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Summary of the most important results

Abstract

We studied two avian models, migratory sleeplessness and unihemispheric sleep, to identify
mechanisms that allow birds to suspend temporarily the need for sleep while maintaining
cognitive and physical performance. During Phase 1, we collected migratory white-crowned
sparrows and demonstrated for the first time in the laboratory setting that during migration, birds
maintain a high level of performance as demonstrated by normal to increased levels of
responding on operant tasks, whereas sleep-deprived birds show decreased responding. Through
EEG recordings in 8 birds during migration, we found a reduction in total daily sleep by up to
90% for periods of days to weeks at a time during migration; these data establish the migratory
bird as the only known natural model that meets the goals of the CAP initiative. In addition, we
have developed the technical capability to perform prolonged sleep deprivations and record and
analyze bird sleep in an automated fashion. We demonstrated in prolonged sleep deprivations
that birds show effects similar to those seen in sleep deprived mammals, further validating the
bird as a model with relevance to humans. Finally, we have identified genes that appear to be
specific for migratory sleeplessness, providing a group of potential targets for drug development.

Scientific Progress and Accomplishments

During Phase 1, we focused on Task 2, the migratory sleeplessness model, and essentially
completed all of our goals for the project period. We also made significant progress on Task 1,
although this was slowed somewhat by the departure of several technicians for graduate school
and our inability to hire replacements without a continued source of funding.

Task 1 (Unihemispheric Sleep)

Behavioral and Neurophysiological studies: We performed prolonged total sleep deprivation in
pigeons and have completed deprivations for up to 30 days in a total of six pigeons.
Considerable time has been spent modifying the computer scoring algorithm for bird sleep, since
muscle activity is not as reliable for distinguishing sleep-wakefulness states in birds as it is in
mammals. Although muscle activity per se is unreliable we observed that movement (including
fine movement) was a good indicator of sleep/wake state. We then used video motion detection
and routed the output of the motion detection into our sleep detection program allowing us to set
motion thresholds and to more accurately and reliably distinguish between sleep and
wakefulness. We also began to use this method on sparrows (see Task 2 below.)

Results from the most recent sleep deprivation trials have confirmed our preliminary findings
previously reported. First, we have additional evidence indicating that sleep deprived birds
display increased energy expenditure and associated changes in body temperature, key features
of the sleep deprivation syndrome observed in mammals <Figure 1 - Energy and Temperature>.
Moreover, as in mammals, REM sleep showed an almost 100% increase in the deprived birds
and only a slight increase in the yoked control <Figure 2 - Recovery Change>. This difference
in recovery between deprived and control birds confirms that the disk-over-water is in fact



having a differential effect on sleep while administering the same amount of stimulation to the
deprived and control birds. More importantly, these results show that avian sleep architecture is
affected by sleep deprivation in the same way as mammals.

Task 2 (Migratory Sleeplessness)

We performed continuous EEG sleep recordings on eight sparrows, beginning in early August
just before they commenced the fall migration. In addition to manually scoring records, we
began work on developing a semi-automated scoring system for sleep scoring by computer. We
have developed and performed the first validation pass of a scoring system based on the raw
electrophysiological recordings. We are working on the system to extend it to the filtered
recordings. It is now capable of reducing the amount of time spent in manual scoring and should
soon be capable of assessing sleep well enough to allow for near instantaneous testing of
measures that putatively reduce the need for sleep.

Scoring of the sleep EEG demonstrated a marked decrease in sleep during migration <Figure 3 —
Changes in Sleep during Fall Migration>. The birds decreased their daily sleep amount to about
1/3 of normal during migration. Although birds were getting some sleep during fall migration,
this is consistent with reports in the literature of fall migration being less intense than the spring
migration. The seasonal difference in migration intensity suggests that migratory songbirds have
the capacity to markedly reduce sleep as well as to virtually dispense with sleep altogether. Our
EEG recordings also demonstrate that when the birds are exhibiting migratory restlessness (i.e.,
whirring their wings), there is no indication of unihemispheric sleep in the EEG; the birds are
both behaviorally and electrophysiologically entirely awake. To summarize, these are the first
continuous EEG recordings ever performed on birds during the state of migration and document
that birds dramatically reduce their total daily sleep, and that they are not sleeping
unihemispherically.

To compare migratory sleeplessness with comparable amounts of sleep deprivation, and to be
ready to test the efficacy measures for enhancing continuous performance, it was necessary to
develop a method to produce prolonged sleep deprivation that controls for the methods used to
produce deprivation. Since we have been successful in producing prolonged avian sleep
deprivation using the disk-over-water for pigeons, we adapted this device for perching birds
<Figure 4 - POW>. The resulting perch-over-water involves a set of radial perches, like spokes
on a wheel, that can be rotated to arouse the bird. We have built a perch-over-water apparatus
and have begun testing its ability to produce prolonged sleep deprivation.

We have also continued cognitive testing using the Repeated Acquisition Task (i.e., three-
response chain on a FR 3 schedule) in groups of sparrows from both the migratory and non-
migratory subspecies. These birds have been performing the task for almost 1 and 1/2 years.
Over the last two migrations, a clearer pattern of differences between the two subspecies during
the migratory periods has emerged. The migratory birds, while migrating, show significantly
enhanced performance <Figure 5 - Operant Responding> without decrement in accuracy <Figure
6 - Response Accuracy> in comparison to the non-migratory subspecies studied at the same.
They also show a higher level of performance during migration than during the non-migratory
season. These data document for the first time that migration does not interfere in any way with



performance, and that in fact during periods of prolonged sleeplessness birds can sustain higher
than average levels of physical and cognitive performance, thus providing an excellent model for
the warfighter who needs to engage in sustained operations.

Using mRNA differential display (mRNA DD), we have completed an extensive screening of
gene expression in the cerebral cortex of groups of migratory and non-migratory subspecies of
sparrows, during both migratory and non-migratory seasons (n=6 birds/group; total of 24). To
date, we have run a total of 91 primer combinations and analyzed 50-100 genes per gel, thus
screening up to 9,000 genes. Despite studying wild-caught birds from two different species,
there has been a very high degree of consistency in gene expression across all birds and across
the two seasons. Specifically, we have identified two species-specific transcripts and 7 seasonal
transcripts out of the 9,000 screened so far. The high level of consistency is in agreement with
our previous mRNA DD results in rats, and strongly suggests that the experimental design we
used is properly controlled for technical variability (i.e. variability due to methodological
inconsistencies during brain dissection, RNA extraction, reverse transcription, and PCR
amplification) as well as for biological variability (i.e. variability due to individual inter- and
intra-specific differences). Most important for the CAP program, we have identified a total of 7
transcripts whose expression is specifically modulated by migration in the migratory subspecies
only, including 3 transcripts upregulated during migration and 4 transcripts upregulated during
the non-migratory state. Figure 7 <Figure 7 - gel> shows a post-migratory transcript identified
over the last 3 months. Because of the high consistency in the expression of the great majority of
the transcripts screened so far, the migration- and post-migration-related transcripts are of great
interest and their future characterization will yield a small number of potential target genes to be
pursued in Phase 2.

In summary, the migratory white-crowned sparrow has proven to be a unique model for
prolonged sleeplessness without physical or cognitive impairment; it is the only known natural
model for the goals of the CAP program. We have identified a small number of genes that
appear to be specific for migratory sleeplessness, providing a group of potential targets for drug
development. We hope to continue recording them through the completion of their fall
migration and into the post-migratory phase to be able to assess whether there is any evidence of
rebound or recovery sleep following migration.

Everything worked according to plan; we did not have any substantial technical difficulties or
negative results. Overall, our accomplishments in phase 1 have given us a strong basis to go into
phase 2 with the realistic expectation of developing countermeasures to reverse the effects of
prolonged sleeplessness in humans.
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Figure 2. Recovery Change
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Figure 5. Operant Responding

Operant Responses

1000

B0O
1

oo

200
1

hot — Migrating  non-migratory Migratory
Migrating period period
Gambelii Muttalli

10



Figure 6. Response Accuracy
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