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Two recent trends in ISS crew member patterns is that more are making repeat flights into space and some have begun
using osteoporosis drugs as a countermeasure to the negative effects of microgravity on the skeletal system. This pilot
project aims to provide new data that can help better understand the effects of multiple missions on those crew members
who have taken such osteoporosis drugs as part of a previous mission, or who might be considering this in the future.
Initial results have shown impressive benefits. Selected crew members have taken alendronate, which is a popular
osteoporosis drug from the class known as bisphosphonates, just before and during their ISS missions and have
reported much milder effects on bone density. Based on the mechanisms of action for this class of drugs, it is plausible,
and perhaps even likely, that the benefits gained from taking alendronate for one mission could actually extend into a
second mission without further treatment at all. The goal of the proposed research is to address this question directly
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using the well-established, ground-based analog: the adult hindlimb unloaded (HU) rat model. We have conducted an
extensive set of experiments for NASA in recent years using this model to examine multiple exposures to microgravity

Task Description: but none of these included the osteoporosis drugs. In the current project, we will determine the effects of a single
administration of bisphosphonates on adult male rats exposed to two successive HU exposures, with a period of
recovery between the two. The focus will be to compare the effects of the second HU on the group of animals that has
been administered alendronate concurrently with the first HU exposure with those that have not. We will quantify bone
mineral content, bone mineral density, and various measures of cross-sectional geometry and shape using pQCT scans
made every 28 days on anesthetized living animals. We will also measure bone strength and histological parameters on
tissue specimens harvested at the end of the study. Completion of the studies outlined in this proposal will provide
critical new findings quantifying the possible persistent beneficial effects of a single bisphosphonate treatment on a
second later exposure to microgravity. These findings are strongly relevant to care and planning for current ISS
crewmembers. The key deliverable in this regard will be the knowledge gained and the promising prospects for
translating this directly to assessment of current and future ISS crew member missions.
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