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Effect of acute hypobaric hypoxia on the oxidative
dynamic response in skeletal muscle during maximal exercise

ASANO Katsumi, MIZUNO Koh, OKAMOTO Saburou*,
MIMURA Tetsuya™* , and ENDO Hiroshi* * *

The purpose of this study is to elucidate the effect of acute hypobaric hypoxia on the oxidative
dynamic response in leg muscle during maximal exercise. Subjects were five Japanese boys elite soc-
cer players aged 15 - 16 years who were candidate for 1995 World Cup Junior.They worked in-
cremental maximal cycling at sea level and in a hypobaric simulator (20C, 3,000m, 526 Torr) on
another day. Oxidative metabolism in M. vastus lateralis were measured by tissue SOz, Hb monitor
" (PSA - III, Biomedical Science, Japan) . This PSA - III monitor is capable of determining the oxygen
saturation level of blood (StOs) . and hemoglobin volume (Hb vol) in the tissue noninvasively and
continuously by LED. 1) StOz: Although resting value indicates average 70% at both, during exercise
at 3,000m altitude it shows a sharply decrease from average 70% to 60% at éxhaustion,while it-indi-
cates a gradual decrease from 70% to 65% at sea level. 2) Oxy Hb & Deoxy Hb : Oxy Hb volume
shows a gradual increase during exercise from 250-280cm* g/1 at rest to 300-330cm- g/1 at exhaustion,
although it shows always 30cm- g/l Tower at 3,000 m altitude than at sea level. Deoxy Hb volume
shows a sharply increase during exercise from 110-120cm- g/1 at rest to 180cm+ g/l at exhaustion,
although it shows a almost the same value at both sea level and 3,000 m altitude. It might be con-
cluded that acute hypobaric hypoxia caused a sharply decrease of tissue oxygen saturation during
maximal exercise, however, it will be compensated by the increase of SaO2-StOy with the enhancement
of blood flow (tHb), although oxygen extraction during maximal exercise is unable to enhance at
acute hypobaric hypoxia.
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Table 1 Physical charactcristics‘and aerobic work capacity in soccer boys player

Aerobic work capacity

Height Weight Sea level 3000 m
(yrs) (cm) kg) VO2max LT-VO2 VO2max LT-VO2
A.T. (15) 1774 64.9 69.3 65.0 62.9 52.8
S.M. (16) 1750  69.0 71.3 53.5 59.9 472
Y.K. (16) 1605  56.0 71.6 52.0 61.1 48.0
N.Y. (16) 1762  61.5 69.9 64.2 63.0 51.1
W.T. (16) 180.5  70.7 65.1 50.9 51.3 43.6
Mean 173.9 644 69.4 57.1 59.6 48.5
SD 7.7 59 2.6 6.9 4.8 3.6
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Fig.l Experimental protocol and experimental scene.

BHINTA—=F— 2L 5EMPIEREAETE L
720 T b HEEEK60rpm & L, 245 EOmEN
SEENCE EHEWT 1 4EIC2.5kp T 0.5 kp,
F L 130.25kp T 0l L TR EMICES
L7,

SEB 1 iE MUNHARDT #12 Oxycon 12 & 0 &
191 VOO PIE 24TV, $7:2.5kp (6~ 74,
3.5kp (10~114%), BLOEEET 35HD 3

B WTCHRR L DRI L, YSI A Lactate
analyzer 12X DT L7z 2D 3 HAOABERE &
VO DR & D LT-VOr & 3K 72, 72 B Oxycon
128 B VO,DMEIZ608E & L, /L3 AT170%
[FEBEBHADY D H30FEE Lz 512, #
SO - HbEE= S — (NAF X T ¢ ANHA
I A, PSA-MIN) O7 00— 7 idEEOH
PEICBR L7 1 ADMBIC L Y, ZERBBERIMAE
POl (KT & KERES/MIIE 2 S Lok
M) g shz (K1 0BESK), BhikinE
FHRIFIE (Sa0p) 1 Ohmeda #:8Biox 11 % H V>,
ear-oxymeter {EIC L D ifllE L7,

3. RSO, - Hb BE=%— (PAS-IIIN) @

—109—

ME (M2 ~4) HEEEFOBMMEROMED
3 E (700, 750, B X U860 nm) DI
AW IZ Lambert-Beer DRI 2@ L T StO,
(%) %k, Hb BIZFHREBEEL HbEYF
C7-Bififem » g/l TERREN G,
EE#E1L Hb (oxy Hb) =#8 HbXStOs (cm + g/1)
iEESE{L Hb (deoxy Hb) =#& Hb—HbO, (em * g/1)
HEMR O BHIE (VtO2) =# HbX (Sa0z—St02)

NG OFEELES) P B X OEIE 3 Sz h7
U EI(EU Lf:o

surface a

Fig.2 Infrared light and its distribution in the tissue
by PSA-III N
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Fig.3 The sensor of PSA-TII N. The sensor of the
PSA-IIL N has a light source built-in near one
end of a 20 X 50 mm board, and one light re-
ceiver is placed at 15 mm away from the light
source, in the center of the board and the
other light receiver is placed 10 mm away
from the first one. With this _.in-
strument,measurements within tissues at
depths of 15-25 mm can be made.

e3>




—110—

LED Display
. for
LED Driver Clock St02
StO2 Analog
Output
Sample Back; d IS .
. groun ~ oefficient .
r Sensor Amplifier-1 ;‘-In:;jl 41 H Subtraction-1 Log Amp.-1 Controller 02 Amplifier
Sample Back d i i - "
" groun Arithmetic
Amplifier-2 and . Log Amp.-2 TIhmeti Hi Cut Filter
mplifier B ——>| Subtraction-2 & Amp. Circuit Controller
Sample Background Hb Volume
;ﬁd 5 Subtraction-3 Log Amp.-3' Amplifier
old-

> Hb Volume Analog
Output

LED Display for
Hb Volume

Fig4 The block diagram of PSA-III N

PDLEOWEEBIZOWT, EFETF &3,000m
WEEE D[R — BB 12 BT A FHHEOZEOKRE
% paired t-testiZ & DT\, FEKEL 5 %R
e L7,

m # ® »
1. MRAERMEEREED L OB R RM
(LT-VOz) HETIZBITAH 5 ADTFEH VO,
max 8 C& %69.4 ml/kg/min i, 3,000m 47
BECU1E59.6ml/kg/min & 14% KR L 720 72
LT-VOz 2 BW T H EIET DFEH57. 1ml/kg/min
(%L, 3,000 m 44 24 & 4 C1348.5ml/kg/min -
W% DR TH -7z (F1)o FlRKEEE
BTk, H¥ETCEFELIDH 572255 3,000m
HHLFE TIEFEHI4.250E %), HI6BEHE L
72 (F2), THOLHIZ3,000m HYEETORK

EBIRFICIE, RRHSMEERE, FLERM R,
BLURAEEREIIHI4~16 %K T 5 Z &2
SN E o7, .

2. EHIESFOTFHEOEAL

ROAGEENERIX, ®ET Cid15.5~18.5% (F
¥17.041.343), 3,000m I &% Cik13~15.5
5 CE#H14.2+1.15) THotze LIz oTH
BEEBOMNEEIH LNEETICBIT 588
154+ % °C, 3,000m U@ BEIZBT 5 EB135 %
T, BLUHEROFHHORERIOVWTUTI
WD, .

1) BhIRIEEFESAFIE (SaOn)

HIETICB T 5 EBF Sa0,13498% D& FE
#Rl, BEEZLIZERSTH 72, ThIFL
3,000m FHSEEICBWTIE, KEFEO#H0% 0
5EBRM OWIH I - TR L, 1240 B Tl

Table 2 Blood lactate during incremental pedaling exercise and just after exhaus-
tion and exhaustion time at sea level and 3,000m simulated altitude

Blood lactate ( mM)

Exhaustion time
150W 210W Exhaustion (min)

‘Sealevel 3,000m Sealevel 3,000m Sealevel 3,000 m | Sealevel 3,000 m
A.T. (15) 1.6 1.6 2.6 3.6 8.9 11.0 17.0 15.0
S.M. (16) 2.3 1.8 3.6 34 9.5 10.3 18.5 15.5
Y.K. (16) 2.2 2.4 4.7 6.4 8.8 10.4 15.5 13.0
N.Y. (16) 2.5 2.4 33 4.3 8.8 1.7 16.0 14.0
W.T. (16) 2.5 2.3 3.4 4.1 7.3 7.9 18.0 13.5
Mean 33 4.4 33 4.4 8.7 95 - 17.0 14.2
SD 0.9 1.2 0.9 1.2 0.8 1.5 1.3 1.1
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Fig6 Comparison between exhaustive pedalling at
sea level and 3,000m on SaO2-StOz and VIO
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Fig.7 Comparison between exhaustive pedalling at
sea level and 3,000m on total Hb, oxy Hb and
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total Hb, oxy Hb and deoxy Hb of individual values
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Fig.9-2 Comparison between exhaustive pedalling at sea level and 3,000m on
total Hb, oxy Hb and deoxy Hb of individual values

Z OFERIX, 3,000m Y E BT OB KER RO
HAOBEMRG I LB VREEZR LY
Bo L7755 T Sa03-St0z & t Hb & ik Il
WE) &M THD VO3 ¥ E T EEF IS IR
B D 110cm g/1 7 & #3170cm - g/1 ~ & 55% D1
MmERT O L, KETEEFRTIZ70em- g/l
1 5#100cm g/l ~E#40% DHEINIZE T 5> Tw»
b LA ETIIEET XL $40~60cm- g/l
EMETdH Do Sakai 52 bAMUTLE DI0FH I D%
RAYEIXHE S & 0 HE T Cid140em- g/1 (880 L 72
A5, 4,000 m A B E CIEH110em-g/1 TH Y,
RETEE) T VIO 0SB T AT L 2HEL T
Whe TIHDMHEANIARFE DR R L IFIFFRET
H5b, _

5 NOFEBEOEL: LI, FETHB L PERE
TOEBHIZ t Hb, oxy Hb, & U deoxy Hb I
W ERCH 2%, t Hb B & Woxy Hb EIHEE
TTHEETED H25~50cme g/l BB IZH -
726 LU deoxy Hb B CIHMBRET & %L
fEEZR L7720 ThbDH oxy Hb EOEET TOR
AME I Sa0: 3 & U St0, D K#183% B L U60%
ADEREFRBLTNAEZ EIEZ BN D,

2) ARG

A T AT A S NEREEB) R D Sa02% < MR
EN, D SO D ERMATE LW EmE, EET
BT H Sa0,-StO: WM S &, FHMkAR AN
(VtOz) DWM%E L7263 ik b, LI2hts
THETB L MEE T D Sa0s-StOz (L E B & il
WEEHICERL, MEOEIEDIZE 5TV,
Nl (B 9 RSV E AT AN T (WA A B S & R
ENTEL Y, —H, WT.IEALNLEETE
B D Sa0, DFE LWERT & St Hiki 476 >
B, RET O Sa0:-St0, % b &5 77
mERY, ViDL L7263 &Ik b,
L7225 THEET 8 L MEE T D Sa02-StOz i34k
KT b, CRIFAT. L& FEDIATTHDY,
R EMBEREICS L EE LN, b
H3,000m HAHE CORKEFHRER T, A.T. O
1550123 L W. T 31350 CTh o 720 D 3 AlZD
WTIRSMBIUNY.IZATOY AL FITEL,
YRKIZW.T.DY AL FIEnEFELzZ NS, T/
W.TAZ DWW Tk, KETEHEOtH B LY
oxy Hb EVSEIET L HZETH D, deoxy Hb EAY
RRWRT LEMERL TWL,EHICW. T IZD



—116—

WL, KA EDYEE T C105.4 £ /min, 3,000m
MU EETI27.14 /min 27R L7z S5 OEIGA
DAANDE (FETERABEAE; A T.: 146.64
/min, S. M. : 158.3 £ /min, Y. K. : 130.1 4 /min, B X
O'N. Y. :149.6 £ /min, {RETHRABELE; A T. :
153.7 ¢ /min, S. M. : 168.4 ¢ /min, Y. K. : 144.3¢
/min, BLN.Y.:161.94 /min) 1ZH~EL K
fECH B, ZOFET B L CBRET EB RO
% Sa0, DR, StO:DARIFINE], S 51T V0D
iRz b7z LcdbDEEZ NS, BE, KE
EEERBRET B 2 FRFLOES S L O
EBEESI DR L RIEIZOVWTRELSHBH TV
A5, BFFEOFBREI S, BRETEBEHICBIT
St0; 38 & VIO, DEYENIRIE L L THWL NG5
HHEMEATRIE S 17

V. E B

19957 — IV Kh v 7V 227 (ATHRUT) 1%
FEMBETRFES A 15~168%) ICOVWTHEET
BLURED3,000m HHLEETICBNT, £
FRAOBICHERET VT A — & — |2 L 55KE
B eiTh, HRMIEEEDS L UHABREREIC
DWTHKRE L7z, HIREBERRERBICOW CIERX
F5R T 44180 2 A5 2R T LS AR SOz Hb € = % —
(PSA-TIIN) Ot vH—%%EEL, LEDITL A
SWE, 22%TREHVTHE SO, (St0.),
WAEZFOV YR (tH), BEANEZOE Y
(oxy Hb), BLUBBEILAELTE Y (deoxy
Hb), % 5T ear-oxymeter 12 & W HZD Sa0,
FHIE L, Sa0:-StO %KD, ZHIZtHb #FL
THMBEERENE (Vo) %Rz,

1) StOz: FHMETIE, HET CLEHENT0%
S R KEEIRF D65 %~ T B4, KET Tk
70% 72560 %~ LV E R L7,

2) Sa0z-StOz : FHETIF, HHET CLHE
D25% & T FGEEME D32 % Wit 5 %%, RE
TCIEEED20% BT H 1358 Tl —
FEEERLBIML 2P o7, ZOFEZIIMRETD
SEE) P IR B R ATTE LIS RV T & R R
LTWv5,

3) VtOp : MEE % RT t Hb & Sa02-StOy D
FRCREINDMBBERERE (Vo) 1, KE
TEE)CTIRTER IS 525, BIETOBEICH
L T40~60cm g/l DHERBEMEZRLTW5E,

4) FEABSEREMD S A5 &, RET &)

D Sa0: DT HIHlB X O StO DK T LA & F D
WRTI &R &N D Sa0,-StO DM, T4abb
ViO: D IMNME DK & W2 & MR RERZE D
BOWIEERMTLLOEELZ LN,

AHFFE LR 6 B L OSERK 7 SEE A —
BAF%E B) &k L—= > 7 OIRRIEERN S
WIBE T HATTR2E | BEFE506454625) 12 &
NiThN7zbDThD, WEROEGIIT AV D -
AR~ VEFEE (ACSM) FFE (VT4 7
FHR 1) R, Sept. 28-30 1995) [BH&#E DERILAFL
HB L CMFRE ] ITBWTHEEL,

X B

1) Asano, K., Mizuno, K., Okamoto, S., Mimura,
T., and Endo, H. (1995) : Effect of acute
hypobaric hypoxia on the oxidative metabol-
ism in skeletal muscle during maximal exer-
cise. Regulation of Oxidative Metabolism and
Blood Flow in Skeletal Muscle, p23, ACSM
Basic Science Speciality Conference, Sept.
28-30, 1995, Indianapolis, USA.

2) Chance, B., Nioka, S., Kent, J., McCully, K,
Fountain, M., Greenfield, R., and Holtom, S.

(1988) : Time resolved spectroscopy of
hemoglobin and myoglobin in resting and
ischemic muscle. Anal. Biochem. 174
698-707.

3) Chance, B., Dait, T. M., Chang, C., Hamaoka,
T., and Hagerman, F. (1992) - Recovery
from exercise induced desaturation in the
quadriceps muscle of elite competitive row-
ers. Am. J. Physiol. 262 : C 766-775.

4) Hamaoka, T. Albani, C, Chance, B. and
Iwane, H. (1992) : A new method for the
evaluation of muscle aerobic capacity in rela-
tion to physical activity measured by near in-
frared spectroscopy. Med. Sport Sci. 37 :
421-429. o

5) Haampson, N. B. and Piantadosi. C. A. (1988)
. Near infrared monitoring of human skeletal

muscle oxygenation during forearm ischemia.
J. Appl. Physiol. 64 : 2449-2457.
6) EARAR, EMMEIC (1995) @ ERyMRE



7)

8)

9)

L BEENBREBRONE. IR 4
. 475-480.

Jobsis, F. F. (1977) : Noninvasive infrared
monitoring of cerebral and myocardial oxygen
sufficiency and circulatory parameters. Scien-
ce 198 © 1264-1267.

Mancini, D. M., Bolinger,L., Li, H., Kendrick,
K. Chance, B, and Wilson J. R. (1994)
Validation of near infrared spectroscopy in
humans. J. Appl. Physiol. 77 : 2740-2747.
McCully, K., Iotti, S., Kendrick, K., Wang, Z,,
Posner, D. J., Leigh, J., And Chance, B. (1994)
: Simultaneous in vivo measurements of HbO;
and saturation and PCr kinetics after exer-
cise in normal humans. J. Appl. Physiol. 77 :
5-10.

10)

11)

12)

—117—

Narita, N., Tominaga, T., Koshu, K., Mizoi, K.,
and Yoshimoto, T. (1994)

brain tissue hemoglobin concentration and ox-

: Monitoring of

ygen saturation using a three wave length
spectrophotometric method. Neuro. Res. 16 :
428-432.

I, FHEEER, | A=, WIFFESE,

PG (1994) CAARKERFAAFAE (StOz)

BLUANEZOVY VE (Hbvol) MEEED
FASE. BRER%: 64 : 264-269.

Sakai, A., Saito, T., Yanagidaira, Y., Kashi-
(1995): A new
method for measurement of tissue oxygen

mura, O., and Terasawa, K.

consumption in humans using near-infrared
spectroscopy. FASEB. J.9 @ A 17.



