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Report of Neurophysiology Research Project in ISS Science Project Office
— Effects of Hyperbaric Exposure with High Oxygen Concentration on Muscle Atrophy —
By
Akihiko ISHIHARA™ ™

Abstract: Effects of hyperbaric exposure with high oxygen concentration on the physical activity and
neuromuscular system of developing male rats were investigated. Five-week-old male rats were exposed to
an atmospheric pressure of 1.25 with an oxygen concentration of 36% for 12 h (7:00-19:00) and exercised
voluntarily for 12 h (19:00-7:00) daily for 8 weeks. The voluntary running distances were compared with
those in age-matched rats without hyperbaric exposure. Furthermore, the properties of the soleus and
plantaris muscle fibers and their spinal motoneurons were examined. The voluntary running distances of rats
with or without hyperbaric exposure with high oxygen concentration increased during development.
However, the mean voluntary running distances were 1.44-hold longer in rats with hyperbaric exposure than
in those without hyperbaric exposure. The oxidative enzyme activities of the soleus and plantaris muscle
fibers and their spinal motoneurons increased following hyperbaric exposure with high oxygen
concentration. It is suggested that adaptations of neuromuscular units to hyperbaric exposure with high
oxygen concentration enhance the oxidative metabolism and thus the function of neuromuscular units is

promoted.
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1. [IUBIC

WL, K& A& L TRFE UUHT 2 ARHE & FARISIRE) 4 2 BRI S M S h T, vl
BAOBEE, BRIHME (RROERSNE) O BHNHED & AN D 2 4 TRiT 25128 ¢ [1]. €5
2, HL O I Y EER AR TS, RS, B2 iSRS BREOMEMlE (EEj- o - Y) Ot
LB AT, BRICREERIEHEOKR T 2ELC S [2 4], BUNERAOREIZ X 2HEE) = 2 — v v OR(LREER T

DAL, AR A R AT 28E) = o — 0 Y TEIRWIZEED 5N b,
BRE - BIRERRNOEZ L, RNOBRBRECMIE AT, RZY VSRR P IS A DB 7%

FNYKRT S, BR ()gf@%ﬂllmusﬁ@iﬁé‘jt I, KIS 2B ABERN 410 X85, ZORE, miEei
FEOEHAEMHIL 720, FLEOWD % (3 5 [5,6].

XU - m(}“f@@&m’\o)ﬂrﬁg I, B L 2B (B X ORMRME) OEW L 2EE = o — v v A RWICOE X ¥
ZrEZONDE. AMETCE, B5LE - SREBIORBETHE L2 7 v MIEREE 4 17bE T, EHEEENT
BRE - HOFENRED LD (:’;&ﬂﬁ‘ﬁh%@ﬁ‘éﬁﬁbt.

QVS-
e
ME

2, RBRGE

FERIZIE, PR 5 EERD Wistar RHET » b (2000) AHN7z. 10 U EZ46T 7 W2 SR8 T & TEEE - SIREER
*zﬁ%bt.ﬂ FTHELZBEF v - 2HWT, 1.2550F, BRIRE 369% OREICEE L2 [7]. Ihb
DTy M, F% 7D 504 7 E ClHlsEGOMB L 2FE 7 — Y CHET A8 GIL H-ExB) & —OflE s
— VBT (BIC, HEE) 1251 72, o 10 CEKHBRREE LT, Pk 7 2 5770 7 1 & TR i B L
7RI —VCHET A GIL, C-Bx#f) & —ROEE Y — VBT AH GIL, C#) 2H0 7=, i 782D
PR TIE TAEMIT L2, e KIZHIMERE U7,

sﬁﬁwﬁﬁﬁziyfﬂﬁ»ﬁWT(amgmiuy7%%%@@%%@$(mmmme)%EM@E%X%

210 pu1, HO z1aAgALt.&AZE% FUTR=NDA =)= =212k T b #EEIZL
MO 7 e BER, TR AL, BEEMARRERTEE L4 YRV 2 VY ATERFES
L, —75CD7) —HF—I12HHFEL 7.

FlzoonTid, HER, 04242y b EMOTEX 20 pm OEIGHIFYIT 2B L7z, WHIZIE, ATPase ¢
& succinate dehydrogenase (SDH) 4@ ZJEL 72 [8, 9]. ATPase ¥t 4 & Hift#f & type 1, type TIA, type IIB, type IIC
IZYHIL 72, SDH $eta % H L 7= G 20 6 WG ILERE 4 65 U CHSRMEO REWNIf S & SDH R¥ 3G 14 7087 L 7= 8, 9].
b7 A Fh, A E B ICHE SR 100 A0 St = o f L 7.

FROZOWTE, 204242y b & TEX 20 «m OB LI &R L 7z, BOEBEREEE F T, B 7 A
F 7RISR A MR AT BB = o — 0 v ERIE L. 2D, WHIZIX, succinate dehydrogenase (SDH) 344 %
ML 7= [8,9]. SDH B A i L 7z UJFr 20 & Bi{GULBIEEE A T U CRMER) = 2 — v ¥ OREL, = 2 — v v OFFibl
T4, SDH BFEWEME 448 U7 [10]. HEWRERE A 500 ¢ m?® L OB = o — 1 ¥ % SESF AR & i B0 9 2 o
Bj— o —v, 500 m? RO EE) = o — 7 2 & FRNTGRE A SESIRT S yHEE m - v b L,

3. #®R

EEEE
C-ExHf, HExTFE B ICRG I AHBEOMAPZED A (K1), LA LAEAS, H-Ex BHE C-Ex Ff & b
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Fig. 1. Voluntary running distances on wheels of rats with (H-Ex) or without (C-Ex) hyperbaric exposure. Values
are expressed as mean and standard deviation from 8 animals. *p < 0.05 compared with the values of the

C-Ex group.

HRERVHEE

4T CTHREIZEIIRD b a5 72 (CHE, 392 £ 16g, n = 8; C-Ex #, 379 £ 18g, n = 8); H &, 387 + 17g, n = 8; H-

Ex ¥ 378 =219, n=8). [AFEIC, I AM& BEMOBEIZONTEER

oo hkhhro7 (X2). KEHZDODH

HREIZOWTIE, o4/, BIEMEBICCERHE HExHA CRE HEHCX L CEVME AR L 72,
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Fig. 2. Soleus (left) and plantaris (right) muscle weights. C, non-exercise without hyperbaric exposure; C-Ex,
exercise without hyperbaric exposure; H, hyperbaric exposure without exercise; H-Ex, hyperbaric
exposure with exercise; mg/gBW, muscle weight per unit body weight. Values are expressed as mean and
standard deviation from 8 animals. *p < 0.05 compared with the values of the C and H groups.
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RHENahro7.

FRIRACIE, HfE HEx TR CHFE C-Ex BRI L T4 4 T HABMEDBIA D E L, 44 7 1B D HA DK
fliZmL72 (X3). —h, HE L H-Ex B, CHEE C-Ex BFOMTIE, Ml 2 4 TR IbIS@EOEED 6 hk b -
7 5o

FIEAEREITE RIS DWW CiE, B 7 A/, BIEMHE IS4 PRITETRD o har -7z (X3).

FRAE DR REERTEMEIC DWW TIE, b7 AFh, BIEMHE B ICHIHED 2 4 TICBRA < HBFE HExBER CREE
C-ExFHIZXLTEWMEZ TR LA (X3).

HHEE -1 —0O>

HE) = 2 — o YRERARICOWTE, v, o, BB (y+ o) OVFTHICENTE 4B TEEED Shir

-7 (X4).
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Fig. 3. Fiber type distributions (top), cross-sectional areas (middle), and succinate dehydrogenase activities
(bottom) of the soleus (left) and plantaris (right) muscles. C, non-exercise without hyperbaric exposure; C-
Ex, exercise without hyperbaric exposure; H, hyperbaric exposure without exercise; H-Ex, hyperbaric
exposure with exercise; CSA, cross-sectional area; SDH, succinate dehydrogenase; OD, optical density.
Values are expressed as mean and standard deviation from 8 animals. *p < 0.05 compared with the values
of the C and C-Ex groups.
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Numbers (top), cell body sizes (middle), and succinate dehydrogenase activities (bottom) of gamma, alpha,
and entire (gamma + alpha) motoneurons innervating the soleus (left) and plantaris (right) muscles. C, non-
exercise without hyperbaric exposure; C-Ex, exercise without hyperbaric exposure; H, hyperbaric
exposure without exercise; H-Ex, hyperbaric exposure with exercise; CSA, cross-sectional area; SDH,
succinate dehydrogenase; OD, optical density. Values are expressed as mean and standard deviation from
8 animals. *p < 0.05 compared with the values of the C and C-Ex groups.

Fig. 4.

4. L&

7 Mg, BREOICEXNZRBEGET 2175 [11]. EFREMEN TS 2528, 1HH 720 4 Km BikROETETS .
BRI & 2 (R L2258 fET £ 138 a 0, BRMISETIREIILICE-TT v PADZ L ZAHERTS. B
FREED IHBRN A2 BEE L2RAMED Th 228, BB CHRIEROBERIGENE AL 22D, Ao
ERAPET S Z Mt e Tng [11]. AR T, CEx#f, HEx #f& & ICHE I ETHEHOM ALY &
Nz (K1), LaLa2ds, CHEE CEx#F, HEfE H-Ex BT, Wihs it EE — 2 — o v OREISEOA
BoNBh ol b, HEENZLDHHE - FIOZIZECEr s LffifmE 5.

JATHISE [12] TiX, i - ARG OB REMEERR R AN OURTEIZ & o TS - MR IENEL T2 L& LT
W5, FRRIS, UNERAOBETRIL, EEAEIE (RROBMRE) OFHPL 44 TRITESIZEI T [1]. 51T,
B & AR T S FRO MY GEB) = 2 — v ) OFLREEREEMET 45 [2-4].

RS - EIREREANOEE L, KNORIECIMREEZMR SIS, RICEFRRESEAT I, ZhEKE
T PRS2 L0k o TREPHERISIE T AL LI AV ) —DBHNIHE > T B, R L BRRMFIE, R
DOHfEIZ I T 2 AREO 2 EXE 5. ZOXD BZ0IE, whE - ORI EE RITL, BRTHRESCH
REEB) = 2 — 0 ORRALRBERIEME Z MRS E DL EL 6N 5.
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BERE  BRERRE, MR DOEREN LA LEE DI+ Th - ERERINE, X612, 20k
BN - BO BN A GHOE B2 HEx §ETOEEBEOBKIIRM L - LRI NS,

1.25 5, BEERIRIE 36% OBBIZHHE I 2 Z &2 X > T - HiOBRILENEHRTE L Z LA -7, Kt
TORR» L ERILE - SREBRERICEE T8I0k THEREEIRNICAE S 2 TcE L xR 5,
ZHIZDWTIE, RTEONIR TR T2 TETH 5.
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