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Effects of Different Exercise HIIT Load Heart Rate
Adjustment and Muscle Energy Metabolism

Abstract

Purpose:Athletes stand up to high-temp competitive game, with a short pause
between each offense and defense. Cardiac compression can be soothed and will
improve the athlete's endurance. Therefore, the purpose of this study was to
investigate the effects of HIIT exercise patterns on systemic circulation and
metabolic stress.Method:8 sports male students. Age 25.38+4.69 years old, height
172.44+4.92 cm, weight 68.25+5.40 kg. The first day (Tr-1) is the same as the third
day (Tr-3) training, with  treadmill for 2x3x60s. The exercise intensity is measured
by the individual's last-order +0.3m/s speed. The next day of training is a
combination of three sports modes, including treadmill, bicycle dynamometer and
rowing dynamometer. The treadmill is uphill 6° 4min (4mmol/l) and rowing 1x300m
(personal maximum) Efforts, the bicycle lasted 3 minutes (4mmol/l). Intermittent
90s between each exercise.Result:The first training (Tr-1), the average heart rate
was 167+8 min™ (1x), and the second training (Tr-3) hopping average was 155+8
min-1 (1x). Two differences 12min-1 (p<0.05). The heart rate was 183+7 min™and
177+8 min™ (p>0.05) in the sixth (6x) motion of Tr-1 and Tr-3, respectively. The
third minute of recovery period (E3) The average of two tests was 120+17min™
(Tr-1), 109+13min™ (Tr-3), and the difference between the two averages was 11

min™ (p>0.05).The lactic acid accumulation in Tr-3 training was the third time (3x)



and the sixth time (6x) in the interval, and the difference was Tr-1, and the
difference was -0.98mmol/l, -1.17mmol/l (P<0.05).

Conclusion:Combined exercise training reduces the compression pressure of
the heart. Therefore, it is recommended that this exercise training mode be applied

during the special period to reduce the maximum load heart rate of the athlete.

Keywords:High-intensity interval training, short-cycle adjustment, heart rate

adjustment
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Al s ~ BN EEH SR HIF-La ~ [REALAGRERE -

12



=IREBE AR
— ~ HPP

HP SR E SR i R~ By MAVEENEISR L — - B E AR
AVARREBNE > ISR N TR BRI s (A Bl e B AR e A B - TP A% S
N ZRAERNRHIIRS] - WA EAYFEZE F TR = AN AR B Tl

Madar (1976) 2-Ammol/l ZLEEREEMS /BN AP RIRR MRy ¥A5 52 - 7]
HERFE R DR -

I (2017) DA—34 201150 5 Db 2 788 - A A 2 PR 4R 14 e B
FIE BT A AR EI IR -

Cai et al. (2010) WfFEsd3h > EAMHEIZRERE - £ =T REE(TE 6
KF 0 B8z 67) pEPHE ERFE 30 min - ZREIEE PR AVEERERE - 6513/ A
RRHLARELRIL ~ B —BRAIL ~ BERZHILHYIE(CAERE_EAE ERERams i Ry BE A5 7K
FI Rz -

= XIEMIThEE

VIR HITHEREE I = S MRV EENE L - FrB R AUERAT R s o1 - e
LA EE#EZ > Schoabort et al.(2003)AybfT 55435 » (58 FH IR HITH EEHET T E R
BURNE ARSI - 30 BRI BRI E Eh S AVElIRREE o Rl
SUSTHES) F RE (e S AR RF RN - RO IS AR - RN S AT REER
Y (BRBHED - IR - RS E#EE - Ll PR BTG ERAIEERY] -
Al ] DAZCE 1R SO R IR A )

FHH| (2017) WHFE4EREUR - 2ol B E e = RSk e s R AL ak a1 6R
(4x200m) - P DR E 230 BT 2B 0 A LR T EE -

13



R (2015) RHSEAESRER - 16 f4sZal Bl ) UE — R R U =58
FERSREI SRR - IR TR DU SRSERE ) B R E T T -
=~ HIEEEITIAER

FATES ORI - AR R e ~ B ~ 22 ERIPRMI R D - BIER A
(AT BT RE T T A B LT ISR > I H P OB RE BN 7T ~ AILDER & A SRR
= NERESRAVES AN A > BRSNS L - haESEER
AR = EHTFIBRER: -

PREKE (2008)bT5T4S AT - 8 24 H 17 HUEE T A A A Al =2 HINT A
A RMFIHEE (200m) f£71 -

Burgomaster (2005) BFE4EREER - WEHELT /AN KAVFIHR - FEFIRRE 4~7

KA 30 PO B i R SS E RIRET akall k> & RS 3R I LN S B AE TR T

14



BUUEIEERMERE T

M 7] 53 BA SN T B SE it I aAE - E (AT HY B RS i FLBR R N
2mmol/l - wTHE Ry A AN /1 5 5 B RSH SIS R FLEEREE R 4mmol/l > Hj
By d4A T 7 (Hollmann et al.,1980) -

Hollmann (1959) DA SR R R SR R (E AV SHE - BiBHAARER | —& DA
It S B EL (S R b T L) R PRI ST - &8 YT S ol R EAVIEH - if&
LA Mader et al. (1976) 4 mmol/l ZLE&{ERVERRE - S EL 8 A PR B MR

ll

$

7

& B{H (anaerobic threshold, AT) FraBfYRE({E » EFEFTEBIERVERSTR -
T A RHE 2 & A B I R — EAR I % - B Ay RE R & A A
RIS A8 (R AR R R (B A YRS R (- = B T R ZEm AT(IESERIED)
I > SRS EHY LIS SEAMMERE - (LEENY - B EEA AR - E89E
ZE AR BRI - (S L AR AR R DU B - BB s o AR
A BAARI MY EEREE ATaE Y LT (FLELRE) » SUEFLBLBHAa ERR SRR -

AEMIERFIES) B AT EE) - EUEE Y IAIERE S - EBiT 38R T] LR
FEB B LA AMAVEE S - OB ORTERS - Wik D B AT MEREE - DL
Je [ {E2e B IR (Jackson, Beard, and Wier, 1995) - fERE (A £ - A
SBMESE T RIARAG 22 AR HE A v 25 (I TBERAVAE S > INifE & ioKIE&Y)
FYE IS » DGR ST = o 1 e T HURER » B D Bl o LIRS - (Rl -
SFHVA ERRIERE I R R A R T -

15



La (mmol/l)
2-4mmol/I
| B
A
HEME SR (watt.mi)
e
o 15
fH1E L L
: SO [ I8,
(compensation) [R5, |9
he7KAE
RERG+HIR K EEY TN
RERT
2mmol/I 2-4 mmol/I >4mmol/l

3-0Made

retal. (1976) FLEERE(E H4s

16



BRI URREESE

AT AEB SR ARG - gk T ELEE RN At O T EL A Y5R A

EEeAE o (BT VAN S ARG RE R ila A S EESE - 1= 5 R el &k 4R

e SRR ] R 40k B2 B (BT )1 R s e e | o R O 4 S > HLAH
ARG R R b e S IR -

HeEAPH TS RIRE S A B RICERY © LOBRSERRAYIEE 2. 4EANAY
EALNE - MESEEEET OB AR (E RS A SRSUR KR AZ & 6]
REJT > LB AT FIZREHAS S om e ~ FFEEEE IR > M I E Ry S e i
BUEEE S H RS > FIREEAHEGEISR (HIT) > Mk La B2 NHs 28

AR > R DU R 2 E) S LA RS RE TR -

&ity AR A [FE S & T G SR A A - E M RE B R R R e
TERRA LA - (AR SR RS RERUBO AL A R EEhE & T2 R
DRSS > ST EIR SRAUREHYEEN 5 > (R R AN 728 Bl (Ol P e e 5 o
A —EaEseEEH SNSRI E - NIEAERA R D~ FESHEAH
BRI R E SR AR - R R 2 2R ARG -
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FEEMRTTEETE
F—HiRFEHR

gLl 8 IS ESGF R B RSTHE S - AAERNOT &
2-1-2) » g TR A 2 SR E R » ISR ZalE As R EH R
Hlce e - BERIG THEHEESRE 2B R ER &AM L -

£ 2-12 ZHEHALH

FLE(58) HE(ao7) REE(2T)
M 25.38 172.44 68.25
sD 4.69 4.92 5.40

18



B R R B RE

] - 2018 429 H-10 H
G - BT RGBS BRI S pT i Eh R o AR R E = (SPDI)

19



BB T A

— ~ =214 High Speed Treadmill (f2[27)
& Hp Cosmos = 2Rptl b 14 - = 2R% s 45km/h (12.5m/s) - B2 EifE ¢ & ¢

190 457 » E 65 A\ °

3-1 =P High Speed Treadmill

20



= LR HIES i-Heart
[E]HFRE R EH] 50 A DA Lok RIME I ks - AR SRR A b 150m
DLE - BESRBCHaE - p4EIh 4 & - 2 ([ SMA JMERAR - SRARIEHR
(2.4G,2460MHz) ~ #EUEE[E4Y-110dBm - #ies 1 & - B RGER OBk
et EOR B ol B A -

3-2  LE(EMNES i-Heart

=~ XIMTHIZHEE (Concept2) S<EH Concept2 PM4 FyJsEl PR HILIEE - HH
Aoy Ry 1-10 FEH -

3-3  RIMEHITHEE (Concept2)

21



g~ EFK FEEE M AL A i
Biosen C-line FLFZEAMIE TS - IIATIIRCE R 10 1 1> PRI  MURER

F 2 bEpisHE - [EFE 48 /NEF o R][EIRF B AL BRI AR RIE

3-4 EFK [AEALEL 2 HTRE

A~ MEHIE &
SRR RUER HAS » B — 8P/ N SOT I RRES - SeftiEs - AURRIAERERY
730 EERNEEINARDER MR AQ20u) > RIS MmE (NHa) R -

35 MEHER

22



7N~ eyclus2 &R B TPRES
R B 2K £ 4R 0 B T 3000 (Watt) 5 iis » aIEfEFa e
EZE (CLEEE - e ~ B - =R THHSE) AT S
& R A SARIEENRE T ROH -

36 cyclus2 FThHBE DA

t - RIMTECHS ~ BE ~ SRinst - LMBRBERE « FE - /KiHE)
J\ - TG

23



BUUETEEEET

AREERS Ryt (Tr-1) B (Tr-2) KBRS M = M B Sl Tr-1
B Tr-2 50 Ry PA 2-Ammol/l BRI (E G A & — P&+ 0.3m/s RyaEfban
SR o N Ay @ 2x3x60s > Rep @ 40s 2.0 (m/s) Set : 2min -

EERbALGRTR 73 Bl 2 Bl bt BRI S B SR B B EAE - F s &
faras E R » AEETET

— ~ FEEERRME ST M

(—) ~ B 2-4mmol/l EREERAE I © P = VR AT T - BHdRRTE = 5
FHE L -Heart §% - W AH SERELFFEAKERERE (10 1] UER) - B2 HERLGEHE
&Ry 2.5m/s » SPERAE S 3 > &R0 E5F 0.5m/s 5% 2-1-3

(&)~ MlEAERE4A Fs 100 Watt » &EFE L7 30 Watt » SFEHF4 3 705 - P&
EETTE RN (10 « | MIIR) IECHER Pk il £ 25 B HE AR 2 2 I KA

(AR 50-70 1) 3= 2-1-4 -

7 2-1-3 A/ AR EHNE T (Mader et al., 1976)

FEX I (mis) KR (min)
1 2.5 5
2 3.0 5
3 35 5
4 4.0 5
5 4.5 5
6 5.0 5
EEAZAER

24



% 2-1-4 HEEEEPE AR U520 (Hollmann et al., 1976)

Pz Watt S (min) B (RPM)

1 100 3 70
2 130 3 70
3 160 3 70
4 190 3 80
5 220 3 80
6 250 3 80
7 280 3 90
8 310 3 90

EXEPN-ZN=E)

25



=~ FEERHER
DA 2-4mmol/l E:EEREEAES - B A& —FE+ 0.3m/s {EARIGUHIE - NS F -
2x3x60s ENEE(R S, © 405 2.0 (m/s)  F4R4HRARE © 2min (& 3-7) -

S

2.0(m/<) Set : 2min B {58 g max speed

3-7 6 I

= BREM =R E s Sl R EEh S R RIE AR 90 B - FHETT T IH
(—) ~ B LI 67 R4 4 Sy ¢ 5 R (E A 4mmol/l gE
() ~ XUREHITHEE 1x300m fElEK © 5RIE ReflEl A A35 7] - (RS 90 Fb -
(Z) ~ ETERES IR HE ARIE 4mmol/l & e 4EEREs 3 475 - [Haks4k
1 = I B Bl & o N Y BLER R S I (R 2-1-5) ~ (R 2-1-6) ~ (R 2-1-7) -

26



7% 2-1-5 © fElEk Bl = IEEEN & T A 3R 2 B

=LEi) H/E F feIan Wik
Hsbt%  Maxspeed  2x3x60s 60s 40s(2.0m/s) 2208k
(HNIT)
IRz dmmol/l  HE 6 4 min 90s AEENEE ALk
2~ G LBk
KIMHIZhEE  (EAG&AK  1x300m 90s SIS
Zh Watt B[] gRHH
Bk
i B 4 mmol/I 3 min 90s BN F LB
2~ Watt ~ [E]EHA
Lk

7 2-1-6 2 gl (Tr-1) BRERM] (Tr-2) HRMIEER SR H

KeHITE B Pal=? 28 R 3 E1 E3 E5 E7

Tr-1 2x3x60s La ° ° ° ° ° °
Rep40s NH: A A A A A
Set2min

Tr-2 2x3x60s La ° ° ° ° ° °
Rep40s

NH3 A A A A A
Set2min

27



% 2-1-7 © R =IHEBNAH SRR SRR

\

Fll&RTEH 28 R 1x 2x 3x E1 E3 E5 E7

PP LS La e e .
(6" 4min)  NH; A A
XMHTE  La .

(1x300m) NH;

R B La ° ° ° ° °

(3min)
NH3 A A A

28



1w

v

Bike 2-4Test Treadmill 2-4Test

2W

Day-1

2x3x(60s)

Training

Day-3

2x3x(60s)

1560254 4 min
2. RIIR5H% 1x300m
3.JAEEE 3 min

B 3-8 : HiRfE P AL E

29



LA S e
- s L =5
st | I

EEREFEE

Proposal

\ 4

IRB \ACEERHE S

2 2

4

RIS 2
FHBL a2 ‘ B i BHE B

SRERLTE ¢ Bike2-4 M
EEA A% 2-4 BLREM T

\ 4

=TEE AR ¢ (RO B s
(KIIfits 300m fEf&R)+ (HliES =)

3 (Test-2) »

SR L B AT

& 3-9 F i L E

30
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BAEr R

AT 8 (] SPSS for Windows 20.0 &85 T3 Hrak e #E1 T LA T~ 34T -
TS EE LSRR (MeantSD) or -

~ R ) 2 A A - A R E 2R BT DUE R 5% 2 Lactate Express #REGHT
A Mader 4 mmol/l FFETHT -

© GERZOMTIEILL Sigmal2.s 4giEd s { T RE R -
+ DISHREEA t BB ITIES 2 BN EIRAT & 2 = 5 -

2 EEKAEE Rra = .05 ¢
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REESR R R

AR EBATAEIE I " = RE5RREEIeR ) BT ERE SRR ) W
RERGT  MHIRERIAE 7 > 53 B LA TN &/ NEf
F—81 ~ Z R HIT OBpEREEA L - MmEaIssseR
6~ BRIHIaH SR LBk B P < Bl

F=H1 ~ =K HIT BEEITH GG OPERE AR - MEAER T

32



F—Ei=X HIT [HEKEgLpREAE - MR
BR

— ~ EREELBRR Z 74T

4-2-1 B1 4-2-2 BB —K (Trl) RIS =K (Tr3) (KEEHIERIEHRA LBk
RO o BB—R(Trl) DERPREREERE—X (IR) LERRFEE R 1214
10 min™ > 5= (2R) HilE 15248 min™ » [ EEZ= R 31 min™ (p<0.05) -
{K3E 5R 52 6R LR (B 5351 By 161410 min™ ~ 168+8 min™ » FIZFH{H
F2H 7 min™ (p>0.05) » 5 3 K34k (Tr-3) [LMPBEAE 1R B4 2R SEH(E By 111410

1. 14547 min? » WZCEIS{EZE R 34 min™ (p<0.05) o fE3EHE f 5R £ 6R
ORI 435 By 154410 min™ ~ 15946 min™ > SEHEZERE 5 min™ (p>0.05) -

Tr-1 82 Tr-3 7£ 1R O\HEEZ=ERE 10 min™ (p<0.05) > 1£ 5R € 6R /[ BERHI4
RIFESE - 7 min™ (p>0.05) + - 9 min™ (p<0.05) « Tr-1 = Y. Bk (E 1o B H
—R(1X) BN (6X) SEHIEST R A 17918 min™ ~ 18317 min™ > [ ER
+16min™ (p<0.05) = Tr-3 Fll[4RE HLLBERAE 1x B 6x FH5{H 2 EHI Fy+ 21min™
(p<0.05) = Tr-1 B Tr-3 7£ (1x) ~ (2x) ~ (3x) ~ (6x) [oPEEZERE - 12 min-1 -

8 min™ ~ -8 min™ + -9min™ (p<0.05) -
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1807 _o- TriHR

—&— Tr-3-HR
160
L~ 140 -
=
E
o
T 120
100 A
80 T T T T T T
1R 2R 3R Set-2-4R 5R 6R
2 X 3x40s (2.0 m/s)
af IR RS RF4E 40 7D ; Set-2 4HREREREE 4l
4-2-1 Tr-1 B Tr-3 (RZEEHA LR 2 2 2
207 _o- TriHR
—A— Tr-3-HR
190 -
180 -
=
£ 170 A
o
T
160 -
150 A
140 T T T T T T
2X 3X Set-2-4x B5x 6X

2 x 3x 60s (Max Speed)

4-2-2 Tr-1 83 Tr-3 S LR 2 A2 51
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PHZEEE RO MTEER - 1225 3 RISk (Tr-3) QBRI 2R T3S - 1S
M FEMHIEEET > TERFETEN S SAEIEEEEREE LRE - Jib
B 76 R 52 e A B R A R = AEE T SR B AR AR - B S EIST IR A A
PE > FEASIEIREES) (Neumann 1990) - #& 5 FHBHTSE = @ B[ SRAEFE A SRR
THIECENE - A 15 B S S 4081 FAE EAVRH (Pichot el al., 2000) « 11
(Kruger et al., 2015) BFFCEIR > S MEAVEBNRIIM - RS RE4H AR SLRE 1 THREE
F o o DABRBRI SR B AR A ST o BRI GR (b th 3 b T ey
BRI > PR e 0 O E B MRS 12 - (EHAEE RN E g
Wekte > SINAHAIM A RO TIENEHY S SR - S—(EFHEHIoK 5 A
B ISR - B R G ST ORI Rk = g - A - BSIEERER T
[ (e B A ET) - SEURATOBRE - fEiii (2015) HIWTFE i -
ETZREREEEESH R > SHABLOREOERBEE TR - 77
Kindermann et al. (2003) AYBFFEFEEEH » B 2.0 2 TIESN S AR

o sl R ESIEE > LA SRS - Ik R T RIS E -
O T R - A RElR RS IEERER )y < SETEAR I IE - 1 Tr-3 IRIEHA
Bl e PR R Ry IR RIS -

ll
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=~ BB LBk Z St

4-2-3 Fsg—K (Tr-1) BB ="K (Tr-3) WEHLBERIMT o IIERA
BERAE Tr-1 5= (E3) BIEESH508 (E7) “H9(E5HI1A 120817 min™ -
110417 min? » FiZzEH-10min™ (p>0.05) - Tr-3 K{EHH E3 B E7 [ BRIy
EHIE 109£13 min™ ~ 100212 min™ @i %-9 min? (p>0.05) - Trl B Tr3 &

1EEA E5 Bk {E 75 #-8 minT (p>0.05) -

1609 [ Tr1-HR
XXX Tr-3-HR _8*

140 - L
120 - T T T T

100 -

0
R
0%

XS
XXX
KR

Q
Q

80 ~

0
0309
RS

5
RS
5
38
%!

HR (min ™)
X

0
3
&5

0
&
&

60 -

5
RS
5
58
0%

40

5
KX
SRR

5
O
&S

5
XX
%

RS

20 ~

5
KK

SRR

o2

<

After Exercis

4-2-3 Tr-1 B4 Tr-3 WAE L LB ER#L

FEAMTFTEE R EE R 1255 3 KilSR (Tr-3) WAZHL LR 23R T8
54 o MAEWIR LBRRESSY - Bohmer etal., (1975) WiFEfEH > EARGR ARG
&35 5 7138 (ES) > WIEMUR AR - AWIFES —RE s L SRy
WAEHA LR E5 538000k 114 min™ S5 fEF 0B R - (BEAMSE A

36



i T BN FEE RS TSRS = R T LR 3 TR T 8min” -
£ Urhausen et al., (2000) #F7Efztti ST RN TFIISE LR 2228 - i/a 0=
S~ IEEIRENT ~ SEIHLAEE M E BE - R AR R A Lk
# o DU IEHHI A AL Hollmann (1982) f5H S MEFIGK - GG LA
IEEE) AR B IRAS o P ERVENE - EEHMES) TR - AT REIRAE R
8 EACH TS o 1158 = RGN DREEREEHY N - RIRIERE T )&=
THEF > WRAER R TR HIT S48k - 527 /o0 = BRYE AR 17 > TR
TRREB R LEER

=~ [EKHASE R A LR oA
(& 4-2-4 fRysg—K (Tr-1) BASE ="K (Tr-3) Zfeh et i ALl 2 L -

Tr-1 (YFLREERRAERRIBREEEE =X (3X) EASE/SK (6x) ~FH9{E A/ 6.57+1.31
mmol/l ~ 8.17+£2.31 mmol/l » FZKZF+1.6mmol/l (p>0.05) o Tr-3 3ll|$F A M HERE
B 3x B 6x SEHE{EZEEA F+1.41 mmol/l (p>0.05) - Tr-1 B Tr-3 1F 3x Ei 6x
FALEEHERR P9 {H72-0.98mmol/l ~ -1.17mmol/l (p>0.05) - PRAGHAIMIK FLELHERR
RETE Tl 552404 (E3) BASSC4rse (E7) Y9/ 51A 8.16£2.28 mmoll ~
7.15+£2.46 mmol/l » FiZKZ=E-1.01 mmol/l p (p>0.05) - Tr-3 %{§H7 E3 Ei E7
AR S E A & 6.06£1.65mmol/l ~ 5.80+2.58mmol/l (p>0.05) > K7 5
-0 .26mmol/l - Tr-1 B Tr-3 %{EHH E3 €1 E5 MRFLREHERGAE FIgE AR

-2.1mmol/l ~ - 1.25 mmol/l (p>0.05) -
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12 -

—-0—  Trl-La - -
10 -
8 .
=
—
E
401
—
4 .
2 .
O T T T T T T
R 3x 6X E3 E5 E7
HIIT After exercis

4-2-4 Tr-1 8 Tr-3 B EAGERIR A Bk 2 7252

BFEEER TR T 7255 3 Ralek (Tr-3) FleR-PERNARIHM ARSI 23 T
(ks o i A R A RERR RGN - AR T B A seiE - Eah A
HUHERR SRR AE ST > SR AR E RN ER - EMZETIRVER > B
SRR > MALRLPEPRERE g Erith (Neumann, G. 1991) » Mi#T{ChTFEs
HIMARMERREZENHRNZZE (1) ARERER 2 JINEE ()
LDH-7341 (4)pH {E O)IRAEZRE (5) Hrif (A% (Patrick et al., 2009) -
A MEB R EATSEABIEIR - M EERAsE PR T ARNE
Befgre > ALY - [FIRFAE S —ERs fEH#E A PFK /Y PGC-1 o~ MCT ~ IGFI-1
ERAE > ORISR R, - EEAE PR (Laursen, 2010) - PGC-1 o j&—f&F5
s TadIiRE EETAZER 2RV EENRN T SRETE Bl R - 2%
HICHENE - PGC-1 o AV ENM S 740G Y LDH - [k SEfe 7
Rese i -

=
D
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AAIHFE S MR Wingate-base HINT sta B G EBIE =/
MG 24 /NISBSHOBf% Y PGC-1a. RNA LUK 08 A MCT &8 (Gibala et al.,
2009; Little et al., 2011; Thomas et al., 2011) -

Giey DHETER oIS AT IEAS REURE 4-2-3 E=RFIISR (Tr-3) fEakEa
HEERR T > el e B EAR M L B 2 3 NS - RItE Rt
FAEEE =K HIT Il =0 i G B AL P HibH T RE S804 - 1 HINT
RSB AMPK - p38MAPK (i {55 PGC- 1o 384 fITalf (SR AR BE L PRI 5% -
NI &R 2 Y BARNG fEE R 4R #E A= & pk (Norrbom et al.,2004; Egan et al.,
2010) - S {EREAIRE R BN A A AU ATRE R RiHIE PGC-1a HYBSTT - KT
HLAHI & R B SRR R B R - S HRGIERREUETE - KEE HIF-lo RT35%
EPO £i VEGF (Schmidtet al., 2002) -

EE A BRI ES A (5541E, 2016) DL 6 ZAREHFEET > D
=HEH G HIT B COEM I+ IR+ ) =R RS 575 -5
R AR LS ~ AR-ARERRTT - ALBE N - ik, 2015) FIH =R
[E ) FUEE =K HIT 4k S5ERpEP 1RSSR 1e A S BE 23 - R4 R
EARE - FIF=RE eI BNl S S S 2 A HEN R - T
AHFFCF N R B R G — R = FafH s HINT 5l 4k S5 SRR e (K58
FEE B T S B T DA R B (R P TRl R BV S HIT FISREAT JoH
FEUUR EE RS HIEL MCT JEAL - i S BRI A e i A GRS > HENE
PRV AEAR BB S =R S - (EF5 8 P B AR A PL R A K -
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VY ~ REREERIERIMEZ 31

4-25 BE—F (Tr-l) BE=R (Tr-3) EpeERAmE s L - Tl
FY I &2 HE B A FD B BE 5 = 2 (3X) B SE /N2 (6X) I {E 77 Bl Ky 89.25%
72.16umol/l ~ 73.63£23.1 9umol/l » FIZKZE H+15.62umol/I(p>0.05) - Tr-3 3llkif
SHEREIRELE 3X B 6X S S FHI 25 +4.62umol/1(p>0.05) » Tr-1 B Tr-3 {Eif1l

A IKIEHASE L9788 (ES) ~FIE{EZ+7.5umol/l (p>0.05) -

i

A

140 -

Lol 3 THINH,

] Tr3-NH,
100 - T
= g- T T
: |
£
T 60- J [
Z e
40 - T 1 J 1
1L
20 - 1
0
R 3X 6X E5

2x3x60s After Exercise

TR A EE S - HLAEYRE SR B R [E R H I A B o il
SR BtpEE - WA B Btaa AL AR RY D B B4R S R o e S e
EHHAEIZ LG (Purine nucleotide cycle, PNC) KA AR (F Fyhe

B ERRS IR NHs fYHERT (Suchulz et al., 2001) -
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R E =R RN T - & ERY T E R T S G RE B MR - AL
EREALAYEE SN2 2522 - DRI A AR 55 IR L I & AT Ry i B 25 B A e 5%
SREY 2 5RE (Urhausen & Kindermann,1992) -
AHFREEREUR (8 4-2-4) - Tr-3 b HIT Fllsk > sy 3x BFifa Bt
W RE 7 AR Tr-1 Jk/b > PP {E 72 #-3.75umol/l (p>0.05) » [fi{E 6x ELiEEh R
ES “PIS{EZEF+4.62umol/l ~ +7.5umol/l (p>0.05) - & &) S AEH/RHHHTE At
S S ISR - i B GRS SN R o RER PR > ERE - &E
W2 BALLGIRE AN - EMERET S o &EE) 8B e E A EER MK
PR (GRET7, 2007)  NIEFEAMEAEBRETR =K HIT EHHRIRE > 55 K0
AT TS AL AR 0 E AR R TS 158 sE = KAI4R
REIRAE FEIE

Y
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B EESERES HIT SErEhOBER - 2K
Z A

4-2-6 =TARH JJa)lISR FELPRAG RA M FLER ~ OBk 1 o TR
(Treadmil) ~ 55 75 (Rowing) ~ 55=IH (Bicycle) FI%RAYi AL BRI V- E9E K
B By 8.7622.29mmol/l ~ 11.36+2.52mmol/l ~ 14.12+2.27mmol/l -
—IHHEWEINE = (B3) ~ 1o (BS) ~ £ (E7)/r##Mm AL BRI {E Rl B
14.4+2.20mmol/l ~ 13.51+2.01mmol/l ~ 12.42+2.31mmol/l -

HEFISREESH (Treadmil) ~ —JH (Rowing) ~ =JH (Bicycle) FI&RHYLEERF
PME BB Ay 176+9mim™ ~ 178+11min™ ~ 156212min™ o fRIEHA NHERAESE = 4748
(E3)~ 57548 (E5)-FEt58% (E7) EI9ME &I A 123211min™ -~ 113+12min™ -

113+13min?

180 o

160

- _ - 13 o
I.E 140 + —‘7 “'_;
g g
= g
= 120 1 o
== " -10 3
100 +
3
20 4
60 NN T T T T T T l}
R Treadmill Rowing Bicycle E3 E5 E7
HIIT Afier Exercise

4-2-6 Tr-2 —IHH S HEH ~ BRAGI QbR EL AL RE 2 St
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AIRAFEEER AR 25 2 RELEFNSR (Tr-2) skl AL i S B
HUREES - 1 AR TR E ISR e LR | B RSEEIH RS ERE L - &8 E
SHEROVALERFIGNIRE » RIL g BRI IE - S5—2 0y E5& - K
sE ML BHHERS (5R52:%, 2018) - £ Schaun & Del (2018) H5E s Fi it T4
BAET T8 DU Bl SR o W R A = 2 = 5 FEE P |0 - 45 SRS ER 4 31 R
— R AR OB © 559METT 2805 (2018) i 14 58 H A [E] Rl =5l
SIEIUAHE - R - B A AR O PRS23RN -

b FeasiRasti - ARG D& e - SISHRERE - EEE53ERY
B S ] RAAE ARG AR MOR Y AR R ST o (EHY SR AR - 2= s R
KOEME - (RFERRSFRLGHET T LBk EN a8 » AL - FERATT - HORER R U
Do B RGOSR S DERREE T (5R5EEE, 2018) - sty AR
WOAAEARERE = REAMPCER - IIME (& 4-2-5) > Tr-2 =IRH SIS
BGTEER - P20 i EOZRORF AR 4min BLEIfi 300m = RS LBk o0 Bl Ky
176+9min™ ~ 178+11min™ » [fifFite —TERIES L L BeR R4 By 156212min™ - i
EWtFefs HEak M R eI IS B R ak - IN LR A Aa (EEREE T -
BREEREEES & - MBS SRR B8 - S0/ C T ER T2 R
(Neumann & Buhl, 1981)-Neumann (1981) #2434 50 Be% /157 153-179 min™
] Ja > BB B4R o DL AL Bk 70-80% £y i (1M /7 2 Bl & 1 Bl &
(Engelhardt & Neumann, 1994) - AHFEAGE A EL OB SE » TR LBk
Z - MMALBERI 234 (B3) ZEmiEE - (H =R & E g i LB 70 7 R
8.76+2.29mmol/I ~ 11.36+2.52mmol/l ~ 14.12+2.27mmol/l F#E 48 FH 525 8 4mmol/l
S8 - [ Lehmann (1953) #2155 HERGER R - F5 S BITYE IR s B A K
IR HRRR AR B pERsE - (H2 B ORI A &R - I - s ss BAHERIVEETT » PR
BRAHR RS o INIEE DA B Rt A 8 i = FEPH D BV RRHYZH & 520 > 1AL
A HERT & A 4mmol/l -
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T8 5 b 5 A 38 PRAE B S ST N & AL /K P55 NDRG3 & 5 S ZERIEL
Raf-ERK e MM E A= pi R4 A= = ( Dong Chul Lee, 2015) - 554| Takaaki
Abe (2015)b/7e S B IE R M ALt o - gk N TR E N T--1 (HIF-1) JEMERE
i R plE S SR A ENH IR E - Brendan Egan (2010) HHFEEL#{RaR & B =58
FE B OEEHE R RIE AR PGC-1omRNA SEVER I H_ T3t » #5512 50
[ E BN & HIRET Ry B -

RIEFEAITE S > B E5RE I I G - <2l A i A E TR B e Qe
BRTT - TSRS 58 A faEheE, - EFEEG N E HERHIRE IR MCT FEBSE -
PGC-1o RNA FffZ8i HIF-1 Ay o EYEISAE Tr-3 1RMI P A B ) & foy o
VAR HA bR FIA M HERR » ADBAE (IR Tr-1
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B = REREEHEAHIRBIRER

A% 4-1-1Tr-1 B2 Tr-3 LR Z EE#E

Pre-test (Tr-1)

Pre-test (Tr-3)

2x3x60s HIIT Change  Diff.
HR (min™) HR (min™)
la 121%10 111+10 | <0.05
1x 167+8 15518 | <0.01
2a 152+8 145+7 | <0.05
Set-1 2x 17448 166+9 | <0.05
3a 160+7 153+8 | <0.05
3x 179+8 1717 | <0.05
4a 130+13 121411 <0.01
4x 17348 16911 | >0.05
Set-2 5a 161%10 154+10 | <0.05
5x 179410 17329 | >0.05
6a 168+8 15946 | <0.05
% 1837 1778 | <0.05
E3 120+17 109+13 | <0.05
E5 114+14 107+12 | <0.05
E7 11017 10012 | <0.05
5 : *(P<0.05) ; EhREIKIE 1R F 6R 2.0m/s (40s) ; E3~E7 We{EHE = ~t5r4i
EERRE A 1X % 6x max speed (60s) ; Setl ~ Set2 5— —4H~Tr-1-Tr-3 55— ~

=Killlsk
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T 4-1-2 Tr-1 8 Tr-3 fIGRER A I M FLBR B 2 Sy Afr

2x3x60s Pre-test (Tr-1) Pre-test (Tr-3) Change Diff.
La(mmol/l) La(mmol/l)
3x 6.57+4.23 5.59+0.93* J <0.05
6X 8.17£2.31 7.00£2.11* l <0.05
E3 8.16+2.28 6.06+1.62* l <0.05
E5 7.37+2.38 6.12+0.37* J <0.05
E7 7.15+2.46 5.80+2.54 J >0.05

af ¢ La MmLAEE ; 3x-6x 55 =k Bl 55 7kl ) & fif LR

EFASE = Ty e iin AL B i 5

4% 4-1-3 Tr-1 B Tr-3 flGREL PR (R HA I

; NH3 & ; E3ES E7 %

BT

HIITPre-test (Tr-1)Pre-test (Tr-2)

2x3x60s NH; (umol/l)  NH3(pmol/l) ChangeDiff.

3X 89+72 60+21 ! >0.05
6X 74+23 103+72 1 >0.05
ES5 54+18 62+20 1 >0.05
& ¢ NH3 &
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4R 4-1-4 =1 & dl SR ALEL ~ &~ LBEkRZ

Combination Training (Tr-2)

HIT La(mmol/l) NHzpmol/l HR(min™)
Treadmil 8.76+2.29 90+20 17649
Rowing 11.36+2.52 178+11
Bicycle 14.12+2.27 129+22 156412
E3 14.4+2.20 123+11
E5 13.51+2.01 109421 113+12
E7 12.42+2.31 113+13

&F : Treadmil FE2bf% 37T 4 4788 ; Rowing 300m FI[f ; Bicycle
FAIBE BT 48 3 o
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SeEibe

AWTFE HAY Refat 3 K HIT Sl 17 48 B H T80 Salll s L pR R B EL AL
NRERRRIC L 2 - UIFRaEREt - BRIHDH =G SRAE A R A A
DRSS > B AR L BeR T ] > 258 = RIS (R B = 2R
FEG I AL B A 2 2R AR FE R NP2 - T PE D SH S SRR P i >
AR EAEIREEITE b > SRS TS QPR S FUBRAERIF > F 3 LRI R
Rz ATPRER R TG TEIRAE ST - MR A R GRS - A
SR AT TSR T -
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ES PN

OCE Y
TRsgE (2018) - SAEEELE/DAFIIGR « Wikl @ GEESRE IRE Y -

Iy

Rpge (2013) - FISREE - SILMMRIES - B ESREI2E Y -
mRsE (2010)- EHENRE IR B ELG/| SREREE - LM 4L : B EERE I -
5RFE% © JETLE (2005) - ZEENRE T2 B LSRR % - B A 5 21 > 14644-52 -

PR > et > AP 0 &IRETT 0 (2009 5 ) - POCT (Bllfsimbe ) fEES)E
{eieSah vy ElE - B 5221 > 16 (1) > 106-108 -

I (2017) « = HIIT S A5 L DR o S R (T -
SR (2016) - — RS IRIEI SR 6 R T R TSR A B -
SAE (2015) - FIHIFIA I HIT S O T4 S (A

SIS (2018) - = KM TR T A IR L PR e -
SZ.IF (2016) - 4 & B T3 A1 R e L R B L 738 -
GEE > THFT (2014)  EEAEYHEE - ALHATPEIRE I A 4 5 -

R (2006) - HEHH L BAEVIERIAZE o ALSTREY, | RIS -

AT (2015) - S VESTHT I SR R R |t AR S S A MBS (SR

—H——\EE
W

6 L
PRETKEE (2008) - [&]7E AL aka SR H e 2 F0HRE ) 2 5048 -
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