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BH 7 4 Eh & BRI IR 25 A 0 Ry W R ER 70« B s M a5 - MBI
ZEERKEAATEEME RG> FREESAIFEERKE FEHE A% L
HERKE KREZBOMRZEENFEERS HEZWHRESN T ENES
AT A o A& R 25 /Y AH BH W 5Tt AR O B o o i &X ER SR Y B & (b (voluntary
activation) N [FEH AT fEK 2551 » DL 95% 1 repetition maximum (RM)
HEAT 84 FH 2 XWBBNERE > giEREKERIMERAE EE(LE
W T [% (Barnes, Miller, Reeve, & Stewart, 2019) ; DL 50% 5% [& #E 17 i B8 &)
FRWEEE g B H EEETE (Rio-Rodriguez, Iglesias-Soler,
& Fernandez Del Olmo, 2016) » RonEE[H JES FFHEHEHEES - 55—
ELLAETE Al ek & By i B B R WML EHFET ZHILE 2
HIEER HUIFEAFET _HISEET EE > FHIFEHFEE
FEGHEELCABETERFEHF KD BURZATHVE M T EHE) ] 5
o o PR 5T 0 s B T 12 B IE 18 T AV E B 3R B (Triscott et al., 2008) -

ERPREESEFZARNREZ  Hpz -2 K MmE X R E
(Blomstrand, 2001) - & % i & K IS & Bk i 5 Z W AT SE Y > M0& 69 057 B &
fz iz (free tryptophan) B 48 L-Z 45 8 8 & [ (L-system transporter)ii i
I A6 s B > 3 A KB (Pardridge, 1998) © fF &1 i B 0F 5 A K BERHE - 1F E &)
HA R & 82 0 T 7 B 7 A7 & (hypothalamic preoptic area)lfllj& Z 2 & » H LB
& B it oy 7 B B 45 2 2= 08 B B £ 2 bk (Soares, Coimbra, & Marubayashi,
2007) R AERKREBERMIEER  FREFEREST - L EK
(branched-chain amino acids, BCAA) & H & B (leucine) ~ 2 H f% g
(isoleucine) ~ & f Fk (valine) WY 4 7 » "I B (O g B i % L- R 48 i & O
(Fernstrom, 2005) » A g& 7 DL /D 0 g B 3 A KRS > JR0/D RS i 0F &= & ke
AT R &R P AR 5 - BV E BB R 0 i 8 BCAA A DUR/D KRS & g B K 1
HEROEE > W E R ] E ) £ 2 0B AY [ (Calders, Pannier, Matthys, &
Lacroix, 1997; Yamamoto & Newsholme, 2000) - £ A f& & & 75 m > /D 8o
7% B o 78 BCAA o] DL FE K it 7 %8 8 31 [ /Y 5% 2% B¢ & (Blomstrand,
Hassmen, Ek, Ekblom, & Newsholme, 1997) » iff ¢ 3= 2% %1 IJ) 55 (Hassmen,
Blomstrand, Ekblom, & Newsholme, 1994) » {H K 2 8 W 3¢ 88 7 ¥f 38 @ 35 3
G B % & 2 (Cheuvront et al., 2004; Greer, White, Arguello, & Haymes,
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2011; Nelson et al., 2012) -

fi7e BCAA ¥ AREEBNRIIHEZEZ EWH K 7] g8 2K B 7° # &) 81
i 8 Ay BCAA {X 3t (Katz, Broberg, Sahlin, & Wahren, 1986) » 5 (5l Il &2
JE 38 (Davis, Welsh, De Volve, & Alderson, 1999) » & a] #: A K f§ I 55 2%
1 fi@ 7 25 (Nybo, Dalsgaard, Steensberg, Moller, & Secher, 2005; Wilkinson,
Smeeton, & Watt, 2010) » K55 BCAA AU E - BT RSB E R » T
A WH9E R & OF#l 78 BCAA ~ ff B ik (arginine) ~ J % % (citrulline) > ifF
MERZBEPBEY  WAERBE TR IDESREZBE - BN R
HE 5 (Tsuei et al., 2003) 5 K5 iz B% [F] 05 Fy — & (L & (nitric oxide)pii 58 %) » A {2
#— A L E AR W E B89 RS IR & 0 1 Bh R Bk & M 3L Bk A
& ¥) (Schaefer et al., 2002) - {H A #5 ¥ f5 e I W W R (K > B2 1M DAl 78 I %
BEHy 7 ATEANEIMEFREEERE » 2 E—-fLEEGK
(Schwedhelm et al., 2008; Moinard & Cynober, 2007) » J\ i [ [G] Bt 2 R &
fEERAY R EY > w88 0] DL 7 B %% B 2 &) By & 4 7Y & (Sureda et al.,
2010) - AR fEIHH EE B HE R R E R - & 0F 78 BCAA ~ K5 IE
JINHE B =] DLER 1 28 48 — K FE &M & 98 1 4 B (Chang et al., 2015) ~ ZH 48 K
fif 717 #fj (Cheng et al., 2016) ~ 8 x 50 /2 K] &K 7 /k 55 #8 BE 2= ¥ (Hsueh, Wu,
Tsai, Wu, & Chang, 2018)» 3l J&k 4% % 2% FfT 45 B HY 48 3K % filg 7= B #Y 22 2R (Yang,
Wu, Chen, & Chang, 2017) » K iA Z= 8 15 & 1Y 51 8 {F &< FE 85 [ (pre-motor
reaction time)Hy % B (Chen, Wu, Chen, Chou, & Chang, 2016) > &/~ 1= f&E
7 89 05 20 AT g ] DA i R I 5% O B B e B /BCAA EE R - R4 AE R 55 o
G $2 71 A8 B M1 B fig R 3 -

RN ZEN R AR - LA E 4 5 K& i B
[E4UFE 300 21 {H /2 5 % S Bl 1y B (5 05 [ 4l 20 1 22 (8 1 1 - 3] 20 1oy o0 g
Bk~ Bk A 05 R B O [ R AR AV I R o R AR AR B BR - MR BRIEF I 0 U7 BF
[H % 247 80-200 Z 7 (N IL » 1F 18 EX IFF ] N HY 2% J7 & (rate of development,
RFD) - B3 % & % 7 B iE ) L 3L A % U) 1Y B {% (Taber, Bellon, Abbott, &
Bingham, 2016) - & £ [ f& & B fi7 (isometric mid-thigh pull, IMTP) I &g B &
RESBFZHLHERFHEUZME AE - TG Z 2 7 2 8l f#
(Brady, Harrison, Flanagan, Haff, & Comyns, 2019) ~ §[[ £& ~ #L #& (Haff et al.,
2005; Beckham et al., 2013) ~ £z i (Stone et al., 2003)FEHFHFIH HE EH S
FEFERH - st EREE FHEIT BT 20 H Z ISR EBEE - FHE & E Y

51




BT R A B KB
559 5552 1 (109.06) > 49-68

JOEE > IMTP &R TFENEE RN RERISD > BB IR EEE
& By K R 25 Y 5 £ (Hornsby et al., 2017) o

PH J7 81l %k 7] 58 & £2 7+ BCAA (U3 28 % » iE a1 BCAA B T % &
B E/BCAALLLR B EMEE S EREREAKRKS &
il S 2 I 0% 20 1 &% %% o A 2% (Shimomura et al., 2009) » 52 28 1% & 5l 4k (Y
SR E o IMTP FrHIfSRYE R > B HEEER NN REHERM - T A
LA 5 Y FE1E - (R Rt 2E R & & OF i £ BCAA RN B % 3 F B S 58
FEBH 75l 4R 55 28 2 HIL A % 25 By 52 28> DL IMTP /1 38 J7 3 A5 HIL A 9% 2% | 5
A BR BT I 7S b Y B 7 B ek A R s R Y R .

ﬁ\pi%g

— BRE

Atz zalE R 10 HEBEFERELE > REHEHE I 6 @A LL
Eo B RDG ME RN B 18 M B o E BRI R ORI Y - shBt - g
BRMEASELEEMSE o A H5RIEE b BB 5 A8 T I E b bt 7¢ fa 3
Z B g% (CRREC-106-032) MERAI TG ZHAETRAN ik
Rl > WHZAEZEHREES -

— > BERE&E

AWPFE ek BB B A Gkt > B2 sl E B2 2 JTONE - & 2ON R
HE 2 H > WMRAGERR 7 HHRZ= - &2 50 F 15 W IO 500 B A
HEGEN &Y > EEHHsla 3 X > R ETES N KSBI SRS
DIt p Al ABREREERERR HRAEOE 1 2ZRIAHE R
ZREERE > HERBREE THFREELEELS  RIOEEEFE
A~ P FISkAT ~ BH OISR % 20 ER =R EERE - SLETIIHR
& 24 /NP Z IMTP G > F B T #F IR SR ETH T3l 8 1% 24 /B 2 i 7 B¢
& o
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| | | 545F 85% IRM —{
| | | PR IE 5k

R (448 ) 0 60 120 180 24hr

T . 1 1 | 1

o, F 8 ©

R B o

X ERME Y B ® o »

BRER A A

HRER A A A
B 1 EERE

= ~ P DEl%E

ERAIA T RAHEITHRME 1 RM I - AT ETERERTRE
WEMFE R - REEX W EEEI DL 50 W FFE 2 758 > SHPEEAE -
S EEE - BMEABESF TS RS RRRNBEMAES 6 X~ HiE
BEEE RIS S K~ HEGHE E R &M 5 W (Beckham et al., 2018) ; # & {KfF
DL20kg & e E1T 2608 3 X > FHAE 50% I RM & 2 X > FHAL 70% 1 RM »
P Al 85% 1 RM ~ FH{H 95% 1 RM £ 26 1 X » FHi A > MLZ R Z
HE R IRM; FA DI - AT LATEAS 100% 1 RM 8 1 2K > 5 {5 A
SER AL 2 A S AT BB MESR > #1T T — kM > BT A
FER LR ZEE R 1 RM -

M E K RETHEERGIRE - BEFE DL 85% IRM HEfT R 4R
e 5K - 4L 54 HBEIIREER R 2.5 o088 - 3l &k 8 A2 o i 3031 9R A B
o R ERERRBERY e XA BEERBEMBAEZEE > Al
WOESREERFETIIN > EFIEA 25 REM - JIREE Kz 20
YLE XM E S EB & i (ratings of perceived exertion, RPE) (Borg,
1982) o

0y~ IMTP

FYBE T AR AT ~ SR 1% 3L B0 ~ Gl SR 1k 24 /NEF > o AT #EST IMTP &L -
BE 77 51l &k At RIS 4R % 24 /NEF - #ELT IMTP SHI B A1 {52 A BE 778l 48 1% 17 B 2
{72 IMTP JIE > AlA HETEE -

IMTP JE A > HE MR ASEHEAS B2 EHBES R
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BREN A E 145° + 5° > BREAEIAE 130° £ 5° > HERIUE 750 M J7 1 (Kistler,
Winterthur, Switzerland)([E 2) - It ZE 3 o] 2 5 & KW I & k& R
(Beckham et al., 2018) > fH#S I E £ 300 kg > 7R H WAL EES > FH
Bh 42 7 K H i (Johnson and Johnson, USA) & J= & [ & f 15 » 42 77 %5 M
w R BlE E R - >‘EU§£%£:K%LX%&LFE&EK’U‘7]Ziﬁﬁ%%’%iﬁz

? GEy s heE > BRMHEET 2 X IMTP > ik E 2 /38 - &R
BRH2 XA ZERSE -

A BIMEL 1000 Hz $8 &% 0 B H &R - K= E 5 [ (2 )& BHE L H
o 5SFE S0ZR 90 =2 ~ 150 28 & 200 2M & TR > SFREAXALT ¢

#IE (N) = 775; (N) / FFfE (s)

l 5 2 %Fiﬁﬁi&qﬂﬁxﬁﬁﬁﬁ e
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1~ RREH

MElar 2 HEARIAMETSHAHREEREGE 1) DERILA
Mg SEEEREEERNENRE  WHOHSMZHE > BoEA
HAAEBYEH AL X EEBERERENET ZFEHNEE -

M E REREELEE  BEAMLE (WMEBET &%) 1.2 g/kg>
REREE WMaMERODAERAE > &610) 0.1 g/kg » AW A ET0H (8
RHERGARAE - BRE) 0.1 gke REH HE—ERGARLE &
BF) 5 ml/kg > 488 & 16.2 kcal/kg > H4 1.55 g/kg B KAE&%Y » 0.29 g/kg
EHE » 0.98 g/kg A5y -

ANE-— £ P

A% 52 BB 60 43 1% 0 AA IS HI 7S BCAA 0.1 g/kg (£ EHE © 51 B
fit © &ARE M =2:1:1; Optimum Nutrition, Inc. Aurora, IL, USA) 5z JL & & 0.025
g/kg (Doctor’s Best, Inc. Irvine, CA, USA) ; PLA Izt Al % £ $€ 7 - F Bk
7y R B MRE (O K AR A E > G8) i 7am &l A 250 ml & & /T (BIOES
EHEARAE - SR -

T MBRAREEDN

BN 4 K¥hin > ol B EHFEAGEEE) - HOISA ~ [H
J7 8 4k 1% 17 B EABH Sl 4R 24 /NEF 1% o B G A% B AR Bl B B A AR ER £ 10 ml [
Ko rHEE S EDTA HEamkRmE S - 2L EHE MBS E (Sysmex
KX-21N, Kobe, Japan) g Ml {1 41 2508 & & (i 25 bk > DARE 1F 2 8h HA [ 2 ifn 4%
o 8 & (Costill & Fink, 1974) « EDTA ¥ % 5 4°C L 2000 rpm &[> 20 47
$E o R I AR B I BR oy B 0 EUHE M A oy RER F I £ -80°C KFETF 0 ZRERA
P& 3¢ 5 70 40 (Randox, Antrium, UK) - DL H @ 43 #7 % (Hitachi 7020, Tokyo,
Japan) 3 AT A& ~ PRE ~ RIE - WLEG MBS - ATk - HEREE -

N-TREREE
B ALAERIZIE R 6 BiE % » M4 H High, Howley, and Franks

(1989) > f (D)5 = MEER ~ JHFER > F(OMEER - R PEESH - 1
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BH 7l kAT R wlll SR 1% 24 /B o #EAT IMTP HlEk 2 mir sy [ -

N~ #ME DM

SUES L T AT AR ) R T 2 S0
% TE HE BEE K > HILL Bonferroni %M 7T %k h i - it BE K E B
p<0.05 » Fi A #{l DLV + B %R - bl SPSS 23.0 #E T 43 #7 -

x® 1 BRAFE R ZEHAKEAS

MEFE (%) EHE (%) FEHI(%) #4E(kcal) m#

BE 72 15 13 380 BRI AEPEEEE
T2 63 28 9 507 7K & B
67 13 20 395 ERLHEES
h& 63 28 9 507 KA W e 5 E
72 15 13 380 A A HRE (EE
HEt 67 20 13 2169

2 5%

—  BREEAER

KR 10 L2 E > F8 B 215208 5% » B 5 171.246.7 N4y > f&EH=
71.0+8.3 /A 7 » BMI24.2£2.5 » &5 IRM 109.0+11.7 (/N E 100 » i K {E
130) kg *

~— S~ IMTP & H 2

AA MG EL PLA MG FH Il 4R AT 12 2 50 2/ ~ 90 ZF) ~ 150 27D K
200 2R #E IR - BANE - BANEBEREIRNER 2- RARNEHRIRAE
BE I S (p=0.006) > & EE#x 4 3 PLA JISlal 8kt s K ) & 8 71 &
75 31| 4k BT A e (A BB 35 (p=0.083) » AA JHI 3 & B R BE RN 4 B 2 R 0 Higp
EHRERZ FNREBAN B HBAE ER -
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= MBI

AA I EE PLA JIsUME el SR AT & 2 £ H M AT A BRE R 3> PLA
I A% =R FEAE ISR AT ~ S R1& KAl SR 18 24 /NG R R B E
B %5 B I R i EE e - Gl 4R 1R I A% 20 0R R B I 4R i I AR A E A2 R AA TR
FEFE B A E RS MR 2= E - PLA s M AR R ik B E
R A B (E R Al R 1% 24 /NI - AA TG I 35 PR 2% 0% T A % I ] TBh 8 BE & 5%
Soo I B PR B R EAE M sl HYFI SRR T i AR EHE E N - AA HIsUHE
Al 4R 1% o B 2 R R I SR AT el SR 1% 24 /NEF e

AA TS 8 1% i AT AL B BB R T R A A ([H BT E BT 0 B PLA U
B & B K 34 0 (p=0.086) » (B G SR 1% 24 /)N I 5 AL W% O30 8 0% T °F
HESESREEE HHRERE R EEEE T EEEER - M
ABBREANKREE LT > ZENHEEEEER - MW &EEREAE
ZEA A SRR A EEEE TR BENARELEE RE®EE -

N-BEEEABRIAEREE

RO E RPE fE 5 4 12 K gl 4R 1 24 /NBR 3 B E S el #fAT > (H =X
AT i B 2 22 S (PL OISR AT 1.7 0.7 > JI&R1& 7.0 2.3 5 AA JEF
AT 2.0 0.8 FlR{R 7.2 £ 0.8 5 B A 2 fE p<0.001) o = M &L 5 7
dlekte 24 /N ALAEREE S B E S RIIGAT(PL MG AT 0.4 +
0.7 > &g 1.7+ 1.3 AA MG SAT 0.2 £ 0.4 FIl%k% 1.8 + 1.1 Bffd
SHE p=0.001) » = ZM 5K F] I i B 2 72 &2 o
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B i

KRBT &S R f5 - fl 70 S o e B R R N B, - AT = v S PH T Al 4R
& 2 Z UGBS IR M E B HWillsi1g 2 RPE KL A% JE 12 5 J1 % 31
FE B BURHME ISR B 2 HfE R B R A e

B oy B 78 G AT BUAR W ST LAY 45 2R - DL 70% 1 RM AT 10 2H - 54
8 KAVPEHE » # 78 0.22 g/kg T fr Kl B 188 1-72 /N 2 2 & pk Bl g
PO EE AL i K B %R U dE R B 2 KR i 8 52 2 (VanDusseldorp et al.,
2018) - [HL A FEFE 1 » #i 7£ BCAA 0.087 g/kg iz [H SI 3l 4k 1% 24 &
48 /NS HY % B U 4E T B F Bk S T Y 48 (Waldron et al., 2017) 5 ## 78 20
g BCAA o] & &= G @ EHE Tl 24 /N BRI KT RO@E 3 ey
IR 2 [ (Gee & Deniel, 2016) -

B 2R AR 26 B 98 B R il 7 BCAA 1 DL [ K 2 &) 1% 2 8 4 AL B
(Fedewa, Spencer, Williams, Becker, & Fuqua, 2019) » {H KWt 52 1E 24 /NEF
2% 89 AL A B e A2 S e — ZOMI B R OIE fm BE 2 2 3R - P RE B R By AW 58 i R R
HENBRENIANBE JHE 24/ NENFEHEEBIIAEBEEMER 1.7-
1.8 -

ZHIATEE R > e 16 ¢ BCAA J 12 g JAHEBE-RFIL &M > DL
60%VO2max 58 & T J7EE) 90 77 §## - AR B INEE 22l - #HE)
& M & K18 B B - [E B (E 2 Eh B Rt A B(E AV BR A1 R (Mikulski,
Dabrowski, Hilgier, Ziemba, & Krzeminski, 2015) - B 7~ it JJ 2 &) 7 6§ 7©
BCAA kPR Z G F [E E Y 7] 58 v AN ZR R B i & - (6] BF R0 4% 2 fE 55 -
H AW 2 $% FH & 56 FE TH J7 #E 8 - PLA AT 1 2% &0 FE 1F 3l 98 1% B 3 %f A Lh
B G MR R BN RS TS 7 IR KA REE I 0 M
PLA HIGlMBE R ZREAI K2 EFERK > A ZREBEREKE - /£ AA
Met - MBERZREAAIE ISy A 4R A~ 8 ol PLA HIEAH
b SNSRI AV PR ZIEER v e (R f 8 78 N R B 88 0 > BB T — &0 0 72 [H
JIal GRS A BCAA FREE RV R - (E15 AA IS5 4R 1% /Y M 4% &0 S
HeFr B SR T AH [E] o BI{E A BERER - # 78 BCAA B R 8% 7 ¥ 5l 4k 18 =2 3%
NREEELE -

AT E X i 2 AT BOE & OF fl 78 BCAA S i i B T B % 79 bt 5%
A E BV A 2 & BCAAO0.17 g/kg ~ f5RZ L 0.05 g/kg ~ JAHE L 0.05 g/kg >
A] DL B 2 % (& o fE 9% %5 (Chen, Wu, Chen, Chou, & Chang, 2016) » ifi £ = it
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77(Cheng, Wang, Chen, Hsu, Hsueh, & Chang, 2016)} = 5% J& [&] &k (Chang,
Chang Chien, Chang, Huang, Lang, & Lin, 2015)&E £ I - ~ & i K & [F (K
R BCAA 0.085 g/kg ~ fF5 &% 0.05 g/kg ~ JAHEEE 0.05 g/kg » 7 A 81 =& 5 0
i 98 5 [ &R 7k 2 Bl & B (Hsueh, Wu, Tsai, Wu, & Chang, 2018) - A # )}
FH 77 2 &) o] g5 8% il BCAA &AL » R IE K BCAA BIEFH = 0.1 g/kg -
1 AR 45 B B2 e U8 A = > 2T 7 1 AR I B B 7 B = B e U 2R - B 7E #G N
R W5 B 0 KRMEE BH O RE R ERE RS M RERREE
(Schwedhelm et al, 2008) » [A] tb A 0 58 (& #f 78 N B iR - W7 E 5 80K 2 B =
0.025 g/kg » AW 9T 45 5 0 B R e 8K B &2 /Y I B B% 7 58 th A [ {5 2 B 1Y
FIEEIIHY & - B EBI 8 R > Tk BCAA 4 60 77 §# 1% 2 2 0 77 R E &
= {8 (Marchesini, Bianchi, Vilstru, Checchia, Patrono, & Zoli, 1987) » [X [t
AR E O BCAA N 60 77§ 1% B 4 BT H 5l 4R -

IMTP E B P #E 8 BB 0y FHAE - ATl 2 8 K I & gy Y B
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Abstract

Purpose: Resistance exercise can induce central fatigue. One of the
mechanisms of central fatigue is the increase in cerebral serotonin.
Tryptophan is the precursor for serotonin synthesis. Supplementation of
branched-chain amino acids may reduce the cerebral uptake of free
tryptophan, which may prevent central fatigue. Citrulline may remove the
ammonia synthesized during exercise. The aim of this study was to investigate
the effect of supplementation of branched-chain amino acids and citrulline on
fatigue induced by high-intensity resistance training in the lower limbs. The
rate of force development in isometric mid-thigh pull (IMTP) was used as the
indicator for muscular fatigue. The potential biochemical mechanisms of the
supplementation were also examined. Design and Methods: The subjects were
10 healthy male college students with experience in strength training. The
study used the single-blind cross-over design with each subject participating
in 2 trials. The resistance training contained 5 sets of 5 repetitions of squat
at the intensity of 85% 1 RM. IMTP was performed before, immediately after,
and 24 hr after the resistance training. In the AA trial, the subjects consumed
0.1 g/kg branched-chain amino acids and 0.025 g/kg citrulline before the

training. In the PLA trial, the subjects consumed placebo. Results: The rate
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of force development at the maximal force in IMTP showed a tread of decrease
after the training in the PLA trial (p=0.083). There was no significant
difference in the rate of force development at 50, 90, 150, and 200 ms in the
AA and PLA trials. Plasma ammonia concentrations were similar before and
after the training in both trials. Plasma urea concentration was significantly
decreased after the training in the PLA trial, while they remained unchanged
in the AA trial. Conclusions: The resistance training did not result in excess
ammonia production. However, supplementation of citrulline may increase
urea cycle during the training, which could remove the excess ammonia
production from oxidation of branched-chain amino acids. Despite this
potential effect, the supplementation of branched-chain amino acids did not

affect the fatigue induced by resistance training.

Keywords: central fatigue, branched-chain amino acids, citrulline,

tryptophan, resistance exercise, isometric mid-thigh pull
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