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Abstract: We investigated the effects of pre- and/or post-conditioning using mild hyperbaric oxygen (MHO)
on the properties of the rat soleus muscle, which was atrophied by unloading. Eight-wk-old rats were housed
under normobaric conditions at 1 ATA with 20.9% oxygen or MHO at 1.25 ATA with 36.0% oxygen for 2
wks. The hindlimbs of rats were unloaded using suspension for 2 wks under 1 ATA with 20.9% oxygen and
were recovered under normobaric conditions or MHO for 2 wks. Muscle weights and oxidative capacity,
fiber succinate dehydrogenase staining intensity and cross-sectional areas of all types, and muscle Pgc-/a
mRNA levels decreased, while muscle FoxOI mRNA levels increased and a type shift of fibers from type I
to type IIA was observed after unloading. These changes were occurred regardless of normobaric conditions
and pre-conditioning with MHO. However, such changes were improved after 2 wks of recovery with both
pre- and post-conditioning with MHO, but were not recovered under normobaric conditions or
post-conditioning with MHO. Therefore, both pre- and post-conditioning with MHO is effective as
countermeasures of muscle atrophy and decreased oxidative capacity induced by unloading.

Key words: FoxO1, muscle fiber, oxidative capacity, Pgc-1a

1. BH S5z, WEE%E 2 BEICh » TEEfE THE S
Hi b CORFEBHLFHBE~OWIEIC L » TER 58 LRSS EREOBE CRIE S8 52

i CIXZEMN AL D, %%m@%%%%%#étb J7c, SEWMKTHRICE 7 AfZ/MH L CHERE
2, EMERNCEEHICEE B X720 UVEEN 21T ZHE L, Sl L, A%Eoe 7 XA Hicon
bEDFEPRST SN TE M, L LaRb, 0 Tik2oE L, AeEmae ol & LTk RS

NHDOFHETHEH, WITNLbHZEMEICR L CBEE72%)  (succinate dehydrogenase; SDH) JEPEZMIE L 4,
ERTFLN TR, RIFFETIE, 7 v MIEEE S BIZ Pge—1a & Fox0O1 D mRNA FE B & 2 kT L7 °,
EAEL T, AEMZ T &k Z TR ?ﬁmm EHBEOE T AficonCiE, YR 2 ERE%IC
eS8 DBRBEICIAE ¥ C. B2kl PGk LS (ATPase, SDH) YufhZ fiti L. AhfwkE 4~
DX BREENRBD LND DN ERE LT, A 7 (type I. type IIA, type 1IC) Z & DOFEMria

f& & SDH Yetasfi i & o341 L7 6,

2. FHiE

Bt 9Ol D Wistar REET v b & 2 lMICH7- 3. R

TEBFABTT O EBRESKIIEBED T Le 1 i f A ioféuf:ﬂ%ﬁ%%mﬁf&@%%ﬁ
(RFird& 7= 5076067, B3 H: 20124-9 H 7 H, % Eﬁﬁﬁ TR R R R OBRBEICIFESHThH L%@

HE - AJRIEE) 2 LT 1,25 &JE, 36%ED %1 ziif“mwfﬁk?%)f/ﬂiﬁ q%fé’éﬂﬂﬁf’ﬁ@@
BREEIC 1 H 3RMIC DTz o TIHIE S E D REC T 7o, EHIRIITUGE TE R o7, — 5 IR ORI I8
FO%, MEEE 15JE, 20. 9%DEE T 2 EMIchT- E%.%iﬁ@&?%@f‘”f*‘ THESE B AR, Aﬂ'%ﬁ%@ﬁ%
o TERAE T 58 & R EZ T B0 72, %%%‘Ewﬁ%fﬁﬁfo@lﬁlfﬁﬁm&bf‘ozmto e TSN

This document is provided by JAXA.



Space Utiliz Res, 30 (2016)

T, B CTD Pge—1 @ mRNA DFEELES> SDH 1& M.,
kA > SDH Ye BRI X3 LC, FoxOI mRNA D3
BRI L, —FH., BEORIZICERE &KL
FROBRBEICHAE ST GA. 2o O ki@
Rl EHE & AR OE £ ClEIE L7z,

4. B8

B D ZERE T DR R KT EE R O A i
ALz E A, MFEMmORL, 3% ICRE ST
FREDOREEICIHFEL CHREEIEL 2 L IXTE 22,
Sz, —J. MhEMEONI% CRE®XIEEERE OBREE
[CHHE S E D 2 L2 X » TR 2 RmicaE &
BHIENTE, TNOLORRIT. HOBBREN
IR NZ DN T HRRRICRD bz, BERX
EBRFEDOWAEIC L - T, M L WEHE (& ITIBFHR
F) OERPBEOLND T, 5T, AL H
DUEET 2 ¥, MiZERE A2 5 = 2 RN gt & EAF
R AR L CHBEN @ E2m ESE 57200 T
<, EMBICAEBIENRHEZSESEDL L
IZE T, HEMPODRNCEESEL ZENT
AR T R

-
—

Naito H, Powers SK, Demirel HA, Sugiura T,
Dodd SL, Aoki J. Heat stress attenuates skeletal
muscle atrophy in hindlimb-unweighted rats. J
Appl Physiol, 88: 359-363, 2000.

Fujino H, Ishihara A, Murakami S, Yasuhara T,
Kondo H, Mohri S, Takeda I, Roy RR.
Protective effects of exercise preconditioning on
hindlimb unloading-induced atrophy of rat
soleus muscle. Acta Physiol, 197: 65-74, 20009.
Nagatomo F, Fujino H, Kondo H, Takeda I,
Tsuda K, Ishihara A. High-fat diet-induced
reduction of PGC-la mRNA
oxidative capacity in the soleus muscle of rats

levels and

with metabolic syndrome. Nutr Res, 32: 144-
151,2012.

© ISAS/JAXA 2016

Nagatomo F, Fujino H, Kondo H, Kouzaki K,
Gu N, Takeda I, Tsuda K, Ishihara A. The
effects of running exercise on oxidative capacity
and PGC-1o mRNA levels in the soleus muscle
of rats with metabolic syndrome. J Physiol Sci,
62: 105-114, 2012.

Nagatomo F, Fujino H, Kondo H, Suzuki H,
Kouzaki M, Takeda I, Ishihara A. PGC-1a and
FOXO1 mRNA levels and fiber characteristics
of the soleus and plantaris muscles in rats after
hindlimb unloading. Histol Histopathol, 26:
1545-1553, 2011.

Nagatomo F, Gu N, Fujino H, Takeda I, Tsuda
K, Ishihara A. Skeletal muscle characteristics of
rats with obesity, diabetes, hypertension, and
hyperlipidemia. J Atheroscler Thromb, 16: 576-
585, 2009.

Ishihara A, Nagatomo F, Fujino H, Kondo H.
Exposure to mild hyperbaric oxygen increases
blood flow and resting energy expenditure but
not oxidative stress. J Sci Res Reports, 3: 1886-
1896, 2014.

Ishihara A, Kawano F, Okiura T, Morimatsu F,
Ohira Y. Hyperbaric exposure with high
oxygen concentration enhances oxidative
capacity of neuromuscular units. Neurosci Res,
52: 146-152, 2005.

Matsumoto A, Okiura T, Morimatsu F, Ohira Y,
Ishihara A. Effects of hyperbaric exposure with
high oxygen concentration on the physical
activity of developing rats. Dev Neurosci, 29:
452-459, 2007.

10. Nishizaka T, Nagatomo F, Fujino H, Nomura T,
Sano T, Higuchi K, Takeda I, Ishihara A.
Hyperbaric oxygen exposure reduces age-related
decrease in oxidative capacity of the tibialis
anterior muscle in mice. Enzyme Res, doi:
10.4061/2010/824763, 2010.

This document is provided by JAXA.





