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[Ed. note Jan 2022: Continuation with same Principal Investigator (PI) Dr. Catherine Davis, of "VNSCOR: Mechanisms
of Radiation-Induced Changes in Sustained Attention and Social Processing," grant #80NSSC18K 1080 when PI was at
Johns Hopkins University. See also project, "VNSCOR: Responses of the Nervous System to Chronic, Low Dose
Charged Particle Irradiation" (Principal Investigator (PI): Greg Nelson)]

NELSON/DAVIS VIRTUAL NASA Specialized Center of Research (NSCOR): The project is organized as 5 large
experimental campaigns to quantify responses for an interrelated set of central nervous system (CNS) outcome measures
in mice to acute and protracted exposures to protons at a dose of 0.5 Gy and sham controls; acute and protracted
exposures to 0.25 and 0.5 Gy of charged particles; and acute and protracted exposures to 0.5 and 1.5 Gy of gamma rays.
This research builds on previous studies that demonstrated that proton and HZE (high charge energy) exposures result in
individual differences in deficits in sustained attention, but more general deficits in recognition memory. This current
project is combined with "Responses to the Nervous System to Chronic, Low Dosed Charged Particle Irradiation" (PI:
Nelson) in order to explore if these effects are LET (linear energy transfer)-dependent for 160 ions, add a relatively
understudied, but important, ion (4He), and examine CNS effects in whole animals following fractionated exposures,
and the interaction of other space flight factors (e.g., sleep fragmentation).

Revised Specific Aims:

Aim la: Effects of protracted exposure to five-ion GCR [galactic cosmic rays] sim (1H, 4He, 28Si, 160, 56F¢)
Aim 1b: Effects of protracted exposure to GCR sim without protons (4He, 28Si, 160, 56Fe)

Aim lc: Effects of protracted exposure to protons only

Aim 1d: Acute exposure to 4He (250 MeV/n)

Aim 2a: Neuronal activation and molecular markers following radiation

Aim 2b: Chemogenetic silencing of mPFC subregions

Specific Aims:

1) Determine the effects of acute, single 160 and 4He ion exposures on sustained attention, social odor recognition
memory, and social dominance. (This aim has been modified in order to integrate with Nelson project);

2) Determine the effects of a fractionated exposure on sustained attention and recognition memory in comparison to the
effects of single ion exposures on these measures;

3) Determine the effects of circadian disruptions and sleep fragmentation on sustained attention and recognition
memory following radiation exposure (This aim has been modified in order to integrate with Nelson project);

4) Examine the underlying mechanisms of these deficits using immunohistochemical and pharmacogenetic procedures.

ORIGINAL PROPOSAL DESCRIPTION: Assessing the biological consequences of living in the space radiation
environment represents one of the highest priority areas of NASA research. Of critical importance is the need for an
assessment of the vulnerabilities of the central nervous system (CNS) leading to functional neurobehavioral changes
during long-term space missions, and the development of effective countermeasures to such risks. The present proposal
addresses this need via the application of an animal model to 1) determine the effects of acute, single 160 and 4He ion
exposures on sustained attention, social odor recognition memory, and social dominance; 2) determine the effects of a
fractionated exposure on sustained attention and recognition memory in comparison to the effects of single ion
exposures on these measures; 3) determine the effects of circadian disruptions and sleep fragmentation on sustained
attention and recognition memory following radiation exposure; and 4) examine the underlying mechanisms of these
deficits using immunohistochemical and pharmacogenetic procedures.

Prior research has 1) identified rats that are sensitive to radiation-induced deficits in sustained attention and 2) shown
that acute, single ion exposures alter social motivation and social odor recognition memory. The current proposal will
determine how the immediate effects of irradiation impact subsequent neurobehavioral deficits by assessing various
behavioral, physiological, and neurobiological markers of radiation exposure at early and later time points
post-exposure. Groups of animals will be trained on a rodent version of the human psychomotor vigilance test, exposed
to radiation, and then tested for both social processing and sustained attention deficits following exposure; subsets of
rats will be implanted with biotelemetry devices to measure fluctuations in spontaneous locomotor activity and body
temperatures following radiation exposure and changes in sleep or circadian disruptions. Individual variations in these
behavioral, physiological, or neurobiological responses following radiation will be assessed. Likely mechanisms of
damage to the CNS following radiation exposure will be examined using brain tissue, in addition to a pharmacogenetic
technique to determine the severity of radiation-induced neurobehavioral deficits.

The results of the current project will be used to understand how radiation exposure affects the central nervous system to
induce deficits in neurobehavioral function.

During the reporting period, we exposed male and female rats to the simplified galactic cosmic radiation (GCR)
simulation, either a single acute dose (50 cGy) or chronic dosing (2.08 cGy per day/6 days per week for 4 total weeks;
50 cGy total dose). This was a replicate of the same dose rate study we ran in 2019. This replicate was previously
canceled due to the COVID-19 pandemic.

60 rats (30 male and 30 female) were shipped to Brookhaven National Laboratory and irradiated with the GCR
simulation. Some of the rats were previously trained on the rPVT. [Ed. Note: The rPVT is a sustained attention test that
requires subjects to monitor the location of a stimulus that occurs infrequently.] Following exposure, all rats were tested
for social odor recognition memory (SORM) at 7 days, 30 days, 90 days, and 6 months following radiation exposure. A
subset of animals completed rPVT testing following radiation, from approximately 30 days to 6 months following
exposure. Following the 6-month time point, all animals were sacrificed to collect brain and blood samples. In
preliminary analyses of the data, radiation exposure significantly impaired social odor recognition memory; but limited
sex differences were found for the early time points. For the rPVT, results suggest that both acute and chronic GCR sim
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exposure can impair performance, and these effects could be more robust in female animals.

We also completed statistical analysis of the rPVT data from 4He exposed male rats. Using a fully saturated
ANCOVA-type linear mixed effects model, we found significant dose-dependent changes in tPVT performance
parameters. More specifically, exposure to 25 cGy significantly decreased accuracy (percent correct responding),
increased false alarms (impulsive responding), and increased in several different reaction time measures. Interestingly,
exposure to 5 cGy only induced changes in a few reaction time measures, but had no significant effect on other
measures, including accuracy, false alarms, and lapses in attention.

Blood samples from both 4He-exposed and GCR sim-exposed rats are being analyzed for the presence of specific
miRNAs that have previously been shown to be associated with exposure to various spaceflight factors, including
radiation and microgravity. Our study seeks to determine if any of these miRNAs can be used as biomarkers of these
behavioral deficits.

We are currently preparing for an acute proton exposure in NASA Space Radiation Laboratory (NSRL) run 22C, where
we will expose groups of male and female rats to 50 cGy protons for comparison to our GCR sim studies.
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