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Abstract
Stress produces significant alterations in sleep that appear to vary with the type, intensity and duration
of the stressor. Brief manual restraint may be stressful in rodents, but is often required for
experimental procedures. We examined the effects of brief manual restraint on sleep and its possible
influence on sleep induced after footshock and after the opportunity to explore a neutral enclosure.
Sleep was recorded during non-interrupted baseline and during 8-h light and 12-h dark periods after
three sessions of 5-min manual restraint (M1-3), after 30-min in neutral enclosure alone (NE) or with
previous manual restraint (mNE), and after 20 footshocks presented over the course of 30-min alone
(FS) or with previous manual restraint (mFS). Compared to baseline, M1-3 increased total sleep and
NREM during both light and dark periods, and significantly increased dark period REM. Both NE
and mNE increased dark-period total sleep, NREM and REM; however, mNE also increased light-
period total sleep and NREM, but not REM. FS and mFS increased total sleep, NREM and REM
during the dark period and total sleep and NREM during light period. FS also significantly decreased
light-period REM whereas mFS did not. M1, mNE and mFS significantly increased EEG delta power
during NREM, but M2-3, NE and FS alone did not. The results revealed that manual restraint can
increase sleep and EEG delta power and that increases in sleep may persist across repeated sessions
whereas the magnitude of EEG delta power may vary across sessions. In addition, prior manual
restraint may significantly alter the changes in sleep and EEG induced by footshock and by the
opportunity to explore a neutral enclosure. The results suggest that mild stressors may interact in
their effects on sleep.
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1. Introduction
Stress can have significant effects on sleep that vary with the type, intensity and duration of
the stressor. Stress initially produces arousal [5] though many acute stressors (e.g., restraint
[3,9,11,13,15], novelty [23,25,27], cage change [25,28], ether exposure [2,16], water maze
[24] and footshock [20,24]) have been associated with subsequent increases in rapid eye
movement sleep (REM) and/or non-REM (NREM) that occur at various latencies after the
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stressor is removed. However, inescapable footshock and cued [17,19] and contextual [22,
30] reminders of inescapable footshock may induce more persistent reductions in subsequent
REM than other stressors suggesting that this paradigm may be a unique model for exploring
the anatomical basis mediating disrupted sleep induced by stress.

Experiments often require brief manual procedures to restrain animals for manipulations such
as local drug infusions. Interestingly, in rats, relatively shorter duration restraint may have
greater impact on sleep than longer duration restraint [11]. For example, compared to non-
interrupted baseline, 30- and 60-min restraint was followed by 32% and 25% increases in
NREM, respectively, whereas 120- or 240-min restraint did not significantly change
subsequent NREM [11]. This suggests that brief manual restraint may produce significant
alterations in subsequent sleep. Repeated handling is a standard experimental procedure used
as a control procedure in attempts to reduce the potential effects of handling on experimental
variables. However, many of the handling procedures used for laboratory animals result in a
stress response that does not appear to readily habituate [1] and the true effectiveness of
repeated handling as a control in sleep studies is largely unknown.

A significant issue that has received minimal attention is the possibility that even mild stressors
may interact in their effects on sleep. Forced wakefulness and restraint produce enhancements
in subsequent sleep, and given together produce greater enhancements than either alone [8].
This suggests that treatments with similar directional changes may produce additive effects in
subsequent sleep. To our knowledge, the effect on sleep produced by stressors with potentially
opposite influences or different time courses has not been examined. Therefore, in this work,
we examined sleep and EEG power after repeated once daily, five min sessions of manual
restraint. Afterwards, we examined sleep and EEG power after sessions of five min manual
restraint followed by footshock or inescapable footshock alone, which may produce relatively
long initial reductions in REM [18,19,22,30]. We also examined sleep and EEG power after
manual restraint followed by exposure to a neutral enclosure and after the neutral enclosure
alone. A neutral enclosure also is sometime used as a handling control for footshock stress
[30], and can produce an initial arousal followed by significant increases in subsequent sleep
that may be related to novelty and exploration [25,27,28,30]. This allowed us to examine the
effects of repeated sessions of brief manual restraint as well as how this type of handling
procedure influenced stressors that produced different types of changes in sleep.

2. Results
2.1. Sleep and Activity

Compared to uninterrupted baseline, all experimental treatments significantly (p < 0.05, paired
t-test) decreased first h total sleep, NREM and REM, and significantly increased first h activity
counts. Therefore, to better represent the changes occurring after the first h of recording, we
compared the sleep and activity data for 7-h (second to eighth h) of the light period and the
entire 12-h dark period. Bar graphs for these data as well as hourly plots for each condition are
presented for M1-3 (Fig. 1), NE and mNE (Fig. 2), FS and mFS (Fig. 3) and activity (Fig. 4),
and the corresponding F- and p- values for the comparisons are presented in Table 1.

2.1.1. Manual Restraint—Light period sleep after brief manual restraint was characterized
by increases in total sleep and NREM, but no significant alteration in REM, compared to
baseline. Dark period sleep showed increases in total sleep, NREM and REM compared to
baseline. Light period activity did not significantly differ from baseline; however dark period
activity was decreased. Similar changes in sleep and activity were observed on each recording
day (M1-3), and there was no significant difference across the manual restraint days when the
absolute amounts of sleep were considered. However, considered as a percentage of baseline
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amounts, there were decreases from M1 to M3 in total sleep (M1: 11.7%, M2: 9.5%, M3: 8.4%;
M1 vs. M3, p < 0.04, Tukey test) and NREM (M1: 12.0%, M2: 9.3%, M3: 7.6%; M1 vs. M3,
p < 0.05, Tukey test).

2.1.2. Novel Enclosure—Experience with NE alone did not significantly alter light period
sleep compared to baseline; however, dark period total sleep, NREM and REM were increased.
By comparison, NE that was preceded by manual restraint was followed by significant
increases in light period total sleep and NREM, but not in REM. Alterations in dark period
sleep were similar to those observed with NE alone with significant increases in total sleep,
NREM and REM. Both NE alone and mNE produced decreases in dark period activity with
no observable alterations in light period activity.

2.1.3. Footshock—Footshock alone was followed by increases in light period total sleep
and NREM and decreases in REM. In the dark period, total sleep, NREM and REM were
increased relative to baseline. Footshock preceded by manual restraint produced similar
changes in each recording period, except that the decrease in light period REM was not
observed. Activity was decreased in the dark period after FS and mFS, but did not differ from
baseline during the light period.

2.1.4. Dark Period Changes in Sleep—All of the treatments except NE alone significantly
increased light period NREM, whereas none increased light period REM. In contrast, all were
followed by increases in dark period NREM and REM. To determine the relative amounts of
increases in dark period NREM and REM, we looked at the increases as percentages of increase
relative to baseline and compared the amounts across conditions using paired t tests. The
relative increases after manual restraint were higher for REM than for NREM after M1 (57.0%
vs. 34.7%, p < .05) but did not differ after M2 (28.3% vs. 24.8%) and M3 (36.3% vs. 30.0%).
The relative increase was greater in REM than in NREM for NE (36.9% vs. 28.9%, p < 0.05)
but did not differ for mNE (32.1% vs. 29.3%). The relative increase was higher for REM than
for NREM after both FS (71.7% vs. 57.4%, p < .05) and mFS (74.7% vs. 54.9%, < 0.05).

Comparisons across conditions indicated that the relative amount of change in dark period total
sleep differed significantly (p < .05, Tukey tests) across treatments with less change after M1-3
(25-38%), intermediate change for mNE and NE (45-51%) and greater changes for mFS and
FS (57-60%). Dark period activity showed parallel changes with lower reductions after M1-3
(20-22%), intermediate reductions after mNE and NE (28.9-29.3%) and greater reductions for
mFS and FS (32-37%); however, the differences were only significant (p < .05, Tukey tests)
for comparisons between M1-3 and mFS and between M1-3 and FS.

2.2. Spectral EEG power
We conducted spectral analyses of the EEG in four hour bins over the entire recording period
for each condition. Figs. 5-7 presents plots of relative EEG power in 0.5 Hz bins from 0.5 to
20 Hz calculated for the first 4-h period for M1-3 (Fig. 5), NE and mNE (Fig. 6) and FS and
mFS (Fig. 7) and time-matched baseline for each behavioral state. These plots guided the
analysis across bins for selected frequency bands (0.5-5 Hz [delta] for NREM, 5.5-10 Hz [theta]
for REM and 4.5-9 Hz [theta] for wakefulness).

2.2.1. Manual Restraint—The overall ANOVA for NREM delta power showed a significant
interaction (treatment condition X time) for manual restraint [F(12, 84) = 6.77, p < 0.0001].
Post hoc tests found that NREM delta power after M1 was increased during the first 4-h period
and decreased in the fifth 4-h period. Significant decreases in NREM delta were also seen after
M3 in the fourth and fifth 4-h periods.
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Manual restraint also produced significant alterations in theta power during wakefulness. This
was characterized by a significant interaction in the ANOVA [F(12, 84) = 2.59, p < 0.006].
Post hoc analyses revealed that M1 and M2 did not significantly affect theta whereas after M3
theta power was significantly reduced during the second to fourth 4-h periods during
wakefulness. There were no significant alterations in REM theta power in any of the analyses
conducted for manual restraint.

2.2.2. Novel Enclosure—Significant alterations in NREM delta power were found in the
analyses for NE. The ANOVA showed a significant treatment by time interaction [F(8, 56) =
4.45, p < 0.0003]. NREM delta was increased during the first 4-hour period after mNE, and
decreased after NE during the third and fifth 4-h periods.

The overall ANOVAs for NE also showed significant interactions in the analyses of theta power
during REM [F(8, 56) = 3.97, p < 0.0009] and wakefulness [F(8, 56) = 4.43, p < 0.0003]. NE
alone produced either significant reductions, or trends toward reductions, in theta power during
REM and wakefulness in all of the four h bins that were examined. By comparison, REM and
waking theta power did not differ from baseline in any of the 4-h periods after mNE.

2.2.3. Footshock—Significant alterations in NREM delta power were also found in the
analyses for FS as indicated by a significant interaction in the ANOVA [F(8, 56) = 10.15, p <
0.0001]. After mFS, NREM delta power was increased during the first and second 4-h period,
and decreased during the fifth 4-h period. After FS alone, decreases in NREM delta power
were seen during the third to fifth 4-h period.

The overall ANOVAs for FS showed significant interactions for the analysis of theta power
during REM [FS, F(8, 56) = 4.28, p < 0.035] and wakefulness [F(8, 56) = 3.08, p < 0.006]. FS
alone produced significant reductions or trends towards reductions in REM theta power,
whereas mFS did not. However, waking theta power after FS was significantly reduced in the
last four of five 4-h periods, and waking theta power after mFS was significantly reduced in
the last three of five 4-h periods.

3. Discussion
The results revealed that brief manual restraint significantly alters subsequent sleep as indicated
by changes in total sleep, NREM, REM and EEG power. Repeated manual restraint appears
to reduce the extent of the changes it produces in sleep and EEG power. However, even after
repeated sessions, brief manual restraint can alter the effects on sleep and EEG power produced
by subsequent stressors.

Manual restraint (M1-3) significantly reduced NREM and REM during the first h of recording.
This result is in accordance with findings that NREM and REM are reduced in this rat strain
during the first h after open field [25], cage change [25] and novel enclosure [30] and suggests
that brief manual restraint produces initial decreases in NREM and REM similar to those seen
after other mild stressors [25]. Interestingly, the initial decrease in sleep is not often addressed
in experiments examining the effects of restraint stress on sleep in rats [3,9,11,15], but it has
been reported in mice [10,13].

The magnitude and duration of the initial decreases in sleep associated with stress appears to
be affected by stressor intensity [11,17]. For instance, in Wistar rats, reductions in NREM and
REM are mainly limited to the first h after mild stressors [25] whereas decreases in REM after
inescapable footshock or conditioned reminders of inescapable footshock, which are putatively
more stressful, can persist over several h [30].
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Apart from decreases during the first h after manual restraint, increases in NREM and REM
were observed during both light and dark periods, though the increases in light period REM
did not reach significance. Increases in sleep were greater during the dark period than during
the light period, and relatively greater in REM than in NREM during the dark period. These
characteristics are similar to the alterations in sleep observed after experimental restraint [3,
9,11,15] and other mild stressors that we have examined [25,27]. However, the amount of the
increases in sleep, in particular REM, appear to be less than that induced by 30-, 60- and 120-
min of experimental restraint [11], but more similar to that we observed after mild stressors in
this strain [25]. In particular, the patterns of the initial decreases and subsequent increases after
manual restraint are more similar to that after mild stressors on sleep [25] than other more
typical experimental restraint manipulations [3,9,11,15].

The magnitude of EEG slow wave activity during NREM (0.5-5 Hz, SWA) is considered an
indicator of sleep intensity [6,31,32]. Forced wakefulness, restraint and social stress have been
demonstrated to increase SWA in rats [8,12,14]. Similarly, brief manual restraint (M1) also
initially increased SWA though this was followed by reduced SWA during the last portion of
the dark period. This suggests that, although manual restraint increased NREM time for M1-3
during both light and dark periods, the enhancement in NREM time during the initial light
period of M1 may have involved more intense sleep.

Over three sessions of repeated restraint, the amount of initial decreases in REM and NREM
were at a similar level. The magnitude of subsequent increases in NREM and REM appeared
to become smaller over subsequent sessions, however, the increases were still significant. This
suggests that the effects of manual restraint on sleep amounts may persist at least over the
limited number of sessions that we examined. By comparison, significantly increased SWA
was seen only after M1, not after M2 and 3, suggesting that habituation over repeated sessions
may be particularly important for EEG power analysis.

The enclosure and footshock procedures in this study were identical to those we used in a
previous study involving a number of rat strains [30]. In that study, we found that enclosure
alone, used as a control for handling associated with the shock chamber, did not significantly
affect total amounts of light period sleep, whereas footshock decreased total light period REM
in Wistar rats [30]. The present work essentially replicated those findings for the NE and FS
alone treatments. However, manual restraint administered prior to NE (mNE) resulted in an
increase in light period NREM that was not seen after NE alone. In addition, manual restraint
administered prior to FS (mFS) prevented the decrease in light period REM seen with FS alone.
The effects appeared to be limited to light period sleep as no differences were seen during the
dark period between NE and mNE or between FS and mFS. This suggests that manual restraint
significantly altered the initial changes in sleep induced by NE and FS. Brief manual restraint
thus appears to enhance NREM and REM when it interacts with other stressors, an effect similar
to that reported for longer duration restraint applied via other methods [8].

Interestingly, prior manual restraint also markedly influenced NREM SWA compared to that
seen with NE or FS alone. For example, SWA was increased the first 4-h recording period after
mNE and mFS, and the increase was also significant during the second 4-h period after mFS.
However, significant alterations in SWA were not seen during these periods after NE and FS
alone. This suggests that manual restraint may have an enhancing effect on SWA. The decreases
in the magnitude of dark period SWA after NE, mNE (not significant), FS and mFS may be
associated with increases in less intense sleeping time as mentioned above.

Increases in dark period sleep were accompanied by decreases in activity. EEG theta activity
has been linked to exploratory activity [4,7,33]. Thus, the significant decreases in waking theta
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after NE, FS and mFS in a number of recording periods may have been related to the decrease
in activity. This view is supported by our recent examinations of the relationships among total
sleep, activity, and wakefulness EEG theta power [29]. We found that individual Wistar rats
exhibiting more sleep and less activity showed significantly less theta power in their waking
EEG compared to rats showing less sleep and more activity. Furthermore, the magnitude of
theta power was significantly reduced during the waking episodes with no activity compared
to those with activity [29].

Wistar rats have a markedly greater sleep diurnal ratio (Light/Dark, 2.8) compared to the other
strains that we have examined (e.g., 1.6 in Sprague-Dawley and Lewis, 2.1 in Fischer 344)
[25]. Greater percentages of sleep in the light period could be a factor in greater dark period
NREM after manipulations that interrupt sleep in the light period. For example, Wistar rats
have significant increases in dark period NREM after cage change and open field [25] or novel
enclosure [30] experienced in the early light period whereas other strains that we examined
did not [25,30].

The increase in dark period NREM in Wistar rats after a mild stressor may involve altered
homeostatic regulation of sleep as well as the stress response. For instance, increases in dark
period NREM were in the range of 50-57% after NE, FS and mFS (43% after mNE), but were
25% to 35% after M1-3. These differences could be associated with the differences in the
amount of sleep disruption across manipulations rather than differences in types of stressors,
as M1-3 were of less duration than the other treatment conditions. However, changes in dark
period REM appear to be more strongly associated with the intensity of the stressors, though
all seven treatments were followed by increases. For example, increases in dark period REM
were 57%, 28%, 36% after M1-3, respectively (the drop may reflect adaptation), 55-57% after
NE and mNE, and 72-75% after FS and mFS. Interestingly, in mice we previously found that
a single footshock did not influence subsequent dark period NREM and REM whereas 15 shock
trials selectively decreased REM without a subsequent period of enhanced REM [19]. The
difference between rats and mice may be due to differences in perceived intensity of the shock.
For example, both rats and mice received the same low intensity footshock that may have been
experienced as more intense in the mice for a variety of reasons including simple differences
in the thickness of the foot pads. However, together, these findings suggest that changes in
dark period NREM are not greatly associated with differences in stressor type or intensity
whereas changes in dark period REM appear to have a closer link to variations in stressors.

In summary, this study demonstrates that brief manual restraint significantly alters subsequent
sleep and can influence the alterations in sleep produced by other stressors. Such influences
may be particularly important to consider in studies requiring handling to administer
pharmacological or other treatments prior to stressors.

4. Experimental Procedure
4.1. Subjects

Eight male Wistar rats (Harlan, Indianapolis, IN) were used in the study. The rats were
approximately 90 days of age at the start of the experiment. They were singly housed and given
ad libitum access to food and water upon arrival until the completion of the experiment. The
same room was used for housing the rats and recording sleep. The room was kept on a 12:12
light - dark cycle with lights on from 0700 to 1900 h, and ambient temperature was maintained
at 24.5±0.5 C.
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4.2. Surgery
Each rat was implanted with a transmitter (DataSciences ETA10F20) for recording EEG and
activity via telemetry as described previously [21]. The body of the transmitter was implanted
subcutaneously off midline and posterior to the scapula and it was attached to the skin with
three sutures for stabilization. Leads from the transmitter were led subcutaneously to the skull
and the bare ends placed in contact with the dura through holes in the skull. The electrodes
were anchored to the skull with screws and dental cement. All surgical procedures were
performed stereotaxically under aseptic conditions. Surgical anesthesia was achieved with
isoflurane (5% induction; 2% maintenance). Ibuprofen (15 mg/kg—2.35 ml Children's
Motrin® in 500 ml water) was provided in the water bottles 24 to 48 h prior to surgery and for
a minimum of 72 h after surgery to alleviate potential post-operative pain. The rats were
allowed a minimum of 14 days to recover prior to beginning the experiment. All procedures
were conducted in accordance with the National Institutes of Health Guide for the Care and
Use of Experimental Animals and were approved by Eastern Virginia Medical School's Animal
Care and Use Committee (Protocol # 04-006).

4.3. Experimental protocol and data collection
After recovery from surgery, a 48 h recording of baseline sleep was obtained. The rats were
then entered into the experimental protocols described below. All manipulations took place
during the fourth h after lights on. After each treatment, the rats were returned to their home
cages and sleep was recorded during the remaining 8 h of the light period and for the following
12 h dark period. EEG and activity was recorded via telemetry using procedures similar to
those we have employed in mice [26] and rats [21].

Experiment 1 – manual restraint (M): Three sessions of manual restraint (M1-3) were
conducted with a one day interval between each session. For restraint, the body and limbs of
the rat were wrapped with a piece of disposable surgical drape and then gently restrained by
hand to limit movement for 5 min. The drape was changed every time.

Experiment 2 – Neutral Enclosure (NE): 5 days after experiment 1, the rats received manual
restraint as described above after which they were placed in a Plexiglas® chamber of
approximately the same size as the chambers used for the application of footshock and allowed
to explore for 30 min (mNE) or they were placed in the enclosure without prior manual restraint
(NE). Each rat was studied in each condition with a 3-day interval between sessions. Half of
the rats received mNE first and half received NE first.

Experiment 3 – Footshock Stress (FS): 5 days later after experiment 2, the rats received M, as
described above, followed by FS (mFS) or footshock alone (FS). There was a 3-day interval
between sessions. Each rat received each treatment with half receiving mFS first and half
receiving FS first. FS was conducted as previously for shock training session [30]. Individual
rats were placed in shock chambers. The rats were allowed to freely explore for 5 min after
which they were presented with 20 footshocks (0.2 mA, 0.5-s duration) at 1.0 min intervals
over the course of 20 min. Five min after the last shock, the rats were returned to their home
cages. The entire procedure was of 30 min duration.

4.4. Determination of behavioral states and analysis in EEG power
Trained observers visually scored the EEG and activity records in 10 s epochs to determine
wakefulness, NREM, and REM. Wakefulness was scored based on the presence of low-voltage,
fast EEG and irregularly spaced and clustered TTL pulses on the activity channel. NREM was
scored based on the presence of spindles interspersed with slow waves or desynchronization
EEG. During REM, the EEG was characterized by a regular, low-amplitude theta rhythm. The
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EEG power density data were sorted according to behavioral states. Total EEG power from
0.5 to 40.0 Hz for individual animals was normalized to 100 for each state.

4.5. Data analysis
The time spent (min) in NREM, REM and total sleep (NREM+REM) as well as activity counts
were processed and plotted to reveal hourly patterns during time matched baseline and after
each experimental manipulation. Afterwards, the data were processed to obtain totals during
selected periods for each condition. The relative densities of EEG power during wakefulness,
NREM and REM were calculated in 0.5 Hz bins from 0.5 to 20 Hz for first 4 h records after
each manipulation and for same period of time matched baseline. Afterwards, the EEG power
in selected frequency bands was analyzed during each 4-h period over the 20 h of recording.

All statistical analyses were conducted using SigmaStat software (SPSS, Inc.). One-way
repeated measures of analysis of variance (ANOVA) procedures were used in the analyses of
sleep measures for each condition. Two-way repeated measures ANOVAs across treatment
condition and time were used to analyze the EEG power data. After significant ANOVAs, post
hoc comparisons of means were conducted with Tukey tests. Paired t-test were used in
comparisons across conditions in measurements considered as percentage changes relative to
baseline.
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Fig 1.
Total sleep, NREM and REM (min) plotted hourly (Upper Panels) and for totals during the 7-
h light (from second to eighth h) and 12-h dark periods (Lower Panels) in time-matched baseline
(Base) and after M1-3 (The effects for M1-3 were similar across days, and hourly data for
M2-3 are not shown to simply the plots). Horizontal bar under the X-axis indicates the dark
period. Values are means ± SEM. Comparisons were conducted with Tukey test (* p < 0.05,
** < 0.01, *** p < 0.001, compared to Base).
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Fig 2.
Total sleep, NREM and REM (min) plotted hourly (Upper Panels) and for totals during the 7-
h light (from second to eighth h) and 12-h dark periods (Lower Panels) in time-matched baseline
(Base) and after NE and mNE. Horizontal bar under the X-axis indicates the dark period. Values
are means ± SEM. Comparisons were conducted with Tukey test (* p < 0.05, ** < 0.01, ***
p < 0.001, compared to Base).

Tang et al. Page 11

Brain Res. Author manuscript; available in PMC 2007 May 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 3.
Total sleep, NREM and REM (min) plotted hourly (Upper Panels) and for totals during the 7-
h light (from second to eighth h) and 12-h dark periods (Lower Panels) in time-matched baseline
(Base) and after FS and mFS. Horizontal bar under the X-axis indicates the dark period. Values
are means ± SEM. Comparisons were conducted with Tukey test (* p < 0.05, *** p < 0.001,
compared to Base).
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Fig 4.
Activity (number of TTL pulses) plotted hourly (Upper Panels) and for totals during the 7-h
light (from second to eighth h) and 12-h dark periods (Lower Panels) in time-matched baseline
(Base) and after M1-3 (A, M1 only for hourly plots), NE and mNE (B), FS and mFS (C).
Horizontal bar under the X-axis indicates the dark period. Values are means ± SEM.
Comparisons were conducted with Tukey test (*** p < 0.001, compared to Base).
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Fig 5.
Relative EEG power (%) plotted for each 0.5 Hz bin from 0.5-20 Hz calculated during the first
4-h records (Upper Panels) in time matched baseline and after M1 (M2-3 are not shown for
clarity), and totals calculated for selected frequency bands (0.5-5 Hz for NREM, 5.5-10 Hz for
REM and 4.5-9 Hz for wakefulness) over five 4-h blocks in time matched baseline and after
M1-3 (Lower Panels). Values are means ± SEM. Comparisons were conducted with Tukey
test (* p < 0.05, *** p < 0.001, compared to Base).
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Fig 6.
Relative EEG power (%) plotted for each 0.5 Hz bin from 0.5-20 Hz calculated during the first
4-h records (Upper Panels) and totals calculated in selected frequency bands (0.5-5 Hz for
NREM, 5.5-10 Hz for REM and 4.5-9 Hz for wakefulness) over five 4-h blocks in time matched
baseline and after NE and mNE (Lower Panels). Values are means ± SEM. Comparisons were
conducted with Tukey test (* p < 0.05, ** p < 0.01, compared to Base).
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Fig 7.
Relative EEG power (%) plotted for each 0.5 Hz bin from 0.5-20 Hz calculated during the first
4-h records (Upper Panels) and totals calculated in selected frequency bands (0.5-5 Hz for
NREM, 5.5-10 Hz for REM and 4.5-9 Hz for wakefulness) over five 4-h blocks in time matched
baseline and after FS and mFS (Lower Panels). Values are means ± SEM. Comparisons were
conducted with Tukey test (* p < 0.05, ** < 0.01, *** p < 0.001, compared to Base).
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