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o] Hltzeq AYTA A%
BAFERS/N), £9L5L 51 gL
GBS ANT FaAA SEFO/9) 02 FRE 85 Bt nAuHAo]
L ZF 2R AW, 2k 2o W @% % ASTe ALTE S/Nej 1]} O/N
o4 Z7Fskeont, O/Nel s O/Selle Zasshelet. S/Ne| Blsh O/N ZF ZZo) Y 1eBa ol &
A wrdo] ZASHAT MCP-1, IL-6 2 TNF-a 9 74 W@ Z7isteieh. Tetk O/Ne| wla
O/st 7+ 2464 9] [xBao] 7SI MCP-1, [L-6 % TNF-« o] §47 Sae gasisrt. 48
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Abstract : This study investigated the effect of swimming exercise on inflammation in non—alcoholic
fatty liver using animal models of postmenopausal obese women. Experimental animals were divided
into a sham-operate + non—swimming trained group (S/N), an ovariectomize + non—swimming trained
group (O/N) and an ovariectomize + swimming trained group (O/S), and were bred while eating a high
fat diet for 8 weeks. Fat accumulation in liver tissue, liver weight, and serum AST and ALT increased
in O/N compared to S/N, but decreased in O/S compared to O/N. Compared to S/N, O/N decreased
the gene expression of IxBa in liver tissue and increased gene expression of MCP-1, IL-6, and
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TNF-a. But compared to O/N, O/S increased the gene expression of lxkBa in liver tissue and
decreased gene expression of MCP-1, IL-6, and TNF-«. In conclusion, this study suggested that
swimming exercise was effective in improving physical health by improving inflammation in

non—alcoholic fatty liver in obese mice induced obesity by high fat diet after ovariectomy.
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1. M E
2 Ao B2 ARTFxe] ek Al
Ao} ovA] Evtde st Hwt S T
ZHAZ1AL o 53] 50t olF FEAgES b
Zgolete A=l Al ols #7E A 4ol H
s w7 & o4gdef migko] Frsta 9l HA
T ERET ods52 AduAEE, 1Ed T

Tgdsto] WAgst= Aol U1l AdFst=
o2&} AH|E= o 7] Tte] EdPor WA
st= do] AqUAE S8R (triglyceride, TG) 2]
PR AF=RZ, 7, I5 Fol AFEH, v
1 2ol £2-2 H|gte] Sg®at opye) #29
Tod, HETAAL, HgISY AP T

» H 2

%

C

A7+ %H(non—alcoholic  fatty
liver disease, NAFLD)2 &F-& 4F ¢lo] &A
Sh= A Agom, ol At 2244
Aol OJoff HolF= ThAlE f AHEH 470
Uehdth ey Bl A e AbEehe v
&4 A97Hnon-alcoholic fatty liver), H|ZZ
24 AFA(non-alcoholic  steatohepatitis,
NASH) % 7Hd-fst(liver fibtosis) S FH5H=

FHA, Be2EE 5 ABHR )Y
2 2450l Yofbn] oS WA
7 AR HAREH AYRAOE ool of
Aol B AAHY 1AUZ )
ol27 sh= $Ee @AtolTH4,S).

HlE A2Y Hwd, wAEE, s
o Hgmed Aurrasel sigAds de)
274 gicHel. ol el Hletmey AgrrEshe
Uol7h S48, e 2832 45 fuE0l
sy e8] WA ol4e diEw
A oy s2e] gact ot oz AAW
wo] Zrfekn gl Paste] HlE WS

N

1S ofr

FRITHO, 10, olst 2ol HgTEA A
o gIEeIAR AMFE Hg sk,
e W7 F oA vehts 78 @y
2, 977) Hg ool Mg Azt
o WS 37k AoR d=Et web
7] wlgk cldel AR A S8 Hw &
54 71 71%59) Aol @5 Baskt,

Mg et A2E BHoR ¢ SEANO

i [e]
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ol rlok ofN
AL
ro

& oy O rd i
o o riok [0 Ho md

TAESS NSk 13]. ®3F 23
o2 AT nEZEEot 7ed
710 A4S RSt 4] 2PdA =
(voluntary running wheels) &%= HHEE2E
9l Otsuka Long-Evans Tokushima Fatty
(OLETF) rats® =54 Z7tx=(body weight
gain)E AR, A £ xEd, FAHA,
233 AP A(free fatty acid, FFA)& TAAIZ S
™, 3k oA At Ateta o] Hes
AlZ1aL 24 fdaal] WEe HAaAF]
A 7] AEAE FAAZATHISI.

AR fAE O 257 Y =
oAl mEZEeol o] AWt AtekE X
+ peroxisome proliferator—activated receptor
a (PPARe) ZZA {9 WS F7HAHC

Prorl > OB
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lo ofN

b %

>
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24 8% AAYAE M BRAS AP
Ag AEAACHI6EL BT F9e5e B4
o

A mEFEejel AR 2Ashe FAAet A
RS 25K fARe] WES FIAA W

ghg AHAsHATH1T). 2 Aol olst w77)
Hgk clie] FRmdd s 17 8% %5
ere] Sedgol WAATEAY] AT
2 Bl BRAC WARFALS FaAoR
W 4G50l T747) Hgre o] ugha e
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L3
HEF AP GFS FAEY FG
FEH20]. WepA HlEo R fEE 3L
F8 QAR e AR, 3, 28
A7 WEsle] 434 AolEskel )
FHA2e 211 2% o8] @30 23d
o @750l HuHT et 8% 1AM E
/}E]

A

=2

i ofrt ¢ 18 o

H = 25 (treadmill running, 18m/min)&
ARt a2 HAlolE HEHE A e Sl
H5HHSo] HAHAFQIA] nuclear factor—kappa
B (NF-«B)E 43H7]= Alzxet 84 toll
like receptor (TLR)QI TLR29} TRL4©o] Z4E
Ra1[22], A olE HHAG FA7t EHEE &

+(12-20m/min)& sk 1AZHY AARE At
28z 204 TRLASH &4 AplEFRI
(inflammatory ~ cytokine)Ql  tumor  necrosis

factor—a (TNFa)o] ZAZAcH23].

J8y =9g5°] Hg 283 WAL A
of ZZo] Ut ATE HiEL glon, Hgt
o7 frd HEISY AWIto]l e =HAE7]
H|gtel g o] FERHA £gFo] F Sl
uz]= gk W A= mEe et w

B 2 Aps gk 2] anA ok 14
A 8% F| SgeFel A7) gkl el
FER WAPAClS AT FAEA YA
Aol vgmey AR 7 GF AHe]
AT PEAE ZASIE.

2. 88

2.1, iz

2.1.1. A¥F
Ao AMgHE 57BL/6JF AA ATFH)e @
tighato] @ 8 3 (Chungbuk, Korea)25FE 15t
Ft. 2 3= TEAEe93 Y] ol o
gt A5t (No. NVRQS AEC-16). AJdE=
F9+52 sHA ol (S/N:

o [ e
u— Wi
sham—-operate + non—swimming trained group),

SHA| HadA & (0O/N:
ovariectomize + non—swimming trained group)
9 g AN dadA $&7(0/S:
ovariectomize + swimming trained group) &2 -
wolgln, 7 259 sohelue] A8 ARgetint
(n=8/group). HE AAFTEL IAT20] AR
(High fat diet: 45% kcal fat, Reseatch Diets,
New Brunswick, N))& Ag 7|7+ 8F 5o A
Hotdlar, ot Adl, FEF7T 124 2k
2242C7F fAE= Mughl FEARAAA A
=28 & Sw0] FETowA ARRER YA
A ekl dA HAe dadAd e 5 15
S| 2 EE P & AYe] Agstth =
= AYTES Fol7] 12A4RF Mol AtmFHol
FHEAL. RS A3 85 T AFIste] 4T
A A FESAIZ 3 2027 AAEE](4,200rpm,
40)5t EHS I

A 4T

k.

oro
1o

Jeiotech, Seoul, Korea)
oh AAAZ 15 52 13] 95 AlRES
3] 1084 Hxr F7MAIZIHA AR A
ST 2 952 8F ¢t 13 60&, 1
13], 9 54, SAAl AAlSHAT

2.2, HYHE

. =

7t 222 oFF B9t 10% phosphate—buffered
formalino|A] sttt met A (paraffin
section, S5um)-& YT AHRFE AR T,
hematoxyin¥} eosin® 2 GAste] Au]7 Slof A
ot A FEfsH 3= Image Analysis
System (Image pro—plus, MD, USA)& ©o]|-g3}
o] FAskHrh

220, 84 % 4% B4

7 V5ol s WANEE Agse 84
£9] AST (Aspartate transaminase)®} ALT
(Alnmine transaminase) s+ =42 ol2AH
(Green Cross Laboratories,  Gyeonggi—do,

Korea)ol ©l=jate] BAatsit.
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2.2.3. Total RNA &

TRIzol™  Regent  (Invitrogen,  Avenue
Carlsbad, US.A) ImE 7+ =2 100mgell 7t
sto] Aol A (homogenizen 2 X222 34
skt & 5#7F ARe] F3ith Chloroform
(Sigma, U.S.A) 200uE H7ste] 7PHA &5
o] Zeotal Ao 383t ¥EAIFTE dAlEe
(12,000 rpm, 4T, 158)ste] MEL FEI
RNAZF  =gE 2 ASd9s  Eesie
isopropanol (Sigma, U.S.A) 600uE H7}oto]
A T 1087 A2olA WRAIF. ¢4
E2](12,000 rpm, 4T, 102)$ & A5He A
Asty FE g F4% RNA pellet> 70%
ethanol 1mlE Z7lsto] 23] A& shlrh. 94
£2](12,000 rpm, 4TC, 58)5te] gHL HA3]
A At RNA pellete 37 Foll £xs] Ax
ARl % 0.01% diethyl pyrocarbonate (Sigma,
US.A)7F Hed F74(0.01% DEPC waten) &
30ul B7¥5ke] RNA pellet2 -&35i5HTh

224, A FPEEL AYHES(Reverse
transcription—polymerase chain reaction,
RT-PCR)

Total RNAZYH
(cDNA)E @Ast7] 98l moloney murin
leukemia virus reverse transcriptase (MMLV
RT; Doctor Protein, Seoul, Korea)E A5}
t}. & total RNAQug)el MMLV RT, MMLV
RT buffer, dNTP mixture, oligo—dT primer
(GenDEPOT, Barker, USA) % 0.01% DEPC
waterg d7Foto] 42°ColA 1AIZE F<F HHEAIR
ot @E DNA (Gud)el

complementary DNA

Forward primer,
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Reverse primer ¥ HelixAmp™ Ready-2X-Go
(Nanohelix, Daejeon, Korea)s &35t M]
Mini Gradient Thermal Cycler (Bio—rad, CA,
USA) 71715 olgsto] FZAIZTH A FA%
o] mRNA IdE 24517] felf AME-El primer
sequences@t PCR Z71-2 Table 1of AAISFATE.

2.3, SAdHd

2 AT AzEAe SigmaPlot 2001 (SPSS
Inc.)& ol&strt. 71& AR = Bft(mean)t
FZH A} (standard deviation; SD)E ArESI T,
unpaired, student's t—testg Ahgote] FFEH H
o k] [olgt ztolg EASHTE oS
Zrol 0.05 o5l Zf-ofl TAFLRE f2o4do]
= AoR HAAstt.

0,

o
2
rr
N
w
o
X
of
2,
i)
o
frtl

FrolotAl F71ehala(p<0.05), O/s9] T+ FAl=
O/Nell Hls] 21.36% FAAL=E folstA Ha
SFAT(p0.05). 7+ 22 o] AEFH| it
& IFe AR 23, O/N2 S/Nej Hlsh
b 220 AAF2 0] dAs] SIHEAL O/N
Mol F7kd 229 AAFH2 fdeE
ofsff @=Is] A= Urk(Fig. 2).

Table 1. Sequences of oligonucleotide primers and PCR conditions

Annealing

Gene Primer sequences Size (bp) ) Cycle

MCP-1 FI. 5/ —tgatcccaatgagtaggctggag—’3 132 58 30
R: 5" —atgtctggacccattecttettg—3

-6 F.. 5 , —tggagtcacagaaggagtggctaag—,3 155 58 30
R: 5" —tctgaccacgtgaggaatgtccac—3

TNF- « F-‘ 5/ —ggcaggtctactttggagtcattge—3 ’ 300 58 34
R: 5" —acattcgaggctccagtgaattcgg—3

IkBa F-. 5 , —tggaagtcattggtcaggtgaa—3 , 123 54 30
R: 5" —cagaagtgcctcagcaattcct—3

§ -actin F.. 5 , —tggaatcctgtggeatccatgaaac—3 / 348 58 28
R: 5" —taaaacgcagctcagtaacagtccg—3
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Fig. 1. Effects of exercise on liver weight.

+

All values are expressed as mean

SD. Significantly different versus S/N, p<0.05. " Significantly

different versus O/N, p<0.05. S/N; sham—operate + non—swimming trained group, O/N; ovariectomize

+ non—swimming trained group, O/S; ovariectomize + swimming trained group.

O/N

e o

FRENAANS

Fig. 2. Effects of exercise on hepatic lipid accumulation.
Arrows indicate the lipid droplets in hepatocytes. S/N; sham—operate + non—swimming trained group,

O/N; ovariectomize + non—swimming trained group, O/S; ovariectomize + swimming trained group.

3.2. HH & ASTS ALTO| THEt 2S¢ &3
TAPAelE HAT GaEA B g g7

FoNA FhdTol @A & ASTSE ALT A&
FFE HAE=AE 2AFSHIHHEFg. 3). S/Ne| H
8 O/Ne| @& & ASTe} ALT $X% zZ+7+
38.65%% 64.86% Z7FFA. ot (p0.05), O/N
o Hlal O/Se] @4 & ASTet ALT &X& Z+
7} 30.09%%} 43.72%4 7H45HATHp<0.05).

3.3.

2

7 HAT GaBA © e
A 59eTel g7 B AN @34
ApolEztele] A WS ZAFSHAE. S/NO

H|3] O/N-2 monocyte chemotactic protein—1

(MCP-1), interleukin-6 (IL-6) ¥ TNF-a &
AAe] mRNA Tdoe] ZHz 80.16%, 61.72% 2

41.26%% S7VstAtH(p0.05) (Fig. 4). 134
O/Nej Hs| 0/Se] MCP-1, IL-6 ¥ TNF-«
42kl mRNA 9d2 242y 21.22%, 41.90%
9 22.50%% FAEATHP0.05). 1 7F %
o] NF-¢B A&4=2Z Halst= inhibitor
of nuclear factor—«B a (IxBa)9] mRNA &
Aol gk 959 dF= ZARE A1, O/N
o] IkBa FAAS] mRNA #H@d-L S/Noj Hlsf
28.12% 745t 0 (p<0.05), O/Nell Hls O/S
9l IkBa FAAS mRNA 9E-2 34.66% %7}

SHAeH(p<0.05) (Fig. 5).
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140 60
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100

AST (UIL)
ALT (UIL)

40

SIN o ois SN oiN ols
Fig. 3. Effects of exercise on serum AST and ALT.

All values are expressed as mean + SD. “Significantly different versus S/N, p<0.05. ~Significantly

different versus O/N, p<0.05. S/N; sham—operate + non—swimming trained group, O/N; ovariectomize

+ non—swimming trained group, O/S; ovariectomize + swimming trained group.

MCP-1/-actin mRNA (R.D.U.)

SIN O/N ois

5 3
a o
€ =<
B z
x £
E =
< -]
= Q
Q ©
] &
[=N
s g
a =
Z
SIN OIN ois : SIN OIN ors

MCP-1

IL-6

TNFa

p-actin

Fig. 4. Effects of exercise on MCP-1, IL-6, TNFea in liver.
All values are expressed as mean + SD. "Significantly different versus S/N, p<0.05. ~"Significantly
different versus O/N, p<0.05. S/N; sham-operate + non—swimming trained group, O/N; ovariectomize
+ non—swimming trained group, O/S; ovariectomize + swimming trained group.
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IkBai/B-actin mRNA (R.D.U.)

IxBa

p-actin

S/N O/N o/s

Fig. 5. Effects of exercise on [k Bea in liver.

All values are expressed as mean + SD.
"Significantly different versus S/N, p<0.05.
““Significantly different versus O/N, p<0.05.
S/N; sham-operate + non—swimming trained
group, O/N; ovariectomize + non—swimming
trained group, O/S; ovariectomize + swimming
trained group.
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=
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o A &
A= 1 Ax AgzA olelo] xZ
IEAE AP AYEA (lipotoxicity) T}
A%ks fESHA "o 7rolAe FEgh
A=A doA AdE 72
oHy, HEIEA AgrrEgte]
e qH}25,26]. whEbA thok
AR wHgESe] oty 2g2E 9o IRk

O A T (R

ol
)
rlo

O N r © fN o N Ak
Rl
2
[N}
of!
oft

=
=2
ol
o
<
18
Mo rsb n

. OFF 1A7ho]
ek iAol Bl 25U Hole: AdRdT
[18]F "B o=, & dAfoxe 85 ¢ 14 1

3. ok 1A e] geFo] 7+ 7s el
237 & Aolate 7Md(hypothesis)stoll =7
7] H|gtedo]l FEREl 1AFAolE AFgH
dAEA AA FHE olgote] HEIE] AT
o AA¢t 7+ AF<] Aol it =952 &
e ZAHIH. 2 A Ade 2xRAo]
Hgto] fE® dAadA A F7F 8F Bt
ol e] A= 4 d4
AST®} ALT $X|7F fAastd.om 7H A <]
A Ato]Eztelel MCP-1, IL-6 ¥ TNFa
21e] dWrdo] ZAstAY 1kBa AR
Z7ret2E HoFES)
7t 7159 AskstA grixas @3 & AST
o} ALT7} AMR-Ht}h ALTE 7HA|Eo] F2 &4
stal ASTE ZZAE, A%, 11, A%, Ao &
Aste, ASTeF ALTE 7F &4 Al 84 Y2 &
Huenz I+ Ad A FA7F FIFRH27L
45% Aol  IaE  IAPAelE HFHG
C57BL/6 A HAe BFA, AL FA 9 3+ 7
AL F7ret A BH & FTAAY, AST ¥
ALT F27F 376t b 2 AdE40]

Zobhe Mgmed Aukk @Akl ehgrh
o
(e}

T

O 2 ol Jpr 1o

fo:]
o
o
el

[28,29]. oA JAFA o] AF= Wt LAY}
A HIAZESY AL Fgo] fixdos AS
ofmjat, Azl HH= Hlgte] FIE
A FA FolA HdEZ S AT a8

= & 97 2yet A

L A AQ 2Fell osl Azl A
97 237 B ol AR
of o] i E1H TABATA =&
85 &t AR FAAG Hwt FEAEES
AA Aol Bl AAEe] HAast
ASTS} ALT £27F Z4astgdom tiAES
AdAEol AR AFAAD At
&= AARE HlvFEERE FH(OLETF rats)=
Se AABHA &2 Foll Hle wFAt AYE
A7F FAEAE B ofyt A & ALTeF 3F

pd

b B

offl
o~
1 o S odl rh

Mo Mo do ofN offt o o ST

_l

¢

oxe] Aol ZasoirH32l. oleist A
A7 ABEL TAAlo|z HEg Hghe e
T84 Auzre] WA W Po] gome
77l A eI s 25S B
wes} Rolnch Wasths A2 Ak 9,
W77 HEEEndely FAH foeso
7 7% Ade] IS HolE B o7 Ane
Shre ot

e5e ujetmes AUt e folet Bt
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[e]
S=R2d2l OLETF ratse] 12
Ef=d 2520
m/min, 60 min/day, 5 days/wk treadmill
running)& AAIRE Ay, FS AASHA] 2
Aol wlsl €4 & 4R, AF At L
ALT7F HFAHSIY IF £0] F47%o] HAaHSl
= 9 opzh, TtolA mIEFEEore] 4-9f m
EZEdol 7 BARIAEY Wdo]l F7HESL
o, AxE &Homol AP [ol elsh=
CD36 w#dzt  2at @449 AUl
acetyl-CoA carboxylase (ACC)¢} fatty acid
synthase (FAS) ©@id Wdo] TAEITH32].
olggt APAFE Foll FAtE *F0] AL
nEZEZol 7)15S AL Fomo] A
b F AERM e AAIAA TR A4
HE7E A2 915kr] 71

A

L
o

Y, mok

a3l 22 gA0](60% fat )9 AHR H]
gro] ¥ 47 HYE HolA 105 F<ete]
& (oA AHAE 25k A A
20 IS FAAZTH33] ERF FYER
AT AFAE 4t A2 FXske
AARIZR] PPAR @ o] 37 HES S7HAIRAL
PPARa =& FHAI
yltransferase 1 (CPT1), medium—chain acyl-
CoA dehydrogenase (MCAD) 9 thiolase %

&
ot w2k >

fol
¥
12 rlo o of

ol

carnitine  palmito—

A RRe FPoRA B9 &o| FHAY
SA2 AMSATHI6. olefst ABaT Avks
° +9e%0] olde] APAE 2FsHS
Wb ofjel BAZANAY AU ARES &
AAPORA, BAS B 7 20| fUHe
AP BENAL 2] APEAS FLAR
Ane zett A2 AdskD ek 29w

2t &AM AHYgAL 2ES Fof o]Fof
2 AR AmEh wEby 252 ThlReEr
(intrahepatic fat content)®] 74, Z|¥AE Atste]
Z7F A 349 A & ARTiAE 2ES
Fofl vgEEAd AHEEs 2wk a9y
Moz yECH15]

=52 ZAELES fdotes d52 ATt
HGT&A AGolA] et A4 A4t &
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44t A (reactive oxygen species, ROS)S H
Sk A4tst AE @ A(oxidative stress, OS)E L
St ZTtEe HEAA P &S FETT
[34]. 7tA|Z9] dZ(hepatic inflammation)-& H]
dF2 APHEgoA BLAF Y] S
doA o2 At Ho] A]AHEl(antioxidant
defence systems)®] &S AFAZITH35]. 18
v ARl 52 HGIEY AHIFERolA
FAS) G4 (antioxidant enzymes)t TS5 24
Q1ZH(anti-inflammatory mediators)e] 7 &
off gqtaEo] B AFeE AEYIAE oA

Togn Tt B4 vt B EIHH35].
a2l AAHE H|gho] fEH F7F FHE
(moderate—intensity) 2] EHEE 25 8F T
Qb AAIRE Aut, @l £0] TNFa 25 &
AlZ13L ZHll A 9] adiponectin receptor 2 A%
2E ZXA7]I NF-«B A3SHZE A8ttt
o BUEG36]. 6F Bt AAE 004
30m/min £E= SFF 30249 F2]2Q Ed|
=d S AARE A H(Wistar rats)= =5
= otA ¢4 Aol Hls| &E5A, €5 23, F
al

o, \“>‘0

A B 5 BelaESe] Faskdy, B3
Ue Aoy ZesdEe Frkstgon,
Aol NF-¢B Sl e gagomd, 74
HQl fith £5L

r—g
EX
b
i)
915
N
N,
2
N
o

F/d AtlEFRI £-4
28 25t HAERS A ZAYZEC] o]
Sheh38]. & FFL AT olE A
At A Fo HAAFA LA TNFa, IL-6
92 MCP-1 f42 HdE FAAFHTH39]. E§
TS HAARE A28 gl A FHE 9
St2] 942 Foll Hls| o]Ato| Al NF-« B}
AolEzIe1el TNFa, IL-6 ¥ IL-189]
TAEATH40]. o]t APAFES
AL &F0] NF-«B X325 Aot
A xA9] 43 MAdstE AL AR
Pi=g

NF- ¢ B [xBa et Adlof o5 82
[38]. 1AFAolE At vigk A
A 259 ZE}RE(rotarod) &5
AN dat, AT THollA Y] AEA
9 ZTAZNA [kBa Tl HHA 9
o153 NF-x B9} IL-6 @& drdo] 74
] FSol A=A, olzfet AdPA+
Al At 252 [kBad FEE &

o
IL-6, TNFa &
4

)

0.

Rl oot D4 R Mo
o % el oN off
KU o O ox o

o,

N

o]
oo ofN — T

|o

rr
4

el
)

}.

ot o do it
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