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During the future Moon and deep space missions to Mars, astronauts will be exposed to higher total doses of ionizing
space radiation (IR, ~0.4-0.5 Gy) from galactic cosmic rays (GCR), especially during Mars missions that are currently
estimated to be 30 to 36 months. Due to GCR, each cell in an astronaut’s body will be traversed by a proton (1H) every
week, helium (2He) nuclei every few weeks, and high charge and energy (HZE) nuclei (e.g., 6C, 80, 14Si, 22Ti, 56Fe)
every few months. These frequencies and qualities of IR exposures could have significant effects on cardiovascular
(CV) health of astronauts during and after exploration-type space missions. In spite of healthy worker factor
(unsurpassed training and fitness of astronauts) such factors are of extreme importance as majority of experienced
astronauts are middle-aged and at higher risk for developing serious CV complications.

We hypothesize that low-dose proton and HZE particle IR-induced biological responses are long-lasting, IR
type-dependent and may augment excess relative risk (ERR) estimates for the development of CV diseases during and
after long-duration space missions. In addition, we hypothesize that different sequence of proton vs. HZE and mix beam
radiation regimens could further modify radio-biologically effective (RBE) IR thresholds for CV risk estimates.

To determine qualitative differences and quantify RBEs for biological damage induced by proton and HZE particles for
various HZE ions and mix beam IR regimens and how this may influence late degenerative CV disease risks, we will
use our own archived heart samples from fractionated proton and single iron IR used in various sequences. In addition,
we plan to use the archived samples from experiments conducted by Drs. Eleanor Blakely and Polly Chang where they
used CB6F1/Hsd female mice of 100-120 days at the time of initial exposure and tissues were harvested 16 months
after IR. These samples fit very well with our own low dose proton and iron single and fractionated studies, as ions and
energies used in these studies are complementary to our studies. Additionally, these samples provide an experimental
synergy and continuity to our archived samples for testing the effect of low dose gamma and various HZE particle IR of
different doses, energies and sequences on IR responses in the heart.

We anticipate that the results of our work could be beneficial for human space exploration on several levels: (1)
determine whether low dose space-type IR may present an increased risks for late degenerative CV disease development
including, but not limited to, fibrosis, atherosclerosis, and vascular changes; (2) determine whether there may be low
dose thresholds for radiation-induced changes in the heart tissue; (3) lay a foundation for identification of common
bio-markers for different species and energies of space-type IR that could be used for prediction of asymptomatic CV
disease in the setting of space IR; (4) provide an insight, on the cardiac tissue level, of molecular targets/pathways for
development of mitigating factor and biological countermeasures.

New project for FY2017.
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