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BTz Bl Xt 12 3 52 4 S 05 0 S A L B 52 T

IETF
G T T BE 4R R R 5 450015)

W E: 0 NRENEHNEEDTESRAFRGEMBMAEE, HBEESVISREEBKE.
k25 HEFEH T RRE )R #AT K Wingate LR (FRMAM BN 3 &, W 755 EHFR .00~
9.00) FIFFHE (17.00~19.00). Y 5E 2 iR 11 B IR BE 3 R K (0L 00 5 , 0 8 M 3 M0 I A 4 L U B O BRI AR &6
YW ER DSREFKIB . FHBRMEFERU R RPEEHEHBKE T /8 (P<0.05);2) Z# it GE AT, 64
WD R E  WBC R T# ., M4k (GLC f1 CRE) .4 HA R {515 E# (CK, LDH, AST # ALT) # &4k K F (MDA)
% T 1B (P<C0.05),RBC,HCT i3 & kK ¥ (T-AOC, TBIL 1 UA) K FHE B (P<0.05);DEREHERNEL
SRR ERFRE(P<0.05), BHREFEFNERERH B FERM(P<0.05); (OBEREIHFERIAELSERM
HCT 4 b & BB TR BB E KT (P<0.00). Fi: DEFE TRREFG AN ARSI EE I MBS EEF
REAERETHR LEFARTHSLHRETHARGIEANB KA A VREIEF LD KERES
HEHERG SRR EHVREREKRAFE, TP EMAAK T B 22 NES.

X . 3e B3 Y Wingate TR RE B IS ;B ES
RE 5 &S :G804. 5 TREARER A

BRI AR ZRHAEEREYEEAYTREGHREER A AR, AT &S BFRERNEY
T S A R RS W B 3t BB PR P A B I I 538D A RE A 1) 40 MR A A SR A RE S (R — 3
ARG FHAEHEFEETFHES AABRGRELAFGRE THER, T & LD #OK P 06 %64
B BRI, R A B ph 7 A S AR B AR AR AL R, T BT ALK P U 5 AR R R 4 I
FRBEA RS, LRBEE £ U E RS R 3 BOEA RN R, W4 XT3 3 R BB 5T A K38 3l AL
WX AL A S AR A R e U B R SR TE. BESE, RIBENSGT#ES AR RGN RE/L KR, LAk
PR, T 3 BRI B M 57 LA BB B BB T RS oAb, i FREBHARZHE  OBHESENH, Bt
BIHRAESEBHRLZHNUREHESEIENZAARTRFEREER. BREHRUBEEE TES
B B iR % B, WL 4 52 I 18] Ak R 9 2 3l 3 A LA 1R 55 A SR AL R ORI i, B2 18 R I AR 4R 1t
BB K.

1 BHARMFRMTE

1.1 HRIM&K

HRMEE BT ENERMBHTARTENERETES FEREZHA 25 BGEHEENER KN
%R A7E2. DS YIHER2.1350.5) a, B8 (1. 7930.06) m, JRFFE (70.0+8.7) kg, F KRB
B(BMD(21.9+2. D. FAELBREZHRARK BERARAANRAR . ZRAFEEHZITAERE R EZNE
HWEMEKERRE. IAEZIAESE@E, TEEMEER, £V E(20.00~22:00 ARE,6:00~7:00 EIK).
1.2 x@igit ’

B2 A 7E W AT 48 h S A IR B IR AR M 254, B BIZIE 3 RIEE EEIR. 2 E HERB

B B H8 : 2015-04-01 ;8 [B H H§ : 2015-09-20.

BEL2WH - BEXARBEHES(11002036) ; o5 4 B8 B3 B B (152102310117).

EEEN (EEESR) . ERFQIG—), B AEERABMRS T L EFBEERILE. B . BRFANEH5AKE
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L% F IR AW IR T (BRI BND N E SRR  AERESBEEFSH ARG HTHIK Wingate 5
5 P (PR X A TRI B O 3 D, YUk e (8] 3 B #E 18 R (7:00~9: 00) F %88 (17:00~19:00). Fik & R M
BLIE W i A7 I3, Wingate SEH BT E O B2 IR BE 5% BUHR 0K O » S 30 )5 RO 200 W8 5% X 35 152t 32 W4k Jfy R 3 (rating
of perceived exertion, RPE) (6~20 4%) , K /5 Wl & 1 fis 18 FE 3% B 8 Bk If 0 <, T 58 off %6 B H B s Fn 4k
RLBAR S ). EEEI . ERNEET, ZiE 6.00 8K, DBUOKHE S BARE T #4700 Gi 58 90 i £ 3
YERD s B3I RT, Z3AH 11:00~11:30. #B 5 R AP BIKK. ZREHRE . AKE 20.9%,BE 20 C
~22 C,MXBE 500 ~65% , — MR R K.
1.3 SBEEESH

AT RNESRMERE . IRAKXSE - KRR JitH BML WEKERE K ER 200 kg, WEIR
#2<0.1 ke, MEMZREBEE RE.
1.4 OERE

FAKBERXODEREITGREZ<0.1 OWMBOERERE R —ZRXEMAR—-XO0BRE , FEHR %
BIREIMER 35.0 CUT . AEKERETKERMRTRZRERRWL . BHARERE, HEPE, &
8% 5 min. :
1.5 BRAZE

FRAHRBEVHETEZ T INARYBARAE  AEZRYBARYS 2002 £ HEYR S E RYRE
BRMEFRESEYEAEG S HECHASHRYBARRHNEENERZEAR. WEGQHE  SBE &
KLY BN ERR BHEX AGIHEDOMAELEER E.
1.6 Wingate L&

B A 2l #E 4T — K Wingate JU3 , ML 4% 9 i 42 7 Monark 835E By 547 %, WK AH K 0. 075
X & . 2R H BT 5~ 10 min ¥EFIE S B BAMBLMD , ARG FF RN, LIRS R B E (FE 2~3 s PD B
B ERHE IR AR H 2B E, BE i RT AN S T, W RHE Y 30 s, if R AN, TR
I
1.7 mig#EREE

FrERRE S TaamENIEd :Z i E}P’,Z:—t::ﬁ?fg
BRkFR I 5 mL,1 mL fF 0 E Mm% #, al *4
Heeim 4 CEL 15 min (3000 ¢ ¢ *
min™) BRI B —20 C. KA RAFFF or
M. 7% HA ABX 2100 B MAHN P
W 5E » $8 A5 4 95 F1 48 M 31 41 (white blood g 38 #
cells, WBC) , & ¥ % 4 §g 3 £ (neutro- E 37 -
philes, NE) . i & 40 ig 11 % (lymphocytes, g 36 F
LY) . BB M 3% (monocytes, MO) . 41, 35 L
4 Al 31 %% (red blood cells, RBC) F1 Ifit. 41 fifd 34 |
JE 1 Chematocrit, HCT); Ifi ¥ & & H 33|
7060 4 H S A BT E  FE PR I 0
Hﬂ‘@ﬁm (creatine kinase,CK) . ?L@Hﬁﬁ Meorning(7:00~9:00) . Evening(17:00~19:00)
E@ (lactate deshydrogenase , LDH). X !;& 7E: *P<0.05 vs Pre—traning, *P<0.05 vs Morning; Pre-training:
A A B i (aspartate aminotrans- BERAT (L) , Post-training: JBENE, Moming: W,
ferase, AST) \TH & MR & &5 % B (alanine Evening: £5

E1 R
aminotransferase, ALT). Il i§ AL B8 &

(creatinine, CRE) . Il ¥§ (glucose , GLU) | I #L B (lactic acid, LA) .73 — [ (malondialdehyde, MDA) , & lH4T
# (total bilirubin, TBIL) I jR B8 Curic acid, UA); & $i & 4k §B J7 (total antioxidant capacity, T-AOC)
ABTS ¥z, A& W B R gAY TR R
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1.8 ZitiE
FRAEBEU“UE T REE"ER. R —NBE 3§ E i U R AR B B e X 5. P<
0.05F NEFRITEER. G MM SPSS 15. 0 for Windows.

2 & R

2.1 &RMER

R, A0 O IR B TR (P<C0.05); R HEBRIZZ1E 1 IR E Y BE AR (P<0.05) ; K
e O EBRESTHERP<0.05).
2.2 Ezh#EH1F0 RPE T

5E RN A, 558 Wingate LRWRE B AR EHEMPHFIEHE LUK RPE HH BEMEAR
(P<C0.05), L3 1.
2.3 MEMMEL

R GS D 458 WBC RE T (NE,LY #1 MO) & Fi# /R (P<<0.05),RBC #1 HCT K THE R (P<
0.05) ; 18 R FERMIE 3G T A 18R B (P<<0. 05); B3z sh /F WBC RETE# (NE,LY fl MO T

B (P<C0.05), HCT & TH B (P<T0.05). L3k 2.
%1 iEAEHF0 RPE WL

P R =8
(7.00~9:00) (17:00~19:00)
BRE/(W - kg™ 9.160. 98 10. 8941, 02%
FHINA/(W - kg™1) 7.34740. 86 8.65+0,58%
EHEE/ S 0. 38140, 04 0.46+0, 08%
RPE/(0~20) 15.7+1.12 16.6+1,10%

H:# P<<0.05 vs i§R.
2 MEMOTEL

e w?:ﬁﬁ(hoow;fgg) ‘_ﬁiuﬁ(u,oo’vlgjgo)
1z 3ar EHE E AR BIHE

WBC/(X10% « yL71) 7.520. 68 10,450, 78* 8.4040,91%  12.2530.77% %
NE/(X10% « ,L~1) 4,23%1.02 5,260, 96* 5.56+1.45%  6.89%1,23* %
LY/(X10% « uL™Y) 2. 460,65 4,1740,77* 2.98+0.66%  5,1910,90* %
MO/(X10% s uL71) 0.6240.11 0.93%0.17* 0.8540.16%  1,281+0.20* %
RBC/(X10% » uL°1) 5.230. 32 5.36%0.28* 4.7610.29% 5.4120.39*
HCT/% 45.35+1. 66 46.32+2.51* 44.0131.25% 45.16+£2.06" #
¥ P<<0.05 vs BEAT, * P<<0.05 vs R

2.4 mMEHKTL
ZEE GEZHET) , 4% GLC #1 CRE B FE R (P<<0.05),LAZEFE R MG T E EMH 2 B (P>0.05);
BRAMEREHE LRERFHA R (P<0.05);FREHEHFARBHETHEREIN G KFE(P<0.05).

& 3.
£3 MELHEL

P 1R (7:00~9:00) #58(17.00~19:00)

& s AT B8 )E B FRT BHE
LA/(mmol « L™1) 1,080, 35 10. 3220, 70" 1.1120. 51 12,0341, 22%-#
GLU/(mmol « L—1) 4.33-0.32 4,950, 43~ 4.7940,40%- 5.7840.51*#%
CRE/(mmol » L71) " 67.2248.13 88.169. 26* 85.32410,17% 112.57412, 98" #

. * P<<0. 05 vs & B1RY, * P<0.05 vs {§R.
2.5 HALARGHREYHEL
Z#at GE3ET) .48 CK,LDH,AST # ALT B TiHR(P<0.05); ERMEBR B G £ R BE
B E(P<0.05);;BHEINE ARSI E TEREZIE KF(P<0.05). Lk 4.
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R4 BARGEEOHEL

2¥ _ HR(.00~9:00 _B5%.(17:00~19:00)
B FE] E3)E BB B
CK/(IU+L™1) 145, 6135, 65 198, 56+43, 71~ 193, 20455, 26# 268, 91£67.70% %
LDH/(IU - L71) 367. 61445, 52 458, 98+53.30" 443.25+62.79% 626.59+76.56% ¥
AST/(IU « L™1) 21. 8843, 02 31,8745.67* 30, 2644, 65% 45.1147.21%#
ALT/(IU - L™1) 17,1342, 68 26,7945, 13* 23,0846, 11% 37.1547.32*% %

. ¢ P<C0.05 vs 3338, # P<{0.05 vs {ER.

2.6 EUANHHTL
REBT GEFBI) 488 MDA & T3 B (P<<0.05), T-AOC, TBIL # UA £ FiE R (P<<0.05);ERE
3G MDA F 1 (P<<0.05), 5z G LR K nH B EEA B (P<0.05) ;441235 MDA B FER
B S K FE(P<C0.05). LK 5.
®5 EAEMHTL

B8 ‘__?é‘)%(7,00~9:00) _ H{_%ﬂﬁ(17;oo~19,oo)‘__

= B B Al B3 g 32 S AT BhE
MDA (nmmol » mL~!) 2.1740.25 3.27%40.35* 2.97+0, 30% 4,160, 45%#
T—AOC(ymmol « L™1) 1.32+40.18 1. 4140, 22 1.1740,15% 1.4370.13*
TBIL(gmmol « L™1) 17.114+3.78 18.26+3.98 15,1642, 23% 17.97+2.35*
UA(gmmol « L™1) 262, 314:43.12 286. 6156, 64 228, 29+51, 31# 277.38453.96*
1t P<<0.05 vs 3B 3IAT, # P<C0. 05 vs 2.

2.7 BRE®

ZREEERELERILRG BB ENEFRRRA LY BHNEAROMMBEFREHEER
AREREWNBAREAFSHER. :

*6 BRAHE

2% BAR HER
BEER/(K]-d™D 14 02943017 10 042~13 389
WKWLED/(ge kg™ o+ d™ D) 6.5+0.9 5~8
HeBi/ % 22,3+3.5 20~30
HAKE/(gd™D 92.6%6.5 75~90
HHEE A/ (g d™D 1126255 800
HEEE/(mg-d ) 15.5%2.6 14

3 W it

3.1 EHEAMEHIUEFHATRER

Wingate S5 4, B K Dy R AL W T RIEGFH A B THER X5 Souissi FP A RER -, | K
Ty 38 F1 - 34 o SR UG (A 1 B A B 11 43 BHE 17,24 R0 18,00, B RIEUENIY 7.6 Y 11. 3%, BREFH AW LE
BHENFED TRER. BRI EFRN KPR, LR R TERELEEFEE3MENH
T FRIREECR. WA, B350 RPEBEEFEBRE TER BAFRIISE I EFNBRERS. LRSS
RIFELTHNANERRAIREE BB MEFREFEEYTER.
3.2 mMEMAMEBTRER

AT KB, RERIE ) 5 Ze#at WBC R T (NE,LY #1 MO GEHKRE TELS, SiT A& IEZ 3
R B IT 45 S 2 Bl (e (E Bt ) S BRAE 18:00~ 24,0001, — 3R & K38 & i3 3) (Wingate £ %) J5 , RBC,
HCT,WBC RHW# B EMEFH. Yalcin ZU R R, W BEEH GEiE31 ) Wingate £ /5 Bl % RBC A
WBC it 3 i, Wit RBC A8 T M 52 401 S BCRL 0 5 S0 0 B P& K. WBC RHE WH A B bs B VLR R A4 R IE R
RN, AP MBS G WBC RETHESMHER THR BRFRHATHBEZINETHRIE
RNRERA DR, X5t MBSk EN LS E SN A B G U RERA A L.
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3.3 m#EEAHBTFEETR

FERBIE T, SEHKELE, Wingate LR/l LA HBA R, HRAEH, B350 LA BT IH
RBC B RE I NI B TR 2B RE R, 8 Wingate TR/FM LA SEETHERENE KT, 5
Racinais U3 B 58 — B, A TTIA 2, B2 B (A1 BX K38 B8 52 30 55 T 36 B UL IR 9 48 i IR B2 1 B e 6 3 455, b 4h, 1]
BB R I BH R S5E3HE M LA K EZHA R BIHEXD. AP L#et fiE CRE f1 GLU &
BEFRETER SHEHBEAAR HEREFHEN K IERTER BARREESHIB TR A
Ja B e 2 A ILER BT , BB 8 BR AR B iz S A W B AR AL BB R B R G235 LAMGLU B TFHR). LR%E
RAGHBBIABRE N (REZEHEIDOHE TREREMR TIER.

3.4 AARGHATERER

M+ CK,LDH,AST #t ALT FBT/ERNAR RGO ELREY. AR P, Wingate TR 5 F R
B EMEFH. Pettersson FUY KB K, RIBEE G I AMFER GRS WLEA,CK,AST,
ALT #1 LDHDE[f A 7 d. 4t X EB 3 R W RIE L™, £t L AR HEAEBRE THERH &
B, SEHRNEREER B FRIEL" . ZRHVIABHBE AL RERRERBRHYELRSE, XEARB
RPBH—HIEL, RS EBIE L RBEEE X W ARRELZN, EshENARGHRESDHBE T
BEREBHERAFAEBRETER) . BZ2315 LRERE® —BRMW2ERRHH SN, B/REBHT
FRAHALRGHETREER.

3.5 MUMHENENEER
HERKNFARRA NEHEA - HEARERFERA LY ESE FRAHN B Vet Ehs Bl
PR B A B RIBEEh i, R, AL SR A R G0 2 B LB ARt AL . R R U, T-AOC. Ht
SBEEMBESEAEAYAFEEYERETR RHPREALREEHERYNERE, W ERT EIEFR
H94E F X 8238, Kanabrocki 19048 HY , UA (—F 3R 330 S AL F)D B8 {8 8 BUAE 0200, ZEABFR &, B 3RiE
3 B et ALK F (MDA MR TE R KA RZER R FEEZ ;M €K FE(T-AOC, TBIL #
UMEBRETHER . THESHBEREN T EESAEXD . FHRIEXLT , BRREX FiMmE TAC B3
HREREA FANBERRCRAHEAAMEN. 2SRRI BEEE M, Hh MDA AR EHRRE
BEREIRTEKBARNBFERERELENL,. TBILfl VASEAREH TEIBRSINESRHGHER
EAL BB ERERA. 5% Wingate SLRF MDA BT H R . B EN B E BE® ML IHER N AR
HiFE s g 4. 288G T-AOC. TBIL #l UA S BAFBERMEH T L EEHER. BB BB TH
FAK P BN RER, HAGIHMELE - STIR.

BEFREREAA. F—- BdBAAAERH, ZRXELER . EMERZGKALED. BB MEA R
MHBERRBERAELEREAETERREAK P NBARELAFARER BEEAHRRE£S
BT HAREEHFINMERRIBARRERN. T VR EEYRESYHEY T RERERRIT,
LR AR LR FETE B FI2E 5 , N 51 B0 305 X248 7 25 Ak 9 55 bR B S AT R R I L% JR B AR M A
o, OB B BR BT S B4 IR0

4 & it

HEBTRERSHAWEEESHENNEHREFBEEEFRSTER  ARETRSEZBRETA
KB A EANIHOKFBA B WRESIME X, HPHARGREYMEAKFEERETHER, ML Ak
KFMEFRE THR. — KR EE 3 (Wingate L8 JF HRBG 5 EAKE M H FRERIKRFLE, M
PLEALKFH B3R 28 5 8 5.
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Specific Training Causing Effect on Tissue Damage and Oxidative Stress of Athletes

WANG Chenyu

(Department of P. E. , Zhengzhou Institute of Aeronautical Industry Management, Zhengzhou 450015,China)

Abstract: Objective; To investigate the effects of time-of-day training on tissue damage and oxidative stress in young
male athletes and provide theoretic evidence for guiding exercise training scientifically, Methods: 25 young male football ath-
letes performed Wingate test at 2 different times of day on morning (7:00—9:00) and evening (17:00—19:00) respectively,
which interval duration was 3 days between 2 tests. Oral temperature, blood routine, blood biochemicals, tissue damage and
oxidative stress markers were determined. Results: 1) Peak power, mean power, fatigue index and RPE of the subjects in eve-
ning were higher than morning (P<C0.05); 2) At rest (before training) , oral temperature, WBC and its subpopulation, blood
biochemicals (GLC and CRE), tissue damage markers (CK, LDH, AST and ALT) and oxidative indicator (MDA) in evening
were higher than morning (P<C0. 05), while those of RBC, HCT and anti-oxidant level (T-AOC, TBIL and UA) were lower
than morning (P<C0.05); 3) After morning exercise, all indexes except anti-oxidant level were increased (P<C0.05), after
evening exercise, all indicators raised (P<C0.05); 4) All except anti-oxidant level and HCT were higher after evening training
than morning exercise (P<C0. 05). Conclusion: 1) anaerobic exercise capacity and exercise-induced fatigue were higher in the
evening than morning in young male football athletes which was related with circadian rhythm of tissue damage and oxidative
stress at rest; 2) after a bout of high intensity training, circadian rhythm of tissue damage and oxidative level still existed while

that of anti-oxidant level reduced.

Keywords: time-of-day training; biological rhythm; Wingate test; anaerobic exercise capacity; exercise-induced fatigue



