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Task Description:

Recent evidence shows that radiation encountered during deep space travel is associated with increased risks of cancer.
Administration of a dietary radiation countermeasure before and/or during the mission is an attractive option to reduce
the carcinogenesis risk. Gamma-tocotrienol is one of the strongest radiation protectors of all natural compounds tested
so far. It is safe, non-toxic and well tolerated, exhibits no interactions with other medications and requires no special
storage conditions. It has anti-oxidant and anti-inflammatory properties and protects against endothelial dysfunction.
Moreover, studies with tocotrienol administration in human subjects and animal models have shown cancer prevention.
In our preliminary studies, gamma-tocotrienol reduced radiation-induced genomic instability, as detected by studying
chromosomal aberrations, in human endothelial cells and in bone marrow cells of gamma-ray exposed mice. Altogether,
based on its safety profile, biological properties, and our preliminary results, gamma-tocotrienol has high potential as
radiation countermeasure during space travel. Here, we use a mouse model to test whether gamma-tocotrienol protects
against radiation-induced carcinogenesis. For this purpose, genetically modified mice will be used that show a low
spontaneous cancer rate, but increased tumor incidence in response to low-dose radiation. Male and female adult mice
will be exposed to mixed charged particle beams to mimic galactic cosmic rays at the NASA Space Radiation
Laboratory. Twenty-four hours before each radiation exposure, mice will be administered gamma-tocotrienol. Mice will
be followed for 18 months after irradiation and inspected daily for tumor formation. In addition, bone marrow cells will
be collected to assess the effects of gamma-tocotrienol on genomic instability by cytogenetic analysis. These studies will
advance the countermeasure readiness level of gamma-tocotrienol against carcinogenesis risks of space radiation. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

There is concern about increased carcinogenesis risk after chronic exposures to low-dose ionizing radiation, such as from
medical treatments, occupational low-dose exposures, and radiological accidents. The current project will provide
evidence for gamma-tocotrienol as a safe countermeasure against radiation-induced carcinogenesis. This information
will not only contribute to reducing the risk of radiation exposure during deep-space travel, but also the risks of
carcinogenesis from exposure to low-dose rate radiation exposures on Earth. 
  

Task Progress:

This is the progress report of year 1 of this project. The project is on schedule. 
This project makes use of a transgenic mouse model with a mutation in the p53 gene (P53 deltaP mice) on a mixed
129/SvJ and C57BL/6J background. These mice are not commercially available and need to be bred in-house. A
breeding colony was established and is on schedule to produce >500 male and female mice as required for this project
in year 2. 

In year 2 of the project, we plan to transport >500 mice to Brookhaven National Laboratory for exposure to simulated
galactic cosmic rays at the NASA Space Radiation Laboratory. Twenty-four hours before irradiation, mice will be
administered gamma-tocotrienol or vehicle. After irradiation, mice will be shipped to Colorado State University and the
University of Arkansas for Medical Sciences for follow-up. 
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