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Effects of dietary fish oil on skeletal muscle oxygen consumption and
exercise fatigue in exercise rats

YUAN Chao, CAO Dan-Dan”

(Physical Education Department, Taiyuan University of Science and Technology, Taiyuan 030024, China)

ABSTRACT: Objective To investigate the skeletal muscle oxygen consumption and anti-exercise fatigue effects
of dietary fish oil on exercise rats. Methods Male Wistar rats were fed dietary fish oil for 8 weeks, the rats in vivo
autologous perfused hind limb were used to investigate the influences of membrane composition on skeletal muscle
function, hind limb skeletal muscle perfused using the animal’s own blood was stimulated via the sciatic nerve (1 Hz,
6-12 V, 0.05 ms) to contract, and the changes of membrane fatty acid composition, skeletal muscle oxygen
consumption, muscle contraction and intersystolic recovery were determined. Results The dietary fish oil diet (FO)
significantly increased the docosahexaenoic acid (DHA) and total n-3 polyunsaturated fatty acids (PUFA) content in
the red and white skeletal muscle membrane and decreased the n-6:n-3 PUFA ratio (P<0.05) compared with control

group (CK). There were significant differences between CK and FO group in initial and maximum twitch tension
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after three contraction rounds (P<0.05), there were significant differences between the initial and final twitch tension

of the first and second contraction rounds of the FO group (P<0.05), there was no significant difference between

maximum tension and final tension of the first and second rounds of FO group (P>0.05). Compared with CK, the hind

limb oxygen consumption was no significantly reduced in the dietary fish oil group during contraction (P>0.05), and

the O, efficiency index was significantly higher than that of the control group (P<0.05). the FO resting oxygen

consumption was increased compared with CK. Conclusion Feeding rats with dietary fish oil find that the

infiltration of polyunsaturated fatty acid DHA in dietary fish oil is related to increasing the efficiency of muscle

oxygen consumption and promoting the resistance to muscle fatigue.
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AR 2 R, FER RIS A 2 AR TR
R F I 23038 B B B LA FE AU, IR S LA
F7RE1, H Bz LR A .

ARWFFEAR BB FEXT S, FEFRREIN n-3 PUFA
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1.1 # #®
JE B fa 3 (21 >99%, 70 4 70 i AR MRl B A BR A Al
RS I (LE BE>99%, WIALAS & fb2F RN w]); M Wistar

KEL(400~500 g/ F)( il E i AEDRHCA A ), E L
ZANCTal, B R TR A IR D), BRI R
(Griral, IR EARAE YRR AT, &7 B GRER
SHALT . ZEECATAE, KRB IR AR AT B FD;
TEREEWR(4rHrat, £E Sigma Aldrich 24 /).
1.2 ISR

FinePointe 3 ¥ FEIR HL(3E E Buxco /A 1]); BS100-1AQ
U5 B 5 (PR R 3 2 i 1 A RN WD ); AC9503 HAL i it 4
BT A (T B B = 2R R A BR A |, TGL-16M 32X
PR VR B OHLC RIS DL A BR 2 F); GC-17A
SAREIEAL(H AR S HEA ), Silica seppack #1:(55~105 pm,
50/pk). Florisil Seppack #:(30 mmx4.6 mm, 5 um) (3£
Waters 23 H); supelco vocol S AH 1%+ (30 mx0.25 mm,
1.5 pm)(ZE E Supelco A Fl).
1.3 REHE
1.3.1 It

AT 12 R Wistar K, FRIRETHi6 KX, 4
FEFSE 2 H, SRR 23~25 °C, ML 12 hBY 1
56 28 TR B 1 A ORS Yok ) R O T R [ R AR R A
10% (V:m)lEim]14 d ARAEL LA BERR R AL AL, SR )5
REAL A P 2H, 43 300 MR B S ) (CK) R IR £ 8 vty 4 ek
(FO)[RI M AEIIMA 10% (Vm)iEEfaim]s &, BR% 1 d
I 4 dSAMTE 1 UOHTEEIRDEL, A H AR ()38 o 8 43 Tl
RIFRE AT, AR — RO RUAE
132 KRABA. LA ZFR SR EE

B AT 5 B0t E S % PEOPLES P r s, e
41 60 mg/kg I L Z BRI B, PRBRIR 4 (3240.3) °C,
WIRAEREAE 37 °C, SRJG AT N 130 SO M 22 3 gl
BkAFAS 0 L%, S8 1 mL/100 g (R, DIAffRss
A 2 Ik e 4L i

FERRTEEPINA 6% (m:V)HFRFER 5000 TU/100 mL
FFE, Sk 40 038 i 55 2 3 4 A B s ik (GRVE 1
TR A, PR R A B R, AR5 shilkam ik
WL BB AL S IR GETE A R), R i i BBk 2% 3
6 DA B LD B o 70 2 A0 J B 4 3 — A R AR I
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B 22 B AT 3 — i A A S0 IR AR [ 380 AR AT

T2 A R 28 R S IS L PR i, o A R
2R ELARORE A L- B - EE B A LA LA SR, JF IR
B 1A 715 S, PR HER LB AL b B Ao L 3 51 R g 4 K
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FTA JE AR 1 mL/min Ji FHERE 30 min EHEEE T35
FIFRE RIS 100 mmHg), SRJE#AE YRR 1 mL/min)
TR AE ST, BB KFIE KA AR (400 pL), #E47
10 min $3%(1 Hz, 6~12 V. 0.05 ms){&3FIA-HHIZE, 30 min
WA, B4 3 kP, W imgE ol 1.5 mL/min, P&
HAGEHCN | mL/min. SINKRFRTIEAS B AERRR ISR 9~10 min
Zia), LR BRIRE 9 25~30 min Z I RIREA
134 fmiBALE

A S KRR AR A4S 400 pL, Hirb 240 pL i ygcia H:
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100~150 mg ‘HHNAL, HEAD-FHEREW2:1, V1)
4, SRAT 1 mol/L HRFRARIUENE R, i Silica seppack #1:
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Table 1 Food consumption and body weight of rats in different
diet groups (n=6)

WH CK FO
Bt /(g/100 g (K= /) 6.910.12° 6.76£0.11°
/(g ) 49627 459+15"
SR P E /(g H) 4.5140.14* 4.45+0.15°
JHENA LR E /g 2.44%0.19* 2.27+0.11°

T R A/ NG FREFRR 28 5 18 35 (P<0.05), HIF/INE F8k
FRTLBEZF(P>0.05), TR,

22 BEREHXARERIRAERGERZE /KR R0

BB U RE 05 1R 1 5 B A2 R 26 2 R, FO 415
CK MR INIRR & it A 25 25 7 (P<0.05), FO 4I'B85/1
g e (L B DA A (HER L4 19 CL8:2( I HIR) «
C20:4(FEE DU R) LM n-6 PUFA 5 CK ZH A ke
K (P<0.05), C20:5 n-3(_1Hx H} R, eicosapentaenoic acid
EPA).C22:6 n-3 (DHA)(Kl 1A)F1iE n-3 PUFA( 1B)5 CK
2 A 35T R (P<0.05), H1EE 2 FO AL n-6:n-3
PUFA 1 tbfgil s rTTERH, X 3B FO 40 MR R BB L
WY g TR 2 B2 n-3 ZANVAIIERGER, XA k524
RVER T TS O P AR AR A B, AR A 2 2 o 551
WL /IR B R A B R A A B0 e R
TH T 210 R0 8 LR A 3 25 7 (P>0.05), FO 4
5 CK 4k, 2reafnm i A E R 48 50 5w,
RS 210 14 Z2 AN R0 IR D (2 LA ) B T ARG T R 4
T B E 2 5(P>0.05),
23 EREHMARERINEHEIENF M

TEF AR 0L B PRI AR A R K U R [CK 4
(36.9+0.9) °C, FO #1(36.5+0.7) °CIC &2 5(P>0.05), {8 CK 4
JE B I[(131£12) mmHg] 23575 FO £H[(89+10) mmHg]
(P<0.05), A5 TREAH LS IK M IEREAA 3522 73R 3)
(P<0.05). 7E WAL A 13 < B H 7= A 1) sl bk af 42043 T
(partial pressure of arterial oxygen, PaO, {5 £1 21l Jifd & 1 A1
k%) 98%, FH4RE T B KAL) (19~20 mL/100 mL), &
LKA PO, it i FAR T ki, I8 i w5 SR TR
BEA . FO 45 CK A LR B H AL (a-v)O,[ (B k-
FRTO R SRS R TRUERRE O, THAESRE, Uil] FO dAMEE AR
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Table 2 Red and white skeletal muscle membrane fatty acid content (n=6)
- CK FO
D - -
2140,/ (g/kg) 1/ (g/kg) 21 {0/ (g/kg) M {a/(g/kg)
C14:0 0.24+0.03" 0.27+0.02° 0.26+0.04° 0.25+0.01°
C16:0 16.58+3.76" 21.63+0.72° 18.95+4.21° 24.03+0.83°
C18:0 12.04+2.34° 11.93+0.36" 12.82+0.68" 11.21+0.45°
C18:1 n-9 8.73+2.17° 9.4+1.25° 8.35+0.55" 7.38+0.32°
C18:2n-6 14.05+3.04° 14.63+0.32° 10.42+0.67° 9.58+0.71°
C20:4 n-6 16.04+0.86" 17.72+0.68" 10.35+0.96° 9.28+0.84°
C20:5 n-3 0.09+0.04* 0.05+0.03" 1.1240.06° 1.16+0.06°
C22:5 n-3 1.7340.25° 2.45+0.21° 1.2340.22° 1.08+0.11°
C22:6 n-3 12.86+3.21° 9.87+1.12° 23.52+0.72° 26.25+1.36"
TN g i 28.86+6.13" 33.83+1.10° 32.03+4.93% 35.49+1.29°
EN okl 44.77+1.23° 44.72+1.71° 46.64+1.51° 47.35+3.16°
& n-6 g iR 30.09+2.42° 32.35+1.34° 20.77+1.28° 18.86+1.36°
& on-3 BRIIR 14.68+2.52° 12.37+1.18" 25.87+0.64° 28.49+2.15°
n-6:n-3 2.05+0.64° 2.62+0.15° 0.80+0.15" 0.62+0.28°
A FFEEL 17716 185+14° 236+15° 248+14°
30 30
CK b b CK b
25 |+ }3 B®/FO D § 25 FO
i
® 20 F § 20
i = a
s} 2 £ 15 % i
: 7 i vl 7 7
@
7 /4 | _
ARGA [Sfe i M
AL AL
H: AFEVNG RN 2 57 2 (P<0.05), TH .
Fl 1 CK4LA FO 41/ E 8 A& 8L DHA (A)F1E n-3 PUFA (B)IRJE (n=6)
Fig.1 Skeletal muscle total DHA (A) and total n-3 PUFA (B) concentrations for CK and FO after 8 weeks feeding (n=6)
3 ERENBKFIERBKAE A B LA (n=6) = 35
Table 3 Baseline me:asurf:ments of systemic arterial and venous prop. CK O
hind limb samples (n=6)
oy CK FO Hb/(g/100 mL) 14.05+0.46" 15.01+0.67°
IR CvO,/(mL/100 mL) 14.67+1.2° 16.53+0.8°
oH 7 4340.12° 7 7440.09° HCO;/mm 25.9+1.3° 28.742.4°
Pa0y/mmHg 8542 92438 LR /mm 2.46+0.5" 3.06+0.7°
PaCO,/mmHg 3242° 35+2° Ja b B R
(a-v)O,/(mL/100 mL) 4.35+0.72° 3.62+0.67°
Hb/(g/100 mL) 12.6+0.5° 13.140.4° . , )
VO,/[umol/(g-min)] 0.39+0.12° 0.33+0.14°
€a0/(mL/100 mL) 19.02£0.22° = 20.1520.54° sk — 4 fb ik 53k (partial pressure of arterial carbon dioxide,
HCO;/mm 24.9+1.7° 29.6+1.5° PaCO0,); Ifil £I. % I (hemoglobin, Hb); h Jik Ifil 44 7 i (content of
FLW/mm 2.98+0.15 2.8240.12° arterial oxygen, CaO,); HCOs: kIR ; ik Ifil %53 H (partial
ik L R pressure of vein oxygen, PvO,); # ik Il — % L ik 43 JE (partial
pH 7.35+0.14° 7.35+0.11° pressure of vein carbon dioxide, PvCO,); #t/lik Ifil & & & (content of
PvO,/mmHg 383" 46+2° vein oxygen, CvO,); (a-v)Oy: 2l ik -5 i ik i 420 % 2 2% FE A i
PvCO,/mmHg 435 47+3° (oxygen consumption, VO,),
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SELNIE 2 iR, CK T FO 4 =48 RKE 147145 (0 min)

AR KT F1(1 min) M HL35 4T B 3% 22 53(P<0.05), CK 4145
. FO Y55 =5 IR ik )1 A 243k 71 (10 min) 2Z [0 %A
B2 57(P>0.05), FO 45— 519 tnok T
K S 2 JAIEAE B3 22 5 (P<0.05), FO H55—RF1%5 — 4t
BB Ak 1 R 285K T M LB 2 B AR (P>0.05), 155
FO ZHMEE Ay BRUTE 0 3 B3 3 5 i B AT PR R A s

25 BEREHXTARAAWYEE R E RN

Hi P 3 45 Al 1, 5 CK 4Ry R A H, CK 41K
Je AR SRR RS 1 RIS 2 MR WA g B 32 AT T 3
hn, M EZE, FO 410 #E AU S AR A5k &2 31 i IR S 2K
T, HEFENE, A NMREBNA, FOUAMEARE
FALT CK #H(P<0.05), #iH] FO K RTE =58 i 12 3
JE LA BB IR A, EUTEFE . AR AR L B R
L S RE AR B B R R R, DA 4R i ML A 1 B

WHERE T, 1EE G WARITA G R 55 o FHRETT .
200 o — 200 g -t
- -5 i
a = —~ —
8 150 =R a5 150 ——E=8
= = a
S = — b
~ = a
€ 100 € 100 - ==}
R R a
50
% £
0 1 L 1 L 1 0 'l L L L J
0 2 4 6 8 10 0 2 4 6 8 10
B} []/min B} T /mi
K2 CK (A)FI FO (BY4LA R4 vk 5K 71(n=6)
Fig.2 Twitch tension development for different bout for CK (A) and FO (B) (n=6)
0.8 r 35 -
A @CK .
1 3.0 ° [@ck a
= 3ro = V[
£ H a £
g 06 E sl a OFO
& b &
3 S 20°F
2 04t g
= - = 15+
i R UTEH
B o02f w L0r
¥ % 0.5
0 S 0.0
PRI
_ 100 C
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Z g0t
g b ES a
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= 001 b
S
Z 40
&
3 20 f
B
& 0 o o S
i Bk E ot
IR

T A SR IR | AR 2 #B%(E; B 56— SR RASE = RIAFE AR, C 40 . B RS SRR
B3 CK 411 FO 4l Tm % 5 (n=6)
Fig.3 Contraction recoveries for CK and FO (n=6)
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R i = 2R R, 3k A Ak 5 UK £ T 00 J0E 1 22 1k
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BAAL- b B e LSRR 5 3 B0 R LTS DR A i
grfe s, T H A SR WO i T B PR R N, X5 £
AR5 M VAT 246 R AN 035 BBl I O O ) B B S5 9 45
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BRI, X5 MAKL ZPR R s R 8 ming e
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JULAE I 335 0 5 v o UL B ot st 308055 ) 475 200 — RS0, 5
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S R T RSO B 3 A AR S R Y,
{EAE AN P9 {5 B4 AT 1T, n-3 PUFA #j 0] DLl 27
AR BEAE 3RS, W B R A N#ER n-3 PUFA BYIM
T 5 40U R R R iR Ca* ik ERARSE, B s LT
Ca™ MU Rl 21 20 Jo v, s 5 UL 57 AR et 1),
Ik, AT R B Ca® MG 3Rl A2 2 1 103t 22 AN Rl i
FRAE e B B LA A 2 B v A — FiBZEAE TR AL . 3 1
£ A MR I R BUEF B L P B D R I AN TR R R B s,
LA At SR AR B 405 00 KURE 386 00, X 5 7= AR 98 57 1 B PR 3L
—F, TR iy n-3 PUFA AT LI EJE-B 88 LAY Y I
PEGRY AL, NI = 2R B 57 VEF

g5 LTk, MRFRIE A Al K U BB LA O | Bl
W AR IR 52 A 5 i 1 B I 18 A A B AR FR AR o6, T =8
BEWUFESA R S5 DHA i s UM G . X — 45 51xd
I8 B GUE LR 8 IR A e R bz 2 57 e ) iR iR
PEECE LR, R R B TG R FR B0 55 77 S AR e
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