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Effect of PPAR @ activator and exercise on angiogenesis of
white adipose tissue in high fat diet fed mice
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8 oF: PPARa activator’t A% At g AHT &50HA] &2 Fol Hls) 12 AAmE HHT =
= HojA wAz xR o] dRAAS Hrt gufdog oA5H=2E ZASIEH. A e RAYR
PPAR ¢ activator®! fenofibrate®} €52 B%E A 5}2] &4& t%x(Con), fenofibrate TH=2 2] (FF),
2= =327 (Ex) @ fenofibrate®} €59 232 F(Ex+FF) 02 o] 837 TAHF AFRE A FH A
Zict, SRR o] Aot WA L] 3 7] Condl HIS] FF, Ex 9 Ex+FF HL5F 7r4st3om,
Ex+FF+= FFol vls] B& fAastirt. WAz 2o MMPset 4148 ¢12+e] 5421 Hd-2 Condll
H|5f| FF, Ex 9 Ex+FF 5% 7FAStY o™, Ex+FF= FFofl Hlaf oS frAstint. Zev 348 JA19]
Zke] f2 WAL Conell Hlof FE, Ex ¥ Ex+FF 25 5715F9a, Ex+FF= FFol Hla) B% S71sH3
o}, webA B A= fenofibrate BEX 2| Hth= fenofibrate?} 259 XA 27F axpxog WAz HFx
2ol A4S AAFOoR K WA T RZ O] FI7HE HAA7| L BERHTRS At AL Rt

FAo] - FHY, PPARa, 28, YHRFEZ, Alef

Abstract @ It was investigated whether PPAR @ activator more effectively inhibits angiogenesis of
white adipose tissue in exercise mice that ate high fat diet compared to non-exercise mice that ate
high fat diet. Male mice were randomly divided into a control group not treated with a PPAR «
activator fenofibrate and exercise (Con), a group treated with fenofibrate alone (FF), a group treated
with exercise alone (Ex), and a group treated with a combination of fenofibrate and exercise (Ex+FF).
All mice was fed high—fat diet for 8 weeks. The weight of white adipose tissue and the size of white
adipocytes decreased in FF, Ex, and Ex+FF compared to Con, and decreased more in Ex+FF
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compared to FF. In white adipose tissue, the gene expression of MMPs and angiogenic factors
decreased in FF, Ex, and Ex+FF compared to Con, and more decreased in Ex+FF compared to FF. On

the other hand, gene expression of angiogenic inhibitors increased in FF, Ex and Ex+FF compared to
Con, and increased more in Ex+FF compared to FF. Therefore, this study revealed that the combined

treatment of fenofibrate and exercise effectively inhibits the angiogenesis of white adipose tissue,

reducing the increase in white adipose tissue and suppressing abdominal obesity, rather than the single

treatment of fenofibrate.

Keywords * Angiogenesis, PPAR «, Exercise, White adipose tissue, Obesity
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A2E T, AdvAdE 4 5
T tiAdAge] Hgtat Agbsto] WAgstnE,
Ae7He2 HvRS ARt A3wA= A4k
HFEA] ZAdsorgt gtohar ZFEstar glok HgR
A A 2284 (adipogenesis), @AY (angio-
genesis) H A|EL]7]A 2P (extracellular
matrix remodeling, ECM remodeling)& X33t
Az o] a3 st welo] JlHH2].

S AdR1e] QAshe A ERA A B
Aeteh, ArxAle dye] Wil ZF AgA|l R
BT BAE® YELA] oo dFS 5
H=th3], AR Ae] Atk Fe 3
ECM #|md# o] Wbyt sy 2A| o] A
HHEE  matrix  metalloproteinase  (MMP)=
ECM z4& Fof Agx2e] ddnt uAqdd
Aol F8% Age tH4,5]. 193 st
= AYAIE= vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), VEGF
receptor—2 5 @Y AHRJIAES FEH|RIH{6].
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1 =
Rz 2] of
3 g rd g (vascular remodeling)s 427 H]
e 2ASHH7.8]. wheba] AR o] A%
iAol &St A A A SJsh
Ad 4 Aol AARE AT

gzl tirte]l Ed@dom AX Y 2
AU2|A F2 o] w|gto] wHAgit,
2 o2 A AHFste 7e
e g AS P oy 24
H|she= UlH] 7] ol oh9]. E3] ]
2o AA|aEe] 27]7F F7FsHd
ZFQl(inflammation adipokine)®] £H
ZTH10,11]. wheba] Ui s Az b a2 o
Aoz Wshs BRHTRE of2] ghy tix
gho] I et EHBER AR 4
HFEA] A s ofof gt

Peroxisome proliferator—activated receptor «
(PPAR @)= AFAF AFe}, 21AA H 452 =
dsto] Hwk B A29 de, Adyde 5 o
4 diArdEge] TRl Fa% AR dEA
QIt}H12]. PPAR @ activatorél fenofibrate:= 1
A5 AmA=H 2APAE S Sk oy
2 tAFE 2dsto] U MR EARA, dF
A4 AE 9 AR AEEAS NS
DS (sepsis) C=HEH A E4S IEAZT
[13,14,15].

HRhS sty AZRE 42 fAlsk] $19
THAA oA A&H FS WA
A Stk 252 AddiAret odz] diAE 24
Sto FRAE AgxA] FAE FaAZlL 124
T AR FE ded AR HIFZSA
A7t Agk 5 owek P 9y
A5t 16,17,18].

R
R

A

==
9

J
4

e

[}
e}
L

o
0%
o
_O'L
Rl
BN Az N

]_

ON
=3
1
By
i)
)

of

= oIN

i
N oo 9

ﬁd
do ox oE N
S e >

1o

—-

- 926 -



Vol. 40 No. 5 (2023)

Fenofibrate®} &2 AAhAIE Esto] o4}
A-EE, A28 dy 5 tFEEQ =Tt ¥
g diAHg Rt HTe] 2o giAQl Ao
2 g gt a2 fenofibrate@t 59| H]
o 2 gt dazEERe] FW|AY 24
7143 Pdo] Al I8 WAExz o] &
TAilAge] tigt fenofibrate®] 2F-go] 5= ShH=
At 5L kA o= Aol wret Zpolrt QA
| Tt AFE mH[sith, mEkA B d3rEs
W AtRE AFIRE FolA fenofibrate®t 252
ZF SEAE] 9 X3P 7t WAz R o] &
Aol B2 = B ARSI

rr

e NN 9
mel 1o kJ

N

4 3

21, AESEa A

79 1ol 431 FH(C57BL/6] mice)= &
SHto] @ 3 (Chungbuk, Korea)olA  FLufis}to]
12/12h day/night cycle 2%, 20+1TC 2%, &
+ AE7 fAEE golA ARSEHAD He 7
22 471%, = fenofibrate®} &5 E5F A
2l5lA] e tZ(Con), fenofibrate TEA]]
+(FF), &% @=x2]#Ex) X fenofibrate?} -&
59 ZIAHYTEx+FHoR UHREAtHn=8/
group). BE F= 8FI 1AW A=RE HFot
k. A Ak=(High fat diet: 45% keal fat)
X Research Diets AHReseatch Diet, New
Brunswick, NJ)¢] Zlo|®, PPARa activatorl
fenofibrate(Sigma, St. Louis, MO)2] A&g+& 11
A% Ak AlolA o] 8sFATHS500mg/kg, 0.05%
wt/wt).

252 35+1C 227t fA=1 w7t A7)
2] &= T8 £Z2(mx1m, Jeiotech, Seoul,
Korea)ollAl #3252 AHAISIAT. F9252
8F < 5day/week, 60min/day= AASFAIL
A A 13 T Y 1084 25A0E &
77l e 5dg 7130l ZEHUTE FEAHE
2 M dgu FEAFSAYT S90S o

AABFETHNo. NVRQS AEC-13).

2.2, XM=l 37| BN
A MAF WAL 10% phosphate-
buffered formalinel| &% S¢F AT =49}

TAY S AR Hold AT A dBAYe] Bt PPAR« activatorst 259 ¥ 3

Fgst By 5 pde] =z
(embedding) sttt mhetd A2 S5mz A
sto] AW-g WS Hematoxyin—Fosin® 2 ¢
Astley. GARE 22 FEL2 Image Analysis
System (Image Pro-Plus, Silver Spring, MD,
USA)S o|-&st] AiA|z 3715 A3lstaitt.

[e]
A&

2.3. KX U 2A

mRNA #3d2 RT-PCR (reverse transcriptase—
polymerase chain reaction)oll <Jsf] EAo}HTt.
Total RNA+& trizol (Invitrogen, Karlsruhe,
Germany)= ©|-&sto] WA MMRFZ2 oA 5
Z319r}. Trizol ImlE A¥%2 200mgel 2l
homogenizer= F45F & 24 587t §HE
A FHT} of7]e chloroform (Sigma—Aldrich, St.
Louis, MO, US.A) 200 x1E ¥ 7PHA &3¢
Stal A2olA 327 vheAIZl & AAEE5H
th(13,000rpm, 4C, 158). A5dS M=z &
Bo] Y3 isopropanol (Sigma—Aldrich, St
Louis, MO, US.A)& &2 F Hrlote] A2
Al 1083 ¥9HgA17]1a AAR25HITH(13,000rpm,
4°C, 158). RNA pellet?t @711 dA= A~
o= 371 Sl &ds] AxAFHTE 0.01%
diethly pyrocarbonate (DEPC) H,O 30x1€ ¥
I RNA pellet-Z £3|A17 et

Complementary DNA (cDNA) Synthesis Kit
(MMLV-RT, Doctor Protein, Seoul, Korea)2}
Oligo—dT primers (Qiagen, Venlo, Netherlands)
£ AR8Ste] total RNA 2pge A7AAF AT
cDNAE ZZA)7]7] Y3 denaturation(95C, 30
%), annealing(57~58°C, 30%) 12|11 elongation
(72°C, 30%) Wgoz FA4H FHRALANTS
2 28-38%] §HESIYTE. Table 12 Adof A&
H PCR primers@t PCR Z7o]t}, PCR AHzE <]
BHS 1% agarose gelolA 7| 9F5ke]
GeneGenius (Syngene, Cambridge, UK)Z A3}
Skt

24, SHZEN

SigmaPlot 2001 (SPSS Inc., Chicago, IL,
U.S.A)9] unpaired, student’s r—test& AHg-oto]
IF 7t BAR f94e AScHY fodes2
pR0.052 A5ttt 2E g2 mean +
standard deviation (Mean + SD)°& A5}t

- 927 -



~
ox
ol
fol

Journal of the Korean Applied Science and Technology

Table 1. Sequence of oligonucleotide primers and PCR conditions

Size . Annealing
Gene Primer sequence . Cycle
(bp) o+ () Y

FGF-2 293 F-. 5 / —aactacaacttcaagcagaagagaga}—3 58 34
R: 5" —ttaagatcagctcttagcagacat—3

MMP2 24 F.. 5 / —agatcttcttcttcaaggaccggtt—? 53 34
R: 5" —ggctggtcagtggcttgggata—3
F: 5 - -3’

MMP9 683 . 5 , tgcgaccacatcgaactteg—3 / 59 37
R: 5" —gagaagaagaaaaccctcttgg—3

TIMP-1 170 F.. 5 , —ggcatcctcttgttgetatcactg—3 ’ 58 34
R: 5" —gtcatcttgatctcataacgetgg—3

TIMP-2 320 F-. 5 / —gagatcaagcagataaagatg—&i 58 34
R: 5" —gacccagtccatccagagge—3
5 = —

VEGE-A 561 . 5 , getctettgggtgcactgga—3 , 58 33
R: 5" —caccgecttggettgtcaca—3
B 5 — Y

8 —actin 348 . 5 , tggaatcctgtggeatecatgaaac 3/ 58 )8
R: 5" —taaaacgcagctcagtaacagtcc—3

FGF. fibroblast growth factor, MMP. matrix metalloproteinase,

TIMP. tissue inhibitor of

metalloprotease, VEGF-A: vascular endothelial growth factor-A

Ex+FFe] &5A iyl & SAZ5x2] (white
adipose tissue, WAT)S] A= Conell Hls| Zt
Z} 44.78%, 38.33% X 75,72%% FASIH o,
Ex+FF&= FFof|l HIS] 56.09% #AstAch =5}
2 2]9F 2 2] (subcutaneous white adipose tissue,
SWAT)Y BAL WA wMzuErz 2] (visceral
white adipose tissue, VWAT)S] FAZ -FALSH
A7t vebgh 57A o] oot WAz
o] A= Conell HIs] FF, Ex 3 Ex+FF= 247}
49.11%, 45.64% =L 75.57%% 74st¥9oH, FF
o] "l Ex+FF= 52.0% FAstdct. &5FA o
v U S 2z 210 £A1= Conoll HIH FF,
Ex % Ex+FF= 27t 42.44%, 34.08% %
73.32%% ZAstEoH, FFo| Hld| Ex+FFe=
53.81% A5kt

3.2, HHMIX[HIM|Z 3 7|2 WSt

HAZGAE T7]19] #ste] tiet fenofibrate
o} 59 JFL Al HFig. 2). FF, Ex ¥
Ex+FFe] wiMiz|aba|zo] 7] Conef Hlsl] Zt
7} 34.33%, 42.88% 9 52.71%% 7tAstaon,
Ex+FFE= FFol| H|&l| 27.99% 7453t

[=13=

3.3. Mol 2ot RTA &

A TEE gt

S A A F WA AT A
sttt FGF @344 <1xke] mRNA 2@
Con®]l H]3] FF, Ex @ Ex+FF= Z}Z} 22.03%,
19.91% 9 36.54%% 7HAst9.0H, FFo| H|3)
Ex+FF= 18.61% Z43stict. 12|31 FF, Ex ¥
Ex+FF: Conoll Hls| VEGF-A A4 Q1219
mRNA  2do] ZzZF 20.22%, 19.62% 9
32.69%% rastglew, Ex+FFe FFol HIg|
15.63% A5t ThFig. 3).

MMP mRNA ¥&-E& fenofibrate@} €50 <
3 A= AckFig. 4). FF, Ex ¥ Ex+FFe] MMP2
mRNA $5& Conoll | ZtzZ} 27.55%, 25.46%
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Fig. 1. Analysis of the white adipose tissue weight.
Male mice (n=8/group) received high—fat diet for 8 weeks. Values are reported as Mean # SD.
"p€0.05, " p<0.01, " p<0.001 vs. Con, *p<0.05, *p<0.01 vs. FE. Con: control, FF: fenofibrate, Ex:
swimming exercise, Ex+FF: swimming exercise plus fenofibrate.
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Fig. 2. Analysis of adipocyte size in epididymal white adpose tissue.
Male mice (n=8/group) received high—fat diet for 8 weeks. Values are reported as Mean + SD.
" p<0.001 vs. Con, " p<0.001 vs. FE. Con: control, FF: fenofibrate, Ex: swimming exercise, Ex+FF:
swimming exercise plus fenofibrate.

- 929 -



6 AA® Journal of the Korean Applied Science and Technology

10 10
3 g

[a] o 08
o «
g 3

x o 06
£ E

g g o4
& =3
q <

I w 02
o [C]
I w
>

00

Con FF Ex Ex+FF Con FF Ex Ex+FF

Fig. 3. Analysis for gene expression of angiogenic factors in white adipose tissue.
Male mice (n=8/group) received high—fat diet for 8 weeks. Values are reported as Mean + SD of
relative density units (R.D.U.) of three independent experiments using £ -—actin. ~p<0.05, = p<0.01,
Wp(O.OOl vs. Con, "p<0.05, ™ p<0.01 vs. FF. Con: control, FF: fenofibrate, Ex: swimming exercise,
Ex+FF: swimming exercise plus fenofibrate.

16 20
S 5
aQ a
& &
< <
z =
4 74
E £
£ c
B o b
¥ $
=% &
& S
o o
= =
= =
()o(‘ (8 Q;l- *QQ
Q/+

Con FF Ex Ex+FF Con FF Ex Ex+FF

Fig. 4. Analysis for gene expression of MMPs in white adipose tissue.
Male mice (n=8/group) received high—fat diet for 8 weeks. Values are reported as Mean = SD of
relative density units (R.D.U.) of three independent experiments using £ -actin. ~p<0.05, = p<0.01,
" p<0.001 vs. Con, *p<0.05 vs. FE. Con: control, FF: fenofibrate, Ex: swimming exercise, Ex+FF:
swimming exercise plus fenofibrate.
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Fig. 5. Analysis for gene expression of angiogenic inhibitors in white adipose tissue.
Male mice (n=8/group) received high—fat diet for 8 weeks. Values are reported as Mean + SD of
relative density units (R.D.U.) of three independent experiments using S -actin. p<0.05, =~ p<0.01,

EEEY

swimming exercise plus fenofibrate.

9 42 4598 45T, MMP9 mRNA 42
2 Con®l Hl& Z+2t 12.03%, 10.69% 2 36.2%
A grastgcy a8 Ex+FFe]  MMP2sH
MMP9 mRNA &2 ZbzZ+o]  FFoj  H|g|
20.57% 2 27.47%%8 7rAistart.

XA O 2 tissue inhibitor of metalloprotease
(TIMP)-13} TIMP-2 mRNA e
fenofibrate®} %o <2J3] Z7FIcHFig. 5).
TIMP-1 mRNA ¥&d2 Conel H) FF, Ex ¥
Ex+FF= Z¥2+ 36.83%, 33.15% 2 67.95%%
Z7kstgl o™, FFel H|s| Ex+FF: 22.74% Z7}
stk 181 FF, Ex @ Ex+FF= Conol H|5|
TIMP-2 mRNA &do] Z+z+ 38.64%, 40.98%
2 81.09%% Z7}stglom, Ex+FF= FFe H|s|
30.62% Z7Fstatt.

5. =

E AFE Y A=RE A FA FolA
fenofibrate®} &% 25T XA Qxtet M

£ dAlold ¢ ARJIK(E FXote] W
WA R BA9L APAE F71E FAEAH

om t©]2o] fenofibrater= &E5IA] L& FHof

p<0.001 vs. Con, *p<0.05 vs. FF. Con: control, FF: fenofibrate, Ex: swimming exercise, Ex+FF:

H|gl| &5t FolA WAz zzo] FEAAY
= Bt o andoz oAste] WAz
BAE FAAZID BERHTE fASTE AS
grant, webs] 2 A3 A= PPAR« activator
E 5 XAt WAzHEZ o] FIEE
AL Fol AloldHRE Hgto] fE T o
AHgARE W aHo g Amsta oEdE 4
Ath= AS AlARRITE

Az 12 Ugd nAERe 5 7t
AR JFEI AAE FFetER AHE
219] 4B AFAEe]  FA(hyperplasia)

2 v (hypertrophy)et &7 2Ax219] AJAat
ol 7]ofste] ALXARAE F/HAZITE 1L
A ARE AHS v Fe APAEA &
AN 9Ixel  VEGF, FGF-2 9 VEGF
receptor—2 2H|7} F7lot] AR EA 2} 2]
AL 3717 Frtstante]. ol Az e
e AT T Q2 ougict mekA
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FGF-29F 2 @BAA AA: s i

AAEY F4, B3t 2 o5 EATUTHI9,20].

VEGF-AL: B9 m3Eel ol
A

S estth21]. B A3 fenofibrate®}t &5 2%
12 ARE AF A A W Wz
Z Ao A VEGF-A9} FGF-2 mRNA %H&dS 7
AAFoH, WAZHER O] BA9L AL T
71k % FAAFG 283 B dAxdie] &
Q3F HL fenofibrater 5514 &2 F o
8 sk FolA we aHHozn I3
Azt I, AHxA BA 9 APAE I7E
FAEANFGE AL HI oz £ AYdne
fenofibrate®} 252> WA Aol thgt Al
2 aig ZHRo RN WAz o] gagul o)
FE agEor A5ttt AL on|gitt

A 2= AZe)7dE ZHste] S
fiesks MMPsE #H[eet22]. MMP-2 24
2 fHddes Hgt FHEGE ofg JgHo=z
H|gto] g Fo] AR oA A TEES]
TH23l. MMP-27" HEe MMP-2"" FHof ]3|
W AR E2A 9 mjst APRRA RE
FASHEN AAE 715 FAstEET, oA
2 AgxA Ao gk MMP-29] 9ghs 4]
AFettH24]. MMP SAIA9] A= 1A% Al=
£ =3l FHolA njsp AFxAat W 2]HrxE
o BA W AN 375 AISIATH25]. &
ALATE= fenofibrate®t &% RF MMP-29}
MMP-9 f3d#te] dds AAaAZA B0l
fenofibrate®} =59 XA = Z7te ©=
gl Hls] MMP-29F MMP-9 #3219 drd
e BapHoz FAAFTE o 2 A
fenofibrate®} &5 2% MMPs (MMP-2
MMP-9)9] AAAZ 285}, fenofibrate2}
5o] zgtA2lE ml¢ avtzEel MMPs JAAZ
Zrgeitt= AL Agrei

H o tolA MMP-29F MMP-9 mRNA 2Hd
of et fenofibrate®} =T XY FF
VEGF-A$} FGF-2 mRNA & Zule} GA}st
Al vebdth ¥ fenofibrate®} %52 AR
AAe1ztl TIMP-11+ TIMP-2 mRNA 32
S7MAH O™  fenofibrate®} 59 XA =
fenofibrate THEA]2o v ©f Z7FAFHTH= A
< et oA B d3dute 12 ARE
At A FHe W SRR A
fenofibrate®} &% 25 FEIAAT MMPs

I

i

Journal of the Korean Applied Science and Technology

A Bl WAXFEA AT FHL oS
o, o]g{gt A= fenofibrate?} %52 ZgA|E
of o5 5L aIHo|thH= A& AAFRIL

H|gE Aol MMP Hd2 AxZoA 24
MMPs (MMP-2 @ MMP-9)& AWAE Hs}
of e k. MMP-29F MMP-99] A4}
wHlE AZF APA|ZolA F7FHR S ™ human
preadipocyte % 3T3F442A preadipocytes 25
ofl Al AR O] F3} FRF FTIstATH26]. o]
= MMP-2 9 MMP-97} A|=HA|E Hidho] F
Q3= A AARGHE MMPE AT =
HAog APAx 23HE =4she 715°] Sl
MMP AAl= AgAZ Eeltds Adad 4
ItH?26,27,28]. MMPE= @344 AAQ1A21
TIMP] ¢Jsf A€}, TIMPE MMPE A
sto] Alae)r|del BIE Agete=a Al
g AFhe29]. E=§F TIMP-12 basic FGF
(bFGPR)ell tigt A2 dhg-2 AAAZ S #9k of
Yzt F442A AHHFA 2 (preadipocytes)ol H] 3]
AGMER E3HE AaolA Tdoe] F7HES T
Agte gy, TIMP= S48 9 AHAZ &3t
A7zttt AE & 4 UTH301. olHgE A8
TE2 MMPeF 11 JAAlE ASA| 284
BO
o

=

Fz2] e 2AstEe F329 dL 5i=
< 9ugttt, 18]3l VEGF receptor-2 A&
280 ke AT AHPHATAE B}
oL AFsi, o] VEGE7I WmAxe| =
/5to] ALATAL BolE 24%0E= AL 9
n|3tcH31]. MMPE A|ZQ]7]Ho] AgtH VEGF
9} bFGFE W&oz a4 Qe olg
S ZIZ 4 9omZ[3233], MMP &4
AAlE Ak T AAE TaAA €

T =

w2 s N, e

o =
Aot opet A E 2slrbdS AAddt
4 otk wEbA E3AAY 1A MMPO] oA
9 FRA Az Tk HlTE Al E3A
Ak AFA YRS Aot ARXARAE
Aastal Hghe AjAgicHs AS AR o]
& APALES v o=, & AolA A
Izt MMPE A|AIZ| L B4 JARJIAE
S7HZ1 fenofibrate?t 52 FIAIYRETE of
et APAZRLE JAste] @Az HFx 2] o]
At F4e AAsiES Aog AtgH
ARHog B A3 1A ARE FF
gt \E Foll A fenofibrate®} 52 WA wWiA
Wz o] AT MMPs T Alxe71d
ndys Aggto 2y WAz o] At

A}
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