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The Investigation of Different Types of Acute
High Intensity Sprint Exercise on Muscle
Damage and Fatigue

Abstract

Purpose: This study was to compare the effects of two types
of high intensity sprint exercise on fatigue and muscle damage in
male high school sprinters. Material and Methods: Seven male
high school sprinters (age: 15.57+1.05 years, height:
171.01+5.04 cm, weight: 59.73+6.37 kg, trained for
3.71£1.98 years on average) performed high intensity interval
sprint (HIIS, 2 x 3 x 200m)-and high intensity repeated sprint
(HIRS, 6 x 200m)-on-separated days in a cross over, repeated
measure design. The"physiological makers (lactate,
ammonia, creatine -kinase[CK], ratings of perceived exertion
[RPE]) and speed performance were measured before,
during and within 15min after exercise. Additionally,
another time point at 24 hr after exercise was added to
evaluate serum CK level. The realtionships between
physiological makers (creatine kinase, lactate, and RPE)
and the speed performance were estimated by Pearson’s
correlation coefficients. Furthermore, paired t-test was used to
analyze these parameters. The statistical significance was set as
p<.05
The conclusions of this study were summarized as
follow:

(1)Muscle fatigue makers:

(a) Ammonia: There were no differences between
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HIIS and HIRS. As for the interval load, the
increasing content of ammonia was in proportion
to the increase of interval sprint loads.

(b) Lactate: There were no differences between HIIS
and HIRS. However, the increasing content of
lactate was in proportion to the increase of
sprint loads.

(2) There were no differences on CK between HIIS and
HIRS, but CK level elevated rapidly at the end of HIIS.
The peak value of CK level might appear within 24h
after acute HIIS load.

(3)The speed performance:

The speed performance exhibited attenuating

response with the increase of HIRS load, but HIIS did

not show the-same results with HIRS.

(4) The relationshrps between physiological markers
(muscle damage-and fatigue) and speed performance at
HIIS and HIRS:

(a) HIIS: The speed performance showed positive
correlation with CK, RPE, but showed negative
correlation with Lapgax.

(b) HIRS: There were no relationships between speed
performance and CK. Low negative correlation was
found between speed performance and RPE, and
Lan.x had negative correlation with speed

performance.

Key words : interval sprint, repeated sprint, 200 meter,

lactate, speed
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hPE S IR R

FL MR 3L
adenosine dephosphate ADP BT %L
adenosine triphosphate ATP HREF =Wk EE
alanine aminotransferase, ALT BN
alanine monophosphate AMP B AR T

alanine monophosphate

AMP deaminase ; AMPD

HREFREAR 2

deaminase

aspartate aminotransferase AST KA AP
Blood-Brain Barrier BBB I S P
centimeter cm INGY
creatine kinase ; CK ; CPK HILIG i
Creatine phosphokinase

difference Diff =R

gas exchange threshold GET HMREIE
heart fatty acid binding H-FABP LEHER R AS B HE
protein

inosine monophosphate IMP A
kilogram kg N
lactate La L
lactate dehydrogenase LDH FLEEHT B
maximum max AE
mean M I8
meter m INN

m/s Meters per second NN
minimum min i/ IME
myoglobin Mb AILALZE
ammonia NH; I &
phosphate Pi IR
purine nucleotide cycle PNC NSNS A% R TEER
Rating of perceived RPE HEZE 178
exertion

second S b
Standard deviation SD fRAEE
velocity A% L)
year yr FHE)
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FEmFHINNOERESCES MM ERESFHEFEL LS
RRNEFENDESEARBETFERD > A8 - £ 588 8
RPEFELHARZSHRE - KRB KKHEAHSK  LIHAELL
HEHENES —REENVIGRRER TR AR EINEAR
HE bR 8E 71 0V Mt J7 1 F1 9k Ah o A dm BY B & FA] 8K (interval
training) 51 & ¥ §lG (repetition training) T & 58 /& [ &l
FPRTREALZAMEREE EREEBE TV ESHRHEZ
b EE A | R EERZEEE B RICRIE S > (M E &l A
BE B EARME (8-10 mmol/l) A& JT -

e —ma ERR T AENEFAEFT > FNITFEWHERK
ANBEAERE - EKPFLEE > MIRH 7T EEVEHERFEE
EHYHEIRWOESE , (Simonson, 1971) - [ At &5 19 AL A & 55
(muscle fatigue) 25 M &L HL A Z 48 & £ B J1 & T [ 20 7% 4
Fr 8 {F & I BT 20 (Bigland-Ritchie & Woods, 1984 ; Jaric, Sasa,
Sladjan, Milos, & Radmila, 1997) » i & #& 5k 09 & K & 8@ 7 &l 31
R AV E & A E ARV 5 b S i AY R (R R 2
K H F W 4% (Grandevia, Enoka, McComas, Stuart, & Thomas,
1995) i3 A Il A B R @ U HE By I R o &5 R R R OR
(Sterner, Pincivero, & Lephart, 1998) « K i@ » K [F iy i &) % &



Frad e B 5 R RN E - B8 — &S > RE SR
By Tl EEMEES M TREESER B N TR &
ZEEN P E RV 57 0 BUOKIE P SK AT AR B 2 B 2% B D R S EE
WANREZ G BEESNWZELEEARNREHIKVARE S - AR
HRAIANRKREEHNRER  FENE > EFFHIHKRERN KK
SROE R E R R R E 2 B0 Bk R B R o A 40 AL B i &
W WL B F o o Al I ER A AL A R S5 B IR (S Y R -

Frad WL A 18 £ (muscle damage) I ¢ % R 8 B &% % £ AL A
215 (exercise-induced muscle damadage, EIMD) » fix & H » 8
O E B 5o BN R Y B E AR BT E R B HR  (Miles &
Clarkson, 1994 ; Twist & Eston, 2005) - H A > K 2 5 & 47 ik
Mk > AARSEHERAMAEGHEE - H— > B B
AT ol Rt R SRR G BE T B BG N SATPHY 75 0K & 8 A
et rE - EA NG EE T EEESE RS  FEI R R E L
ARG 0 85 B T A IE R BY (B 2 L AE AT oK &R N Al i Y
MR N A EF R ENE > SIEFBILTHEADE 7 8L
K &% % 2 8 (Armstrong, Warren, & Warren, 1991 ) ; = ¥
R > FE8oMESH T EEERDESIEN NEGH L EF
WL A T R >~ JE R - M AR B R AL BE D% B8 (creatine kinase,
CK)JEMET @ FIEM B IR - BRI RAL A H 3B 5 (Ebbeling &
Clarkson, 1989) -

EEAHAINREE RN SEESGHHEHE PHl& T

AT % o B = 98 JE W 8K Al 8 (high-intensity interval sprint
training, HIST) # &8 HAEW @& E R EFHRHE > & 58EMH
B B EE 48 M & #] (high-intensity repetition sprint training,
HIRT)E W EMEME » HRHIRNEBEGUREREZ I RAE A
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FEE SUMBEE

H#OE P B A AL A AR 6= — TR AL Al AR R E AR S
XA AR o AE pR G P9 I OR B BE R OUE Mo o B4 AL iR e
(CK) ~ 7L W& i @ B (lactate dehydrogenase, LDH) ~ % N ## & [i§
(alanine aminotransferase, ALT) I Kk & & it # & f§ (aspartate
aminotransferase, AST)Z -~ [NEE L ¥ 6% A A 7 &y Bl A 48 15 1Y 15
% (Hoffman & Clemens, 1996 ; Chevion et al, 2003 ; Vimercatti,
Zovico, Carvalho, Barreto, & Machado, 2008) °

HAlH AR EENAZERNERERE > KT &T BT
AP EREBEUREEIRNGEME 7 IR EGH S » Al
&L & (myoglobin, Mb) Ed .0 i f5 B B2 45 & & 5 'H  (heart fatty
acid binding protein, H-FABP) ¥ 5t %y 5¥ {5 & B (& B 48 0 0 =
MEEGEE > 55— 77| > LA R 558 R A 5 d HLBE 5 B B 2
Beit e By (RTEBBEBEER > 2005) -



FE HAESERE

—  m&

Il & (ammonia, NH;)Z2 AN X & EHHEBAHTNED
Z—  m—M/ANgTUVE > BEEMENESERG K E N EE
A& » A6 H 7] & %8 i §% [ 8% (Blood-Brain Barrier, BBB) i
AN fE e 48 AL FAEEIT 1922 50 A ARt & B 55 2
M2 A B %P (Mutch & Banister,1983) « {F 47 15 B = 58 /& 19 %
FUEE R - AN ATP(ZBBERET) FRKSTE » ERED
ADP ( Bk BE BR ) Bl Pi (Wi B fR) &5 & DLE T ATP &5 2K > 2
7r TH) ADP Bl Pi &S & g EA 1 73 FH) ATP Bl AMP (¥ B B2 iR
) & AMP i A FE IS % £ i 5 8 ( purinc nucleotide cycle,
PNC) - & 48 iR # Bk it = B8 (AMP deaminase) HY i L fi & 4 &
Bl IMP (HL #% # ) (Weicker, 1988 ; 35 fils fH B 5k 52 )% - 2007) - &
oM D EREFERIMES g MAaRE LI &)
> BN EELERZN EZEA > Frl2Hhail - #as
st IR PR AR S LR R AL A Y 42 ¢ (Lowenstein, 1972) »
VEZEE g - EENRE - EHMNBERNEZNEL Bagegg
Ifi 3% & 2 E Y = {& o Allaen and Conn (1960) Hf 2% % 5 » &
— I f B OR R DL R R R S BT E B 1% o R Y MR OR E IR
KNI HY B & - AN IS TR S & § O {7 3 8 A 1 & 0% & A A g8 B
22 EHY 400%f% 2 % > Buono (1984) JR45 tf 58 & 1&
60-70%V Oomax W > & $2 & 1 & 4 Bk > % & 2 7F 5] 90-100%7% [
KA KRR KK - B bR A& A fF R EE) AR TS F
{5 f% (Urhausen & Kindermann, 1992) o



NN
TG 2 A S R G AS P - 7Y B BT G BE T 09
v RBEAENGEEY EHANRET 0 ABELEE

BEE T gEEAR WEEAEBE N EENAKRRE
HEtHMNELELIEEEZR - ANBERNEDT > WARKL K
BAEK BHEBEBZSETRE LI SRS BEpHE TR E4
Fit 58 B9 B8 /& IR 22 (Sahlin, Harris, Nylind, & Hultman, 1976) -
Mg & s EEB AR N > fl200m & R AY HE 8 5 RE
A F R Y 20-30sec ZfE c Ha EAAH K - A Ak EH
57 20% 0 & gE B U3 A 2 80% (Hargreaves, 1995) » A It 7£
HMEARKWE EYABAGSRE R EFEHNFEANRENE
o HHBTERMEYEHEEER > ZYWENARS T TEIR
Y U fE i A8 EEYE T R BE R B A AT 0 EeEas i AR A AR
BE JTHY T [ - #E M %S Be 9 25 (Stamford, Weltman, Moffatt &
Sady, 1981 ; Kirkendall, 1990) « A %8 > =2 4 ¥ % & & 1y & 1k

Il ERETESHR =8 ok — @ EFHHNEE S = @ 2
HPPIAE: = FEEFRE (Hultman & Sholm, 1980)° Tesch,

Sjodin, Thorstensson and Karlsson (1978) ¥f A #& 09y R 4 | HlL &
fit 30sec Bl60sec MY KHLIMER - WEAHLAY] R 8 & AKX
A B (LDH)EL FL B2 [ T B /5 M Ay B bR 38 3 - DL AL 84 /Y 05
B o] mE G R BG N pH{E B L BR Ay (L o N - FLER Bl AS N BE e (H
ALLHRFEANRNZEEZENRNT Z— 5% —JH > Horita and
Ishiko (1987) HILU{# B 55 M Ry ¥ & - & 48 F 2 UL & 6y U7 =0 5F {5
AEUWHEMET > JlEEEARZHEBE G SREHINE
RODFHIR R T EEARN RARER A MY ERG R
EEAEABFEEEARKFEIAEZRR > I HABRNRE

6



AR EEEREEBEFN NI E - R - i 2 8 I8 =] 0 & 5
MY HREEEN S ERFEENT A Z — (Weinecker,
1993 ; Hottenrott, 1993) -

= LEER - BREE D o BHEILAE S Z A
LEERFIARERNGE M AR T EMBE A XE > LBEX
QNI M =il el U I e B R R e NS o SR A (e

o BEITEHESNETNITAGH BB E ANEHE
HOMNFRBANESLEBEST  ITZWHEEONKE  —KiTS
PR 7 F 2Rl B AR RO Oh o R A0 Bl AR Y S (R 52 E B

S KR AV 1% B2 - Hottenrott (1993) 45t > /0 Bk 2 7] A 2K H
B {18 #S 0 3l @ AR K K A2 Ecfer @Y BE S ° Gleeson, Blannin, Zhu,
Brooks, and Cave (1995) Eil Gleeson, Blannin,-Walsh, Field, and
Pritchard (1998) & x> M G £ fie K B JE e KAV EH B & i Z T >
it % 2% B9 AL A 18 15 R0 R U JE B 1S Bt R Y fE T e

H & & 7 77 8 (rating of perceived exertion, RPE) > ##H ¥
KBER WMZRBEHERER > B — L hw Ay 4 HE 5
Gunnar Borg (1962) st @ E AN EHH N Z TN ER > ZE
ROBNEFRBAEH T L REFEREERE % > I HBEESR
ERABREREH HE EAMHERMZ80£0.902F (Borg,
1982) - Noble, Borg, Jacobs, Ceci, and Kaiser (1983)2L + %4 5 1
RER R =EESNA R E T - 065500 R AR )
w oo g PAR R BT (L K B E o 0 B R ER RO Bk SR — R O B 1R 3%
o L BERE BT E LA AL BR R TE DL R E B s 2 R A A
R IE [ & - 1M Borg, Ljunggren, and Ceci (1985) LL28% 55 1 &
Hg ZAWBENDELEEER RSN I 57648 K
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EhREEHEANE MM AR =5 NG ZaErRD
BhREmMABREMNFHEANERE DWEE - I H 5E %A RKFE SR
09K 0 F2 ¥ - Dunbar, Robertson, Baun, Blandin, Metz, Burdett,
and Goss (1992) $#t ¥ AR EMHEEFH EEZ LK Z > E B K F S
EHEHAMHEGHEFEZERMEHR 2SR BE2E T 2 ¥

AR AR EENESRYE  ERTAR - BEE DY
BELR=FFZHBEVUNWEG WLHHERIREGEAEN
MEHIRE T -

F=f HAEEFEEE

— ~ AL 8% B
AL B 5L B§ (creatine kinase, CK) 7 ## g W% FJl &% 2 i

(creatine phosphokinase, CPK)E —fE K EF N EEV 4+ 0
Ml e GEFEEERTINREERE BEERAEHUR > £
B ATP EBE R EEALER S M CKIRFER LI~ KR
i - B EEFENAEES -  HAZEH CKA=ZH&HIH  H

E fi AL AH B AL S FE Y [F] B8 - 73 Bl 77 1F 7 S 4H 4% Y CK-BB -
L ALEY CK-MB B 5 #8 fL 7y CK-MM> i it = & % A 8 & 19 1]
R CKEMN LA MEBRBEESAIEENRENTF ZEREE
EF > CK ?ji%’g,ﬁ\iqj—(Hortobagyi & Denahan, 1989 ; Noakes,
1987) » 7 (A It 7% & PR B # A & CK J&E M K& AL A~ 0 B B2
ISR S AR & (Hoffman & Clemens, 1996 ; 2 £ ¥ B 8 &
2000) - IEHE BN > BHELER CKEMK 55-170 U/L - 2%
K% 30-135 U/L & (Pagana & Pagana, 1995) » i H Z M1
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CK {8 % & (& > B ¥ (Fu, You, & Kong, 2002) -

FHRAINHGWEREG EEZERN K AH % (metabolic) Bl
P (mechanical) W & BX J7 % sk (Pyne, 1994)° — £ 1ff 5 > CK
HAEBDVE >EERDRS » A8 BN ESHEES KEEE
HiE  FEZAEALZIE (Davies, Quintaniha, Brooks, &
Packer, 1982) - Al W HEBE ~ BT RENWKE - BAENTT S
RARZxblERUNEREZNEZE > GEINBEBEZELE T I I
(Pyne, 1994 ; Hanel, Law, & Mortensen, 2003 ; Urhansen &
Kindenmann, 1992) @t EH A K 5 - & & o #Y 80 8 =0 %
W 4e &SR £2 & CK G M > JR AR K & WL B (Sarcomere) 1 /Y Z
(Z-disc)E 4 T 51 (Hortobagyi & Denahan, 1989) - &  {f 15
ZHEAN AT H CK R E B H# A f MR 2 F - i E# R
IW N (Ebbeling & Clarkson, 1989 ; Miles-& Clarkson, 1994) -
B2 CKH#EMEZRZBVAR  EHEEERNK L ESRIE
MENFN KA -FREEESGH 22037 (O5EME > 2000)-

& CK JE MY & K BUR R 2 8h 557 &8 oY By ]~ 58 DL & 3 3
BIHE (Urhausen & Kindermann, 1992) -

Koutedakis, Raafat, Sharp, Rosmarin, Beard, and Robbins
(1993) DI EEFN —KIFEINFELH R LR ATZER
EMHERNERREE G EHELHFNRE TCKEREZSRIEIN &K=&
Ky - 35 B 1Y 45 5 [6] £ fF Vincent and Vincent (1997) Ay 3¢ >~
EREE MMEHBREETFHRLIRZNEEKE > E#$HE
TR DA% > BREWH B ERZEBFHE - £ LR E
FAENCKEES R —KEEZE > HEMHDAMW K HCKE
EERIEAN S Y o £ B SC 2 % A SR —3H AN Bl g
i JE BLE gl ] NI CKIGEME B2 2 W IEHB AV £ > BIEH %



CKIg {5 # 5 £ 24N 12 L3 - BERBEN A E T A A gEFE L
Ft 2] 55 485, 72/N B (Brancaccio, Limongelli, & Maffulli,
20060) MERKHENWESHEEZFECKEFTNFHEREZEHRZ
% - B F A g g Ml H B8 0Y& kL E B 55 Ay % 4 (Harries,
Williams, Stanish, & Micheli, 1994) -

FUEH SRERKEEEKRZA T

— ~ i &3l SR AE RE SR

[l & Fll R EE TR & F > Billat(2004) Fox 0 20 &8 4] ] — f
SEBEARY 10000m B E i @ #E s Hannes Kolehmainen 3t £ 4% 5 #4
[ &R sl S 2k g i B WY 2 B R B e £ 1930-404F (> i Woldemar
Gerschler #p %A 7 fo #] [l 8k 5l 88 (sprint interval training, SIT)
% - [EF M EZ A EMR &8s EMHE A E T AL
¥ (Coyle, 2005) - 7 1% [fE & Wf [ Ay 0 & > & A MR 48 [ 8L & f) 2
Ry EE A > M E R E - (KRR - B8k R TS
b MEHESHOERE M58 R e E R el R = P ry— & 5
7 = e

=R R HIEE SR EER Z T (= V025.k90%) LU
e Hy BRI R (MERREEEEREEEE) BT BEH#
e Z B B8y AR T E B IKE P A (Gibala & McGee,
2008)- MM all RN A RIS T TE U EN T RBAEZNER K
BZHRZ  BREAWENFEFRZHNABN ZELL BN
BRKFER O CLHREEANRHKG LEEER T EHERZE (1)
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AR R E (2B EF - A B IREC3)
BEHE P X (Macleod & Donald, 1993) : (4) iy iE B
(Balsom, Scger, Ekblom, & Sjddin, 1992) -

AW EL > SR EEKIFE R ERETE NE - £
THEREE WK B RE D8I s o W HE 4K S ER
(Fry, Morton, Garcia-Webb, & Keast, 1991 ; Robson-Ansley,
Blannin, & Gleeson, 2007) - fij i ff %8 &) & {5 #Y BR JJ (stress) A g&

HeEpEHE R ENRNEBEGOENR (Edge, Miindel, Weir, &
Cochrane, 2009) - 554 » L (F .0 Bk RS ~ B0 W R T %
(Zavorsky, Montgomery, & Pearsall, 1998) - Davies, Rowlands,
and Eston (2009) Ei@mEE oM ESE 2 ZELEINRNEG K
) gy B B 12 Y IR A e &R 1R B B ER 3 Y AL
ANIEGEEN GBELAE A =8 RPE @ & EF R 2 £ R~E
EBE#H4E% > HAMME (gas exchange threshold, GET )& RPE
A ZH = E Z VU Ay E % - Balsom, Seger, Ekblom, and Sj6din
(1992) L= =FfE A [{ & (15m~ 30m ~ 40m)HY [ & & # - &
FCAHE R G (30 se) Bl ZE A e Ak - HE - HEE - K
FEAHNEZRSEYE  BEEREE ABMEBERBZ BT
RERBFE TR BRERFELHESBEHFEONEMMmA T EHHEZR-

=~ E & IS R SRR
Spencer, Lawrence, Rechichi, Bishop, Dawson, and
Goodman (2004) fEHEGE X XMEBE R~ S BRE AN Z N E
Bf 12 il 2D B0 M B B SR 16 ER M E B JH B DA fly R AU R E 1T i R
FERARZITNBEDE2E T2/ Hf o HEHZEAKE
TR ENHEREET  AESHIKEHE A Z N 3min - FE

11



YR GamMmr T EE > BEEINIMBERSTFEULEREDN
100% (1-247 $EHVEE EIH H ) » & & B B 5 2 20-30 sec » 4 N
6 & KB I 70 72 20-30 sec o &H R Ok 2RI E R % 5-7min -
I A= = | o S = e O O e - 2 E R N T T
ER T AEREEHE: MEEMNEREERERGNE T %
EmERABIOBEEAMCERCNEE HINAFAREEN D
(Spencer, Bishop, Dawson, & Goodman, 2005) - {H 7K /& T 22 5
tH o B R AY BB AR MR T R ORE AY M1E YRR o o 35 AR DU R B Y Bl
RE K 1E - HE % {2 {5 7L BE B Bk A 1 R AL R EE % (Signorile,
Ingalls, & Tremblay, 1993) - HEL H i i 5 © VA R LL & 58
[ B 1 R B RGO BR BT B L PO 2 B8R 3R R Y RE (R e

FOE BEE

G & bt SO R R 0w 5 T B 4R CE NG T RE & kS Rk A 5
EEBENEREE > FB KL O T2 DUk O M E 8K
WiEG KT > MEINEEZLLEERE (60m DLN) /Y #E 8 i &
it EMRESHI& L SHEHGEsREEEEI RN
W oe = B Al S HE R R R S R A R RE R - PR DL R
MABEDWINGES > HEESBREAMBEITETHEIBEG
B4 BB b R E g R B EE DH B
B oo R o AW SR AR BT ¥ B W RE R [E S v A AR AL RE By &
HF BEzaraEHERsAEEES THERLR GBI
A - BREBURRERAESH THEELENEL -
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v
W
i
%
o
s
N

B TR S

T
ot

AWFELL TR IERBIR 2 S P REREEREREF KT
G = S | A s - Gl = O N S L A G R/ G v == B
M) ZEFELRXERNOR3- 1R - EETEARERA > &
EHMZREAERBREBEALN ARG ZER  FHxalBHEME
ANEXRERBEERESEE 0w HERE A LML EER -
HHNNKBESGREABEAERES B ATR HWHNTEERBRE
oo oK 2 Bl E BRT B B L I B 25 e] A B O 4RO 4k R R R
EVEMER -

*®3-1 2l BHEAREHRH

ik (age) & 15 (cm) #e H (kg)  FI SR H(yr)

S 15 8 15.57 171.01 59.73 3.71
1 AR = 1.05 5.04 6.37 1.98
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B EERRREERE

HEEE - 2010 3 1 F
HEhRiE c REREHKS - BI85 K2 &5 5 iy b 5t
At B 5E 712 B o0

F=H @ ERESEARE

— - LEEMEE (Polar 610i)

_ SEIKO 1 &

=~ BRI T A BEmEr s ARE >~ Filo = 4L ER B A
ALK BE CKIEF)

g - A B I bE 9 frfE—(Diagnostic Biosen C-line ;
EKF-diagnostic)

B Catellani Lentrifu’g 5 [ 1%

7N DR LANGE LT500 %k 28

+ - AL B% 9 B8 43 T % Photometer DP600 (made in Germany)

JU Borg’s Scale HE & 3% (6-20 Scales)

S~ Mm& M E#E (PocketChem BA PA-4130; ARKRAY)
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FUOE HEhRE&&:

AEBRIUZHAEZE TN Hohl2BWpE& g £ET
HEEEW A BERAA > HN AL HREBMLZHEE 200m 2K
PN B R E B A KB -
ERomkmel EEE (EHAaW) WMo EHEB K
[l 8 (Interval) Bl # (Repetition)flj & Jj 30 - &% & & N & 4
RI2DFAZAEBEARRBE LSS HEE b — & & & & Wl
W EREFEERMAGARE  KMBAET > FEREIH ML
WIRBENRLENZE > WAFERTEDERRESE CK (60u)
B2 NH; (20pl) > A Fﬂa(loul)ﬁﬂuﬁﬁﬁﬁ%* ° PR Wy T RE A1 R
3-3 &M E B & SR A PR = K 0 B R D B R E R
ISR EHEFE TN E > L@ E L Zal&A 7T o & E R E
Wt - 0 1E & M s beRF = ok B CK IR B A& -

W

e

Ty

it e ol = M T = VAR v - B - I e e
HBHEEMEEZ 2-3 A 8—4 > B AMES 2 #F &L
RNENETER  ERUTEROE 3-1-

*® 32 EHAMAR
g 58 S #i & HAKE MK E
] &k 41 Speedmax 2x3x200m 90sec 10min
90% Bl & % 18
H & 4 Speedmax 2x3x200m 3min 10min

90 % 58 & K B
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® 3-3 V) S 8k 7 20 B A RS

R |1X [2X [3X [4X |5X |6X |E3 |E5 |[E7 |E10 |ELS5 |24hr
2
CK ° ° °
NH; ° ° °
La ° ° ° ° ° ° ° °
RPE o o o o o o o o o) o o o
HR o o o o o o o
Speed o) o) o o o o
i |15 fa w0 H | H | H | H |8 |E
7|4k 2R R |FE |FF | FE LR

o [l R B A ¢ o JEMIIRER A

Rest CK CK
3-1 ERMEBITRER
aF 0 T-1:200m g M ¢ T-2: FOERELE®E F 85  T-3: [HEH & ®

g 5
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FAEH ERAEHE

HHEHERAREHR EEHEIE

@

TR

Al
Ot
i

HEZHEE

ﬁ

il
by
!
Kt

mIHI (200 % R

kB =R
=g

o B — (i 8K A1)
=

24 N B R R 08 2 B

3

k8= X

4 L
- (Mg EEL)
24 /N I f B 0K S W

1

& e BB gy T

& 3-2 F B E
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BN BROoWERHE

AHAFEHFEBRWENSEERN (LB T - LB -
MERBEEE N THEH) UAEERE BMKE » RKAEEY S HEK
EZHHE DMEKEAtZEZhBWEETHZEAEE I
DEEMABEHEBEZIBE RS Bk BEEN2DHEARE
Z MR (% - ABFFELL SPSS 12.0 & 45 #k 84 i 17 48 5T & #7 > EH
ZKERE a=0.05
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FERE SRHESH

REAREE BAT - &ATUCEENGE Z 8 st ol #l
B pE B % > & B ET T 28

g8 > M Bl EEN 2 HERK

A HOHEEEHNESEREZEL

FoE - HRHEEENANNBESGERZZ L

FVUET - FLER R ONE B LB BRE - 2RI Z M B

F—f HMEKEERE ZEERHE

— . ZEE 200m A EE
AB R ZRERESD B RIEED W ED
1 BB W S B HE T 0 A K 200m B R OH 0 49 FE A5 8.199

+0.225m/s x5 HEE B 8.684 m/s> AL HEE & 8.029 m/s »
W o4-1 ff o o

*4-1 2ol #E 200m 2T

Speed Mean+SD(m/s) Max(m/s) Min(m/s)
200m 8.199+0.225 8.684 8.029
Vinax90% 7.38 7.82 7.23
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=~ [H 8k B EE B T EE R

OV AY 200m {E R 1R S IR o W R 72U P 8 2R 0 JE R
AR MEMEE&MNZHEE T AR 6.837+0.561m/s £
6.873+0.539m/s > FimEmHEREEEMNS  EE S MELEE
=R A o R 4-2 0 HE AR (6x200m)E R 2 A 4
RHEERBFEPHEGER  HEREZEHEZ  WHEHKEMNE 4
K 6 REA (A& FRHEE) RERME> HF 4 BT EZR
7 5 B E (p<.05) > A& 4-1 Frow -

* 4-2 H GKBLE W & AT A E R

Speed (m/s) fi] 8K H % Diff
M+SD 6.837+£0.561 6.873+0.539 0.036
Max 7.883 8.306
Min 5.135 5.777
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8.5 4

8.0

Vmax90%

7.5 1 * =7.38 m/s

7.0

6.5

Speed (m/s)

6.0

5.5 1

5.0

45 T T T T T T
1x 2x 3x 4x 5x 6X

Time
B 4-1 [ &K B E 18 J7 3 2 & i &%
Rk EEAMENES MG EEEr 2 2R # A A
A B 5 RELEREL 72 5% 5 & [BaUhl E 18 & ] fH = % -

FH HAHEEERHEIEEZEL

— ~ M8k Bl EE A KL

2 4-38E 4-2 > MR E R 2 AR LRFHE - E
ghrh R = (3x) Bl i {2 — B &5 K (6x)9 B By 1.36 £ 0.46 ~
16.94 + 3.69 DL & 23.63 + 4.04 mmol/l : [ii & # & % % B
1.61 + 0.26 ~ 19.07 + 4.15 il 22.52 + 1.60 mmol/l - % i & {4
7Y 3x B 6x DA AS 2 35~ 7~ 10 B 15min (E3
ES5~E7-EI0O~EIS)ZHEEREHZER (p>.05)-

21



* 4-3 [ gk Bl E R U7 208 [F B R AL BR 2 PR R

La (mmol/l) iR/ H 18 Diff
R 1.36+0.46 1.61+0.26 0.25
3x 16.94+3.69 19.07+4.15 2.13
6x 23.63+4.04 22.52+1.60 0.11

Lacate (mmol/l)

R 3X 6X E3 ES E7 E10 E15

Time

4-2 I ER B E®E 5 A A B Z tE

22



— - e EE MR Z L

[ 8K & /Y I & R 0 I 7 R 2B E (R) &y 56.71 +
12.74pmol/1~ ME & th 55 3 #8 (3x)2 161.57 + 82.34umol/l Bl 5
6 i (6x) 210.00 + 73.59pumol/l ; B & & A FF & 55.28 +
24.46 ~ 191.57 + 72.79 B1 213.00 + 95.12pmol/l - 7§ K 75 =t 40
N&HBHB RERZETAEEEZ(p<.05" 1mKHE7THABEI R-
3x ~ 6x W fi 7= £ (p >.05) » FREEWME 4-4 -

* 4-4 [ BB EE T A M & Z g

NH;(pmol/l) [E &K H # Diff
R 56.71x12.74 55.28+24.46 1.43
3x 161.57+82.34# 191.57+72.79 x 30
6x 210-00+73.59# § 213.00£95.12 3

o

it c ok EH R BTN B AR EER S ES o HEE NS
ZEERAEER - §HEEME 3x B oxzE#H E £ R
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= ~ RPE B £ /& & 3 ~Z 1 ##

M &k Bl A 2 BB E JJ 0 8 (RPE) &L 2R & 3% 3 A 7
WE 4-3 Fiox > R84l RPEEBI M EN E S MHBEGE R &=
0.68 HEH 4O HEAX A y=4.19x - 11.88; HE 4 1 RPE
LR FE AR AN B r=-030 HFMOE HERXy=-1.62x+28.17¢

RPE Scale

18 A

17 4 y=-1.62x + 28.17

14 4

o fElan
20 A — —  [AIEAER
o Hi#
EHEHRA
19 A o
[ Y
[ J /(

n=7
r=-0.30

—~ ®
(@] (]
- /
16 o
/
/
/
15 A —
/
/
-
n=7 (@] [ ]
r=0.68
y =4.19x -11.88
T T T T 1
6.2 6.4 6.6 6.8 7.0 7.2
Speed (m/s)

& 4-3 [ &k B 2 18 & 7 77 20 Z RPE 8 2 & 4 B [E

24



F=F HKEERERHIANBESEEEZIEEL

— ~ [H 8K Bl & L % R BR 2 bb g
] &k Bl B 4 U7 =UAY HL BE D B I B fE] Al & o By L RE(E -
1% % 15min B [F K F & (24hr) > HEWE 4-5 Frox - T H
4-4 ZFH > EW AR 2 R(186.47 + 83.18 U/1)Bl E15(234.43
£ 102.01 U/l) FLBE B B = 52 2 5 8 & (p<.05) > H & W J7 =
JHANBLAEMEAN S REHEEZR -
= 4-5 [ E Bl EE 7 AL BE M BE 2 bhER

CK(U/1) e 8K H#® Diff
R 165.33+53.89 186.47+83.18 21.14
El5 200.57+56.63 234.43+102.01* 33.86
24hr 195.43+42.79 247.14+95.11 51.71
500 ~
S
ZZ2 67 .
400 - \
r=-0.30
‘g 300 -
]
§ 200 o T . T
S |
100 4

R E15 24hr

Time

4-4 [ &8l EE 7 H CK B R [F Bf B 2 bb 82
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LW W N B R

B B S A 2 L OMB (24hn) B R B 43 B A
195.43 £ 42.79 U/1 B 247.24 £ 95.12 U/l DL & 6.84 £ 0.23 m/s
B16.87 + 0.25 m/s o HL 6 B B2 M [ R i M 2 B (p>.05)
0 E 4-5 BT -

500 - 9.0
C_1CK
450 i 24hr
1 Speed
400 7e
7 T T
T T
~ 350 _
5 - 6.0
© 300 1 @
g E
g 250 - T -45 o
[J] (]
c Q.
g 200 A 7
= - 3.0
O 150 -
100 -
- 15
50 -
0 0.0

/¢ Ei

4-5 ] gk B B R U7 =0 ML BR B e B R 2 B IR
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= -~ [ 8k & /Y L B S g Bl B RS P 1 B T 2 MH B

R Bk & (i B 45 R 7% 55 15min (9 JL B8 4 BS (CKgis) Bl 4
BV RERE ZEEMEM r=-067 ERHTENy-=
-~ 165.17x + 1329.82 #l[E 4- 6 ff R~ °

300 A
280 1

260 4 r=-0.

240 4 y=-165.17x + 1329.82
220

200 A

CK, . (U/)

180

160 4

140 +

120 4

100 T T T
6.2 6.4 6.6 6.8 7.0 7.2
Speed (m/s)

4-6 fH &k J7 =0 AL Bk B B B A S AH B
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o~ B E A T AL BE R BE B e AR P 19 R T A R
EEAMBEINSEFEBE 15min @Y JL B % (CKe,5) 8 2

BV HRERRE BSMHEEB r=-004 HEHGTENy=

~ 17.44x+354.27 > 0@ 4-7 fr o~ °

500 -
®
400 -
n=7
r=-0.04
= 300 7 1220002 hd
=3 y= -17.44x+357.27
- ®
m
M ®
© 200 A
®
®
100 - L
0 T T T T 1
6.2 6.4 6.6 6.8 7.0 7.2

Speed (m/s)

4-7 EEH & o7 Il B B R B T 2 A R
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FUE AR ARERERBE RERERZMHE

— ~ [H 8 & 7 #L B &% K E 91 AL B 5 B AH BH

4-8 Fs M 8K & 17 #L Bk v K E (Lamax) B2 HL B2 3 B
(CKei1s)Z MH B 7 7 > Lamax B CKeis tHEIE r=-0.55> H &
5 B y= —7.82x+ 396.55 -

350 -
300 - n=7
® =055
r’=0.31 °
y=-7.82x+396.55
250 A

CK,,, (U/)

200 A

150 ~

o
100 T T T T T T 1
18 20 22 24 26 28 30 32
La_, (mmol/l)
4-8 [d &k & fof 7L Bk A K (H 81 HL B 3 B 2 A B
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= B AW IR & oK E 9L BE R A B
HE B Lamax 8 CKpis Z B H 77 5l & r=-0.49> H &
o] B 7 F2 =0 By y= -22.89 x + 776.88 > #I[E 4-9 Fi~ °

500 -
°
400 {4 N=7
r=-0.49
r’=0.24

y=-22.89x+776.88

300 A

CK,, . (U/)

200 -

100 - 1 d

20 21 22 23 24 25 26 27 28
La__ (mmol/l)

max

4-9 H & ] 7L I & oK E 2 AL BR BEE 2 A R
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=~ M A« A B & K E 8RR Y A R

M8 B Lamax 2R PHHEEESEMHE r=09 H
472 y = 15.74x-82. 59 1@ 4-10 fF =

o

32

La (mmol/l)

Speed (m/s)

4-10 fif &8 & fr 7L AR 5 A (E B2 = 12 P 39 2 T Z AH B
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g~ 1 & AL s oK (E B & RR P 39 2R T AE

8K & i Lamax Bl 2 2 HREE SEMHERM r=0.36> H
iR s y=3.20x+1.73 WE 4-11 f7 1

o

28
27 A

26

Laax (mmol/l)

20

T T 1
6.2 6.4 6.6 6.8 7.0 7.2

Speed (m/s)

& 4-11 = & fof 7B 5 K E 8 2 2 35 28K Z M B
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BHE N

ZNS A SR R = =N 7= O S 1 N A g 7 S L | AR E (DA
& E T LLES W

—AEABEHTAENEERR ZER

o AEAEW T AERESERZER

= AEHEGTABRNEBEEERZER

b~ AE &G AERES  BEERENLREEZEH G

—f AEEMITAHREERRNER

HfE 4-1 Bl R74-2 Ff 7R > 200m f& | By 7555 i K &9 1 0
20-30sec 2 [ > BEE MR IR A 80%LL ATP-CP Hi 4 & i fi# %4 4%
RAE . A AEERSBIRIE T 20% & A (Hargreaves, 1995) o
ARG E R EEE & BRI FEEE R 4B E
B BEHAEAE o MW EAERAZEHKF REBNWHR S » =75
ERABTESBEASE ZBRERBIA T TE - W EE S RE
A B (Robson-Ansley et al., 2007) > F i@ g5 & it JE 5 71 T~ [% -
o &K 2 45 O RE BB N WTOBE S AR BN MF B R R 0 W] AR R A R
ERBETROREZEZ — - 8 4-1 THBEFHR - B EE )T
AAREZEAENS 38 48 2/ 4 Mk BERTZ ) /il = 8l
HAEMEREIERPEERAR  MH = EEZRE 0.5m/s(fH
Bt 6.45 m/s; EE ' 6.93 m/s) - 55 VU A £ KA AV RE
Kbz % WY 2= BN BE BT B 0I5 W ORE 2 B U AT B RE WK 18 T E AR
PR (2 A FL BE 7Y Bk BR DL R Bk BE HLEE AV K 18 (McCartney, 1986 ;

33



Bogdanis, 1995) - ifi [fl &k & & J7 20 HY 55 = 4 28 & K iE BB & B8
MEGHEERFHEHNKE  SEEEGZEZTN B G WERA
W58 =M ARE > NIEREREGUEZF -

B AHAGHFABEIERENESR

— ~ A B
A ST 45 R BN (% 4-3 BLE 4-2) 0 =08 RSB E

EWEERE  F3IMNARERAES N EZHFERREAER
16.94+3.69 mmol/l; B & 1 : 19.07+4.15 mmol/l) i Bl Peters
Futre, Noakes, Raine, and Terblanche (1987) BFZC M Bl » % W =
oE R R 1% 0 AL TR R FE B AR 13 mmol/l o N M — 345 0 B RS
WA i 42 = 7L B B PREE ° Macleod and Donald(1993) 3% 7R [d &K

HFHamRXBENE S AREERBZIES  SHAHRKEHRE
BB HEE - B E S A RERE R IS EE
BooEuREERABERAMNMT S XEH A Z > HEEKIFER
WA E R EE A A SR KD AR A K
My E V) - 7L & 0 HE 5 (Gaitanos et al., 1993)A7 2 i [ &K & ] [
HEKRBE® DG SR ABRERE D &R BEREE - LI
— R HHEERESKR SRR 2O W AU LS
5 R R &R 0 L O4H R OB 1E B R S NS 90 B o R A OE G 4 Fr M E
B 2 BN AR AR 9E 15 BMH [E AV 45 &R (Billaut, Giacomoni, and
Guy Falgairette, 2003) - K It /£ A W 52 of - = 58 [ [4] 8k 81 & 18
FHNEFERAREEEEIRERZEEL  EERWESA
HMEEZEMEER  ANBEEGHAGHETEHAKEZ AT XY
WinmARSHEZR -
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11 )

EE R ARt o & EEE IR % T B 78 R (PNC)ES K
A E £ (Meyer, Dudley, & Terjung, 1980) - ifi % Ff [ & 58 £
B R WM AEE T o BIAE PR S R I &R B B (Mark & Bailey,
1997) - KMt &G RBE R (R 4-4) BEEFHRUES > IAL
ARAENBBTEME A EESHPHESE LR ZEETEHZS RN
LERE > FABFFEMHE T & &I &R & R R B
HIm A = 03 %2 (Ghosh, Abdullah, and Kishan, 2008) o [t
b MEMEWHNMEAE 3x UL 6x B ERNEEAMN T > B
F1 Bogdanis et al. (1996) fY W 98 #H [ - 3% b 98 #& = 98 & X & &
Ry I X0 o3 A BN B W8 BY RE i 1% 3% BR 0 B RE K 1B 4H 89 i
REHBRMBEAUBE R NAFEWMAE 308 &% 2T I KEILRE
LA Fe pH fH J5 1 S FRAL A 7= £ 2 {£ ° Nielsen et al. (2001)#5 i} ~
BN R AR i & A E A 0 Al RE = H R SR EB AL P Y R 25 T A B
28 AL PR O MR YT R ot 2 oA A2 A Y R S
P N v S =i - 1 R/ = S0 =R e A=< i A
ERUEGFEE  AAHEWRTIEKSFATS > THEMAEZS
B NMAEHREZRSOE L MEKEEEWNET AT
EEAEED  FMEAME LW KEEZERGFRE -

B AEAABGHFAERNBEEREENEE

A FE SR (@ 4-4 - 4-8~ 4-9 1 F£4-3 - 4-4- 4-5) BB E
s KRB 1S @mMNEBENGRERS N LZEFE > HiILKEZEE
EER CABBEHRAGEMBNZHFER > MAAHNER
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WEHESNZENZFE - RIEZH > EHRPTELEHREERA
WMEAWCKEESNHE SR MR E B REFEHE - Gill,
Beaven, and Cook (2006) DL-A [F & € 21U %& 5F {5 #F 18 CK/{H %
oo K58 JE B RE WK 1B BE S0 42 = CKUF BR R > 10 # B WK 18 Al 4% I %%
R o5 —Jm > Twist and Eston (2005) DLfE & Ay R && - F5 0 2
WP R KR EM B A (10 x 6 sec) » i £ CKHY K JE 1% %%
oo E DR K9 KT > 5% B I ) OR QY28 i AT AE 4B B CKAY
o7 & - Hortobagyi and Denahan (1989)f5 H} > L A FEJEE & & fif
o fE G2 F R EE R E AL A UL A B RE A Rl CKE HY B
FTLAMMENZERRRESFE > SIBIANES  HX - BE
Y & o] i 4G B Z-disksHY R F - H 2 CKE K ETF - €8 X b 72 #
o~ 0 N (downhill running) ~ 22 & (weightlifting) Ei 3% 5
A H B (plyometricexercise)f® » CK{H {5 i fm I 8¢ 4 1£ 55 4871
iF (Horita et al., 1999 ; Byrne and Eston, 2002 ; Eston, 2002) -
M b A A5 A R K RS & 58 S e B e] AE A Bl CKH HY 2
= oo I A B R R - ATRR DLOK 58 JE R CK{H i k&
(Urhausen and Kindermann, 1992) - [ It + CKI& {H E £ & & N

HEFAENWERMEN A FENER - S REEH &K - 1L H]
B R EEIA N ME CKEERHEE - W & K58 E #E 5
RE & & IR A Eh > (RS P I R E B oy B OGN 0 B R R YRR B
(Gill, Beaven, & Cook, 2006) - {fi AL A 4£ 8 & Y 1§ 0 T > 48 J& #Y
AL A U 4 & 35 0 AL A S 0 I O & M 0 B =2 BN ROAY B ik
B & & AR > WAE ALy Ui EE 0K o T R 4R 1B B BV 2 K (Mohr,
Akers, & Wessman, 1987 ; Clemente, Matulions, Barron, &
Currier, 1991) - 5 o] gE & A B 78 & - f 8 U5 =0 HY CK{E K 7Y & 18
7 AERA -
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EH B CKE KL 200U/L; Z M 120 U/L W& BN -
i /= 7 200U/L Rl o] gE & B 25 B1 R 5 A9 3 42 - Urhausen and
Kindermann (1992)/" /x> HE #HEZ R FEl 4k 2 EF 5 > H CK
B RLMNMH 200U/L 2 - A RSE Ror > MBKBEEEH
NAEBE &SRS 15 o8 > RN 200-235U0/L 2 [E - [ &E
WamsNESRAR  BRrE®EARNA TERE AR KIE R
B EREHN CKEANENESR  BRIL24 > B0 #E—F(E
£ 18 5 1 % 4 -

AR A S TR R 0 BE & KR DL ATP-CP Bl fit &
MRS hT WMEESZROEMTERABREN LA ZHP
WAMMUERERE  FEMAZERBALHESR 55— HE > £ &I
aEzh ERZHEEHIAKMBN I ABEGHR L - £ CK
B1 Lamax Z M B BIOR W 18 75 ZUHY CK 1R 55 15 77 8 IF B Lanax
EHRAMHB B - #EZEEGH > HIRX CK B La 4 5 K/
ZA o BEWERFIEERNEARN ENERE - —NHE > AR
BEEREEHEREE ISP gEELEEME MEHE LB
£ 8hr gHABE A S > BN EE B K - KEH A B FERBNAR
[ > CK i 8 4 B 878 & B8 2 F [ (Tiidus & lanuzzo, 1983) o
e el EE A CKigEH B WG E RNE > &R CKIE
BHHBEAFESGE FE®R 24 /N2 RN > I EEE G TR HBAES
24 /NHE 2 % - BEWIFE G RS © CK Bl Lamax AT B 09 & AH B
A BE /B B A CK U B 81 Lawa, o B 09 05 8 B5 R (5] BT 20 - | b ol
FRC-ARDANBRABE N EHaTEBEGREEEEENE S
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FUEH AHEAEGHFABERES BEEED K
& Z B &

st BB N (E 4-3 > 4-5~4-6-~4-7~ 4-10 K 4-11) - [ &
B EFRIFE CK- RPE 2R & MHEE > A& KHEBEEE
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