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AR=DIZBVWTH TV A FELTHHESNTWETI VEBEDOHY L, SIEET I )8
(Branched-chain amino acid ; BCAA) &7 V% I VIZOWT, b N TBEINTWARIREZD
AN ZANIZOWTHEEDHMAERAT 5. BCAAIX, W ARICERL 2841, BN
MABML, TOAN=ALLLTHA D VIZEAmTORE L7248 v 37 R OREH % &
ZEZHLNTW5., 7V I, WREBIMEEIHERT 8720, Btk ofEmH 2 Em L7220
FTLHD, ZORXAAZALIBHEZ LN TV VY 3 VIREOHEFRC X 2 SEiifa o g
FClE% <, HSPEALZARA P L ADREBTH L LEZONDL LI ICE-TETWS. FL
7 I VL, EEBOZ) -7 omEERETHEH MG SN TWSIED, BERTIVY I
VEMTH BNET VT KSR (Wheat Gluten Hydrolysate ; WGH) 12 X V) sEByrh o i 7
WE I VIREERMEFET S L RRAGRE) RIS 2 2 HEE D RIBE N T WS, 7o WCHIZIZ B
WA BT 2R 0H 2 2 L bPWEEINTV S,
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¥—T7—F :BCAA, uf >, V¥ 3y, WGH

U &I

TIERE Y %y OMEL, BEFED R (T AV
F—iF) L LTS, #0708 B) 21358 O
P (0.8g/kg/day) ZHA THAILETH L E EN
TWh., 72k 2L, BENT 2 ATHED KD HF
AGEBIREIZ121.2~1.4 g/kg body weight /day DAL
AEFLwEERTWEY 13, LYRY VAL —=
Y7 TlIE, 1.2~1.7g/kg body weight/day 23 &1L
THWRYY, —J BEDT I I BRIZY V280 DR -
IANVF—JFE Vo 2BREE NS, X ) G2 A B
H2H 52 ELHLNIH->TETEBY, F9ns721
POIFEDT I BOWFAIZOVT IS EN TN 5.

ARTIX, AR=DIZBWTHTFY A2 M ELTH
HENTWETI VBOY L, SIEET I /B
(Branched-chain amino acid : BCAA) & 7V % 3
IOV, BOEDHRERMNT 5.

BCAA & 2 N7 G

SRIEB AR D05 & 5 237 O FEDEAE

8 IR 4 A K — o f e 5
* % 27 O#MRABIEE (Fab. 19, 2011  BifiE)
(Fab. 3, 2011 EiZ$E)

T5EEHITT T OIS, EERICIE
ZONED DY 37 DERBIRESI NS, D7
O, WERIZY VN7 2 ENTHZ LK, Wi
BRI T 5 2 EAVRENT VS,

TI/BD) LERNTERTE LR WLHT I/ ik
&, ARSI 2 UE % 5 20 as, EEhR T
AR DN R S i L Vs 5 2 &
5 BCAA2NEH a7,

BCAA X, MISHIZHME L7 FEHE b DBk
DT I BROBITHY, NY», ufir, fvyn
£30DZEHEF. BCAAIR, 77T I /%7
I BRI E D, 73 DT T I NI o-
FIBRELRY, S5 e- IR EREFE
(BCKDH) 12& 1) CoA &G L, 7 VYA 7,
BEH AN LB PN DA, BCAAROHEMREE TH
% BCKDH 2SI & 0 iGt b sh s 0Th s Y.

COXHITHEBIZ L EIRES L LET I
JBTHDHEN) T S, BCAAKY L ED)fE
RS AEFgEM T bR, R A L sk
W RERART I LI TETW RN,

—77, BCAAIZIZHIZ Y 37 DR E V9 DL
ORFEDL R EINT N5,

MacLean 512 & 0, BB £ 4if 0 20531 12 77mg/
kg body weight D BCAA$G-#1T-72L 2%, )
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oM B L BRI O BCAAREED 5L,
O DT I/ BROBINZL IR L T LTS
T2 EHEENTWEY. 7, FAROMED, &
KEEFHIE O 70% DOEETIIV T X —% —% 60
STl BRI, EBEAMTO 15500, BT, 155, 30
e, 45501k, 600t E, X 51, EERAMKR T O
1544, 3043, 60414, 904112100 mg/kg body
weight DBCAA#G- 2T 28 THHIZ I Tw»
%7 20k \EBEMETH B VIEE O BCAA
BTG VS 287 ORI S NS &) #ER
&, HIZBCAAZHZG L2282k 7 w78
WCHHTEX 2R 2726w 2 L BLEIZ, BCAA
WY 287 OB L DR RER 2 ZIZ L Tw
BEIIIAZS.

BCAAIZX B U EWARED A= AL L L
TuA Y Y OERHMEH STV,

TI/BEROIFFLELTOOSD Y

MBNOT I ) BIREOEE % 7 ¥ X7 BAEBIC
g %3 A7 28 LT, MlBNOT I 7 RL NIV
T %52 L T mRNA OFIER % #i3°% GCN (General
control noninducible/nondepressing) &g &, 7 3
JERL XV OFERE & ik L CRIERZ 2 4E9 5 mTOR
(Mammalian target of rapamycin) g2 5.

mTOR Z, WFLEIWZ BT 2 e il # 5 28~ 4
PUOBMELTHES NI v AL F = U F
F—ETHY, 4R IRMHEA T, K- A
F—IREZ EOMBEANORRIIIE ET, ¥ 237D
RFZHELTHBY, HELIN/ZZmTORIE, VK
V=5 S6% 287 DY) VAL £ U T mRNA OFl
RERETLE LD, =7 7TV —LDKE
FHE LT o3y 532 303 5. FLE) O X511

700

o (CHO-IR) OR;#W O 7 I JERET 5 &
mTOR IZAREMALEN B DS, U v DARZREL
7oA TORFICAER LI A Z RSN, 1
4 ¥ U HmTOR DIHFHALICE G L TWw5 2 L5
Mo TnBY,

oAy, RNTIIARTELWAET I /BT
HHOT, HREOT I VEEREDO Y 7 F v E LT
WHENTWSEDN S LitZw,

BCAA (C & 2 BB R OHIH

W 2 BN AT O 24~ 48 RIS, oo ZhIXD,
Wi 72 & % 3 RS MER A (Delayed-onset mus-
cle soreness : DOMS) A% %. Ziug, EBEM
(2 & 0 A U7 MkE RS AR O FRAS AL S S D5k
ZhH70THYIY s LTS rFF—¥ (CK), A
ik ZERE S (LDH) 7 & oI o i h 815
DL LTHllEShTV»A Y,

ZODOMSEHEDBCAAIZ L Wk E N5 &
DIHEDD 5.

Coombes 5 1%, 12g/day ® BCAA % 28 [H#HEHL L
72DHIZ, EHIEBIAMOFI#IZ20g 2 HINT 5
&, WKBHFEBIEDT70% HRETI1205 034 7V
YT LA DOCK ELDHD EAHHI SN2 &
RRELTWAY. 72 277y MEBORIIC5g
DODBCAAZHE T 5 &, #EEHIHHEF TOHKEWN
WP - R S M L OHE L H 5.
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e OFE, FEHA, BB Vs T v ORikkLR &
DERLERERE D ST IV BTHLY. yuy 3y
AR (720,000 #mole/l), Mg (#9600 £mole/
D T—FELNWTIVBTHY, B> HEG R
ENTWE2S, HERRELEDZX ML RIZLDH
W, MR ORI L, ZIVF I v O HERE O
TAGIEREREOWIHIC O A B L S hTw .

MAE 7V E 3 ViR, SEB ORI & eIk
HFLUTEET A, 1REHRREOERE - 3 5 VI3
OMEECIIMAE 7V & I VB FA$ 2579 9%
BT 5 L REITRDT 5 (IM-D)™. iM%y
WV F I VRN BRI, BER R A s~
X7 DEWRDT=DINFTORY AADIERT 5 &R
7 ¥ K=Y A& HEET 572012 TORY AADH 2
B K5 IIFEMLE N Y RERTO TV S
IVIHBRSITTET LI L THLEEZLNT VS,

B RO YRERIZOWT, IR OREGEIZ 7 v
5 I VIREARAFE T, MR 25 ~600 #mole/ TdH
5P, EEIR TN SRR ORI 7
VF I VREOKTDIRNTH 5 &% 2 Shkk4 b
A TN TnD,

BRPR I R S b RE 2 5k 3~ 2 HIW TV
¥ I VERMAET DL, YA THEDIRERI L,
BB EHENDLZEB AT TF ) VAL 5T
RENRTWAEY, —J, EHIIBVWTEYI VY VL —
A5 gD NG IV (b LLIETT1XR) 2857
% L ZOH% T HINC FAGERGE & R L 728A%, xf
HBETIZ8L% THo 72D LT, vy I VBT
1349% THEIA o2 ERHE ST TnE®,

Z DX )R RSOV TIRAR DR &
NTWBY, TNy I G K o TMHREE % #EFs
52 LT, NKAINEEER ) v/ skt 2 Lo
PRI S YA SN T AT E AL
W, SOETIEIVEY I ORRMEIE, Bav s s
> 7327 (HSP ; 12 HSP-70) 5B 5- L CwWB &2 5
NBEIH-TETWAEY, HSPHFHE SIS &,
A b U AMEDSH B9 555, HSP-70 DFEBUZIZ 7V
I VIBESERLTWSLIEBLETHLTD,
WIMFEETFIVIZBWT, ZIVy 2 oK 51ENF-«B
WAEH L CIL-6, TNF-aDtHZ8l L, #E 7% 2%
JiE BUG 2 31 5%, kD X /1 = X L HYHSP D%
BUZHBG L TWwB L) THDEY.

HIRA I U ANOELSNCIE, S5 o R E
TERbH 5. 7Ny I VIEHA - DNEOFRALICET %
competence factor TH 29 DT, ¥ 8z - 7Y
A= VORI TIVE I VIBEPTREINTWS
TENLETH A, RRKBERBIED70% HBE T
A NVINTRA=F =% T a—7 v 2fiEs
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5L ECEBEM LK 8gD I NVY IV x6lgD s
Na—R - R — b —#ICHEIT 5 &, 2FM%RIC
&, EHOREFE BEFA g e at) BTV aT—X -
ARV~ —HMOLEI D H25% W5 & LI,
FVaA=rrEb vy I VB GRETIEIVa—
A - R —HEHEAIIZASETH - 72 2 LG &
nTwnz,

INET VT VKDY (WGH)

TIVE I VITIE, K BUIRRRETH A L) [
A%, HEHEOIRETIZafiOT7 I VL yfioT
I FESGTIME LY RNy I VEBICERLTL
FHADOTH 5. TORISIIIE - BREFEAFR T, ik
WTH— b7 V=T %479 L1547 T79%, 3054 T
94% R ar Iy I VIR DY, ZOST NS
a7 3 2 EPREI N TS50 T, ¥
RTF PR HERILTIO% bOTVY I V2 EGHT 5
¥ VNG THBNET VT v B BEENIIIIKRR L7
INEZ VT K EY) (WGH) SBFs S hTwn %,

EFRFO WGHEOMAE 7V & I VRS RIT
FEIAS UAREICOVTHRI ST WS, 241
RiElx, AFZ— 26 204RMEBEO74=y > 2FT
WS 72HEEE S DT, BT, &% kA
EoTHEWn, 74 =y 2T TEYRETLIBERET
b, P, 1R EIZ3gAWGHS LLIZT T
LARAERL2FR, REMHETY) 24 YE5I12
80km P EAEAT L C W7 BB EDOIMNE T IV & I ViR
13, WGHERFEETIITITEB T O L NV 2 #EF LT
WeDIZHT LT, 7T REETIHREIRA L Tn
72 (H-2). $72, COLETFTITEREIZBVWTIE,
I5HEH £ TIC84H 6475 7 4 X ¢ % 7 iife 1
MU EOKREZ T - 72012k LT, WGHEIZ84H
TR EFTITED FIT TV (p=0.02) (E-1)¥.
100kmLb — 2 IZBWTL—AHIZiEELY &
6,746 kcal (JRAAL®1,292g, Wali21lg) 2SiE &M
L, ZOLEKMEE EHICTL—=F2ELED
WA 5% RPN ARALIE 2,000 keal FEFE L
PRSI N TWRWOT, HE SNz b e
RO NVy I veEREE LTI K> TELRD
DTHHEEZONLY, 24WREORKRIE, WGH
BRUZ X D IMSET IV & 3 D IRE & MR 5 2 LTIk
HOKT 2 B KRET 2 REIC L -2 & Z /R L TW»
O LNz,

F7:, WGHIZERM:ME b BT 5. Sawaki &
&0, N—=T7%5 Y YRTHOERANLE CK O 1
HBAEWHT 52 g snY, 2o Koikawa
SICXVBER - RSN, RO RS v H—



98 AR AR=VICBIF LT I VBORMHEE ZOR)R

PAA L
800
< | p<0.05
% 700 | 00 |
IS ‘\ p<0.05
= poo] & N
A Tt
1nf N
& 500 :\R D
= AN
N
82 400 \
g \
300 ——s8 ——D
—A—F —J
——L = w=s =mean
200 —
Bl 6 BEE 12 BERE

> (umole/l)

N

Mmig s Lz

WGH
800 GH
700 PN

(2]
o
o
Vs
:

400 )X\\ jSZ%*
7~ >
30 o =V
——K —h—M
200 —a— = === =mean
Bl 6 B 12 B3R

-2 24BFMECBIFLAY— 25 120 H FTOMEET N Y I ViEEOHE
(A~01ZZNENBEERF. Mean 13 F-HMH)

F-1 24BREICBIT S 25— 25 150 H ¥ TofFkEiTE

WL U AY FFBUETT  FRBUETITER 74 v ¥y — OB
77k REE 6 2 25.0%
WGHE 1 7 87.5% P00z
DI=F=2% oAb PL—=rrPiiBnT S58~S76.

HEILIN TS, 3) Esmarck B, Andersen JL, Olsen S, et a/ : Timing of
postexercise protein intake is important for muscle hy-
¥ & & pertrophy with resistance training in elderly humans. J

Physiol, 2001 ; 535 : 301~311.
BCAA L, B RKEICEINLGEIS, ERM 4) Shimomura Y, Honda T, Shiraki M, et al : Branched-

FiRZERL, ZOAH=AnELTa, Y IED
mTOR % L72% v 37 RBOMRENH 5 L EZ S
NTWb. ZIVy I iE, MRtk &PHER T S
720, EEIBOREIHIZER L7220 3555, ZOX
HZALIYUEZ SN TV T IV S I ViRED
MEFFIZ X 2 ML OB REMEFECld 72 <, HSP %41
L72BKRA ML ADBETHLEEZONDL LI
HoTETWS, V¥ I V2 EBkors) a—
7y oS RET AMEH b ShTwbiie, %
ERTNVY I VEMWGCHIZ X D EHh ol vy
I VIRE MR 5 L REGEBID RIS 2 A T HEME D
REBENTWAS. F7- WGH I BRI &2 8§
LNRDOHDHZ L DWEINTVAS,

X (73

1) Tarnopolsky M : Protein and amino acid needs for
training and bulking up. In Burke L, Deakin V, eds :
Clinical Sports Nutrition. Sydney, Australia : McGraw-
Hill ; 2006 ; 90~123.

2) Phillips SM, Moore DR, Tang J : A critical examination
of dietary protein requirements, benefits, and excesses
in athletes. Int ] Sports Nutr Exer Metab, 2007 ; 17 :

chain amino acid catabolism in exercise and liver dis-
ease. ] Nutr, 2006 ; 136 : S250~S253.

5) van Hall G, Raaymakers JS, Saris WH, et @/ : Ingestion
of branched-chain amino acids and tryptophan during
sustained exercise in man : failure to affect perfor-
mance. ] Physiol, 1995 ; 486 : 789~794.

6) Madsen K, MacLean DA, Kiens B, et al : Effects of glu-
cose, glucose plus branched-chain amino acids, or place-
bo on bike performance over 100 km. J Appl Physiol,
1996 ; 81 : 2644~2650.

7) Davis JM, Welsh RS, De Volve KL, et al : Effects of
branched-chain amino acids and carbohydrate on fa-
tigue during intermittent, high-intensity running. Int J
Sports Med, 1999 ; 20 : 309~314.

8) MacLean DA, Graham TE, Saltin B : Branched-chain
amino acids augment ammonia metabolism while atten-
uating protein breakdown during exercise. Am J Physiol,
1994 ; 267 : E1010~E1022.

9) Blomstrand E, Saltin B : BCAA intake affects protein
metabolism in muscle after but not during exercise in
humans. Am ] Physiol Endocrinol Metab, 2001 ; 281 :
E365~E374.

10) Avruch J, Long X, Ortiz-Vega S, et @/ : Amino acid reg-



MR A PR

ulation of TOR complex 1. Am J Physiol Endocrinol Me-
tab. 2009 ; 296 : E592~E602.

11) Armstrong RB : Mechanisms of exercise-induced de-
layed onset muscular soreness : a brief review. Med Sci
Sports Exerc, 1984 ; 16 : 529~538.

12) Butterfield TA, Best TM, Merrick MA : The dual roles
of neutrophils and macrophages in inflammation : a
critical balance between tissue damage and repair. ]
Athl Train, 2006 ; 41 : 457~465.

13) o ARBUE: © 8B & IMERESE. AR, 2002 51 :407~422.

14) Coombes JS, McNaughton LR : Effects of branched-
chain amino acid supplementation on serum creatine Ki-
nase and lactate dehydrogenase after prolonged exer-
cise. ] Sports Med Phys Fitness, 2000 ; 40 : 240~246.

15) Shimomura Y, Yamamoto Y, Bajotto G, et @l : Nutraceu-
tical effects of branched-chain amino acids on skeletal
muscle. J Nutr, 2006 ; 136 : S529~S532.

16) Young VR, Ajami AM : Glutamine : the emperor or his
clothes ? J Nutr, 2001 ; 131 : S2449~S52459.

17) Parry-Billings M, Budgett R, Koutedakis Y, et al : Plas-
ma amino acid concentrations in the overtraining syn-
drome : possible effects on the immune system. Med
Sci Sports Exerc, 1992 ; 24 : 1353~1358.

18) Babij P, Matthews SM, Rennie M]J : Changes in blood
ammonia, lactate and amino acids in relation to workload
during bicycle ergometer exercise in man. Eur ] Appl
Physiol Occup Physiol, 1983 ; 50 : 405~411.

19) Sawaki K, Takaoka I, Sakuraba K, et al : Effects of dis-
tance running and subsequent intake of glutamine rich
peptide on biomedical parameters of male Japanese ath-
letes. Nutr Res, 2004 ; 24 : 59~71.

20) Rennie M]J, Edwards RH, Krywawych S, et al : Effect of
exercise on protein turnover in man. Clin Sci, 1981 ;
61 : 627~639.

21) Walsh NP, Blannin AK, Robson PJ, et @/ : Glutamine, ex-
ercise and immune function. Links and possible mecha-
nisms. Sports Med, 1998 ; 26 : 177~191.

22) Mackinnon LT, Hooper SL : Plasma glutamine and upper
respiratory tract infection during intensified training in
swimmers. Med Sci Sports Exerc, 1996 ; 28 : 285~290.

23) Parry-Billings M, Evans ], Calder PC, et al : Does glu-
tamine contribute to immunosuppression after major
burns ? Lancet, 1990 ; 336 : 523~525.

24) Novak F, Heyland DK, Avenell A, ef al : Glutamine sup-
plementation in serious illness : a systematic review of
the evidence. Crit Care Med, 2002 ; 30 : 2022~2029.

25) Castell LM, Newsholme EA : Glutamine and the effects

of exhaustive exercise upon the immune response. Can

57% 2 5 (2011) 99

J Physiol Pharmacol, 1998 ; 76 : 524~532.

26) Wischmeyer PE : Glutamine : the first clinically rele-
vant pharmacological regulator of heat shock protein
expression ? Curr Opin Clin Nutr Metab Care, 2006 ;
9 : 201~206.

27) Singleton KD, Wischmeyer PE : Oral glutamine enhanc-
es heat shock protein expression and improves survival
following hyperthermia. Shock, 2006 ; 25 : 295~299.

28) Wischmeyer PE, Musch MW, Madonna MB, et al : Glu-
tamine protects intestinal epithelial cells : role of induc-
ible HSP70. Am J Physiol, 1997 ; 272 : G879~(G884.

29) Singleton KD, Beckey VE, Wischmeyer PE : Glutamine
prevents activation of NF-kappaB and stress kinase
pathways, attenuates inflammatory cytokine release
and prevents acute respitratory distress syndrome
(ARDS) following sepsis. Shock, 2005 ; 24 : 583~589.

30) Singleton KD, Wischmeyer PE : Glutamine’s protection
against sepsis and lung injury is dependent on heat
shock protein 70 expression. Am ] Physiol Regul Integr
Comp Physiol, 2007 ; 292 : R1839~R1845.

31) Bowtell JL, Gelly K, Jackman ML, et al : Effect of oral
glutamine on whole body carbohydrate storage during
recovery from exhaustive exercise. ] Appl Physiol,
1999 ; 86 : 1770~1777.

32) Suzuki Y, Motoi H, Sato K : Quantitative analysis of py-
roglutamic acid in peptides. ] Agric Food Chem, 1999 ;
47 : 3248~3251.

33) Fiirst P : New developments in glutamine delivery. ]
Nutr, 2001 ; 131 : S2562~S2568.

34) SREHME - 0V E I v RTF FORSEE R, i & B,
2000 ; 35 : 44~46.

35) Suzuki Y, Sakuraba K, Kobayashi H, et al : Periodical
intake of WGH enabled continuous running and pre-
served plasma glutamine level during 24-hour running
race. Adv Exerc Sports Physiol, 2009 ; 15 : 94.

36) A%, AR, B0 LA, 100 km =TV ¥
HEDIMAEEE) & /87 + —< > ZZBS B EBIFE. %)
%, 2008 ; 57 : 285~294.

37) Koikawa N, Nakamura A, Nagaoka I, et a/ : Delayed-on-
set muscle injury and its modification by wheat gluten
hydrolysate. Nutrition, 2009 ; 25 : 493~498.

38) WAHNME, @ Zzoz, SARHE M Hyh— - NL—
2B 5B O WGHEI O R, HARBKA K-V &
43K 2007 515 ¢ S175.

39) WAHIHE, mAHER, BNZRO X, Al BEbsRE 2 5
El7zy x4 b ML —= 7 %O WCGHENOME. HA
B B RE, 2007



