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ABSTRACT

We determined the effects of dietary manipulations on messenger RNA of peroxisome proliferators activated receptor
_ isoforms (i.e., PPAR @, A/8, 7) in red vastus lateralis muscle of rats. Total 16 male Sprague-Dawley rats were used,

and animals were divided into one of two dietary conditions: either chow diet group (CHOW; n = 8) in which animals
were fed with standard rodent chow (61.8% carbohydrate, 15.7% fat, 22.5% protein) or high fat diet group (FAT n=8)
in which animals were fed 24.3% carbohydrate, 52.8% fat, 22.9% protein. At the end of the 8 weeks of experimental pe-
riod, red vastus lateralis muscle was dissected out from all animals, and PPAR a, /8, v mRNA expression was deter-
mined. There was no significant difference in body mass (BM) between CHOW and FAT. As expected, blood glucose and
free fatty acid (FFA) concentration was higher in FAT than CHOW (p <0.05), and lactate concentration was significan-
tly lower in FAT compared to CHOW (p < 0.05) . Insulin concentration tended to higher in FAT than CHOW (67.2 = 21.9
vs. 27.0 = 5.2 pmol/L), but it did not reach to the statistical significance. Gene expression of PPAR @ was not signifi-
cantly different between CHOW and FAT. It was not also significantly different in PPAR 3/ 8. Interestingly, expression of
mRNA in PPAR 7 however, was markedly depressed in FAT compared to CHOW (approximately 3 fold higher in CHOW;
p <0.05). Results obtained from present study implies that PPAR 7 (as compensatory function of PPAR « is expressed)
possibly exerts another major tuning roles in fatty acid transport, utilization, as well as biosynthesis in skeletal muscle cells.
The situations and conditions that can be postulated for this implication need to be further examined. (Korean J Nutr 2007;
40(3): 221~228)
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liferators activated receptors (PPARs) 7} AW tiALE: A
AkF o zgehe 4 2EAe] ¥Rt PPARE 7

o B3| peroxisomal proliferations Yo7|= k&
3} A& 2-23h= ligand-activated transcription factor=
S0% BuEG o o] PPARe Z WYL ©]9]
ol iz F 71x12) oA} EAjEe) PPAR B/ 8 (nuclear hor-
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mone receptor 1 [NUC-1] &2 fatty acid activated re-
ceptor [FAARIZIZE 3¢ PPARy 2 FiH R eH,?
ol 7M7) R 715 BAS vEhle Aow 4y
A

Adutd o2 PPARsE A4 tirtell #ofshe a9t #
A WS A= Aoz 4 Sk & 22 Wi A
2 A2 (apolipoproteins A-1, A-TI, C-IID, A 45 -
poprotein lipase, fatty acid translocase, fatty acid trans-

port protein), W AWt A} (acyl-CoA oxidase, acyl
CoA synthetase, carnitine palmitoyl-transferase-I, long-
chain acyl-CoA dehydrogenase) ol 220 #ofs}
= A s Uyl Qg wiE ¥ opey o BelE mi-
tochondrial uncoupling proteins, malonyl-CoA decarbo-
xylase, Z28]1 pyruvate dehydrogenase (PDH) kinase
4 (PDK4) 3} Zo| AwAt Atslkel WAshA dag de
QBT Xhet a5 BHL Fu|EE e oY
& FAe) pAdo] FFTAe} AP tial By Aol
M2 AT f714 BRPS AYH, o2fgt Ao] 7jEAor
= Aolt}, HE =9}, PDH com-
plex?] 91413} v-8- A T o) wke} PDK47}F mitochondriatl
729 FFIA Y 2EE B3 AR AL Abske
< 37 A B

Al 7FA12) PPAR o)/dA|9] i x212] Fejel w} A
402 vehdtl PPARa & 71 A, 9 4 2ol 4F
34 Afo| £ ZAoA AF O R #A vepde A%
Are] gAkskEby, Xkl g Wl p4509] 4kl 3 Foll o
oJel= dhlale) BS 2Ashs 7|5e et PPAR«
= 2 XY+ arachidonic acid$®} leukotriene B4
(LTB4) &} 7+ At stEASo] o Aelxos 24
sk)= Wk, clofibrate 9} 22 fibrates Al%-2] hypolipide-
mic drugsg $8t k] AQ 7S F2 w33}, o] vt
#], PPAR y B8l 7|EA o2 At 223 g3 A3 59
2a A 20N A oz dojupm Akt sPEEAE}
15-deoxy-412,14-PGJ29} 2-& 574 prostaglandinse]] 2
& B2 HolA Hth o] o) gAe] Ag, AgAlEe] £3}
£ frshed o So% Ags ab 848 macro-
phagest] anti-inflammatory A3} §&ks] wex)#] k&
AL W e 58 22 AR W ded Tsd]
S n|X= Ao dejA kY olgk= thEA|, PPAR
B/6 2] WL ulg B ogst 2ol HAEo] SUt?
Eo], Escher 57-& tjakst 7)@eA 9] o]&f3st Al 71| &
B oA 1 AEE A3 A3 RNAse protection
& AN AAEa ZAE Bl BE Y oA
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7} ZAEE wRl vl Qlok FECE (5 ARET 23D
Wollre] o)algh Al 714] o/ gl A dhAQ] WS PPAR
B/8 > PPARa > PPAR 7y & w22 el kA AF
3 ulg}l Zo), PPAR y & 53] A AXox 2 Hdo] &
AsHA| T y13 72 Ale]e) ZHAM G LH L B4E dE
ATAE 7 o] Foix)i= AoE LA It A

PPAR 7 2] &&l H=s} vigh, Al 2 3 B W Alojof| &
g3 A ARBAZ Bo|H'W o] AL & ] APA TR

9](_[
L
Mo«
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§&- AStE)e) Q= AH O 2 Zierath 572 immu-
nostaining g £3} PPAR y & 7IAW2 (solues, ) &
walo] H| B (white gastrocnemius, W) Alo|]
ZFE s F 5383 Ao} gl Rudil, olg vt
)2 western blottingS ARl g A7 A A e 7}
Apa|ZefA 2] Wdo] wane] 9133 (white vastus late-
ralis muscle) o1X9] Z&Z v]ws) o $3-& Bk v}
AP Fzpe] A9 AT AR iR FHoEA A
At 84 B Wol dEjhhe F dAEtkn £ 5 9l
o}, o83t ATES T3 B o, G Aol TAE
= glont ZAZT AR AE U 7)Ed L4 Al 7HA
Hejo] ol A7} BF gtk B 4 glon, o)A 7}
Zre) oAyt 25 Ul trkE sk AR CR T8
3 A ks S YISk Aolet & ¢ vk
Hgto|u e ofislr] Sl8) thekal 2ol axRio] Al
SEolA] itk Ao] A AIE W 9 AETE o]F= T
3 RS A ZHF o R Ak B 4TS 1|F|
27 2 4% Aort & F YEF Ae] AlEoe] o]F
oj-of g Aolr}, o]#jdt o] ¥l 23 AH AW
A AEE HaA7)E BA S49 A BEs
Z7A o2 Tl N0 R HEE FEA WA Akst

A7bA] Baie th-
4 WA Alelells GaaaAst Qlge] weRlnhY o]
s} o] A 2lo] AFH7E A Wl At 715l w2 9%
& wAlE Ao d#A oyt Aolaie] PPARS A
7H4 9] ol Wil mlXE AAE ¥R A7 A
742 Bt vt glok webA] B AFE FE AR BE A
ol\d# Fej9} PPAR oA Aole] RiskE 438 9
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AAFTEY At H U

B o= A7|7ke) Mz U Ao] AF7 242 U
PPAR o|Axl9] #x2F 2&d) vl a7 A7siqith
ol 98l & 16712l9) 3~4F9 (2F90~110 g) == Spra-
gue-Dawley (male) HE Ael=it (737], digl=) =%
B 7olal ARt AEE FEO] AP AR A
A 37 (LE, 22 £ 2T JUIEE, 55 £ 5% 121124
7t light-dark cycle)oll A& 4 A=F & 15Y9] A%
717+ ARA sl ol F oS FAMAEAE B3l
Ak Ao] 1% (standard chow, CHOW; n = 8) # A%
4% 1% (high fat diet, FAT; n = 8) 22 Uro] 857t
o] A= Ao)ATL s 857k Ao AA| 7|7io] ¥
W & 27} 1 sodium pentobarbital (60 mg/AF kg) &
Folal vl AZF e &Ee B3she AEE 1l &
Z}7}e] A2 RE A9 &3 (33% type La fibers,
32% type Id/x fibers™) S A& Fnlz A A (-
quid nitrogen) £ollA §40% WEAIL § PPARe, B/

Table 1. Composition and energy content of the experimental
diets

Amount (g/100 g of diet)

Ingredient

CHOW FAT
Starch (from corn) 48.3
Starch (fromrice) - 18.0
Sucrose - 8.0
Wheat bran 3.9 5.1
Lard 29 15.0
Coconut oil - 15.0
Olive oil - -
Safflower oil - -
Vegetable oil 3.0 -
Casein - 23.0
Soybean meal (48% protein) 20.0 -
Fish meal (64% protein) 14.4 -
Gelatin - 6.0
s-methionine 0.3 0.3
Mineral mixtures 5.9 6.7
Vitamin mixtures 1.3 1.3
Kcal - 100 g' (% Keah 337.9 (100.0)  511.6 (100.0)
Carbohydrate 208.8 ( 61.8) 124.4 ( 24.3)
Fat 531 ( 157) 2700( 52.8)
Protein 760 (1225) 117.2(229)

Standard CHOW was purchased from SAMTAKO (Bio Korea Inc.,
Kyoung-ki, Korea) . oi-Methionine, p-2-Amino-4-methylthiobuta-
noic acid. All ingredients for high-fat diet were prepared from ICN
Biomedicals, Inc (US.A, Chicago)

BERAEZBEIE 2007;4003) 1221~228/223
8, v o3l djgt faA A4S AAE 971 -80TC
WEIo] st} 2 A3 e Alg 9 9] A
ol AFhe FA| Pgrom HAe AL #3E AT F A
2 Hr1gos FEO A @ A 278 FE
TR Ajoje] 7

TR Aoji= HFATV oA ARG WIS TS
ey ;A Hojof) thEt A% Y 2AED
ZF2 Ao A7 9 dhdof] Fa3t JgaEo
2 F AEF 3k CHOWAel= et
) 2 2E 78 FEAA FEeted, 14
ICN Biomedicals (Chicago, U.S.A) 0238 Z}7}9] 2
Z 7e 2R & 23 F ds Heo Aot A
QEE Azt (Table 1). APATF"E upgoz 1
A} Ho o] AZE 8 el=9} TIRKE F2 ARSI
Fojgl 2)o)o) HHE T8 32 MR g2 CHOW
2lo)¢] AL B3R RE 61.8%, AW U G2 RE
712; 15.7% %} 22.5% %27 FAT#ol9] B¢ ddEs
HE] 24.3%, AogHE] 52.8% W GWMAZHE 22.9%
k. AA A7 2 AT WH3E 15 23] H7142
2 #AsH (Table 1).
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AP A (~7 mL) F 9 (~2 mL)= EDTA A
d FEg A4 g4 BaE A8 1083} 5,000 rpmell
DR S, @3 B F 2hiE dat 9 2R3

A T2 A5FE 247]) (Yellow Springs Instruments
2300, Yellow Springs, Ohio State, U.S.A) & o] &3] 54
Fom Fojo] 2 At E4E Ha S
th % W ) AR T 84 WS o] 83 Mo W
32 B AFskels ¥ (NEFA C test kit, Wako,
Richmond, Virginia, U.S.A)-& ©]-83} spectrophotometer
oA A= o oy A (~5 mL)< FAE FEE
&7 383 $IAZ F 1587 A4 (7,000 rpm) F
P34 & Ba3 enzyme immunoassay ELISA £44 kit
(Mercodia AB, Uppsala, Sweden) & ARl €3 led

FEE 28t

Real time RT-PCRZ $¢! PPAR °l3H {84 &3 B
Z2 0 2 HE| & RNAE o)Al AR| W 9¢f 2
#] Fast RNA kit-Green (Integrated Sciences) 2 A3}
ZE3I510om, A RNAZERS spectrophotometer (260
nm) AWM FFEE S48 ARdsisitt R AR strand cDNA
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£ AMV RT (Promega, Madison, Wisconsin, U.S.A) S
o]&3ted 1 ug RNAE 3l glon, o] A€ cDNA
€ FHFRA0] o]Fo A w7kx] —20T A Ba= i

SAAL B4 AAFTUE (Reverse transcription-poly-
merase chain reaction; RT-PCR)< ABI PRISM 5700
sequence detection system (Applied Biosystems, Chi-
cago, US.A)E o]&3t] AAIBIt Forward} reverse
primers (3 M) 123 cDNA (12 ng) £ o]&3l 20 pL.9)
A oz 40r01Fe) PCRE 3431510, oju) 2y =
T e 2449 H23E 98l cyclophilin (GeneBank ac-
cession number, M19533) mRNAE A3} lo] & 4
o] ghEol A& 35 olgAl 4 AR EL critical thre-
shold (CT) &2 ©]€-3} fluorescent emission datas A
o] mRNA FF& #4shk=d AH-=91.
Na A9

2E A8+ Window2 SPSS 11.0 version SAZZ 1
#E o] gate] Hid} BFERAE ARESIGIon, o] dF
-2 PPAR o)A Bzt A8S A3l 59 -34S

Table 2. Body mass differences in experimental animals

0wk 8 WK
CHOW 114.6 + 4.6 385.8 = 36.3
FAT 118.8 + 6.8 407.8 £ 14.2

CHOW: standard chow diet, FAT: high fat diet. All values are
means + S.D.

450 4

300 +

Body mass (@)

150 H

Time (wk)

AT, o] AToINE) BAH fo) FEE ¢ = 0052
EREEY

2 1

T2 Mzl st

AFTE AFTE AP71Z ANks T8 e K
S Hol Aol A7 W] o2 Ao E Al gt AFA|
zF Aol mRkEERE Aol 114.6 £ 1.6 g2, 3A
H 2olfoi 118.8 £ 2.4 g& JERY FoF 22 Ho|
Ao 8] ME ThE AoH A8 T ks
2lolol|] 385.8 + 12.8 g&, A Ao)F|A] 407.8 +
5.0 g2 Hoj TR Ao|FeM & AFE B o B4
2 23 YehA] ¢St} (Table 2). Fig. 12 85319]
AYFES AF HeE nwg 202 48 7|1z F o

A
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PPAR @ gene expression
(arbituary unit)

0 f
CHOwW

Fig. 2. The comparison between CHO and FAT of PPAR @ mRNA.
All values are means = S.D.

PPAR B gene expression
(arbituary unit)
5
\

0.0

Fig. 1. Body mass changes of experimental animals. All values are
means = S.D.

Fig. 3. The comparison between CHO and FAT of PPAR 3/ & mRNA.
All values are means =+ S.D.

Table 3. Changes in blood metabolites after 8weeks of dietary manipulations

Glucose (mg/dL) Lactate (mmol/L) FFA (mmol/L) Insulin (pmol/L)
CHOW 723+ 80 1.13 +0.19 0.35 + 0.08 27.0 +13.7
FAT 83.6 + 7.7 0.87 = 0.22* 0.46 + 0.07* 67.8 + 58.1

FFA: free fatty acid, CHOW: standard chow diet, FAT: high fat diet, =: Significantly different from CHO (p <.05). All values are means + $.D



PPAR y gene expression
(arbituary unit)

T
FAT

Fig. 4. The comparison between CHO and FAT of PPAR y mRNA.
*: Signicantly different from CHO (p<.05). All values are means +
SD.

= AT F AoldH IF 3 /F Aol HERt
A ¥kt (Fig. D).

i 29| ot

83zte] A} 2ol 2y ¥ €F SFFAY fo% $7}
2 Jepitt (p <0.05; Table 3). 8% ke 1835
AR A A AHT B ns) FASHA A JdER
o A S|k R A AF A Fshl
o Aoz epdth (Table 3). % 149 wigls A+
B A7 2AY AH F EEd o AT (eF 25 e B
ot EAFc7E F3 AE RolA] A3ttt (Table 3).

25 Yl PPAR °l¥N9 Het
1) 2% W PPAR ¢ 9 547} wadgke 371712 o]y
F Folx fejahl WskslA] ¢he A2 Vbt (Fig. 2).
2) 2% U PPARB 9] #3A} W@ 2717k 2ol
F % AelakA WskelA g o= velt (Fig. 3).
3) 2% Ul PPAR7 o #33A} @ A71318) 1A
2o xF F s sk Aoz vt (p <0.05;
Fig. 4).
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Lee 579 AT A7} YR|sh= Aojrt
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FAE AES ehlE= 2oz A8 et 2 AN
= rke] kel whel mx)E Ao) AdF 39 ok Al
HAY 557} f5H) Wed Y o) A BhEst A3
woltty A ¥ 5 Atk

QA ) A jare] 22 g & GAE A
Adojuit}, AAHo] 1 thekgh I whH-& T3 Akl
Er, A, Bl 9 TS T A oAb Ak
Aol thdt A77F dsiAl =3 Ytk PPARsE A
H AH ol W ou#] BEHE 2= AT Y Fo3k =
Azts A 7HA gel2 ol 3AE (a, #/8, r)ol Bixo]
glon, olg3 o JAEL AR F/A 75E 78}
A Z4ze) 1R 5AF V)5S w3 23 o 2E A
ool A3, ARE Abslel] Bofshe SR ES] fAAL
& zAsT d2A vk FF2AE Al 7Ex 9 o]
A7} B2F wlsE o7 deiA oy 252 oy
ALS 23831 o]& Alolg] d¥Ato]e) s e o13]
[akaiA delRA] 23 vk PPARe S} v & AAM 84
& A A Tl kst Qe Y By 284
A= (coactivators) B ARSI 237 HolA ez
£ 98 Zd@t}h PPARSB/ 69 AX W) 22 7179
Here 2 A8 A SRR PPARa b 7 9} BT &
A7)4E vepd o2 FE31 lth

PPAR o = A APt & ZAoM 7P F5-stA T
FAHe Rog A 9lon AdslsHo] Hold 2ol 7t
A ZR31) ddsEe] WERRIAAS A7 T8
3 o15ke shh® PPAR e E knock-outr|Z! Al A&

2 9l 2 24 25X wel Abgkgo] Aagt FAl
dAbe] vl 4 vebdrhs A3 Baud vt
] 0% o] knock-out A2 AW Atsiel A f-
AR B S AT F 309 AReA A AEE o
717 E3the AFARe} Qo] Qls Ao BRIk
PPAR ¢ 9] whld dzke #2130l o5 Fdg B8
a3 1 wWEeREsE A Frksl 4 SSAEe 23
T ke ZoE deiA QIrk 2 ATeMe nus
3 AH 9 uAY 2o] Al wel PPARe & #-34
wdsd Wl Aot fost Aolg #EE 5 gtk
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olg{dt AT A= £ A oA AR 22o] A4l 9=
Fao® AT EL 7xAn vE Ao dvke He
THE Hart & o AlEEE uA AH el IE H)
EME3l Aol FA44 £ WslE Vs f-HA; el
o] Wsly} dofid 202 7| AR 7Hd 9 vhE A3
2} 3tk ZAPY Aol Fal vleRs JFFe] o] U
QRS A7) A wel Akl Boshe A4S
ST A3} 9 ozl e ge] wskE AR 3ivke A
oA 3& A7 s AABHs vleltk & A+ d3)
2 EUlZ, PPAReE (H4g AAFME) 13 43
A AR S FREhE 25A J3E e
o mAe AF e B A2 AHAE diab 2 T
EEA ] A dsirE wnlg Aoz HEXE F A
At

T2 isoformE3 v)wsl 7HellA 2] PPAR e 2dZo] &
AHA F& wbdel Ao PPARe S} p/6 2 e
o] nls=sHA] YebH tiElE (quadriceps muscle) oAl
PPAR B/ ¢ 2d3o] FuaixA) A Jepdt}?® o=
B2 U A HEEs v)ust 2 dFels PPARS/
8 2] FAz} @ Ajolrt folaAl Vel A okt
o3t AHPES FHME Bud vt Q= AR 2ol o
TFENME PPARB/ 67 XS At vk =3
229 A giaiet 7FsdE AFs S B &

. ok=

Mgt 28710l daiMe AAEA Rata Sle Aol

thokst A¥AA L ATHES B3 A4 75 L 9T
i3l Wajop & Zog Almdrh

PPAR e 9= th2H|, X3 220 32 @95 = PPAR
y= AMEAE B3} (adipocyte differentiation) & ZX1A17]
1 AHHABAL (lipogenesis) & X3k 43R @& $7)
A71th* o123t A= RNase protection assay S Ab
g3 AP} #72) 2AeM PPAR olAdAlY] Bd +F&
B7Yst Ag BEdUR 3 Rolok Wild typed] A4 23
2] PPARy #8%2 9A veh=dl ol PPARY}E A
Ak} 39S 2= T3 JFE gdskA] gett
WYzsh= Rolm th2AH 22 knock-out 2] 3t
7ol PPAR y &) wdZo] S71st AL 11 7)50] A
9 FAAE FAS A% AR As dHlst
oz olg}t Zo] 7t 4 U A5E PPARy FF
ZAo] AAEAG o7 HAsT Qvke 7] WS
R Zlojt) 2 Aol e 853k TAY AlolAdH
7} PPAR y 432 W#re merslE-S A5 499 1)
28 FsHA AAAR ol Aol AR A A}
AREEE 210 2 o)A 7kA] AA|Foj AL Abske] o
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2282 985 PPARy 7} 738 = 3-8 UehiFE
Zolg} shlck. A A oJg A dixb 280 S9
ol ApAA) gl 2gRae] o] FstAl dojue A
& AAIE7] A3l PPAR y & f3A} ddwko] dAstA 7
A8 o7 A7 4= 9lATh PPAR @ knock-out FHE
°]&3 PPAR o7} 242 U A S FA8k=0 H
FHRIAE AV AT AHE B3 A2 = qlvh

Muoio 572 o] PPAR ¢ &) ZAo] S22 ov=] o
AR obuet FARF 2ol wle Fos AAE JERd A
o} 71d-& A|AF F pyruvate-dehydrogenase kinase
(PDHK4) ¢} uncoupling protein 3 (UCP3) &) 25 ] X
HEAE TiALe) HAFA A (transcriptional activation) &3
o ti3t PPAR @ 2] F A& AF3l] o) 2 o2y
E] Blojxk PPAR @ knock-out A7} wild type 43 &
o] g3t Al (in vitro) &) A AR ol %]
T4 &5 Al dolvks tiaby] 9 {87 28410 vkl
sl Bk AFRbEe] AR AAIgE 7HE R 24,
knock-out AF ] ZZ 2ol E At A vile- A2
Halgto] doutg ¥ rje] ojv] &2iA Sl PPARe &
E FARES UeRE= mRNA2] 9o 9loiM% PPAR @
o] HAllef] osf s Waos JE§E njX= oz
ERdth Muoio 5779 975 E3ll 2K & FF2
PPARB/S 2dE 1% F U o A7 At &4
T AlE 2574 PPAR B/ 6 3913 Ee) &4d0] PPAR @
23 AR €83 229 i8] mRNA 55 ¥ Ry
g} Al abske] 848 Jebde & Stk olgE 2
5 = PPAR e 9} 8 7154 A28 AE9] ZEo] Ueh}
© A& olejgt + Fepe] - Fe B A 8 &
Ee wel Akt 3] 28 e FAskedl 8% 9
dthe g 7h7le Aotk & 59 PPARGS 7} of
"k knock-out A3 EAZ W PPARe 9] 58 BAG}
= 7078 Helth
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2 E

£ AFeME 169]Y] 72 Sprague-DawleyHE ol
g} 2ojd# o WE dF diAl £22 Hske}l PPAR ©|4
A iz H3E Agon Ao A dAE vigo R
ofeiel Zr& AEE U F USIth

1) 2717re] 32 Aol dd & o 9 A oAbl UA
3 FHE 21 Qe 9% T3S AL it 52
9] 3& Jehd diat #3474 F8Y AsHE JERE

o] 8% Y B 45 ol A%E FWHL




2) 7R A HoWiF F HA) gj53 PPAR @
mRNA azke) Wshs vehbx gtk

A

[=]

B mRNA Z&&Z] Wsh= et o=th
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