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8 oF ! B A4E ARG olE A FAEA A FolA miom B o]E(fenofibrate) TEA 2 U
1o Be|o] EQ} 17H|Ef-o| A E 2tt}o]-&(17 B —estradiol) o] BAIA 2|7 @H & A AYASE 24517
B AP AL, i Heo]Ect 1TH|E-oAEitio] &) FAX o] ofsf) E7 & 2 A Aol et mi
DHgo|E Td=EA o] g3} o8 2AREAE AFSIATE ARTAoleke AHSH 2] vl Tk
mHeo|Ert thEAe]d Fot mji-uHeo]ES} 17HEt-o AE g tto]&o] FAIAZH F ] 854 EF
£ AR oottt T Ho|E gEA el mi-uHeo]Et [TH|E-AERT ]S FAAEE &
4 & F TUl2aHEY HDL-ZEAEHES HAAZ|A] sttt meaBeo]Ex tixo] vla] 4 &
LDL-Z&|AE 8 S9AES HAAZ 1 Beo|E thxxja]o] vl mji-uBeo]Ee} 17HEl-of
2EgTolE FAAEE EH & AT diall fgt Wsks yerligich ek 2 dAs AR o]
B AFT GAEA A FolA fenofibtae TEA o o7 HAH Y & FAAL-L minHo|Eet
17HEt-o AE g tto] 9] FAIA Y o5 AAE 4 S LA

FAo] : WimBEolE, [7HEl- | AERTOLE, XA FAo) HEA, A HeA

Abstract : It was studied whether fenofibrate alone or combinational treatments of fenofibrate and
17 B —estradiol regulates serum lipid levels, and whether the effects of fenofibrate on serum lipid
metabolism are affected by co—administration of 17§ —estradiol in low—fat diet—fed ovariectomized
female mice. Compared with low—fat diet—fed controls, mice treated with fenofibrate alone and mice
treated with fenofibrate and 17 8 —estradiol didn’t decrease body weight at 8 weeks. Fenofibrate alone
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or combinational treatments of fenofibrate and 17 8 —estradiol did not regulate serum levels of total
cholesterol and HDL—cholesterol. Fenofibrate decreased plasma levels of LDL-cholesterol and

triglycerides compared with controls. The combinational treatments of fenofibrate and 17 8 —estradiol
showed more beneficial effects on triglycerides than fenofibrate alone. Therefore, the present study found
that serum triglycerides reduced by fenofibtae treatment alone could be more improved by combinational
treatments of fenofibrate and 17 8 —estradiol in low—fat diet—fed ovariectomized female mice.

Keywords * fenofibrate, 174 —estradiol, low fat diet, body weight, lipid metabolism
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ZHNZIBR oA EEFS] o E ABE
A $AHez HA ofyxE A
AsE FAIEE ot F AUA
FFEEZE "asit, ol x4y
Aeszd, & 9 F=adoz =z
uhEba] ol g AEFTS AHet X =mshe
of gt A47F &l AP= 1 gt
1 He|o|E(fenofibrate) = TA|EZ 3]
24 A3 AgHcardiovascular disease)2] 2=
da] AR Qlem, peroxisome proliferator—
activated receptor @ (PPAR «)2] 7333t g7t
(ligand)= #r-gsto] A dAdiAte] THA {42
9@S 2EICH,2]. PPARa= 3o EA5H=
S2F #8419 3 FRoH, Y oo &
Aot PPARaE= EZ §ARHtarget gene)?]
PPAR response elements (PPREs)oll Aggdoz
A 2] -] fofol= BAH {ARES] HA
S AP or 2Hot= e &8 AAL

ot
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212H(ligand-dependent transcription factor)©|t}

(31.

PPARa 9] 5 75 txZAo=9 24t
A3 A g —4ESH(fatty acid 6 —oxidation)
of Tofot= FAAe] HAS F7HAZIAL AHE
Sflipolysis)oll Tofot= e 282 F7HAI
A 24 oS FXot= ¥, AP
(lipogenesis)oll Tofol= F-2F9] 282 AA|o}
o 218 RS dAFeEN AAYALE A
A3ttt (Table 1) [4-6].

HimHeo]Eo s &3t PPARa | 9
St 2|-TjAL 24 PPARa-ZH ohgAoA
AF ST ELEHEC] F7HE Ea ofy
2t LDLR-ZAY v}~ fatty Zucker rat @ 11
AAlE AHS &7 C57BL/6] ub$-2oA o
oBolEZL AHARAE JHAcks AFAT=
of ofsf HErH = UTH7,8].

wa0] 7E R osf o AE = (estrogen)
o] B EHIZY AAaEE HAH7] o442 At
57 o] ST BuEI o9
T3t

=

cardiovascular disease)o] H7AH F oA 54
5| S7FATH10,11].

H7A7] o g ABaA Az HAES sl ol
2ERAS A get12]. #1737 v|gre]ge]
FERYl 1A FAolE AFS dAEA A
FoflA 17HEr-o| AE - tto]-&(17 B —estradiol)=
3 & AHEAPES adoz Jfdstarti3l.
AR P FolA 17TH[EF-o| AE=tTo] &9
e Z8Z 204 PPAR @ 9F A& Atslzl-gof
Tolohs FAAES mRNA #Hdg S7HAAT
[14]. o83 AFATAEL o4 A 2HEZRoE
S2E]] oAERo] AEoA] 2 o|shat
< EXgezH AAYAE MAdste 2ol
o

& AAFSEaL gl

32 oo ol
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Table 1. PPAR ¢ targent genes

AAGA0lE AFTH FAEA AR FollA] A dhAtel] it fenofibrateTt 178 —estradiol®] ¥F 3

Function

PPAR @ targent genes

Fatty acid uptake

Fatty acid transport protein (FATP)
Fatty acid translocase (FAT/CD36)

Acyl-CoA oxidase (ACOX)

Fatty acid fB —oxidation

Enoyl-CoA hydratase/3—hydroxyacyl-CoA dehydrogenase (HD)

3-ketoacyl-CoA thiolase (Thiolase)

Lipoprotein lipoase (LPL)

Lipolysis Malonyl-CoA decarboxylase (MCD)
Sterol regulatory element binding protein-1c (SREBP-1¢)
Lipogenesis Fatty acid synthase (FAS)
Acetyl-CoA carboxylase (ACC)
A7) A5 AAALY] oo R QIgt 11 2Egttol& (0.05mg/pellet, 60—day release)-S
= dadAE A Foll wstedAor Adst

35T AGAES NS s AR
58 9 F= AT 5 HFt dHe T
g ok gloh 22y AR A
og] ¥HEe dxor s
o o2 e dste] dAshks 2ol
Al Ao A IH{1s].
mEbA 2 A7 WA sERE da
By

bz

A Aol Al FHe] ofFt Alo|zde
s 270 alo, MrmRdolE BEAe} wy
wBEo]Ee} 176]er-o] AERlTto] g FAIH 27}
dadA] o Fle] AAGAE AdsERE %
s, wwnBdole HEAe] Hs) miy
veflolEel 17v[Et-o|AETole A7}
AGA Ao & o BIEAAES FEetd)
A8 0] 9},

2. 8 &
2.1, NEME W Ny

2.2.1. AgAo]
1AEE gAQl HriBgo]EL Sigma A}
(Sigma—Aldrich, St. Louis, MO)Z25& {5t
AMEEQloH, o S22 17HEl-AE=}TE
o]2& Innovative Research  ARInnovative
Research of America, Sarasota, FL, USA)25 €
Folstgth Wi m B o]E(0.05% wt/wh)= A
212 Atmoll Hrbste] ARESHAAL, 17HIE-<

1=

A A A Atz (low fat diet; 4.5% fat, w/w)=
ALAZ (C] Corp., Korea) & 2HE] Lelste] A
|5kt

2.2.2. AANF

B AjoME 7578 H C5TBL/6JF oA A
£ @dishte] 28 A (Chungbuk, Korea)25H
TSt 197 HSAR T A AR
oh BE AY FHe= 8F B¢ Holel =& SE
5] TETtem ot AHolA 12h light/darkness
cycle 271 shollA AR EGITE

Ao AMHEHE 4R e dEA e 1T
o Ado ARgstgew, A@ 8F Bt
A HAo] AYR(4.5% keal fat)E AdFIstrt.
Lo B o]|E(0.05% wt/whEe F ZERI7t
4.5%7F ARl AR A Abmo]l H7Fsto] A A
15 Fofl dA8A GA HolA AHA1HLH, 174
Ef-of AEgt}o] & H2(17 B —estradiol pellet)
AR 152 o) mste] Fofoidit. A HAe=
PR 328 2, AT AT 2P
IE(control group), TimH#H]E (0.05%,
Sigma)7} @EAEH I1F 9 mjiuHeo]Eet
17H[et-o| A Egitio] o] FAIAME H IFo=
TEST RE Aol AMgE F9 &= 7
I& 3 8utkEloltt(n=8/group). R AT
Ao 23] AFE St BE A¥sE
S Zadistwel 7|3 SE3E (nstitutional
Animal Care) @ AFE9]U35](Use Committee) 2]
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Q1S werom =7t A998 A3 (National
Research Council Guidelines)ol] wat A=)
c}.

223 @4 &9 A A& T 24
HAE Fol7] 1247 Aol A=E AA
S AfFst 4ToA 1AZF S & %
AE2](4,200rpm, 208, 4C)ste] 4 Hals)
Oi—l_l AMEE w72l -80CellA EHystlek &

9] AR Fhv 5AHA J=2HH(Green
Cross Laboratories, Gyeonggi—do, Korea)o] ¢
g|sto] EA5HATH16].

2.3. A‘lHHé‘l

o

" Ho

T ZYe mean * standard deviation (SD)

oz ;AP e, SigmaPlot 2001 (SPSS Inc.)
9]  unpaired, students t-test& ©]|-&3}o]
significant difference® A5ttt

3. A% ¥ D

ARl ohieh Seluets stgste) W
g A st 3ae] Welde] nasus
AAlele] MG LEFY B 5 ABLT
o Wstz 9I9) A2 P, AL, TGS,
4B A 5 ofel qsRTe fu8
55w gk ol olge liEnel 4
R} gaslt WAl o saee %i}
2 olefst AT Wie] 7).

_I

E

J

A Ed@ez e AFe F7te ¥
o HEE, sUEsS § ud AduAde
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of vy ARt wElo] Sloh. wetd &2 <
£ ALl 85 B IR dAadEA oA
oA F5A Hetel] Hiet wlemBolE
A2 g wlcuHeo]Eet 17He-o AE o]
=9 SAIAE S dF= 2ASATH(Table 2). 4
ol AHE 32F &, dxd, ¥lrHeoE
gEAelE o 9 ey Ho]Eeh 17H|EF-o A
Eztrpol&o] FAAEHE & 2T 854 =

Ae IF 3 FAHCE FATF AolE UrEHH

‘| 0}01-1—4-

Ay 87 T dixwd
S7HE AL, HlenBYolE TEAd 29 =
AL 42+1.3g 7=, ﬂ%lcﬂ%EE]OEE}
17H[et-o| 2 Edfttol&o] FAAZE 2] &

A 33x1.1g S7HE%0H A9 85 %"J =7

BERAL 41+16g

A F7 }E(body weight gain)& &A%+ A3, 8
T e A FUtER OF It sAACE
frefet 2 ] LERA] et

oA 2 —_r“‘ A2 Aol E 85 FF A

 dadA] 7l FHoA Hiwudols ey
2 9 mumBdolEe} 17Wel-ojAE ol
o SAAE BRAY W] A n]x|7]
etk A sk,

W77 4Ee] G & AW Jrse
Arck A7) s ore Auksol vt
10). wieh & @2t BARE Azde A
93 Qe muundelssl AxFACE 8
ek AT GAEA O HA 8% & A4
ol wske] oS MALAE sk,
mBgo]Ee} 176]E-o]AErto] 20 FAIH 2
b memBdels wEAeld] us @4 4ol
A AR Aol anAAAS AT e,

-
N ofo L oX

==

Table 2. Effects of fenofibrate or co—administration of fenofibrate and 17 8 —estradiol on body

weight in low—fat diet—fed female ovariectomized mice

Body weight (g)

Body weight gain

Group 0 week 8 week for 8 weeks (g)
Control 21.5+1.2 25.7£2.5 4.1%1.6
FF 21.8£0.9 26.1£2.1 42+1.3
FF+E 223+1.4 25.6%0.7 33+1.1

Female ovariectomized mice received a low—fat diet or the same low—fat diet with FF

(0.05% w/w), or FF plus E for 8 weeks.

fenofibrate, E; 17 8 —estradiol.

All values are expressed as M + SD. FF;
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g3 &9 £ ZF 28 B (cholesterol), HDL-Z
HAHE(high density lipoprotein—cholesterol),
LDL-Z¥2HE(low  density  lipoprotein—
cholesterol) 2 Fd 2L (triglycerides) FEE =
kAt

)l HeolE THEA2ls AAYA S A
o dix+o] 94 & F =Y 4HEY HDL-=
g AEES NAAZIA] Zolelon, mleu] B o]
E7F g2 o o Beo]EQ} 17H|E-
o|AEgtiol&o] FAIAYE - It A &
Z S 2HEY HDL-ZHAHER TAFo=
frolgt zolg uEhiAl FdchFig. 1, Fig. 2,
and Table 3).

HirmHo|EZ d=A2H o] dF £9
LDL-Z|2HE2 AP olE AFT dHxd
of s AR {5t 27.5% HAE AU
(p<0.05) (Fig. 3 and Table 3). 231} ¥l-njx
glo|Et T=EAE 3 wi-uHEo]ELL 17
H|gf-o| A~ Egfriolgo] FAIAH &+ 7+e] EF
4 LDL-ZYAHES $AACR Fogt Aozt
ATt

100

P=0.69

P=0.04

80 [

60 [

40 +

20

Total cholesterol (mg/dL)

FF - + +
E - - +

Fig. 1. Changes in circulating total cholesterol

by fenofibrate or co—administration of
fenofibrate and 178 —estradiol in
female ovariectomized mice.
Female ovariectomized mice received a
low—fat diet or the same low—fat diet
with FF (0.05% w/w), or FF plus E
for 8 weeks. Serum lipid levels
measured at the end of the study. All
values are expressed as the mean + SD.
“Significantly ~different versus control
group, p<0.05. FF; fenofibrate, E; 178
—estradiol.

oFA Aol AAt)Ate] et fenofibratext 17 8 -estradiol®] GF 5

(=]
o

P=0.64

P=0.48

B I
=3 =}

HDL-cholesterol (mg/dL)
(2]
o

20
10
0
FF - + +
E - - +

=
aa
)

. Changes in circulating HDL-cholesterol

by fenofibrate or co—administration of
fenofibrate  and 17§ —estradiol  in
female ovariectomized mice.
Female ovariectomized mice received a
low—fat diet or the same low—fat diet
with FF (0.05% w/w), or FF plus E
for 8 weeks. Serum lipid levels
measured at the end of the study. All
values are expressed as the mean + SD.
FF; fenofibrate, E; 17 8 —estradiol.

Aol E AFIRE dizto] Bl mi-ujE
go|Et gEAE o @4 &9 AT
SAACR FoloHA 52.8% HAFAUTHp0.05)
(Fig. 4 and Table 3). 181 mjlmHeo]ES}
17H[et-o| ~Egjttol &o] FAAHE ] d3
0] FAAYL HkuHE|EZL dEAed
ol Hlofl FAZCR {ostA 18.8% HAES
thH(p<0.05).

APAFT-52 HlemHeo]EQ] 7]Fo] A
A (physiological status), AdF 5= Ao] G
(dietary nutrient) 5 o8] @459 5] IF
=tk HAalskal Qi

Aol g 145 Bt AT C57BL/6]
oA MruBeo]Ex oA Fof HsH A
ol anpHor ZAUALE JHAte=EA 2A
iAol Hieh wji-ujEo]ES] 2482 47 Fot
dA F 3P ZpelE HEHIIE1T7]. 135 F%F
DA ol AFE dadA oA ot 85 F
Qb aAFAolE AFT #A FoME HinH
golEx ERAISt dF Ad ARES AaAF
TH13,18]. o]&gt AFANE2 AAEAolE A
g FollA mimBeolEZL AHAE WA

stk 2 ARk it

tlo B~ 2
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Table 3. Effects of fenofibrate or co—administration of fenofibrate and 178 —estradiol on
circulating lipid levels in low—fat diet—fed female ovariectomized mice
Circulating lipid levels (mg/dL)

Group

Total cholesterol ~ HDL-cholesterol LDL-cholesterol Triglycerides
Control 63.0£2.1 42.6%+2.5 8.0£1.6 65.2%£9.7
FF 71.4+4.2 44.0+3.4 5.8+0.4" 30.8+3.0°
FF+E 68.6+15.0 42.446.6 6.4+1.7 25.0+4.3"

Female ovariectomized mice received a low—fat diet or the same low—fat diet with FF (0.05%
w/w), or FF plus E for 8 weeks. Serum lipid levels measured at the end of the study. All values
are expressed as the mean % SD. "Significantly different versus control group, p<0.05. " Significantly
different versus FF group, p<0.05. FF; fenofibrate, E; 17 8 —estradiol.

P=0.02

FF - + +
E - - +

Changes in circulating LDL-cholesterol
by fenofibrate or co—administration of
fenofibrate  and 178 —estradiol  in
female ovariectomized mice.

Female ovariectomized mice received a
low—fat diet or the same low—fat diet
with FF (0.05% w/w), or FF plus E
for 8 weeks. Serum lipid levels
measured at the end of the study. All
values are expressed as the mean + SD.
“Significantly different versus control
group, p<0.05. FF; fenofibrate, E; 178
—estradiol.

Triglycerides (mg/dL)

Fig.

- 1177 -

P=0.00006

. Changes in circulating triglycerides by

co—administration of
17 B —estradiol  in
female ovariectomized mice.

fenofibrate or
fenofibrate  and

Female ovariectomized mice received a
low—fat diet or the same low—fat diet
with FF (0.05% w/w), or FF plus E
for 8 weeks. Serum lipid levels
measured at the end of the study. All
values are expressed as the mean + SD.
“Significantly different versus control
group, p<0.05. ~Significantly different
versus FE  group, p<0.05. FF;
fenofibrate, E; 17 8 —estradiol.
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E3 gimBgolEx kel duido] 3t
S5 Aol2 A3 Ud datuol(Nile tilapia)
E317]0| A Atst AEF A(oxidative stress)@} =

(8]

FA it Al Hl-&(liver/body weight rate)
S Z7MAZ W) s o] chilzo] kg 4]
o2 ATt v Hatulol(Nile tilapia) 117
oA mWimBYolEx hxA 9 AHAGEE A
AAR 2|E olgtaRge| Fofot= FHAe]
Ae IV EN AHAAAE AAS e
Kol minHeo]ES] thAEE-2 2ol ol
A g oJEFTH= AS AAISkL AT 19
A3EY 715E ste ATt EAfske oA
CSTBL/6] wR¢-2ofld mmBolEx €7 &
O] FAALE HANFNA ZPAT, FA7F AA
= J 7 57BL/6J nke ALY fenofibrateol] 2]3]
g3 zo] ZAAHo] ZAHAT= ATAT=

m
o
_l

”45‘—”45?—1]0]#\_ Haol 24 -7
e Ae AASEIE20].

Z]X]EH*}—J olfor Qg uAIFTY HIW
Age H7H7] o4dolA RIws] yvehdeh =7
T ode HE A 4R sEE diALeN
(Hormone replacement therapy)& *H4t= o

T Aol mls| @4 & =¥ 4HE, LDL-=
Eﬂ/‘EﬂE 2 A (Lipoproteins) @] 0] &
SYTH10]. t=ZZAl(androgen)®] oAEZAOR
o] Mg  olsks  |mAQl otzmtEfolA]
(aromatase)”} ZHE otzufEtolA-ZY ¥
(aromatase—knockout mice)ollAl 17HEI-o|AE
gtrtol &2 ZhAlEeA A4t Het-Atate] o]
Ste ke HAE S7HHTH21 olEe 4
TANES AL o T2Ro] HAH7] 49
2144t 24 Fa% aQles AgIte= A
= oJm|eitt,

fAERAC] os) 4ot oAERA 8
A (Estrogne receptors, ER)= EAX {xzto] &
AH5t= estrogen respose element (ERE)o] A%t
sto]  fHztel HAS XHEUTH22]. PPRES}
EREE ER¥} PPAR@o] % QAT 5= Q= &
55 AGGTCA half sites ZEZSIL oA,
PPAR « ¢ ER7FE] signal cross—talko] ¥HAighct
[12]. APAAaEo] sk, 1xFAelE 13
F 3ot AFIG B 4R CSTBL/6JFIONA Ha
of EA 7ol os wiuHeo]ES] Zgo]
o2 Yelgtoe™[20], IAFAolE 135 ot
AFIRE FAEA MRk b3 C5TBL/6) FlolA T
LuBolE gh=Aof o] ZAE AAAL

ol ddFe T

1

A Hol A 2| At Attt fenofibratext 17 8 -estradiol®] 9&F 7

2hgo] winBeo]Est 17Me-o A Ertcto]
o BAH] osh AU oA 3
Aol 135F Fob HAR 4R FoIA oAk
249 FA wznsdolEd gL Woha
e 22 julgitt,
el & i) oohd AAgolE 8
B AAT FaBA 4R FolA v
o7t wEAH 23t wivBeol=st 17
—olsEdtrtolgo] EAHEH 7 719 B
FAA] A ok wnlgk e %
2 ROF Aolg vehfglon, AgelH
Ui @4 & 22 JEsn BRA
AL SAHOR GeIFt Aolst GSlc
ATANES A PAolS 85 ot
A4 @2 Al ekl
wix] Beflo] 9] Zhgo] 17d|et-o) AE ol &
of ofsl wAQl e WA grrhs 2L A
Atk G 2 At AReiat] e v
wBeolze] 2hgo] MK Alold A AE
o 59} A A AR v Aol 4
AL ek,

Ea

]
%S|

10

S}l

r-?-li_u;rﬂ

LFPE

T

ﬂj&JlN‘éJl%ié-iN

%!
x

a}
A7

E

fol
ny

_?L

_1>4r

30, ol

4. 2 B

A1 A HHAlo| =2 8= Zot AFs UaA
1 FolA ol Bejo]E ThEAe] Y 11|
Heo|Egt 17H|et-o AEgtto]- 9] FAIA 27t
Al

Ao 2ol mlAl JeEe ZAHch

H

=
o
=

A
)%

L A gAl0)Z 85 Fob HAT HaBA] 42
Ao A 87A BRAG 85 Fere] 2R
A F7het ta, vievHdels wEAe)
2 9 wwwdo|Ee} 17u]er-o 2 Eett
ol&o] FAAel F 7t Aol7k ekt 91k
.

2. A7) E 85 B AFIT FAEA A
FolA wruHaolE ‘i}%ﬂa% T T =
dAHEY HDL-ZYAHZS Z4A7]2
WA BF SAAYH LDL Z 2 HE

& st

dl

N

Ak

3. AAAO)S 85 B AT dAEA AA
HellA] ) tex] Beflo] =9k 17uel-of 2 E et}
ol SAHE Wi BolE GEAel
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HARAHOR, 2 A7+ 8F T AAYAolE A
e dadA GA Feld 2% F EE2EHE,
HDL-EZ#~HE 9 LDL-Z# 28 Z] et 1
LmBEo]ES] 282 AERAC] JF WA
A, BF S92l Higt mienjBeo]Ee ¢
Fe o2ERNY FFE Tethe A& A

o

oA mi-uBeo]Ee} 17H|Er-oAER T ol&of
ot 3 A 2o tie R gkt =4
A& dotir] 9fsl, A-AL 2480l Bolst=
Az s A RS0 A7 &
o]Fojxof & Zojrt. 12]al & AFollA A4
TS AFT HAF g FERE] FAaEA
WA FolM 85 T A9 7IZE2 AAGAe] A
Foll ofet A ATA} oS F23] frokA] H5HA
g AlRbe] gle Aor Atrdh

b 2 A AREAelE AR dadEA o
71 Fol A A AAL A o] ot 2ol et &
T NxA=mE AT Aotk

Job 4o N lo
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