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An appropriate examination of the health risks associated with manned space flight necessitates an understanding of the
molecular consequences of exposure to the radiations encountered in space. Human radio-epidemiologic data and
animal studies indicate that irradiation of the heart can cause a spectrum of cardiovascular complications. The
mechanisms suggested for these alterations are chronic inflammation induced by oxidative stress. Its well known that
ionizing radiation (IR) produces biological damage by direct effect on DNA and indirectly by generation of reactive
oxygen species (ROS) in the cellular milieu. The xanthine oxidoreductase (XOD) system is one of the major sources of
free radicals in biologic systems. Since the XOD system is present primarily in the reduced XDH form in normal tissue,
the production of free radicals is negligible. However, emerging data demonstrates that IR irreversibly converts the
xanthine dehydrogenase (XDH) to xanthine oxidase (XO) leading to amplification and persistence of IR induced, ROS
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dependent cell damage. It is well known that ROS interferes with cellular signaling (nitrosylation and phosphorylation)
and is pro-apoptotic (releases mitochondrial cytochrome-C and activates apoptotic pathways). One of the postulated
mechanisms of radiation related tissue injury is endothelial cell damage. However little is known regarding other
cellular and molecular targets in the pathophysiology of radiation induced cardiovascular system dysfunction.
Furthermore little is known regarding the response of endothelial cells and cardiac myocytes to high LET radiation. In
this proposal we intend to use established in vivo and in vitro bioassays to characterize the radiation response to charged
particle exposure. Furthermore, mechanistically will focus on the interaction between ROS and nitric oxide (NO)
pathways in the regulation of both myocardial and vascular structure and function following OS induced by high LET
radiation. Our group have demonstrated the important reciprocal interaction between NO and O2- (derived from XO) in
the regulation of myocardial contractility and endothelial function. We will utilize our expertise to determine the effect
of radiation on these important signaling pathways in the cardiovascular system. We hypothesize that charged particles
will produce an acute oxidative stress event with cellular injury and possible death with early and late consequences that
are dose, LET (linear energy transfer), and time-dependent. Endothelial and myocardial dysfunction represent
integrated cumulative indicators of this cellular injury. We further hypothesize that radiation induced endothelial and
myocardial contractile dysfunction results from the specific imbalance in NO signaling induced by increased ROS
production. In addition, we hypothesize that the XO, NOS, arginase pathways play a critical role in the response to
radiation induced OS.

Please note that this is a new grant for the FY 2005 year. The investigator will provide a task progress at the time of the
one year anniversary of the grant. If you need more information, please contact the Task Book Help Desk at
taskbook(@nasaprs.com.
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