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fAPHE ~ 2R ~ ZEffbg ~ BROGE ~ IER

T K

IR IE L (glutamine) /£ AREN AT ZEE 2
Thee - BH G E R R AN ER - EE
JEH MY & (Achamrah, Déchelotte, & Coéffier,
2017) » 23T A ACE B 2 (E ARV B A 2 — o %
i e B 12 HH B % (glutamate) 45 phy %k g B % & B
fi# 2 (glutamine synthetase) {E F T o 1 %k B 5
EHTCAIEIR (krebs cycle) By HEEY) o- Bk 1
B (a-ketoglutarate) B3 & {F F FiT 2 i - % Bk b B +
LA AL MAEELF #E AL H (Agostini & Biolo, 2010;
Rowbottom, Keast, & Morton, 1996) > H fif 41 F5 i
GHA% ~ RESED - il e RO A B S ot P AR RRCRR I B
(Frayn, Khan, Coppack, & Elia, 1991) - & &% L =] LA
RFET 2 it BRI P N B, (alanine) o BAING T -
P e B A P Wi T P I 2 2B A e 1T 2k e B R
AT 4 A AR B fERE & - Perriello et al. (1997) DU
BEE R E O E R SRR BT M B EER - 57
2R E T AR R 0 45 SR AR A Bk B R
TS BT R R 2 =% 5 T A B e B A L e A
B RS A B B2k 2 7 4% 1 kb —BRER R I 2
AEVEE R RUR - BAEMAERRE 2 (insulin) EAT}
HEHZE (glucagon) ) HUEATFN T4 » HEL L
HIFRSRAF R - BRERIE T N E A G T & (EEE A
28 > AlgE R —F AV EE -

Koo, Woo, Kang, and Shin (2014) 5 H ## 755
Fec i o] DA R H A e R A Bl 1%+ PR AR M0
W SRR o PRAN o BRER N BE HER K ¥ i E
BHLA R Z KR Bl 2 o8 R4S TEEE
T ST EARRREEE 10 7 8E1% - SSELEALA TR EES R
Y& BRI 5 B B 4H R N REEE4H 25 T 33% (Scislowski
et al., 1989) » [EIEEHY » 1 ARG HYEAER 1 th S B 554
T P 1 3 T PR P IR Y 75 25 O HEER AR (Varnier,
Leese, Thompson, & Rennie, 1995) - 5 —ELi52:0 Ky
EE RIS E O B B AR KL EY - L
P I 2B B SR, LG BR i B /KA B & P HT R
% (Tipton, Ferrando, Phillips, Doyle, & Wolfe, 1999;
van Loon, Saris, Kruijshoop, & Wagenmakers, 2000) °
Nt AT o TSN DA R e B 1 A %0 BX
Toh S 8 B 1% g A B AR Y R2 2 0 BE MR AL AT
i[5 18 (Bowtell et al., 1999; van Hall, Saris, van de
Schoor, & Wagenmakers, 2000) - K & {F &1 ) & b
(Cersosimo, Williams, Hoxworth, Lacy, & Abumrad,
1986) ot A f&zdEs (Déchelotte et al., 1991) H &5 H=E
e ek iR I T L E B A 2 (lipolysis) - &
4 Ri& 2 Einéa 7L ST BRI B - 7] DARR Rk
Y E B BE B HOm - A 2 e — e A (R 2 5k
4G T BRI e e 1% 7 [ AR T 11008 v B e e s 7
B B -

SRR FE HH 2k i e B T RE RS () {1 28 8 2 i RO
BESZ 0V » ABAR B A RS R B 4HAE o
FEEZMI/EA (Gao, Li, Najafi, Wolf, & Matschinsky,
1999; Tanizawa, Nakai, & Sasaki, 2002) i 7K %k fz
M ()R P I Bk B T i UG (glutamate dehydrogenase,
GDH) #f B 4HAE 73 bR B Z AV 2 BT Wi E - H ]
EME ~ SWERRRR T - TRRRRAR T - B ERAR SUBE -
BABE R G ~ SRR E B B AR S b HE S 2 2 [E R Y
ER - BAIIGEH —E Z 45em (Deeney, Prentki, &
Corkey, 2000) - fE4MAEE P (Ostenson & Grebing,
1985) & B 2k B B %z ] DA TRIT 5 Pk i 48 e 7 0 T 08
Z 0 DLANIF i b A oz I 1 X B 2 3 R & ok
FHET - EE P AR B BT SRR R
A BT Bk o Ay (26 & (Krishna et al., 2000) < ZA[fl]
Perriello et al. (1997) & FiEARE Fo I (2 ENE BT 42 2
R AT MBS R TS R A U E R L
AL -

R REESE S - ALNFREGMAERHE R
HIFE (B 25~ ~ S ~ =i e R AE
2016) - (FEREELRERIE > MBETFHNITEZE-6
(interleukin-6, 1L-6) » fE#EEh{&BHZE = (Ostrowski,
Rohde, Zacho, Asp, & Pedersen, 1998) - |ffj Pedersen,
Steensberg, and Schjerling (2001a) H}52353K > IL-6 A
REECHLAANRE S 4y - H IL-6 B A RSN
E F =] DARISO By b B i A= - SR Re 2B 69
) B LA R EH - &L AU SR &
A/DEE > RILPASHSSR 53006 TL-6 > £ (17 A8 22 A% o
RS EE G ERE > WEREANANTRAE 5
S TL-6 Z2 0] DAEAS R AR 4% RS AE A fEH » AR
2 RS B e £ HE sE B AR o IL-6 T g 7L E E)
REE MY FHIE Loy T EEAY A > 1] Hiscock et al.
(2003) BHTCIEEL » il o 8RR fe I T DL — 20 B i
Fi& MR T Y IL-6 27 - ZAMNE Holmes, Watt, and
Febbraio (2004) FYBH7EH » SIHLIFAREL (nicotinic)
HNHIHE fe (F IS > 72 R SR B S - iR 1L-6
HY RIS B L IR A 2k 1G & o IR L A 8 B H 001l i i
ERI AR+ IL-6 Z R > mit—¥in>z
IL-6 ATHE /2 G A AH S PR R Ay - (RIE A 72 (e
Sk I T R 2 A AR A fE > (e AS-AE A4l
GRREH % 2 1L-6 > N PEEF AR (F FH i
IL-6 fiEATE SR 4H 4% RS AR fETE A - EAEE W
TEERRR R > (HFE 2Ry 1L-6 /E AERTBRELALA - 8
ETHEENEEEEmZILATER - g ins
R H R F A= -

KRN EZE B8 > AL E SN ) EB) %5k R
FEBE AT » SR 22 AR BA I R BR B e i e JE 2.
8L DARHEAEREIE R ~ TL-6 BAW{E HH A8 & 1 H
Z

=%
5 gEIB °
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&~ s

— ~ W S B B

AWFFE LA 7 fir B Eh ) SR 48 B g & K <2 ek
o EERRAZEY - S TREIEE - LM E M
REEENE - HARE - BIOR R fi T 1B (0 2 Y A
F o AMRKANBHBZEGEEEHA  TNER
HisEREAA - BERREAEEZHRERES - AF
Emrp A7 s LS 209+ 0.6 5%~ B 5 171.6 + 1.2
NIy~ BGE 3T 229N/ RAREE 42+ 1.9
ml-min"kg" o EEGHR ST WEET 0 MR E B
fE /DA —ELL E - WA E AR T e e EE)
P o el E T EFUR B AT T B — A > DUR
1552 K S = (maximal oxygen uptake, VO,,...) * DL
FeRERR 5% VO Z B « IESNEXBRIF > 5
FyR b9 BEEE - WBLIEEIV RS B N EH ELE R
= A S ES R EOR OB & - BRE
Z A BT 1/NEF 75% VO, 818 Z B HRIET) 1% -
Sy RIFEFE 0.1 g/kg-bw 7 T EERG i L-glutamine (EAS®
Myoplex Glutamine Powder, Abbott Laboratories Inc.,
Columbus, OH) » fi %= 2% Bowtell et al. (1999)
HYA BB & 0 B2 BT R oy I N B — B,
4 2 (hydroxypropyl methylcellulose, HPMC) ( {2
o BRET - 28) - fAKIEZEEE KOk
AR o IR Z A 200 ml BYBEZKH - BIE AT
Kigz BAE BN E B — 2 Tl B R EEE R 1%
37N e e 8 1 WRAE BA R 32 605 W] LAM 7S 08
22Ky (HARREHER - BN EEAT - HER
HF0-15-30~45~60 90 B1 120 47 $5 TR IR R
I > R BR T8 73 A1 25 HL 10ml AR S HUEE TR e &
ethylenediaminetetraacetic acid (EDTA) 7 #¢ & »
H2%E 1B EEIT S IRINK A (B (E B EA AR e e R TS
M e

o~ BRETEEEH]

5 E B BRIP4 TE R A GRS - L
SPERFETERG « 2~ 4E4E % C BB BB I
fi5ED) » LIRS R RS 2 HE R ER TR
R /D TRZERE 8 /NS - EEBRE (% > HEAT 24 /NI
BREEEI AN BTk - DUREGRAE T K EFBRE (T 24
INBEIZ AR &)« B T R M AL FE
BRI SR 2 R A I S RS R F
BRI = KM G BT - B -

=~ IR AR BRI TE 75% BeRHA
D

23 5 I UE B B — A > PUANS

B KA (VOun) B 75% VO, HIHERE - %
ETRAREEAR (VO,,,) Ml - AAS T (Vmax
Spectra, SensorMedics, Yorba Linda, CA) * & & Fi
FATHEIT R B RAEERBERE » il H e # FaOBk
M E R (Polar) » SCERLFF LB » 218t pa2>
1#% (T8600, Vision Fitness, Cottage Grove, WI) F {8}
3~ 5 rsEE BEIE - 2R E EERRIAIE o G
R R AR R W 1 9.6 k)
hr > 0 ~ 3 min 0% 5 0% 37 & » 2 7% 3 min BT
fE 3% > B EZs0E e RE - EE) > [EIEE A E K
FHHUR K S 8 (H (Gavin & Stager, 1999) » £z K H#
AR ZHAIERE TS E E S AR B A E
BOHIE © PRORATHASRAE 1.0 2 1.10 DL |~ OBk
EARAGEE £ 10 0757 ~ BHREEFRE 19 220
(McConnell, 1988) - 5 —ZHiH & 75% VO,,,, )
SRFERERY - HH AN i R B R e SR A A B 5 AR
K K15 75% VO, MIFRIETS » LA SR (T )
10 5748 » HIE 5 ~ 6 5 iz 1 ﬁﬁiZi‘ﬂ%%i ’
g e B a BB AL 75% VO, HEEE
AR R - ZElERE 3 K% - BB
TER -

DY ~ M5B

DL EDTA $RIME BRI Z MK » HUER 43 42 (i 82 3
YEME MR E (i 4L 2 B bb 2 DU SHE R
1E) 2 4°C ~ 3,000 rpm B0 15 76 > HT A D
T or s T o AT IR EEAG A B R H R o R BE R AE
F R b HE 2 TR B HETTHE A BR Bl H O 2 M & - A
1P B R 2 B R A e 1= Y I A i ACGA R (Randox
Laboratories, Antrim, UK) {E B ELELE\EEY) »
% 550 nm 7 & NOHE HIOEE - HRESERE
ORI & 20 B R i S I A o in A G (Randox
Laboratories, Antrim, UK) {E FH & #* 520 nm JZ £ T
HE BT » FMBEEHRE - Fabism
PRIME RIS 4°C ~ 3,000 rpm FfE0s 15 7388 > HUMF
ooy s AT MTINE - IL-6 KBS R IREEH
H o s ARZ=C E Zh ik 77 M (DT-60 11, Johnson
& Johnson, New York, NY) » JH| & - IL-6 B & 2=
Tl 22 2% 57 1% (enzyme-linked immunosorbent
assay, ELISA) M| & - 1L-6 H| & {5 F g B K54 %
/N IL-6 ELISA kit (uscnlife » |38 » 15 ) >
MERARMRIEZ A F TRt 2 FME R8T - BRE
2N & 5 FH i B K5 42 £/ F]HY Insulin ELISA kit
(Novatec, Frankfurt, Germany) » JHIER BB Z A
I FriR L FMHERET

15 MR BABE R BE R T A | REERDL AccQe
Tag 7777 (AccQeTag, Waters, Milford, MA) » FI[FHTT
A Al TR B B B T AR Ry R MR (R H B A e 3ok
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HLEY) > AIfEMRE EA T ERR - BEREETER
an AT o AW FELL S RURAHE T (high performance
liquid chromatography, HPLC) (LC-10AT, Shimadzu,
Tokyo, Japan) > £ FC & % & M| 25 (Fluorescence
detector) (L-7485, Hitachi, Tokyo, Japan) » DL H @F
5} (intelligent sampler) (851-AS, Jasco, Tokyo, Japan)
T3 HAEFTREE 347 > 3B L (column) (AccQeTag
column [3.9 x 150 mm], Waters, Milford, MA) with
a Nova-Pak®” C18 guard column (SentryTM [3.9 x
20 mm], Waters, Milford, MA) » = %475 48 J& #7 {5 Bl
B AR I 28 73 M7 5 14 3% E 275 Sk (Cohen & van
Wandelen, 1997) -

h~ #Et i

P SUE S DL B R AR (Mean + SE) 32
R BHEME T EBED EE EB N8 R2E 5y
ffr (two way analysis of variance, ANOVA) #fTHi 70
SHEAZZ R TIGH R - DLRCA [EIE 22 B 2 722 St e
il DA least significant difference (LSD) #1725 1% tL
W2 Gat HEEE KBNS EE f a=.05 ¢

=
22~ FER

— ~ PR i T RA TR I e v P B

FE IR AR AL B R 2 BB E - i Fe R A
W8 P H R Y IRAR S 5E 15 4 i iy B A B oy 228
fiF 2 404.11 £ 31.69 pmol/L _[F+% 603.81 + 28.39
umol/L > A PRAE IS, 30 73 gy 2 2 e PR

1000 -
800
600 -
400 1

200 +

Glutamine concentration (umol/L)

668.38 + 43.93 umol/L » Z{& FLIZ N - LW
5 15~ 30 ~ 45 B 60 57 #8 £ [ 385 B BB = R 2 Eh i
ZIRE (p < .05) o ZZRUFIH AT AR T o 4 15— 78
TEREHR T 2% > (BN S B RB R E
25 o FEAHMEERE b o W FCRANE L BE A AE AR IR
15~30 45~ 60~ 90 B 120 4358 S B 2 SR
[ SR = N 2R (p < .05) ([B—)

T~ PRAE I v IR BRI SR TR LA AL
FEIAE LR B 2R 2 (b L WAHIEEEN 1R
IR R L S i > AEPRAESIER 30 S s BT %
18 EERZFREREE - RIAHAERIEIASE 30 73k
A bR B B A B A 2 B 5 - (HR4H 2
SR tERO SN R (R—) - EEIATRAR
R ZREN MR o > WAHERED 15 77
BRI S AWM ET 2 RS o HerB s R 4
FHERE > WtHEI AR (R—) -

=~ PRAS I e Bl s e e P

A28 ) 1T A L IR o O B s T B PSR S Ry
0.35 mmol/L - {£ 3 7% (1 e i G i ke JEE i B
BH LT 150l (Z2RI4H £y 0.74 + 0.09 mmol/L ;
MR FEAH f 0.80 £ 0.10 mmol/L) - [FIRF{E PR
% 30 sy A A T IE o MR BRIEIISE 60 3 #E 1% S
23 M nb A SRR ISTTEIERSS CESS S ot i3 B2 3k
ZEE (B2 - W HHRERGAES RN
BUETE > MHRIEIASE 30 syra@i IR fe 2 —fRE K
o FEWRAETAES 60 o3 ST o BATE iy iR AH i 2 RO

® placebo
—A— glutamine

_

pre  post-0 post-15 post-30 post-45 post-60 post-90 post-120
Time (min)

WY AELIT D A BT % R BRAE S 120 S3 880 glutamine JRFE 2 84k

iE L FRELES T BRI ER 0 p< .05 o RN EEE SR > p< .05 -
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F— MIEEREZRE
A FHE(E Pre Post-0 Post-15 Post-30 Post-45 Post-60 Post-90 Post-120
I (mg/dl)
Placebo  91.86 +1.53 110.31 £6.69 92.84 +3.18 82.36 +3.61" 83.01 +£3.82 83.75+2.57" 84.86+4.28 83.86+3.72"

glutamine 92.86 +2.65 101.21 +3.68 93.06 +4.88 84.65 +3.80

86.02 £2.49 85.09+2.86 85.90+2.82" 83.70 + 1.96"

BREZ (WU/ml)
Placebo 9.92+1.25 11.54+£2.92 1528 +4.47 824+£2.16 6.15+1.86" 6.58+1.69 7.40+1.67 7.52+1.52
glutamine 9.04 £2.22 870 +£3.58 20.70 £4.22 10.04+2.15 6.69+098 580+1.18 744+183 6.00+1.18

£ © Pre ~ Post-0 ~ Post-15 ~ Post-30 ~ Post-45 ~ Post-60 ~ Post-90 ~ Post-120 53 BI{tFEEh a7 ~ HHENEEE 0~ 15~ 30 ~ 45 -
60 ~ 90 B 120 7y 7 S EIZLHRL o " FORBUEBIAT 2 BB E R p < .05 -

1.4

1.2 1

1.0 1

0.8 -

0.6 1

0.4

Free fatty acid concentration (mmol/L)

0.2

0.0

® placebo
—A— glutamine

pre post-0 post-15 post-30 post45 post-60 post-90 post-120

Time (min)

B WAL BT R K R HA 120 4388 A MR he s A A e i > 88 (b

4R O{E 2R 2R (75.71 £ 15.81 pmol/L vs.
110.82 + 19.20 pmol/L) » FLFMHIEHAES 90 B2 120 43
P RS 2R (p < .05) ([B=) -

Y~ PRAE IR TL-6 JREEEE

W 4HEEN % MR T TL-6 2 R W EHEE FTf > %2
REFIZHAE B AR B Aa 42 12 NI - il e A BRe BE 4H
RIMERA AR 8 = 2 RS > 5 28 b 23 B 45 SR IR Ry 7
BT AERAE S 30 73§ 22 B A 4H BT B SRR 84
MEpERE4E (1.36 + 0.53 pg/ml vs. 2.21 + 0.29 pg/ml) »
AR BARHES 45 ~ 60 f 120 Jr it B M 2 72
B (p<.05) (&) -

= T

MRS /7 428 By 1% 6 e 26k Ml e I ] B B 1 e P
AE (] - [FIHG 588 IL-6 (EFF I = AR > S HE
MEMEER  RESRYEITEER T - AT

S5 BB NE M BE F I HE fle (R VB 2 - BEZRTE ke
H S b R A B 2 B 0 Ak T e I U S T T 2R Y
WG HEE B 4 2 SR BT PT 1 AR A AR Y R )
RIS FIENFE o — AL ST A S N AS AR F FH AR
B K 2 g UMK R Y HOBOR S B35 R IERR
TER% - HIBRRE A AE A AE SR P A A - 1T AT DARR
Sy AR R - 2T e A 17 B R AT BE 4 HE 7 4H.
&k FFHE 1L (reesterify) TN & #E A M 5 - B DA
RS BB SEN R - TEAE PR
MM A 2 sz kA o A R B ] i o R R B
RN e BRI AH AR A o T AE HoAth DL IR BOE 545 7
Sk T P e 11 ' W o A 0 3 BB e — U0 P AR E FH Y
IR 2 (Cersosimo et al., 1986; Déchelotte et al., 1991;
Perriello et al., 1997) » iff [t —1F F th [E] 5 =2 1F [0
RS RIS R A B LAIRRE TR A HY -
T B BT I %k B M e 0] 101 1 s e 1 FH A AR T
ERERE - AERh 2 ZaE o B —RER
81 1 /NE§ 75% VO, HITiT J1 BB 4 » IHL S BS 69
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350 7

300 A

250 A

200 A

150 A

100 A

Glycerol concentration (umol/L)

50 1

® placebo
—A— glutamine

[ =

S BRAHRT SR > p< 05

IL-6 concentration (pg/ml)

IIIIII

pre post-0 post-15 post-30 post45 post-60 post-90 post-120
Time (min)

WHAHTTR 7 BR8P RHA 120 4388 A MR H iR > 854k

® placebo
—A— glutamine

pre post-0 post-15 post-30 post-45 post-60 post-90 post-120

Time (min)

PO WYH BRI R BRI 120 Sy AR 1L-6 R 2 #1k

iE T RN AR p< 05 -

R EE SR EZEIREE AR - R I R - H
JH BT i 7 I e T B e s I R v 0 AR
18 AR H W B i HE B R i 4 E R = R S 1Y 2
FIHES > P] IR A RR A RR 4 - HOR B
HiE B B 17> WRAB T BA Y PR 2R [O148 T - 128 IR B bR
EERNEZREENR T HEHE ) (HE > EK
BRI > BEESRRE RO EURE T E - rEEs
A EE A 2 Y BT o fE—F 52 9] B Iwashita, Mikus,
Baier, and Flakoll (2006) Fir#1T 2 ZERRHZ % 5 & 1%

REEHFERVMT ST 41T — ¥ B3 > Iwashita et al. 53R %k
Bisfeele ~ i R G g% ATA (0 ~ 180 7388 ) /K
{beYsEEFHZRES - MASHEE &5 R
MAE&%EBE (180 ~ 360 534%) » BAKLAYESE
FIRZRZM TR > 1 HakE pE 2 A F R RZ 0 B2
EL¥tiRdH = 2 LB - LT AIfE BB AT - MR
BRBR R RIS BT > RIBERE ARG 2 AR 2 2 HIE]
EIRF 0T BES AV 2R BEE SRR 2 RS
T B 2 A A RN > &SRR T
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P 2253 2 K EAERF o R AR ARWE5T th 2k g
I 4 A P AR 1% HAR - RIS R o HOR R 4 R (R
KRB ERkEAs R lE ~ R A28 A o] Bt
B S AR AE A R A2 20 - (HZ iR B8 A
& B ) ME A1 R 02 A E LR R A Bl R P g
TEBRRR I 22 B FE 1% DREEAY P EH RS 4l R AL
Ik LB SRS o MLt SN e T kiR
MANEAS BREE N AERZE - 0] DIHIHIRE R TE
H - [EIFEFSE I SRS EEAV A % - fERE 2 iy
BT EEAE -

AT rhE8IR - EB R m BRI R (5 E
Bifg Mk IL-6 2R B (@) - WHAEES
R REFIZH - 4F Hiscock et al. (2003) iHFE 455 -
B F A R EA R R I T DU — 0 B 1 S 1% 0
Y IL-6 JRIE » B AT R SAEE R B SE R /1 TL-6 73 U5HY
JRERNE A B REHE » F#1E Holmes et al. (2004) HY
WrgeHh o SE3R DUFS i e 0 A A AF A B > FE IR B
BEE h o (R IL-6 AR & L IR A S =
PRI (AP 28 R FI 1 A A U A & (A9 Mo IL-6 2R
FE B8 h0 > 1 b — 3% o2 IL-6 0] 8E & HH A B 40 8% B
FEHIAY o AR ABH FT o [F] R Y 7,38 B 1 HE e 1F
B TL-6 8 12 B 52 - BRI T AP 46 i 2k g M B &1 728
A FI I A e P (5 S s 4 A R TL-6 > 7T 2 B IR
1 IL-6 JFERYIE N - 3T 420 IL-6 J5 a7 52 Y R 1
W BT AR 72 BLERET - TR B e 4 s AR E SRR
HIEAE > —KEL A IL-6 EABLETHENIERT
DA A Ry B i A= E FE > DASe 38 A Ay 4H 4%
HIREfEEE A - (A5 8 7 B 25 1Y A ) v BT e i
Rl el HL AL AT RIS o b 4h Pedersen, Steensberg, and
Schjerling (2001b) 3¢ & > IL-6 fEALIA A H 5
U (local effect) » [t —HEERAE Weigert, Hennige,
Brodbeck, Haring, and Schleicher (2005) B2,
WS E - M E AR & B B b ge R > 3
B TL-6 B[R 5 22— R0 1F A B o] 8 0 B B 9 & B
i IL-6 R G AL A (C R BE S RAITER] - IRIEE AL
T8y 1L-6 T BE f2 775 108 50 338 4 8k 3 s 155 R SRR SR 2
ZFHEEFFIZTENIER - M IL-6 2 2B ZMNE
2R HERN A EmA R e > TR
& (CAORTHE - RERG4HA) - BRE ZHVETR SRS
#Y - MAERE R A FHAVEHSE COFEEAL) » BREZEWN
YE R RIME s 58 > [RIIE IL-6 74 RE — 77 T 7 B B o ol 8L
8 T A2 A F R BE A 4E 48 b 34 I As R o7 il (BARAE
F) - 59— 77 )] DA #E & & 08 R i B R i
i H AR EARLRHSE R (EMEER) -
i Weigert et al. t 3551 » TL-6 54 fj0 AL 4H At & Bl
M2 ER > RATEREZBERENEBE NE4
EEREZRENR » AR A AZ - MARED)
o HREEZTREATRE  Hitit—KES

W TL-6 Y fep B0 /E A » RS i o 2 6 & 1 B i Fis
il BE 5E A RCRAVHE ARLA A o R RAMEE
BRI TS R TL-6 ARZ R B EAY > B
TP 2k B e B e H I M A A D+ R LR e e s O e 9 1
=2 BRI - PRI 2/ TL-6 1 AL A B RE Ay 4H 4%
gyulh o TAEARRR & ZOREAIREE T » TL-6 H e 384§
HAFH - HEE 52 (AR £ A &t 5 [F
B 7Y TL-6 TR AL AT Y 5 S0 P - (SRS I o Y
AR RV E AL A - R rt 7 &8
HFEAFIF 2R o [FBEHY - Iwashita et al. (2005) #5E
R FE A T e T 3 A ) o R B 1% A A R S s B
Bt 2 - NEREE P EEE % - 25 ETEN
BUB B IR ShBR i i so4H B R S R HRAH
PEAME B2 B 1% AL A A Ve B A8 -
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Abstract

This study aimed to investigate the effect of glutamine supplementation on blood energy substrate levels
during the recovery period following endurance exercise. Seven healthy male athletes were randomized into
two trials: Placebo or Glutamine (0.1 g/kg bw), and performed a single bout of exercise at an estimated speed
corresponding to the 75% maximal oxygen uptake (\./OZmax) for 60 minutes. Plasma glucose, insulin, glycerol and
free fatty acid concentrations of each athlete were measured before exercise, and 0, 15, 30, 45, 60, 90, and 120
minutes after exercise. Results showed no differences in glucose and insulin levels between the trials. Compared
to the placebo trial, glycerol concentration in the glutamine trials was significantly lower at 60, 90, and 120-min
during post-exercise recovery, and interleukin-6 (IL-6) concentration was significantly higher during the recovery
period. We concluded that glutamine supplementation inhibits the lipolysis and induce higher IL-6 response during
the recovery period following endurance exercise in young male adults.

Keywords: glucose, glycerol, IL-6
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Introduction

Previous studies have investigated the interactions
of glutamine with glucose metabolism after exercise,
and glutamine had been shown to interact with glucose
utilization, therefore stimulated whole body glucose
utilization (Bowtell et al., 1999; Varnier, Leese,
Thompson, & Rennie, 1995). Glutamine availability
was found to interact with lipid metabolism, and
there was an evidence that glutamine directly inhibit
lipolysis in animal experiment (Cersosimo, Williams,
Hoxworth, Lacy, & Abumrad, 1986) or in human trial
(Déchelotte et al., 1991). Furthermore, Hiscock et al.
(2003) found that supplementation of glutamine can
increase the concentration of interleukin-6 (IL-6) in the
plasma after exercise. IL-6 may play an important role
in the regulation of energy during and after exercise.
Therefore, we would like to investigate the effect
of glutamine supplementation on energy utilization
during recovery period after endurance exercise.

Method

In this randomized double blind crossover study,
seven healthy male athletes were randomized into two
trials, placebo or glutamine. After performing a single
bout of exercise at an estimated speed corresponding
to 75% VO,,,,, for 60 minutes, the glutamine trial
received 0.1 g/kg bw glutamine solution, and the

1000 +

800 -
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400 -

Glutamine cone (umol/L)

200 +

0 T

placebo trial received hydroxypropyl methylcellulose
solution.

Blood samples were collected from each subject
before exercise, immediately after exercise, and at 15,
30, 45, 60, 90 and 120 min following exercise during
recovery. The concentrations of glucose, insulin, IL-6,
glycerol and free fatty acid in plasma were measured.
Plasma glutamine concentration was determined using
Water AccQeTag (Waters, Milford, MA) method, the
analytical condition setting was modified from reference
(Cohen & van Wandelen, 1997).

Results

After the supplementation, glutamine concentration
in glutamine trials was significantly increased from
404.11 £ 31.69 umol/L (pre-exercise) to 603.81 +
28.39 umol/L at 15-min, and reached the highest
concentration of 668.38 = 43.93 pmol/L at 30-min
during recovery. Compared to the placebo trial,
glutamine concentration was significantly higher
during all the recovery time points (Figure 1).

During recovery period following the endurance
exercise, no differences in plasma glucose and insulin
concentration were observed between the trials.
Glycerol concentration in the glutamine trial was
significantly lower at 60-, 90-, and 120-min during
post-exercise recovery compared to the placebo trial
(Figure 2). However there was no significant difference

® placebo
—A— glutamine

pre  post-O post-15 post-30 post-45 post-60 post-90 post-120

Time (min)

Figure 1. Plasma glutamine concentration at pre-exercise and recovery periods in both placebo and glutamine
trials. Data are the averages of all points within each period.

Note: “p < .05 vs. pre p < .05 vs. placebo.
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Figure 2. Plasma glycerol concentration at pre-exercise and recovery periods in both placebo and glutamine
trials. Data are the averages of all points within each period.
Note: ‘p < .05 vs. placebo.

in free fatty acid concentration between the trials. and 120-min during recovery (Figure 3).
After exercise, IL-6 concentration was significantly
increased in both trials. The elevated IL-6 was gradually Conclusion

declined in placebo trial, but remained increase in

glutamine trial during post-exercise recovery period. In this study, we found that administration
Compared to the placebo, IL-6 concentration in the of glutamine significantly decreased the glycerol
glutamine trial was significantly higher at 30, 45, 60, concentration during post-exercise recovery period.
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Figure 3. Plasma interleukin-6 concentration at pre-exercise and recovery periods in both placebo and glutamine
trials. Data are the averages of all points within each period.
Note: "p < .05 vs. placebo.
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Changes in plasma glycerol levels have been considered
to estimate lipolysis. In addition, we found the higher
IL-6 concentration during recovery periods in the
glutamine trial.

We concluded that glutamine supplementation
could inhibit the lipolysis processes, and induce higher
IL-6 levels during post-exercise recovery period, and
this can make advantage to glucose utilization for
body.
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