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8 oF ! T o|AETEE Y] Sl it folg B3 wiRel] HAEAAAEY] TS B Uk
2 AF= FadA FollA diF olaZetEd AULEIIY +FeE 14 2)(Gen+SE)7F AH 2H
S=42(Gen) 2t 4+F=F G=ASE)el vl B} 7t 7]5 A olet AU axE yerd A
IS AV, dAEA HA= FA=E thxw(Con), Gen, SE ¥ Gent+SELZ Uro] 85 Ft 11%]
Aol 5 AA st 5 7A, WAz Ao 2|, 7k 229 WA 9 A & ALTS AST 215
ZARE A3 Conll H8] Gendt SE= Z4st9 1 Gen+SEE Gend} SEof vl o §38 oz 7H4sty
o ZF 22 oA F54 Aol EZERIQN IL-69F TNF-a 182k8] ' Conoll HIS] Gen¥} SE HFof 4]
F4aot3al, Gent+SEi= Gen SEf| |8l Bl FAsklth. 12|y adiponectin F-74%F2] ¥Hed2 w9
A7t Yepsteh 7F 2 Aol A 2AE AFsket yHE {228 B2 Conoll HISH Gendt SEOf|A] S-7}s}
3L Gen+SE+= Gen} SEof| Hlal o F7lstgint. whebA] 2 dAts tif o|aEe ity +9-59 4ozt
B2 FAadEA] HgE Fol A gk -3 ZshE 7F 7] Aol mi- matAolm, o] A2 tAEA] oA
Zre] 2R ARSLE X1t o =) AR Aolek= S AlRbeich

FAo] : HEL gl o]2EAkE, +¥2E 7 HE

Abstract : Soy isoflavones are attracting attention from postmenopausal women because of their
beneficial effects on menopausal symptoms. This study was investigated whether a combination of soy
isoflavone genistein and swimming exercise (Gen+SE) would have a beneficial synergistic effect on
obesity and improvement of liver function compared to the genistein only (Gen) and swimming
exercise only (SE) in ovariectomized mice. Ovariectomized mice were randomly divided into control

TCorresponding author
(E-mail: jsh0227@mokwon.ac.kr)

- 589 -



N
ox
ol
fol

Journal of the Korean Applied Science and Technology

group (Con), Gen, SE, and Gen+SE, and were fed a high—fat diet for 8 weeks. As a result of
examining the body weight, weight of white adipose tissue, lipid accumulation of liver, and serum
ALT and AST levels, both Gen and SE decreased compared to Con, and Gen+SE decreased more than
compared to Gen and SE. The expression of inflammatory cytokines MCP-1, IL-6 and TNF-a genes
in liver decreased in both Gen and SE compared to Con, and were further decreased in Gen+SE

compared to Gen and SE. But The expression of adiponectin showed opposite results. The expression
of fatty acid oxidation related genes in liver increased in both Gen and SE compared to Con, and

were more effectively than increased in Gen+SE compared to Gen and SE. Therefore this study

suggests that the interaction between soy isoflavone and swimming exercise is very effective controlling

obesity and recovering decreased liver function, and this is caused by promoting fatty acid oxidation

in the liver in ovariectomized mice.
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1. M E

WHle fFdEE dvzel AR oyz] 7t
o] Ev@or dv oUAE FAAAY FH=
2 FHoto] AWEARAE F7HA7]12L
re BRE ofuet P Aok F447
g HAdAoR SAste] HIGFEY A%t
Z3%Hnonalcoholic fatty liver disease)= ¥o71
o1l
HGEEY  AHxEee
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(estrogen receptor)2} ZAgsto] o AEZ T} H
=t AEgy Z8-E stER AEA JAE=RZ
olgfal {H21]. tHF(soybeans)oll ZFHH o]i
Zet o 2 widA (glycoside) FEfQl AU~
H|< (genistein) ¥ tFo] EA| 9 (daidzein) o] TH22].
5 olAZeHEe AWyl 4 i felgt
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AYS Mdoke AeR deFTH23-25]. E9
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2. M ¥

2.1, H8sSE

A7 AE AR FHe dAF 98 sErY
2 de A8 oH16-18]. &4H F(C57BL/
6] female mice, 75, Daechan Biolink,
Chungcheongbuk-do, Korea)= G444 &
g 3 199 IE 77 & A AR
dadA) oA HAe FAE x2(Con), AlY
2EIQD A (Gen), Y+ HECE) 2 AYA
B9l Ae]+595 w(Gen+SE) .2 LpFo] 85
B AT Ao] AlmE AFotHA ARSEIH
(Fig. 1. BRAE 59 284, 49 pAoR &
Aoty At 7 222 8FA o AHHSHAT
Ad FHAe= AE 713 8F B =3 Holg SR
5] AFstH e 1247 7+A9] light/darkness
cycledt o A7 FA=HE 2404 ARSEI
ot sE4AE2 71EM dgw)e] FEAEEY
93] 9 Hob Ptk (No. NVRQS

o
s AEC-16).

SAAYE HA7] Hgteg fEE 7F 4

8 weeks
® 9
| Con | High-fat diet
,/l Gen | High-fat diet + Genistein
. SE | High-fat diet + Swimming exercise
Ovariectomy,
Loss of estrogen
& | Gen+SE | High-fat diet + Genistein + Swimming exercise

1
v

Adipose tissue and liver weight were measured.

[ All mice were sacrificed, and their blood and tissue were collected. ]

Fig. 1. Experimental design.
Female ovariectomized (OVX) mice (n=8/group) received high—fat diet or the same high—fat diet

with Gen (0.1% wt/wt) for 8 weeks.
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Aol AHgE TAFAle] AR(D12451, High
fat diet: 45% kcal fat):= v]= Research Diets
AHReseatch Diet, New Brunswick, NJ, U.S.A.)
9] AolH, AYLHQI(G6649, Sigma—-Aldrich,
St. Louis, MO, U.S.A)2 IARFAo] Alzof &
}5to] ARRSEATHO.1% wt/wt). G52 &
Z(Imx1m, 3517, Jeiotech, Seoul, Korea)®]
A 8F B8 T 5Y, SFF 6024 13] AAsH
ot AEE =Y 25 4L Al A 1F 5
r2 w1084 2EAIMS AREes F7HA
Ak,

2.2, Zto] =x|stH 2N
Hematoxylin & eosin GX-& 98, 7+ 23]
10% phosphate=buffered formalin®] 1¥¢ &
DAt AE. w2t W (paraffin) 2H-E 9] AlH
gAAQl g4 9 xylene& o83 EPIFS
AR % ot ol (embedding) 18-S AAI5H
or. Auld AAE flel Zoet 24S 4mzE A
©3le] hematoxylin & eosin® 2 FA3}ATE

r% o

}1_:

alanine aminotransferase (ALT)®} aspartate
ASD+= =47 =A
(Green  Cross  Laboratories,

Korea) o4 =24st3ict.

Aminotransferase
Gyeonggi—do,

2.4, RTEX UYH 2M

ZF 2 100mgoll &3l & trizol (k-3090,
Bioneer, Daejeon, Korea) ImlE ¥31 SEAL
o|AZ mhfistct. o]AS Ao 5EIF ¥EA|
711 chloroform (Sigma—-Aldrich, St. Louis,
MO, US.A) 200 ¢ 1E H7Fst & 20%7F flot
2 S50 HdAHez F S F AR 3B
7+ A AT AR (13,000rpm, 4T, 158)
Sto] AASNS A2-E microtubed] 4 © Z
2 9F9] isopropanol (Sigma-Aldrich, St. Louis,
MO, US.A)E Z7Iste] A2o4 1087 ¥
A Zer. 9AEE(13,000rpm, 4C, 158)3te] &
B Higo] 471 RNA pellet?t 7] 88 A
Astat. 70% g fH(1mDeEZ  RNA
pellet 23] A& & AR2ox RE F4S o
ol A A5 AXAFHS o7]el 0.01%
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DEPC (diethly pyrocarbonate) &< 30 xl& 3
7¥ste] RNA pelletS &A1 7o}

Complementary DNA (cDNA)E &A4s17] 9
Sl total RNA (2ug%E moloney murine
leukemia virus reverse transcriptase (MMLV-
RT, DR01601, Doctor Protein, Seoul, Korea)2}
Oligo—dT (79237, Qiagen, Venlo, Netherlands)
£ Argsto] JAAAZT. = RNA Q2ugel
MMLV-RT, MMLV-RT  buffer, dNTP
(deoxynucleotide) ¥ oligo—dT mixtureE &%
Skl 50ColA 60 WHEAIZAE. FHdE cDNA
L 95TfA B2+ predenaturation &,
denaturation (95°C, 30%), annealing (58°C, 30
%) 9 elongation (72°C, 30%) 3©@AE HME(23
3]~402])ste] DNAE SEAZIh Agle] AHE
H PCR primers®t 2712 table 19 AAlsIAH.
PCR 422 1% agarose gelol 7|55},
Syngene  GeneGenius  Gel = Documentation
System (Syngene, Cambridge, UK)& ©]-&5}o]
B skt

2,5, X2 EAEN

%5 2 BAE fo4ds 4ot Yl
SigmaPlot 2001 (SPSS Inc., Chicago, IL, U.S.A.)
9] unpaired, student’s r—testE ©]8otH 1, E
2 mean =+ standard deviation (M + SD)S
2 FAsHH. folaesd p0.052 A5k

8% Bt WAMAo] ARE HAW FATA

% ojxZehe
e

[€)

05) 2% oy 854
A HE2 IAPAelE AT dxE F
(Con)= 169.15+2.46%°19, AUAH<Qle] A7}
1 aAgAelg AdFet H(Gen 13560+
3.71%01™, AAFA0)E HFstHA +FsS
3 FSE): 127.48+2.75%c1H, =1 AUA
gelo] AHzlH 1ALYAS HFHstHA F95
S 3t F(Gen+SE)= 118.1945.02%0°]t}y. 181
Gen¥} SEO| 054 77 thH] 854 FF7 H|
£ Condl| Hl&l zHzF 19.83%%} 24.63%4 74
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Table 1. Sequence of oligonucleotide primers and PCR conditions

Gene ?;S Primer sequence An?%jlng Cycle
. . F: 5 - -3
Adiponectin 700 2 gaagatgacgttactacaac 3 55 23

R: 5" —ggtagttgcagtcagttggt—3
F: 5 - -3’

CPT-1 597 . 5 , tatgtgaggatgctgettcc—3 ’ 58 43
R: 5" —ctcggagagctagacttgtc—3
F: 5 - -3’

MCAD 31 . 5 , gacatttggaaagctgetagtg—3 / 58 40
R: 5" —tcacgagctatgatcagectctg—3

16 155 F.. 5 / —tggagtcacagaaggagtggctaag—/3 5g 30
R: 5" —tctgaccacgtgaggaatgtccac—3

TNF- o 300 F-. 5 / —ggcaggtctactttggagtcattge—3 ) 58 34
R: 5" —acattcgaggctccagtgaattcgg—3

S—actin 348 FZ. 5’) —tggaatcctgtggcatccatgaaac—3: 58 )3
R: 5" —taaaacgcagctcagtaacagtcc—3

CPT-1. carnitine palmitoyltransferase 1, MCAD: medium—chain acyl-CoA dehydrogenase, /L-6:

interleukin—6, 7/NF-«: tumor necrosis factor—a

S, GentSEx=  Gendt SE  Z4zto| H|S|
12.84%, 7.20%% EAACR SolstA] 2Hasta
o A 874l Fo =& FH= FFA 2t
AR UebdthFig. 2B). aAHAlo] HH =
7Rt EFAe AY2HIR Il ofsh
Hdaston, AY2eY 952 FAIA
© AYZEHRJY sdes 2o D=2 v
S mi-¢ myvpHom FAaAzih

3.2, HHAMIX|EIE
ES- 18- k=3

AYLHJIT Fgeso] WA 2] (white
adipose tissue, WAT) FAlo u]x&
A¥etelth(Fig, 3). Genit SEX- % wiaizjubz
o A7t Conell HIsl #Astaon AYAE
I s e d=Ae] os fgad W
A EA Y] FAE AYAEIRIY H952
SAA oJsf H& #astd 55A v
T WAz xA FA L] HlE 7%, Conel H|dl
Gen} SE Z+Z+2 41.98%, 42.92%% ZTASIA S
H, Gen+SEx= Gen¥t SE ZfzZ}e] H|sf Z}zh2
33.43%, 32.34%% SAHOE {Fo5tA A4S
At AYU2EIIY g5l ogh WAy
2] A Wsk= BFA WSkl fARE ARk

R

—_
'
A}

==

By oleldt AAUE Avsee]
Fol W MAAYEAS FARAHOEA wE
2 zdstn AYzET 59
Lot gele] ws 3P

(synergistic effects)”} )22 AAlsHA

3.3. Zt 2AI} ZtMZ | X|EZHol St
i+ olAZE2I2a =F2
Conell H|a} Genmt SE9] 7+ FAE= ZAZb2
29.39%, 33.88%% TASIF O™, Gent+SEx=
Gen®ll H|5} 7.23% TAZHC=Z FostA Fi-sf
Aot (Fig. 4A). Hematoxylin & eosin @4
B 1 229 QHAFAE BN 27, Gend
SE= Conol| HIs THA|3Ze] 22 0] F7FsHGL
O™ Gen+SEE Gend}t SE Z+zto] HIs| FAT
Hastek(Fig. 4B). A2l

08
o

I
)
fol
B

g AFHg dx
A FAe o] A- GEo] 7+ o] FH 5o
Ae7to] FEE T 7] BAZL Ftste, o
2t AAFS A2l 5ol 25 oA
H3 AYzEHQlY 450 FAAMEE o &
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(A) —e— Con
- —o— Gen
8 160 —7— SE
= —v— Gen+SE
£
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2 140 - T axn
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B
g 120¢ s
2
5
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11}
80 1 1 1 1 1
0 2 4 6 8 10
Treatment period (weeks)
(B) Gen Gen+SE

Fig. 2. Effects of soy isoflavone genistein and swimming exercise on body weight (A) and whole

body shape (B).

Female ovariectomized (OVX) mice (n=8/group) received high—fat diet or the same high—fat diet
with Gen (0.1% wt/wt) for 8 weeks. (A) Body weights were measured twice a week, 4 days apart,
and (B) whole body shape were photographed at the end of the treatment period. All values are

* ok

expressed as M £ SD.

p<0.001, compared to Con, " p<0.01, compared to Gen, *p<0.05, compared

to SE. Con: control, Gen: genistein, SE: swimming exercise, Gen+SE: genistein plus swimming exercise.
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Fig. 3. Effects of soy isoflavone genistein and swimming exercise on white adipose tissue.

(A) Total white adipose tissue (WAT) weight were measured and (B) abdominal WAT were

photographed at the end of the treatment period. Female ovariectomized (OVX) mice (n=8/group)

received high—fat diet or the same high—fat diet with Gen (0.1% wt/wt) for 8 weeks. All values

are expressed as M + SD. " p<0.001, compared to Con, " p<0.001, compared to Gen, ***p<0.001,

compared to SE. Con: control, Gen: genistein, SE: swimming exercise, Gen+SE! genistein plus swimming

(B)

exercise.
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(A) 1.4

Liver weight (g)

Con Gen SE Gen+SE

Fig. 4. Effects of soy isoflavone genistein and swimming exercise on liver weight (A)

and hepatic lipid accumulation (B).
Female ovariectomized (OVX) mice (n=8/group) received high—fat diet or the same high—fat diet
with Gen (0.1% wt/wt) for 8 weeks. (A) Liver weight were measured at the end of the treatment
period. (B) Representative hematoxylin and eosin—stained sections of livers (original magnification,
x100). Arrows indicate the lipid droplets in hepatocytes. All values are expressed as M + SD.
" p<0.001, compared to Con, " p<0.01, compared to Gen. Con: control, Gen: genistein, SE: swimming
exercise, Gen+SE: genistein plus swimming exercise.
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3.4, €3 & ALTS ASTO| CHSH CHE
O|AEztEn 252 =4t
7t 715 ZolE SHoks R 4 &
ALTS} ASTo Higt AlYAH QIS 952 4

F2 ZE/\]%]-‘,{";E}(Fig. 5). Conoll H3} Gen¥t SE

ol E4 & ALT A& 472 33.7%, 34.24%
A A }9&0‘31 Gen+SE+= Gen¥t SE ZYzto]

H|5l| Z4ZEe 14.75%, 14.05%% AR o2 89
SHA FHASHATE Gendt SEQ] @4 & AST+
Con®l H]3] Z¥zb 16.76%%} 17.63%% ﬂﬂo}ai
on,  Gen+SE:  Gendt SE Ztzho]| H|F

16.67%, 15.19%% BAXHCo=Z fFolstA TAst

gk olefd AFAIE AULHATL £9E
o DAl HAZ K 2 el AW 4R
S BEAORH 7 A5 AN Az
A3} £925] FAAL} vS anadL 3
At

3.5, Zt EZ0l ofst tiF o|AZ2t=2a g
259 &1

DA o] AMRE AHT dAEA FH] T

A FEE AlEFRRD S o] Wik AlY

2EH]QIT #9252 JFE ZASEAtHEg. 6).

IL-6 749 Wd-& Conol H|S| Gend} SE=

Y2y 29.03%, 22.58%% Aot 0w, Gen+SE

60

ALT (IU/L)

SE Gen+SE

Con

Gen

AST (IU/L)

da84 9] 2

71 el Al AdA &3 9

© Geni} SE Zkzto] w8l 712} 31.82%, 37.5%
W FAHSR FolstA FASHATE. GenTt SE
9] TNF-a F42e] HAL2 Conoll Hls| Ztzt
21.0%%} 19. O%"’q Zrastg om, Gen+SEx= Gen
T} SE Z¥Zbof H|sH 15.19%, 17.28%%R ZA Ao
2 FosH #Astaer. I3y adiponectin

Az HHe Conol HlE]l Gendt SEE ZHzb
33.57%, 27.23%% Z7Fste™, Gen¥t SE|

HS| Gen+SE= 242} 24.77%, 31.03%% FA A
o folsh Fetedeh. TAWAe] Aol 4
A Hgo] grE dAEAl As AULsHS
Sl o8 MY @FA Atolztel 2
Ape] o] Zastel wigte] o @FL AX
stgon], olefg A AUzHL +5%
o gEARE AUALAT} SdeEe]
AAEt o Ao Vebt

3.6. X|ghib LAtstoll
289 53
uAEAo] AteE AFE FAaEA F O] Tt
A A4 Arstel BRlE PPARe BF /47
Ao gk AYAH]RIY} £9850] 9FE £
Aot tk(Fig. 7). Carnitine palmitoyltransferase
1 (CPT-1) #x47¢] H&@L Conoll HI5| Gent
SEE Zt7b 43.18%, 53.43%% S7tstoH,

st 5 olaE2t=2D

_

140

120

-
o
=]

80

60

40

20

Gen+SE

Con Gen SE

Fig. 5. Effects of soy isoflavone genistein and swimming exercise on serum ALT and AST.
Serum ALT and AST were measured at the end of the treatment period. Female ovariectomized
(OVX) mice (n=8/group) received high—fat diet or the same high—fat diet with Gen (0.1% wt/wt)

for 8 weeks. All values are expressed as M
#5<0.05, compared to Gen,

swimming exercise, Gen+SE: genistein plus swimming exercise, ALT:

aspartate Aminotransferase.

+ SD. "p<0.05, " p<0.01,
"p<0.05, "*p<0.01, compared to SE. Con: control, Gen: genistein, SE:

*kx

p<0.001, compared to Con,

alanine aminotransferase, AST:
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1.0

(A)

Adiponetin/p-actin mRNA (R.D.U.)

Con Gen SE Gen+SE

0.4

0.2

IL-6/p-actin mRNA (R.D.U.)
TNF-o/p-actin mRNA (R.D.U.)
&

0.0
Con Gen SE Gen+SE Con Gen SE Gen+SE

(B)

Adiponectin
IL-6
TNF-a

p-actin

Con Gen SE Gen+SE

Fig. 6. Effects of soy isoflavone genistein and swimming exercise on expression of inflammation
genes.

(A) Quantitative analyses of RT-PCR. Female ovariectomized (OVX) mice (n=8/group) received
high—fat diet or the same high—fat diet with Gen (0.1% wt/wt) for 8 weeks. Total RNA was
extracted from the liver. All values are expressed as M £ SD of relative density units (R.D.U.) of
three independent experiments using A -actin. p<0.05, = p<0.01, compared to Con, *p<0.05,
compared to Gen, “p<0.05, " p<0.01, compared to SE. (B) Representative RT-PCR bands from an
independent experiment. Con: control, Gen: genistein, SE: swimming exercise, Gen+SE: genistein plus
swimming exercise.
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e e e
- o [}
T

CPT-1/p-actin mRNA (R.D.U.)

MCADI/p-actin mRNA (R.D.U.)

e
o

Con Gen SE Gen+SE

Fig. 7. Effects of soy isoflavone genistein and swimming exercise on expression of fatty acid
oxidation genes.

(A) Quantitative analyses of RT-PCR. Female ovariectomized (OVX) mice (n=8/group) received
high—fat diet or the same high—fat diet with Gen (0.1% wt/wt) for 8 weeks. Total RNA was
extracted from the liver. All values are expressed as M £ SD of relative density units (R.D.U.) of
three independent experiments using f-actin. ~p<0.05, " p<0.01, "~ p<0.01, compared to Con,
#p<0.05, compared to Gen, *p<0.05, compared to SE. (B) Representative RT-PCR bands from an
independent experiment. Con: control, Gen: genistein, SE: swimming exercise, Gen+SE: genistein plus
swimming exercise.

Gen+SE+= Gen¥} SE Z¥zho] H|s) Z+zF 28.92%, 3.5, &

20.30%4 sAH SR FosHA F7tskAh Gen H7gogd2 AEvA de oF 5 WAL =0l
T} SE] medium—chain acyl-CoA dehydrogenase WA Huhy BeE whg oAby At obr
(MCAD) frzte] @2 Conell HlIs| 22 2125 9ol A4 2EEZAN AHAH 2 Ags
27.90%, 24.75%% S7Ft9om,  GentSE+ T RS Asstr 9ot mEbA B d3l o
GenT} SE 212t vl 28.47%, 31.71%% B4 Aoigel £Eudel wada oA 85 B

pi

Moz golop Z1stct. Webd £ A7AT Aol 4% i e olaZehE AL

L AUAHAT F9eFol ZelH PPARa B 2d|eli 5eFe] BAA} Zizte] A
Be B AV ANE SAGORA DAL o] ws) H 2 2 oA el e
A8 AR 93 Aoledlel £AE LA B3 g des gy oleuede

Atk 2L degen], oRe AU2HAT  qese] SAAe} WA He ot gt
Se 04 AR o) g wAHHoR b APRAS 9% wHel FHde AAstart
EpdTis 24 AAsHET
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ok ZAIE &9 AFEFS wAAe] P9
27}, DAER B & Af AR §Y
Z7h @ QA AW ool FE Uele]

=

2l & 4 AHH38]. ZhellA = IAEE AAY
Q12K transcription factor)?l peroxisome
proliferator—activated receptor @ (PPARa)E
7t AAAlipid metabolism)$} @3] Q3
AhE $ITH39-41]. PPARe+= A4E B -4FS}
oF At ol Bojshe o ke A
£ fFEste] 1] AAFAS AAITH42]. v
3

a

o
S

&4 ArESRs 7 2k ThoflA PPAR

9} PPARa target geneQl RIEZEZof Bte
20 24t o] Hofste CPT-1 {49
o] A5k TH43].
T olaEeREY V|HEs Bk PHT &
oh HiF olaZete] AE vAgAelE
AFIRE v H= FRACE WA A AL
Aa=qdcH44]., Fol 7P S5 olasetddd
AY2H QNS dadA 4 Ho EFAE A4
AFETH45] AY2EIQlE 85 Bt AFAT HY
T AHA A= AR A A AL
Nzt oA Atet 9 dF A7t gaskiot
[46]. AY2HIJIS A2 in vitro REA
2at @Adell FoIstE sterol  regulatory
element-binding protein 1cE& A5t THA|IE
o] AFZAS HaAZH47]. 183 2 A=
AYzsglo] dadA] O ThAzA At
Atsto] #EE PPAR« target gene®l CPT-13%
MCAD f3ze] Hads S7HZEL 89 &
ALT®}F AST 215 7iAdskelH. olzlqt 2 A+
AE2 AY2HRle] IMAES] AHAAE T
BHor xAFoRA b 7)15S Mg A
= ofmlgich

PPARa7} %19 24527t
(proinflammatory) “JH1E %AStE=, PPAR«
= 7V A" (hepatic steatosis) oA A|H7tg o2
Aol = S YokeErhal HiuHglth

phy

Gk oy

(40,41]. & Aol AYAHQLE HAES] o
4 APlEFIQIQN IL-69F TNF-o -G47te] o
A AA2AZ|IA adiponectin FAA TR F

Ol

TM7IE FEE A= YR webs ofefet
& AENE AYLE<Re] AIES AYAL 4t
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adiponectin®t  high—sensitivity
C-reactive protein (hs—CRP) $x]& 7HAstith
[50]. 8F B¢ FAtAE 5= °F HI FHe= 3t
oA NF-x¢B A% HZ(NNF-«B signaling)7}
AAISIHY EF TNF-o w7t #4asidt
[51]. #&4 52 TtollAl NF-«B 4% 7
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(IL-49} IL-6)= #HAAZ|A HRto = {UtE =
HAFEA AB7hS ZWAdskde52]. E=3t 85
U At E2 IATAolE AFHT FHO

[e]
kB Qlitste] mlejEHOR ¢
(IL-6, TNF-a, MCP-1)= ZAAHOZH,
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< JHAsHATHS3]. AT
2 ATE 85 5 95
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He A AR B fxte] H3E
o= @34 A=l ARAFHE
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AT ArE A At ARkl S
off 7+ F5e SARI= e AAISHIH
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coactivator (PGCO)-1a S SASIHUTt H
IstETHS4], A Ats(high  fat-high
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sugar diet) & HFT FolA 125 5 AY2H
A EFEd 59 FAIAZE 7H9 acetyl-
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AR 250 FAAEE *F dEA
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