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Task Description:

Crews on exploratory missions will face complex radiation from cosmic and solar sources with components ranging
from protons to iron. We have identified trabecular bone loss in mice after exposure to a 2 Gy dose of multiple radiation
types, suggesting space radiation may increase bone loss from reduced gravity during exploratory missions. An increase
in serum markers of bone resorption in rats three days post-exposure to 2 Gy indicates bone loss may be rapid. 
The impact of radiation on bone quality and fracture healing in reduced gravity is unknown and must be studied to
understand effects of space radiation on bone health. The long-term objective of this project is the development of
countermeasures to prevent bone loss during missions and thus reduce fracture risk. 

To define the risks associated with space radiation-induced bone loss, the following aims will examine effects of
modeled space radiation using scenarios applicable for Lunar Outpost missions: 

1. Examine combined effects of a modeled solar particle event and unloading on bone, and subsequent recovery during
reloading. Hypothesis: Proton radiation with unloading will induce a more severe bone loss than unloading alone. 

2. Examine initiation of osteoclast activation and subsequent bone loss following exposure to several types of modeled
space radiation, including acute proton exposure, low-dose-rate proton exposure and mixed radiation types (proton and
HZE). Understanding underlying molecular causes is critical to developing countermeasures for radiation-induced bone
loss. Hypothesis: The initiating mechanism of bone loss is radiation-induced inflammation, increasing RANKL
production due to damaged marrow, causing early osteoclast activation. 

3. Test the efficacy of three countermeasures for bone loss caused by proton exposure: a) The bisphosphonate
zoledronate; b) The RANKL blocking protein osteoprotegerin; and c) An antioxidant agent, -lipoic acid. Hypothesis:
Potent inhibitors of bone resorption, both zoledronate and osteoprotegerin will prevent the bone loss caused by radiation.
Antioxidants will address multiple radiation-induced problems; -lipoic acid decreases osteoclast differentiation and
activity. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:   

Task Progress: New project for FY2008. 
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