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Abstract
Rapid eye movement sleep (REM) is increased after controllable stress (modeled by escapable
footshock, ES) and decreased after uncontrollable stress (modeled by inescapable footshock, IS).
Decreases in REM after IS are exacerbated by corticotropin releasing factor (CRF) and attenuated
by a CRF antagonist. In this study, we trained mice with ES following injections of CRF, astressin
(AST), or saline (SAL) to determine whether CRF would alter REM after ES. Male BALB/cJ
mice (n=7) were implanted for recording sleep, activity and body temperature via telemetry and
with a guide cannula aimed into a lateral ventricle. After recovery from surgery, sleep following
exposure to a novel chamber was recorded as a handling control (HC). The mice received one day
of training with ES without injection followed by weekly training sessions in which they received
counterbalanced intracerebroventricular (ICV) microinjections of either SAL or CRF (days 7 &
14) or SAL or AST (days 21 & 28) prior to ES. On each experimental day, sleep was recorded for
20 hours. Compared to HC, the mice showed significantly increased REM when receiving either
SAL or AST prior to ES whereas CRF prior to ES significantly reduced REM. Stress-induced
hyperthermia had longer duration after ES compared to HC, and was not significantly altered by
CRF or AST compared to SAL. The current results demonstrate that activity in the central CRF
system is an important regulator of stress-induced alterations in REM.
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1.0 Introduction
The corticotropin factor (CRF) system [1-5] and fear conditioning [6-8] have prominent
places in current ideas regarding the development of anxiety disorders, including post-
traumatic stress disorder (PTSD). Altered sleep in the aftermath of a traumatic event also is
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thought to play a role in PTSD and continuing difficulties in sleep after significant stress
appear to be predictive of future development of emotional and physical disorders [9-11].

Several lines of evidence indicate a major role for CRF in mediating central nervous system
responses to stressors [12-17]. Intracerebroventricular (ICV) administration of CRF in rats
produces many of the signs associated with anxiety in humans, including increased
wakefulness [18-21], altered locomotor activity, and an exaggerated startle response [22,
23]. By comparison, CRF antagonists attenuate behavioral responses to stress (e.g., [24-27]).

CRF also has been implicated in the regulation of wakefulness and sleep in both stressful
and non-stressful situations. For example, administration of CRF antagonists have been
reported to eliminate rapid eye movement sleep (REM) rebound after immobilization stress
[28]. In the absence of stressors, CRF contributes to the regulation of spontaneous waking
[20, 29-31], and interestingly, both administration of CRF [32] and the non-specific CRF
antagonist, αHelCRF (α-helical CRH9-41) [33], have been reported to reduce the amount of
REM recovery after sleep deprivation.

Fear conditioning with inescapable shock (IS), an uncontrollable stressor, and the
presentation of fearful contexts and cues associated with IS are followed by significant
reductions in REM that occur in the first few hours after exposure [34-37]. In mice, ICV
administration of CRF enhances the reduction in REM following fearful contexts whereas
ICV administration of the non-specific CRF antagonist, astressin (AST), attenuates fear-
induced reductions in REM [38]. In general, the available evidence suggest that central CRF
plays a significant role in regulating stress-induced alterations in REM, including the
reductions produced by contextual fear associated with IS training.

In comparison to training with IS, sleep following training with escapable shock (ES), in
which a mouse always receives shock but is able to terminate it with a simple escape
response, can be characterized by enhancements in REM [39]. To determine whether central
CRF plays a role in regulating alterations in REM following ES, we trained mice in a multi-
trial ES stress paradigm and administered CRF, AST, or saline (SAL) control alone, prior to
ES and recorded post-exposure sleep. We conducted the study in “behaviorally reactive”
BALB/cJ mice which show greater post-stress reductions in REM and alterations in sleep
compared to C57BL/6J mice [35, 36, 40] and which also show greater alterations in sleep in
response to CRF administered ICV [41]. We also examined the effects of CRF on stress-
induced hyperthermia (SIH), an increase in core body temperature that follows both
physiological and psychological stress [42].

2. Materials and Methods
2.1 Subjects

The subjects were 7 male BALB/c/J mice weighing 22 to 25 g at the time of surgery. All
animals were obtained from the Jackson Laboratory, Bar Harbor, Maine. The animals were
individually housed after arrival and food and water were available ad libitum. The
recording room was kept on a 12:12-h light:dark cycle with lights on from 07:00 to 19:00.
Ambient temperature was maintained at 24.5°C ± 0.5°.

2.2 Surgery
All mice were implanted intraperitoneally with telemetry transmitters (DataSciences ETA
10-F20) for recording EEG, body temperature and activity as previously described [43].
EEG leads from the transmitter body were led subcutaneously to the head, and the free ends
were placed into holes drilled in the dorsal skull to allow recording cortical EEG. In the
same surgery, the mice were stereotaxically implanted with a cannula to allow
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intracerebroventricular (ICV) microinjections. A hole was drilled in the skull 1.00 mm
lateral and 0.5 mm posterior to Bregma and the tip of a 26-gauge stainless steel infusion
cannula was placed 2.00 mm below the skull surface into the right ventricle. The cannula
was secured to the skull with dental cement and a stylus was inserted to maintain patency.
All surgeries were performed under aseptic conditions and with the mice under isoflurane
(as inhalant: 5% induction; 1 - 2% maintenance) anesthesia. Ibuprofen (30 mg/kg, orally)
was continuously available in each animal’s drinking water for 24 to 48 h preoperatively and
for a minimum of 72 h postoperatively to alleviate potential postoperative pain. Antibiotics
(gentamicin 5 – 8 mg/kg and Procaine penicillin 100,000 IU/kg) were given subcutaneously
preoperatively to prevent infection. Dexamethazone (0.4 mg (0.2 ml total dosage)) was
administered subcutaneously preoperatively to reduce brain swelling. 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 # 05 - 017 and 08 - 007).

2.3 Experimental Procedures
The mice were housed and studied in the same room. Cages and bedding were changed 2
days prior to recording onset for each phase of the experiment and then not disturbed until
that phase was complete. ICV location of the cannula was verified with administration of
angiotensin II (50 ng in 0.2 μl ICV) and observation for drinking. A positive angiotensin-
induced drinking response was shown by all mice included in the study.

The mice were allowed a post-surgery recovery period of 19-20 days prior to beginning the
experiment. Undisturbed baseline recordings were then obtained for two days. Afterwards,
the mice were habituated to two daily sessions of the handling procedures needed for
administering microinjections. Sleep also was recorded following exposure to a novel
chamber (an enclosure of approximately the same dimensions as the shock chambers (20 ×
40 × 30 cm)) with an open top and walls and floor constructed of clear Plexiglas™. This
recording session controlled for handling and exposure to a non-cage environment and was
used as a handling control (HC) for comparisons across treatment conditions.

For training with ES, the mice were placed into in a shuttlebox (Coulbourn Instruments,
Model E10-15SC) and were allowed to freely explore for 5 min. The mice were then were
presented with 20 footshocks (0.5 mA, 5.0 sec maximum duration) at 1.0-min intervals.
During shock presentation, the mice were able to escape by moving to the non-occupied
chamber in the shuttlebox. Five min after the last shock, the mice were returned to their
home cages. The entire procedure was of approximately 30-min duration and occurred
during the fourth hour of the lights-on period. Between each training session, the floor trays
in the shock chambers were removed and cleaned with 30% alcohol. The shock grid, walls,
and doors of the shock chambers were also cleaned with 30% alcohol and then dried with a
paper tower if necessary.

The mice received 1 day of training with ES and handling prior to beginning the
microinjection studies to provide the mice an opportunity to learn the escape response. At
weekly intervals after the training day, the mice received counterbalanced ICV
microinjections of either saline (SAL) or CRF prior to ES or SAL or astressin (AST) prior to
ES. The mice received identical periods of brief restraint associated with administering the
injections prior to all experimental sessions.

2.4 Drugs and Microinjections
CRF and AST (cyclo(33)[D-Phe12,N1e21,38,Glu30,Lys33] h/ rCRF(12-41)) were obtained
in powder form from Sigma-Aldrich (St. Louis, MO) and were diluted to the desired
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concentrations in pyrogen-free saline (SAL). CRF 0.2 μg (0.21 mM), AST 0.4 μg (0.56 mM)
or SAL alone (0.2 μl) were administered during the fourth hour of lights on.

For microinjections, an injection cannula (33 ga.), which projected 1.0 mm beyond the tip of
the guide cannula, was secured in place. The injection cannula was connected to a 50 cm-
length of polyethylene tubing that had been pre-filled with the solution to be injected. The
microinjection was carried out using a 5.0 μl Hamilton syringe which had been pre-filled
with distilled water. An air bubble was allowed to form in the tubing line close to the
syringe end so that fluid movement could be verified as well as the solution could be
separated from distilled water. The solutions in a volume of 0.2 μl were infused over 1 min.
After receiving the injections, the mice were returned to their home cages for 15 minutes
prior to training.

2.5 Data Recording and Determination of Behavioral State
EEG, body temperature and activity data were collected for 20 h (8h light and 12h dark) on
the HC day and on each day a microinjection was administered. For recording, individual
cages were placed on a DataSciences telemetry receiver (RPC -1) and the transmitters for
the mice were activated with a magnetic switch. When the animals were not on study, the
transmitters were inactivated. Signals (EEG, body temperature and activity) from the
transmitter were detected by a receiver located directly underneath the cage. These signals
were processed by DataSciences software and saved to the hard disk for subsequent off line
data analyses and for visual determination of sleep and wakefulness in 10-s epochs using the
SleepSign™ scoring program.

Epochs were scored by a trained observer as either active wakefulness (AW, activity
recorded in epoch), quiet wakefulness (QW, no activity in epoch), NREM, or REM based on
EEG and gross whole body activity as previously described [43]. Transistor-transistor logic
(TTL) pulses generated by the telemetry system when the mice moved around in their cages
were counted as a measure of activity. This method provides only a measure of general
activity and typically requires gross body movement in order to generate a count. Core body
temperature also was automatically recorded by the intraperitoneally implanted transmitter.

2.6 Data Analyses
The following sleep parameters were evaluated for the 20-total h recording period: time in
active wakefulness (AW) and quiet wakefulness (QW), episodes of wakefulness, episode
duration of wakefulness, time in REM sleep, number of REM episodes, REM sleep duration,
REM sleep percentage ([total REM / total sleep time (TST)] * 100), time in NREM sleep,
number of NREM episodes, NREM sleep duration and TST. The latencies to the first
episodes of NREM and REM were also examined. The two SAL recording days did not
differ significantly and were averaged for comparisons across conditions. The data were
analyzed with one way repeated measure analyses of variance (ANOVA) across treatment
conditions.

The data for the body temperature were analyzed hourly for the initial 4 hours of the total
20-h recording period using mixed factors ANOVA with repeated measures on treatment
(HC, SAL-ES, CRF-ES and AST-ES) x time (h 1-4). The temperature data were also
analyzed considered as differences relative to time-matched non-stress baseline. These data
were examined in 10-min blocks for the first 2 hours.

Statistical analyses were conducted using SigmaStat V2.03 (SPSS, Inc. Chicago, IL). When
indicated by a significant ANOVA, post hoc comparisons among means were conducted
with Tukey tests. The data on latencies to the first episodes of REM failed the normality test
and were analyzed with a Friedman repeated measures ANOVA on Ranks.

Yang et al. Page 4

Physiol Behav. Author manuscript; available in PMC 2012 October 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3.0 Results
3.1 Effects of CRF and AST on ES-induced alterations in REM

The analysis of total REM over the 20 h total recording periods (Figure 1 A) revealed a
significant main effect for treatment (F3,18 = 31.96, p <0.0000002). REM was significantly
decreased on the CRF-ES recording day compared to HC (p = 0.0007), SAL-ES (p <
0.0002) and AST-ES (p < 0.0002). The mice also showed significantly increased REM on
SAL-ES compared to HC (p < 0.007). Total REM on the SAL-ES and AST-ES recording
days did not significantly differ.

The ANOVA for REM percentage (Figure 1 B) revealed similar results to those found for
total REM. There was a significant main effect for treatment (F3,18 = 16.95, p <0.00002).
Post hoc tests found that CRF-ES significantly decreased REM percentage compared to HC
(p < 0.008), SAL-ES (p < 0.0002) and AST-ES (p < 0.0002). REM percentage on the HC,
SAL-ES and AST-ES treatment days did not significantly differ.

The analysis for the number of REM episodes (Figure 1 C) found a significant main effect
for treatment (F3,18 = 9.33, p < 0.0007). The number of REM episodes was significantly
decreased on the CRF-ES recording day compared to HC (p < 0.02), SAL-ES (p < 0.0008)
and AST-ES (p < 0.004). The number of REM episodes did not significantly differ across
HC, SAL-ES or AST-ES treatment days.

The analysis for the REM episode duration (Figure 1 D) found a significant main effect for
treatment (F3,18 = 3.39, p < 0.05). The duration of REM episodes was significantly
decreased on the CRF-ES recording day compared to AST-ES (p < 0.05). No other
comparisons were significant.

The analysis of the latencies to the REM (HC: 65.88±7.35; SAL-ES: 129.37±27.39; CRF-
ES: 148.57±25.95; AST-ES: 155.69±63.95) revealed a significant difference across
treatment conditions (χ2= 12.77 with 3 degrees of freedom, p < 0.006). Post hoc analysis
indicated that mice had significantly longer latencies to REM after receiving microinjection
of CRF compared to HC (p < 0.05). No other comparisons were significant.

3.2 Effects of CRF and AST on ES-induced alterations in NREM, Total Sleep Time and
Wakefulness

Total NREM (Figure 2 A) and total sleep time (Figure 2 B) did not significantly differ
across treatment condition. We also found no significant difference across condition for the
number of NREM episodes or NREM episode duration (data not shown). The latencies to
NREM (HC: 36.67±6.32; SAL-ES: 51.57±9.09; CRF-ES: 47.81±12.04; AST-ES:
39.33±10.26) did not significantly differ across treatments.

Time in AW (Figure 2 C) did not differ across treatment conditions. However, the analysis
for QW (Figure 2 D) showed a significant main effect for treatment (F3,18 = 4.10, p < 0.02).
QW was reduced on SAL-ES compared to HC (p < 0.03). The comparison of AST-ES and
HC did not reach significance (p < 0.06). No other significant differences were found in the
parameters of wakefulness we examined.

3.3 Effects of CRF and AST on ES-induced alterations in core body temperature
We examined changes in core body temperature hourly across the first 4 h of recording to
assess potential differences in SIH (Figure 3). The ANOVA revealed a main effect for
treatment (F3,18 = 8.72, p < 0.0009). Compared to HC, core body temperature was
significantly increased during h 1 - 3 after SAL-ES and for h 1 – 4 after CRF-ES. In
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contrast, compared to HC, significant increases in core body temperature after AST-ES were
observed only in h 2.

To more closely examine the conditions for potential differences in SIH, we also analyzed
the percentage changes in core body temperature for HC, SAL-ES, CRF-ES and AST-ES
relative to time-matched uninterrupted baseline recordings in 10-min intervals over the first
2 h of recording (Figure 4). The ANOVA showed a main effect for treatment (F3,18 = 8.35,
p = 0.001). In general, relative to baseline, the mice showed an increase in core body
temperature from the first to fifth 10-min intervals (min 10 – 50) in each treatment
condition. However, core body temperature after HC returned to baseline levels by the end
of the first h. Thereafter, compared to HC, mice showed significant increases in core body
temperature after SAL-ES from 50 – 120 minutes; CRF-ES from 40 – 120 minutes and
AST-ES from 50 – 100 minutes.

4.0 Discussion
The current results demonstrate that ES, preceded by microinjections of either SAL or AST,
produces similar, significant enhancements in post-stress REM relative to a non-shocked HC
condition. The enhancement of REM by ES was blocked by pretreatment with CRF and the
effect was relatively specific for REM as changes in NREM and wakefulness were minimal.
However, even though post-stress REM could be increased or decreased depending on
treatment, a similar initial stress response, as indicated by SIH, was elicited by across all
shock and microinjection treatments.

4.1 CRF and Stress-induced Alterations in Sleep
ICV administration of CRF can decrease REM in non-stressed BALB/c mice; however it
also produces increases in wakefulness and decreases in NREM [41]. CRF can also
exacerbate decreases in REM produced by fearful contexts associated with IS [38]. By
comparison, AST can decrease active wakefulness and increase REM in non-stressed
BALB/c mice [41] and it can attenuate the decrease in REM following exposure to contexts
made fearful by IS [38]. In the current study, CRF administered to mice receiving ES
resulted in significant reductions in REM whereas AST did not significantly alter REM
compared to SAL alone. Together, these findings suggest that CRF plays a significant role
in stress-induced alterations in REM and that the central CRF system is differentially
modulated by controllable and uncontrollable stress, as modeled by ES and fear associated
with IS.

There have been few previous studies examining the role of CRF in regulating stress-
induced alterations in sleep, and these have yielded conflicting data. Some authors have
reported that restraint stress applied at the onset of the dark period induces a subsequent
increase in sleep, in particular, REM [44]. The ICV administration of αHelCRF prior to
restraint stress prevented the subsequent increase in REM, but did not alter spontaneous
REM, NREM or wakefulness in non-stressed animals [28]. In contrast, other investigators
found no effect of restraint stress applied at the beginning of the dark period on subsequent
sleep, and also found no effect of AST on sleep after restraint [45]. By comparison, restraint
administered at the onset of the light period increased wakefulness and decreased both
NREM and REM, and ICV administration of AST attenuated the increase in wakefulness
over a five hour period immediately after restraint was removed [45]. There may have been
differences in the procedures used for restraint (e.g., whether or not it was conducted in the
home cage [45]) that could have accounted for different results in these studies. The results
of studies with restraint (CRF antagonist blocks post-stress increase in REM [28]) and
contextual fear (CRF antagonist blocks post-fear decrease in REM [38]) may appear to be in
conflict. However, in both types of studies, the antagonist was administered prior to

Yang et al. Page 6

Physiol Behav. Author manuscript; available in PMC 2012 October 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



exposure to the stressor and simply may have prevented or attenuated the CRF response to
the stressor which altered subsequent post-stress sleep.

A recent study [46] examined baseline and recovery sleep after sleep deprivation in
conditional mouse mutants that overexpress CRF in the entire central nervous system or
only in the forebrain including limbic structures. In baseline recordings, homozygous mice
with either global or forebrain overexpression of CRF showed increased REM compared to
controls and both homozygous and heterozygous mice with global overexpression of CRF
showed enhanced recovery REM after 6 h sleep deprivation. Enhanced REM recovery, but
not NREM recovery, was blocked by oral administration of the CRF receptor type 1
(CRFR1) antagonist, DMP696, one h prior to the end of sleep deprivation. Peripheral stress
hormone levels were not elevated during baseline and did not differ across genotypes after
sleep deprivation. The authors concluded that enhanced REM in these mice was most likely
induced through the activation of CRFR1. These data add to the puzzle regarding the role of
CRF in regulating REM and stress-induced alterations in REM. For instance, we have found
that microinjections of the CRFR1 antagonist, antalarmin, into the central nucleus of the
amygdala in rats block fear-induced reductions in REM and attenuate Fos expression, a
maker of neural activation, in regions important in stress and REM regulation including the
hypothalamic paraventricular nucleus (PVN), locus coeruleus (LC), and dorsal raphe
nucleus (DRN) [47]. Similarly, microinjections of antalarmin into the basal nucleus of the
amygdala in rats blocked the reduction in REM produced by inescapable footshock [48].
CRF also activates brainstem regions inhibitory to REM (see discussion below). These
findings, as well as the current results, are consistent with inhibition of REM after activation
of CRFR1. Thus, currently existing data demonstrate that the role(s) of the CRF system in
regulating REM are complex and can be site dependent. The time course of increased
activity in the CRF system and subsequent return to normal levels is likely also important
for the effects of CRF on REM.

4.2 Stress-induced Hyperthermia
The time course of SIH parallels that of HPA activation [49, 50]. SIH is stable across
repeated presentations of a stressor [42] and can occur rapidly. For example, handling stress,
exposure to novel environments or restraint can raise core temperature as much as 2°C in
rats and mice [51-54] and increases can begin within 10 s of the onset of stress induction
[54, 55].

SIH is sensitive to anxiolytic drugs, but not anxiogenic drugs possibly due to ceiling effects
of the stress-induced increase in temperature, i.e., there is a maximum limit to the
temperature increase [42]. In the current study, all treatment conditions showed significantly
increased average body temperature relative to time matched baseline (SAL-ES: 1.7°; CRF-
ES: 1.8°; AST-ES: 1.5° and HC: 0.9° C increase over bas eline) during the first hour after
being returned to their home cages. These data suggest that this component of the initial
stress response was relatively similar across conditions even though post-stress sleep could
differ. Though, SIH after HC, putatively a milder stressor, returned to baseline levels within
the first h, increased body temperature after injection of CRF persisted for 4 hours (0.9-1.4°
C higher than HC) and after injection of SAL for 3 hours (range of 0.7-1.2° C higher than
HC). By comparison, after injection of AST temperature was increased relative to HC only
in the second hour (0.9° C higher than HC).

We previously demonstrated that signaled ES and signaled IS in mice produced similar
increases and time courses of SIH [39]. Thus, it was not surprising that core body
temperature was increased after ES in the present study, or that the time course of SIH after
ES was of greater duration than SIH after HC. Although CRF given ICV can increase body
temperature [56], given the potential ceiling effect in SIH [42], the lack of a further increase
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after CRF also was expected. Somewhat more surprising was that AST did not produce a
greater attenuation of SIH. In rats, ICV administration of αHelCRH reduced body
temperature and other markers of stress including blood pressure, heart rate, and locomotive
activity after exposure to a cage change stressor [56, 57]. In vitro assays indicate that AST is
more potent for both CRF1 and CRF2 receptors than is αHelCRH, yet does not have its
partial agonist properties [58]. However, in vivo studies in rats suggest that AST may be
somewhat less potent in preventing some CRF- and stress-induced and anxiety-related
behaviors [24]. This potential reduced efficacy for some stress variables and the fact that
cage change also is likely a less intense stressor than ES may account for the differences.
This is suggested by the fact that the increase in body temperature in rats after cage change
was around 0.5° C [56] co mpared to the greater increases we observed in mice after ES.
SIH after HC had a more rapid return to non-stress levels also suggesting a less intense
initial stress response.

4.3 Potential Neural Basis of Stress-induced Alterations in Sleep
The locus coeruleus (LC) and dorsal raphe nucleus (DRN), two brainstem regions long
implicated in the regulation of REM [59], are critical regions for mediating the central
effects of CRF. For example, the application of CRF to LC increases noradrenaline (NA)
release [60], and in DRN, microinjection of CRF in the absence of IS produces effects
similar to IS whereas microinjection of a CRF antagonist blocks the behavioral effects of IS
[61-63].

Brainstem serotonergic [64-66] and noradrenergic [67] regions also appear to play important
roles in stressor controllability. Yoked C57BL/6 mice receiving IS showed greater Fos
activation in the LC and DRN than did mice trained with ES [68]. Yoked control rats also
showed higher Fos expression in DRN than did rats that were able to terminate shock via
turning a wheel [64]. IS in rats also activates 5-HT DRN neurons to a greater degree than
does ES thereby increasing 5-HT in DRN and in target areas [65, 66]. IS in rats produced
sustained increases in NA turnover in various brain regions regardless of stress duration,
whereas with ES, NA utilization was reduced after the coping response was learned [67].
Given their putative role in regulating REM [59], the relative level of activation of LC and
DRN may be important for the differential amounts of REM seen after ES and IS.

4.4 Conclusions
Controllability is a significant factor for successful coping with stress [69, 70] and lack of
stressor controllability has been linked to the development of PTSD [6] and other psychiatric
disorders [71, 72]. Stress-induced disturbances in sleep also have been linked to the
development of psychopathology [10, 11, 73]. Together with previous findings that AST
blocked fear-induced reductions in REM [38], the present results demonstrate that stress-
induced alterations in central CRF can vary with stressor controllability and are important
for the types of sleep that occur in the post-stress period. This suggests that the central CRF
system may be a significant determinant of the role sleep plays in adaptive and non-adaptive
responding to stress.
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Highlights
Rapid eye movement sleep (REM) is increased after controllable stress. > Corticotropin
releasing factor (CRF) blocks increased REM after controllable stress. > Antagonizing
CRF does not alter REM after controllable stress. > Stress-induced hyperthermia is not
significantly altered by CRF or CRF antagonist. >Central CRF is an important regulator
of stress-induced alterations in REM.
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Figure 1.
Total 20 h REM parameters for handling control (HC), ICV microinjections of saline prior
to escapable shock (SAL-ES), corticotropin releasing factor prior to ES (CRF-ES) and
astressin prior to ES (AST-ES). A. total REM. B. REM percentage (total REM time/total
sleep time * 100). C. number of REM episodes. D. REM episode duration. Significant
differences relative to CRF-ES: *p<0.05; **p<0.01; ***p<0.001. Significant differences
relative to HC: +p<0.05; **p<0.01 (Tukey test). Values are means ± SEM.
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Figure 2.
Selected sleep and wakefulness parameters for handling control (HC), ICV microinjections
of saline prior to escapable shock (SAL-ES), corticotropin releasing factor prior to ES
(CRF-ES) and astressin prior to ES (AST-ES). A. Total NREM. B. Total sleep time (TST).
C. Active wakefulness. D. Quiet wakefulness. Significant differences relative to HC:
*p<0.05 (Tukey test). Values are means ± SEM.
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Figure 3.
Average core body temperature plotted hourly for the first 4 h of the 20 h recording period
for handling control (HC), ICV microinjections of saline prior to escapable shock (SAL-ES),
corticotropin releasing factor prior to ES (CRF-ES) and astressin prior to ES (AST-ES).
Significant differences compared to HC: *p<0.05; **p<0.01; ***p<0.001 (Tukey tests).
Values are means ± SEM.
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Figure 4.
Percent changes of core body temperature relative to baseline [(treatments - baseline)/
baseline *100] presented in 10 min intervals for the first 2 h of recording for handling
control (HC), ICV microinjections of saline prior to escapable shock (SAL-ES),
corticotropin releasing factor prior to ES (CRF-ES) and astressin prior to ES (AST-ES). The
letters S, C and A in the plot represent SAL-ES, CRF-ES and AST-ES, respectively, and
indicate significant differences from HC, p < 0.05 or greater (Tukey tests). Values are means
± SEM.
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