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microgravity exposure.

Naoki Nishimura®, Satoshi lwase®, Tomoki Shiozawa?, Junichi Sugenoya®', Yuuki Shimizu®,

Masumi Takada®!, Yoko Inukai', Maki Sato', Dominika Kanikowska', SatomiSuzuki®,

Koji Ishida®*, Hiroshi Akima®, Keisho Katayama®, Yoshihisa Masuo®, Tadaaki Mano®,

'Dept Physiol, Aichi Med Univ, > Aoyama Gakuin Univ, *Sch Nurs, Aichi Med Univ,

*Research Center of Health, Physical Fitness, and Sports, Nagoya Univ, *Waseda Univ,

®Gifu Univ Med Sci

E-mail: nao2460@aichi-med-u.ac.jp

Abstract: We investigated that artificial gravity and ergometric exercise as the countermeasure
throughout -6° head-down bed rest (HDBR) for 20 days prevent bone metabolic deconditioning.
Twelve healthy male subjects participated in this study. During the HDBR, 6 subjects performed

ergometric exercise with artificial gravity for cumulative 30 min per day (countermeasure group),

while 6 subjects underwent the same HDBR procedure without countermeasure (control group). In
countermeasure group, urinary deoxypiridinorine (DPD) and crosslinked N-telopeptides of type I
collagen (NTX) as an index of osteoclast activity were not significant difference between before and
after HDBR, whereas it increased after HDBR in the control group. In control group, the increase of

DPD was linearly related to the muscle sympathetic nerve activity. In conclusion, bone metabolic

deconditioning after HDBR was prevented by countermeasure of everyday, and sympathetic nerve

activity might be related to bone metabolism.

Key words: microgravity, artificial gravity, ergometric exercise, bone metabolic deconditioning.

1. iZLoic

FH O K D MU NE T BREE T ISR WIE T DB,
OEER R, M - B8R, B RERIB LOE fARSR
nCkkx T ATy va= T (FEHT 2T 4
vazmu ) TRIHIENMLNTVWD, FalT
ZIE T ALTEGAM & EEAMOMAEHOEN,
FHT AT 4 a = ZICHT D RAE B Rk
BEELTAHTOLZDENICOWTHRF L TE
776

AR, A OXHUHEED, 20 AEDO-6° ~
v RE TRy RLA NEOBRHPT 27 1~
3 = TBIIETHESN TR LT,

2. KBTI

FEERIL 2006 4R \2T 70 o T2, BERERR A B 12 4 (4
Wi 0 24.0+5.0 %, & : 168.7%3. 6cm, IKH 64. 7
+10. 7Tkg) DN, 6 A OHERFITHEH (30 43/H.,
20 A ) O NLTHENAMP X OEE AR 21T,
O D 6 HEMBHE(G-6 ~y KX Ty L
ARDIR) & LTz, RFREAITIITHIZY, Wi
OWERF T b ARMIED B, Fik, EF EOEBE
L OMEBRPEIZ DWW T O A Em & D& TR L,
WeRE & L CEBRSMORE 25T, /2. H5M7
COEMER R FPE S mEEZ RS ORR LRI,

This document is provided by JAXA.



20 HRE]D-6° ~» R¥ DT~y RLA R
RTOWHREITEE BRI K OHE#EZ E 03T
OREEELY, EilE-6° TIF7-ReEIcE Y L
7=y R ECIThEl, £l 7L E- BT 4 EE.
FeE BN — L7 CIXE BIAT R, HEBRE O
ARNVAEMIZED, 1 HORFEREIX
2300kcal & L7-,

SIS E 1L, BRREERR (B 4m) Z[Es S
HZEICEVAETIELNDEFHLIEZATLENA
frdEEIC HEsE T L2 A — & & B L7- 258 42 H
W, NTEDAR EEB AR EITRo7, Xy R
YA NI O N TEJAMIE 1. 06, EE)E 71 60W
&L BRE ORIENSELNAE0.26 1 L < X 15W
SOAMAERMESEZ, 20 HEO~Xy KL A M
BICVEWRIN~—H—E LTRFTAIFEY Y
/U (DPD) P& &R 18 27— 284G
C-Tr_XTF R (NTX) %, BEER~—I—LL
THHFERTAVEY) 73 AT 7 X —FREE
(BAP) & AARTF AN L EELE . FT-HL
v ARETFRENCE D AR L LT, o
V= URE, N7 MVEVIRE, 1, 25— (0H) 2
B I VBEEB IO LY T AR (CaZ) OHM|
ExEIT> T,

3. MERBIOERE

[RBEIOBLE] BRI~ —I—Th 5
DPD HEit & 2 f N ) BREE AL T35 & %t
PR CIEU N D & BT 44. 2110, 0% M L
TeDIZXF U, PR EE TIX 18.3+2. 5% L A
WAKAE (P<0.05) Z/rL7z (K1) . 7. A

CLBWIN~——TdHD NIX &, HREETIE
HEICHI L7 (P<0.05) DTk L, XIHifsE
FECIIMUNE BB TIEE AV EZER D
nhhotc, —F5H, B ~—F—Th2 BAP
WCBWTY ., T BEECIIMUNE S BB %I Hm
L7k L, kPR ERE T3 MU E ) 28 7
BTIFEAEBR RN o7 (X2) ,
— AT, BRI E WM S D Z & T
Bt S D Z Lnn . XHREECOMU/NE ) 28
# @ BAP BEANIX DPD HEAMZ R S kR TH
LEWRIND, EF, REMROMEE BER
G T2V HwENRAZBND (Flier JS :
2002) , AHFFECHIE U 7= B8 i L O fif A2k
PRI E RN B 53 2 2 X8 5 2> Tl /s
WS ol BRBE O3B BRI B ) B R T A I
PRI EN ORRTE(L & & 12 DPD PRt & O BN A3
R HAIVTEN . R ER CIXEhn Ml s b
iz -7 (M3) .

DPD

P<0.05

150 |

140 |
=130 |
S120f T
110 |
100
90 |
80 |
70t

%

Post / Pre

control

Counter
measure

Counter control

measure

Fig.1 Change in urinary deoxypiridinorine (DPD) and
crosslinked N-telopeptides of type I collagen
(NTX) as an index of osteoclasts activity.
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Fig.2 Change in bone alkaline phosphatase (BAP) and
osteocalcin as an index of osteoblasts activity.
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Fig.3 Relation between urinary deoxypiridinorine
(DPD) and muscle sympathetic nerve activity.
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