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Abstract:

The space environment is known to induce various pathophysiological changes in astronauts,
including bone demineralization. Using an in vitro bone tissue model based on goldfish scales, our
spaceflight experiment (the Fish Scales Project) aboard the International Space Station (ISS)
revealed a significant reduction in melatonin levels under spaceflight conditions. This result
suggests that microgravity inhibits melatonin synthesis in osteoblasts and may contribute to the
osteoporosis-like bone loss observed during long-duration missions.

Moreover, gene expression analyses revealed that melatonin suppressed space
radiation—induced expression of genes associated with DNA repair and oxidative stress responses,
thereby enhancing cell survival. These findings indicate that melatonin has the potential to serve as
a pharmacological countermeasure against spaceflight-induced pathophysiological changes and to
protect astronauts from space radiation, contributing to the safety of future long-term human space
exploration.

In the present study, we confirmed that melatonin acts on osteoblasts, osteoclasts, and the
calcified matrix of goldfish scales even when cultured at low temperature. In addition to melatonin,
we demonstrated that S5-methoxytryptophan and 1-benzyl-2,4,6-tribromomelatonin activate
osteoblasts and suppress osteoclasts in goldfish scales. It has also been proposed that an automated
cell culture system using twelve 24-well plates could be utilized for space experiments on the ISS.
We will therefore investigate the additive and synergistic effects of melatonin and these
compounds on the cellular and molecular components of bone tissue using goldfish scales.

To enable space experiments using small commercial satellites, we are planning to conduct
experiments under low-temperature culture conditions using original equipment developed in the
previous fiscal year to maintain zebrafish scales appropriately in the satellite environment.

Through these investigations, we aim to assess the risks associated with human exploration of
the Moon and Mars, as well as long-term habitation in space, and to contribute to the development
of preventive and therapeutic strategies targeting bone health.
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Figure 1. Alkaline phosphatase-stained osteoblasts (A) and
tartrate-resistant acid phosphatase-stained osteoclasts (B) in
regenerating goldfish scales. An arrow indicates DAPI-stained
multinucleated osteoclasts.

DAPI: 4',6-diamidino-2-phenylindole.
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