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Effects of difference of dietary fat contents on muscle mitochondrial enzyme activities

and endurance exercise performance in rats.
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Abstract

The purpose of this study was to determine the effect of different dietary fat contents on muscle
mitochondrial enzyme activities and endurance performance in rats. Four-week-old male Wistar rats
were fed either normal fat diet (12.5% of energy from fat, CON) group, or moderate fat diet (40% of
energy from fat, MF) group or high fat diet (60% of energy from fat, HF) group for 4 weeks. After the
4-week diet intervention, rats performed endurance exercise test by treadmill. Three days after exercise
test, plantaris muscles were dissected out for measurements of mitochondrial enzyme activities and
glycogen concentration. Although the body weight was not significantly different among the three
groups, relative intra-abdominal fat mass was higher in HF group than CON and MF groups. Beta-
hydroxacyl-CoA dehydrogenase (B-HAD) activity in plantaris muscle was significantly higher in MF
and HF groups than CON group. Muscle citrate synthase activity and glycogen concentration were not
significantly different among the three groups. Endurance running performance in MF and HF groups
were significantly higher compared with CON group. These results suggested that 4-wk moderate high
fat diet (40% of energy from fat) improves muscle fatty acid oxidative enzyme activity and endurance

performance without an increase in intra-abdominal fat mass in rats.
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1. %& 7 Va—r a8 THAZE TREAMEES) N>

FrAMEREB N —=2 72 T8 T, B =~ ADWEICORDPDLEEZLNTVD
BOIIRUTREINL, B R E O N (Holloszy et al. 1998). — 5, mIENi B &40 M
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ERIBRICE H AN OIN= > RU T BE I8 8 b 8e
N EESELTEN AT I ICLVIESIN T
WA, Miller et al.(198D)1%, I haEHWT 5 #
W, mERE2ERSEEEE, B Va—rr
BEMET T2 LLT, FFAMER 7
F = AN BTN T A AR LTV,
UL, REIMOREMEEIICEY, EB)kR o
BEERHNMEtETHZLICEST, 7 Va—rv
DR NEH RSN EEZLNTWSD. L
2o T, ZNHDOZERERIL, g &IZED
BENMADFEAMEFE OB T —~ 2%
M EXEH7-01CF H CThh A REMZRIEZET D
DTHD.

LorL, EMICEEREEBRLELG S, &
B i DI R T BRGSO R A E B X
F =A@ DL— 5T, HLWKESCH AR
Wi & OB DHHMiller et al., 1984,
HHB, 2008). NIgIE O&EEIL, AV
BRI DETHATEE EIRORIELZ 5] &
EZTZenn, ERICGERR EREMIZHIY
EIEREZBEIRTHIZEFTEH L. T0=0, N
B AE G OB o3, Ihar RUTEERIE %
FODLREFENNEOHENLETHS.

Y ERBCTHOONDEF FEOIRE =3 /L
F—LiX, 12.5~15%I1FETHLHDICXL, &E
Wi BB B K58 ¥ 5 OIh= R U T B 36 45
DILHEZRE L TWDLLDEITIFE TIX, Sl
iz x ¥ —T 60~90%LL LDORE &
To B F 2 VT d(Miller et al. 1984,
al. 1991, Lee et al. 2001). —J5, ‘& DI
AV RUTEERIEESCRRAEEER T —~ R
DILEZSXEZT, KIKEOREER&EIZZ
NETHRFFIN TR, NIEIEN O R 21
b, ”%*%ﬁ’ﬁ@“l\:!‘/l\‘ﬂ?ﬁ%??%é%%&)é
ZENFRELRD BT ONRE & BN LI
L, EIEEIERRBIE OV AT Z DT %R
PEEEBN AT p—~ A% EEEDHZ L] BE
72BMH LR,

Simi et
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FZTCARMZETIE, 3 MEORLRLEN & &
OREEEEHW, i EEORENE(FE =
FNAF—L 40%)2%, WIBIE N OF R A2 b3
BRI OINa Y R TER L R EE R TG EZ @ 0,
B AR T —~ AL SELENT
XOMEMRF LI, TOBE, BRI Lk
THNBIE I OZE DBV N2 eERHE SN TND
V=7 WL D@ EM B2 AW TRF L.

O. 5
1. EREBY B LOE E &M

AEBRTIE, KEN 90~110 g © 4 i
Wistar RHEZ Y M HE K7L 7)) H W=, Ty ME
R 23°C, 1 E 30%, T 9 Re~Hl 9 FF%
BEHIICR B LTE B EBICBWT, A7 UL AR
—TxHL, 2~3 ILE?“oﬁT AL, THEAE
HIFICIE, fekEL Tl O K EHCE-2: A
AL TH)EEIELTKIEKE B HERSE
7.

THEBEX T#%, 0% DF @R
(Control ; CON, n=6), 2) 9 % B & 5 i & #
(Moderate fat diet; MF, n=6), 3) miEli & &
(HF, n=6)® 3 #EIZ431F7=. CON B, MF BB X
O HF BEIZIE, =3V X =L CTIRE OB &R %
LEI 12.5%, 40%BET 60% L7253 E
L, V=7 DFE), Ar7a—AR(=FHRHE),
HEA(BARIZLT), BX3I Mix (AIN-93 Mix,
HARZLT), %7/ Mix(AIN-93G Mix, HAZ
1/7) AFF = (Fi i T3) 2R A LI2bD

RS, x ORATH TR LY, Y
—7“?&1375:%b\f:%ﬂﬁﬂﬁﬁ%?&ﬁéﬁf:%A
MR CTHDT7— R0 b7 E R A 2B S
W75 A 0L N IRNE G & 234 72< 3-HAD %
FIEMENTTE T DHZENH LN L2 TS (B H
5. 2008). ZD7=s | AW TIIAY—7HEH
WTEZRIE L. B A% Table 1 [TR
L7c. s, RERIL, RfHRKFZAR—YEF
HEh Y IR B L B 2 ORRBESE TYThbh.
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Table 1. Diet composition

(g/kg) CON MF HF
Sucrose 571 419 264
Olive oil 53 205 360
Casein 303 303 303
Vitamin mix 22 22 22
Mineral mix 51 51 51
Methionine 4.4 4.4 4.4
Energy (Kcal/g) 3.97 4.73 5.51

CON; Control diet, MF; Moderate fat diet, HF; High fat diet.

2. MR OH H B I ORAF

4 WM ORI AT 15, BRRE
REY 100gH729 5 mg O ML E X — L)
MDA ZREFENICE 5L, 58 2RI T 12 TR
ATV, RIS B L ONEENIE 24/ L7z,
Al 52 SN B, B R4 5 I B 3 & OV s A 1A
ZRHL, 3 DORFEELE R CTHIEL,
MEENTE &L, Bk 7L, K
ERERPTHFEL, U ET-80° C OHEHEF
THRAFLTZ.

3. FiAMEEE) X7 p—~ AT AR
B A MEEE) T —~ U AE AN T AT

iRk L72 51T, CON #(n=10), MF #£(n=12),
HE BE(=T)DZ7 v a7l B L. FrAMEE
BT p—~< AT AN, Fitts et al. (1975)D %
EEH W, TXTOTY Ry RIVICE NS
"HWD, T —v AT AR 2 H HT L OH]
HIZ 15 m/min, 5% MR T 10 43 OEFTEH)
PIThRT. X7+ —< AT ANDOHIHD 10 4y
f1% 30 m/min, 15% A TEITSHE, 104 HEL
B 1% 57 IR I E A FET 40 m/min, 15%EF T
ETSHETZ. 1 UL EETAY —REHEFFTX
RS AT RS LT,

4. FR I R TEERIE M

KAKFIR LI TAR AT A — B

139

T VOEERME 9 [EEOREVFA ARy
77 —(175mM KCI; 10mM Glutathione (GSH);
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M. & MCTHEREIIRDLN Do,
IR ERSIOIEENR & AE 100 g 4703 a 78N As G &1,

REBIOMEEN B & O K% Table 2 12 CONREELEBE L C, HF B IZBWTAH B2 E VWM E
LT A OEBRBIR A T %, (KEIZIX3EE Z R L7(p<0.01).

Table 2. Effects of different dietary fat contents on body weight and

abdominal fat mass in rats

CON MF HF
Body Weight (g) 313+18 337+8 33249
Abdominal fat mass (g) 12.4£1.8 15.6£1.0 18.6+0.7 *
Abdominal fat mass (g/100g BW) 3.9+0.4 4.6+0.2 5.6+0.2 *

Means=SEM. *indicates significant differences at a level of p<0.05 CON;
Control diet, MF; Moderate fat diet, HF; High fat diet. BW; body weight.

2. BRI Iba L RU T EEE TR M LR L THEICE WEZRLZ(CON # vs.
Figure 1 2/ EEf D CS iEMB IO -HAD MF Ef:p<0.05, CON #f vs. HF #f: p<0.01,

EMHEOR R AR L. 3 BEMICHBWT CS IHEMHD Figure 1B). MF #£& HF BEEDORNIZA B
BRFERRDLNRD o7 (Figure 1A). —JF, (1FR DN -T-.
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Figure 1. Effects of different dietary fat contents on mitochondrial enzyme activities in rat plantaris
muscle. (A) Citrate synthase activity, (B) Hydroxyacyl-CoA dehydrogenase activity. Values are
means+SEM. * and ** indicate significant differences at levels of p<0.05 and p<0.01, respectively.

CON: control diet, MF: moderate fat diet, HF: high fat diet.
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3. o Va—r R E IR OFG7Va—r g L, 3 BEIIZBWT
7 Va—~7 B EE OFE B4 Figure 2 ISR L2, A ERENRDLNIL T,

[ — [ [ 5 w w
< n (=) wn =] wn
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Figure 2. Effect of different dietary fat contents on muscle glycogen content at rest.

Values are means=SEM. CON: control diet, MF: moderate fat diet, HF: high fat diet.

4. Fi A METES) X7 3 —~ AT A L72(CON #£ vs. MF #£:p<0.01, CON #f vs.
BAMMES N7+ —<v L AT ANDORE R % HF #£: p<0.01). MF #& HF BELOBIZITA &
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Figure 3. Effect of different dietary fat contents on endurance performance in rats.
Values are means=SEM. *** indicates significant difference at a levels of p<0.01.

CON: control diet, MF: moderate fat diet, HF: high fat diet.

IV. &ia JLE—HA 40%E 60% DB A TILFIFEE TH D,
KL OF =72 A%, D=L F—L T LW 2 EThB.
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PEB AN T =~ A RITTRBIIEE = M2 TETSIETRHRANRER T r—~ 2%

141



ZR—YBEIFZE, 12, 137-144, 2015 4F

EOHZENS (Miller et al. 1984, Simi et al.
1991), EEE F OB 1M LIZBWTIEE O
BEREIEERERRHEZR-TEE2OND. —
¥, B OmNE N & B BUIW IR O % E
ZIFLOETHAEEEER 2 SRS, KI5

WZBWTH, 4 B OB AT %, HF BED
Fr AP EE) 74—~ AL CON BEL B LT

Emo=bOd(Fig. 3), HF BEO WG I E &
IZ CON BELILEG L CH BEIZEME Tho7=(Table
2). FZTCARMIETIE, 4 B O EH P REE O

EHIEEEE = /L — L2 40% ; MF)fE B 23,

V\]Hﬁﬂaﬂﬁ@jﬂ% CLRFAMEEE) N T — v LRI
KT BRI LI, TOEE, MF Ei@lj\?ﬂlﬁ?
MEWF &I, CON RFLHEBLTHBERETRDDL
NiphoT=h(Table 2), Ff/A M ﬁ@J/\7ﬂ‘““’\7/

AVX HF BE LRI E CThH-o7=(Fig. 3). L7=23- T,
fE B =X — A 40% DR EF 4 4 JH R EEL
oa, FELVNIBEN 045 SR 33
FEONEET) T p—~ 2 A% LXEHIENT
EHAEEME N R ST,

FIEM R ZEBITA2E7T, GO B Bk
\Z B8 % Carnitine
1(CPT-1)=° long—chain fatty acid dehydrogenase
REDIHBLEN LA T HIEN AT TS
XN TWAbH(Power GW et al. 1997,
2010). H & ICBWTIh= R 7 ORE g
AL B A% 58 D3 Bl iL, Peroxisome Pro-

Palmitoyltranseferase

Fillmore et

al.

liferator Activated Receptor (PPAR)§ 1Z&~>T
P S TWAHP(Grimaldi PA. 2007, Garcia—

Roves et al. 2007), A2 TiL B BALIZB LD
B-HAD {&MEA CON BEELE#EL T MF B8LD
HF B W TH ZICEE Tho7-(Figure 1B).

B-HAD & PPARGS DIEMIEMR D —DLE 2
HILTWAZEMB(Marcus et al.1993), MF B X
N HF (2% 958 #& il O Jis 1 X PPAR § D& M
fBlZE-sTHIEEZENT-ATREEN RSB IND.

—J7, IbaURIT OfR{LREER THDH CS THME

X, 3EEMIICH B2 I3 oo - 7= (Figure
1A). eATHFFE T, TCA VANV DEEFZE D— >
TH5HCSH B-HAD LEERICE NI AU
DEEINT D2 ENHE SN TND— T, \N<OMN
DFATHFRIZB W T ERR O LN 5T
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TENHE XL TS (Nemeth et al. 1992,
Helge and Keins 1997). 2D DFE R OE WAL
352 LIINEETHLD, — oD REEMEELT,
ShaURUTH R EOFEEIZLY, mIRAE
BUZK T RIS HE D RRDIENB ZDND.
£, Miller et al. (1984)0)5?%}'3’601, e g G &

EE OB D 1 F“ﬁ Bz B-HAD J& M3
U728, CS M 1 B TIIITHERR O L
9,5 B IZBWT CS EMENTLELZZ L0 H

HEIhTwabAMiller et al. 1984). L7223 - T,

PPAR & CXV % BLFH &1 S AN e Fe AL B 3R
TREICE N L, BARSERER - IZIVFHIE S

TW5 CS 3 G5 FEREWATREMENRE 256N
. FTo, AL TILEE i BR e OMEE AL 72 2 S R
ZOHTICH WD, JeATHR 98 Tl m I & B
(23 D3 i RS I AR ME A T K0 R T
NIER S TWA. Simi et al. IXE BN & HUC
KOS 75 DR TliE B -HAD BELUNCS 23

FEE T 5500, EFAFHITEBWTIL CS I
PEDEEIMBRB DN ozt ELTWVD

(Simi et al. 1991). EHIZIT 4TI Fillmore et al.
L, mEERIUCES VN es C REHEIEN
B i K B 58 22 X7 s O N, AR 75
B COHRO B, SMALL i 77 75 5 Le 7 A
hCIBEINRZ» ot ERELTND
(Fillmore et al. 2010). L7=28>7C, &% O %8
T, mEHEERICIVSI SR SN E KM
D3 I\:l/l* VT BEFR OIS K%, Zo N IE T
FHMMES AT DENZE R L TR T 545
75%)57’:“55.

i 7 Va—r i le T oL EE 2kt 352
ENHREELR DT80, 7 Va— 7 R EITR A
PEEB) T =~ A ETHHEERK 7O
—DEEZBN TS (Bergstrom et al. 1967).
AHFZETIE, 4 HE OB AK THRIZENT
3 HEMTH Z7Va—F R EICH B 21T
o7z (Figure 2). L7=03-7C, 3 BEE] Tl
BENTFFANMEEB) T 4 —~ L ZADE WL, E
BRI O 7 Va2 — 7 R E DA OERIZX
STHIEEZENTZEE 2 H5. Miller et al.ix
TR L O A BB X7 —~v U AT ANE
BOEKGH7VA—T U REZELTND. 2D
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it A, %%%ﬁ@%ﬁlf“ﬁ%i‘fﬁ%%ﬁiﬂtﬁt?%ﬁ%
D7 Va—F UL, SRR CEIE R
g L CH B 1%‘(3%)071 IH b6, N
TA— AT ANME T E % CIXm BRI B
ZIROLN o7 LB T, BRI B
TILEE O e e b 1 kD = o — ik is
WEEoTFER, I b lenwrVa—7 2R L
TEBEZLND., KR TIXLFHRFEOM 7=
—FUBREEZHELTEY, FAMEES) T 5 —
Y UATAME T EZ O 7V a—7 g EOR|
ENLIT > TV, Miller et al. DB 255 5 &
[AAE I MF 3L OV HF BETiX B -HAD JE 28T
L E TR RLICL D= R X — 5 )
RV, EEFORG 7V a— 7 R A S d
Tk B, B AV EE ST —~ AN A B L]
REPERZ 2 HILD.

EIENRET7 Y MCE 27286, Bl a L
LCTER T RVX —NE L5720 K E W
TR DEEINZ D72 R HEHE 2 b, REFFETIE
3 BRI EOZEIZFB O LN 7203, CON
BEDOWIENE N B 813 HF BEL L TH B I2IK
VWME TH o7 (Table 2). AHFFE Tl 7B &
BOHIEZITORM-T20, CONOE &EHT-VD
TRLF—8 HE (2 ~ME o779, 4 HE O
fidl B W 2 HE B O PN IEAE 5 B B % LB
MRFBEDENT=EZ ZBND. —FH, MF BT E
BHEVOTXLX—2 CON LHEL TE W&
AL ZICh 006, NRIEN E &I1X
CONRELILIR L CTH B2 28&56:&71@75)07‘:

ICEMOBEEN AEITo72846, MF BEON

Hﬁﬂ'ﬁﬂﬁﬁ%ﬁ%ﬁ%bﬂ?éﬁf AE

(Z LD B O S &N IR 5 O T 0%
H#E’J'Tﬂ:%éﬂ 2THMERHDLHEE 2L,

TATHEZE T, BRI o & EN A& #E B NER
D ¥ ORI B L OFER A ML E ) 87 4 —
YA RIETEBEERFIL WD, T ol %
MWW FE L RIARIS, & W1 o @ lE N & BT
EMZBWTHIEN BRI IC % B-HAD X
CPT-1 {EMENTLHE T HZENHESINTND
(Fisher et al. 1983, Helge et al. 1997). —J7, &
ﬁ\'fii:@v\"7z“~v‘/x7ﬁﬁ§j‘b7‘:ﬁ%T“éi, *f
HWHETHIEEERBIGITEOZ TR DL

‘ﬁ%%z%h%f:&),
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727h3o7=(Phinney et al. 1983). ZO#E 1%, F»
WREEIT R, EMoRIBN SEBUIE O Ff
DA NT = R LS 72V AR AR
23550 THD. LNLZRNRG, Phinney et al.
(1983) DOHFFIZEBWTIE, IFE =X —Hn
83% LW ofRim R m N B2 REETWD. £
D=, A % ITARM I TH =L 708 B 12 b
B aE Lo AR o & R G R & TR AR oo B R4
SHY A, EhOERHIN R T BRI M
RFF AN TR B N T F—~ N RIE TR A WS
THULENHLTHA).

Lk, RifeaFlddrl, PREEOEEN &
(BB = /X — AN 40% ; MF)Z 4 18 (848 B4
HZET, lRE =L =LA 60%DE &
HF)ZEER LG A LFBREICEETHICB TS
b RUT OREE Wb B RIGENTCEL, N
g RGN D ZE R A DT ISR A BB T+ —~
VAN BT AR BEE N DGR o7z,
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