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Rapid measurements of bone loss using tracer-less calcium isotope analysis of blood and urine
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We propose to develop a method to rapidly detect changes in bone mineral balance by measuring the natural (i.e.,
tracer-less) isotope composition of calcium in blood and/or urine. This method would provide a way to detect incipient
bone loss before changes in bone density are detectable by conventional X-Ray methods.

The resorption of bone when astronauts are exposed to microgravity is a major challenge for NASA's plans for human
exploration of the Moon and Mars. Our proposed technique would be immediately valuable in ground-based studies of
countermeasure strategies, accelerating the pace of discovery of countermeasures to bone loss. In the long run,
flight-qualified versions of mass spectrometric or other systems for Ca isotope characterization could accompany
astronauts on long-duration missions.

Precise measurements of the calcium isotope composition in blood or urine provide information about bone mineral
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balance because the isotopic composition of calcium in human soft tissues is naturally affected by the relative rates of
bone formation and resorption. Specifically, lighter calcium isotopes are preferentially incorporated into bone during
formation. Because of the short residence time of calcium in soft tissues, calcium isotope ratios should change rapidly in
response to changes bone gain or loss. These changes, while small, can be measured by multiple collector inductively
coupled plasma mass spectrometry (MC-ICP-MS) or thermal ionization mass spectrometry (TIMS).

The proposal team recently demonstrated the promise of this method in a published pilot study in which we measured
calcium isotopes in a small suite of urine samples from a bed rest study. Here, we propose an expanded examination of
bed rest samples, involving a larger number of subjects, measurements of blood and dietary samples as well as urine,
and daily or even sub-daily sampling. This research would address critical questions unresolved by the pilot study.

New project for FY2008.
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