske BH(PL0.05).
PPARy mRNA®] 7% &ALl v]3)
o 2o Z7bsted s, CIPPDF (DA £
o) &HA 2FAs oH(PL0.05) (Fig. 16).
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Fig. 16. Effects of experimental groups on
mRNA levels of genes involved in lipogenesis

in the liver.
# p<0.05 compared with NC. * p<0.05 compared
with CON

2) AuzA Ao &3}
(1) AR A 2] A uFAE B-AbstE
A Az e e W)
< WA w2 9 8= ko]
zZ-g Foll Al 2 A}el
Holw, WA ube] v]kITEA A}
4, 1334, Al 23 2% §2
WA A e] Jomzr AT F
o] WAl x]ulz 2] (epididymal white adipose
tissue) = Al-&3ted A2 WAS A}
skl
ACOX mRNA®| 79 Aol u]3)
qx2e] F71ek s, Lol Bls| CIPP
= s Sk an(P<0.05), CIPPDF(1)
= oAl Ak e (P<0.05). MCAD
mRNA®] 7% ATl uvls] sz o

CIPPDF(2)& frelstl 713ksdeh(P0.05).
VLCAD mRNA®| 7§ Aol nls) o
T2 FoFA 2FAsA 2(p<0.05). =
ol B3 CIPP. CIPPDF(2)+ 9
A 7k 423k ek (P0.05) (Fig. 17).
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Fig. 17. Effects of experimental groups on
mRNA levels of genes involved in fatty
acid B-oxidation in the epididymal adipose
tissue.

# p<0.05 compared with NC. * p<0.05 compared
with CON

(2) WA AYAH FAA
uha] o] W3}

C/EBPa mRNA®| 7% Akel v]s)
dazel felehA F7hshed P05,
ol ws APLe dFe wA o
skt SCD1 mRNA-"J
IR ES e
CIPPDF(1). CIPPDF(Z)
22813 =H(P<0.05) (Fig. 18).
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Fig. 18. Effects of DF on mRNA levels
of genes involved in lipogenesis in the
epldldymal adipose tlssue

#p<0.05 compared with NC. *
with CON

* p<0.05 compared
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] 2 28t PPARa]
Zlelt}, whEir] & Ao
quantitative real-time PCR& ©¢]£3}¢]
A vkAl B-Abstel FHE PPARa A H
A} &) wx]= CIPP % CIPPDF9
B35 A

MCAD mRNA®| 7% AAFel vl
HEzFol oA FFAs] 1 (P<0.05),
o) 2+l v]s] CIPPDF(1), CIPPDF(2)

oﬁ

RNl = £ g
rlr el T oZ o rfr ol

frol st Al F7k= 91 2™ (p<0.05) CIPP

o) &} A ZFA3Fd wH(p<0.05). VLCAD

mRNA2] 7% AATel vl o 279

Z7}skl 3, gzl ulsl CIPPDF(1),

CIPPDF(2)& +o3Hl S713FsdeH(p<0.05)
(Fig. 19).
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Fig. 19. Effects of experimental groups on
mRNA levels of genes involved in fatty
acid B-oxidation in the skeletal muscle.
#p<0.05 compared with NC. * p<0.05 compared
with CON
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mRNAE ALl wls) Az 71

s, gzl Bls CIPP= 2l
Z 78k = (p<0.05) (Fig. 20).
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Fig. 20. Effects of experimental groups
on mRNA levels of genes involved in

lipogenesis in the skeletal muscle.
* p<0.05 compared with CON
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A o] zastgon, CIPPDR(DIA &
o)A o] ¢l (Table 5, Fig. 1).

A o] E& ATl B3] tF o]
T84 = (P<0.001). ) Zol H]
Sle] FEFoATL BF AlolaEo] U3k
o, CIPPDF(1)#lA 20.62% (P<0.01)
+293 A4S R (Table 6, Fig. 2).
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CIPP, CIPPDF®] nlgt A 2g-o] o
w3k 2gr1dE SEA RIHHEE A
2s] 7] s el A AbE ket A
xo} AIAE B A S Ao
o WAAWEzA AN Awabst '

(MCAD, ACOX, VLCAD)$} AuFAA
4A2(FAS mRNA, C/EBPa mRNA,
PPARy mRNA) &< =A% 1)

vt A9 jp vivo BEAYETSH EAMS

AupabaEte) e wgks oAbl 8
e Jen geid glem, o
k)

activated receptor a(PPARa)¢ A&
ol ARES A5, e 4 9l
o2 ¥3He] 9tk PPARa: 9
At T2E FEAY T FTHEA X
A3 A A Ale] AHAHEH @ A

s 2AeE

—

-
L.

FNC sl

=
AN

transcription factore]ot.
53] AupAab AbslE o] S Fx1%
of vt AAGALE A3t
odelA Sloh & AFolA = quantitative
real-time PCR< o] -&3}e] A|ulal B-AF
3to} #Hg PPARa A4 o
u] 2= CIPP, CIPPDFY =& A+
sheleh £4 4AAZE wEEEe ol
EA 8 AWAE B-AbEtE 49l medium
chain acyl-CoA dehydrogenase(MCAD),
very long chain acyl-CoA dehydrogenase
(VLCAD) 8} |l SA|Fell EA3tE AW
Ab B-Abs} & 429l acyl-CoA oxidase(ACOX)
°] mRNA #F& XA+

WA CIPP % CIPPDFel 93 wjqt
AA &7t 29 PPARa &A% 319
b FlAE detr 7] ¢kl PPARa
o] A o2 A peroxisomeol A X HFAES]
B-Akz}el] eddl= &4 acyl-CoA oxidase

(ACOX) <} 3-ketoacyl-CoA thiolase(thiolase)
9} 7] mitochondriael A 243} very
longchain(VLCAD), long chain(LCAD),
medium chain(MCAD)® short chain
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SFE A9,
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fell Hla] 2ol 71}52?‘3}93131, 2

A
o
2ol Wa 2E NPT F71e9
o
o
g

kY

¢

[e)
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enhancer-binding protein a(C/EBPa)7}
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AR BAE zAste] wwre w43

A Lotr 31z} o] FAAES mRNA
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st51aL, CIPP., CIPPDF(1)ellA 237
Z7Feb A =H(P0.05). SCD1e 75 A4
woll vl el Fhst L, dxe
of vl AYFLL IS WA FdH




Ob/Ob DIRAOM HERRFAL ERRAFA & B

C/EBPa mRNA®| 7% AHAlol ]3|
dxzol Frrekda, dxTel Ml
CIPPDF(D)ellA  foatAl F7tatsd et
(P<0.05). PPARY mRNA® A% AAT
of vl dxe] S8k a, CIPPDF(1)
AN A Fo3HAl FFA eH(P<0.05) (Fig. 16).
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2] v}
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A F3 fHe] Fomz AYAT|F
2] wh Al =]u}kz=) (epididymal white adipose

tissue) = Al&3le] F-AA wHAE A}

A v}z =)

5 AT wlE Azl Frhsk AL
Azl vl CIPPE 84l Z71s)
9 22(P<0.05), CIPPDF(1):= ++2l35HA
743k v (P<0.05). MCAD mRNA®] 7
+ Aol wls] dxze] Ak, o
Zl B8] CIPP, CIPPDF(1). CIPPDF(2)
E st F7kekad = (P<0.05). VLCAD
mRNA®] 7§ Aol wls] x>
FroshAl FHAskd 2 (p<0.05), Wz
vls] CIPP, CIPPDF(2)+= w434 #
23+ 2H(P<0.05) (Fig. 17).
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(p<0.05) CIPPE #ol&tAl FFastadot
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ol st Al F7+aksd ok (p<0.05) (Fig. 19).
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sl dj o] Zh AR WA FHA,
FAZLAAME fFolstA A
(P<0.05), CIPPDF(1)3} CIPPDF(2)

7k WAA Al {28 A 5ot
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