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Abstract

Altitude training include “live high - train low (LHTL)” and “live low - train high
(LLTH)”. LLTH is a altitude training model , it’s use intermittent hypoxic training (IHT).
To demonstrate whether seven days short term intermittent hypoxia training will
increases the muscle glycogen synthesis after exercise. Seven healthy male subjects
completed two trial, including seven days exercise training under hypoxia ( IHT trial )
or normal oxygen ( Control trial ) conditions, separated at least 7 days. Immediately
after seven exercise training day, on the 8" day, seven male subjects completed a
60-min cycling exercise at 70% VO, peca, and were immediately ingested a high
carbohydrate meal ( 2 g carbohydrate per body weight ). Muscle samples from deep
vastus lateralis and blood samples were taken by needle biopsy before exercise,
immediately after exercise and 4 h after exercise. The muscle samples were measured
for muscle glycogen concentrations, the blood samples were measured for glucose,
insulin, cortisol, NEFA, glycerol. Glucose, insulin, NEFA, glycerol was significantly
lower in IHT trial compared to Control trial (P < .05). Cortisol was no significant
differences in both trial. (P > .05). Immediately after exercise, muscle glycogen
concentration was shown significant decrease in control trial compared to that before
exercise (P < .05). During exercise recover, the increased trend in muscle glycogen was
shown in both two trial. However, Control trial significantly increased the synthesis in
muscle glycogen at 4h after exercise compared to immediately after exercise (P < .05).
Seven days short term intermittent hypoxia training attenuates the depletion of muscle
glycogen synthesis after a single bout of exercise. It implied that IHT trial increased
endurance performance and maintained the higher exercise intensity during exercise
than control trial. However, no significant glycogen synthesis recovery after

post-exercise carbohydrate supplementation in IHT compared to control trial.

Keywords : hypoxic conditions, cortisol, glycogen
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R F A E N F F RSN RERETFHEE R
(Monark, 894E, Vansbro, Sweden) s> " ¥ Bl = £ % # ik 4L 54
& > BIE L3 ERMECET RGN Y2 TSR
Meta Max 3B(Cortex Biophysik, Nonnenstrasse, Leipzig,
Germany) » E¢+frﬁ§§§i%] A RS I N B G R R
Bl R E R AR E L BOOE DR P i FHO0T AN 2
HrEy B o# X 5 303 £ (Watt) > @ & & 24 48 % i 8 # 5 3 4 30
Watt(4 % 3-1) > & 2 £ Rl f %5 £ Z 02> 2 2wy d o
FH Ae TR T o A S % E M 4 ) T2 ml-kg-1-min-1 > ¥
H o w2 ¥ & (Respiratory exchange ratio, RER) = 3t
1.15(Williams, Powers, & Stuart, 1986) » p pF 5 < il Jﬁ" B
#F % B H = 5 ml-kg-1'min-1> ¥ F 2 H F % & ) L RF
HREAHE 2 »F £ Fn70%T 3 R4 22X BRPFLEFO6
L 4w e 38 B 5 R (Kuipers et al., 1985) -



- #FEER oo w iR Fe

(min) (kp) (rpm) (watt) (kg)

1 0~4 0.5 60 30 0.5

2 4~6 1.0 60 60 1.0

3 6~8 1.5 60 90 1.5

4 8~10 2.0 60 120 2.0

5 10~12 2.5 60 150 2.5

6 12~14 3.0 60 180 3.0

7 14~16 3.5 60 210 3.5

8 16~18 4.0 60 240 4.0

9 18~20 5.0 60 300 5.0

N300 AN B

T #&D =% X R HELRNES > BPF DK
Lo B R RWALETY A 2 BT A RBRY G A
Tl s R Ees o m - BES 12 P BN ERG
o FH - K T0% VOrpeax 8 & %K & F & 0 F#F YD
60 »~ & W F > Xl F v pd Aok =R ERL S E R
FHRAETHME 2 HFI R EFES P TP F R
S s M s 8 2P XF R F Bk k(W
Nicholas, Williams, Took, & Hardy, 2003) - & % = &» % 4o '
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B oeow oMo M 2 F B M F 45 (Colorado Altitude

Ji

Training, Louisville, USA)» 7 B 5 &£ 5 == ~ % 4 = = ~ 3
2.5 2% o B T R A E YA 2,300 2 2,500 & % F R ehi
EHE(H 153%F AR ). M F FE%D 4 AR
Bl d OB b v Bk 4] R (CAT Digital Controller) > 47 #1
kiS5 B » 100 %F F R A h RN s B F AT FOER B
52 153% > p*pFF A BRH 5 116 mmHg 4 % > 2,300 =
2,500 = = e M F BB > FF FEART EIFERE RO
[RET-
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# ¥ ) & - L % 45 5 (Becton Dickinson and Company,
Franklin Lakes, NJ, USA)=* & @] % 2 A # % >~ 7 2 & % i&
AooFoR Y P RE L e R %R R Y F R
# % & 5%~ 454 EDTAE 2 8 7 > &7 3,000rpm 4
10 » 485+ F % > % -20C k4 > A8 &FF 5B %5

y SN S SR AL B N SN

(- )& §F 4~ 17

#H T HF F OB oz i pr ¥ B > 2 > @ * RANDOX
(Laboratories Ltd., Ardmore, United Kingdom) 2 & ¢ §& & 2
it 3® & > 2% » SmartSpec Plus spectrophotometer (Bio-Rad

Laboratories, Hercules, CA, USA):t 7 Jk & Bl & > # 2 O0D450
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- F &4 R T & f# (Glucose area under curve,
GAUC) #@ & wn 60 4~ 4 n ## E iF 2 A X E > BF & n 60
A~ @R 0306090~ 120~ 150~ 180~ 210~ 240 &

TR T NN LR R S

(= )% & % 2
N TR E LA » 7% (enzyme-link immunosorbent assay,
ELISA) > # * Human Insulin ELISA kit (Linco Research,
MO, USA)» # & # # & 4 » § § - &4l 2 96 3+ 4 > %4
AR e o F s V- RAEBERE B H- M
PR -2 xR H (& R RS L > enzyme-labeled

FSre

antibody) » = & jidll 7 - s b Al A 2 b - BB L F S B

\-

T
N7

FIEI RIS BN S-S LA SR I RPN I K
3,3’5,5’- tetramethylbenzidine » 5§ i - B PF B enivs * » f% 2
R FF A ERFI A AL F L H B 0OD4SO nm =
R I R R R fe B o sk M F iy F O R

i ERAZ L FORR O RN
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4o & T o
W5 32 F B4 & T s # (Insulin area under curve, IAUC)
A 60 A 4% B OB R G AREE o KE RS 604 - F

# & 0~30~60-~90~ 120~ 150~ 180~ 210~ 240 » 45 *7 %
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(= )& F g A~ A7

mog v B og ok f B A~ 47 2 (Electrochemiluminescence
immunoassay * ECLIA) > & * Elecsys Cortisol 3# & (Cat. No.
11875116 ; Roche Diagnostics GmbH, Mannheim, Germany)
2z » Roche Elecsys 2010 & # 4 47 &k % (Roche)~ 7 4 & % ik

B e R OB e B e

(= )iFaE % v e A 7
—

MO OEFEME K ENE F K (Wako NEFA, Germany)
F o> p # 4 it 42 45 &k (Hitachi 7020, Ibaraki, Japan)# Bl #F

AR R R B B FR R

()4 @ & 37

MO O R R i 7 # v 2 2 F & (Randox, Co. Antrim,
UnitedKingdom)» ¥ 1 > p & 2 it & 47 &R Bl H @ Dk R > &
R E G R
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SR R A R B
AU ER A RN T IR R ERLIRE T AR
e RRA ER R T AP RFRL LR F R
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lateralis)/x » 1-2 ml 2% lignocain Jf ¥ & & 7 & % fir BF 0 &
SR % 0 £ 2 148 vE F ] # (TEMNO, McGaw
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ark, IL, USA)B {8 »v g % #2 3% ¢ | »~ ¢ (Bergstrom, 1962) >
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AN VU p A EE R B OA 47

o g R pE B R A 7 6 * B2 % A~ f% ;£ (Passonneau &
Lauderdale, 1974)> £ # * | N 2 & § i 4 (KOH)/a f& "~ p} #
A& > £ 0 0.3 M fp pt 4 (sodium acetate)? & fh b B & 0 LK

St
&

> % 7 f* (amyloglucosidase, boehringer Mannheim) # "+ fE &
2 5 5 8 £ @ * FF CEF 2L N (Trinder Glucose
Kit, Sigma) > & * & % & 2 % (Beckman DU-600) ODsgs ®=% &
BB A F Ak A (glucosyl unit) s o - 47 F B dp F 4 B W
oo BN R A TR R KRR B e



e TR AEERI AR

F % o7 8 F L 1 SPSS for Windows 12.0 5% 7 % L3t %
SR/ SR O
~ s wdp A T3 % B A 4 (two way ANOVA) » it &
kD FEFRFRE2ZERD E2ERE 0] FE 4 D

vupg EEE R R £ B o
S s Ap iR R A F]lF %R Bk A 37 (two way ANOVA) » b &
AR F LT E AR 2R
oo R B2 LR

AT T RS BRERZHFHEE R 2

A F 22 F Bd T o ff £ 8

o~ AT B e T35 e + ¥ ® (mean £ SE)E T o

IR

NERRE T o2

It

I~ AP RTEFLE 4 .050P < 054 7 i K



5 3
¥ - & SR EFATTH
LT £ Rk T A 52020 1114 B F 5 173.94
5312~ WME FT7274+6.932 7 > LM R 4 ki 24,12+
303 ¥ §F BB A 2 BT E B L F A ME S T HE 4661 +
1.94% 2 » M 5 BB B A F5 % E L E A
+ 1.92% & (4o % 4-1) o

R

o

ke

i

&

& o e 41.97

% 4-1 2 p XA LAFH

2] p mean = SE
£ # (age) 20.29 + 0.42
£ % (cm) 173.94 £ 2.01
£ (kg) 72.74 + 2.62
o £ 45 # (kg / m?) 24.12 + 1.18
¥ 5§ % B 5 % #% % % & (ml/ kg/ min) 46.61 + 2.24
% BB & HHESE % E(ml/ kg/ min) 41.97 + 2.24

2 LR LR M BRH% i FBERALERE 3060
90~ 120~ 150 & 180 A &5 P & i< ¥ § %% (P < .05 ) (R
4-1) > 12 GAUC % & % F ¥y =t 4 > ®F #E% 2 GAUC
BOE M K §F %k (P <.05) (B 4-2) -
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Bl 4-3 gl O L I N S D L S ) N 3
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600 —O— Control trial
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Plasma Cortisol (uU/mL)
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100 T T T T T T T T T T 1
-60 0 30 60 90 120 150 180 210 240

Time(min)
Bl 4-5 = 38 B % RS20 Rk A FRER

SO Rk T fS 2w R A Bk AR o Control trial % F 3
Z » IHT trial 3 M % 3# % » mean + SE> n = 7>
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PG Xt 5 H - X ERERP RS ER PR LA
Wk EPPEFERFERELRE S ME FE%FRPRERE AT R
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2.0 q —O— Control trial
—&— |HT trial
15 .
~
—
=
o
IS
€ 1.0
N
<
LL
]
P4
0.5 4
0.0
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B 4-6 - I8 FE % (S 2w R FY R ER

S Rk AR TR fs 2 & R PFAE R %k A o Control trial i ¥ §
@ % o IHT trial 3 ™M § 3 % > 7% 7”2 Control trial % ¥ £ & >
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Moooiew M e FpER G B (Ivy, 1999) ¢« BB 5 4 B o4 E B R
FOH 4 % §F %2 st g B (Campbell, Mandarino, & Gerich,
1988) » 4 i % & F F “ﬁ% w # 2 F (Englert, Wells, Long,
Hickey, & Melby, 2006) > & & # 7 » & 7 I 8 v % % o
PYHMOAXXRBRAE o 0 ¢ L TR REPENH A E
o BB opE R LR R A TR A E & F % (Robson,
Blannin, Walsh, Castell, & Gleeson, 1999) > £ pF B & ¢ 7] &
P15 ¢ M ¥R B L A KB hk B (Kopelman, 2000) > i
4o @ L Rk B A 4 (Giussani et al., 1994) > g H
B Rt AT wmY N RERT G REAER TN ATFE
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/
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oA p o £ BT HEF K L (Tremblay, Copeland, & Van
Helder, 2004) -
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3P s & 22 4 ¥ (Mulla, Simonsen, & Bulow, 2000) o

it R EKRF  KF RRLEFLE O FRY I FR

BT RS e p R o N HH ARG AR E R
Brarp g R AEEH R 0L R DAER AFF R
PIFIAE M i 8 X R hF RRF o R E RS g R

S R O By RN KF &



5= & U R A R

Bow R Y EREARY o PEA LR AR
ik ATP & = > g & 2 g8 ¢ ¥ s g I % 4 & kK p "+ pE &2

£ %

5

FH RN RE RRTERE LY & S0 oo
EAp R i X8 BT B S h ATP % P R i
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T > f gL e g " (Muscle Glycogen)™ 5 1 & & R kK JR (Ren
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A (Romijn et al., 1993) -
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