Space Utiliz Res, 24 (2008) © ISAS/JAXA 2008

BRUM/NEARVBEATICE T LB RKEGIE - HFV O ZRO N
ERAY HAEE. A ARRE, BRAY HRE—. SRAZ LHE—8H. HKEH.
RREMEHAY BA M. ALY hEEE RRAXY SHER ELAY A% B, 0
BIET, AMKS RREH. BATEIRTL ) ETREX. FRETFAVA LY Ya—
LaVX () AH B, ARETHE, RRENENAY RREZ. BHEE

Regulation of Bone Metabolism under Simulated Micro-Gravity and Hyper-Gravity
Loading: Analysis by the Cultured Scales of Goldfish

Nobuo Suzuki', Katsunori Omorf, Kenichi Ijir/‘3, Kei-ichiro Kitamura®, Nobuaki Shimizu’, Makoto J.
Tabata’, Mika Ikegame®, Masahisa Nakamura’, Takashi Kondo®, Kouhei Matsuda®, Hironori
Ando’®, Haruo Kasahara'’, Mutsumu Nagase'®, Koji Kubota'®, Masayuki Nara'®, Atsuhiko Hattori"®

'Inst. of Nat. and Environ. Technol., Kanazawa Univ.; 2Japan Aerospace Exploration Agency; °RI
Center, Univ. of Tokyo; *Grad. Sch. of Med. Sci., Kanazawa Univ.; °Grad. Sch. of Tokyo Med. Dent.
Univ.; °Grad. Sch. of Med. Dent. Pharm. Sci., Okayama Univ.; "Fac. of Edu. and Integ. Arts and
Sci., Waseda Univ.; ®Grad. Sch. of Med. and Pharmaceut. Sci., Univ. of Toyama; °Grad. Sch. of Sci.
and Eng., Univ. of Toyama; '°Grad. Sch. of Biores. Bioenviron. Sci., Kyushu Univ.; "Japan
Manned Space Systems Co.; '°Chiyoda Advanced Solutions Co.; "*Coll. of Liberal Arts Sci., Tokyo
Med. Dent. Univ.

Correspondence: Noto Marine Laboratory, Institute of Nature and Environmental Technology,
Kanazawa University, Noto-cho, Ishikawa 927-0553, Japan (Nobuo Suzuki)

E-Mail: nobuo@kenroku.kanazawa-u.ac.jp

Abstract: Fish scale is a calcified tissue that contains osteoblasts, osteoclasts, and bone matrix, all
of which are similar to those found in mammalian bone. Recently, we developed a new in vitro
model system using goldfish scale. This system can detect the activities of osteoblasts and
osteoclasts with alkaline phosphatase (ALP) and tartrate-resistant acid phosphatase (TRAP) as the
respective markers and analyze the co-relationship between osteoblasts and osteoclasts. Using this
system, we indicated that osteoblastic and osteoclastic activities in the scale responded to the
simulated microgravity with a three-dimensional clinostat. As these activities in the scale did not
change by the stimulation with a two-dimensional clinostat, we believe that the response to
simulated microgravity in the scale osteoblasts and osteoclasts is a specific phenomenon. In
addition, we analyzed the bone metabolism under 2-, 4-, and 7-gravity (G) loading with a
centrifuge and compared them with the control (1-G). The osteoblastic activity significantly
increased under 2- and 4-G loading. This activity increased remarkably under 7-G loading. On the
other hand, we found that the osteoclastic activity significantly decreased under 2-G loading.
Under 4-G loading, there was no significant difference between G-loaded scales and control scales.
The osteoclastic activity tended to increase under 7-G loading. These results were similar to our
previous study of acceleration by vibration. With the goal of developing a drug for bone diseases,
the effect of novel bromomelatonin derivatives on osteoblasts and osteoclasts was examined. All
bromomelatonin  derivatives had an inhibitory action on osteoclasts. In particular,
1-benzyl-2,4,6-tribromomelatonin (benzyl-tribromomelatonin) possessed a stronger activity than
melatonin. In reference to osteoblasts, all bromomelatonin derivatives had a stimulatory action. In
addition, estrogen receptor mRNA expression (an osteoblastic marker) was increased in
benzyl-tribromomelatonin (10”7 M)-treated scales. Therefore, this chemical will be useful to treat
bone diseases, such as those experienced in space flight.
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Figure 1 Structure of novel ~ bromomelatonin  derivatives
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