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T+ L-arginines 673 £3589 S o YA AL 5 A& A
ol WA= FEFs wEstaA At FEAIS F2 dF 309 E A
JF0 2 YFo EAF D (control group), L-arginine F o] F ¢ (L-arginine
treated group), L—NMMAEroﬂﬁ‘Er(NG—monomethyl—L—arginine treated
group) .2 FEeATh 67 &<k wWld o 9A]Y L-argininef o] ] &3}
L-NMMAFA Ao Al 77t @9 A5 (kg)d L-arginine< 10 mg/kg/day,
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= 8o AEgFoEH FEAEFAL T BV des dAFE F
ARt 2 JAA AP = A FIAF IHE HFoRE Atk 4
AA) Al Placebo’l 2 ¢} L-arginine(GNC co., USA)E F&3lo] A3 &2 o
2 WsE dFAse HESA AAAAE ANYstAt. L-arginine A3 Al 6
F Bk wd oA ALeE A AT 100 mgs 250 mle] & A AFHA
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Anas EAIA ZE ARt AFHSES Stk 2 A Al A
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1. &% 244 L-arginine 9973 L-NMMA Folat @ EA4+- Alo]d
EAA¢ §ox7F JER o, L-NMMA Fo3 EA Alold] =7 22l

4, v B2 ZFYzaA M EALE  L-arginine Fo7¥% L-NMMA Fo+ 2
SAT ARl FAIARJ] Foabvt A en, L-NMMA Fo7 3 Al Alo]
o BAAA FoA7t ER

5. W& NOE L-arginine 773 L-NMMA Foa 3 FAT Alelol
EAH o)At ddem, L-NMMA Fol3 Al Alolo] A%<

6. H]E- NOS+= L-arginine o]+ 3 L-NMMA Folot 2 Exa Abo]d
FAAA FAA7F Ao, L-NMMA Fo7 3 SAT Alolol FAA
o)A} 7} hEbRk

7. 7FA0 2 F 82 AL L-arginine 973 L-NMMA Foli 2 E4|++
Abolell BAIAQ Fox7F e, L-NMMA T3 FA4 Alolo] T
Al FolA7E Ve



8 7HAtn ZEl=mA FA AT L-arginine F97% L-NMMA ol
R FA Aol BAAR FolAvE ANew, L-NMMA Foli3t SAT
Atolell FEAA QL Fo] A7t vEsk

9. 7FA] & NO2 L-arginine o173 L-NMMA Folat 9 EAT+ Aol
FAA FA7F Ao, L-NMMA Fo3 SA= Alolol FA4< #
o) &}7F hEbRk

10. 7FAbu] & NOS+= L-arginine 93 L-NMMA ol 2 EA+ Al
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o 27F e

11. W59 A 7F2 L-arginine ¥l 3 L-NMMA Folo 2 EA4 7+ Alo]
of FAAS FolA7E AT

12. 2542 Placebo HHAEY 5 3045H 60%7+A L-arginine 43l
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T8 60&E7HA freletAl S ket T
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a2 917] wjE o]t (Chromiak, & Antonio 2002; Campbell et al, 2004).
NO+= AFs A 4234 & A (Nitric Oxide Synthase: NOS)ol e]3f 3HAd & ™
(Bredt et al., 1990), L-arginine®] Guanidino Nitrogen©®] 4F3}% o] wkE-of %]
=t olu] A4 9 NADPH (nicotinamide adenine dinucleotide phosphate)&
L-arginine¥} #o] 7|2 = 4ro} L-citrulline®] A4 ¥ tH(Fike et al., 2000;
Michel & Feron, 1997). NOS+= #A4le #3x3t= nNOS(neuronal NOS:
NOS 1)¢t cytokineol ojef =dsa Aol EA)sto] AlEZEA e o]
sl iNOS(inducible NOS; NOS )7} lom 3 oA xe] SH A S
=43t eNOS(endothelial NOS; NOS )7} At} o] ¢F o] NOSE A
g AdS 7H Al 79 oA H A (isoform) = T = = xSk AlX
of uwlg} A 7FA del2 vHRtHAlderton et al., 2001). <l1A]o] =7 Zoll A
nNOSE 249 2793 MEZA 9 X3 ctH(Frandsen et al, 1996).
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L-arginine ¥ NO Ao WslE 714 & 7FsAo] Aot AA
EpS

ATHWu & Morris, 1998). =3 NO+= <l&d3 534 o3 FF

5SS F7HA 71t 39 o (Kingwell et al, 2002, Balon & Nadler, 1997;
Etgen et al., 1997). ©]¢} Zo] L-arginine 43+ <%0 729 FFIAA HFH =
7Fet A S oA & (Balon & Nadler, 1994; Mohr et al., 1996), V| E &
=eote] 2Fe 2 2F dHAFE 248 (Reid, 1998) & H 25 23}
= ARREECl B Ake kR Yy olE 7 AA] ZItH(Schaefer et al, 2002). T3 &

%ol L-arginines =7} 718t 257k HHE HXT o2 FHA 251
2 FHEe /A SHAA EFAs ofds AT s tH(Trabelsi

& Lavoie, 1996; Colombani et al., 1999). wt&tA #7]7+e] L-arginine 433+

NO Aol @Astsh ol FFAL FHE FMINE AFEHE =R
of BATel FFAs HAC FLF 2EAZ 48T 5 A4S Zloln, $HA
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1) L-arginine
Arginine> &Aooz A7ke] S fgh dgoln|=Atolth, FH o 4§

Aol A A, QA e 93 T2 F2 okY k. L-arginine
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creatine®] A& S 93 formamidine donor ¥4k ol A EW AT

Bapel Agdae] ATA 4L SR
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) 2F3}d 2 (Nitric oxide; NO)
@] E@ oz RAVE VA= EXAS BAEA, W AEZEE 34
Hol @S o)A 7= AHE ARttty AFstA A= L-arginine, A4
2>, NADPH, 23 t& <JAAr=zH8 &4 NOSol olsir &4 Hrh
nNOS+ <A+ <A =1
SEY AxzHolA BAEHIL AABANAE 55 Asdd =dolth. =4
oA = tAatet 255 2E 5 AEYdHoR Fad 2HEHARE g4
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3) A3} A & A & A (Nitric oxide sythase; NOS)

NOSE WA 7]&<l L-arginineg ©°]&3 NOE AA3 NOSE=
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1) L-arginine? 3}3tdt$

Long-chain fatty acid

Glucose @ CoA Heme

@ Long-chain fatty acyl-CoA @

p-oxidation
Y ® Y \
Pyruvate——> Acetyl-CoA co
+ |

AMPPK ———— > (+)

PGCaa — 5 | ) nGMP-:@—I GTP

(+) CO, + H,0 {+)

NO

L-ﬁrginine% L-Citrulline

9 1. L-arginine® 3}84 wH-3-(Fu W] et al, 2006)

akel 71 of=YId BSo AdE fs AlAlE HWAY S,

(1)
(2)
3)
(4)
(5)

6) 3

(7)

aAN~ 32 gh
b2 AlERo}A
Febde] ol Zef

A4kt E 2 (HO)

yEEAY gdeaas

A opd sl o] (A ake] ukEAh) Ea
FEe ma



2. A3+ A 4 (Nitric Oxide)

1) 2314 & (Nitric Oxide)9] ¥E-$-
NO+ L-arginine 2F3}d 4 72 (L-arginine/nitric oxide pathway)& &3}
o] A3bA A A & A(nitric oxide synthase: NOS)7} L-arginineg 7|2 =& 4t
of dAHM, AetE WA Form AFHY AETS JtR2EeA AE ALo]
E AfrEA gikete] ol d = s ]

NOZF  EatAldlA dk o)kt N

4t
N
4

=2z oAxl Nz HAEEHe|t
=

% A A(signaling

il

=
T

il (

molecules) 2 #8353 AL guanylate cyclaseE &4 3}31e] cyclic guanosine
monophosphate(cGMP)E AJ4tst o = x Aol HEE MEE ol¢ Al7]7] o
o] tH(Rapoport et al., 1983). wetA NO AAte] Astyl Wy A|E #ofj= t}

P HIRARE 7H2 B LEFHLS AT FaF 227 @ 5 9

ot NO7F o M A o] 242l A} (endothelial derived relaxing factor: EDRF)
2 dyAHA NO9 dAFE 4l L-arginine o1& FAZ 3 e o
TES 18, 9, (HEH, 83 AGES, H 249 dE AqAF &Y

al
59 Asl A e WA 759 A 2ol wiel Ak NOE

=

42 cGMPE =S el dosiy AiHor AxY ZHEsEs
AA A e FELS o] ST (Segal, 1994).
w2k NOE o9 3I3sS =331 AFS a7 o 24 (Campbell
et al, 2004) HIAES] 754N E 243}t
717, NO9 A&l L-arginine AFHA7F A& % H3Ae 559 &

7te HAedE drEol AAEL v (Cheng &  Baldwin, 2001;

<=

Ceremuzynski & Herbaczynska, 1997; Craeger et al., 1992). =2 thA}el
A NO9 8 7le2 d#gdds 53 oux 7|29 33 HAHAE 7
A7l Aolth(Kobzik et al, 1994). NO+= <& 93t dF=F F7t
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(hyperaemia)oll &2 1| x|

=
Q
=
D
—t
=N
—_
©
o)
X
iy
]
K
[
hied
)
:Ol‘_ll
ofl
)
3

nEZEle] 5FS T I§ OAE AT Hasta o
(Reid, 1998). NO<¢] °]&3t 7]50o] ¢4 L-arginine T2 FFdAtn
AT 2Fas AAE SVIA AT wesE e Mde T8 4
T 9s 7 = Aot

=

2) AF3 A A (Nitric Oxide)d 0 ¥&-3 71 A

L

L-arginine
02

L-Citrulline
NO

%2, NO FHvf wh&

AA= NADPHO| 9&] 49 daigdde A¥=i FADY FMN
etk wbe REAE FO Aok 34 JA7MA APEH a2 A

AHE T Zo] L-arginine, A EEH, NO& AFAFZwnkgS 9jst 5740

N = 1. O

foi

A haem iron®} BH4¢ A3 #&S v} Axs= 33 Ca?t CaMe &4

=

S 28R de Sd8sh d9& S 5 EtH(Alderton et al, 2000).



A&V WY N5 S FAZGAYY WEAEA RuEE E
e = BEEoEA A So o8 Aol YFHW Lub HAH I, 24

(Insulin receptor; IR)°l F-z3 T Axd ol <d&ed F&A4 72
IRS-1(Insulin receptor substrate—1)ol &JaljA A EU ANZHZ7F #oJdty, A
I B 24 QARAEe IRS-19 A7|QIcbsts FXskal, 243t IRS-12
PI3-Kinase(phosphatidylinositol 3-kinase)®} #2 A& 74z dAsE T3
TS5 A)21 GLUT4(glucose transporter 4)7} A|E9o & o] % (translocation)
o] doju} AX Uz 25329 FF75 T/ 21 (Jessen & Goodyear, 2005;
Goodyear et al, 1995). E3gt IFSA FFIE FFHAY =HES A,

PKC(protein kinase C), AMPK(AMP activated protein kinase), NO(nitric
oxide)s U3 Q95 o] #oldth(Richter et al, 2001; Hayashi et al.,

1997; Etgen et al., 1997).

_12_



B Glmcose e
s " o0 * S paracrine
i Plasma
::'mmbme
Ant.omne
NO
Contraction
GULT4
Vesicles = = Calcium
0GLUT4 @ Glucose B Insalin T-tubule Sarcoplasmic reticulum
Y3 2ol Mg A& 4§
<5 5% AdEdE& GULT 49 ols& oF7] Alzlth. GULT 45 &+
F(vesicles)?] AEW 71¥9L WA FA S5 AdsdL @I

ro

Lo

GULT 45 373 24dS BFste ez Bl ded 32 GULT 4

Lo

ojlx& o&d 84 712 IRS-1(Insulin receptor substrate-1)¥}
PI3-Kinase(phosphatidylinositol 3-kinase)2} Rab42] #j x| A& FE 33k}
=2 PI3-Kinase®t AMPK(AMP activated protein kinase)E =9 WY

o 2 o]§3stal Rab4e]l AwiAE F2stA] Z+=rh(Hayashi et al., 1997).
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FEAFEY SEFYFAGY] P WAL 295N A, JPPH,

Egolduty] aela JstA o] x| HEA (Nutritional ergogenic aids) 2]
A 55 5 F Jduh.(Willams, 1998). &5 XF52 478 At g3k
Aol SHHEA 2 LEFdTYS P77 A% FHoR =AY
o o] =(ergogenic aids)ell w3k #HAlo] ZA FHEHIL Aot FETFHTEHY
TS FHoR AMEHE REEode ¢HlEr, vE AdAl, 74l 271,
oAl Fo] Jdom zmEEAdE A &g, d7d FE Fol Ut
(Willmore & Costill, 1995). o] &3t LR Z= H
BrilES 254 HHAE d9 B3y X AslE FUmF e

=
#HS 7 2 (Coyle, 1994), ©<rst= 3 Aol E¢d &He] A

l

%0{:5
olr

A gBrdsEel Gy

$o] = tt(Lambert, Hawley, Noakes. &
Dennis, 1996). 1A U B3 ©@F53slE2 o+ 832 AGEFS S7HA1A
(Ahlborg & Felig 1976) &5 & 53 3t glycogenolysis Hl &S & F
AE FAH AHS =A e (Vissing, Wallace, Scheurink, Galbo, &
Steffevs, 1989) A3 4oz FeTdsaE T7HAZL AT A H
FAZ g@53tE] a9 45 H Ao (Bergstrom & Hultman, 1996; Noble,
1986). o= AT F&A AU A ALY &3t AN GgstEo] F
o oouxder 95 A Woh(Felig & wahren, 1971). 1%
BCAA(Branched-chain amino acid)©= & @& EAst= 5 ofn| =4k
T °F 30%E TAste EEEA ARl Aol Ag A LA 4HEHE
of duAldor o]gH= HEAQ ofn| =4t ot}

L&A dETod BCAAS Eals ATs S7hHT, &EToA ]
T7he ¥4 BCAA w& #ZAAZIY 283 BCAAY 23 3 A==
T A= &5 AEFA o &gt (Kaspet & Snider, 1987). 53], BCAA

i

[
Lo
o

_14_



o] Abst&& F glycogeno] 1ZAE+= FEoA AIE FEloER FUHET
(Block & Buse, 1990). &%°] AlZt=H 509 2] olv=AtF glutamate
o] FXE HASA alanine FRE FUFske Ao 4#A QltH(Sahlin,
Katz, & Broberg, 1990). 17 %= &3 A AA 9 S A4 FAA
AIFHRAAS At MEW pHEEE AstA 7= o] Ho] 2 4
ol FEHHE TI/HA IAZE TN 7 S8 8do=w g
THSahlin, 1986). ©]#l & <1AIe] st @ 47 ol nlste] s=5 w
EA =7A sto] @x1E AEHATIA HedH ol & Aol AASteE HHo=®
A9 How gzl A7tk EF

Zbestthe A7 RaHa o g A 1 T vk

5. Ag¥aAT

A F7kA NO9 A1+E&E 2 L-arginine F9& FAZ 3 i Ad5L

NO7} Wy Al E£4 o] 22l AF(endothelial derived relaxing factor)® e %™ A

W sta sl wste]  #AsfAE A7t g EHATE Balon ¥
Nadler(1994)= FollAl 857t EHEY 55 AAIg A3 =424 NOS
712 g9l 819l aL, Roberts 5(1999)% EH =4 27 5 5 ] E 2o A
NOS7} =715+ AL #F st¥th. 18] 3 Silveira 5(2003)% Tidball =
(1998)2 oA A7 A& FAS Wl F4ZdA NO Aike] F7becha
Atk o9} o] Fol NOS #ES F7HA# NO Al WatsE 714



-

1

#7} g

3

o] Z7}= ™ (Maxwell et al,
85

&

B

J

A

o

J

A3 FHA
2001) 53] L-arginine®] #7143 7}

Aoz B=

[e)

AF S Z7MA 282 AlA(Cheng & Baldwin, 2001; Ceremuzynski et al.,

1997; Rector et al., 1996)%] aL

7 (Abel et al., 2005)

L-arginine

R

™

—
fite)

o

o

iy

<
o

p

A 3E

=

=

9l somatostatin 4|

2=

A o] th(Stephens et al,, 2004 ; Rottman et al., 2002; Higaki et al., 2001). =L

?] 31 L-arginine©] A%< A

g

R

+

ol

Nr
il
il

N
)

tH(Burtscher et al., 2005).

}

0]
pul

o] 2l o™ (Collier et al., 2006) <&

=

o] §l o™ (Brett et al, 1998; Quyyumi, 1998), 53

A

12y} L-arginine

AL
;OO

Jmu-o

oE
o

o)
MJ
_T
i

M
J-
ﬁo
!

o] L-arginine2
o] ¢l TH(Hickner et al, 1997). ©]¢} zFo] w@7|z7te] F91 %]

L-arginine 2]

-

1

o2 AAEI T A

A

g

Wﬁ
N+

A

vzl

3 w377l

)

= Z')‘Hl—

[}

AFES

-

1

7} L-arginine o7} 9 &e] gldth

L

A

T
A

el

=X

A3t Fo

2 FAEJY. wEkA L-arginineS

4o

?;51_

&

]

29 nNOS &d ¥ NO Aol WstE o

(e}

Al el A ARl

[e)
=5

J

3

tel A

2+ 5

pzs

I

R
o}
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B
)

—
fite)

il
el
;OO
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_16_



III. 4+ X

O+
%

1. a7A%

1) A¥FE

B o= Korea Institute of Toxicologyoll A #oFu-& 4F
g5 30vtelE e ® st A¥dsE ASAS AASAUY 2%, 55,
W Sol As Ao AT} 1Y AFHAAS AT EE Hol U=
AAE ZhFo] dds o SFS MAE &84 2Uds Adsdn. 4F
FTEX F 3 E M a2FoE o FA1- E(Control group: CON) 10
ulg], L-arginine %o I (L-arginine treated group; LAG) 107},
L-NMMA % ¢ & vH(N“~Monomethyl-L-arginine treated group; LNG)) 107} ]
2 FEete] 6577 ARt AdEEY] 2R 15 A A dig 49

AAE <ad 4> 2

CON ,_;-Lk EH——

y

6 weeks control (N=10) Swimming time test (N=5) Blood, musde analysis (N=3)
e | B A (—
6 weeks L-amginine treat (N—=10) Swimming time test (N=3) Blood, musde analysis (N=3)

= ——

LNG d‘hﬁ

’

6 weeks L-NMMAfreat (N=10) Swimmingtime test (N=5) Blood, muscle analysis(N=5)
a9 4. APEEe Eae 2 AR 92 Ag A

_17_




2) AAALE

WA K deta@w)s HameEg)el A8 39 8+
9% e T Stk olEe 2F A 6719 oluel JYnEFol} ofEe
g Hol 9n AUt FESAT NAA AAY 54 F 13

X 1. Physical characteristics of subjects

Year(y) 17.7£1.6

Body height(cm) 171.9+6.2
Body weight(kg) 72.8£6.7
V0,max(ml/kg/min) 44.7+6.5
Career(y) 4.6x1.2

Values are mean+SD
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2. 4¥AA & 4A

N AT E

oA B AFolA SAIES A Wi AR A SEEE FE9
A &3k}t L-arginine oo W& &35 #4317] 93 L-arginine
A vfd 2 9o S AT (kg)d 10 mge] L-arginineg 774 Wl Fo
&9, L-NMMAFAHGE vd o3 9A o @9AF(kg)d 5 mg9
L-NMMAS 774 W Fol&sin

d
s
of

—_

(1) L-arginine & L-NMMA %9

B Ao AgE L-arginine (Sigma, U.S.A)& NO9 AA| 24 ARE 5,
L-NMMA (Calbiochem, U.S.A)& NOS9| A4 = AF&= ATt BA+] 74
S B Ay H7kx AGAolE AAE Fo IF(L-arginine 9,
L-NMME%¢])2 Et(oral zonde needle)E AF83to] 7 U] FoJstch =

£ %ol o 94 13 A% WHow dAstgith

2 AFoAeE 7Y IJHAANA & Fol(Placebo)®t L-arginine(GNC co.,

USA) Foj&2 F83 3 o] F B4 657 HZ4o = Uk X835l FoJ&E32

R0
N
M
>
rlr
o,
of\
=
o,
-3
lo,
rot
4
2
do
]
ofl
iR
o

k)
oo

3ttt L-arginine %<
A2ALeE B AFDd 100mgS 250mle] &2 A AdF

A st & FoJAddo = L-arginine Fo] A3} 22 &2 Eo 2F7v]

>
(@]
N
off
r o
£
flis4
O
-
X
>,
>
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3. 4¥da % 24UH

1) ddFE

—

0

it
J_.mo
_2—_|

%

bol Ao %

17 98

23

s

I =

?;51_

A ol A L-arginine ool o

=

a1, B]&E-<t(gastrocnemius

8%

fite)

]_

muscle) ¥} 7FA| v (soleus muscle)olA =2 ZA(Glycogen), =& &
(Glycogen Synthase; GS), 2F3}2 2 (Nitric Oxide; NO) 18] 32 4+3}

Z~(Nitric Oxide Synthase ; NOS)&&-S 4519tk

il
il

|

Uz

ToR

Al

ol

FRE

o & 30CT= FAstd e,

i

™

¥

fite)

olo

el

B

G+
7o
L

AR

2l

7F2 180cm, A2 70cm, =°] 80cm, =7]¢

TEo] FHAA bigo =z Thgkgkel 102 o|uldd TA] FHOE W =X

fol w7 o] A

7 (exhaustion) 2. & A3

=
=

(3 FAAA L ¥ 24

1]

1 e s

[e)
32
Riu

Al 4TelA 3,000 rpme 2 207t

o =
= T

ol
ol

tgom, A4 @

)

= 200

of A

A7rekadth. Ab7t

200 wt A

=
=

o A

=

=
T
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W A A7 g8, ¥ 1 insulin(DPC, US.A)E 1.0 ml A oAl H7lsta 2
=(24C)o A 20~ E<F vl S & aspiration AT o] gt o] FT=H
HA HW, FHo e =S s8] Y8l il v—counter(COBRA 5010 II Quantum

USAZE olgsle] A=k A&y, &5 32 Hitachi 747(Hitachi, Japan)<

APEEY AL 6509 AHAIFTE T AMHSATE ol EollEl E(ethyl
ether)& ©]-&sto] mtHAAA oW mHE HIATES LEE s H&E
<3 hAn S AEE 3 5 AEY 3 23S d3dELs B7I(MVEAL
USA) Ho] 5% YesAA B4 A71A Y5 (Reveorl, USA) ¥

-80C e 2 B3, Glycogen, GS, NO 1#]3 NOSE #4359t}

ol HEIy spuZomRY dwMds FE5H7] fls 22
20mM Tris—HCI pH 8.0 1% NP-40, 150mM EDTA, 10% glycerol, 0.1% 3
~mercapt oethanol, 0.5mM DTTE Y1 3t 2 & 4TelA] 12,000 g
2 163 AR st AT el @l Hs Hslal o] % BradfordH & ©] &3
spectrophotome- ter(SpectraMAX M2, Molecular Device Co., USA)E o] &35} ¢]
ol A S A slsioin], vhifEe] 7|95 sodium dodecyl sulfate polyacrylamid
gel electropho-resis(SDS-PAGE)E Ald¥elsith ©do)] sample buffer(0.125M
Tris pH 6.8 2% SDS, 25% glycerol, bromphenol blue, 2-mercaptoethanol) & 49

o] 100ColA 2 & & sample buffero] < w2 (40 pg)S 12%9 15%9)

gradient gelollAl 7|95 stAh. H7]95 A minigel A7195=(SE 600
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Hofer Sci. Ins. USA)E ARSI, 90VE] S 7hste] 2A13F &<t A sgstAdrt
A719% & gelS Coomassie brilliant blue R-2502.% 1A]7FHsot AAA| 7|2 &<
AN (10% acetic acid & 10% methanol) 0.2 GAA|A A gof| A Thald Wi
Q15 t} Gelol EA3= whila FollA] NOSe} glycogen synthase 22
g HA02 Western blotHs Attt @A transfer 2] (Hoefer
Semiphor, Phanacia Bio., USA)E ©]&3}o] 120mAdlA 2413t &9 gele] Tuiz
S 045 9 polyvinylidene difluorid (PVDF)® (Millipore Co., USA)2
w4t o] PVDF9S dA&A|e v Sol4 Agts Adetr] ¢ eko
Tris buffer saline(TBS)ol 3% bovine serum albuming ¢ blocking
buffere]l %ol 1A17F Feb wkSAATLE of7]o] UxpEAQl NOS2F glycogen
synthase(Cell Signaling Techmology, USA)E 4Tl A 35w T W3 A
21 0.05% Tween20-TBS (TTBS)® 33] AlFstdth o] & o] XA <l
goat rabbit IgC cinjugated AP(Santa Cruz, USA)E 1:2,0000.2 3|4 3&lo] 1
A sk wrg A AT TTBSZE 23] A% % alkaline phosphates & <4(0.1
M Tris, 0.1 M NaCl, 0.01 M MgCI2)°ll Al&star o]7]e] NBT<} BCIPE %

AN AT B3 5A FAolA NOS9F Glycogen Synthased] tixadoz 3

S AA S FZA S olE vA] Z 2 F A A (proglycogen :
PG) ¥ w3222 F A (macroglycogen: MG) .2 o] Aakslo] 43530}
WsE 10-12mge S5 Zo 200409 34 24H(perchloric acid @ PCA,

SM)E #H7bete] 2043 de9olAl PCA& Aol &A1zl = 3000rpmell A

—_

et
il
=2
—
Z,
lo,
T
@)
—
o
i)
N
)
o
o
©
0
@)
)
N
=
Q
—t
D
H
o
=4
=
=2
>,
N}
2
F—.~
=
o
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(incubatiom) Al AT 1 % R A& 2M ‘38 A M A (Trisbase) = %/ 8}
Al71a 5o 84 3 & 3000rpmol A 1023 YA st TA] S A S
2agk 5 2333 % A (spectrophotometer : Smart Spec 3000, Bio Red,
USAZ HFT B4S Fd9 A4 S9zde =gz Wazs
TEE FE fow YTk

NO¢l B4 Ag3% Kit(Nitrate/Nitrite Colorimetric Assay Kit Cayman
chemical) & AFE3}e] Griess Reagent [(1%6 sufanilic acid+5% H3PO4)+(0.1%26 naphthl
ethylene diamine dihydrochloride + Distilled waten)]Z o83l Hoz =Xsl9ick
nitrate reductaseE ©] &3] nitrateS nitrite2 FLAIZ T 540mm 2]
FHFEANA FAHFAY. NOx = nitrite(NO2) + nitrate(NO3)

2) JAALE

I HAEL L-arginine ¢ &35 #3587 93k 2 A5 dstz] A )

A A 25T =(60%, 80% HAdraAdH S Agst7] & A AN=

off
>
£
N
>
=
e
=2
=
X
>,
>
NN
S
>
o
=N
i)
el
X
It
2
o
i)
ftlo
o
U
fu
X
e
ol
ol
32
v
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IV. 87+23%

Ao 45 ded v2e<iE 2><ad 623 2o 8% ded s F

H
Aol A9 027£0.03 ng/ml, L-NMMA o]+ 0.19+0.02 ng/ml 1283
L-arginine 72 0.36£0.02 ng/mle® e} L-arginine o3}

L-NMMA ol Apolell FAHQ o 27k vhebyt
3 2. The effect of fed with L—arginine and L-NMMA
Item Group Number MeanxS.D F value
. Control 5 0.27+0.03*"
A L-NMMA 5 0.19%0.02" 12.7
L-arginine 5 0.36+0.02°

a-P<0.05 vs. Control group or b:/<0.05 between L-arginine and L-NMMA group.

0.50 _
a
0.40)
ab

— 0.301 1 b
E
(=]
£
= 0.20)
=
w
£

0.10

0.00

Control L—NMMA L—arginine

= A
a9 6. MEHYE EF eleil sk



FIAA FEECHE <Y 7> g dF
32.40+4.27 mg/dl, L-NMMA FoJ++2 106.20£4.25 mg/dl
8] L-arginine FoJ-2 157404491 mg/dle 2 e L-arginine 9

A4 FAA7 Ao,

ol
rlr
o
@
o
ox My
o

3 L-NMMA 5o+ 2 FA Ako]o
L-NMMA Folat3 FA Abole A4 927 e

3 3. The effect of fed with L—arginine and L-NMMA

Item Group Number Mean=S.D F value
Control 5 132.00+4.27°
Glucose L-NMMA 5 106.20+4.25° 32.57
(mg/dD) o )
L-arginine 5 157.40%+4.91%

a-P<0.05 vs. Control group or b:/<0.05 between L-arginine and L-NMMA group.

200
a
b
150 |
I Cc
G
S 100 |
E
©
wn
o]
S
& 50 |
0
Control L—NMMA L—arginine



Aed w52 23 AZFE<E 4>, <19 8>3 g vEE 24

$ 9.03+0.35 mg/g, L-NMMA S 6.62+0.61

mg/g 183 L-arginine FJ21361+0.75 mg/go & YEY} L-arginine

Fol 7 L-NMMA T 2 FA7 Abolol FA AN fFolak7k o,
L-NMMA Fofta} gAlit Abolol F A2l w2 2k7F yEst

K

A AFFES SALY A

3 4. The effect of fed with L—arginine and L-NMMA

Item Group Number MeanS.D F value
Cast , Control 5 9.03+0.35"
astrocnemius c
alycogen L-NMMA 5 6.6240.61 3551
(mg/g) L-arginine 5 13.61+0.75"

a-P<0.05 vs. Control group or b:/<0.05 between L-arginine and L-NMMA group.

16.0 a
14.0
12.0 }
:_;, b
o
10.0
\_Ea T C
2
S 8.0}
Q
S
= 6.0 |
w
=
£ 40 }
(1]
5
<] 2.0 }
B
o 0.0
Control L-NMMA L—arginine
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Jebd vE2 Syl RS TS 5>, <a¥ 9> g v &2
=2 FdEA FEL AT A$ 100.00£0.00%, L-NMMA 7o -
129.00+3.70% = Y€l  L-arginine
T3 L-NMMA Foiit 2 FAd Abolo]l SAHA F2A7t ddon,
L-NMMA Foli3 SAlx Atolel SA Q1 27k vyt

90.00+3.89% 1¥] 3 L-arginine

4
2
2y
rlo

3 5. The effect of fed with L-arginine and L-NMMA

Item Group Number MeanS.D F value
G . Control 5 100.0040.00"
astrocnemius b
GS L-NMMA 5 90.00£3.89 42.74
(% of control) L-arginine 5 129.00+3.70°

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.

GS pron— -—— Gastrocnemius

Adin - I S S  Gastrocnemius
Control L-NMMA L-arginine

140 .

a
120 }
b b
100 }

Control L—NMMA L—arginine

2]
(=]

[*2]
o

s
o

N
o

Gastrochemius GS (% of control)

=}

a9 o Al mEe Fead gAEs T



Aebd vE 2 NO ZAHL&<HE 6>, <2¥ 10>3 2ok HEZ NO AL
AT A5 1.00£0.00, L-NMMA Fof& 0.69+0.05 183l L-arginine 7
22214027 22 Yelh}  L-arginine 973 L-NMMA Foo 9 FAL
Atolell EAAQ F A7t AR oem, L-NMMA Folit3t SA4w- Alo]o] 7
Al Fol A7 Ve

==

3 6. The effect of fed with L—arginine and L-NMMA

Item Group Number MeanxS.D F value
Control 5 1.00£0.00°
Gastrocnemius NO L-NMMA 5 0.69+0.05" 26.23

(arbutrary unit)
L-arginine 5 2.21+0.27%

a-P<0.05 vs. Control group or b:/<0.05 between L-arginine and L-NMMA group.

3.00 ¢
2.50 |
2.00 |
1.50 }

1.00} b

0.50

Gastrocnemius NO (arbutary unit)

0.00
Control L-NMMA L—arginine

9 100 e v E AkshE A

A

3.

il (
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6. ¥l &< NOS

A

v

R

ri
el

NOS W& o< 7> <29 11>¥ 2t} #EZ NOS 2y
S =AY

ol

- 100.00+£0.00%, L-NMMA T 84.20+42.35% 18|11
L-arginine %o "2123.80+4.93%% WEt} L-arginine ¥ w2 L-NMMA
Folx B FAlT Abolel SAAYA FoArE gigle™, L-NMMA o3}
SAL Abololl FAIAQ oA F WrERRE

3 7. The effect of fed with L—arginine and L-NMMA

Item Group Number Mean=S.D F value
. Control 5 100.00£0.00"
Gastrocnemius NOS L-NMMA 5 84.20+2.35¢ 39.9

(% of control) ’
L-arginine 5 123.80+4.93*

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.

NOS S esss—me gy Gastrocnemius

Actin S S W  Gastrocnemius
Control L-NMMA L-arginine

a
b
[
80
60
40
20

Control L-NMMA L—arginine

—_
o
[=]

s
N
o

—_
o]
o

o

Gastrocnemius NOS (% of control)

1 Aed w5 s ds ddas o

4
o
o
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7. 7FAA 2 28 =24
4
1:;],
29+

v

W ]

r
iy
©
m
Y

ARFFe<E 8>, <1F 12>9 k. 7pAu

il

K
=

AL FAT A$ 750+063 mg/g, L-NMMA Fola2
26 mg/g 183 L-arginine %ol 10.08£0.39 mg/g &= YEY
L-arginine o L-NMMA Folit 9 FAa- Alolo]l FAAA ol A7t
UANSH, L-NMMA Fofat3 FAl Abolel A1 %7t vebyt

N
o

3 8. The effect of fed with L-arginine and L-NMMA

Item Group Number MeanxS.D F value
Control 5 7.50+0.63"
Soleus glycogen L-NMMA 5 4.29+0.26 40.9
L-arginine 5 10.08+0.39

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.

12.0 . o
10.0 |

8.0 | I

6.0 | .
4.0 |

2.0 |

Soleus glycogne (mg/g)

0.0

Control L—-NMMA L—arginine
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8. 7MAu|Z S =4 gHEL

HAad 7o 2824 a4 Hd<E 9>, <a¥ 13>3 #u. 7}
Anl 22 FAAES FAS FATE] A 100.00+0.00%, L-NMMA
o] #+&  8640+2.11% L¥]al  L-arginine %o]w*213580+3.61%% e
L-arginine ¥+ 3 L-NMMA Tl % EA o Alolo] EA Al #2927}
Adom L-NMMA Fol#3 A4 Atolo] EAA e Fo 7t veEbyt

3 9. The effect of fed with L-arginine and L-NMMA

Item Group Number MeanS.D F value
Control 5 100.00£0.00°
Soleus GS ) 111.63
(% of control) L-NMMA 5 86.40+2.11°¢ .
L-arginine 5 135.80+3.61%

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.

Gs - . Soleus

Actin D T aay  Soleus

Control L-NMMA L-arginine

160 [ =

140
I b
] c

Control L-NMMA L—arginine
a3 13 gehd s Feaa gdEs wd

Soleus GS (% of control)
S & © & &

N
[=]

o
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9. 7}Au] 2 NO

A 7An & NO &4 2<3% 10>, <29 14>3 2o 71#bv) & NO &
e FATS 749 1.00+0.00, L-NMMA Fol-2 0.77£0.05 12|31 L-arginine
T2 1.80+0.23 o2 YEhY  L-arginine Fo73 L-NMMA T+ 2 %
| SAAQA FAx7F AR e, L-NMMA Folitzt FAl ARo]o

2
2
>

>

2

2

3t 10. The effect of fed with L—-arginine and L-NMMA

Item Group Number MeanS.D F value
Control 5 1.000.00°
Soleus NO L-NMMA 5 0.77+0.05" 19.6

(arbutrary unit) ]
L-arginine 5 1.894+0.23*

a-P<0.05 vs. Control group or b:/<0.05 between L-arginine and L-NMMA group.

I
o
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1.00 |

0.50 }

Soleus NO (arbutrary unit)
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10. 7FAA] 2 NOS

Akl 7abe| 2 NOS 2Hd <3 11>, <29 156>9F 2t} 7FAr & NOS
e 2 FAT e -5 100.00+0.00%, L-NMMA Foa-2 77.00+2.61% —1&|iL
L-arginine o 127.00£5.97% % WElY  L-arginine w3 L-NMMA

of Bl FAI Atelell FAAQ FeA7E Ao, L-NMMA Fofat FA

lE’_
F Abole] BAAQ frolA7} hehsk

3t 11. The effect of fed with L-arginine and L-NMMA

Item Group Number Mean=S.D F value
Control 5 100.00£0.00°
Soleus NOS L-NMMA 5 77.00+2.61¢ 1421

(% of control) ,
L-arginine 5 127.00+5.97%

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.

NOS - W W ..

Actin WD S s Solcus

Control L-NMMA L-arginine

140

a
[ b
I g
0 I

Control L -NMMA L—arginine
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(=] N
(= ] (=]
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(=]

Soleus NOS (% of control)
N o
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11. H szt

>

9 o5

S J7He<E 12>, <19 16> 2t} JQ59Ss A e

™
L
%
on  Hr
of

N
M
lo

$ 152.20£9.15 min, L-NMMA FoJ"2 126.00£15.8]1 min L&
L-arginine ¥+ 28580+2849 min®Z WEY L-arginine ¥+ 3
L-NMMA ol 8 gl Abolell EAH ] 227k Al

al

3t 12. The effect of fed with L-arginine and L-NMMA

Item Group Number MeanS.D F value
o Control 5 152.2049.15
SWlmgﬁ?ng) time L-NMMA 5 126.00+15.81° 19.24
L-arginine 5 285.80+28.49*

a-P<0.05 vs. Control group or b:F<0.05 between L-arginine and L-NMMA group.
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£
E
® b
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E 100}
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5 T ZEY W e <E 13>, <a9 17> 2. &% 3079 L-arginine
A3 A1 0.90+0.03, Placebo A#H Al 0.86£0.03 &2 YEIWLIL, & 4553 60+
o] L-arginine 4% & 0.89+0.03 ¥ 0.88+0.03 &= YE}O ™ Placebo HF
+ 0.86+£0.03 % 0.85+0.02 = YEY 5 302FH 60:=7FA L-arginine 4%
AN FoletA S7tE e dFS At

3 13. Changes of RQ during cycle ergometer exercise at 60% VO,max.

Group -120 0 15 30 45 60
Placebo 0.79£0.08 0.89£0.04 0.86£0.03 0.86£0.03 0.85+0.02
L-arginine 0.81£0.09  0.92+0.04  0.90+0.03  0.89+0.03°  0.88+0.03
*: P<0.05

—@— Placebo

1.00 F —&— L-arginine
095 F
& 090 f
= : S
|
L -
> 085 |
o
©
a 0.80 pF
8
T
075 I
0-70 A A I 1 ']
0 15 30 45 60 (min)
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$E F EFFIAL FEHIE <F 14>, <a9 18>3 k. % 1583 30%
o] L-arginine ¥ & 84.949.6 mg/dl ¥ 851488 mg/dl, Placebo A=
738436 mg/dl ¥ 777463 mg/d 12 YEIYoH, & 4533 603l
L-arginine A3+ 83.0¢6.6 mg/dl ¥ 82.9+7.6 mg/dl YEF
+ 788%56 mg/dl ¥ 789462 mg/dl = YEY T FFIE FEE
L-arginine 437} Placebo H# Rt} &% 15%FH 6074 FelstAl 57t

shi o,

M
.
)
o
@
o
s}
%,
i)

3% 14. Changes of glucose during cycle ergometer exercise at 60% VO0,max.

Group -120 0 15 30 45 60

Placebo 79.1+£3.2 80.7£9.9 73.8£3.6 77.7£6.3 78.8+5.6 78.9+6.2

L-arginine  81.4+7.2 84.2+7.6  84.9+9.6°  85.148.8  83.0£6.6  82.9+7.6

*: P<0.05
—@— Placebo
0 T —&— L-arginine
| 0/9/49_—_\9_0
= * *
=2 -
£ 80 *
b
g *
=
T 5
70 A L L 1L Il []
-120 0 15 30 45 60 (min)
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=& T AN FEWgE <i 15>, <29 19>9F Zrh % 1580
L-arginine A3 & 2.68+0.35 mmol/l, Placebo 3%+ 3.80+0.34 mmol/l1Z YE}
o, 4573 609 L-arginine d# & 2.01+0.25 mmol/l % 2.03+0.24
mmol/l & YEFY S ™ Placebo 43+ 2.8310.44 mmol/l1 2 2.87£0.53 mmol/l
2 Yel o] L-arginine 4% 7} Placebo 413 Hrt} FostA4 A5 A

3% 15. Changes of lactate during cycle ergometer exercise at 60% VO;max.

Group -120 0 15 30 45 60

Placebo 0.72£0.23 1.12+0.31 3.80+0.34 3.14+0.31 2.83£0.44  2.87%£0.53

L-arginine  0.84%+0.24 1.03+0.33  2.68+0.35 2.45x078 2.0140.25  2.03+0.24°

*: P<0.05

—@®— Placebo
40 1 —&— L-arginine

3.5

2.5 " * *
2.0
1.5

Lactate (mg/dl)

1.0

0.5

0.0
-120 0 15 30 45 60 (min)
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15. ¥F ¥ TAHAAY =93

o _
TE T SAAY =W

s

<E 16>, <29 20> Zo. % T
L-arginine 43319} Placebo AH+= & TA4AWe s=wsld = 474

Zhell Zpol 7F AT

3% 16. changes of triglyceride during cycle ergometer exercise at 60% VO,max.

Group -120 0 15 30 45 60

Placebo 86.5+38.9  105.0£44.8 123.1+52.9 122.0+52.5 118.9%£51.5 116.3%£51.9

L-arginine 95.8431.2 110.5£39.6 116.9+33.2 112.5+31.2 111.0£31.1 107.1£35.9

*: P<0.05

—@— Placebo
150 —— L-arginine

140 T
130 T
120 T
10 T

100 T

Triglyceride {mg/dl)

QT

80 I

70 5

-120 0 15 30 45 60 (min)
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16. +& T FE ALY =R

TE F FYUARA FERSE <A 17>, <29 21> 2ok &5 A2 30
ol L-arginine 3 & 105.8t49.0 uEq/1 % 619.0+289.7 uEq/l, Placebo 3%
+ 167.8+75.3 uEq/1 % 1176.3+329.1 uEq/1 = YElY F| A A 5o wWst
+ Placebo 43 Et} L-arginine 4 F 7} Rt} @& A o2 e

3% 17. Changes of free fatty acid, during cycle ergometer exercise at 60% VO0,max.

Group -120 0 15 30 45 60

Placebo 319.0£107.7 167.8£75.3 325.8+236.3 1176.3£329.1 1325.4+332.7 1510.8+373.7

L-arginine 304.4+430.6 105.8449.0° 188.1496.4 19.0+289.7° 996.94389.4 1159.9+316.7

*: P<0.05
—&— Placebo
2000 r —— L-arginine
1500}
-.:-
(=2
Ll
=
B 1000 F
©
5 *
8
8 s00 |
i *
0
-120 0 15 30 45 60 (min)
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17. €5 Z ¢d<«d W3
$F F d4d FLEWslE <F 18>, <19 22>3 #rh B AFAz oA

2l ¥ FEE L-arginine 43¢ Placebo A FH oA ot A9 SFA F715

= AP Byov BAROR Fo% Aol7t g Ao ek

3 18. Changes of insulin during cycle ergometer exercise at 60% VO,max.

Group -120 0 15 30 45 60

Placebo 15.4%1.9 29.3£17.4 19.3+£3.4 15.3£3.5 13.7£2.1 13.2+£2.2

L-arginine 26.0£3.0 31.2+16.6 26.0+£9.4 19.7£8.0 16.7£5.2 16.2£5.1

*: P<0.05
—4@— Placebo
0 —&— L-arginine
30 r
E
—~
>
= 20 T
£
=
=
10 |
0 i . . i . i
-120 0 15 30 45 60 (min)
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TE T BTV FEWHEE <F 19>, <29 23> 2y &5 1587 60F
of L-arginine A ¥+ 81.3t9.8 Pg/ml % 81.0+87 Pg/ml ,Placebo HFH+=
67.8+9.8 Pg/ml % 733%#101 Pg/ml = 4YElYoH SFIE FEE
L-arginine A3 7} Placebo HFHET & 15+ 600l FolstAl S71sksd
t}.

3% 19. Changes of glucagon during cycle ergometer exercise at 60% VO,max.

Group -120 0 15 30 45 60

Placebo 57.9%£12.7 66.8+10.1 67.8+9.8 73.0+£18.3 73.7+£13.7 73.3+10.1

L-arginine 70.3+10.8°  75.1%7.6 81.349.8" 79.248.3 80.4+7.3 81.0+8.7"

*: P<0.05
—#— Placebo
100 g —— L-arginine
T 80 F =t o -©
.g ®
Rt * ——0
c
o
§ *
= 60 I
<
A0 . L 2 . . ’
-120 0 15 30 45 60 (min)
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19. + A& A3t
FEAZAE <Y 24> AAlE wle} o] L-arginine A F 7F 72.8£5.7+%,

Placebo A% 7} 66.5+35% 22 UEY L-arginine A #7F I 6.3%F A= #
ot A S 7= AT

100¢

80F

60}

40 ¢

Exercise time(min)

20

Placebo L—-arginine
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NO¢ AFEZQl L-arginine F97F 575 &io a77t e

(Cheng & Baldwin, 2001; Ceremuzynski et al., 1997; Craeger et al.,, 1992)

ATEo] AAHIL At NOY F+L& L-arginined F+3 dH3 AHA
< 7HA 3 e, NO7F =4 At A T83% 7o ot 32 d33g

Fe T oAuA 1A ¥ FFE S7HAI71 L (Kobzik et al, 1994),
=5 ot FF Tk FFE v A 7] wiEolth(Lau et al, 1998). gk
L-arginine %o+ 2532 53579 934 S 94 s Balon &
Nadler, 1994; Mohr et al., 1996), W] EZ=glole] &
ZAva By 9k (Reid, 1998).

E[o{t

E[o{t

& 2P =5 YA

R4

kA NO9 olgfgh 7]so] 9914 L-arginine Fol= FddAttd =4
oo EF3A FFE /A AFBEEsYe M Fas A9E 4
< 7 A& Aolnh. Eg A Yol L-arginines £7F F7Fstd & F A <
FAA SFIHE FHE FSAAFHOEA FFoA SF3aE FFE FIHAA
THoA] FFAE ol§ES FAZE F AdH(Colombani et al, 1999;

Trabelsi & Lavoie, 1996). ©]¢} #o] L-arginine® #7]7F4d#H = NOS<e|
ds SdsAA NO Aol =

F Jdud FSsadEs SR % Al FAZANA AdEd o3 FFH
2 FFE 24y 5T ES /A7 B tH(Kingwell et

al,, 2002; Balon & Nadler, 1997). &% A &4 25322 F57F S8t

& & %% A AETOR GLUT4S o|%e] %7t f& 2



€5 3tH(Kingwell et al, 2002; McConell & Kingwell, 2006). ¥ < -of A

AAE ve 2ol dEd HEE L-NMMAF o] 714 A veryto

™, L-arginine FoddoNA  7H4 =4 dEhwt olds Ades
L-argininef ™7} NO &4 S 18k 712 o]9lof <l&d, ZFF7F29 EuE

o
N

=738 4 o (Bode-Boger et al, 1999), L-arginine%Fo]7} ¢t A &%
o Q&Y FEE 9 2 A ITHRFHYE A7 dASATHQuyyumi

1998). 3 L-NMMAFJ gl ded =7t 7HE 9 detd e z2X

o Mg Aol A= obAHA] FFoA] =A™ Atoltl. McConell %
(2006)> L-argininefFo Al A 44 +5A d&Ed FEd W3 glo] =4
o

29 FF 3~ A A S (clearance)o] =715 7]

Zenh =g Fol Aud FRas FRi dwdd Ans ge PP
HGth L-arginine %ol fde] 49 d&d =7t g =4 Erg] o
Lol €59 EFa2 AAE] Fobd =F3iAs F7F 9 e Ao

(Trabelsi & Lavoie, 1996) 2 A ol & 4 <t}

2 AT = L-NMMAFA o] 4§ v &I (gastrocnemius muscle)
I} 7}FA] "] (soleus muscle)oll A NOS<F NO7F 7H <okx, 28|24 A4
240 gAY 2YIA v M 9A UEEoER SEAEANTE

AEAT. wekA olg g Ai= NOZF 4ol 73 AHE =4

Lh)

ol
-

ro

290 4§ 5 dvk: AL AAET

==
= T8



o AFdAE NO9 AdEs wWEs 7] fsted NOdT =24
L-arginines 47|13 Fol3t A3 vl E 23 7FAbe] 2] NOS9 NO7F 7H%
=%t o]y 3§ 2= L-arginine 7o 7F NOS 24 & S7HA1 A NOA A ol
Was 7P YT A2 (Fu et al, 2005, Wu & Morris, 1998)9} < ] 3}
Ak F AFAAM EdE"R 5 F HEZA NOS7E S7tH = AS o
2z = A H(Roberts et al., 1999). L] Reiser 5(1997)& 357+ E7] &K
of A5 FAL o NOS 8] 5712 Busgion], £ oE AFA

AdA A7) A= FAS @l FATNA NO Aito] Tttty 3
3L(Silveira et al., 2003; Tidball et al., 1998), 83 EY =" &=
g A3 =4I NOS F7Hs &< stttk (Balon & Nadler; 1994).
) A= L-arginine Folvro = MaA oA AAlE Fol ©g NOS

24 Z7ksh BAY TS FAW S Atk wF BT g2
_/;\__
-

O

In

rr

-

Felmdl $EE A B4R $EASALE F7hE A4 L-arginine
o7t A4 $EFUS FPAIE Ao AY FYLFANS FhE
Fols gtk ofsh ol L-NMMAR o] 4 o}

=
AT VzARE ATd F Ads Aoth

WelAl L-argininee L-ornithine®} L-citrulline A-7A2 FE Ao
2 3t ¥ (Dhanakoti et al, 1990), 2214 L-arginines A#olA S5 o
7to 2 o]l F5 ¥, Be HIEo] urea cycleo] AEEHER Aty og Ho ko]
NO A4ke] 7142 Alg5 o] A4 Atk (Boger et al, 2004). o)<} 7o) Zlo| A
L-arginineS urea® W33l arginase® Aol =& AL 294
st
Poll et al., 2004), 4# ¥ L-arginine®] ¢ 63%7} o] =¥ = Aoz H

rob

a<l

L-arginine°o] Ao TEdxHE AL A

rr
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3% A tHBode-Boger et al., 1993). o]elgt &Aool A A7t Ao FAf F&
3l ool Aol A A E A THCastillo et al., 1993; Castillo et al., 1994) #A]
7he/dol AAbE M, o A Fol s
+ L-arginine2 ©3tE diAle 3442
AFNME EEAFAA 653 L-arginines AFHAA IS o AFA &5 A

Azl VA e delnad sk EELE

]

olr

7t %5 A WdA L-arginines H=

)
fru
£
ofo
]
N
X
olr
oX.
o
32,
v
o
2
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=2
Ars
R
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Do)

by
Mo
off
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dpx

o

+& 30EFE 6074 L-arginine A3 7F FeletA S7HH = A4S EAih
olg]dt A= B A dEd FEIF AFAEE e Aolvt gl AL 1
] 8t uw] L-arginine AF ] 23 NO =7}7} GLUT4 °o| &S 717 &5
o olix Aiks flel SFas o]&S TR OEA TFY] =

o8 AAHEY dF FF3I2 FEE L-arginine AFH7F & AHEY &5 156
Y 60E7HA el Al S7hstth ole§ A3+ L-arginine 437 2 F
b Ul S 33k (Gerich et al, 1974), FEA IS &5 Al FHl A SFF32
TEe S/MA EF5Y SFAE ol&S FEAE F Udtke A (Trabelsi
& Lavoie, 1996; Colombani et al, 1999) Wkl Aoz AzteEct B oA
= 5 15837 60%0l

)
o
qolow FRIA Pl FrHe] BF FRmAVL F7hE Ao AzE.

3
>
ki
yilf]
!
_\‘g
ri
off
ki

1

HAA sEE & AFAS L-arginine 439 45 L-arginine 837} & AR
A 2T 173 JA42E g4 o2 L-arginine 3 g= A% F
Abstel A Fek2 ee AAIEE W Lcitrullineo] #2l8HA S7tek9i L
(Schaefer et al., 2002), 243} L-citrulline AFelol 22 Aato] I+ AL &
Z ekt 183 Mills 5(1999)2 NO a4 JAAZE 2ibs S/t
stttk oy AfyATE T wf B Aol A sgbe] HAE AL
L-arginine o1& NO7} Z7lg 024 ald a4 o] A xo] vehd A= A
Zhe v, SAAGE Aol A&Hd wE e E ey AdS =R 5ol

7] hormone sensitive lipaseE A=3te] 7teo] TAAW Eu|E ZXgto =

111
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W Z7MEE eg dEA o B A Fof EF kel Aot ¢l
FE A FFo] SI/HE™E 59 citrate &7 T

7hE A, & e AR GAIZE s o d @A zte] A EtH(Essing et
al, 1980). ¥ AFoA FEAWA T & FoHY L-arginine Fo17F
2 + L-arginine Fo1= A|Ea7b Has ot

= AL sy, NO & &H(donor)7} Az22 3} A WA xe] AEss &

AN 7= FHEIZ e e a3 ¢kslA] 7] i(Gaudiot et al., 1998; Klatt et al.,

T
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ro
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HEZSUAHZ NO 7tae AHAZAAN S8AE $E5S FA8AHE o
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rlo
of\

& NO 77k AhelEebn Bulg oAstel & o] fYAMAEEsL ol

Aoz FFHAY L-arginine &9 #HE FXsla, d#sAe] 7)o

2

(]

F g AAEZ At Anderson et al, 1991; Caidahl et al, 1994;
Bode-Boger et al., 1999). L-arginine®] ¢l&d ¥H|E =23+ NO7Zl &4
stH o] cGMPE S7F A7l A3 NO9| d#t ojgkdgow B Ax7t dF
=53z gol =FHW NO9 B AlZEA=o] F71st7] wiEo] tH(Schmidt et

al., 1992; Bilski et al., 1995; Konturek et al., 1997). w}g}x & F=d] FF3
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ABSTRACT

The effects of L-arginine on energy metabolism and

exhaustion time during endurance exercise

Lee, Cheon Ho
Department of Physical Education
Graduate School

SungShin Women's University

The purpose of this study 1is to investigate whether L-arginine
administration for 6 weeks can affect the exhaustion time during endurance
exercise. Thirty of Sprague-Dawley rats were randomly divided into three
groups: the control group, L-arginine treated group and L-NMMA treated
group. Every day on 9 am during the six weeks period, we performed oral
administration on L-arginine treated group and L-NMMA treated group
by giving 10 mg/kg/day of L-arginine and 5 mg/kg/day of L-NMMA for
six weeks. Here, we found that L-arginine treated group showed
significant increase on concentration of insulin and glucose, whereas
L-NMMA treated group showed significant decrease on concentration of
insulin and glucose. L-arginine treated group glycogen, glycogen
synthase, NO, and nitric oxide synthase expression Iin both the
gastrocnemius muscle and soleus muscle; whereas L-NMMA treated
group showed significant decrease on glycogen, glycogen synthase, NO,

and nitric oxide synthase expression. The amount of exhaustion time was



ordered as follows: L-arginine treated group, Control group, and
L-NMMA treated group. Our results suggested that prolonged
administration of L-arginine increased the nitric oxide synthase
expression as well as production of NO that acts as a mediator on
glucose uptake in skeletal muscle. As shown in above results , we have
proven a significant increase in exhaustion time. To identify the effect of
L-arginine in human with exercise, we hypothesize whether L-arginine’s
prolonged administration can induce the alteration on the energy metabolism
and exhaustion time in fin swimming athletes. In two experiments designed
as a double-blind crossover test, nine subjects ingested 100mg/kg of
L-arginine or a placebo via tablets for 6 weeks and then participated in cycle
ergometer. They cycled at 60% V0O:max for one hour and then the exercise
intensity was gradually increased to 80% V0O.max until exhaustion. L—-arginine
not only significantly increased the respiratory quotient and glucose
concentration during one hour of exercise but also decreased lactate
concentration in blood which enlarged the exhaustion time by 6.3 min. The
administration of L-arginine did not cause any change in triglyceride
concentration, insulin concentration, but the glucagon concentration tended to
increase according to the duration of the exercise. These results suggested that
prolonged administration of L-arginine may increase the liver glucose output
and nitric oxide production, working as a mediator of glucose uptake in

skeletal muscle.
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