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POSTDOCTORAL FELLOWSHIP
(1) Original Aims Aim 1: To determine the degree to which radiation-induced deficits in neurobehavioral function differ
as a function of basal dopaminergic tone. Aim 2: To determine the radioprotective effectiveness of dietary flaxseed (FS)
to mitigate the deleterious effects of low-dose proton radiation on neurobehavioral function. Aim 3: To determine
DAergic and inflammatory protein levels in radiation-induced, neurobehaviorally-impaired rats and in
radioprotectant-treated rats. To assess the likelihood of space radiation producing long-term functional changes in the
CNS, neurobehavioral functions are being measured in rodents via an animal test analogous to 'vigilance' tests in
humans. Cognitive neurobehavioral functions relevant to astronaut mission performance effectiveness are assessed with
a rodent analog of the Psychomotor Vigilance Test (PVT) currently used in space analog environments and by astronauts
aboard ISS. Neurobehavioral functions examined include assessments of general motor function and speed, vigilance,
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memory, inhibitory control ('impulsivity'), timing, motivation, and basic sensory function. Groups of animals with
inherent differences in dopamine system function were trained on the rodent version of the PVT, following which they
were exposed to radiation and then re-tested periodically for up to 5 months post-exposure to assess potential
performance deficits. In an upcoming study, separate groups of animals will be given an experimental diet supplemented
with flaxseed and will undergo the same behavioral testing using the rPVT. Likely mechanisms of damage to the CNS
following radiation exposure and flaxseed treatment are being examined using Western blotting of proteins relevant to
neurotransmitter function and inflammation.
(2) Key Findings

Task Description:

• Discovery that the initial inflammatory response in the brain is elevated in the forebrain, cerebellum, and whole brain
tissue following proton exposure immediately following and up to 14 days post-exposure. This inflammatory response
continues for a significant amount of time following irradiation and that could possibly lead to cellular changes and
negatively impact neurobehavioral function, and suggests that the immediate inflammatory response and likely
subsequent glial cell death and extended brain inflammation could underlie such neurobehavioral changes following
proton exposure and impact an individual's sensitivity to proton radiation.
• Data showing that radiation-induced deficits in neurobehavioral function differ as a function of basal dopaminergic
tone when examined in inbred strains of rats with inherent differences in dopamine (DA) function, and indicating a
likely involvement of the dopaminergic system in determining an individual's susceptibility to radiation-induced
neurobehavioral damage to the CNS.
(3) Impact of key findings. The key findings during this funding period support the stated hypothesis that basal
differences in dopaminergic tone would influence the extent of neurobehavioral deficits following irradiation.
(4) Proposed research plan for the coming year. Western blot analyses will be completed on the brain tissue from the
Fischer 344 and Lewis rats from the previous funding year. More specifically, brain regions implicated in attentional
performance will be subjected to Western blot analysis and mRNA detection. Proteins of interest include, but are not
limited to, the dopamine D2 receptor, the dopamine transporter, cell survival proteins, and inflammatory cytokines. In
addition, separate groups of rats will be maintained on a diet containing 10% flax seed or a control diet, trained on the
rPVT, and exposed to proton radiation. Follow-up behavioral testing will occur for at least 5 months after irradiation to
determine if dietary flax seed mitigates the neurobehavioral deficits following proton exposure. Once the behavioral
testing period has ended, brain tissue will be removed and analyzed as described above.

Rationale for HRP Directed Research:

Research Impact/Earth Benefits:

The critically-needed research on the effects of ionizing radiation on cognitive/behavioral functions will provide the
basis for extrapolating the effects of the space radiation environment on human cognitive function and performance.
Earth-based applications of this research will extend to comparing the effects of other types of radiation exposures (e.g.,
from the workplace, medical environment, home) on neurobehavioral functions. Knowledge of those neurobehavioral
functions and related brain areas affected by acute exposure to space radiation is extremely important in not only the
development of a biobehavioral risk assessment model of radiation-induced deficits that could compromise operational
performance during long-duration space exploration missions, but also in the development of mitigation strategies,
countermeasures, as well as appropriate self-administered tests that astronauts can use to gauge their performance
readiness for critical tasks. Moreover, the present rodent analog of the PVT provides a direct translational link to
performance capacity on Earth. Once validated, the rPVT model developed here may be used as a basic and
translational research tool to predict performance deficits induced by radiation or other CNS insults while providing an
innovative experimental platform for exploring the bases of individual vulnerability to performance impairments and
evaluating potential prophylactics, countermeasures, and treatments.
Highlights for this first year include:
• Findings of radiation-sensitive animals showing significantly higher levels of dopamine D2 receptors as well as
dopamine transporter (DAT) in the brain, with non-sensitive-but-exposed rats as well as control rats showing no such
changes in DA protein levels, suggesting that DA level differences may play an important role in how an organism
responds to radiation neurobehaviorally, and may have important implications for possible screening of radiation
sensitivity and future development of radioprotectants.

Task Progress:

• Discovery that the initial inflammatory response in the brain is elevated in the forebrain, cerebellum, and whole brain
tissue following proton exposure immediately following and up to 14 days post-exposure. This inflammatory response
continues for a significant amount of time following irradiation and that could possibly lead to cellular changes and
negatively impact neurobehavioral function, and suggests that the immediate inflammatory response and likely
subsequent glial cell death and extended brain inflammation could underlie such neurobehavioral changes following
proton exposure and impact an individual's sensitivity to proton radiation.
• Data showing that radiation-induced deficits in neurobehavioral function differ as a function of basal dopaminergic
function when examined in Inbred strains of rats with inherent differences in dopamine (DA) function, and indicating a
likely involvement of the dopaminergic system in determining an individual's susceptibility to radiation-induced
neurobehavioral damage to the CNS.
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