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THE EFFECT OF BRANCHED-CHAIN AMINO ACIDS
AND ARGININE SUPPLEMENTATION ON RECOVERY

AFTER INTERMITTENT HIGH-INTENSITY EXERCISE
AND PERFORMANCE IN THE SUBSEQUENT
EXERCISE
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Abstract
Branched-chain amino acids (BCAA) and arginine (ARG)

have a wide range of physiological functions that may
improve exercise performance. BCAA may stimulate the
insulin response to increase muscle glycogen recovery and
reduce skeletal muscle protein proteolysis. Arginine may
stimulate endothelium-dependent vasodilation and reduce
exercise-induced blood lactate and ammonia accumulation.
The purpose of this study was to investigate the effect of
BCAA and ARG supplementation on recovery after
intermittent high-intensity exercise and performance in the
subsequent exercise. The potential biochemical mechanisms
were also explored. Nine male college wrestlers were
recruited. All subjects completed 3 experimental trialsin a
random order. The intermittent anaerobic test was consisted
of 3 rounds with 4 sets in each round. The subjects alternated
10-sec all-out exercise and 20-sec periods on a cycle
ergometer. There was 1 min rest between each round. The load
in the exercise period was set 0.1 kp/kg. There was a 1-hr

recovery period after the first exercise test, and 2-hr recovery



period after the second exercise test. After the second
exercise test, the subjects consumed 1 g/kg glucose plus 0.1
g/kg arginine and 0.1 g/kg BCAA (leucine: isoleucine:
valine=2: 1: 1)(GLU+AA trial), 1.2 g/kg glucose (GLU trial),
or Placebo (PLA trial). The blood and expired gas samples
were analyzed before breakfast, immediately before and after
the first exercise, 30 and 60 min after the first exercise, 0, 30,
60, 90 and 120 min after the second exercise, and immediately
after the third exercise. Carbohydrate and fat oxidation rates
were calculated from the results of gas analysis. The plasma
sample were used to measure glucose, insulin, nonesterified
fatty acids (NEFA), glycerol, lactate, NH3, creatine kinase
(CK), lactate dehydrogenase (LDH). The results showed that
there was no difference in exercise performance among the 3
trials. Total average power was similar among the 3 trials
(EX1: GLU + AA trial 64.24 + 4.14 W / kg; GLU trial 63.90 *
3.82W/kg; PLA trial 61.97 £+ 3.33W/kg, EX2: GLU + AA trial
63.48 + 5.54 W / kg; GLU trial 61.05 £ 4.59 W / kg; PLA trial
61.41 + 4.84 W/ kg; EX3: GLU + AA trial63.85 + 7.09 W / kg;
GLU trial 60.89 £ 4.42 W / kg; PLA trial 59.27 £+ 4.15 W / kg).
Total peak power was also similar among the 3 trials. GLU +
AA trail had significantly higher carbohydrate oxidation rate
at 60 and 90 min postprandial than PLA trial. GLU trial had
significantly higher carbohydrate oxidation rate at 60 min
postprandial than PLA trial. The area under the curve (AUC)

of carbohydrate oxidation rate was similar among the 3 trials.



GLU + AA trail had significantly lower fat oxidation rate at
60 and 90 min postprandial than PLA trial. GLU trial had
significantly lower fat oxidation at 60 and 120 postprandial
min than PLA trial. The AUC of fat oxidation rate was
significantly lower in GLU + AA and GLU trial than PLA trial.
GLU + AA and GLU trial had significantly higher plasma
glucose concentration at 30 min postprandial than PLA trial.
The plasma glucose AUC after the second exercise was
significantly higher in GLU + AA and GLU trial than that in
PLA trial. GLU + AA trail had significantly higher plasma
insulin concentration at 30, 60, and 90 min postprandial than
PLA trial. GLU trial had significantly higher plasma insulin
concentration at 30 min postprandial than PLA trial. The
plasma insulin AUC after the second exercise was
significantly higher in GLU + AA trail and GLU trial than that
in PLA trial. GLU + AA and GLU trial had significantly lower
plasma NEFA and glycerol concentrations at 90 and 120 min
after the second exercise and immediately after the third
exercise than PLA trial. There were no differences in plasma
lactate concentration, NH3 concentration, CK concentration,
and LDH concentration among the 3 trials. The current results
suggested that the supplementation of carbohydrate can
increase plasma glucose and insulin concentration and
carbohydrate oxidation rate,while reducing plasma NEFA and
Glycerol concentrations and fat oxidation. However, BCAA

and arginine supplementation showed no additional effect on



substrate metabolism and the performance in the subsequent

exercise after intermittent high-intensity exercise.

Key word : branched-chain amino acids, arginine, glycogen,

high-intensity exercise, exercise performance
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£ 4 A p2 ( branched-chain amino acid, BCAA ) £
i ik (arginine, ARG)E 5 % £ 2 = & » A 4 AR 7 o
M g JF B o o 9 Bk iR s W AR oY o0 A
b4 R oA R E 4 - §F 1§ (nitric oxide, NO) i
= oo ot g s F o % > % o A F§ §F o # &+ ( glucose
transporter 4, GLUT4)» ¥ ¢ = 3 4 J % # % ( Urea Cycle)
e ow g T

BCAA # 7z v @ (Leucine) v 8 ¢ "= ( Isoleucine)
e p (Valine) § b4 8¢ & 3 mABTD=Z L 2 — > B
AR e g A B M OF-d F o0 14-18% ( Harper, Miller, &
Block, 1984 ; Riazi, Wykes, Ball, & Pencharz, 2003) -

Fogodp A e (arginine) ¥ o ME BP0 0 R
PoAT e ff en g e ft R 0 oA o g O R ¥ > ¥ iR A R o
Mo L& B ® (Urea Cycle) sh? B > 4 LM 1e@| v
MOE e R R R TE T o o Y g R R
o R MR I NO TR W SRS o B - F M F LR

=
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( nitric oxide synthase, NOS) i % % ¥ » # i ;“ch L L 1
Ea e 24 > n NO & & T § p 4 i i F oK
( endothelium-dependent vasodilation,EDVE) =& i * & 4 >
GENPEE: SETEAR T R ;%—J;}ztufﬁ#mij »@m NO A ¥ & a0 F
Fevedow BRIV R oo Ao IR 6 W 4 § F B GLUTA ch & & {v
4 3 (lira, Soltow, Long et al » 2007 ; Li, Hu, Selvakumar et
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Fhw R ifcHF AR FRY PAELR LA HE R DT

i B R # kR M4 (Romijnetal.,1993): # * i 7 F %
B & # (% 65%-85% VOzmax) > # it & % p 30 p 355 > %
Sl S A A AR SRS S A R R
PR R AR DER el R G EEAPFTERE Y AR D

M4t % % (lvy, 2004) -

LB P AR R R T A& P RS A s AP E R
w B E & R L A & i B kR (Romijnetal., 1993) >
m Bergstrom A 1967 # - HF Ry p R 3 £ ¥ 3 % R A
A E R F R
FRELMR RS E R KR AR E K L P E
T E ARSI B® R TR AR
& = (Glycogenesis) o 7 & # 4L & v g 3+ 5 (& > T
BE & 2 v A 5 A B (Maehlum et al., 1977 ; Price
etal.,1994)°§3—T@Sl}#ﬁ@#)‘?ﬁiﬂ%J&’i%%%fﬁ%&f’f]&
T A A B R GDEEL S G F Y E ] 12-30
mmol/g = p > & #F % 30-60 &4 - & = I K L 2 7 R
E % H & L % F Y595 % - P E 9 10-30% ( Priceetal.,
1994 ) % - B M A& 8 o A A Bk R T B g F o g iE
Bt 28 A EFEHD 2 R G oy £ (Bergstrom et al.,
1967 ) » & B R % f & T ¢ @ o4 £ 4 R % ( glycogen

supercompensation) -



FAMA LR KT S LB 3 ERL R YR
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b AR R H G o b R fF i L B E AT R B e

A el e M F B ERN GLUTS -0 # & 3 e o @
Ffem ¥ e 2§ FHTFI B R0 L g BB

=

Mz o g a R ARy n BREEHT R Y (Kahn
etal.,1996) > - = ¥ F 4 & » vup wme > B B¢ L B LS
" @ ( Renetal., 1993) -

Eodof 2 T Lk i E P R e ok s B
Fox N E R R R FEAR L T R E A RE
LI S R A B SRR R B I LA . SIS N
A F@mEx . FEESESELESTEA e o oy

&

ERE S B S O RN R R

# % (lvy, Katz, Cutler, Sherman, & Coyle, 1988; Ivy, 1999;
Levenhagen et al., 2001) - B "k i* & & cnfE P2 8 N % § 2
A F M o> @ 2% b 2 2 ¥ r A ¥ F5 o ¥ 5 (glucose
transporter 4, GLUT4) 3¢ F # R 3 & 7+ 2 - o

FrEP ey F T o TR AR R R P
S H F G 85%4k e e éﬁk #t ¥% 4z ( DeFronzo, Jordan, &
Andres, 1979)- % § # 1l § F B D EF = L4 Hl i~ & 5
GLUT4 p m*e p & = 3 % wmmr % + (Lund et al., 1993) > =
T# M WA 5 GLUTA e & & vef % § § 4538 &5 &
F & ¢ v (Etgenetal., 1996) #f 11 ® £ 4% B v wm e W £

»% % > @A ( kuo

=
=1

GLUTA #ic & » % 30 #f 4o vk @ 5 § &
etal., 1998) + 4 ! GLUT4 A 7 % M 2 & § Lo p P 5
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B B TR Y R 2 AR oon RS T R
Foap % 5 ik JE P M8 T4 71+ ( Nygaard et al., 1978
Pernow et al., 1971) -

o 70%-75% VOomax 5% & & 7 ¥rf & 3 & > W ¥ & & pF
Fg,“it‘a'ét ’ B—T—-ﬁﬁ‘;-,g,

§F T ESEE L o TR M 25
mmol/kg p5 >t E & R R 0T & AE > wipd FE R DA

& A4l F oG oskir A Mg ehv g 3 EE ¢ % ( Bergstrom et al.,
9067 ) Tl 4t » vup A RE G £ h P R WG B R A4 B ER
oA E R M e R e R R R R A E
i & o £ kR (Romijn et al., 1993) -
AR M AR T o vup RS R A fE A K B RS
# 5 £ 0 Gaitanos ¥ (1993) o3 odp Rk B B A

BoO6f ki 10 - ey g d ERHTFEDERET
*# 14% - Gaitanos % (1993) f wrE & Bl # %+ > & F 10
xEH 10§~k L 30 h 4 B E B F R e F pE 317
mmol/kg ® * 1 201 mmol/kg - keizer ( 1987) 4 & » = 90%
VOomax ™ + 5% B &4 § 15-30 » &>+ 7 it € £ g "~ p ko
AR A B Rk Y & o (BT%RL K & F ~ 20% 7 B -
13% %6 F ) fe M p -k it & % & (4% K it & % > 64%% %% -
32%F-v F ) L ER 6 v KL 30 f WD
oo BB AR E P e SR MR R EP
B oom BRI EP EHEFER LR B K E PR
( Balsom, Gaitanos, Soderlund, & Ekblom, 1999) -
Bergstrom % (1967) F 3 # P L& F R @ & T » & &
e S RS R ERERY AL rEB PR SE R
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GLUT4 s #& # f- % 3L ( lira, Soltow, Long et al., 2007; Li, Hu,
Selvakumar et al., 2004) -
Foor koo R4 E &R
AL R LR EE R R R
FH oG 0 Hovvpg R fodE B £ R OE T R RS AT AT

T L EHFAFRARFREERZFH LR B

S
1y
4%
pe
e
e
o
ﬁ‘?
(i
P
b
&
‘3\
g
g

- ~ B¢ A ghovk R o

BCAA ( branched-chain amino acid,* 4 "= & ) & 2
Te @ (Leucine) v B v "= pt ( Isoleucine) qr ff = B
(Valine):» = 9 ik % 7 4 & ¢ % 2 mAfBhz A 2 — > o4

Moyep 7 & % 9 F h 14-18% - ( Harper, Miller, & Block,

okt

1984 ; Riazi, Wykes, Ball, & Pencharz, 2003) :i# # p ¢ %
B2 ARy ORI R E KK XL R B RO
SRR @ 2 VA HEF A Fr o T4 BCAA A f2 i F

acid dehydrogenase ( BCKDH) i it

She

&_ brached-chain a-keto
F R » P 3 8 A d ffex B F %yep 2 > &8 gz 86 7
¥ M g % BCKDH @ % £ ( Wagenmakers, Brookes, Coakley,
Reilly, & Edwards, 1989 ; Shimomura, Fujii, Suzuki, et al.,
1995) -

- oy A gaim AR B
Koopman % ( 2004) ez 3 ¢ o E 8 T EX

FEEFA ) EOE R G (A 25 ) Fap 78 1) @

F_‘-



hiE 7o e 25 e E B ) AW 4 A R KT B
$»m (CHO: 0.79g) B kit &% 4 %% % (CHO+PRO: 0.7
g+0.25g) > # R * kv F i e dmfp ko9 FlE LRE T
FE O RE R LA

WL L4 M @k A E R o2 5 2 BCAA T 11 F %

E2

BEvv g P o AT R B R om B v JR i BCAA 77mg/kg
BV ML Ao ve g mre N X g AR > X R D v Fow
¥ e 4§32 ( MacLean, Graham, & Saltin, 1994) . & 7 45 1 #
T L 6 gl paaa BEY O AY S X iEEF 2B )
PP 70 % VOomax % K & F & > & ¥ A & & Pl w & & # A4
Wi 2 20 g ¢h BCAA» &= § % 7 B
(creatine kinase, CK) (& # & 4 /) FF 3| % I X )~ 5" & % 3 fi=
(lactate dehydrogenase, LDH) (:& # {& 2
B2 OF M > 3 P BCAA W oo b v p P g g
( Coombes, & McNaughton, 2000) -

b R R g F A L 29 e A gk AR e 0.59 M
e fe > AFEFHES TP RT EFE L RS Bh A

4 o ( Matsumoto et al., 2007 )

AT R A SR SRR N A

AR B ART BB E R e b 4 R o g g L E R
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3
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it B R JR e &4 g F Ao A po A - 22 pxoF g
;;?mﬁ%n’it‘ﬁ“l’f‘\i"] 1-2%]?‘*°E“%1§’V&?§.E‘$EP
SR RE R R Vo g R EET A FRHOER LR o Y
EF R ARFGEEST > o v p @Ry o QL FE
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Fogdy R 0 RE Rk AP R R
ks E X FEF AT 0 2k Lk ET (van Loon,
Saris, Verhagen, & Wagenmakers, 2000) {ri& # i ¢ ( van

Loon, Kruijshoop, Verhagen, Saris, & Wagenmakers, 2000 ) i

A W Rg %y FF e EXEVRDER X R HH L
e e fem R TV AP e fe Rk S B RT B D RE D
Fhos0% h 2k R Aol G v g e w2 (van Loon et al.,
2000) -

o~ 3F B MR R B oA

Fogodp b T0%8 + & F E T 90 A & b F B 1 4
PR s s M Rk e AR R
ARkt g T o R E R R B EF (Fallowfield,
Williams, & Singh, 1995) -

o7 odp o & 55%8 & 3§ o At MR B B Bk
“ & o kv ¥ (CHO+PRO = ) & g kit &% (CHO &)
gt s f B i 7 85%E < HEF R EH &0 F A L CHO

Ik

ks

&

+ PRO &% 2t £ F & pF & ( Williams et al., 2003) -

B @R e o kR P L 0.8 g CHO+0.3 g
Protein( CHO-PRO) %2 ~0.8g (CHO) = ~1.1g ( CHO-CHO)
e B2 70% A < HE3F £ EH 0 F R CHO-PRO =& % B
pEEL A e CHO 235 B ¥ & 2 > # L kit &5 4 o9 F
(CHO-PRO) &2 4ckF % # & chpt L * & %#» (CHO-CHO) = 4p
W oF 3 iE ok ¥ 99 % % ( Betts, Williams, Duffy, &
Gunner, 2007 ) - # & F R >0 - B F 7T ¢ 2 FF OAEF R LK

RW PR AR K EF Ry PR AR KT &P 2B



¥ X3 £ % ( Betts et al.,2005 ; Millard-Stafford et al.,
2005)° A A 1 A WA hwtd @ H o 2R G F LB R

BEH T RAED A G o

7 ~ i % BCAA * ¢ fp i & th & B

PR SR S w2 & Ty 1R ARE A
Fd @R EE o FRF DDA LI e R foE & oA B
. T # X o ( Asmussen , 1993 Gandevia, 2001) #
SRR R ¥ B # o LG o Y g mop
( free-Tryptohan) 3§ 4 - %] ¢ @ﬁ%] AW MmO D R T A
%% ¥ £ & & jF % ( serotonin, 5-hydroxytryptamine- 5-HT) -
¢ s A 5 0 R f§ ( presynaptic neutrons) i H 4 FOF A
EERLGFEF IR R FERE  FPFREEXEALEILA
S0 ¢ ERREF w2 (Newsholme , & Blomstrand,
2006) -

x’uiﬁ’-% X g P ok RV B AR E R A %“ Y ¢ m Bk
e RO+ g @R ks ok 2 % o (Pardridge, 1998) & 4a %
A g fod mpg - koY Ffiﬁﬂ@ﬁ%}%’iﬁiiﬁi R B I
( blood=brain barrier ) ( Ernstrom, & Wurtman, 1972 ;
Fernstrom, & Faller, 1978 ; Fernstrom, 2005) & ¥ ¥ @ &
TR R A Aok R g KL R TG ERIVE £
s R BRI RERBEER DY F P (Shimomura,
Murakami, Nakai, Nagasaki, & Harris, 2004) -

“,%t“i"* R FEFERT o Y P A SRR Rk

o

B W 4 Y I R kR
B % v F=9 (albumin) + %

TR AR B g o RE A

»

3 4 s & o( Curzon, Friedel,

Wik
R
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& Knott, 1973; Blomstrand, Celsing , & Newsholme, 1988) %
P o R Y PFAL ¢ R o X shR AR Pt M e P o0 € B 4
dOMREL R N M eh g 0 T H e & R R o E A o
( Blomstrand, Hassmen, Ek, Ekblom, Newsholme, 1997) -

ol Bied R R RS d L #F LR (L-System)

Mo Pl % 5 ¢ o ((Pardridge, 1979) & 4a vk A Ak e d Rk
3oL e N PRI R > T OF] P M ¢ MR h s R o A
BREE L am ARG 7V o g R FRER? LGP R
¥ o3 F o A RSEFE D FRABRARY T LB
¥l & pF o7 5l A2 hw i % f % ( Gomez-Merino et al., 2001) -

ARE Y R R A AR AR S R RERTE

MR Mo R OR ¥ AR R

w30 2 2 hAX B F g T o+ ¥ 0oz d 3L 4vo# i ( Hassmen et al.

.
7
I

e

B % ( Blomstrand et al., 1997) -

1994) -
Mittleman, Ricci, & Bailey (1998) # 7 4 & & # & %

v
‘rﬂ‘lﬂ
W
o3
i

T LA AR A KT My R PR g RE R T D
i 0 BCAA i & £ R I % B hid@ & ¢ A E R R
By 8 2% AL &% % & shuttle running (Davis,
Welsh, De Volve, Alderson, 1999) & & H = B & ( Time trial)
T a4 @# # 4 I ( Hassmen et al., 1994; Madsen, MacLean ,
Kiens, Christensen, 1997 ) - & - & % § if & & » X g L @
Femt kv £ P - A2 A L e B A L KT P AR 0 T E R
LR LA O

VoA LA AR T g AR B
ja @ 2% ¢ § hik B A 4 - ( Struder et al., 1998 ; Davis ,
Bailey, 1997 ; Meeusen, Watson, Dvorak, 2006) % ¥ i # ¥

11



oA os ko md e g B w o - ARk ¥ h & 4 ( Mutch, &
Banister, 1983) & ¥ fesvp ¢ gk ¥ 7 F 4 foyep ¢ OBk B
(PH & )3 4 3 M ™ -( Spodaryk, Szmatlan, & Berger, 1990 ;
Bangsbo et al., 1996 ; Favero, Zable, Colter, & Abramson ,
1997)

o

-~ - F N FHER LR DR R

- 3t F & F o om o+ omop A iR B E F O O
( endothelium-derived vasodilator, EDVD ) & # "= @ & NO
F R am B P o F v mp v 2 5 - F§ i § & = fr (nitric
oxide synthase, NOS) # i = % - 3 % NO hF & o & 5 %
MmE R 2T W ,"J%gzl & F P A o g d 4 (shear
stress) # 4 NO ~ J& ( Gielen, Schuler, & Hambrecht, 2001) -
7 4 ( shear stress) ¥ ™ P % 3 4 p A w2 NO & = f=
( endothelial nitric oxide synthase, ENOS ) =% & ( Corson
et al., 1996)> ¥ & 2 NO eh F B -

FHd o€ FHHFE NO g 4, Ad iy ok %y FRF ILHEF
EDVD # ¥ B ( Wang , Wolin , & Hintze, 1993 ; Sessa,
Pritchard, Seyedi , Wang , & Hintze, 1994 ; Muller , Myers, &
Laughlin, 1994 ; Laughlin, 1995) A4 & % & & &= & 2 NO
F e > %% EDVD hF Jo o 45 &0 £k e i § h- 573
( Gielen, Schuler, & Hambrecht, 2001 ) -

12



N CERE - 3 5 R - SR VO e - B el L
EhopF - §F M o hd B R oL B E M
¢ & ¢ ( Schrage, Eisenach, & Joyner, 2007 ; Goto, Nishioka,
Umemura, 2007 ) 4 = # " g ¥ 11 3 4o Bt & A PR R

XEFOEE NS Fd REMHERE - F O F g SR
¥ A4 - F i+ § it* (Gielen et al., 2001 ; Moncada, &
Higgs , 1993 ; Kingwell, 2000) -

Bopododpd o v R4 H R M 5.6-12.6 g/d - B AL AT
7

J,j%gr] # 4 EDVD - # 3 ot foovom o BR % ;n%,&'ﬁ £ i
# % 3 ( Rector, Bank, Mullen et al., 1996) > s ¢ & # # =
MR T M A - §F 0 F s & e o F #F % (Cheng,
Baldwin, & Balwin, 2001) #& % } # *% 5 I ( Bednarz, Wolk,
Chamiec et al., 2000) « % 57 o« "4l & oy 4 £ o H &
# # 4 L ( Ceremuzynski, Chamiec, Herbaczynska-Cedro,

1997 ; Fujita, Yamabe, & Yokoyama, 2000 )

= A i R e E B B
B AR RAERT oG Efog B B RY A

( Schaefer et al., 2002) # 3 @ 45 & & & ¢ F* B o %
it fF Vo A s @R RS PR Fl — o

A LM R EE Y R & B P o NG b b sfsz\iﬁ’%%'s} -

FOUOF OAHEBISH e FRHRDET TR Y o
AR R TR A B RSY F S T kR SRR
v ot ff e 5 Bk fe 4 ( Schaefer et al., 2002 ; Eto, Peres, &
Le Moel, 1994 ; Denis, Dormois, Linossier et al., 1991) -

B4 RN A E RFE R S plE ot 3g

13



M o AR ER nE @R T o g A ER
oM F kR o EH Y i F BRSOV o AT EAH K
R TR E R RS F A (e SRLNLE: B
e & & = X ¥ O 4 R OF OB R R AP L R E R
(Schaefer et al., 2002) - & ¥ v R4 X = p v 1 "% K F &
PR g A 4 > B 75-80% ik X HEF £ E R ow 30 4 44 v 20
g = ps > ¥ 0 M g B ( Eto, Peres, & Le Moel, 1994) -
&%%ﬁfiiﬁﬁéTiiflﬁt‘iﬁvi}é}if@i%’iiiﬂ%m#@iﬁé
Toar g 4 R ovh P oH B g oo e A R R B+ 2 ( Katz,
Sahlin, & Henriksson , 1986 ; Hellsten , 1999) = 3 ip A3
fe chda ff fr g 2 > A @movv gl ¢ ok B2 v R ¥ O 4
7 B % ( Spodaryk et al., 1990 ; Bangsbo et al., 1996 ; Favero
etal., 1997) - 7 7 4p " & F % R ¥ & ¥ B F & T v LM RR
Fov g ok ¥ o B 4 o
o

SR I S A

Kl

f- 4 "= & fv ketoisocaproic acid I

&

4 *}rﬁ&ﬁﬁj EE S A ol S

o

=

R RGBT Tl T A fErRAMS TR ME RS

% ( Stevens, Godfrey, Kaminski, & Braith, 2000) -
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%_:_:‘ﬁ": Fi"‘}zfi")‘b%
$- % FiHe
9 LA TS ERE L L FE L H R R
¥ v f2 b DR RIS ENT R F R L RS
WK;—S}\)ml%%l:g‘g"/’*ﬁﬁ'\’-ﬂ-?}i]ﬁséﬁ%'&‘ﬁﬁ]ﬁ’
4«-’?%ﬁpﬁ‘*7ﬁjﬁ\;¢‘ﬂ<\ﬁ—l“iqQii:}%‘c
¥ R RRY
AF L SR ERPRRERY P EXFH LB TR
£ 72 RERRFE 2 HEERFI MR 2 X R
SlF R £8P = B RFRAEME S LA ERE
AR &R ERE R R LT E e XFF AR
£ % & L 2 7 1.2 g/lkg % §F 0.2 g/lkg (#» @ ~ ¥ & %
0.1g/kg) # 2 % 5 ml/k P A
N I B0 & &

a2 X EH P FE T BEER A - B EH R

gt

*# 0 X ¥ 4 4w ¥ > 1g/kg carbohydrate ( CHO
0.1 g/kg Arg+ 0.1 g/kg BCAA ( CHO+ Arg+ BCAA =

e g B o9 sk o Howepe = 2:1:1) & 1.2 g/kg CHO

)

b

(

CHO+BCAA+ARG # & Ap ) & % F & & > = if ¥ 4 &

Ao 600ml ok P F b r RFE T R B X 1 R vk Al Y4
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9:‘;&
o F B OB R o (F R AR R - )

="

ME k0 EREVNRBFHRF T R EE kA R

AP 23 R AR HBBEER DR LSRR R M
¥ oo EF B s X B Jﬁ *» jpl # 2+ ( Monark, 894E, Varberg,

Sweden) € % 104 > + @ 4] 2 204 K &L > & [F & ¢ 7 4
A BB MEE R AN K EF R R 2404
B RL L A F LSRR E BT R
Eovy - =@k pgier l | PFaoRadh % - 8 &k

7 2 @tk P oo

hAox 4 B E R4 % 2 0.1kp/kgr &
BB xR R EFET AR ERLDR R
% 0 kp/kg- 60rpm & #F & > & - B @F & B E Y 10 A & >

&+
~
it
N
o
ol

f‘aﬁ‘“’?—”'k@fﬁﬂlaiﬁx-'t145%'\:Iiijxéj}:\;ﬁ%l‘;}%ﬁ,:<|gower
drop) > # 3 8 & - & kb < # F g3 ¥ @ « T M F g ¥ @

2 Power drop > H 3 5 2 58 4o T

ﬁ"%ﬂ‘_‘%ﬁ%@;* nﬁﬂ:(ﬁ’»‘y‘ﬁ—:‘ max'ﬁx"‘ﬂ—$+N;)/§x
< ¥ ¥ max X 100%
T s XY Es =T B F pax-TEH Fs e ) X

2 F max X 100%

Power drop (%) s ne=( 3 * # & 5 pu-5 ] # F 5 yu)



[B % # F 5 = X100%
5 or & ® %k

- R R8T

Ao R Ed FREZALAREREE L RR
2 8mlo & AP B EER S FERER R - &
R A YA R - xEHD K- xEHE 0 A E
A4~ 60 A~ &~ % - S 0A 4 304 4 604
90 4 4 ~ 120 A 4 -~ &% = =% @ & (& > £ 3 11 B &% & g
£ o B B (8 A~ % 1 EDTA # 5 F > 3 4°C 12 5009 ¢ # 3§
w20 4 4B 18 0 B R 3 -80TC ke
S F M EE e S

FHHEEFREF- > F RS S F - S
o - F @RS 0 A4 3044 604E - FZ
L A4 ~30 A 4 >~ 60 A & -~ 90 A 4~ 120 A & -
= S E R X311 B R E G MR
ERE A SN I S

i

Pon ok R

J\
" 7 ¥ 3 # ( Quick Auto Neo
P i 7 F & ( Shino, Tokyo, Japan

ik ( Hitachi 7020, Ibaraki,
Japan) # B > exmission ®% & 3

450nm

17
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G-6-PD
Glucose +tATP _____ , G-6-P + ADP

G-6-P +NADP® —— 6-Phosphoglucoin acid +H”

(=) ;’La‘]{fv‘ % Oh 2 kR
o OE B O & & fF2 2 P 2 F F & ( Roche
Diagnostics, Basel, Switzerland) # £ streptavidin jig . & &
anti-insulin AB-biotin ~ anti-insulin AB-Ru ( bpy) 32TFE R %
A4 VB Lk > ¥ ivB L k4 45k (Elecsys 2010, Roche

Diagnostics, Basel, Switzerland) & 7 #& #] o

(=) & ¢ a4 »p ki
MOEOE R AR e R ITEORP & FF B (Wako NEFA,
Germany ) # ™ » p # 4 i & 47 ik ( Hitachi 7020, Ibaraki,
Japan) # | o

(w ) & %% 4 ik i
MOEOE B Ao F T2 ORP " F & (Randox, Co.

Antrim, United Kingdom) » # 12 > p # 4 it & 37 & & Bl -

(1)

RS TN
MR OE R R E T IFE MP 2 7 F & (Randox, Co.

Antrim, United Kingdom) - # * > p & 4 it & {45 & ( Hitachi
7020, lIbaraki, Japan) % # B » = %k & & £ 550nm - > i+ & &
B R & Ao T

18



L tat
L-Lactate+0O, + O, aclale

»

» Pyruvate + H,0;

Peroxidase
H,O, + H donor

»

» Chromogen® + 2 H,0

(») & f 7 & kR

M OEFEREFHEIFE AP EFF B (Kanto Chemical
CO., Kanagawa, Japan) > £ ™ 2> p # 24 it & 47 & ( Hitachi
7020, lIbaraki, Japan) & # i - = % & 4 & 450nm - v § F
B R E Ao T

NADs
NH; + Deamido-NAD" + ATP —————» NAD" + AMP

glucose dehydrogenase
NAD" + Glucose » NADH+3& -glucolactone

WST-8 + NADH 2'aphorasg \Ap+ + Formazan

( = ) "B j p+ (creatine kinase, CK) & { #

£ % ¢ CK F & * CK
(77528 7529,

L

&

R RSN LR

Mokt F k& ¢ 4, Tokyo, Japan)
po# 4 it & 47 ik #% # (Hitachi 7020, lbaraki, Japan) » =%
k B oA &£ 340 nm v B F R R 2 4o T
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CK
Phosphocreatine + ADP ———>» creatine + ATP

ATP + glucose —''* 4 ADP + glucose-6-phosphate

glucose-6-phosphate+NADPS°%PPH _ glucose-6-phosphate
+ NADPH+N"

(~ ) g ps " & p= (lactate dehydrogenase, LDH) & |+ 4 it

[
= B LDH & # & * F @@ "m & % B T F A
(20300AMZ00410, Shino, Tokyo, Japan) » ™~ 2> p # 4 it »

17 & #% B (Hitachi 7020) > = %k @& & &£ 340 nm~> i+ ¥ £ R

Fo T2 4 T
Pyruvat+ NADH +N" —LPH , jactate + NAD"
¥ I ¥ T R I R A

T o F R T ol B R IR o PR 8
E# & R B dp 2 oneway £ 4 E #ic ANOVA % » 47 3 £

\

2 ot ERFERE LR LR E 40 Jp R O two
way ANOVA ( repeat measure, £ 4 & #& ) * A~ 45 & B & 2
3

» ¥ % * Bonferroni ;%

P ol o % /R ch A e 2 B e £
7 E 6 R o 12 SPSS for Windows 10.0 ( SPSS Inc.,

Chicago, IL, USA) & 7 & 47 » & ¥ ¥ ¥ L & 5 p & ]
% 0.05 -
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=
il
i+

)‘m

EREFOEAFHRAA - o E ¥ £ RS FRE W
Z » 3@ trialsz B & & ¥ £ 2 > 2 % 5t i (p=0.103) - & /¥
»% Ju (p=0.083)& B B X & % (p=0.106)» i » & = & T 5 ¢ %
B L 4B = > 3% trials 2 B g & ¥ LR 0 wou ol
(p=0.085) ~ ¥ @ »c & (p=0.107)& B F x & % (p=0.151)*% & -
S E R T E - B R okt HF R 2

5
B R - X EF R AP F R IFARe > 3B

(&3%@:

trials 22 & & g ¥ £ £ » % - 1 % - X @& & B s R

s

(p=0.787) ~ % = = 3 % - =% & # % % »% & (p=0.968) -
¥ 2 & E® P H O R - Ea R s IR =R T S L N P S S
ZEBPPHNF - X EFER T HEHSFFIF o BRI > 3B

trials 2 @ & 8 ¥ £ %2 » % - =2 &% - x @ & 2 Y ot i

(p=0.59) ~ % = = 3 % - % o u »% J (p=0.92) -

“F 4o B & 0 PR o2z 5 (p<0.000)
B X & w (p<0.0 5)i@£”ﬁ%f%“%§l°¢élﬁfﬁf?*§é"’
oA R s R L % 60 A 4 0 GLU+AA & chglh ok it & 3 §
X B ¥ % % @A 2 (P<0.035): & GLU = % ¥ % * & F &
® (p<0.029) o & 4 % 4 #L 14 7 § 90 A~ 4 » GLU+AA & & 5t

A 2 (P<0.003) > # 4 % pF 7 2
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k=N
0
Rt
|3

Lol cha ok b L P F AW KT

I R G UBIP-E  R B

(=) % §F iv %
W RO R DRI Ry

(p<0.012) -~ p& @ »c Ji& (p<0.000) % p B x % % (p<0.000)* & -

Ao B - B % A

My 22

=K
=

14

b
~=ie

R AL S § 60 4 4 0 GLU+AA Zchrg o § i 5 B ¥ i
% A e (P<0.017)> it & 4 4 15 e % 90 4 4 > GLU+AA
iC ok R F K% % A e (P<0.024) & GLU & ¥

B e Py R

ey

& A &= (p<O.

=
A
&
-
A¥
&

D) t At A & A (5 h ¥ 120 A 48 0 GLU
% % Al & (p<0.015) H 4 % pr 7 8

A O

jL

L4
.
X

-
L

|
3
o
w
ey

G F R T R e B4 R AR

,5, Z/J‘E‘%éﬁﬁg}sﬁg L 3‘ @'fﬁ":\ifﬁ » GLU+AA ’E&E‘-%iﬂ""%’

&
i

e =k
|3

& A = (P<0.019) > GLU = & % & »> % § & 2 (p<0.027)> & %
- w A H SR L - o) B A AR SR LS ) BF o s
F X4 R T G 0 GLU+AA 2 B % M % & &
(P<0.044) > GLU = & ¥ & * % & # 2 (p<0.011)

ER A SN LIECI
(- ) & #

Pkl w2 g F R BEER RN B o ook
(p<0.006)# B A »c J& (p<0.000)% pF & x % % (p<0.000) % &
L4 R EFLR LA BEHEFRY A LRSS E 304 &
GLU+AA = ehi # ik B B ¥ 3 * % § & = (P<0.008)> @ GLU
B HF B X B A 2 (p<0.001)- H & & pF R OB R X G B OE
2 3% o
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AR v L EREKRED P B AT R AR - o e
Woae B (P<0.001)2 7 B ¥ £ £ > B % 7 &% - w &8 & (&
A B o Y R T G ff 0 GLUTAA 2 X ¥ 3 3 % g & &
(P<0.037) » GLU = % ¥ 3 » % & # 2 (p<0.01) -
(=) % & %

ool e R RS FRARE R A B
& (p<0.013) % pF 7 »c & (p<0.000)% pF & x % %] (p<0.000)3%
BEL2 G EFALAE - LEBRERRY - LEMLEDHE 304
4 > GLU+AA 2ot § % kR K ¥ 8 % F # = (P<0.005) -
m O GLU 2 8 ¥ 3 » & F & 2 (p<0.028) - & # % & £ 15 % 60
Ak o GLU+AA 2 his § 2 B R K ¥ 3 2 & =
(p<0.01) - A # % & # 15 % 90 4 » GLU+AA & 13 § % kB
B¥ g % g A e (p<0.022) H 4 L pF BRI 3 B OF b £

m-\ﬂ_

o iB W 3T

I

b¥ - w B E B BRAD NG A RT G e WL
Z o & u % B(P<0.001)E 7 B X £ B > B % T ALY - W
R AW s b B W R T G A 0 GLUAA & oehh § % Gk
BE ¥ B % @A 2 (P<0.005) - @ GLU 2 & ¥ & % & #

& (p<0.024) -
(=2 ) NEFA -~ glycerol

P ofe e w2 opE gk NEFA B B 8 4 40 Bl L+ & o B B o2z
B (p<0.017)2 pF B »2 & (p<0.001)¢ ¢ & x % %] (p<0.001)%
L2 HEFLRE o BLERBRERFZY > ALEMESHE 90 L
&% > GLU+AA = ¢ NEFA k& % % 1 » % g & = (P<0.004) >
m GLU % & ¥ ™3 % & & 2 (p<0.005) > &4 & & L & o %

[

120 » 4 > GLU+AA = ¢» NEFA )k B ¥ ¥ W E O OB e
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(P<0.002) » m GLU = % ¥ ™ » % F & = (p<0.001) » & %
v & 3 (& 0 BCAA+ARG+GLU = & NEFA k & & ¥ M » %
B # & (P<0.01)> » GLU % % ¥ K * % & # 2 (p<0.009) - #
LR BRI EFLE

7o o &2 opE OB glycerol B R R Y o Bl T oo R
»% i (p<0.001) % P& & x & % (p<0.001)» & 2 3 % ¥ £ B -

F_*

L p R EY > M LRy 90 4 4 0 GLU+AA &
glycerol Jk & % ¥ i< > % & & » (P<0.038): @ GLU » & ¥ 1
3% % @ A = (p<0.01)+ & # % & # 1 e % 120 & 4 » GLU+AA
e glycerol k B & ¥ W3 % F # 2 (P<0.014) > » GLU =
BF oM % g A e (p<0.003) & % = w & 3@ & (& 0 GLU+AA
koo glycerol )k & B ¥ Kt % g & & (P<0.034)

m GLU %=
BO¥ M2t % A e (p<0.005) o H 4 & opr R OBL R 2 G M OF £
2
(= ) lactate~ NHj
L om o5 % ¢ b lactate B B 4o Bl L & o % % B o7 A ® R
i ¢ dh lactate s R ¥ j B ¥ LB -
FeR ;ﬁﬂﬁjNHsizrg]J-:"%%géﬁﬁ?.?ifé&mﬂ_ﬁjif’m

bl
2 :’E‘ ﬁ"' ~4 A

#/»pﬁﬁ*fﬁ‘ia“i °

z
. I

w
~ 3

creatine kinase ~ lactate dehydrogenase

L ®m B i & ¥ 1 ocreatine kinase & B <+ ~ 0 ¥ % B oot

e

B @i J Y ¢h creatine kinase (i E & 2§ B F 4 R o
L 2 B o & ¢ ¢ lactate dehydrogenase B + 4 » % % ¥ =+

=

¢ ® @ ¢ lactate dehydrogenase sn & ¥ X 7 % ¥ £ £ o
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S

4
b
-l
pit
-%‘7‘

AP T HET O AR wARERFHRMEEREH LKL
ROk Y s P A gk R W R B RT3 4 5§
FE B XM P MK 0 Mgy 0 e §
Wi FERLRT AR FREE

AR RERY R RS EILPEERR Y
2 Mmoo B4 F & (lvy,2004) & &~ 57 F 3 & & 4 v 4 48R
ApeHirwpgz2 @Rt EF  BIFHPMNYE ZDER > v i
Woh e e 5 X R AR L F R e
FF p R @ R DL o R R W E 2
oo B R ERH L A B4 o A A ghR R & i R
a2 Bk g ek s Fed 7 ¢BEFRAERKR
Eodofe o fs HE R AR

ALY BT R WA T RES S L sk R H
e 2 R E e e X A BT H LY £ k<
F: T s F I aEEFRE LY L xR4T RS
RS AEF R o NAFLHET M R e P ok
* & % 4o CHO-CHO &= 4p vv & » & £ R & B ¥ 3 8 > & -
B kdp i BAERE ) FRAYH Y - HF R 089 Bk
£ 4 +0.3g 9% ¥ (CHO-PRO) 2 -0.8g # 'k * & % ( CHO)
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