Journal of the Korean Applied Science and Technology
Vol. 36, No. 3. September, 2019. 942~953

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2019.36.3.942

L-arginine 37} 24 = &3 Z2 7o wE 71459

o &4 AE, Tz 24 9 F7Y Fel vAE ¥

REH" . Few? - ARt

(2019¢ 7€ 299 A4 20199 9€¥ 279 A 2019¢ 0¥ 28Y A=)

Effects of I-arginine supplementation with high—intensity training on muscle
damage and fatigue index and athletic performance in Canoe Athletes

Jung, Jong-Hwan!" - Kang, Eun-Bum? - Kim, Chang-Hwan?T

'Korea Canoe Federation
?Department of Health and Exercise Management, Daejeon University
(Received July 29, 2019, Revised September 27, 2019; Accepted September 28, 2019)

oF : B AFE L-arginine HF7F 14 E T3 2 0o 2 sRedge] & &4 A8, 02 &
4 2 ol PR FFE SRIst=t o] Atk olF fl&l ALF 7 o
2 2% W T2 RS Agsigon 1L TW ZRa@e 239 &
o] P44 F (Y, 4 B 19l F 58]0 §94 52 AASHH. 1A E
67 B} Foll AL 25+ FEHF(L-arginine or $19HE AAISHL th 25+ wash out, T12]11 mpx|g}
235 FEHF(L-arginine or $I9HE AAISHAH. BE AFHdAEC] L-arginine AF A @)<t fJoF
IFMERPHoR WAEE TAHEAAZ CAletdt. L-arginine oFF & 3go 2 AFstAct AES
&0l L-arginine Aol whg & &4 28, 9= 2|x7, 4ieES delstylon, oA zr]s 24
< §lo EMD, 1811 77 o2 nuHE &-gste] 7He 78S EA6HIH & A2 L-arginine 4
ol @2 Ammonia, IP, CK9] 49| AHFA Gyh= YehA] gtem, LDHO| 42 L-arginine
AHE sl PLA ZFHTE ARG IFol4 8 dasts Aoz yehdth L-arginine 45 ©E Total
NO, d-ROMs, BAP, 18|31 FMD9] 4k A2 {ofgt 2fol= Qe A o= Uyt upxeto
2 7P 2718 S EAs] Qlel AAIgE 500M 7HE ol2aiuE AatoA FAIZE AEE A, gt
£ ZAoA L-arginine®] 55352 Fdo AHAQ avte yehdA] edth shARE L-arginine
A=z Q&) & &4 AHE, 02 A E, P48, FMD, 12|13 7hF 478 $F0] AAREE HAFe et
weh whebA L-arginine 459 FA1AQ1 2558 T B2 axtol| oigh F714Ql A7t Hagh A
o5 Agztech

TAo] © ZlpF L-arginine, & £ &, HEZ 2F F7g

TCorresponding author
(E-mail: epckim@dju.kr)

- 942 -



Journal of the Korean Applied Science and Technology

Abstract : The objective of this study was to evaluate the effects of L—arginine supplementation on
muscle damage and fatigue indices and athletic performance improvement of canoe athletes after

conducting a high—intensity training program. To achieve the objective, this study applied a
high—intensity training program to seven high school canoe athletes. The high—intensity training

program is composed of aerobic exercise sessions (twice per week; Tuesday and Thursday), anaerobic

exercise sessions (three times per week; Monday, Wednesday, and Friday), and flexibility exercise
sessions (five times per week). During the 6 week high—intensity training program, drug ingestion

(L—arginine or placebo) was conducted in the first two weeks, wash out (two weeks) followed it, and
drug ingestion (L-arginine or placebo) was carried out again in the last two weeks. The crossover

design was used for the experiment so all study subjects were assigned to either the L—arginine intake
group (the treatment group) or the placebo group (the control group). Each subject ingested 3g per
day. This study confirmed the significant effects of L-arginine supplementation on muscle damage
indices, fatigue indices, and antioxidants using blood samples. Additionally, FMD was analyzed to

evaluate vascular endothelial cell functions and canoe performance was examined using the canoe
ergometer. The results of this study showed that L-arginine intake did not have direct effects on the
levels of ammonia, IP, and CK. The level of LDH decreased significantly more in the ARG group than
in the PLA group due to L-arginine supplementation. Moreover, L—arginine supplementation did not
change total NO, d-ROMs, BAP, and FMD significantly. Lastly, the results of the 500m canoe
ergometer, which was conducted to evaluate the canoe performance, revealed that L—arginine did not
have direct effects on total time, stroke distance, and mean velocity. However, L-arginine

supplementation significantly improved muscle damage indices, fatigue indices, antioxidants, FMD, and
canoe performance. Therefore, it is believed that additional studies are needed for examining the

potential effects of L—arginine supplementation athletic performance enhancement.
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L-arginine 4317} 3% 8 Z2I3) B 7Apded 2 &4 AE, uz 22 4 708 el is 9% 3

Table 1. General Characteristics of Subjects

Variable Canoe Athletes
Age(yr) 14.86+0.26
Height(cm) 169.83+1.94
Weight(kg) 68.74+3.58
YoFat 13.03+2.27
BMI(kg/m?) 23.83+1.15

Values are Mean=+SD.
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dog AAsH. A4 &9 Z=ad 4 A4 g Zeadle F 33(4, 4, B), 15
< Table 29} 2t} 9z #dMain) F52 S140] HIE FL
Tata T m2 e 32 afE5Y 34 8
24.1. /44 &9 TEE F5L o5 AeE 9% 12F5 4Laps©
44 T BRIYL F 28] ASF BAGH 2 PAstel AT AT FR0) 252
W ontEY FAE)oR sl A4F TA el uldl $5 oy Table 30 AAH vie} 2
2 2792 Skm(0Laps)E 400m EolA 1Lap o, 7t ZAW FEe MERAL ol Eaot
of 1&42%28] A7 Fojsf AAsta, 25 @4 dgEm g B F552 TYT S8 HA
& 1Lapoll 124 Zol¥A Z=E vt 183 StRew, Table 4o AAISHA. FAH1 A
ntEH AL FAZ 9.6kmE 400m EZHoA o2 1HA lap2 A2 19 Bench Pull A
24LapsE =Y &4 Lap2 1830%, &< Lapel S 291 Bench PressZ A2 HsPstAA z+zt
HE 184520 A7+ Rolslol Lap® WA} Al o 22 AX] F 320] §4] A7k 20 vt
7t ZE3 AASHET ol =dt fAtA 259 = 129 Up and Down with Rotations AA]7} &1t
+ FH&FA A¥s 547](Polar HI0 HR H 52 §A ARFE Zeth 281A) LapolAl+=
sensor, Finland)E ©]-§5t #[&2 0z A5k HAF=] 19, 2%, 49, 5, 7H 5FEE AA]
om  70~80% HRR(maximum heart rate stal, 3W9A Lapdt 4HA] Lap2 12F5 o AA
Table 2. Hign—intensity tgraining program
TE Monday Tuesday Wednesday Thursday Friday
. Flexibility Aerobic Flexibility Aerobic Flexibility
Morning .. .. .. .. .
Training Training Training Training Training
Anaerobic Flexibility Anaerobic Flexibility Anaerobic
Afternoon . .. - . .
Training Training Training Training Training
Table 3. Events of an anaerobic training program
Procedure Event Agonistic muscle Note
1 Bench Pull Latissmus muscle, Biceps muscle main
2 Bench Press Pectoralis major muscle, Triceps brachii muscle main
3 Sit Ups with Rotations Abdominal muscle sub
4 Chin Ups Latissmus muscle, Biceps muscle main
5 Dips Pectoralis major muscle, Triceps brachii muscle main
6 Back Extensions with Rotations Ups Erector spinae muscle sub
7 One Arm Pulls Latissmus muscle, Biceps muscle main
8 Clean and Jerk Trapezius muscle, Triceps brachii muscle sub
9 Squat to Jumps Femoral muscle, Erector spinae muscle sub
10 Left and Right Rotations ABS External oblique abdominal muscle sub
11 Pull Down Latissmus muscle, Biceps muscle sub
12 Up and Down with Rotations Triceps brachii muscle, sub

External oblique abdominal muscle
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Table 4. Repetition and training intensity of major events for each week

Variable 1 2 3 4 5 6

Number of main event repetitions (rp) 10 7 6 7 6 5
Training intensity(%) 70 90 100 90 80 80

Total amount of exercise (%) 100 80 80 90 100 100

Number of sub event repetitions: 3. Sit Ups with Rotations 25 times, 6. Back Extensions with Rotations
Ups 25 times, 8. Clean and Jerk 10 times, 9. Squat to Jumps 25 times, 10. Left and Right Rotations
ABS 20 times, 11. Pull Down 10 times, 12. Up and Down with Rotations 10 times

Table 5. Composition of gym—ball exercise program

Contents repeating (times)  Time(min)

warm up waist & pelvis stretching 10~15 5
Holding kicking the ball left and right twist 30
To cross the foot and pushup 30

main exercise Forward lean lower body left and right twist 30 30
Drawing circles down to the elbow 30
Lie on shoulder and twist left and right 30
Dipping on the ball 30

cool down waist & pelvis stretching 10~15 5

30-second break between each main event

Sklek. 123l ZF Lap with 2850] EUH 45
o] o]¢h}t FE-& gt HI(Alternative Jumps)E
40314 AAIsHATE

243. 7494 =&

A4 =S A8 AELXTS 5 53], 4024
AAst, FHA 2570 E A =(Rating  of
Perceived Exertion; RPE)E ©]83}e] RPE
11-159] 2 AAsteleHls]. HEes 121
2 Stanton S[16]o] AAIRE ZAIIAE} &5
Z|gog £ Hesto] 657t A5kt Table
501 AAE AAE 295 259 #3194
ZEE 99t 671] FFeR2 Aokt

2.5, FH=ol210|E ZHAt

o] Aol ARG FHe o2XmE= FHoFR
2(KAYAK PRO, 2012. USA) #H]o|H, 20044,
20084, 20129 SHAIZHE SollAl SRS
2 AESZ AZHTime), 78] (Distance), ~AEZ
4*(Stroke Number), &% AEZ(Stroke Rate),
2EZ mtQ(Watts), 29 #2l(m/s), 2E= 7]

(Stroke Length) &5 AL 4 Stk 2 A4
old= FhfEE HHIE o]gslA 500M time
trial& AA|SFATE

2.6, HELHIDMET|S HAL

YA 7]5 AAR= L-ARG AHl &
YA 2e] 75& &Istr] 918 AAIsHa
o}, hAFgA] elEol fIRe DE A A
o] eS|l Z2SEAIAL] 25 AAIst
gt @ WoAz 752 5 ddsHors
B @4, 7Y @@ £5E pulse wave
doppler(ClearVue 550, U.S.A)E o]-&3st] =Ast
Ak WAL oAl AesHe FARE
71&Hog2 oF 2 cm¥of| probeE W &, 3 U
9F=(intima layer)©] B-moded/dellA 713 7%
SHA Holz & Scklrh Fg Al ¢ A1t
FF £ E ©]-83to] time average mean velocity
(TAMV)E X4ty /&S AEsiatt. a7
oA IS (flow—mediated  dilation:
FMD)&= ¢t Al @3¢ A A3 A7FS SJT &
o] 5B YA AZE 200 mmHge] g3 o
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2 587 (8 3 ALE AAsta oF 10x 144 o]t} d~ROMS test= iﬂLH GAJAEA O] AMSIRRR
o= of o% Bt AokEwe] ¥R Smol A¢ y o= PAH Msﬂz 37 % ke Ejelm,
AL =xsto] FMD(%) Atz HFMD (%) = BAP test= &7 sample T°ﬂ Fe+ W Fet2=2
((peak vessel diameter—rest vessel diameter)/rest dst= 7;.4/\} HEE o] &3t =% %‘ﬂuﬂii HZ
vessel diameter) X 100]. At A T AFEoRA JIWT Q= &t
Q1 HAPT ol TH17]. 242+ —Er@‘ﬁc}%% =4
27, WY U SUEY 2k o] Zste] FA5Hr
HE-L Al A st HME FEAtel Q6]
At on, AAFAYW(Cephalic vein)S & 2.8, X2 X{o|ay
of oF 8mLe| @A A 3t & 4mle /2ol A THE A= SPSS win 12.0 SAZEZIHS
oF 1AIZF ERF WA & 108 &t f4we o] g3sle] 7|& FAIX(Mean+SD)E AFEstal 7]
(Beckman, U.S.A, 3000rpm)ste] Ao &34 H2) 74 A 2)(2) 7] Fdt 2 AE5E Slsh §h
(Serum)& AIO|EF o]gsto] thg FHo|| &1 220 ot o] AHFEA (two-way ANOVA
T o2 B4 A 7k -80Co| Histal, 4mlQ] with repeated measure)& ©|-&ste] EAsIHTt
FA2 SST-Tube ] HAG7]ol 22t Hof 153 FRAGo] U= B9 11 AelE AR R
olA} BEo0] LU L= T (05 EoF 9 gelstr] 95t =¥ (independent) t-HEFS ©]
A 28] (Beckman, U.S.A, 3000rpm)3}od AZoffol fg5lgon RE EA2 9 EAH S04F(g)e
°é7é>( lasma)% 2AIO|EE o]gste] thE FHO 052 4335kt
o7

7 F oS B4 A] 742 -80Cel Hustct.
2aAZ1E22 85X Ammonia, Creatine
Kinase(CK), Inorganic—Phosphorus (IP), &/d4t 3. A 1
& 2 PeHA AEQD Total NO, d-ROMs

(derivatives of reactive oxygen metabolites), 3.1, §I= 0|8 X|&® Y I2A X|H

BAP(biological antioxidant potential)E &4} e 38 ma @ w2 [-ARG AF7}
ok & A7tolA L-ARG AFel o ArstAEd 4% dz Aue I Ax| e FFS
2 4 gArst HAEES 9o &8 d-ROMSH Table. 6] ANt WA Ammonia 4220 1]
BAP test+= HH|Z|E-H|29] W21} WEo vhg 2= JFS BASH Axl 717F 9 23] 7o) Als
I e 4bekek HAYSS ZAR 1ok W 2= vEhA] ofdt. Fa 452 AAl

Table 6. Changes in blood fatigue indices and muscle damage indices

Variable Group Before After E §2)
PLA  80.57+11.52 64.43+9.88 & 1.632 462
Ammonia( g g/dL) b: 29.169  .001
ARG 75.29+15.91 53861500 o 577 462
_ PLA 3.81+0.51 3.83+039  a- 1866 197
Inorganic phosphorus(mg/dL) b: 1.819  .202
ARG 3.83+0.23 3424033 9153 e
PLA  270.57+76.10  268.57+64.44 a: 419 530
CK(U/L) b: 1788 206
ARG 277.57+8831  22257%36.33 . {546 238
PLA  368.00+27.87  361.29+2052 @& 14.130 003
LDH(U/L) b: 22.897 .001
C.

ARG 346.71+£25.32 285.14%+35.01 2 14.777 002"

PLA: Placebo group; ARG: L-arginine group, IP; Inorganic phosphorus, CK; Creatine Kinase
a)group, b)time, c)group®time, *p<.05; **p<{01; ***pd.001 *significant main effect and/or
interaction

Values are Mean®SD.
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SF A} 717 Ttoll FAR 2 {OI7t Aol 7} et
FH(p<.01). Inorganic phosphorus & 7%, 7|7t
9 Az 7tol] a8 8= UERtA] ghgrom,
TR HIFAAE FAHCE FoJRt Aol ¢l
= Ao yebgrh CKe A4, 717 9 x| 3t
of FaAgavh= UehA] ghgted, Favt 3
SOMAE AR FORt Aol gle Ao=w
ettt LDHO| -9, A2 & 713F 7hel] SA A
o8 FoFt FoAgaart yehten(pd0D),
AFEAS AAIGE I L-ARG AFH IEA
A ETH= ARgo] FAXCR {olotAl Fagt
Aoz YeHTHpd 0.

.2, = 2 F

14T £ n2Ie| w2 L-ARG A7t
GFE Table. 79 A

Al ot WA Total NO ol vx|l&= IFS

245 A3t 7|17 2 A

L-arginine 447} 2% 8 Z23e] v 7ppdled 2 &4 A8, 2 28 3 719 W oAe 9% 7

THp<.01). FMD2] 7%, 717t 9 A 7hof] 45
g gk gehtz] ohoAet, a3 A5S A
Algt A3t 717 kel BAH LR Folgt Apolzt 1
ERETHp<.0D).

3.3. 7H+ ol21o|F

1= A Z2Oo| @2 L-ARG AF7t
71 o|21nlE 500Me] B, AEE 7,
Z Aztel w A GF2 Table. 8o AAEHSLE
HAEE, AEE AL, F AR nAe 9T
15t A3, Zbzhe] Wl R 7)7F 9 X7t
FEaTHe vehA] odgtth Fan HE5e
15t 23 Bo&E, AES AL, T ARF BE
717F 7ot BAH o7 GOl 2jol7} UrEhth
(p<.05).

F

> o A
fol 1

S
ol ok

7rol| e gaats v 3.1 #
b Qpskeh AT AEE ANW A /17
g SAH R fofet Aol7h Yergt(p<05). 2 ATE M ASES dAeR el o7
d-ROMs®| 4%, 717t & A ol 4B2ER - 2dso] Fro] 527 24d| ALTaS
Th= UERA] oftow, Fait HE5S AR 4 & AMstE, A4S Bz AAA FRe =5
w717 7kl BAHCE GOl Folsk bt gshA] dgre saldtin Gl gl NO9| 7
(p<.01). BAP o] 79, 7|7+ 9 Ax] 7to]] ezt TAQ] L-ARGE AFste] m2 2%, &4 4]
SaT= UEA] ool FaT 4SS AR =, AtetE, FMD 83 7hF A7l dis]
At 717 7ol FAHCRE GF Aol Ueht  etougity
Table 7. Changes in antioxidant and FMD
Variable Group Before After F p
PLA 29.34+4.99 40.92+423.73  a: 3.092 104
Total NO(gmol/L) b: 9.331  .010
ARG 37.06+12.35 59.44+20.53 ¢ 1.089 317
PLA 307.43+36.33 292.00+34.13  a* 1.723 214
d-ROMSs(CARR.U) b: 13.490 .003
ARG 294.86+24.85 263.71£29.18  .: 1536 239
PLA  2411.86+231.05 2453.29+212.61 @' 1.088 317
BAP(zmol/L) b: 7.599 017
ARG 2467.00+168.69  2604.86+158.85 . 2198 164
PLA 7.68+1.99 10.24+3.27 a2 3.657  .080
FMD(%) b: 31.412 .001
ARG 9.35+2.88 14772457 & 4056 067

PLA: Placebo group; ARG: L-arginine group,

a)group, b)time, c)group®time, *p<.05; **p<.01; ***p<.001 *significant main effect and/or

Interaction
Values are Mean=SD.
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Table 8. Changes in canoe ergometer records
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Variable Group Before After F p
Average velocity(m/s) PLA 4452032 46:£0.23 % .1070260 -8%}*
ARG 4.43+0.27 4.56+0.27 ¢l 093 766
PLA 2.24+0.08 2.20+0.08 a: 4.233 062,
Stroke Length(m) ARG 2.14+0.13 2.07+0.16 E{ ?7'?884 géé
Total time(sec) PLA 112.71£8.90 109.86+6.64 % '1021%88 881**
ARG 113.14£7.65 108.43£8.02 . 769 1308
PLA: Placebo group; ARG: L-arginine group,
a)group, b)time, c)group*time, *p<.05; **pd.01; ***p<{001 *significant main effect and/or

interaction
Values are Mean=+SD.

3% wLowﬂ-

= 1751; TEH ST 4SS OE*OPE}E &
HA JQrH18-20]. & T2} WSt Ammonia
= 24 QLS AFet 2924 28 ASHA
A 7541“’& =+ D25 fFdstH21], 1Pe] 54
% MZY 7] 0] HAE gu|stal o] &
9] AotE 7 ee Ao=m dHA QtH22].
% OS?L% L-ARGAHA wE & &4A83
LDH, CK, IP, Ammonia®] ¥H3}= AmHict
LDH®] A%, A= 9 7|7t Ttof| AF5a-ga37t
Uettom, L-ARG A3 IEoA AHETE=
Ao BAFCR foloHA HAz Aoz e
U L-ARG 4#7} LDH9| 52 AAaAZHE
A o] _B_J—]‘E ZFS 4= 919t Ammonia, IP,
CKe] A9, PLA 157 ARG 15 BEF AR
e AlSo| 27t wdobfy] f&o] L-ARG A
#7F CK9] &g AAAHAT= AFAQN a3=
29 7b QIQith 17 E T9l ng e Ago)
HA FAT IERYS IR SPtAY X3
shA] ¢kor7] wiiel Adz AAE = AT,
PLA 123 ARG 18 L% AFHELT ALSo &
£A4 9 92 2550 FATE AL ot &
2o A=wt I 1T T n2 s Ag
SHAA 459 FAlF 352 g8 A& %%—a—
AXSHAA HIAIR]E F7HH 02 AXSEAL AR
U A2 5ol dFE vHe AR A7 5t
A5k PLA Hrth= ARG I8oA 1 #4aZo] ¢
Aot AHES AZ6iEY, 1 5o e &

w29} &40 glo] L-ARGY] 558 A B
2w i o @ Aoz Az
ek, 4RI BT 3719 A7)
Q3 Aoz A7 L-ARG HAE €5 4%
oA Wgste] T MRS fUSE 24T 4Ry
obE oA £E5Ho 4 9t BT
= QITH23]. & E/dSolA At fE Yot
of wo deolo] AHEIEAT, @714 obli
431 L-ARGS] &52H8-& 55
Ao s ABZreETH24]. whebA FES FAE 3E
F4e BUEsk] 443t AL HRsE T
2398 Ao} oleh B L-ARGE] AH
o559 4 waA vl og 27149 A7
7} ZQsk Aoz M7=

L-ARGE 74 @izt AA2 2gatn n2
A48t G4 (pro—oxidant enzymes)®] /& A
stof g4tekA] AEds shH, o]edt  L-ARG2
NO°J o5 wiziett & IeH?25]. 274
oz L-ARGe AH=Z Qs NO<g| A4re =7}
Loy ol=A BHER26, 27], ASAEH A
LR8I TS felF AT} ek 2ol
. B dAFo)ME= L-ARG 4AFo] w2 Total
NO, d-ROMs, BAP :LﬂJ_ FMD2] H3I= A
Btk Total NO9| 79, PLA 153 ARG 11
$ BT AARTE A S57} ko] e
of L-ARG %7} Total NO9 +&& E7HAF
ohe 434 B 28 47) QAT ST,
PLA 1F Hti= ARG A 1 F71E0] ¢
Ao AMES AZsEE, N0 AEA<Ql
L-ARG®] HF =& <Igt NO A4t F7he= 118
o "art ok AZber oot 9 ARtAER

It

=
2
et
_‘

30
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2 2|89 d-ROMs2 PLA 183} ARG 18 =
T ARHETE ARRol| skrb Woby] wiiol
L-ARG A&7l d-ROMs9] +=5& HAANFA=
AGAQ1 At 2 471 it kst 9 A
Tl BAPO] ALom L-ARG AFd] mt= At
3 F7he] A F A1 At YERRA] ittt of
29k PLA 1% Hrhe ARG I8l 1 WHshe
o] ZAtte AMALS AZFSIEH, NO B4 Z719

2 garsteat fd 1A At 4%
Aoz AYzbect,

FMDE PLA 1837 ARG 18 25 AbARC}
+ ARl F7HE7] WiEel L-ARG AdF7t
FMD %5 37HZt= A3 8= 2
Z7F g1t PLA 187 ARG 15 RFolA] AL
AR Abge] F7tote A el 2 %
A D2 IS Agot Qg7 gros A
ZtEH, L-ARG AF2 1%t FMD9] F71aAe
SAHCR FoIgt S UEAl $E3tth FMD
£ gyt og F4no 58 FollA F4E
T dHA Q7] wE[29], ¥ AFAT) A F7t
ot A AAAT, BAA fo o] vt
A 942 olf= ot EUPEI} &3] HiES
2 A7

L-ARG AFl W& 7He A5E9 3718 &
‘& Yotr 7] 5] AR 500M 7HE o 211H]
Elo] FARY, AEE A, ¥AEEE gRIst
o} 7He A7149] S 2EE 347t Sl
U 2EE A wiet 1 &b AR == [30],
HAEE] F7he 18] 2ER AR F7HE Bl
2ER 34 ghaste], FAZRe] ©hEo] YA
gt Table. 8o AlAE Hiel Zro] 7H o 211m]
Bl 500M9] HHd&E, AER A, F A B
E JRoH EAHOoR FoJgt A5AE A=
Rt oiotth Bu& ket AES AT 7t
ote S 5ol A 9EAd2 YEhA
g, &2 AR ALE 7)7E 740 ZfolRt QI &
500M #lole] F Al7tell S mlAl= B
L9l AEE Agk PLA 187 ARG 18 BE
AR Aol S71E%17] Zell L-ARG 4
7 7H ol2amE A71EE ST A
HARN At YERER] gl 2 Ao At
oF A7t vlgt oARE o R A4E A
At o] g4t F(31]0] AFATNE AmEH, 87t
o] BFEHoYS Fdl 500M 7HF o 211n]E| <]
Z A7ro] 119.6+2.6014 116.0+2.28 Xpo]7}
Aok Bustar gt olF+t F[311 7w ol

H1

%2 o

L-arginine 4317} 2= 8 Z2a3) B 7Apdad 2 &4 AE, uz 22 4 7708 el A= 9% 9

2auje] AIE F AIREE AA6E 7] gl 2
At AHAR HwE AEAT, 2 A9 it
e PLA T159] 112.71+8.90901 4
109.86+6.64 ARG 182 113.14+7.65904]
108.43+£8.022 #AH A¥E Yehfar qlct. o]
T S3119 dAteolA Aget BFEH |t
Aol AEg 1 e] B3 sAn= TR
AES Slllo] 7R 7 AesoA A&
F712 BEsted mz J3e 15SHY Ago
arA| =Aoto] H85 AL FYSHATE, FAA
& TR 0] Aol Qlo] AErt B wA A4
zrolo] )t 3t M+ o|21nE 500M
9] zpol= MEH L85+ T A
2 Sdof 7108 & 4= Stk FH o2X
A Fe 2 W2 S (Latissimus dorsi
muscle), SAIRZ(Trapezius muscle), At F2
22 [Biceps brachii muscle), A<+ A2
(Traceps brachii) muscle)o]2tal &ei=] UcH32].
2 AFolA Fge a1 SHT= e
Q4 F PAL TAL o2l FELS ASAY]
=0 3o, ol 5 A= s -
of21u|E Z|EoA 7|7t Ztol] FAHCE {9
gt Zol7t yehd ez AZterh  spA|gt
L-ARG AFel w& 378 ¢ F7H4<l o]
52 mHgt Ao R UET

G S O

7

o 2

A Hir
Ho

o
Y

21 FHE o2am|EE 85t F71E
act. B A3xA7 L-ARG AFof &
Ammonia, IP, CK9] 59| AHAQ avt= o
Ehtr] gigrom, LDHO| 4%2 L-ARG A=
Qs PLA 2FXtt ARG w4 o Haste
7o g2 yedth L-ARG AF o W& Total NO,
d-ROMs, BAP, 181 FMDO] £&& SAZ o
2 {OJ3t Aol gl Ao g UETh mrxete
2 7P A7E S SISk e AAgE
500M 7He o2aiujE Auto|A FAZE, AEE
A8, Y& B0l L-ARGE| 255459
Fgel A avte vEpA] gl shA|gt

o
I
5 -
gﬂ

- 950 -



L-ARG 472 Q8] 2 &
Atske ) FMD, 12|11 71%

A AR, 02 AR
A7 3ol A

© %S Uehgh ek L-ARG A419] &)
4Ql 2558 GA A el that F7H4l
A7t Wag Ao Azt

A2 =

o] =Ee 20184 YT @R FRAT
Aol AQe  wWol  sam A7
(NRF-2018S1A5A2A01038637)
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