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Establishment of systematic countermeasures for space deconditioning caused by
spaceflight
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We investigated that artificial gravity and ergometric exercise as the
countermeasure throughout -6° head-down bed rest (HDBR) for 10 days prevent cardiovascular and bone
metabolism deconditioning. During the HDBR, two subjects performed ergometric exercise with artificial
gravity for cumulative 30 min per day (countermeasure:CM), while three subjects underwent the same HDBR
ﬁrocedure without countermeasure (control:CR). In CM group, reduction of orthostatic tolerance after HDBR

as been suppressed whereas it decreased after HDBR in the CR group. However, urinary deoxypiridinorine
(OPD) and crosslinked N-telopeptides of type I collagen (NTX) as an index of bone metabolism were not
significant difference between CM and CR group. Therefore, it may be necessary to further improve our
device. The final goal for our study is to validate the artificial gravity with ergometric exercise as a
universal countermeasure to prevent the spaceflight deconditioning.




1. WFERAES WO 5

(1) FHRITe EORyNEIMEEFICL Y, O
BB, IR, AVERER. IRIRREIRZ &
xR RICRBAENBZ S (FHTT 2T
q4a=y), AL, FETary T4V a
= 7T oxbiEE LT, ALENA
faf & PR I A — ZEE AT A G DE T
EEAER L (X 1),

K1. AIEABR+TRIILIA—4EEGE
RIEE

FexlZ, 20 A ORHERUNE ) #EEE R (-6°
~vy RFZ 7~y RLA b HDBR) EER R C AL
Ex AV sthiEE2EA (1 B 30%) [2iT7d
BDHZEICEY, IFEALDORDFET 2T
g4 a=y T EERET DI ENTE D EORR
15T,

(2) Fxix, FEMTENREBRFEHEAT—Y
3 v (ISS) WHEFIZ, ALEELF LT 0 A v
3 COREER & TP 28 B i 79
D EERR LN, FEEED 1SS TOEM %
DANR—ADRR G, AdEE A 0 /YL
T-IEETOBMERZIT O WEENAE T (K
2),

2. WEDO BB
ARWFZEIL, ISS HAr[RE/R YA XK B LT-
ANLEAN+ Thm/L I X — 2 ER A E

DO FEZ e B 7= 812, 10 AR d-6° HDBR
FERPIC, AR A N R E A S
WTRRET L7,

M2 HREAIEHNEFR+TERINLIA—EF
EFRTEE

3. WD ITiE

(1) —6 HDBR 3B

e Bk 6 44 OYEBRE DN, RHPUHEERE 3 4
ERIBEES L D2 T N—TNZT X NThy T T,
WREREVLART 9 FRICSRIE 26°CICRRE LT-—6°
HDBR EBRIC A= L, T v Y EE N ZEH
SH7- R 10 BElo-6° ([CEEER A T - REElC
v LRy FECTHEMIZS S & 58 (K
3). 10 HM DO BEAIE DT R TEy K ETT
i, BERE L, BHE-6" T B8 % - T
S ZFUE, IEMTSCIREMLZEA~DEIR Y %
AL, BiE, BT AT L EEE R SIXEAH
AT, BEATEOMBL (BE2, HEH2 L)
IIHBOBHEAZ v IO & & L, £,
ERCHEEA X v 7 W 24 BRI CTHBRE 1<
S CERRIC L7z, —6° HDBR EBATIIHEL
(., B ¥) OFHEBESHE, AKoERE
RTNGH =B =K~y FR MW Th
Z WK ZBET B 72 O\ FERRAN KB A 1T
5 Lo RLTE,

(2) -6° HDBR F1o> N\ LE A+ Fhik—m/L =
A — B BB A

3 HOXMPHEROFEREZ A ML v F v —
W C AT E AN+ TV I A — & EE) A
EEORBERICBEIN S EE LT 1 H 304
DNLEIAR+ T3 A — 2 E# % B
TodT, WA ISR LIS S, A
TEAAR+ FiEeo/L 22— 2 EsARTEE
(23— bV R TREIES®E 5, 5 R OZRE k.
NLE A+ Fm L 24— & @8 2 Bis L.



1 538 L~V COE DA 1. 26, Fh%
TR —ZIEBERS 60W (22D K DT, &
Jréafr (BlsE)  LEEhEAT (BRI Ay
SHT, WEREICEE YA~y RT3 L
T, EERF OYERE OIER OB & E & 1 /04
ATV, R RO P IR 2 & L7 35A1T
L E I ST, EOMOERO IR
U TIENASA DEHEIZHEZ L & LT,

3. —6° HDBR R D#EERE DT

(3) DL BRRATaVFT4va=rTIlk
EI5hE (it G #R)

PWERF A NERE S SE, ATENA
fif+ PR 2 A — 2 EE A A E 2 — bk
~)L N CHEESE S, 10 5B o%E% . A TE
JafZBtA L, 1 %ISR L~V COE S
AN 1.0G (2725 & o IZalfistk (B JAf) O
Fr Wi S, 10 3o N T E AT % 52
L7=BRICIE, R ORIED S U, 5 4
FFZ 0. 26 92 2. 06 £ CEOAMAHEINSE,
WBRE DMT - - N TE AR & FERER D O it
GARaT7TZFEH L, ENmtEofREL L,

(4) BRERZRTarTaova=rZicKkiE
EESIES
10 Hf# -6 HDBR BHtART. BHEAH. BA%A 10
A, &7 1 BRIATo - RLB LRy 7
NDT—=BEND, BRI~ ——F s~ —
H—%&ERL., —6° HDBR ORi% CTHEE L7,

(5) BEYIROM X & BAZEREIC T T 20

10 HF# -6 HDBR BHAARATZRIZ, <> F LT
B 22 Ol igUe B & 4545 (CAVI : Cardio
Ankle Vascular Index) 35 OVEPBE&EN il £
bt (ABI:Ankle Brachial Index) ZHIE L. -6°
HDBR D aij#% Crul L7z,

4. WF7ERE
(1) D -FERZETaT 4 a= I kiFE
TS (ffif G 5U5R)

6 4 DYERE DN, 1 4 OPERE CerbiEat)
MIEEADT=DIRPTY XA T Lizi=d, ki
BRE 2 4 RHREE 3 &2 HOW TSRS LT, 3
L OXERETIE, WThogEE S 10 HEO
-6° HDBR ZICif 6 A2 7AME R L2 &b,
ENTIPEDIR F 255880 b, 7, 2 & oxt
PUHFERECIL, —6° HDBR #2120t G 2 =2 7 2380
(ESZmtrEom ) Lz &b, ARiE4H
Wt E 2 H I T Y5 2 & T ODEER
ZOFaLrF 4 a= T EGIETEAZ LN
BAGNERST- (K4),

3000
-0=-B
2500
Q\ -0=D
Pﬁzooo ——F
51500— C
1000 - ——E
500
0 . .
Pre Post

X1 4. -6° HDBR R DIilif G A =7 D LL#g:

(2) BREMZTavTFova=r Itk
ERSIES

B~ — I —TCHDLAATF N TS

VWC, RTHREECIE 10 Bff -6 HDBR (MK

L2 &E0D, BREDK TR bN-DIT



)L, SHPHEER CIZ R L2 L e aE
N LARES Tz, Lo LR s, oo
BEHR~—H—CThHsd 1M ToaT—47-N-
7a_XTF RPIND) BLOERT VH Y 7 4 A
7 7 & —8 BAP) (ZIZ R ERE & RHREE L D
BHCEITRD BN d o7, £i2. BRIN~—
T —"Tob 5 BRI PIERRYE 7 + A7 7 &
—1 (TRACP-5b) ., T4 U/ U (DPD)
BT a7 U 30E N-T o _XSF R
INTX) 0B OfRIE & LTHWS RS T
JLEY (PTH). 1,25(0H) EZ 2> D 72 ElzHon
T, XFHREE & SHTRRERE & OIS ZENRD S
niginotz, Ko T, SEIORFHEEIZL Y E
RTF a4 a = INERICTPTE -
LB LI, INHORERIZONTIR, 2
NETICFA DHWTE - NTESAR +ET)
A O R KAMRENZ T 2.06 &
105W Th o 7=Dizxt L, e BRI OFE CI3&E
DOMERE ., I KAMIRENZNZI 1. 46 & 60W
LR ooz e, BR#T 2T v a=
VT BT AITITREN AR+ Th o T2Dh
D LaL7evy,

FTRATAALL Y (BHED

20 B
A ==D
A 15 @ v F
23 =0=C
'R 0 i *E
*

Ik £
X 5
.k,
0 . )
Pre Post
Intact PAINP (B2RK)

200 -=O=B
= =}=D
? 150 QG == F
a =O=C
Z 100 - ——E
a
o
g 50
£

0 T )

Pre Post

BAP (&)

30 o ~ B
25 ==D
25— ¢
E:15 . E
=10
5
0 T )
Pre Post
TRACP-5b (BIRIR)
700
2 600 D
2 500 - F
;4m =0=C
w 300 O E
n- \J\)
=
P1W
0 . .
Pre Post
DPD (&WUR)
10
=O=B
g : =D
g - F
g6 C
£ == E
04 N
5 ol
2
0 T )
Pre Post
1,25(0H)2E % 2 2D
100 B
(] -
N 8o AN —~D
"l . \ ﬂ_F
®nJ
y E 60 =0-C
N D —
T2 40 - E
o
a2
0 . .

Pre Post




NTX (BRI
80
-O=B
3 —tv=F
€ 40 =O=C
£ ==E
P ‘\\D
Z 20
0 . )
Pre Post
PTH- 1 >42 45 +
50 ~—B
40 =D
- Al o
£ 30 - c
2 —v=E
20
EE he)
10
0 T )
Pre Post
1,25(0H)2E4% = D
100 B
(] ——
3 80 N —+~D
o J ‘\\\\\; ——F
4 E 60 =0—-C
N D —r—
T2 40 - E
)
S 20
-
0 T )
Pre Post

X 5. —6° HDBR Hif% D& BEH~—H—

(3) @RS & BAZERE I KT TR0 E
CAVI {Z2W\ClE. 10 HfS-6° HDBRIZ LV 3
LANIEN EFR L 3LITE T LR, WTihog
B b EWEENTH 7=, ABI IZOWTIL 6
41 5 4 OWkERE T 10 ARD-6° HDBR #4124
DMETF U722 & B EIRO BAZERE OFLE A3 i <
IR BN H o T2, L LR S, CAVI B O
ABI & & IZXHRRE & P PiiiEie & O —ED
HENIERD oo T2,

<5 H3CHk>
O PFEMER, A O CERMETEM. 1SS T

fif F AT RE 7 N T8 )+ S Eh A A 2 [ D B
% -AGREE v =7 b -. FHlFIHY
VIRY T A, Vol. 28, 2012, 143-146
Satoshi Iwase, Junichi Sugenoya, Naoki
Nishimura et al (§F 20 44) : Effect-
iveness of artificial gravity and
ergometric exer— cise as a count—
ermeasure - comparison between everyday
and everyother day protocols. Space
Utiliz Res., 25, 2009, 114-115

Satoshi Iwase, Junichi Sugenoya, Naoki
Nishimura et al (§F114) : Artificial
gravity facility with ergometer on
international space station. Space
Utiliz Res. 26, 2010, 125-128

F AR CF

UesEamse) G4

VERFEED, Al B B, .
WREMNLTE)+ T3 A — 2 )
AMEBEOFHRITT 2T 4 a =
TN o0, FHEREMNHY VARY
A, BERedE, Vol. 29, 2015, FlflH
http://www. isas. jaxa. jp/j/researchers
/symp/surc29/index_boshu. shtml

Satoshi Iwase, Naoki Nishimura, Tadaaki
Mano. Role of sympathetic nerve act-
iveity in the process of fainting.
Frontiers in Physiology. @A, 343(5),
2015, 1-8

DOI:10. 3389/fphys. 2014. 00343. eCollec—
tion 2014

Tadaaki Mano, Naoki Nishimura, Satoshi
Iwase. Sympathetic neural influence on
bone metabolism in micro— gravity . Acta
Physiol Hung. & Fc A, 97(4), 2013,
354-361

DOI: 10.1556/APhysiol. 97. 2010. 4. 8

[(Fa%Fk] GHT11h)

VERTERD, AR A EFE, MR
WEAANTESN+ Fim/L 3 A — 4 EdhE
FEEEOFHMMTT 2T 4 a=r 7\
KT DR, FHEEAHAT VARV T A
2015 € 1 A 25 B, FEHMZAERRAREEE
AW PEATERD. HHEE, RIEFARE
N T8 3584 -+ iE s B i 2 & oo ERR LRI


http://www.ncbi.nlm.nih.gov/pubmed/21138811
http://www.ncbi.nlm.nih.gov/pubmed/21138811

®

6.
(1)

7. FHBREAHT AR T T L, 2015 F
1 A 25 B, FHMERERFEHE

Naoki Nishimura, Satoshi Iwase,
Kunihiko  Tanaka, Tadaaki  Mano:
Effectiveness of an improved artificial

gravity with ergometric exercise device
as a countermeasure for spaceflight
deconditioning. 29" International Symp—
osium on Space Technology and science,

20135 6 A 4 H. A EEEEES

WS ER R
WrsEEHE

VakS (R (NISHIMURA, Naoki)

HHERRS: « ESAED - AR

oeE®&s: 40278362




