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SA4RHH/S)oll Hlsl fenofibrate?}t 4952 XA (H/F/S)o] WAz G2 o] G5 7fAe) F-elgt A
SaIE el AQIAE AT 57, AW Sz e] 2 9 3 & SHAHE 4]
A A o1& AT FL)l s aAAlolE AT FA®ED7E F7Fekelem, Hell Hls] H/FeF H/S &
= A4S o, fenofibrated] &5 HAAaH 2= fenofibrate@} $~9-%5 9] ZA|HHH/F/S)ol ol ¢
g oR FAstEt. Ay WAz GRA A AFA Al EFI] fARet 4t AHeE 3 {4219
d-E AR A3} Lo Hlef H S7Fstelew, Hell vls H/FeF H/S B5F HAstlal, H/F/S&= H/F
of Hla} & FAAFT wEby 2 A= IXHolE AT A FHAlA fenofibratest Y252

A2 fenofibrate F=Ao) H|s] A4t ASHE ZXIsto] H|gto g HAget WAzt x 2] o] J3-2
O aa oz ARt AS drdeza, vgte g WAgst= AHxz o 458 sk A444
WS Al AsHA
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Abstract © It was investigated whether a combination of PPAR @ activator fenofibrate and swimming
exercise (H/F/S) would have a beneficial synergistic effect on improving inflammation of white adipose
tissue compared to the single prescription of fenofibrate (H/F) and swimming exercise (H/S) in male
mice that fed high fat diet. The body weight, weight of white adipose tissue and total cholesterol levels
in the serum increased in mice—fed high fat diets (H) compared to mice—fed low fat diets (L).
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Compared to H, both H/F and H/S decreased these. These levels reduced by fenofibrate were more
effectively reduced by the combination of fenofibrate and swimming exercise (H/F/S). As a result of
examining the expression of inflammatory cytokines genes and fatty acid oxidation genes in white
adipose tissue, H increased compared to L, both H/F and H/S decreased compared to H, and H/F/S
decreased further compared to H/F. Thus, this study revealed that the combination of fenofibrate and

swimming exercise in male mice fed high—fat diet suppresses inflammation of white adipose tissue
caused by obesity through promoted fatty acid oxidation more effectively than the fenofibrate alone,

and suggested a practical way to improve inflammation of adipose tissue caused by obesity.
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ARAEsL MRk sroejt welds Bl
1A AAHCE BAFT aE AT AL F
Pt Al AWAE ol BEg A% A
el F7A2 AYERATAZL FobsHe A B}
ELouhe 1dY, A2g g, dEwAl
o oo 5 Wy AEE] e oje B
@ Bl el S8l & AgzE FAR
W AR A9 F7hs ve Bl
s oAby age) s o WHE el 9l
oh AgEAe APHESE AFATAR o] le]
T fAAE, S E(dendritic cel) & HS
A= A, AgzHe] RAL F7HE A
AIES] it b F7Rks Al WL
SE 7K.

A
o] g AR 2| ohizt
W d%e TR Adstd 9 wes n
A= Fast WiRHZIEe] 7w
Ao WA, MRl Az
necrosis (TNF-«a), interleukin—6
(IL-6), monocyte  chemotactic ~ protein—1
(MCP-1) 59| pro-inflammatory protein®] %
ol Z7hsjol, MEke e Sze] WA @2
olek AL AEAGA AT LHlsE
HE ArelE7Rel BTkt fH dad A
4, Aanan 5o 99 SA7sd A
Zrogtts].

FHH AABEL gAEFRe AT A
Al d5e daAdess AEuds, A28 3
= 5 T diApg deel I FaAit
T gHA QeHe,7]. 19 6024, 18m/min &=

factor—a

ook

=

[ed

o] EfEd 52 HAIST ZAT9 toll-
like receptor 2 (TLR2)¢t TLR4 85 42 &
A3t ol ks ZFAAAA, 19 6024,
12-20m/min £&°] Efcd &5 2|4z2
o] TLR4, TNF-a 5 4% xzte] wdy}
Wy ks ZAAXNZTHS9l 1y B4 &%
23|8 ZATe TLR4, TNF-a, IL-6 5 4
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+= peroxisome proliferator—activated receptor
a (PPAR«a) EZ A target genes)2t FLAY
T uncoupling protein 3 F72Fe] AL o
AgGesn FRAt WAAGZATAS A
# vT7fA e a3bE BEATH19].

PPARa = B7t=(igand)ol o8 A3 ==
ol 8A|(nuclear receptor)o|t}. FTFEC] 2|5
A4St PPARaE EH 53Ae] peroxisome
proliferator response elementso]] Agsto] EH
FHe] AR 2EETH20]. PPARa= AW
A AFRY glte] dojub= 7 A, SAE 5
oA E& FEoz WY, deiu(vascular
endothelium), @3 (monocyte), — THAAE
(macrophage) & 7I8f ZAJAE 22 FFEO
2 WAETH21]. PPARaE 53] 7HolA At
B-Atstel TA® AR AANE XI5t A
TS AaA7E A do] qrh

PPAR @ activatorql fenofibratex= @3 & F
AT FAE a7l 1AEF AsARE 4
2] d#A JqtH22]. Fenofibrate:x= 7Fe] |%A4F
At Ao olshs e UdS £35)]
5A, ALRARA, @ & FAATE T4

>

Iz 2] g
AIZITH23]. 18]a fenofibrate:= ZHof|A IL-6=2
A=" FA47(acute phase response) HH-EZ <]
fibrinogen-a, - B, -y A, serum amyloi
A FAZ 5o HHAE AAstrH24]. E oE
PPARa activator®l Wy-14,6432 ZFollA fatty
acid binding protein®t T-ZA|E AHAL p 415t
T 8459 mRNA §42 Hds SR
A 7S] &AL AP E-E RS 25].
olgt APAT A= PPAR e+ THoA 24
o|gtatg= FXsty 7Ho] d5& MAsk= A
7b tke A& AAsSHTE olet o] |F
gt PPAR ¢ 9] 7152 =& It 22004 dA7F
o|Fo|A gt}

A Hinds 5 (2021)2 AgzZoA PPAR
a Aol WMMAFxA O] BAF F7HA7]AL H
Az zA oA HAAES] {3 anti-
inflammatory M2°ll4 pro-inflammatory M1.2
2 HsAIths AS o= PPARa 7
AT dF5S AARIE AS AR HE
Ro1H26], WA HEZ] HFof it PPAR«a
o] A= e F=9 Aeielth. 183l PPAR
a o] WA EZ] dFo] g Y5 FTF
¥ O x2d 7AE obd] WEls] EEA] gk
th wEA 2 A olvR] AggAolHA |

W2 EZ 2o A peroxisome proliferator-activated receptor @ FHFol| Wt A2 59 4F 3

=4 ApolEFFO1S AAsIT Hu|sl= ZQa3%H Y
HHZ|®e] 75 HEdehs SRR ofA
PPAR e 9] 9% ZH8-& dotil, © oyt 4
Zo| i3t PPAR e 7|59l $9-8%50] ojugt A
224-8-E st=AE ARSI

2. Alé=l-l

21, Hdid ¥ 2SUY

759 wild-type 47 F(C57BL/6] mice)=
E@digtato] 2 3 3 (Chungbuk, Korea)25E ¢
st o, 12A17F light/darkness cycledt &t A
gollA Holet 2& 80l FHA ARSI
FEAYE M Hguwe FEAEENLE
Aol wat Aot HNo. NVRQS AEC-13).
T4 HAe FARAR ARHAel AF 2w
Low fat diet), XA|Ale] 43 I&E(H; High
fat diet), fenofibrateZ} A2]E I x]HHAlo] 4
J%(H/F; High fat diet + fenofibrate), 1A%
Alo] st 4 53 15(H/S: High fat
diet + Swimming), Z128]1 fenofibrate?} 2]H
n2AEAel AFHUA 94 5% IEH/F/S:
High fat diet + fenofibratet Swimming) 22 &
otk 159 AFEE Fl= 8utEol™(n=8/
group), 85Xt Adsy Ad FHo FFA=
T3 23] 45kt

Aol AMEH AlRE w3t Research Diets Al
(Reseatch Diet, New Brunswick, NJ)&] #z|q}
Alo] A& (Low fat diet: 10% kcal fat) & 11
A9r4lo] Atz (High fat diet: 45% kcal fat)o]
. fenofibrate(Sigma, St. Louis, MO)& LA}
Aol Atmof  Egtste]  ARESFATHS00mg/kg,
0.05% wt/wt). 49252 35£1C water bath
(ImXx1m, Jeiotech, Seoul, Korea)olA 1Foj
59, SFF 60+, 85 Bt AAISHAH. 13] &5
AIZEe 1024 FAA o7 F7HAA 6070 =2

S 95 A% /10e 48 A% 1% 5 M

7F Fof| AS AF ko] 4TCA 1
ST T LAE(4,200 rpm, 208,
40)st HS ZEsidch. AE AR e
=47 @A H(Green  Cross  Laboratories,
Gyeonggi—do, Korea)oll 2]|5lo] B4}t
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2,4, UK W 24
Total RNAE= AgxA oA FEsH3. A
22 200mgoll trizol (GeneAll, Seoul, Korea)
ImlE ¥ homogenizerg ©]-&sto] X2&
sfsteich. #E3E fHE HA2o)A 58T v
AZIt}, Chloroform (sigma, U.S.A.) 200 ul&
7K 3 2027t floklr &S50 AAH =R
Z Aolkg ot 37 Bt Ao ¥RAIFTH
1 5 94EE13,000rpm, 4T, 158)3te] A5
ks A2 FHol i, o7l FF9
isopropanol (sigma, U.S.A)E FH7Fetal 420
Al 1027 ¥FSAIR the 942 (13,000rpm,
4°C, 158)3kct. FH upgte] A7 RNA pellet
2 air dryerg B3] &5 AXA F 0.01%
diethl pyrocarbonateZt A &% water 30 ¢1E 3
7¥sto] gafiAl ik
Moloney murine leukemia virus reverse
transcriptase (MMLV-RT, Korea)¢t Oligo—dT
(Qiagen, Netherlands)E& A}83to] total RNA 2
rge FAAAA complementary DNA (cDNA)
E @AY = RNAo|  MMLV-RT,
MMLV-RT buffer, dNTP (deoxynucleotide) &
oligo—dT mixtures Z%otal 50TCoIA 602 4t
SA7Ity,. dAH cDNAE  MJ]  Research
Thermocycler (Waltman, MA, USA)eF M]
Mini™ Gradient Thermal Cycler (PTC-1148,
Bio—rad, CA, USA) 71715 ol&st FEAIZ

Ao
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t}. AFEE PCR primers:= table 10 A|A5HA
tt. PCR %72 predenaturation(95CoA 28
7h, ZZWS5CoA 30%7F denaturation,
52~58CellA 30%7t annealing, 133 72°C9|
A 30%7F elongation)e& A5ttt PCR AF
E2 1~2% agarose gelolA] A7|FFoz E
5Fo], Syngene GeneGenius Gel Documentation
System (Syngene, Cambridge, UK)& ©]-&5}o]
AR

2,5, XI2EAXE

Az EARAE SigmaPlot 2001 (SPSS Inc.,
Chicago, IL, U.S.A)®] unpaired, student’s
t-testE ol&ote] SAA {8 ASSHATL
BE ZFe mean + standard deviation (M =+
SD)e&E JASIHA fol4E2 p0.052 AR

SH.

R

o]

3. #

3.1. Fenofibrate?l = 2F0
Hat

85 Bt BFA F7Hbody weight gain)+=

L 4.32+2.62g°]H, HEe 11.83+1.27go],

H/F= 6.28+1.96gel™, H/S= 5.85%1.36g°]

o], 2|3 H/F/SE 3.31+1.02.g0]tH(Table 2).

10
o
1]
1o
=
Io

Table 1. Sequence of oligonucleotide primers and PCR conditions

Gene Size(bp)

Primer sequence

Annealing(‘C) Cycle

MCP-1 132 F.- 5 / *tgatcccaatgagtaggctggag*?’) sg 30

R: 5" -—atgtctggacccattcettettg—3
-6 155 F'. 5 , —tggagtcacagaaggagtggctaag—? 58 30

R: 5" —tctgaccacgtgaggaatgtccac—3

TNF- & 300 F.. 5’ —ggcaggtctactttggagtcattgc—3 ’ 58 34
R: 5" —acattcgaggctccagtgaattcgg—3

Thiolase 204 F.. 5 ) —ggataacctcggagaatgtggc’—3 59 45
R: 5" —cactcacctgactggagttt—3

MCAD 301 F-. 5 ) —gacatttggaaagctgctagtg—3 , 58 40
R: 5" —tcacgagctatgatcagectctg—3
B 5 - Y

8 —actin 348 . 5 , tggaatcctgtggeatccatgaaac 3, sg )8
R: 5" —taaaacgcagctcagtaacagtcc—3
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Table 2. Effects of fenofibrate and exercise on the body weight gain (g)

week L H H/F H/S H/F/S
0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0
1 0.70+1.96 2.3141.02 1.46+0.42 1.88+0.76 1.18+1.06
2 1.55+2.10 3.27+1.24 2.33+0.83 2.30+0.78 1.50+0.97
3 2.3342.23 4.19+1.35 3.26+1.15 2.85+1.01 1.55+0.93
4 3.10+£2.42 6.03+0.80 4.56+1.53 4.25+0.31 2.29+1.02
5 3.68+2.56 7.8140.62 5.26+1.27 5.06+1.60 2.50+1.15
6 4.01+2.46 9.70+0.93 6.07+1.67 5.44+1.35 2.54+0.97
7 4.2642.60 11.40+1.08 6.31+1.86 5.83+1.15 3.33+1.10
8 4.32+2.62 11.83+1.27" 6.28+1.96" 5.85+1.36" 3.31+1.017

All values are expressed as M + SD. #p<0.05 compared with L, "p<0.05. compared with H,

""p<0.05 compared with H/F.

8F Ul HFA ZUHe Ll Hls| HAF
173.97% Z7}stela, Hell Hls] H/FeF H/S:
ZYzy 46.91%, 50.55%% ZAstden, H/F
H|&l| H/F/SE 47.35% A= 9T}

3.2. Fenofibrate2l =250 2|5t X|Htxx!
2e| Hs}

AW WAz E2 0] F7H= HIRHEGE opue}
Hoha fE ohy djAbgAste] dHa ofg
At #wEo] ot whebA Al AR ERE A of
figste AAAF] A4 (epididymal adipose
tissue), A1F$] AWFE2 (retroperitoneal adipose
tissue) 2 AEEY AR ZF](mesenteric
adipose tissue, M)2] FAE ZAFSIAH(Fig. 1).
BAAES] AYEZA L] BAL A9, Lo Hs|
HE 227.0% Z7Vskar, Hell vis) H/F} H/S
= 27y 51.37%, 43.21%% #4astdew, H/F
of s H/F/SE 46.38% #4stytt. 121 41
FF9 AGRAT A7erse] Agx e £
T AAASe] AR o] BA d3kel fAKsH,
Aol oJs  FUbE AEERF BATL
fenofibrate®} 25l
fenofibrateo]] 23] T4
fenofibrate®} J-+59 Aol s o 7

Ea s E

(i
Ry
ok
BN
>
o
L

Ir

3.3. Fenofibrate?} +=F2F0f| 2t F &
Y AHES| Hst

ad &5 F
fenofibrate®t =959 FFS ARSI (Fig.
2. HO &4 & ZF ZY2EHE2 Lo HIS
29.66% Z7Fetlal, Hell Hlal H/F= ¥t §l
9o H/SE 10.64% #4383, H/F| B3|
H/F/S= 19.45% A4St

3.4, Fenofibrate2l +H2F0 2/st FZetH
SR waio| Hst

ZA A A AOlEZIRD FHA HAo oigt
fenofibrate®}t 9259 F&F= Ao THFg.
3). MCP-1 #Hx #Hde Lo H|s] He
41.54% F7Fsk91, Hell Mlsi H/FeF H/SE 7t
7+ 21.74%, 18.48%% ZtAstglom, H/F| H|
s H/F/S: 20.83% Z4stgrh. IL-6 -537t9
gde Lo Hs) HE 30.0% 37kt Hel
H|s]l H/F} H/SE 242 23.08%, 21.79%% 2
Astglom, H/Fe| Hls| H/E/S: 21.67% 4
st 282 TNF-a F47ke] i Lof| H|
) H: 39.7% Z7}skx, Hel| ®s] H/FS}
H/SE Z¥2}b 23.16%, 15.79%% tAstgon,
H/Fe] vl8) H/F/SE 21.92% 435kt
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b
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L H H/F H/IS  HIFIS

0.7

Mesenteric adipose tissue (g)

Retroperitoneal adipose tissue (g)

L H HI/F H/IS  HIFIS L H HIF H/S  HIFIS

Fig. 1. Effects of fenofibrate and exercise on the adipose tissue weight.
All values are expressed as M + SD. #p<0.05 compared with L, "p<0.05.
compared with H, “~"p<0.05 compared with H/F.

250

- - ]
=1 7] =3
o (= o

Total Cholesterol (mg/dL)
g

L H H/F H/S  HIFIS

Fig. 2. Effects of fenofibrate and exercise on total cholesterol in serum.
All values are expressed as M + SD. #p<0.05 compared with L, "p<0.05.
compared with H, "'p<0.05 compared with H/F.
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1.0

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

1.2

IL-6/B-actin mMRNA (R.D.U.)

H/IS  HIFIS

H/F H/S  HIFIS

1.2

0.8}

%
0.6 |

0.2

TNF-a/f-actin mRNA (R.D.U.)

0.0

L H H/F H/S  HIFIS

HIS HIFIS

Fig. 3. Effects of fenofibrate and exercise on expression of inflammation genes.
All values are expressed as M + SD. #p<0.05 compared with L, "p<0.05.
compared with H, ~'p<0.05 compared with H/F.

3.5. Fenofibrate2l $£Y2=0|

Absh B QEZE WO
DA A oS AT
z
1

his

A
T
ZAA A p-atel T A L] o

3t fenofibrate®t =959 4

(Fig. 4). Thiolase &
37.87% 43k, Hell H|s|

r
Y
i
ral

T flo

o

& 2ARIT
Lol wle) Hi
/Fet H/S= 7+

7+ 103.91%, 89.68%% Z7fstgom, H/Fe| H]
3 H/F/SE 10.72% Z7Vstgtt. MCAD S-A#¢
o] ¥rgle Lo Hg] HE 14.41% #4sta, H
of w3 H/Fet H/St Z¥Zb 36.37%, 29.30%4]
Z7¥stg9.0m, H/FO Hls] H/F/SE 12.10% &
7¥shdet.
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Thiolase/p-actin mRNA (R.D.U.)
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L H H/F H/S HIFIS
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1.2

£
1.0 -

0.8 -

0.6

0.4

0.2 -

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

0.0

L H

HIF H/S  HIFIS

Thiolase

p-actin

H/IS HIFIS

Fig. 4. Effects of fenofibrate and exercise on expression of fatty acid oxidation genes.
All values are expressed as M + SD. #p<0.05 compared with L, "p<0.05.
compared with H, “"p<0.05 compared with H/F.

3.5. m&

PPARa 28] #et @2 AJd+=
&0 FAHAY e} T £o] AHZ2
A]7]= PPARe 7HES] Holgh 2t
k. ey @A) AR A
3t PPAR ¢ 9] 982 & A Arglod,
5] WazRrE Ao Ao @l gt PPAR«a
gl #F2F0] mAe Gl BT dt=
Hgh Afefolct, whakA B It uAAe] 4
HE2 wgre] fEE 7 FHe
PPARa= AW oot 455 7Hdsialen, o
2t AP EANAN PPARa ZE-2 59250
o ¢&y folst avE yepdt=
Zrt

AR EA2 o x] 27| EERE ofy et
ol8] 7}A] adipokine®} cytokines BEH|5H= 7}
F 2 danrwe Adgs gaete s WAz
WA W yl@e)7lelt 1 4 giek
AFEE] A as BRuTRe 7, oA,
S o] ¥ ©A9 dF AHelH, oA

O 2, Ok B o

i
I

O

% &
o

LA EZ 371eb 49 F7tet A D
9 7R WEAEERAe] g452
HASTH27]. AR oA EH|EE= MCP-1
@3l (monocyte)Ht AN ZE(macrophage)E 2l
Wxzog Jolgoled Fa% g dwt
th28]. 182 AgAZe] 435t A Z=
TNF-«, MCP-1, IL-6 & proinflammatory
mediators®] Fa35 FFLoItH27]. A& AT
Ae 7H H|ekQle] wlAz) Rk zle T AlA| o]
=9} pro-inflammatory mediators®] Wdo] &
ZHEl 29, whebA] i x]HRAo] At Hge
2 7150 &4 ALAZE 54 AlEFRI
= wHlote] AN ZO] JRE dovH, ol
A G354 ARIEZRR] BHE S7HIA A=
A5= oM H Zxgd Wi, Qled A
A 5 WA 7158 RE eIt 27]. APAFtet
FARH, 2 Aol M Ix]HAlo]&2 H|gto] §
TH 3 HAe Wy BAaxExe] BAV &
Zhotgom  AHEZe] AFAY  AIEFRIQL
=
[e)

Mo b =

[e)

TNF-a, MCP-1 @ IL-69] 447 &do

_8_



Vol. 40 No. 1 (2023)

Fosie-g el it

B Mo fEE WAXEEAY G4
Al E7HQl fA1A o] 7Kg AR} A
A 93 ALt A% Aol dFol §
Wotol gy oAby Ago] Yo o= o
R I FIE e L
A= §1g Aol Wasi. ol B A7t
I gAelE AHSH FolAl fenofibrateE T
AYE A DARHIE HAT B9 vl

S5A, W WAz o] BA Bl 2E2 9
BS54 AIEZRRIS §AA Ido]l FAskls
= 3ok

Hinds 5 (2021)-2 #A2Z2]o]4 PPAR @
282 AT dF5S ARtE AS 9
tH26]. 1AHAolE  AFT  adipose-specific
PPAR @ knockout micer HFALt WARHR
2 BAZE F7FeEAAL, MM Z A oA A
A BHEHE sterol regulatory element—binding
protein-1 (SREBP-1) A& ZH=of Hofdl= &
7ol "ol ZF7sl o™, pro-inflammatory
marker®] TNF-a, iNOS #7212 &do] Z7}
Shlek olafgt AFAT= WA Ao A
PPAR ¢ = AABES Ao =M 2 et
5= MAASt= AS AAISHATH26]. PPAR
a© WG A A At g -4tetet pretE
PPARa target genes®] WdS TAAFICZH
SA, WA o] A Bl AL 275
ANz dF Bl AlEZRIY leptinitt
TNF-a 787 2@ FaAZH30]. o=t
APALANE2 WP A oA 9] PPAR @+
294848 SREBP-1 A&7 2& AAsta 24t
B-Atet NeARE FAFo=H ALXATA
£ #ashl 452 MRt A& AART

oA deks 7 ol A AA F52
% & MCP-19} [L-8 532
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