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Liu, Tsung-Han (2006). The effect of arginine supplementation on exercise performance

and nitric oxide. Unpublished master thesis, National Taiwan College of Physical

Education, Taiching.

Abstract

It has been shown that supplementation of arginine (Arg) may help to enhance
nitric oxide (NO) production. This may help to reduce exercise-induced blood lactate
and ammonia accumulation and to improve exercise performance. The purposes of
this research are to investigate the effects of short-term oral supplementation of arginine
on NO production, lacate and ammonia metabolism, and exercise performance in
athletes. Twelve elite male college judo athletes were randomly assigned to Arg group
(6 g/d for 3 d) or control group (placebo) in a crossover design. The subjects
underwent repeated high intensity anaerobic test (0.05 kp/kg BW, 20 sec all-out, 15 sec
rest, total 13 sets). The blood samples were collected before and after supplementation,
during excercise, and 0, 3, 6, 10, 30, and 60 min after the exercise test. Plasma
concentrations of NO, lactate, ammonia, amino acids, and citrulline (Cit) were
measured. The endothelium-dependent vasodilations (EDVD) were assessed with a
photoplethysmography. The results showed that plasma Arg concentration in Arg
group was significantly higher than the control group before and after the exercise test.
No significant difference was found between the groups in plasma concentrations of NO,
Cit, lactate, and ammonia. No significant difference was found between the groups in
EDVD. There was no significant difference in peak power, average power, and power
drop between the groups. This study suggested that short-term oral supplementation of
arginine in athletes could not increase NO production, therefore, EDVD, exercise

performance, and lactate and ammonia metabolism during exercise were not changed.
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( fluorescence) (Oguri, 2000) -
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gel electrophoresis » CGE )~ % & + 5 £ W ¢ k& {7

( electrokinetic capillary chromatography» EKC) % (Oguri,
2000)

2w AR
# b (ltraviolet » UV ) i 2 £ # * & 4 #h ¢ CE
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( Dns-Cl ## 24 i~ ) » 1 @ *T A& (limits of detection > LOD)
¥ i 0.01-0.03 10°'*M (Chou, et al., 1998) -

¥k Rl % L B BCE G AR A FE N h 2 s % G
#m % % (laser-induced fluorescence » LIF) & jp| /2 ¥ ¢ f?r%
F 0 2 3 % W Rl & AR o LIF 8 Bl % % L F A 5 & % %
A (FITC ##4 i+ )>LOD 7 i 2.1 x 10°''-6.3 x 107" M (Li,
et al., 2003) -

PN NE
ok

>E\-

¥2 B £ J= fiuclear magnetic resonance °* NMR ) i #& 37
Rl S Ao % @ s UV R & 2 2 P At g R B 2 NMR
= CE R B s &® §HhsrF+ 23 0 RFETAR LOD
% 10 ng (Smith, 1997) -

¥ # fonass spectroscopy » MS) # Rl ¥ & & B T
9 MS # CE 4 3 & £ » CE-MS % * ch £ % vfg ) A
(electrospray ionization» EST) - & 5 »x £l 2 § 49 & ( gas
phase) 4 3 > CE-ESIMS (CE-% *f JE #5 8t ¥ i ) # # % 1
v R ABKRER (A WAt ) LOD 5 3-20 uM
(Martin-Girardeau & Renou-Gonnord, 2000) -

T v & ¢lectrochemical » EC) f Bl 2 » i * 3% x I &

>\4_

A e AR B AT BRE A 4 CEd A 4T
R E kTR ERRERTAR (XL ) LOD
i# 10-400 nM (Zhou & Lunte, 1995) - CE-EC # #| b7 2 i+ 2

ﬁﬁ&

El

RIS i B O (angiotensin I1) > 4 %% pf LOD 500

14



nM> & ¥ T & % II o LOD B 5% 6 uM (Rose, Lunte, Carlson,
& Stobaugh, 2003) -

£ L mE R AA N ORAMRZ 7
CE A~ #pHiFs7 &8 2472 F A SCBESF LR
R 2R ¢ e A - peptides E F F 0 T 0¥ LB UL KR A AT

1 E o 3=

ip 0 > CE-ESIMS % #l 3 & & & > ¥ & i* # 0 20

e oy

A xR e f& (Martin-Girardeau & Renou-Gonnord, 2000) o

g

HeAr% 35 CEAfTPER= L REEp &>

B2 e EEHKRRREERRRE AR DEYITE S o Fd A

™ I

S A LA s A A A R or ok s deE s B N B B A

o =
ER
o
,

vk ®E o7 I CE A H = 4~ o CE A %42 B
* % 2-5 (Cortacero-Ramirez, Castro, Segura-Carretero,

Cruces-Blanco, & Fernandez-Gutierrez, 2003) -

CE & i & % (microchip) i ¥ £ & 5 & ¥ N £ w 3§
(5cm x 30 um x 10 pm) > #% puCE-EC & 2 » A 45 ¥ 3
# 20 mM phosphate (pH 7.5)> & ¥ ® 1.5 KV % f&p %2 »
R R OR R SRR s & o A~ AR F 5 onl LOD &
0.71-10 uM » (Lee & Chen, 2004) « i & % 7 @& 2 3 # 4 @ 22
G RE D F REE KA B AR AR % 2 (lab
onachip) # B » A kX &A@ ERBEL » ¥ p NP HFF
CRTANEEE T S I

B2 mF DA A BN P
FH oA G B EH o WSS
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gamma-aminobutyric acid ( GABA )~ 4 %% & ( glutamic acid) »
X % »ep: (asparticacid) Jk B e % » W F F b o B &P K
S o PEFEMRE T T B O N FE OB R o~ omo A BR
NN SR T <SRN Eﬁ;‘{‘gc‘ L N AN )T\_% N
CE & 17 # 4 %5 7 Ts s kAptk mF 0FLE
£ R HEEFRI AL E RO @ SR FRE T
BUOHERE L HE S P ot FEE S LR AR
A R me N Lk NI TS5 RS2 LR M CE

"E‘I#E’édﬁj"él?dlqg’?%g?’;}iw@/?q"’/z{’/w\‘*ﬁ—ﬁm)’é’]]\]\

[}
T

e F o e g 0 CE A B R Y R ST
Moy E 3 b s kv @Y CEArE® 2312 ¥ % ~ FH o2
IR I TR P IR I T
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% 3 & GriessF  RH#l- § ~§F & #F
NO ¢ # @ F L2 F 23L& pLhit* » 7R &4 F 5k
omeh FRE B R A el a F T e e
2 ) fF#®& E S i (Endemann & Schiffrin, 2004) o ##

|
Py

et & NO e % B4 > d = 48 3] 5% o0 NOS #1 &2 42 » % - 3
NOS o 4F g F F it » & ® | &N 4w ~ A5
M ® > % - Al NOS 4 1R A B v wm % \‘z%’é Mod 8 I~ F

e B o 2B ¥ LK F B2 ® Ui £ (Guevara, et al.,

NO X % # % 2-304 > 2% 8 > » b @ &2 5 ~ 35 p d
A2 B e § B RPFALE R kA E + % 3 o Griess
F A #% # NO & % * > 2 > o NADPH £ h fF & 4 > #
nitrate :® & = nitrite > ¥ B 540 nm = k & % v > F_ P i@
5 BB NOKRRII a2 2 2 e & gt p &5
BRAMA w2 AL R R e R Y ONO R AR ®
it v ¥ B (Guevara, et al., 1998) -

6 R ENO fhS v f Y F £ k3
oxyhemoglobin) v NO F J& & #& % = 3 4 o~ = %

methemoglobin)» BF £ B £ NO- f& gt 1 Bl 2 § & & &= % o

F oL RoR o2 fE o o iV F L R W OB R KRBT - AR F AT
B G R NO e e f Bl ® »F 7 4 % 23 (Ridnour, et

al., 2000) o
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FZ R P R2EaN R
F-o & BERR

W R HREFET 0 KRBT IRA O g R BB 4 F
oo 23 kI RIATHE S FEEXREERRE S
fs » FREMH =B ew v A e 3044 H i 604 48

A ts 90 A &~ A LS 120 A 4 v A Lt 150 4 &~ AT L 1
180 A~ 42 i if > & RHEEI ERAERE S £ pBp PR
# % > & % 3 EDTA & § ¢ > 3 4C 12 500g < 20 4 & -
n P/ACE MDQ CE 4 # ( Beckman, Fullerton, CA, USA)
Bl Arg B R Arg R R R R ¥ T L HREMEK LD E
LRI DI B

~=h
W
:\?{\\;
ke
o
1%
S
f=ic
=
&
o
-
|5
i
i

Bo& Rk 2L SRR AR R
¥z &8 FHRRP
FRESHE AR R E R TEE R
SRR TR 6g M Em A F A (RE D) AP 3 %
FHREB AR AR HORR S FEAH O - T ER R RS

-\

s » B 4 % wash-out#) » £ £ {7 T - [F v JRAF L o & JE
B2 % =2 % » B ks PRH*F X 2w SEFH

60 A s (s B FE R P EOFH PRI L REEMESE B B

18



¥ r & F &P F
FERE&ES > HRHEFTFF FY D R
% (894E, Monark, Varberg, Sweden) » § 4= 5= 0.05 kp/kg BW
(Inbar, Bar-Or, & Skinner, 1996) » X | Jﬁ 20 fp 2 4 B s
ISH &L (10 HL S5HF L ETH) I TF - Likf
9 X 54 KA 1A R ENEF 4EE 3

AOI8 o EH R P P AR R RERE G TN B F
TG R ek E BB P 2 kX #F s T b F s power
drop » 3 £ % - & f + » ¥ 82 T o F g ¥ &2 power

drop > 3+ & 2 X 4o 7

&rié—:/ﬁulg"an_:(ﬁﬂ_";éjf max_ﬁh_y‘jé':}f:’f;n1
/B FOF 1axx100%
T o F R A By o= (T B F — T L)

Sz mp o x . x100%
Power drop (%) s ne= (& % # F 5 ;= — B ] # Fiu,
w ) B B F 2 x100%

ool 2 B+ ¥ F T E decrement) & T 3B X
T+ '3 & (Edge, Bishop, Hill-Haas, Dawson, & Goodman, 2006)

> 3N 4 T total FOFE P OB FE 2 # F B L > max 7 &2 e

1,
o

N
"

B # F TR GE (%) =100— 8 % # F g/ (& < #

da
B
f<~)
>
X
e
£
~—
X
f—
S
S

Toahah F TR (%) =100— TS F o, (T 5
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I8 L RHEREE LN
BEEH SR ATFHMR A FPES T FTH Y v LT K

FH e T FH S 3 L AR 6 A s E RS 10 A s
Foh ot 30 A 48~ F B 15 60 A 42w ko0 T D LB AR
HFE &R HEER S AT EDTAfH & F ¢ > 2 2 a
BBl L kR B &L R 4C 1 500g B 20 4 & 0 I
%L]T%Mfﬁfalu_iﬁaébﬁr;~§ ~NO 2 & e A ek R - &
:%'F;@ﬁ%“&jﬁﬁﬁ%ﬁjﬁi?iﬁ°

P wp R AREE RRARER

CE A~ 47 @ & # ¢ A 4 % 34 100 uL & % + » 100 uL
acetone (Zunic, Jelic-Ivanovic, Colic, & Spasic, 2002) » # ¥
30 A 4B 15 0 ¥ 4°C 11 10000 rpm & 10 A & > B F R
AR S ER R L ch Pos o 4k & i "= (glutamine) Jk B
(Khan, Blaak, & Elia, 1991) - 24 & 9o F o x Jf: B~ 100 pL % »
screw-capped pyrex tube ¥ > 4c » 20 mM Borate (pH 10.0) 2z
200 uM Nor-leucine ( Nor-Leu) 50 pL » & 4c » 37 @ fe 9 2
5.5 mM fluorescein isothiocyanate ( FITC) /acetone 100 uL -
N F R MR RE R F I FL M FE B (Jin, Rodriguez, & Li,
1999)> Nor-leucine ¥ 5 p R 4& % &2 3 4 47 4 it s L B FITC

¥ARREMT R LD YR
e L pe AT A iC 18 > M C 2 10000 rpm B 10 A 4B (8
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220 mM Borate (pH 10.0)3% # 3 & ff 100 8 > = P/ACE
MDQ CE 4 4 ( Beckman, Fullerton, CA, USA) > CE ¥ # %
110 cm > p J2 50 pm > &k & L » FF 54 > B4 0.5 psic &
By ¥ W3 % 5 120 mM sodium borate (pH 9.2) 7 45 mM
a-cyclodextrin (Arlt, Brandt, & Kehr, 2001) > 4 & 7 B 25
kV > B B 25C » » 5 B @ 120 » 4 > 2 LIF ( laser-induced
fluorescence ) f /B » emmission ;&4 & 488 nm > exmission &
£ 525 nm- CE » 7 "= A % % % 4 B 3-2 > o Jﬁ‘ﬁ * % 3
Nor-Leu 4 B 3-3 > % Nor-Leu 4 B 3-4 > & Tf( LR & L
T ARG TR AW : M %p (arginine Arg) -~ v 'R
( leucine > Leu)~ B v M pt (iso-leucine > Ile) ~ ¥ = @

( valine » Val )~ # "= g = i ( glutamine > Gln) ~ 4 %= @

( glycine > Gly )~ p " @ (alanine > Ala) -

o2 R AR e P IR % SNor-Leu )k B 2 o ff & A 2
AN M E RS LRARER - 2F R e R bR
e T BER X U ER 0.5 1 B 28 }'%)‘iﬁi‘f#% LY
fc ¥ Nor-Leu i % ¢ & » A RIESE &k A L £ 3-1- & ¢
ok B R R ® 5 & blank B 100 uL % » screw-capped
pyrex tube ¥ > 4t » 20 mM Borate (pH 10.0)z 200 uM Nor-leu
50 pL » ¥ 4 » B B & i A B 5 ¥ Nor-leu Bk B 1.5
# 2 FITC/acetone 100 pL » " % B I 7o & %k & 74 w4 L &
Bets o2 CE A4 & e Ak B4 5 28 84 3-25 2 e 4 /&
2. R*2% 4 % 0.969 CE #% # # "= f£ 2. Inter-assay CV 5 5.20%
(8 B & ~ ) > Intra-assay CV 5 3.57% (8 B tk * )
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Fooom B R ARRER

% A 5 80 mM DAMO ( diacetyl monoxime » 1.62 g)
2 2.0 mM TSC (thiosemicarbazide » 36 mg) 4 » 200 mL
kooow kot 4°Co @ * 2 A2 1B Y -3 B LS 3MH PO,
200 mL % % 4 » 450 mL k¢ » ¥ @ FFE > £ 4 r» 6 M
H.SO4 330 mL % 2.0 mM NH4Fe(SO4), 12H,0 (750 mg) » #
r: F R f kB AED I TLeP 10 pLoa B4 » 990 pL
kAR R AR A 60 L 4 » 200 pL B R ADB R B(1:3
v/v) > % 3 screw-capped pyrex tube I 4 F - # £ F F K A
% > % 95C F & 15 A~ 4 (Knipp & Vasak, 2000) » 1
microplate spectrophotometer # # ( Benchmark Plus,
BIO-RAD, CA, USA) > & £ & 4 £ 540 nm > ¥ Bl B % & A ik
Be R 0 st g (d = o B R A MR 2 > RP=0.998)
¥ Bl N "= B 2. Inter-assay CV 5 5.95% (12 B #% &) -

NEE T T SNy

i f¢ g oo 0 % 3 ARl £ Randox, Co. Antrim,
United Kingdom ) » # ™ > p # 4 i & 47 & ¥#%& # ( Hitachi
7020, Ibaraki, Japan)» =% & & & £ 550 nm > ©* & F B R 2
Yo T

Lactate Oxidase
L-Lactate+ O, ® Pyruvate + H,0,

Perozidasze
H,0,+ H donor+ 4-aminoantipyrine' — ™Chromogen  +

2H,O
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I ‘T]{‘ P g o M F ¥ #F A B £ Kanto Chemical CO.,
Kanagawa, Japan)» & ™ > p & 4 v o 47 K & B > = X & &
£ 450 nm > i B F B R ® 4o T

MADS
NH3 + Deamido-NAD"+ ATP — ®*— — NADs— — > NAD"'+
AMP

GlucDH
NAD"+ Glucose » NADH+ 6 -glucolactone

+ L 55
WST-8+ NADH ™ NAD'+ Formazan

i i koo ff kG EGEDTAH & F Y 2 2 i
P 1495 uL & # 3 /K 4c » 2 mL eppendorf # » 4 » > & 5 ulL>
R OE R R R
xR AR H KR %k gk E 546 nm o

( Randox, Co. Antrim, United Kingdom ) -

2 . B e % NO ik &

NO £ % # ( half-life) 4 % = % > # 12 & P £ T h
* #H 4 nitrite ( NO, ) % nitrate ( NO3; ) iF 2 NO & % m:}ﬁ
oo AF F B i e Griess £ & (Guevara, et al., 1998) »
#] £  nitrite % nitrate B & o 7 %&£ #% 100 pL = J‘j% DS
screw-capped pyrex tube ® > 4c » 20 mM Tris (pH 7.6)% 80
UM NADPH 100 pL » # 4 » 50 mU nitrate i & f& 10 pL »
35C F & 3 /] PF > % nitrate B & = nitrites £ B # & 100 pL
¢ ~ 400 pL methanol : diethylether ( 3:1 v/v)»

otk

B IR &
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WEEFL 9 FF R R A4C ™ 10000rpm o 10 A 45
¢ » P~ G & 200 pL > 4 » 6.5 M HCI 50 uL 2 37.5 mM
sulphanilic acid 50 pL > " % & ~ & 10 » 48 8 » £ 4 » 50 pL
12.5 mM NED ( N-(l-naphtyl)ethylenediamine ) » *% 4°C # %
#FF O 30 A4 480 2 163 4°C 1 10000 rpm s 10 A 4 (5 o
B~ 300 puL ™ microplate spectrophotometer # B > = % & A &
540 nm> & B % % & nitrite & F ¢ AR K(J © ok R nitrite
Z 4o R®>=0.980) % # NO 2 Inter-assay CV % 8.18% (11
&) -

% 5 8 %%55—"—?]’\ R m % ¥ g R

# X iF & P #F > rphotoplethysmography ( Pulse Trace
PT1000, Micro Medical, Rochester, England) # & & ¢ # 3
FRE PN AL P » 5 o & g i &8 X A «w ~F & a
Ehofe 2 T ~FH G 3 L EEEF RS 6L E R 10 4
FH s 30 A 4B 60 4 42 X ;é% = B¢ % ( heart rate >
HR) % - & % 3 % - & % pF F ( peak to peak time » PPT)
AR GIETIE ( reflection index®» RI )~ A it in #i ( stiffness index

’

SI)» #* 45 % # *% # B ( digital volume pulse> DVP ) 4 § 3-5 -
$oo ok (o B ) AL PR RN L gy R 4
oo % o (FR ) L Fop A B RIT R DB R
A Al s R B W H Rk HOFE B gt
FOEM AR R R RS R % - %R R RS
(Chowienczyk, et al., 1999) -

&
*

SRR O S R R MRl
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A

B ot & @

2

AR EAARA AL P ERERART A kR
Bk R AR R A E 0 AR X E&EL RAEE S EARF
B oH A2 R O B R ARG o F Sy o ATy k2

AN

Bt (%) =% - k%3 R % - A% F ARXI00%
“dh# (m/sec) =X Rl F & F /% - %35 - L@

F
TR R R E T B Es R FE R BN R X
w5 o R R B TRE A 22 FH AR DR B
Hi > t B LA RPFRH <K 22 3 A e2F 2 4
» 1 & 48 & ¥, one-way ANOVA & #7 F - & FF &2 B 2.2 A
» 12 SPSS for Windows 10.0( SPSS Inc., Chicago, IL, USA)
¥ 0op B} 3 0.05 4R 5 B OF oo
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AR 1
T
\\'Q:E_
-l
pil
T\,

T
=k
R
b1 %
B

R RIS E LR T RA A ORRE R B
2owm E R B A B 4-1 B Low b o M s 2 PR BE Arg
B4 oo v A1 180 A BN DA AP 2 kR

¥
W

osEE K

A2 =g R E o FRLIE IRV RS2 E N
Foo B EE 20305 K 0 &g 1723 1.7 2 & > R
P E 7391827 0 X BAEWE 7421727 0 &
A AFHELL 4l F LY FELE AMH ARG R
Y A A AR A BE L e 3 b o W FERL L

¥ 5k P B R OE OB R oo

% -~ & % Arg- nitrite~ Cit %k &

LOREE OB MR e 2 & A e fArg kR R 4-2
Mo e g2 Al e § A R B L Arg kR A Y G
3004+ 1.6 ¢ M 308+23 pM> & 2@ & gk % L4
Hogp p B R RO ER A A e

B A WML R M YR A8 B R R D o iE
LR Arg B R P B E R YR LD o T B A L L PR

PlE B ¥ LR

PR H 60 A 4 ) APt o M R R B Y 2R 6
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A Arg kR Y OB OF B 4 > N FH 10 A SRR D E R D
Arg B B K B > 8 & 8 R 4L 60 4 4 Arg B B 2 3 3 4 L@ o
B A 2E & ¢ Arg kR + 2 1 32.9+1.8 pM>» & & (& =

=z
RARE A S

3
WE 5 30 A 4 A

%

Lo R RBEH ORR e A e iﬁlitriteii&)i&r@
4-3> R p e f X A et F & &4 W 2 B nitrite kA
sl A 2553 +£21.7 pM¥E 2593 +£26.9 uM:> A B F T &
BE¥ L3 2 ipRFgs e~agl¥x il

BOA eow g R R M L 8 R R BLE R B E A
™oE ok FLE o X A &E Y onitrite )k A 2 3 304.0 %

208 puM> # & & pFFE S 2T B R MF LR

g E BB 60 A 4 )
A& nitrite kR ¥ M F R 4 o M@ B (5 10 A KRR D E B
# onitrite kR KB o X B A LB H ¢ 2 B H o BB E R

nitrite )k B & ¥ ¥ £ £ -

LRER OB M oRM e BA e JCit R R B 440
A vom e CitkE R 5 33.5+£2.0 p Mo B F K
G B A e 38227 pM> H e r E RS BT R EL
go

ER I U R Y 3 NI O VUL RN i
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3 A E i 3044 Cit kR F RN 2T o & F A
w Eh P B RS 6B ER T E R A Am > H oA

BiFE R o Q0 A 4B ) Ap v o M MR EL e i B P B F R (SR
BB M E R F LR o % FAmER Y ER e T
Beots 3 A 42 s 6 A 0 Citih BRI G K OEFHR o
$05 30 A 4B MR D E B W 2 kR K E o

B oi R REERA
LR R R e X R

V¥
3.2 £0.3mM ¥ 2.9+ 0.2 mM>

r'

HoREE e B % Al e 5

ok Rk R Ae 455

B R R R A
L R E YA N E A

U

51

BB R o MR R PR OE R K

z

=L

ROk R o

’??'J.?E'_f""‘ff%ﬁﬁ

[

LOopE R BE M R R

MR e sk G e A R W R

XA e ch

‘p

7.6 ng/dL & 97.6 £ 6.3 y g/dL > &
A B o FH P FER O HIRR EZ ER H
g/dL o & & = 7 B 4 3
60 » 4 1 f 2 & W oL Bk F kAR -

281.2 £ 23.7

fi\i*}‘?ﬁi‘i«‘fﬁ%—

L opF R oBL M R

ws=

A R

NN

28

4

14.3 £ 1.0 mM » & & & ik 4

U D)

U

ES
=L

14.7 £ 1.3 mM -
60 ~ 4 {x 1k

kR A W L 89.8 «

=L

g/dL » & & & k&

271.8 £ 21.4 u

S oo W 4-7 0 M %



e w2 FA E Y R R LR o e s w5 542424
5]

bpm £ 56.9 £2.8 bpm > B R BB R ¥ LR o E

e

Bl t o MR e B K 4 3 106.8 £3.1 bpm e & F A &
A2 ® 3 112.9 £ 3.2 bpm > 3 {8 KL 60 A 48 0 M RER R

2o A Eos B oA B 5 65.3£2.6 bpm £ 64.6 £ 2.9

LR OB R O T M s F oML F oM
Bl 4-8 Hmp e A LN F R S LW F Sy A
HoZ 83.4+2.8 %% 80.9+2.9 % A 2R &k ¥ iR o oH
L L A

BAF A o MR R E RS2 T s F B[S 3 A 4
WhofS 6 A4 F My B F KA Lw o &

TR 3 Ak B 6 A B 10 A 4 E

| 4
\

CELEE RN S R

B BB ¥ R MOD 319233 % @85 3 A @S 6 A
Bt 10 A 4 B 5 30 A MY P OB FE K > @G

60 » 4 {x i 2 B & Mg ook Foo X BALFFR YRS

EPFERRENRR eSS @ e F oo d R Ay
R 49 FRRm e e E A R ¥ 4 R A A 4 A
B2 6.9+ 03m/s ¥ 6.7+04m/s> F e gk FLLE
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L

&
W
o
L 24

i

=

LS

g
=3

]

E-)

e

§

m&’g

Bl BB 3 A BB 64 B R 10 A 4

30~ 48R F B FALR

o~ R AR
e e s X g

4-10> p % 2 &= 4= > K

ok

F AT R g 1A

M L oFFEE B PR L B FF 4 B
X F K TP R CE M F 2-9 & k% o#
f

* 45 % 10 &2 B

i
/\‘
*
4a
(&Y

ko1 g

A I B R L WA % L e X H

La
S
L

Y 6.80 £ 0.81
W/kg ¥ 6.63 £ 0.60 W/kg » ## "t o0 & & 2 ¥ 8 g ¥ £

b

2o bk - FPREEN R 2E A2 b Foa lF

£ 2 -

R e X O LR E R R R T B F e E
4-11 > p % 2 &4 » T o X @ & % K > 5% 2-9 & T 3o
FHEIT A RE R I AsERLE % 10T F A g

BT B - PR RLH R e X W e 2

X 3ok 4w

Mok e A e LR ES P REL RS RYE
e B 4-120 F % 2 Ao Box B OF R F OB TP A A ¥ 2-9
Eh A FFRFEBS IR oL 1B R LB % 10 2K

¥4

1

ROF EE K N %I &KL AT B e S
et w( 11.46 + 3.47 %) ¥ % * % & 2(3.57
2.09%) & % B A 2 A

L

4

e
2
=+
-
o

I+

okt

P8 % 222 R ¥ EFER
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Fo- PR OB ORR e B A e 2

Mok p e 2t M e LR ER R T s F ¥ i

4o Bl 4-130 f 6 2mde s T F R F BT M A o B 29

=
T
*
L
h
[k

Brapk oS 1A KLE 102 T
FOR ¥ B F M 0 NEE X DB kL WA T B

e
e e B X AR 2 T R Y EalF LR o

W o2 % B R b FF B R 3 2power drop e F

4-14 > % 2 & & Pl T 5 power drop & & ¥ £ & - 35 4

YAl

22.44 + 4.16 %% 31.23 + 2.49 %2 B -

MR ek A e R PR R R R kB F TR
T F T B Ao B 4-150 fF RE e & F A A S
O A W 5 35.13 £ 4.54 %5 28.96+4.85% 5 n B R A
22 (P=0.115) Hrep ey 2 @& 2T Hms T % EAL

v

L028.57 £3.37 %% 27.99+£4.28 % A B v oE kg ¥ LB o
v :jft Leu~ Ile~ Val ~ GIn &k B
LR OB R e % B A e s feu ik B 0B 4-16

e B X M BT Y R S AT L Leu kA A Y S

88.9 £ 4.3 yM¥ 852+6.9 uM> » & F I akF il
Hop o pE R A W og % LR

g R W R A RE B R leu kR N F R K
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1075.7 3.4 MMsﬁ'ﬁerﬁ?F”«éﬂﬂfP%’%_ﬂ % @ Al

BOE R B 60 A Ab ) APV o MR w i B ¢ Leu b B A
v 2 80.9+4.0 Mo 3 EH & 10 4 48 R e ow ok
CMB s F Bt kL 60 4 48 Leu B B MY A A ow oo & R/ OH
# ¢ Leu ik 2 & ¥ + 24 1 91.9+4.6 uM~» & {5 3 4

s G M H b M @B 5 304 BT E R D kR

LR A ER R X B e fle kR o Bl 4-17
Hokp e gk Al 4 &4 AP L Hek B A Y G
516 2.4 puM¥# 53.5+4.6 pM> a 2B 1 @i ¥ LB
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AccQ 6-aminoquinolyl-N-hydroxysuccinimidyl (Chen, Wang, Chen, Qin,
carbamate & Li, 2000)

AEOC 2-(9-anthryl)ethyl chloroformate (Wan & Blomberg, 1996)

CBQCA 3-(4-carboxybenzoyl)-quinoline-2-carboxaldehyd (McLaren, Boulat, &

e Chen, 2002)
CFSE 5(6)-carboxyfluorescein N-succinimidyl ester (Molina & Silva, 2002)
CTSP 9-cyano-N,N,N'-triethyl-N'-(5-succinimidyloxyc (Oguri, 2000)

arbonylpentyl)-pyronin

DCC dicarbocyanine (Mank & Yeung, 1995)
DNFB 2,4-dinitrofluorobenzene (Shen, et al., 2002)
Dns-Cl1 dansyl chloride (Su, et al., 1998)

FITC fluorescein isothiocyanate (Li, et al., 2003)
Fluorescam fluorescamine (Zhan, Wang, & Li, 2000)
ine

FMOC 9-fluorenylmethyl chloroformate (Wan & Blomberg, 1996)
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NDA
NDTE

OPA
PITC

N-acetylcysteine
p-nitrophenol-2,5-dihydroxyphenylacetate
bis-tetrahydropyranyl ether
o-phthalaldehyde

Phenylisothiocyanate

(Sauvinet, et al., 2003)
(Rose, et al., 2003)

(Oguri, 2000)
(Komarova, Kamentsev,
Solomonova, &

Anufrieva, 2004)
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% 2-5 CE A 7 "% A2 b *
KAt AR A g R R LowoF o TR MR E W R %
=1 B ~ Lﬁ’%
(LengthxI.
D.)
~ R g FITC 15 mM borate (pH 57 cmx75 17.5 LIF 0.021-0. (Li, et al.,
FoAog @ 9.2) um KV 63 nM 2003)
% 4
oA 5 B NDA 75 mM borate (pH 25 KV LIF 3-15 nM (Sauvinet,
¥ 5 9.2)-70 mM SDS-10 et al.,
mM 2003)
hydroxypropyl-p-C
D
& 1+ % % DNFB 30 mM sodium 37 cmx75 28 KV DAD 2.5-7.9 (Shen, et
o B o tetraborate (pH um uM al., 2002)
W 9.8)-isopropanol-3

0% Brij 35
(825:150:25, v/v)
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b

azﬁgﬁg N

A BT 2

FITC

Dns-Cl1

Dns-Cl1

NBD-Py

peptide 4 NCS

B i

p-aminosalicylic 87 cmx75
acid-sodium um uv
carbonate (pH 10.2)
sodium borate-SDS, 20 KV LIF
sodium
borate-a-CD
0.02 M 57 cm x 7527 KV UV
borate/phosphate-0 um

.1 M SDS (pH 9.0):

methanol (9:1, v/v)

0.02 M 57 ecmx75 27 KV UV
borate/phosphate-0 pum

.1 M SDS (pH 9.0):

methanol (9:1, v/v)

25 mM acetate (pH LIF

4)-10 mM Triton
X-100

15 KV Indirect 1.93-20. (Zunic, et

08 uM al., 2002)
femto-m (Arlt, et
ol, al., 2001)
pico-mo

1

0.01-0.0 (Chou, et
3 pmole al., 1998)

0.01-0.0 (Su, et al.,
3 pmole 1998)

50 nM (Liu,
Schneider,

Sticha,
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Toyooka,
&
Sweedler,

1998)

“*DAD ! di-array detection ; LIF : laser-induced fluorescence ; UV ! ultraviolet
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% 3-1 H - " A B £ % 5 2 Nor-Leu #% # & B

v A Bt & ® JE & (pmol/L) Nor-Leu (pmol/L)

Arg 50 100 200 200
Leu 75 125 250 200
ILe 40 75 150 200
Val 125 250 450 200
Trp 40 75 150 200
Ala 250 450 900 200
Gln 200 400 800 200

Gly 125 250 500 200
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%2 3-2 CE# B '<AMERF¥E >N
e AR a b R?

Arg 1.018 -0.2077 0.9997
.9946
.9809

Leu 0.7912 -0.2763
Ile 0.8646 -0.2278
Val 0.9286 -0.2963 .9969
Ala 0.1963 0.0376 .9801
.9691

.9999

Gln 0.525 0.0959

0
0
0
Trp 0.5172 -0.0975 0.9782
0
0
Gly 2.146 -0.572 0

Amino acid # » / Nor-Leu # » =a x ( Amino acid )8 & / Nor-Leu jE & ) + b
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ko4-1 E S A AT AL

Mo BT # ¥ (yr) ¥ % (em) #F = e £ (kg) | 2 8 £ (kg)
1 22 172 79.0
2 20 172 79.7
3 22 180 74.2
4 18 169 74.3
5 22 179 74.0
6 21 170 75.3
7 19 171 79.3
8 18 166 68.3
9 20 174 72.9
10 21 160 60.1
11 23 176 82.9
12 18 179 66.6

T ¥eE + % #FF 203 £ 0.5 172.3 + 1.7 73.9 + 1.8
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Bl 3-2 £ wf T AL IRARERE S

AtroiE ¥ % % 120 mM Sodium borate (pH 9.2)7 45 mM a-cyclodextrin; & &

25kV; £ m F R AR 125C A~ R SHRI 0.5psic ™ =i p (1) FITC, (2)

Arg, (3) Nor-Leu, (4) Leu, (5) Ile, (6) Val, (7) Trp, (8) Ala, (9) Gln, (10) Cys, (11)

Gly
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FPPT SI=heicht/PPT

RI=b/a = 100%

B 3-5 * 4 F % # B (digital volume pulse > DVP)

PPT: peak to peak time; RI: reflection index; SI: stiffness index (Laucevicius,

Ryliskyte, Petrulioniene, Kovaite, & Misonis, 2004).
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xffl-ﬁ;s—(,-._
£ W g § # (Capillary Electrophoresis) [ Protocol]
4k & Buffer £ w g & DB E &R 120cm > 4 4 ¢ 100 cm
50 um I.D. rinse PF &F % 75 um & & > Pressure 20 psi> 100%
Methanol 20 min— 1M HCI 20 min— 2 3 + 'k 4 min— I M
NaOH 20 min— 2 3 + Kk 4 min— Rinse Buffer 20 min ; =
# f% > 50uM ID Capillary Activation+Run Buffer.met > %
90 min -
.47 4 it Buffer: pH 10.0 20mM Borate> 20 mM TetraBorate
( Na;B407- 10H,0 > FW-381.37) fc | 1000 mL—stir bar
#+#+ 5-7 min—»1M NaOH /j# =2 pH 10.0—-% & # 1 1000
mL—%2* 0.45 pum Millipore filter i& g » % -
.AA / pH 10.0 20mM TetraBorate : fc @ 10 mM AA stock
solution 10 mL—>4C # & —>f* 1 100 uM -
.Plasma 4 % ¢ % : Sample 100 uL + Acetone 100 pL— # %
30 min— # < 10000 rpm > 10 min—> 4 % F F & %
Eppendorf
.FITC-AA 4= 4 i+ ¢ FITC/acetone k B % AA & % % 1.5
%k R > plasma # 2 i 2 5.5 mM FITC/acetone -
1. AA -~ Plasma ~ Blank : 100 pL Sample+ 50 pL 200 pM
N-Leu/Borate+ 100 pL FITC— % F # % [§ & —>7ﬁi§r 12
100 & o
2. Spike: 100 pL Sample+ 50 pnL AA (3-5 2k B ) + 100
pL FITC—-% E ®# £ I & >4 100 & -
.Run Buffer : pH 9.2 45 mM a-cyclodextrin / 120 mM

SodiumBorate
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1. 120 mM SodiumBorate ( NaBO, - 4H,O0 » FW-137.90) -

2. 45 mM qa -cyclodextrin ( @ -CD » C34Hg0O35¢ °
FW-972.87) o

.CE sample : 3 < 10-15 min ( # & 14000 rpm ) % ¢ 5y &

Vial 100 ¢ L -

.CE *+ # ! Prewash.met; LIF 120 min(25 D 20 KV 488-525

nm).met > & 45 2-3 4 ¥ F L & ¥ 7T Buffer

ik A M PR 130 A4 5 o k- 4 A% P = £ > Run

Buffer 1 mL # B 1 £ sample °
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Citrulline Determination [ Protocol ]

MATERIALS AND METHODS:

L-Citrulline, 2,3-butanedione monoxime (diacetyl
monoxime, DAMO), thiosemicarbazide(TSC), 85% H3;POy4,
96-98% H,SO4, NH4Fe(SO4), " 12H,0,

1. Color developing reagent (COLDER): solution A+ solution
B(1:3) > It must always be freshly prepared and should be
stored at 4°C in the dark. After its preparation, it should
be used within 1 h.

2. Solution A: 80 mM DAMO( 1.62 g) + 2.0 mM TSC( 36 mg )
were dissolved in 200 ml of H20 and stored in the dark at
4°C. The solution should not be used when older than 1
month.

3. Solution B: 3 M H3PO4 (200 ml), were slowly added to 450
ml of H20 under gentle stirring. 6 M H,SO4 (330 ml of
96-98% H,S0O4), and 2.0 mM NH4Fe(SO4), " 12H,0 ( 750
mg ) was dissolved. Upon cooling to room temperature, a
final volume of 1 liter was carefully adjusted with H,O.

Calibration Curve : L-Cit(0-400 puM) 60 uL + COLDER 200
uL— Mix s 4 ¥ 95°C » 15min— 3 260 uL}+* # > 540 nm

4. L-Cit concentration of a stock solution (96 mM 10mL >
Fw-175.19 > 0.168g) was determined thropgh elemental
analysis of the H, C, and N content (Elementar Vario EL9).
The calibration curve was obtained using L-Cit

concentrations between 0, 100, 200, 300, 400 uM in a
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volume of 60 ul placed in the wells of a 96-well
polystyrene microtiter plate. All measurements were
performed in triplicate. Subsequently, 200 ul of COLDER
was added and a lid was used for plate closure. The
microtiter plate was then laid onto a preheat- ed aluminum
plate (5 mm width) fitting exactly into its bottom and
incubated in an oven at 95°C. To avoid sample evaporation
at 95°C, a preh eated glass plate was placed on top of the
microtiter plate. After 15-min incubation the microtiter
plate was removed from the oven and allowed to cool down
for 10 min at room temperature. Finally, within 20 min the
sample absorptions were measured in a microtiter plate
reader (HTS 7000 Plus, Perkin Elmer). A wavelength of
540.5 £+ 5 nm was used. T- his wavelength was created by
an interference absorption filter having a bell-shaped
transmission curve profile with a half width of 9.3 nm and
34.3% transmission (Perkin Elmer).

Standard Curve

0 uM 'k 60 pL

20 uM 100 uM 2 100 pL+ -k 400 pL

40 uM 100 uM 2 100 pL+ -k 150 pL

60 uM 100 uM 2 100 pL+ -k 67 pL

80 uM 100 uM 2 100 pL+ -k 25pL

100 uM 96 mM P~ 10 pL+ -k 950 pL— 10 & 4
200 uM 96 mM P 10 pL+ -k 470 uL— 10 % f ##
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Plasma B 10 pL+ -k 990 pL

From: Analytical Biochemistry 286, 257-264(2000).
Dio: 10.1006/abio.2000.4805, available online at

http://www.idealibrary. Com
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Griess Reaction # i nitric oxide [ Protocol ]
R R B L g A Ak E o B R 35C 5 NO3 reductase
S O R
.Sample :
1. 10 mM Nitrate ( NaNO3 > FW-84.99) fc @ 30 mL— ﬁr
# 100 u M—75~50~25 pu M 100 L & 2 4 o
2. plasma 100 g L & 2 % -
.NO3 2 " : NADPH/Tris » NO3 reductase ( 50 mU/sample
100uL ) -
1. NADPH/Tris
® pH7.6 20 mmol/L Tris ( NH,C ( CH,OH) ;-
FW-121.14)> 4 80 mL & & &+ -k » stir bar # ¥ 5-7
min > IM HCIl -~ NaOH /j = 2 pH7.6 > 4 3 # + -k
2 100 mL -
® NADPH ( final 80 g mol/L): 160 g mol/L NADPH
( Cy1H6N7NasO17P; > FW-833.4)> 0.3 mg/#g » *c
2.250 mL Tris » Mixer 8 & 35 3 o
2. NO3 reductase ( 50 mU/sample 100puL ) NO3 reductase
5 U/#L » 4t 4 3 3 ok 1000puL > & 100pL A % 3 0.6mL
Eppendorf o
3. NO3 ( Plasma) 100uL+ NADPH/Tris 100puL + NO3
reductase 10pL—35°C 3 | B*
.3 %9 % ( Deproteinization): plasma 5 & NO3 & & F J&
e fFd R0 FF R
1. 100 pL Plasma+ 400 pL Methanol:diethylether(3:1
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2.

viv)— I§ &

2 %9 FF R > #s 10000 rpm -~ 10 min~ 4°C -

NO2 % B @ # + @ %k o

1.

6.5M HCI 50pL+ 0.0375M Sulphanilic acid 50uL +

sample 200pL » ¥ % 10 min -

® 6.5M HCIl: 10M HCI ( ﬁrﬁ 65: 100) -

® (0.0375M Sulphanilic acid ( FW-173.19) > @ % 100
mL

0.0125M NED 50puL > # & 4C » # % 30 min— # <

10000 rpm ~ 10 min ~ 4°C -

® 0.0125 M NED ( C;2H{4N, - 2HCL » FW-259.18) >
fe @l 40 mL— % § # £ o

I

Plate + sample 300pL » 3 {7 |New Endpoint Protocol

540 nm ¥ B =% £ & (OD) -
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& T

A1 LopE R OBLM R e B & R e B Arg - nitrite ~ Cit Jk &
PR (min)
0 60 65 70 73 76 &0 100 130
Arg (pmol/L)
30.7 + 40.9 £+ 48.4 + 48.1 + 43.0 + 48.1 + 40.8 + 39.4 + 39.9 +
o e (1) *# #a # # #e # # #
1.5 2.8 3.3% 3.2% 2.3% 2.9% 3.2% 3.2% 3.1%*
30.7 £ 27.3 £ 32.9 + 33.3+ 30.9+ 29.9 + 31.1 + 30.7 + 30.0 +
% A = (10) )
2.0 1.1 1.8° 1.9° 1.7°¢ 1.7 1.5° 2.1 1.7
Nitrite (pmol/L)
255.3 242.3 292.5 253.3 258.6 294.4 225.0 222.6 220.8
o e (11)
+21.7 £21.9 £25.3" +21.7 +18.4 + 11.4" +13.0 + 13.5 + 15.8
259.3 270.5 304.0 273.7 265.0 295.7 244.6 230.8 245.2
% oA w2 (10)
+26.9 +25.6 +29.8" +16.6 + 12.5 +£19.1 + 18.0 + 18.3 + 23.2
Cit (pmol/L)
33.5 + 36.3 £+ 42.2 + 43.6 £+ 43.1 + 41.1 £+ 43.6 + 42.4 + 36.4 +
oo (11)
2.0% 2.5 2.8% 3.7" 3.4% 3.8 4.4 3.7" 2.6

105



38.2 & 35.8+ 46.7 + 45.2 + 40.7 + 454+ 43.8 + 39.8 + 38.6 =+
2.7 2.3 52" 4.8 2.77 4.6 6.6 2.8 3.5

FRSTEE + FREF MR AFRAKFFREOANSE SN RR S AT
w60 A 4 s BR ORI FEW 65 A ERY o LT TS ER ST T3

304 5 76 A4 s Bt 64 4 5 80 4 4 5 E R 104 4 5 100 4
4 5 @ Hfs 30 A 48 130 44 5 ERS 60 A4 FRERERS B G EFLE (P
<0.05); "Hrmpred & 0448 F HFLE (PSO0.05); "Hmped & 60r47] 4
¥ LB (P<0.05); "2 @Aw? & 024873 KHFLE (P0.05); ‘% FgHerd

60 » 48 3 ¥ ¥ £ %2 (P<0.05)-
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4
Ak 2 A PpE R B MR e s SFA e BI® kR

0 60 65 70 73 76 80 100 130

F* ;& (mmol/L)
3.2+ 2.6+ 12.5+ 14.7+ 13.7+ 13.5+ 11.2 + 6.3 +£ 3.5+

Mo e (1)
0.3 0.2 1.2 1.3 1.3 0.9 1.1 0.6 0.3
2.9+ 2.7+ 12,6+ 143+ 12.9+ 12.2+ 10.7+ 5.5+ 3.3 +

T R A &2 (10)
0.2 0.3 0.8 1.0 0.9 0.9 1.1 0.5 0.3

%2 (ug/dL)
89.8 + 87.7 £ 231.4 271.8 229.4 221.6 188.5 120.3 89.8 +
#om e (11)
7.6 9.6 +30.6 +21.4 +21.4 +17.8 +22.0 +15.9 9.9
97.6 + 96 + 238.2 281.2 223.1 208.0 178.2 100.9 81.7 +

6.3 7.3 + 18.8 +23.7 £12.3 £ 14.5 +18.4 + 7.5 7.6

=

Bos TEE £ FBEE () R F R A PR 0SS RR A X R

60 A 4 H EH R BET 65 A FERY w LT T0A 4 ER ST T3

Ash R ER 1 3 A 4 T6 A ER 64 8044 TR L0AE 1004
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4 5 F B (6 30 A& 48 0 130 4 48 5 F B2 60 & 48
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ng]-ﬁ-._"

A3 AR B RHRmRE® T EAEL PPN H B
PF R (min)
0 60 70 73 76 80 100 130
NS (bpm)
54.2 + 51.5+ 106.8+ 92.6 £+ 87.7+ 83.2+ 72.3 +£ 65.3 =+
Mo oe (12)
2.4 1.8 3.1 2.2 2.1 2.7 2.8 2.6
56.9 £+ 53.2+ 112.9 £ 92.1 £+ 88.1 £+ 84.6 £+ 75.2 £ 64.6 +
A e (12)
2.8 2.0 3.2 2.6 2.6 2.2 3.0 2.9
o g E (%)
‘ 83.4 £+ 84.2 +£ 31.9+ 41.2 + 43.4+ 48.2 + 60.1 + 69.2
7}5’ 82‘@; _.‘:E’_(12) #9 #9 #a q q
2.8 3.1 3.3 4.0 2.9 3.4 2.7 4.0
80.9 £ 85.6 £ 32.1 £ 40.9+ 46.0+ 49.3 £+ 60.0=+ 73.3 £
* /A :‘:,E’_(IZ) Tt i i i i
2.9 2.7 3.6 4.1° 4.4 3.8 3.6 4.9
A i dp Bk (m/s)
6.9 + 6.0 £ 7.5 £ 6.8 =+ 6.4 + 6.2 + 6.2 + 6.6 +
o e (12)
0.3 0.4 0.4 0.2 0.2 0.2 0.4 0.6
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6.7 £ 6.5 7.6 £ 6.4 + 6.3 + 6.2 + 6.3 + 8.6
0.4 0.5 0.2 0.2 0.2 0.2 0.2 1.7

=

i Taoi 4 ke (M)E R E R AE G BT R 0A MM

FBh R FED S T0 AL EFR W T3 A4 s ER 3 A 764
#

2
o
o
&
2
ETIS
AT
=
bo
A
i
-
¢

&

LAED 8 6 A b 80 4 4 5 F RS 10 A 4 5 100 A~ 48 5 F R 6 304 48 5 130 4

SRS 60 A& TH R e B 0A MG EELE (PS0.05); "Homp e

&

60 ~ 4 3 B ¥ £ 2 (P<0.05); " @& e & 0447 ¥ LE (P0.05); *%
BA e & 60 483 FLE (P0.05)-
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xffl- {[;3% A

A 4 M ER e S % B A b EH A R A L B %

~ T e &

F ~ power drop

RS

KN d

1 2 3 4 5 6 7

(W/kg)

6.80 4.85 4.49 4.28 4.24 4.14 4.16

WO g

2 (12)

0.81 0.28 0.22 0.19 0.20 0.19 O0.16

6.63 5.14 4.47 4.34 4.13 4.19 4.20

% § A

2 (12)

0.60 0.32 0.19 0.20 0.16 0.21 O0.11

T 3o oph F
(W/kg)

5.38 4.13 3.83 3.71 3.64 3.50 3.49

Wom g

®(12)

0.40 0.16 0.16 0.15 0.14 0.15 O0.11

10 11

4.00 4.34 5.63 4.25

0.10 0.20 0.58 0.24

4.23 4.42 4.99 4.38

0.15 0.20 0.27 0.11

3.44 3.55 4.52 3.57

0.09 0.10 0.26 0.14

12

4.16

0.19
4.06

0.20

3.43

0.09

4.

0
4

0.

3.

0.

14

.15
.20

19

54

12
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z g A

2 (12)

5.45 4.34 3.79 3.62 3.59 3.53 3.54 3.56 3.59 4.26 3.69 3.49 3.46
+ + + + +

+ + + + + + + +
0.35 0.16 0.12 0.14 0.14 0.14 0.14 0.15 0.18 0.22 0.14 0.18 0.13

Power

drop

(W/kg)

WO g

+ + + +
2 (12)

27.3925.1025.7325.1723.5726.0227.3926.3630.5929.6827.8231.0825.96
+ + +

+ + + + + +
5.56 3.95 3.24 3.00 2.97 2.98 3.93 2.78 3.54 5.70 4.06 4.68 4.43
27.5225.2426.0727.2822.4426.3127.4328.9631.2324.7430.7125.0528.58
+ + + + + + +

+ + + +
5.55 4.42 3.05 3.74 4.16 4.12 3.61

+ +
3.57 4.29 4.66 3.85 3.95 4.63
'

£ + £ +

+

11.4631.5035.4537.9838.6340.1839.3041.9436.9122.3139.6840.4440.92
£ (12) + +

+ £ + £ + +
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5.09 4.82 4.47

5.89 5.87 5.93 5.43 6.26 6.71

3.47%4.90% 5.86 5.91
3.57 21.7129.8131.5134.1933.9433.8533.0029.8123.3131.2435.9734.55
% § A

+ + + + + + +

2 (12)

+ + + + + +
2.09 4.54 5.73 6.23 6.23 5.96 5.37 5.93 6.57 5.12 5.39 5.87 4.96

i

I 153 #

(%)

3.16 22.8127.8430.3931.4634.2934.2035.1632.6416.3033.5035.6234.04
+ + + + + + + + + + + + +
4.03 4.89 4.53 4.45 4.55 4.48 3.91 4.88 4.72 3.53 3.58 2.95

1.71

1.63 19.3228.1731.5131.8833.2133.1032.6131.9021.2430.2834.2034.86
+ + + + + + + + + +
5.15 5.43 4.99 5.00 5.03 5.65 4.18 5.15 5.36 4.63

F3 EFLE (P<

+ + +

2 (12)
1.16 3.65 5.11
‘B

oaToE = FEF O (MERFE A R - EEkA
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i 4 4

A S HoRm e X BAlEE 6 A R 2 P X TR B T kT

ﬁ—k;%f;« .If:;]],'éf%\'

Mo oe (12) % B A e (12) #9ep e (12) % & # 2 (12)

TR E (%) 12.26 10.60 12.48 6.56
50.85 39.63 44.55 42.65
26.70 16.38 22.08 12.81
13.41 23.60 14.84 24.61
38.81 7.47 28.70 6.65
18.16 13.53 17.17 20.90
34.14 23.17 20.48 23.23
54.26 54.14 38.70 47.14
34.32 22.27 36.98 26.17
45.62 33.34 29.43 40.83
32.92 51.50 29.21 46.55
60.11 51.89 48.20 37.81

TR oE T EE (%) 35.13 £ 4.54 28.96 £ 4.85 28.57 £ 3.37 27.99 £ 4.28
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i L

&6 LR BN R X B A 2w ¥Lleu-~ Ile~ Val -~ Gln ik &
PR (min)
0 60 65 70 73 76 80 100 130
Leu (umol/L)
88.9 £+ 75.7 + 80.9 + 92.0 + 78.9 + 83.3 £ 77.2 + 78.7 £+ 68.5 +
Womp e (1)
4.3 3.47% 4.0" 7.7 5.6 4.5 4.2 5.8 5.0
85.2 £+ 74.8+ 91.9 + 94.5+ 91.5+ 86.5+ 82.7+ 77.8+ 70.1 +
% /A & (10) )
6.9 5.3 4.6° 4.7 6.9° 6.0 3.4 3.3 2.6
Ile (pmol/L)
51.6 £ 44.2 + 47.6 + 51.1 + 46.4 + 47.8 + 44.8 + 44.5 £+ 39.6 +
o e (11)
2.4 1.8" 1.5%*" 3.4 2.4 3.3 2.2 2.8 2.1
53.5+ 46.1 £+ 57.6 £+ 57.0 £+ 55.4 + 53.6 + 50.7 + 48.3 £ 43.8 +
X /A = (10) ) )
4.6 3.0 3.1° 2.6° 4.1° 2.9 2.0 1.9 1.8
Val (pmol/L)
117.0 £+ 100.7 105.0 114.5+ 90.8 + 104.0 100.0 103.5 89.9 +
o e (11)
7.4 + 4.9 +£5.0 14.1 7.4%% £ 10.2% £5.8 + 9.1 10.4
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112.1 +« 101.2 119.1 £ 124.7 127.1 103.7 105.1 105.5 90.9 +

AY

B A 2 (10) : T
7.5 +£7.0 10.0 + 10.8 + 11.8° 7.0 =3.2 +53 4.7

Gln (pmol/L)
382.9 366.2 398.0 421.8 359.7 321.9 340.6 372.7 330.7
A e g e (11)
+31.7 £22.3 +£34.0 +£57.5 +£42.8 £30.8 £21.1 + 42.4 + 43.0"
323.1 327.3 397.3 379.4 406.4 312.8 342.4 343.0 292.9

£ 17.6 £32.7 +£53.2 +45.8 £ 42.6° +£23.2 £27.6 £21.9 =+ 28.7

PR T EE £ FFF (n)i‘?iﬁ']ﬁfi-*\itiﬁ@%OQﬁéﬁfﬂiﬁiéﬁéﬁf?dﬁi
W60 44 G EH R FEW 65 A ERY v L T0AELERE T T3
34 76 A 4G E g #

B 15 6 4 48 5 80 4 4 5 E 2 10 4 4 5 100 &

i)
4 L i Bt 30 A 48 5 130 A 4 L iE B 1 60/»\@:*?&%@%&.&5@75 M¥ LR (P
<0.05);#%F§;’5'2ﬁi§.3§'_" #1054 B F LR (P<0.05); "Himpred & 6044 7 8
¥4 BF (P<0.05):; '"# @Al e & 0447 BEFLE (P0.05); "% @& w2 &

60 »~ & 7 B ¥ £ &2 (P<0.05)-
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