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Performance Goal No.:
Performance Goal Text:
POSTDOCTORAL FELLOWSHIP
Original Aims/Objectives
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 Fischer
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and Lewis rats and in radioprotectant-treated (FS) rats.
Aim 4: To assess functional changes in dopaminergic neurotransmission following head-only proton radiation using
well-characterized dopamine receptor-mediated behaviors (i.e., DA agonist-induced yawning and hypothermia).
To assess the likelihood of space radiation producing changes in the central nervous system (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 the
International Space Station (ISS). Neurobehavioral functions examined include assessments of general motor function
and speed, vigilance, memory, inhibitory control ('impulsivity'), timing, and motivation. Groups of PVT-trained animals
with inherent differences in dopamine system function were exposed to radiation and then re-tested for up to 5 months
post-exposure. In an additional study, separate groups of animals were given an experimental diet supplemented with
flaxseed and underwent 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.
Task Description:

Key Findings
• Exposure to protons, 56Fe, or 28Si ions produces highly specific effects on vigilance that include a phenotypic
individual differences effect in that only a subset of irradiated animals show neurobehavioral deficits (i.e., are radiation
sensitive ).
• Deficits in rPVT performance are associated with changes in several proteins important for dopaminergic
neurotransmission, such as tyrosine hydroxylase and the dopamine transporter, in the frontal and parietal cortices, two
brain regions thought to regulate PVT performance in humans.
• Radiation-insensitive animals appear to have increased density and/or sensitivity of D3 receptors, while
radiation-sensitive rats appear to have a decrease in these same receptors or possibly an increase in D2 receptor
sensitivity or levels.
• d-Amphetamine dose dependently improves rPVT performance in rats displaying proton-induced deficits (i.e.,
radiation sensitive rats), while these same doses have no impact on sham control performance levels.
Impact
The key findings during this funding period further support the hypothesis that the dopamine system is sensitive to the
effects of radiation exposure and is an important system underlying the behavioral deficits in radiation-sensitive rats.
Proposed research for the coming year
Behavioral pharmacology studies assessing the effects dopamine receptor agonists in rats pre- and post-exposure will be
conducted. In addition, assessments of spontaneous locomotor activity and core body temperature in rPVT-trained rats
will be recorded pre- and post-radiation to determine if any behavioral markers related to fatigue and/or inflammation
are associated with radiation-induced deficits.

Rationale for HRP Directed Research:

Research Impact/Earth Benefits:

Task Progress:

Bibliography Type:

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.
Radiation-induced alterations in tyrosine hydroxylase in the frontal and parietal cortices, in addition to changes in the
levels of the cytokine vascular endothelial growth factor (VEGF) in the frontal cortex are associated with behavioral
deficits in the rPVT and could be involved in the underlying mechanisms of radiation-induced cognitive deficits.
Decreases in VEGF are associated with deficits in the rPVT, whereas increases in VEGF are associated with a lack of
radiation-induced deficits, when assessed 9-10 months post-radiation, and could be associated with long-term cognitive
outcomes following radiation exposure. Dopamine D2 receptor-mediated hypothermia are similar in rats following
radiation exposure; however, attenuation of this response via a relatively specific D2 receptor antagonist differs between
radiation-sensitive and -insensitive rats, which suggests brain-region specific differences in dopamine D2 receptors or a
radiation-induced change in D2 hypersensitivity. Dopamine D3 receptor-mediated yawning behavior is increased in 100
cGy-exposed radiation-sensitive rats, a finding that suggests an increase in function and/or density of D3 receptors in
these rats. 100 cGy-exposed radiation-sensitive rats display minimal increases in yawning behavior and no attenuation
of its inhibition by D2 antagonism, which suggests an increase in D2 receptor density in these animals. This finding
supports the increased D2 receptor levels in 100 cGy-exposed radiation-sensitive rats we previously reported.
d-Amphetamine appears to dose-dependently attenuate radiation-induced rPVT deficits in proton-exposed
radiation-sensitive rats. Following amphetamine administration, radiation-sensitive rats display increased accuracy and
decreased reaction times that approach sham-irradiated control performance levels.
Description: (Last Updated: 02/25/2020)
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Abstracts for Journals and
Proceedings

Davis CM, Hienz RD "The effects of radiation on schedule-controlled responding and quinpirole-induced yawning"
Experimental Biology 2014, San Diego, CA, April 26-30, 2014.
FASEB Journal. 2014 April;28(1 Suppl):839.6. See also http://www.fasebj.org/ for searching. , Apr-2014

Articles in Peer-reviewed Journals

Davis CM, DeCicco-Skinner KL, Roma PG, Hienz RD. "Individual differences in attentional deficits and dopaminergic
protein levels following exposure to proton radiation." Radiation Research. 2014 Mar;181(3):258-71. http://dx.doi.org/ ;
PMID: 24611657 , Mar-2014

Articles in Peer-reviewed Journals

Davis CM, Roma PG, Armour E, Gooden VL, Brady JV, Weed MR, Hienz RD. "Effects of X-ray radiation on complex
visual discrimination learning and social recognition memory in rats." PLoS One. 2014 Aug 6;9(8):e104393. eCollection
2014. http://dx.doi.org/ ; PubMed PMID: 25099152; PubMed Central PMCID: PMC4123910 , Aug-2014

Articles in Peer-reviewed Journals

Davis CM, Roma PG, Hienz RD. "A rodent model of the human psychomotor vigilance test: Performance comparisons."
Journal of Neuroscience Methods. 2016 Feb 1;259:57-71. Epub 2015 Nov 27. https:// ; PubMed PMID: 26639896
(Reported originally in Feb. 2015 as 'Submitted in August 2014.') , Feb-2016

Articles in Peer-reviewed Journals

Mange A, Cao Y, Zhang S, Hienz RD, Davis CM. "Whole-body oxygen (16O) ion-exposure-induced impairments in
social odor recognition memory in rats are dose and time dependent." Radiat Res. 2018 Mar;189(3):292-9. Epub 2018
Jan 13. https:// ; PubMed PMID: 29332539 , Mar-2018

Awards

Davis CM. "1st Place, Best Abstract Poster Competition, Behavioral Pharmacology Division of American Society for
Pharmacology and Experimental Therapeutics (ASPET) meeting, April 2014." Apr-2014

Significant Media Coverage

Desmon S. "Some Astronauts at Risk for Cognitive Impairment, Animal Studies Suggest. Press release describing our
findings in our Radiation Research paper (Radiat Res. 2014 Mar;181(3):258-71. PMID: 24611657 )." Johns Hopkins
Medicine Eureka Alert: http://www.eurekalert.org/ ; accessed 2/20/15., Apr-2014

Significant Media Coverage

Lafrance A. "How Going to Space Can Mess with the Astronaut Brain. Article describing our findings in our Radiation
Research paper (Radiat Res. 2014 Mar;181(3):258-71. PMID: 24611657 )." The Atlantic, April 23, 2014.
http://www.theatlantic.com/ ; accessed 2/20/15., Apr-2014

Page 3 of 3

