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Abstract

Objective: To measure oxidative stress as well as dynamic changes of Fas/FasL, Bcl-2/Bax gene expressions in
skeletal muscle, and investigate the mechanism of apoptosis in skeletal muscle during acute treadmill exercise.
Method: The different phase models of acute load treadmill exercise were setting up, and the mice were divid-
ed into control group (Con), acute treadmill exercise for 45min group (E45), 90min group (E90), 120min
group (E120) and 150min group (E150). Microplate reader was used to measure the levels of melondialdehyde
(MDA), hydrogen peroxide (H;O,), nitric oxide (NO) and superoxide dismutase (SOD), quantitative real-time

PCR technique was used to detect Fas/FasL, Bcl-2/Bax gene expressions in skeletal muscle.
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Result: (D The contents of MDA and H,O, in skeletal muscle both rose quickly at the early stage of acute
treadmill exercise, and were significantly higher than the control group at the 45th min (P<0.05), after maintain-
ied for a few minutes, they began to decrease until the exercise was over. The activity of SOD was basically
revised to the contents of MDA and H,O,. The content of NO rose quickly at the 45th min (P<0.05), and
maintained time until the exercise was over. 2 The levels of Fas/FasL mRNA expressions in skeletal muscle
increased significantly at the 90th—120th min (P<0.01) during acute treadmill exercise, and then began to drop
steadily. The level of Bcl-2 mRNA expression decreased significantly at the 90th—120th min (P<0.05), and
then began to rose steadily. The level of Bax mRNA expression increased significantly at the 45th min (P<
0.05), and reached the peak at the 90th min (P<0.01), and maintainied until the 120th min (P<0.05), it began
to drop steadily. The ratio of Bcl-2/Bax decreased significantly at the 45th min (P<0.05), and reached the low-
est level at the 90th min (P<0.01), and maintained until the 120th min (P<0.05), it began to rose steadily.

Conclusion: Acute treadmill exercise could significantly increase the contents of MDA, H,O, and NO, as well
as decrease the activity of SOD in skeletal muscle. Eventually, free radicals assembled and the level of oxida-
tive stress improved. Acute treadmill exercise could significantly improve the levels of Fas/FasL and Bax
mRNA expressions in skeletal muscle, decrease the level of Bcl-2 mRNA expression as well as the ratio of

Bcl-2/Bax, and eventually increase the apoptosis, which were related to the excessive accumulation of free radi-
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cals and improvement of oxidative stress.
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P ) R EE 00, 3 BE 0.8km/h, 3542 I [A] Smin, F31]
Z:3d, IERIZ PG R 5 1 R g : kv,
-1 32 B 2 Ky 15ming 55 2 H 0 FT : 1.2km/h, 4%
2032 B E) 28 15min; 55 3 94 : 1.4—1.5km/h,
B4z s ] 235124 15min . 60min ,90min , 120min.,
1.3 kbt S bt

G TR B S Tz 3l TP AR N B[R]
ST BHEAR Y RGBT BER AL, V15345 T Ja B A
PRAFAE, VB R R TR L 22 ) e 3] -80°C I Tk vk
FEIRAE
1.4 AALFs bRk

ok 5 S W52 i %, MDA, SOD,
H,0, NO [ £ I 35 2 B Ry ot 3 sl A= 9 TR AF 9%
PO G S U A . BRI O B, 4% RE 25
/N wa
1.5 JEFER

SO E i PCRAG I % L Fas/FasL \Bel-2/
Bax JE K 35K, 51917 9 1 Invitrogen (_F 1 ) 15
5 EM. HAAR:

Fas |9 51 ¥ : 5GCAT CTGG ACCC TCCT ACCT
CTG3',

T ¥ 51 ¥ : GACA AAGC CACC CCAA GTTA
GA3',

FasL Fi#51%) : 5TTCT GGTT GCCT TGGT AGGA
TTG3',

T % 21 ¥ . SACCT TGAG TTGG ACTT GCCT
GTT3'.

Bel-2 Fi#514):5GCTA CGAG TGGG ATAC TGGA
GATG A3',

T % 51 ¥ . SATCC CTGA AGAG TTCC TCCA
CCAC C3';

Bax i 514 : 55CAGG GTTT CATC CAGG ATCG
AGCA G3',

N 51 ¥ . 5GGCG GTGA GGAC TCCA GCCA
CAAA G3'.

B-actin F3iF5|% : STGTT ACCA ACTG GGAC GA-
CA3',

TS 14 : 5CTAT GGGA GAAC GGCA GAAG3',

B A JHE B OURE i RN il U B8 4 B Trizol
S Ui BB E T . BURNAFE S Sul, P oligo dT
R BEHLT AT R 5%, A B cDNA G 10pd S i
Z h & 47 . 5xRT Buffer 2ul, RT Enzyme Mix
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0.5ul, Primer Mix 0.5ul, RNA 5ul, Nuclease-free
Water 2ul. S W 45 7 : 37°C, 15min; %X 5 98°C ,
5min; -20°CUKAE1FAF -

cDNA Hf & # DL F &0 AR & 17 : SYBR
green PCR Master Mix(TOYOBO) 10ul, | Fii#5]
Y14 0.8ul,ddH20 6.4pl, cDNA MM 201, S5z i 14k
FR20pl, SR 5640, 55— 2 P (95°C, 60s ) 5 26
ZH 40 MIEER(95°C, 155;61°C, 3053 72°C, 45s) 5 45
= g7 PCR7 Wi ff i 2k, A2 1 (95°C, 15s) iR
K (55°C, 60s) , I\ 55°CZ & fin##] 95°C, 15s; & 1°C
AR DO t— IR . It 2 JA — > i, B9
HORR S AT B U 5 PCR 2K . PCRA
H CTH, B-actin ZE [ M NS iR 54 20 2-ACT 1
FE&H B AN FRA =
1.6 GEit=#obr

SRR R B br 22 e X FROR , 5858
4 >k 1 Excel 2003 #4401 25 %2 B, SPSS 17.0 58
THRA A TR R Ry 22500

2 #ER
2.1 2k GBI F N MDA NO  H,O, &% &
1 SOD &P 1) 52 i)

55 Con ZH #H I, E45 . E90 20 MDA % 1t B i 44
hn, 25 BHA B EME(P<0.05), 5 E45 5 E90 ZH #H
Eb, E150 2 MDA % & B i N, 22 5 Hof B 4k
(P<0.05). 5 Conl#f L, E90 4 SOD i 4 BH {2 Ik
55, 25 HA B EM(P<0.05), HAth 441 SOD 1% 1
BRI — B, HES AR EEP>
0.05). 5 Con41AH Lt , E45 41 H,O, ¥ & B i 34 i,
Z 5 HA B EM(P<0.05),E90 . E120 44 H,O, ¥ &
BAA—E I, HES AR REEP>005),5
E45 ZHAH 6, E90  E120 . E150 41 H,O, ¥ J& B 5 R %
(/35 P<0.05;P<0.05;P<0.01), 5 ConZHAI,
E45 E150 41 NO ¥ & B B3 in, 2 5 HA W B3
(P <0.01),E90 E120 4 & th B B3, 22 5+ 5.
HHFENEP<0.05), WFEKI,
2.2 25 s %) E B L Fas/FasL \Bel-2/Bax &
PR 23k I 52 )

5 Con4AHH: ,E90 . E120 4] Fas mRNA #ik1y
R FT, 255 HA e B E%(P<0.01), 5E120
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AL, Fas mRNA FikH g %, 25 1A B &t
(P<0.05) . 5 Con 41 #1 kb , E90, E120 4 FasL
mRNA ZiE¥HE FT, 225 HAdEW B3 (P <
0.01), 5 E45 4040, E120 4] FasL mRNA Z6ikH] i

*1 2MHmEIEzHEEEILMDA.SOD.H0,.NO

PETIER (xs)
MDA SOD H.0, NO

451

Con4
E454

(nmol/mg prot) (U/mg prot) (mmol/g prot) (umol/g prot)
7.22140.346 45.39+3.866 63.93+5.111  0.804+0.090
12.7542.387"  40.40+10.08 101.7+19.117 2.337+0.237%
E9041 13.144£3.259" 29.67+5.185" 65.40+11.22% 2.315+0.487"
E12041 10.98+2.758 36.33+8.296 64.81+11.91% 2.313+0.499"
E1504H 7.182+0.888%% 35.61+10.02 54.89+6.019” 2.385+0.510%
5 Con4H 4 : DP < 0.05; 2P < 0.01; 5 E45 H L # . @P < 0.05;@

P<0.01; 5 E904 4 :®P < 0.05

ot =R HEAAEE BEE(P<0.01), 5 E120 414
., E150 4] FasL mRNA £iAB 8 TR, 2R HA
FE(P<0.05) ., 5 ConHHM EL , E90 . E120 £ Bcl-2
mRNA R B TR, 25 4 8 EHP<
0.05), 5 E45 1A 1t , E90 4 Bel-2 mRNA ik i
TR, 2R EABEM(P<0.05), 5 CondHAfLL,
E45.E90.E120 4 Bax mRNA %5 & &1 I+
(/51 P<0.05;P<0.01;P<0.05), 5 E90 H#H [t ,
E120.E150 %1 Bax mRNA k35 8 % F [ (4351
P<0.05;P<0.01), 5 Con#i#Ht,E45 E90.E120
2H Bel-2/Bax HUAE Y B 35 R R (451 P < 0.05;P <
0.01;P<0.05), W2,

®2 RAMMAIEI BRI Fas/FasL,Bcl-2/Bax EERIXMEHEE (x:£5)
2 51| Fas FasL Bcl-2 Bax Bcl-2/Bax
Con 0.853+0.116 0.777+0.203 1.093+0.279 0.857+0.150 1.103+0.270
E454 1.435+0.124 1.343+0.228 0.916+0.256 1.70240.215" 0.58440.112"
E902H 2.362+0.201% 2.03240.298% 0.475+0.133"7 2.299+0.286% 0.447+0.109°
E1204H 2.853+0.226% 2.471+0.246%% 0.526+0.153" 1.588+0.220"% 0.510+0.124"
E150 41 1.342+0.135% 1.447+0.360” 0.725+0.209 1.191+0.220° 0.669+0.219

5 Con 48 :DP < 0.05; P < 0.01; 5 E45 4H L4 : QP < 0.05;@P < 0.01; 5 E90 4 [ 4% : ®P < 0.05;©P < 0.01; 5 E120 41 [t 4% : DP < 0.05

3 it

B % WL A0 M rb 8] B A AE 9 R B AR T R S
(CAT .GSH-Px.SOD %%) 5L ARG, 1EH A
LT, & Z A Fah FHRRA . MDA 28
T AR SN ) EE ), AT R e AR AR R
SOD 2% [ Hy FEBh A £ vh 81 22 A bt Ll , W]
ARy S PR H R DR 4 A S A A5 45 A
T=o H.O SR A ™ A5 B 6 R 46, ] 40 ik i 420 A e
3 | 38 X AR W 22 AT FIR D R A 2ok AT 5 1 ke
Jig B i A AR R By, T Bl A AL B A TS, NO
MR T (R A ), TS 542 R
PRYIREMIR T o A FRIKSF- B NO W] /b A i T
TR A FEAR B P T NO KBTI T8 AL I
TR R T IR e B o A% I MDA |
H,O, . NO 7 it F1 SOD ¥ ¥4 28 1 7] 1 5t 241 Jfd 421k iz
PUFERE

H AT C 2 840 TR 52, a Ko i iz sl
8% ) MDA . H,0, .NO % & i 2 77 , SOD 1% 1
T XN, SEiE gl R — R ] KR Y
o7 SR, A LR ML v R B s B, SRR

B R AT A PR e B AR S R A Y i A
LR GEHEBRRET IR & S ECE B E LB,

AR BN, B LMDA (H0, F i 7E 2
PR 532 ST iR B RIAS D BTt #E 45min B {2 25
15 AR KRS YE R — BT )5 SOF IR TR, B
FEENEE R, AL SOD W HETE A1k il 535 5
90min B 146 i 2 REAIR , B IS XA BTt &, E 2 5
45, ATAL, SOD T M i 25k 1 5 MDA \H.O, &
H RS HILAM R . EHENINO & 27 Sk
i 518 SIS [ AR IR ZA T B KRS . A58
SRS Z MRS AR — B, XU St
518 B R — P A (a) a8 R ) I ORI, AT T
B ILEAL /BT AL R G2 1) 0 Bh A, (5 R
AL ASBEA Z0E BR A 3%, DT 5 1 2 A i 4
RN o DRI AR, BB LR AR KA
Sk 532 3l 45min B 23 F I, SRR — B E) Y
ARG O IRER P TR, BBl g2 R,

I FR e B A 5 R Y S A I R 5 4 0
TR ZE TR AY, R RKEREMN B LT
AR K- BTt il A 30 Fas/FasL R %%, E#%
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Ja S AL TR FE TR S R m ER S BRI,
H.O, AT 8 i A1 i85 7] i c-myc \Fas/FasL &£ # T3
{2 3k B S 345, (H 280 SOD AbBE 2 J5 , c-myc
Fas/FasL \NF-«B [ 31k B I FEAIG, 08 198 Bt bl 2
R o X UEHT, S A0 N5 S 00 At A U T 5 0
NF-«B, it JF 8 1= 41 5¢ FE [H] c-myc . Fas/FasL [ % ik
WU Ko b, AL NHOA RE T T Bax B A
TR AT Bel-2 JER 0k, il BRI SA0r , JBE
568 M B IR, A 8 % C (cytochrome C,
Cyt-C) R B, J #5815 0 T 2 1 At 18 1
(apoptotic protease activating factor 1, Apafl) &
Wi R = BERR IR 45 A, U caspase 9 F-5 22 13 [A] it
¥ 3805 T Ui caspase 3 Fll caspase 7, Fe 2 T AN I
Ty

Fas/FasL 40 2B % LA A H B4 20 4t e o
T TG 5% S 250, Fas XFK Apo-1, J& T i
IFE R F 52 AR 28 A A RS2 AR SRR 0 A L 2 T
PR, e LA B A 1 b A4 e R AR 5 AR
JH . FasL FECAASE 68 YR B K 552 14 G2 0% 1) 240 i
T A 7o 24 BB LN I 2% 1T Fas 23K, AT 0
BCfA FasL, 8 Fas SET-35k A R 8534 220k, - i
T A 2 B A i e T 2 B B 1 B AN 1A 3R - 1 B
it S5 Z2 oy £ 11 il B0 PN R PR AZ R T L 5 RS A L A T
Sandri &SRB, — RORSR iz g A] 2 2 R
CS57BL/6 /)N FU B % L Fas/FasL  Bel-2 2 ] T4 5 3%
235, i E s T WA R R, K
o 1 532 7 (-10°, 20m/min) 7 fi k5 UL SOD 7% 14
T FE MDA N, Fas FEPR 0k 1 3 B, i 5t
PETT 2 0] IR 2 AR A N BT Xk R LAt 4
R TA — € G SRR Y . Z2RSF I
W], 2k Sy is gl el il R B % UL Fas mRNA 3%
IRIEDR ANRLR TR RS 22 T e AT T T
SR ARG R ST TR KRR A B B s
PRI SCE MR SRR AS , AT 6] Fas mRNA
(IR, D80 B i LA AL T, S B LR 57 5
PIWREL . ABFRAR R, St 5 s 3h 71
B VSR D (]IS 3 RE {4 JUL Fas/FasL
FEIN IR KF-AE 90min iF I 2 39 i, £ 120min ik
PR, Bl S S BT RS X5 Z AT R4 R
A, fn, At R IiE g B b a R
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£ AL KT (45 R AT BB TS Fas/FasL I T-15
SRR (RS LA R AR PR T

Bel-2/Bax 2 B % WLAH L 0/ T2k A o 2L AT E 22
PEEAE AR SEN o Bel-2 2K 1k 1 55 vl 410 i) B 8% L
20 B R T, T Bax 114 3k B 2% 1k 0 A 0 AN M O T
Bel-2/Bax 482 P 5 4 M 2 15 A AR PR T2 DL SR T
FRPE R E bR, PR A A shan i T 41
FFRT . 7K Bel-2/Bax 47 B T 4 473 | HR
ARG AN PR T, AR TS S R AT
HZANPAZE R . A IR Rd R B, 545
LA & A T, H T3 K Bel-2 A Ja T 5E R
Bax M #REH LA T BEAA, H _FZ A4k
F A U A 2 ", Podhorska-Okolow 25 USIBJF 5% 3¢
], R — 11 F R L 4e 2 2l T fd CSTBL/6 /N
#% WL Bel-2/Bax FoR g 2 AR, B E 115 51
Ja 8 AR 7S B Ja R, Bel-2/Bax L2 S5 14
WiTh . EAMEEIWII R I, — K T kS
o Al fii B 55 1 Bel-2 mRNA 3£ 15 T F¥ 8.6% . Bax
mRNA Fk 8111 30.5% , H A Ay, Jy by itk nl {8
BELPCR T RE e AR R T RE S KSR, IR T RE
A BBRRTI T A5 5L iRt , 5 R AR T, 1 A%
BB U 55 B % . WA PO g8 R, i )il
Zrn] g E 2 = K RUHERA L SOD . GSH-Px 1 4 , B 1K
AL K, 380 Bel-2 mRNA 335, 41X Bax
mRNA £ ik ; {H — K Jj 35 iz ) 2 7] 3§ 55 SOD.,
GSH-Px {ifi P, Ft 5 A Hi 3K, F# K Bel-2 mRNA
Foik i Bax mRNA Rk, 1 — K J1 3532 8 5 19
AT IR 2 B WL GSH-Px i M AL BT SAAL fE
71 (total antioxidant capacity, T-AOC) , ¥& ik iz L
Bel-2 mRNA %35, fHXf Bax mRNA %3k (19 52 A
B . BRIEACFPIRER R B, — IR o B 1Y) [B) ks
Bl n] 3 A 3 5 B % L Bax mRNA ik & AIK Bel-2
mRNA ik, Fh i A 3K, LR s shge i T
Ref, T S0 ] BN 2 ] R ek 19 ik s LT S A
I, BVRPURT R RS S Shae T . AT
FER BN, S0k A8 sh7E s U AL
AKF-H [l i B -H-#% L Bel-2 mRNA Rk K F
£ 90—120min B i 25 REAR, Bl 5 X2 B0 AR
1M Bax mRNA A 417E1Z 3l 45min B} i 340, 78
90min i 35 B 0 (E , 3 Ff g KO 25 34— HL 48 5 3



PEAAEAETEL 20144F 5520 %55 1 1]

120min J5 X IF IR FE T % H Bel-2/Bax R fE 12
Bl 45min B i 25 A, 78 90min Bk fe {7k - , 445
F) 120min J5 S8 FFAHE AR5 SRS FREEAL
ENR R R —3 . R, ARGz A H
Ll AR S R AR AR T 1 2 5 v] RE T
b 5 B L Bel-2/Bax JE R 1 36 ik, 412 1k 40 i U
T-o el B PRI LRI A, K 5
Wt MGz sl [ I B A R, LR R L
il 1 M FRA , S BT T2 5L K Bel-2 mRNA £k F
W, LA T Bax mRNA ik, i R IAKTE
J G S| Sy YA NI W 7 F0E5 7 YA L N N B Bt i ol
JECHNE R [, 37 55 8 Coyt-C BRI B i , (o 2R ks A )
T R W R R R TR A

SUEE A E# L MDA (H.0, NO % i
2 EF SOD WEME T R, 30l A B B B AE S
RE AN EOK R . 2 AiE sl B
PR B% L Fas/FasL 1 Bax 3 [ 1A (F&AIK Bel-2 2L A
FIR 1 Bel-2/Bax L B LA L & AL T, X

AE A i B R AR BN UK A K
S ik
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