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Task 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 research addresses this need via the application of
a comprehensive animal model to determine the effects of radiation exposure on neurobehavioral tests of vigilance and
impulsivity. 
This 1-year project is assessing the likelihood of space radiation producing immediate and/or long-term functional
changes in the CNS by measuring neurobehavioral function in rodents via animal tests analogous to "vigilance" tests in
humans and relevant to astronaut mission performance effectiveness. Groups of animals are trained on the task,
following which they receive head-only radiation and then re-tested immediately as well as periodically for up to 12
months post-exposure to assess potential long-term performance deficits. To determine the likely mechanisms of
damage to the CNS following radiation exposure, (e.g., radiation-induced changes in neurotransmitter system function),
this research is also testing the hypothesis that, since monoamine neurotransmitter systems are implicated in vigilance
and impulsivity, radiation-induced damage to monoamine neurotransmitter systems is responsible for the
cognitive/behavioral impairment following exposure to space radiation. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Research conducted on the effects of ionizing radiation on cognitive/behavioral function will provide the basis for
extrapolating the effects of the space radiation environment on human cognitive function and performance. The
Earth-based applications of this research will extend to providing a means for generalizing these effects to numerous
types of radiation exposures (e.g., workplace, medical) on earth. Thus the outcomes of these studies are expected to have
an important impact on safety and the quality of life in many Earth-based applied settings, and the society at large will
further benefit from the resulting methodological advances that effectively provide quantitative risk assessments for
radiation exposure on cognitive function. 
  

Task Progress:

Progress during this first year consists of the development of an automated, computerized training and testing facility
for measuring long-term effects of radiation exposure on cognitive/behavioral functions involving vigilance and
impulsivity in rodents at the Johns Hopkins Medical Institutions. Initial establishment of the laboratory has been
completed, and includes 10 experimental testing chambers and associated equipment for assessing neurobehavioral
function in rodents, and provide for the daily automated, computerized training and testing of behavioral functions in
test subjects. The facility supports both the exportation of groups of well-trained subjects to radiation exposure facilities
such as Brookhaven National Laboratory (BNL) and the Department of Radiation Oncology of the Johns Hopkins
Hospital, as well as the importation of radiation-exposed rodents from such facilities for detailed, long-term
neurobehavioral risk assessments at our facility. 
During this one-year period, 80 rats have been trained on a rodent psychomotor vigilance task (rPVT), which is an
animal analog of the Psychomotor Vigilance Task (PVT) used to study ‘vigilance’ in humans and validated to detect
cognitive deficits caused by a variety of factors in space flight (e.g., sleep loss, sleep shifts, motion sickness). The rPVT
task consists of a subject continuously monitoring and indicating the location of a brief visual target that occurs
randomly in time. The task simultaneously assesses reaction time, vigilance, and impulsivity. Once trained on this task,
all animals were exported to BNL for head-only radiation exposure and then returned to Johns Hopkins for follow-up
testing. Radiation exposure doses consisted of 0, 25, 50, 100, and 200 cGy (5 dose levels) for protons (150 MeV/n). The
zero-dose level represents non-exposed control animals (i.e., shipped to BNL, sedated and restrained for radiation
exposure, but not actually radiated). Exposures of these 80 animals occurred on October 29-30, and the animals returned
to Johns Hopkins approximately 1 week later and are just resuming their post-exposure testing runs. Results will be
forthcoming as their psychomotor vigilance performances are tracked over the next 12 months. 

Results from this first year of the project demonstrated the feasibility of establishing a computer-based, automated
training and testing facility for assessing cognitive and behavioral function in the rodent model. Additional results
indicate that rodents are readily trainable on cognitive/behavioral tasks that are also employed as standards for assessing
normal human cognitive/behavioral function, and that the analog of a human psychomotor vigilance task can be
employed with rodents to automatically assess neurobehavioral function on a daily basis. These findings support the
likely continued success of the rodent model for studying the cognitive, neurobehavioral, and CNS risks associated with
living in the space radiation environment. 
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