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B8 : Fifadn TARERI] aldor X » RER/ABLEGEARN A FaE S
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NGB LA EES BT % VTR
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HAHEBBETER D 70% HKRBEAFE (VO,max) L FRE ABIHLMERL L
E (EHNTR) REL-IHEHIL (70% VOmax) LFBKAE SR+ 0§

(SR EHR) £+ K- METR

o BAK BT R kN EF 70% VO max W 2iEH) 0 [

BIREMARK » BETHALHHARNS IR BEFw R F A RE -

M EEARAARLERIE EH R I FAMEZ T 54K A -

FRBBATHTHE

A-FEE8es -8R RATHAEGEIAITREEZEEI MR TR p < .05

(RE BB B A B 3 s B B 3B By AT
MEETRGARETEE a9 BB Tod BEET - BEETHE TR -

<.05)

B HE T SBEERAER TR (@

KR BOR A N F B B kbz"\égﬁ%%’ﬂ BWy 20 S AR AR T A8 A ik 3 I WA A

WA RN T ER A R £

FABEET : BEDEIER - ALPIRTER - KL EY

E %

= FE LGN (living high and training low,
LUTL) & aln a2 — » BIE e il
BRIk S siEIR - e T EE N o A
HERAEREESEET - IR LRA
AR HE > SR ER kA Aee - BRR
a2 5 m A B A & £ (Stray-Gundersen &

AR E BRI a0F] R LGRS 0 BT REARAN R A -

Levine, 2008) ¢ F4} » g R RSB ERIE
HFIR A LA TR NS EEEE
B LUKz L P A S e 2 M A 1 (Heinonen et
al., 2012)» [R5 Ek S R 5 800 A BE 49 BH §E
i b B A B B8 (adenosine monophosphate
kinase, AMPK) * s # @ A i EE O£
(Cartee, Douen, Ramlal, Klip, & Holloszy, 1991;
Hayashi et al., 2000) ¢

SRR A S B Al AT DURR o A s AL P A
PE i &5 H # (glucose transporter type 4,
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GLUT4) » HFIH & 5 WL A 85 & A (Bonen,
Luiken, Arumugam, Glatz, & Tandon, 2000;
Richter & Hargreaves, 2013) [t » S| e
) W R E B ) 3% TR — B e B ) M I P AH R
H A > ASHNEBAS (hexokinase) FUIATHEE &k
5T (glycogenin) WIFEIR » 70 AL AT BE F & Bk
(Kraniou, Cameron-Smith, Misso, Collier, &
Hargreaves, 2000) © R 729 M8 A e 05 581 B 458 ) ) 3
HEWMINAREsREEENA &

(Reynolds, Brozinick, Rogers, & Cushman,
1998) < E §if i M 57 52 #8 2 B 181 488 v 7 AN

M~ bR RCE RSB LA I E S R
- -REFZERAETYEEE TN EERRN T2
— > A ST DU B e B o e A R R A
W e S R A A IR Y - LA e I B
(Ren, Semenkovich, Gulve, Gao, & Holloszy,
1994) » WATIEALAFHE & g - BT IE G L
(Dimitriadis, Mitrou, Lambadiari, Maratou, &
Raptis, 2011) « BI E BT » EHB G EESR
B 0K R A T a0 ) B i = R R A L e A
A EHECEE R R (Chiu et al., 2004) » H il
fel 48 FHRA RO ABS & 58 - K IL AT ST BT AR
TE 3 1 R AN 6 R B B R X i kL &
Yot B E LS NG & RS &

B TR A AR A B R - B
rEhEEEIEEN S (Hawley, Burke,
Phillips, & Spriet, 2011, Jeukendrup, 2011) ¢ i@
H e & AR5 &= BT dR T K AL & P B G W (3
(Cermak & van Loon, 2013)» AR /KIL &9 LA
I8 o T 2R TE VLY B b - RO R ik
N D EER R EFER (van Loon,
Greenhaff, Constantin-Teodosiu, Saris, &
Wagenmakers, 2001} ¢ B AT TE T AN B A R
FESEATHE - AT wE e 4R 25 I R (L E Eh =
IR+ BT I B b A Fe Aok AL & PR G LA
A (1) B i 15 (Hickner et al., 1997) ° SEH B % L AH
e sy ENFETE BT - NAaESn
fEREE Ny EE (H5%H ~ H53C - 2010) - 1
Hfi AL &9 2 #eaE & B U0 & a8 F P i

HENRET {(Beelen, Burke, Gibala, & van Loon,
2010) » WFZETE A B & MEUR KL & AT
= ITBE R B o R RE T E R BE R ey
o BRI EE RAIREEEIE - DUEA T —
R ) A B BB (McCoy, Proietto, &
Hargreaves, 1996) ©

8 2 % BRI T 5T & B I AR 4
7~ SEEZE N HESRE - L EHRES
s EIES N e A BN RS2 - [
It BRE—RE W 2 BE IR E I
% > BIZGEE &7 A S E A dE S
i LA I & R

— i

BEAMEFREAEESG 2B E
(B3 2020+ 042 B B8 :173.94+2.01 em

WE:7274x262ke) AT EEHREE
Bert ERAEIRE SR ERES » A2HET

B oo AWSUEEE I EEE EERAEASE
BEEG I EE -

— - ETRERET BN

FEBEREESI 2T ERE AR
8 o I U BT B (Monark 828K, USA)
EomEER > WEERZEMNE =+ — X8
Heze i - e 2l ST E BT = A BIFA %
WEES - ARH MR R EE  BE
ERAET - RESIRIET » 5250 & DU Hh TS
HETRAWMEsHHNG > WE=A% - [E
BHIREESEFRAENER -  ZHREFERE
WEBREET —R—/DE 70% RABER
(VO,max) HOSEB) » 7 BEARE BB R /)
o HEE S CRREB IR S - BTA R
FER - ZREEFABEEFRXETER—/D
BEE 70% VO,max AESIBIEIR » £r@issl b
R EB BRI - BIEEHERE T/ E TR
HEAMESERSERNER R - T8 LR
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R T B R —/ N 70% VO,max B -
FERETE - RRENARE » R Z5
WO L &P ERE - BRI/ DR R TS
RN R o M AR A B R EE AT % - DL
R EENE T AR = = 4y SR -

= BKEBEE (VO,max) B 70%
VO,max ZiEENEE

TENA R A E - (Momark S28E,
USA) $£52 0.5 kg HEE) & T - FREMY 558 - I
BETEIEN 0.5 ke MBS HEAEE T
Sy HEFEE - Vo,max RS &5
7 (Cortex Biophysik, Nonnenstrasse, Leipzig,
Germany) T B EEEEAL o BT IR AT AR
1.10 ~ Tt \'/Ozmax s ED /A 2 ml/kg/min H
SETRTEARREAN S VOmax o VO,max HIFHE HEHY
BN E AL 70% > BIVES 2 2R GEE 3l 5 B ok
T B S B 9

v ERRTZH

7 A E O 1T W E 8 & ol A B B R
70%V O, max JEBIHT » B Z2E /K o £ B GHE
B R L 2 g/ ke weight F)TARKAL S EEE (B8
BB 678.2+18.7 Koal : 80% A L&Y ~ 8%
Pl ~12% EHE) BEEANEZYE c02gME
K245 ml BEAR#EEL 80,5 ¢ IR ~20.3
o FIE AR 126 ¢ B9E AR /NEE 560 ml AYK
{Wu, Nicholas, Williams, Took, & Hardy, 2003) °

5~ BEIRIE

RIS AE (Colorado Altitude Training,
Louisville, USA) 7R Sm-E 49 m~ & 25 m
W7l e RERBERERLP _T=£_
FTHEHARNWESE - 5% £ EB RSB
FTA 100% &R > LB EEHIE (CAT Digital
98 controller) #HHIFRIBESD 153% ~ |78
#5% 116 mmIlg 52 38 & £ & (K EN 1o & e FA
ATEAR RN PETT 10 /DRFRG IR 2 EZHRERR «

REE A G AT S REEE 341

7 IR

fHH & EHHFE (heparin) IVEZEIRIMEIRE
T EBREIRA MR - MEED 4 CHBEL R
P DL 1000 g B0 10 7388 o DUV B M A O
W BiERE (mf) % > SLEMEFER-80°CHI UK -
(—) MIRTTHE

Il 4% w5 %) 45 DL f % 0 S0 g R B 1T 1
B oo A IMARAR A B GAE] (Randox, UK) #ITR
WE o DL/ B 4 E B B SR R (Bio-Rad
Laboratories, Hercules, CA) H|& 550 nm 0 Y
fE - KPS BB T R -
(2) REF=

I 85 18 055 3% o 16 T i 3R % 0 Tk e
H) o MAE A EL Human Insulin ELISA kit (Linco
Research, Missouri, USA) HITRIE - 541
MmAEtk A MmA—HinEHERERNESHE -
FoeBEREMA R (A EENE
enzyme-labeled antibody) TR IE - 3% » [
MAZHE (3,355 -tetramethylbenzidine) 1T
L FE - {HH] Roche Elecsys 2010 G 7387 13
(Roche, Mannheim, Germany) #Hl & 450 nm [k
M - FTS BB EITIR A -
(=) B4

I 5% it BT R I S e B & - AR
B A B RS (Glycerol kinase) ~ H il =,
{L®S (Glycerol phosphate oxidase) B {LKS
(Peroxidase) (Randox, UK) 1T E » LLZ HE)
EA{b 43 #rf#  (HitachiSciencesystems, Lbaranki,
Japan) & 520 nm B KA » BT BB ET
IR -
(09) BRERsinEE

L SR R i 7 e o T DA T Al < o
I Atk AR BE AR i BE A G ELEE  (acyl-CoA
synthetase)~ i ififs A S LES (acyl-CoA oxidase)
ELEELES (peroxidase) (Randox, UK) 1T
FE - Lleg# A b3 thf# (HitachiSciencesystems,
Lbaranki, Japan) & 550 nm AR {H « I FAE
HE VAR B OL (i 2 AR R - IR S v
TR (mmol/l) °
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(h) MR RRE 82
I 4% R7 8 s (o P o (L 22 o S i o f vk

(electrochemiluminescence immunoassay, ECLIA)
faHl o MAFEE A EZ Elecsys Cortisol G Hl (Roche

Diagnostics GmbH, Mannheim, Germany) 1T

HE - B e B 20ul MR A E cortisol-

peptide~Ru ETIEE®R » BEHMALY R

(biotin) I streptavidin EITRHE T Roche

Elecsys 2010 RE T #E % (Roche, Mannheim,

Germany) Hl&E > TS BHOE L GRIEE -

T~ HPERIREE D

SR R B R T R R 3 37 B AT LAY
ZEH| (muscle biopsy) i (£ EE# 4/ NEFHETH
ZRMUA Rl - DLy 2l E S RER B TR 20
D RBEREAHAAL (vastus lateralis) BRIETT <5
FETRALREE - BT 2ml WOREET (2%
lidocaine » &% LWRFR) % - BHLL 14 5RALA
ZHE (muscle biopsy needle) HUF#7 50 mg B
WM AEEA (Bergstrom, 1962) ¢ i FEL A # A
H7 I 7R B A A A R 0 B R -80C YR RE
& BEROTILHEER S & -

AR R g R E {Passonneau &
Lauderdale, 1974) s+ M ALAFEERE « £ 75°C
T BN S S (KOH) W # 25mg IHLA
TRAFHE 30 % 0 MIA 0.3M BEFHH - KT
TR 4.8 FINAEMES (amyloglucosidase,
Boehringer Mannheim, Indianapolis, IN) RS
B FEFHELEEE] (Trinder Glucose Kit,
Sigma)» Ll OD505 nm HIRWEEHE - FEES
AFEE R E (umole/g wet weight) ©

N\~ BRETTSE

TR B DT B 3R (mean = SE)
o o LU ET RS SPss 20 #ITHUIB T -
DR AE R T (FREE <) SR
53 070 = [ Bk B 0 7 F [ R R B 2 B ~ 1 A
BRIV ~ TSR G e B R e
it HEREEEFUETEENZGE
o D IT B R o BLLsD ik

ETT R o o DUHARER A ¢ b 5 o A 1 LB
SEENRE MR TEEERERHET @
& {area under curve, AUC) 2R MK
ER o= .05

PR 4

W FE B e i B B (R E B A A R
BN E RS L BFR (F = 1192, p
> .05) (| D EflEREEEERMNREE
Pl T TfE R EEE 2R (8 2) - #HFEER
RS ERETEFMENREEREHA
YER (F=1.448, p > .05) ([& 3) - el & 5 HE |
AEBNBREREE REHEER (H4) -

2 1 B B {0 F B A A (R B [ A B o e
BRI B BEER (F=11.144, p < .05) ©
it — 5 o o e B B B R
Tt o fl 558 R S F A I 4R i A A A e
IR ETEHEEN T - R EEEN R 30 78S (R R
H 5 (03296 + 0.0766 vs. 0.4670 + 0.0269
mmol/l ¢ 1.0539 £ 0.1201 vs. 1.3428 + 0.0831
mmol/l 5 0.2087 + 0.0393 vs. 0.2676 + 0.0131
mmol/l, p < .05) ([& 5) o i & b B 5 B
T EFEEESH HREEECAEER F=12732
p < .05) < E—HfaE EH ERE RS ERAE
MEESRES N SEEHNSERN MR H
YR R T S B ~ TR ELEEN 30 S EAE AN
FIE B (46.88 £ 3.82 vs. 64.00 £ 2.08 3 269.00 &
17.05 vs. 342.00 £ 12.94 ; 41.88 + 2.04 vs. 73.50
+0.66 umol/l, p < .05) ([& 6)

i Fe B 2 o e B (R E B o A R IR
B R ERRER S E{ER (F= 461, p > 05)
(Il 7) °

2 o1 T B {5 B A A (] P D G B AN AT
MEEEE S EER (F=9.147, p<.05)« E—3k
oy A B bR T B R RN P A A B LR 0 A
RHNESEREREHERTEEE#RR 4 /)
F WL P BRI o e o HISE =S i i o /DI
(8422 +£ 360 vs. 46,46 £ 0.86 pmole/g wet



weight 5 64.49 £ 2.67 vs. 46.71 = 1.

98 umole/g

wet weight, p < .05) 5 FLi T ZGHE B % 4 /NRERY
HIURE G O S L {530 B B 5 s 0 P ol o

(84.22 £ 3.60 vs. 64.49 + 2.67umole/g wet weight,

p<.05) (l& 8) e
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BEA BENRA N

8 EXREHENFESECRL
B RMERHEREREER (p < 05)  SRREER R MR

EZE (p<.05

Bk

B R geRs REURE R TaEE g mydl
W7 o W] DU EE PR A B K 70% VO,max il
R R o 1% 1 S LI G R - B E B
TEAR ARG T > D88 LA S o | EE Ay A B AR
FEAUIS 05 PN TR S5 2 U FH - W st s L M A
(1) i %) BE TE 8 55 B (translocation) L
W HIAR AR | > S WL v st & BER FTHT > B2 7T
LA AT 4 5% (Birnbaum, 2001)° % — B & &
i L A I RE v B % o 7 B A2 il K AL
GV MR R B o AR TR L DA T O 1 1
HE P EE) AT (Sano et al., 2012) © A S EH &
lFEZ R TEMEEIN Ak » EiTHX
60 438 70% VO,max SEB) % » WL PAT M 0] 4l
RSP PRI E S (& 8) o AR » MR A
KEUTS B 20 T 6% 1 AR e A B R N TR A LA
WA AE T 92 7 R 72 o DAL B o s O ) 12
T 0 LA 7 7 B R P M B A R E — R LA
TFlE & SRR - il 2z bR Ta i RaE
Al > 2 5 O L P A 6T i A 0 R R AT
i 5 1 AH R R IR 401 ST R s ~ TR & R
TR &5 R 2R B > 38 R SRk R ok B
AtHH > TR DI STEE I o A AR ST R
o WA R s 5 ) 1% 5 BV A il KAL)
A B  EERET GLUT4 B S L A A e
HHERIF (Cheng et al., 2005) » {H &K E IR R /&
3 BN 4A B A 1 5 )1 AT L Y A A [ £
i E BRI RS Al At g — D -

PN/ TS B S DT I E o 9| S w1
T 1 2 I 1 RN 1 e B S O 2 5 2 PR
B o B D AR 2 R R SR IR R AR S AN
¥ iEE /7 % (Katayama, Goto, Ishida, & Ogita,
2010) © [AIFRH > T & EARAN 1 5235 17 B 2
I L e T e s S 5 g I A M I R O (RS
PR E B o AN FE A o 0 3R T vl B s 1Y e
A O JEE A B 2 77 5 o 1 ) L Bt o5 A HEEE
B At SR H A H B ZS (Cobb & Johnson,
1963; Jones, Robertson, Kane, & Hart, 1972) ° A
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=R - REEDREEIR 4 N MRLE
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Abstract

Purpose: To investigate whether short-term normoxic exercise training and recovery in
hypoxic condition could enhance the glycogen synthesis in human skeletal muscle. Method: In this
cross-over designed study, eight healthy males were categorized into two trials. Subjects in first trial
exercised at 70% \}Ozmax for 60 minutes per day and recovered at sea level (control), and subjects
in second trial exercised at 70% VO,max for 60 minutes per day at sea level and recovered in a
hypoxic chamber (living high and training low, LHTL) for 7 days in random order. On 8th day,
subjects in both trials performed a 60-min cycling exercise at 70% \.fOZmaX, and subsequently
consumed a high carbohydrate meal. Biopsied muscle samples were obtained from vastus lateralis
immediately and 4 h after exercise. Blood samples were collected before exercise, immediately
after exercise, and for every 30 min during 4-h post-exercise recovery. The same procedures were
repeated after three weeks washout period. Result: Muscle glvcogen level response at post-exercise
4 h markedly higher in LHTL than in control (p < .05). Both of non-ester fatty acid and glycerol
level were markedly lower before exercise, immediately after exercise, and 30 min during recovery
period in LHTL compared to control (p < .05). However, blood glucose, blood glucose area under
curve, insulin, insulin area under curve, and cortisol levels were not altered between trails (p > .05).
Conclusion: LHTL could increase the rate of muscle glycogen synthesis immediately after a single
bout of exercise and promote glucose uptake as result to enhance glycogen supercompensation in
humans.
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