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Abstract

The purposes of this study were 1) to examine whether fatty acid composition of the
diet might affect mitochondrial enzyme activities in rat skeletal muscle, and 2) to assess
the effects of the high-fat diets on skeletal muscle peroxisome proliferator activated receptor
y coactivator-1o (PGC-la) protein content, which is a key regulator of adaptive
mitochondrial biogenesis. Four-week-old male Sprague-Dawley rats were fed for 30 days
either a rodent chow (12% calorie from fat, CON group; n=5) or a high-fat diet (560%
calorie from fat) containing lard (LARD group; n=5) or olive oil (OLIVE group; n=5).
Citrate synthase (CS) and 3-hydroxyacyl-CoA dehydrogenase (3-HAD) activities in plantaris
muscles were significantly higher in both LARD and OLIVE groups than CON group (p<<
0.05). Furthermore, the 3-HAD activity in OLIVE group was significantly higher than that
in LARD group (p<0.05). PGC-la protein contents in epitrochlearis muscle were
significantly higher in both LARD and OLIVE groups than CON group by 88 and 70%,
respectively (p<<0.05). No significant difference in PGC-1la protein content was observed
between LARD and OLIVE groups. In conclusion, these results indicate that 1) olive oil,
which consists mostly of unsaturated fatty acids, has more pronounced effects on the fatty
acid oxidation enzyme activity in skeletal muscle, compared with lard enriched in saturated
fatty acids, and 2) feeding high-fat diets increases transcription coactivator PGC-la protein
content in rat skeletal muscle.
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BTN (RER) LIBEDOREI F 4 XNy
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12, FEI A2 Z0F FMHAL, 3-Hydroxyacyl-
CoA dehydrogenase (3-HAD) I&EMEICIE, FEI A —
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HTl1EMo 7Oy ¥ 7B E2Te, — KRtk
Kt (anti-PGC-1a (Calbiochem) ; 5000%% % #R))
Z4C T—BfTo/z. BH, A7V % TBS-T
THE L, ZRPMAERIS % (HRP-conjugated anti-
rabbit IgG : 10000F5A ) iR T 1 KffT-72. TBS-
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(ECL reagent; Amersham Biosciences) & 1 %3 X
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WT, BRI ZITo7:. BohinNy FEay
¥ 2 — &% — ZH ) A A % SIGMAGEL
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7z. {KEiZ, LARD #7° CON #3 X UF OLIVE #i2
HRTEHEEIZEVEZ R L7 (LARD vs. CON :
p<0.05, LARD vs. OLIVE : p<0.01). CON #&
OLIVE OB IIABELZEIRD O b o7,
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Table 1 Body weight, viceral fat mass, serum FFA concentration for rats fed either rat chow

or the high-fat diets for 30 days.

LARD OLIVE
Body weight (g) 367x11 396+2% 88 3617
Visceral fat (g/100g body weight) 4.1+0.3 6. 60, 4*** 6. 00, 3**
Serum FFA (mEq/]) 1.1x0. 1 4.1+0. 8* 3.6x1.1*

Values are mean+SEM. $ $ indicates significant difference from OLIVE group at a level of p<0.0l.
* **% and *** indicate significant differences from CON group at levels of p<<0.05, p<<0.01 and p<0.001,
respectively. CON: control chow diet, LARD: lard-based high-fat diet, OLIVE: olive-based high-fat diet.

REI00g H 72 b AT 2 BEFEN G & 13,
LARD #£3 & 0" OLIVE #%% CON B IZ A THEIC
= MEZ /R L7z (CON vs. LARD : p<0.001, CON
vs. OLIVE :p <0.01). LARD ¥ & OLIVE oD/ iZ

BEhEIRDLN L o7,

LARD # ¥ X U OLIVE ¥ o Ifi i it & 5 Th BR i 7
&, #NZFN CONBEIZHE~NT270%, 228% K &2
EWEF R L7 (p<0.05). LARD # & OLIVE # 0
B EELREIIRO LN h - 7.

B. ‘E#&HH CSiEM

Figure 1 IZEEBHOCSHEEOHE R R L 7.
CONBIZHLXTLARD# & OLIVEH TZh Zh
18%, 17%HEIEHWEEZRL Tz (p <0.05).
LARD # & OLIVE BOMICIZEE L2 EZEZED LN
Lotz

50 r

40

30 |

CS activity ( # mol/g/min)

20

CON LARD OLIVE

Figure 1 Effects of 30 days feeding lard- or olive-
based high-fat diets on citrate synthase
(CS) activities in rat plantaris muscle.
Values are mean+SEM. * indicates signifi-
cant difference at a level of p<0.05.
CON: control chow diet, LARD: lard-
based high-fat diet, OLIVE: olive-based
high-fat diet.

C. BH5#5 3-HAD &M

Figure 2 |2 2EH D 3-HAD i§HO#ER /R L7
CON B |ZHXT LARD # & OLIVE #CT#h Zh,
23%, 48% HEIZEWEZ R L Tw7z (CON vs.
LARD : p <0.05, CON vs. OLIVE : p <0.001). &
512, OLIVE # 3-HAD {f%13, LARD B2~
THEBEIIEWETH 7 (p <0.05).
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Figure 3 [ZIFE EAHIZBIT 5 PGC-la EHEED
WERAER L7 CONBIZH~N, LARDE B L O
OLIVE T, #h#N88%, T0% A ZIZE W\ EE R
L7z (CON vs. LARD : p <0.01, CON vs. OLIVE :
p <0.05). LARD % & OLIVE DB 1213 F =4 %=
D SN o7
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Figure 2 Effects of 30 days of feeding lard- or
olive-based high-fat diets on 3-hydroxyacyl-
CoA dehydrogenase (3-HAD) activities in rat
plantaris muscle. Values are mean+SEM.
* and * * * indicate significant differences
at levels of p<0.05 and p<0.001, respec-
tively. CON: control chow diet, LARD: lard-
based high-fat diet, OLIVE: olive-based
high-fat diet.
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AFEOELRMAIE, 1) 59— Fick~xT, #*
U — TS e B SR ROEIUL, BB OIRE
MAMILRBEOHEMEZ LV RECHME ¥
5,2) 3 FaFYTHEDOAI A LIZES L
TV EEZLNTVLEEHBKF PGC-1a O
EHESEVERH BV TEEF BN X b
T, L) 2HTH5.

RO SEIEEICL Y, BB bar
B 7 RBEROEESEMT 5 2 LB 8L < D%k
WL D EE SN TWES™ KEFZECd, 30HH
Ol AR RS X ) B CS B X U 3-HAD
Mo FR2RED SN/ (Fig. 1, Fig 2). & 512,
OLIVE # ® 3-HAD {112, LARD B2 H-~<T20%

BEIZBWEERL TV (Fig. 2). M EOKEH
5, BIEBEICLVERHOI oy M) TERE
WS LA T 5 b00, SRR, F) -7
HO L 9 AR % &OEiaih &% 3
T5ZET, IENEE B BRILICE S 2R OEMHD
LD KRECHINT AR TR S L7z,

TRIAFE BB 2 BEERE DS (I, BNZER
PPAR IZ L 2 EBMEHi 2 275 2 AL NTH
n*e®  3-HAD b Z DEMEEFD—D2TH B,
PPAR iZiZa., 6(B), Yy D3I D2DH T 54 THTE
L™ Z0D )5 PPAR 6 DVEHEAHICE CH L
TWAZ EFHLENTWAS®, Garcia-Roves et al®

| s ————— WI
30 *
Eoos | v |
=3 I '
8Z20
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o515 |
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R
'.-5]'0
©
S 05
0.0

CON LARD OLIVE

Figure 3 Effects of 30 days of feeding lard- or
olive-based high-fat diets on PGC-1 a
protein contents in rat epitrochlearis
muscle. Values are meantSEM. * and
%% indicate significant differences at
levels of p<0.05 and p<0.01, respec-
tively. CON: control chow diet, LARD:
lard-based high-fat diet, OLIVE: olive-
based high-fat diet.

X, SR EEEGS, M EBEEERRE O LA &
Z U PPARO DIEMEALEZ A L TEREH D I b
Y R THERFEEI L TWLAEEZREL
TWwh, BEFFEICBWTY, BEIRO M R
FEIEFEDS CON BEIC Tl s e B¢ 2 i
WEEZ R LTz (Table 1). L72A%> T, AL
TR L N2l IR EEIU X 5 3-HAD IO
WS, EEERRAERIRE O L HI2ME S PPARS OIF
AL X - THI &R SNATRESEIRIB SN D,
7272, LARD # & OLIVE B st iRlme i g 12 A
BELhEUEFEOoNLh o7 (Table 1). Lizdto
T, RIEAFIZBT S LARD B & OLIVE #:? 3-HAD
EHEOBE G IT AR E U OBERIZ L 5 &%
ZAHENDE. E5I1Zin vitro DEEBRRIZBWT, ffl
el & AEIAIARIGEE - X 5 PPAR O A LIERICIE
KREZBENIIBRD LN N EAHE SN TNBESP,

L7:%4%-> T, LARD # & OLIVE # i, M+ olgk
A IEKECELZ > TWEEEZOLNDLLDOD,
PPAR § D iEMALER b FRE TH o 72T REMEAE
V. BAEAFIZIE, PPARS 7515 T% <, PPARa b %
BLTBH® PPAR« IIEFINREAERICILRT, i
FIRRIERIC & 2 iE LR 2T Vw2 Lk s
TWw5a? L7:4->7T, OLIVE #TiZ, PPARS 7217
T7% <, PPARa bIEHALT 52 L 5TE, 21U
£ 9 3-HAD {4 % LARD B2t _T L h K&k
AL ENTELZONPD L\,

-HAD {EM & 3 E20, I bary P 7TE LR
BEOWETH D CSEMEIR, WEKEHROERT
FREICHEmL v (Fig. ). EadLAzX 912,
EREEEIUC L2 BB I Iy Y THALC
PPARS S 5- LT 5 Z EATRBEN TV A, L
PL%AS, PPARSIZ L » CHRBHRAE 22T Tw
5 EETFEEFE, BUBRAHICESTBENET
HAW CSH L) LBILRBROMMETE
PPAR 6 12X - CatBHT 5 Z L i3 L W

WAE, I b3y N T REEROBETRBIE
PAFEICHET 55 F & LT, PGC-laifgR &
N 7:%%® PGC-lald, PPARs, NRFs, ERRa 7z &
DL DEERTEEER L, I b3 F) TR
BEORBAHEIHoTHA I ENBEEIRTVS
L9 CS L DMEIZB VT L, Wende et al® i
PGC-la N EHICHREMIIERIATL T VR
VrZv I AIBWT, Wild Type D7 AL
HRTCS @ mRNA BHEIH 2 S VEEZRT 2
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EERWMELTWA. KB TIX, CONERIZH N,
LARD #3$ X ('OLIVE B CPGC-la EHAEN &
bicH 2fEIzmLTBY (Fig 3), 20X, M
FRERA A OEEUT CSIFMEA AR IZHEM L 2 & v
IHEEUSE R LGNS,

Garcia-Roves et al.®i%, 4 BE O BRI EERT
i, PGC-1la ® mRNA DFEHENEILL 2T & %
WELTWA. S OZETIE, PGC-1amRNA %*
HES N0, 4 BHOERTEERSET L
A Thor. LohioT, EEHEY BEIMIER
T5HZ LWL ) — BB L 72 PGC-1 a mRNA 3
HED, ZAY THIEBRALZZETT714— MYy
7 BT L, 4B OB S TIIERIABEIET
OLANNVICEFTHEELLZEV)TEEEFEZ SR
5. %7, b)—o0ufEEs LTk, PGC-la®
EUFBHHATIZBNT, EIEEIL, mRNA GHROES
DBEEEEALT L0 TIE %, BEROERE 2 G
b L<E, PGClanEHEZLEILL, PGC-1a D
mRNA D% b2, PGC-la BEHEE XM
KWL EZOND., ThLOWRENY
MEET 5 72901213, BEHEEIUI X %5 PGC-1a D
EHEEB LU mRNA BHEORRHWEL BIE
THEULENHLIES.

Miller et al.”%#i5 L T\ 5 & 92, HiEHEE
HUIBEHBEOI ba vy FY T2 L, HFANEES
e A BT AMREMD S D 2 Lo, HEmE
»HME LAKEFNFELLTADTHSL 00 L
N, L La25s, REEoOEREERL, N
FRBERG O BRERCME RN, WIRMLE % & OATEB B
FHIERITIEPMOEN TS, REFFEIZEB N
T, MEEHEIZ L > THRED - ) OREENIE
BORINAERO b7z (Table 1). 4%, PR
DN % P 7 W TEWR OIRIERAH#FE5E % 0] b
T52ENTELIFEBRNERCEIUM 2 5
MENLELELLTHASH. 7, Power and
Newsholme® %, T LY I, 757 —, 4 7=
YTTGA AT =R ST, SfA SR
il % %< &UAaM»S 2 5BRITELEINT 2 2
&Y, Ty N OFEKEIZBIT A Mitochondrial
Carnitine Palmitoyltransferase I (mCPT 1) {4
BHECEATAIZEEREL TS, LA oT,
Stk Bl EORA RIEOMRORE b LET
H5H.

Db, A2 eobe, fANEVBEYEE

Lo — FIcH, AEHERFEE 24 — 7
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7 OIRHEEEELICBE 53 A BEROEMEN L b BEE I
W A REMARE S Nz, T, EREER30
ORI T A L2, I PIVFYTHEDR
HZZXRZEAGLTWAEEEZ LN TWAHREHB
KHF PGC-la DEHEENWEMNT 5 2 E VAL
Loz,
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