FEAR AND SLEEP

Contextual Fear Extinction Ameliorates Sleep Disturbances Found Following

Fear Conditioning in Rats
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Study Objective: To examine the effects of fear extinction on subse-
quent sleep in rats and to compare it with the effects seen following
contextual reminders of fear.

Design: Habituation of the rats to handling and baseline recordings were
obtained over 2 consecutive days. Afterward, the rats were subjected to
shock training (ST; day 1), context reexposure (CR; either 30 or 60 min;
day 2), and fear recall (R; day 3). Percentage time spent in freezing (FT%)
was observed during ST, CR, and R exposures. Sleep was recorded for
20 h (8-h light and 12-h dark period) following ST, CR, and R.

Setting: NA

Subjects: The subjects were outbred Wistar rats randomly assigned to
one of two groups: contextual fear (FR; n = 7) or contextual extinction
(EXT;n=7).

Interventions: The rats were surgically implanted with electrodes for
recording the electroencephalogram and electromyogram for determin-
ing arousal state.

Measurements and Results: There were no differences between
groups on FT% during ST or the first 30 min of CR; however, during R,
the FR group had greater FT% than EXT. Sleep did not differ between
groups following ST. Following CR, EXT exhibited significantly more
total sleep, NREM, and REM than FR. After R, there were no differ-
ences between groups.

Conclusions: Rats that exhibit extinction of contextual fear show sig-
nificantly increased sleep compared to rats who continue to exhibit
contextual fear. This suggests that sleep disturbances normally experi-
enced in humans following traumatic events or reminders may be ame-
liorated by therapies that address and eliminate the associated fear.
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FEARFUL EXPERIENCES CAN LEAD TO ENDURING AL-
TERATIONS IN EMOTION AND BEHAVIOR IN HUMANS!
AND ANIMALS.*> FEAR CONDITIONING ASSOCIATED
with these experiences is thought to be important in the devel-
opment of pathophysiology underlying anxiety disorders and
posttraumatic stress disorder (PTSD).>!" Moreover, disturbanc-
es in sleep often follow a stressful or traumatic event,® and the
persistence of sleep disturbances may be predictive for future
psychiatric and physical pathology.®® In animals, fear condi-
tioning associated with stressful footshock training also pro-
duces marked changes in subsequent sleep.'®!>!* Specifically,
the original shock training is followed by a significant decrease
in subsequent REM sleep.!*'*!5 Conditioned “reminders” of the
shock training also decrease subsequent REM.'*!*
Experimental conditioned fear involves the use of specific
cues such as tone or light that presage the occurrence of foot-
shock or less specific contextual stimuli which become associ-
ated with shock. Through pairings of cue or contextual stimuli
with the occurrence of shock, these previously neutral stimuli
acquire the ability to elicit a conditioned fear response (behav-
ioral and physiological responses indicative of fear and anxiety
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such as behavioral freezing) when presented alone. Interesting-
ly, though, the conditioned fear response produced by fearful
cues and contexts can typically be blocked through extended
presentations of either type of stimuli without the reoccurrence
of footshock. This fear “extinction” is considered a type of new
learning that inhibits subsequent fear without erasing the origi-
nal memory for fear conditioning.'¢

The failure of extinction is thought to be a significant fac-
tor in persisting fear responses and anxiety.'” However, even
though disturbed sleep has been associated with the continuing
effects of stress, and several studies have demonstrated the ef-
fects of conditioned fear on sleep, the effects of fear extinction
on subsequent sleep have yet to be examined. Therefore, the
goal of this study was to determine whether fear extinction was
followed by different patterns of sleep compared to those after
continued fear.

We trained 2 groups of rats in contextual fear using a foot-
shock stressor and then re-exposed both groups to the fearful
context alone. One group was removed from the context be-
fore extinction occurred and the other was allowed to remain in
the fearful context until behavioral signs of fear (freezing) had
completely subsided. Lastly, we recorded sleep in both groups
after a second exposure to the fearful context without readmin-
istering footshock. This allowed us to compare the sleep of rats
with extinguished fear behavior to that of rats which continued
to show fear. We also examined both groups for similarities and
differences in freezing during shock training and on reexposure
to the context. These data demonstrate that fear extinction is
associated with significantly improved sleep compared to con-
tinued fear, and may have implications for understanding the
role of persisting sleep disruptions in the long-term effects of
stress and trauma.
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METHODS
Subjects

The subjects were 14 ninety-day-old Wistar rats obtained
from Harlan (Indianapolis, IN). Upon arrival, the rats were in-
dividually housed in polycarbonate cages and given ad lib ac-
cess to food and water. The rooms were kept on a 12:12 light:
dark cycle with lights on from 07:00 to 19:00. Light intensity
during the light period was 100-110 lux and less than 1 lux
during the dark period. Ambient temperature was maintained
at24.5+ 0.5 °C.

Surgery

Beginning one week following arrival, the rats were anes-
thetized with isoflurane (5% induction; 2% maintenance) and
implanted with skull screw electrodes for recording their elec-
troencephalogram (EEG) and stainless steel wire electrodes
sutured to the dorsal neck musculature for recording their
electromyogram (EMG). Leads from the recording electrodes
were routed to a 9-pin miniature plug that was affixed to the
skull with stainless steel screws and dental acrylic. Ibuprofen
(15 mg/kg weight) was available in their water supply for relief
of postoperative pain. All procedures were conducted in accor-
dance with the National Institutes of Health Guide for the Care
and Use of Experimental Animals and were approved by East-
ern Virginia Medical School’s Animal Care and Use Committee
(Protocol # 07-005).

Procedures

Sleep Recording

For recording sleep, each animal, in its home cage, was
placed in a chamber outfitted for electrophysiological recording
and a lightweight, shielded cable was connected to the minia-
ture plug on the rat’s head. The cable was attached to a swivel
that permitted free movement of the rat within its cage. EEG
and EMG signals were processed by a Grass Model 12 poly-
graph equipped with model 12A5 amplifiers and routed to an
A/D board (Eagle PC30) housed in a Pentium class PC. The
signals were digitized at 128 Hz and collected in 10-s epochs
using a custom sleep data collection program.

The rats were allowed a post surgery recovery period of 14
days prior to beginning the experiment. The rats were then ha-
bituated to the recording cable and chamber over 2 consecutive
days and baseline sleep (BL) was recorded on the second day.

Fear Conditioning

The rats were randomly assigned to one of two groups (con-
textual fear, FR or contextual extinction, EXT). On experimen-
tal Day 1, both groups received a single shock-training session
(ST) which lasted 30 min. During this procedure, individual
rats were placed in shock chambers (Coulbourn Habitest cages
equipped with grid floors (Model E10-18RF) that were housed
in Coulbourn Isolation Cubicles (Model H10-23)) and were al-
lowed to freely explore for 5 min. Over the next 20 min, they
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were presented with 20 footshocks (0.8 mA, 0.5-s duration) at
1.0-min intervals. Shock was produced by Coulbourn Precision
Regulated Animal Shockers (Model E13-14) and presented
via the grid floor of the shock chamber. Five min after the last
shock, the rats were returned to their home cages. The follow-
ing day (Day 2), the rats were placed back in the shock cham-
bers (context reexposure, C) and allowed to explore freely for
30 min (FR group) or 1 h (EXT group) with no shock presented
before being returned to their home cage. The next day (Day 3)
the rats (both groups) were placed in the shock chambers for 30
min with no shock presented to test their recall of fear for the
context (recall, R). The shock chamber was thoroughly cleaned
with diluted alcohol following each session. Each session was
videotaped using mini video cameras (Weldex, WDH-2500BS,
3.6-mm lens) attached to the center ceiling of the shock cham-
ber for subsequent visual scoring of freezing.

All experimental manipulations were conducted during the
forth h of the light period, such that sleep recording would be-
gin at the start of the fifth hour. This resulted in 20 h of record-
ing on each experimental day (8 h in the light period and 12 h
in the dark period).

Home cages were changed at least 1 day prior to fear condi-
tioning and were not otherwise disturbed for the remainder of
the experiment. The same room was used for animal housing
and sleep recording. The ST session and reexposure to the con-
text on Days 2 and 3 were conducted in a separate room from
that used for recording.

Determination of Freezing and Sleep

During the experimental sessions, freezing, defined as the ab-
sence of body movement except for respiration,'®?° was scored
from videotape by a trained observer. Freezing was scored in
5-s intervals during 1.0-min observation periods at selected in-
tervals over the course of the 30 min the rats were in the shock
chamber. For ST, the preshock and postshock periods were
scored for freezing at 1, 3, and 5 min. During shock presenta-
tion, freezing was scored following selected shock training tri-
als (1, 2,9, 10, 19, and 20). For day 2, freezing was scored ev-
ery other min and processed in 30-min time periods giving one
period (P1) for FR and 2 periods (P1 & P2) for EXT. For day 3,
freezing was also scored every other minute and processed in
a single 30-min time period (P1). The percentage time spent in
freezing (freezing time%, FT%) was calculated (freezing time/
observed time*100%) for each animal for each observation pe-
riod.

Computerized EEG and EMG records were visually scored
in 10-s epochs by trained observers to determine wakefulness,
NREM, and REM. Wakefulness was scored based on the pres-
ence of low-voltage, fast EEG and high amplitude, tonic EMG
levels. NREM was characterized by the presence of spindles
interspersed with slow waves, lower muscle tone, and no gross
body movements. REM was scored continuously during the
presence of low voltage, fast EEG, theta rhythm, and muscle
atonia. The following sleep parameters were examined in the
data analyses: total NREM (min), total REM (min); total sleep
(REM + NREM), latency to NREM or REM, number of NREM
or REM episodes, and REM% (REM/total sleep*100).

Fear Extinction and Sleep—Wellman et al
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Figure 1—Percent time spent in freezing behavior (FT%) plotted in the time block used for analysis. Note that the plot for shock training
(A) shows the freezing during the pre-shock, shock, and post-shock period. Context reexposure (B) and Recall (C) are plotted in 30-min time
blocks. Values are mean + SEM. Differences relative to pre-shock period of ST: *P < 0.05, **P < 0.01, ***P < 0.001. Differences between
the two groups FR and EXT: ++ P <0.01.

Data Analyses

Statistical analyses were conducted using SigmaStat (SPSS,
Inc). Comparisons involving the entire light or dark periods
within groups and across days were conducted using one-way
repeated measures analysis of variance (ANOVA) procedures.
Comparisons between groups across days were conducted using
one-way between factors ANOVAs. Comparisons of 4-h blocks of
time (blockl and block 2) within treatment days were conducted
using two-way (day x block) ANOVAs with repeated measures
on both factors. Comparisons between FR and EXT groups were
conducted using two-way (condition x time) mixed factor ANO-
VAs with repeated measures on time. The Tukey test was used
when all pairwise comparisons among means were considered.
For freezing, two-tailed #-tests or paired #-tests were performed.

RESULTS
Freezing

Figure 1 presents comparisons of FT% during ST, C, and R.
For ST, the data were divided into 3 distinct periods: preshock,
shock, and postshock. For C, the data were grouped into 30-min
blocks, with period P1 (30 min) for FR and periods P1-P2 (60
min) for EXT. For R, the data were considered as a single 30-min
block (for both FR and EXT, P1). Each bar in Figure 1 represents
the mean FT% per min averaged across the number of 1-min
observations obtained in that period. Measures during the pre-
shock period, in which naive animals were initially placed in the
shock chamber, were used as a baseline to determine whether the
animals exhibited significant fearful behaviors in the shock and
post-shock periods as well as during C and R. Data within and
between groups were compared using two-tailed /-tests.

Contextual Fear (FR) Group

On day 1 (ST), FT% during the shock trials as well as post-
shock was significantly higher than that observed preshock
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(Figure 1A; P = 0.002 and P < 0.001 respectively). On day 2
(C), FT% showed a trend of being greater than that observed
preshock that just missed significance (Figure 1B; P = 0.058).
This lack of significance is likely due to variability, since all
animals exhibited some level of freezing behavior during C,
however, none of the animals froze during the preshock period.
Finally, on day 3 (R), FT% was significantly greater than that
observed preshock (Figure 1C; P = 0.005).

Contextual Extinction (EXT) Group

On day 1 (ST), FT% during the shock trials as well as post-
shock was significantly higher than that observed preshock
(Figure 1A; P < 0.001 and P = 0.016 respectively). On day 2
(C), FT% during P1 (the first 30 min) was significantly greater
than that observed preshock (Figure 1B; P = 0.01), however,
FT% during P2 (the second 30 min) was not significantly dif-
ferent from that of preshock (P = 1.0). This is indicative of the
loss of fear by the end of the context reexposure in the EXT
group. Finally, on day 3 (R), FT% was again not significantly
greater than that observed preshock (Figure 1C; P = 0.25).

FR Group vs EXT Group

There were no significant differences between FR and EXT
when analyzing FT% during preshock (P=1.0), ST (P=10.676),
postshock (P=10.163), nor P1 of CR (P =1.0). However, on day
3 (R), FR exhibited significantly greater FT% than did EXT
(P=0.008).

Sleep

Contextual Fear (FR) Group

Significant changes in sleep were only observed during the
light period in the FR group. There was a significant interac-
tion of condition x 8 h light period for total sleep duration
(F,,=5.168, P = 0.01; Figure 2A) due to a decrease in total

3,17
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Figure 2—Average total sleep (A), NREM sleep (NREM, B), or REM sleep (REM, C) broken into two 4-h blocks (B1 & B2) or the entire
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sleep following ST and CR compared to BL (P = 0.025 and
P =0.01 respectively). Moreover, there was a significant inter-
action of condition x 4 h block for total sleep duration (£ ;=
16.694,P = 0.01; Figure 2A). In the first 4 h, total sleep dura-
tion was decreased following ST compared to BL (P < 0.001)
and R (P = 0.001) and decreased following CR compared to
BL (P < 0.001). In the second 4 h, total sleep duration was in-
creased following ST compared to BL (P = 0.048), CR (P =
0.013), and R (P =0.004).

Similarly there was a significant interaction of condition x
8 h light period as well as condition x 4 h block for NREM
duration (£, , =3.967,P = 0.026 and F ; = 14.685,P < 0.001,
respectively Figure 2B). During the entire light period, NREM
following ST was significantly less than BL (P = 0.02). Fur-
thermore, in the first 4 h following ST, there was a decrease in
NREM duration compared to BL (P <0.001) and R (P=0.001),
as well as a decrease in number of episodes (ST: 25.4 + 1.1)
compared to BL (34 + 1, P=0.009) and R (32.1 =3, P=0.03).
A decrease in NREM duration was also observed following CR
compared to BL (P = 0.002). In the second 4 h following ST,
NREM duration was increased compared to CR (P=0.036) and
R (P =0.012); latency to NREM following ST (69 + 9.4) was
significantly greater than BL (7.4 + 1.5, P< 0.001), CR (36.4 +
5.2,P=0.048) and R (17.5+ 3.6, P <0.001).

Finally, there was a significant interaction of condition x 8 h
light period (F) , = 3.248,P = 0.048) as well as condition x 4
h block for duration (£} ; = 6.637,P = 0.005; Figure 2C) and
episodes (F ; = 3.550, P = 0.04) of REM. This was evident
during the entire light period with a decrease in REM dura-
tion following CR compared to BL (P = 0.044). In the first 4
h, there was a decrease in REM duration following ST and CR
compared to BL (P =0.018 and P = 0.012 respectively). In the
second 4 h following ST, REM duration was increased com-
pared to R (P = 0.045). Furthermore, latency to REM follow-
ing ST (117.6 £+ 13.9) was significantly greater than BL (31.6 +
8.4, P <0.001), CR (69.2+ 7.4, P <0.001) and R (52.9 + 8.6,
P <0.001) and following CR was significantly greater than BL
(P=0.0106).

SLEEP, Vol. 31, No. 7, 2008

Contextual Extinction (EXT) Group

Significant changes in sleep were observed during both the
light period and dark period. There was a significant interaction
of condition x 4 h block for total sleep duration (£, = 7.190,
P =0.002) during the light period (Figure 3A). Total sleep dura-
tion was increased following CR and R compared to ST in the
first 4h (P =0.001 and P = 0.011 respectively). During the dark
period, there was a significant interaction of condition x 12 h
dark period (£, =4.816,P=0.012) due to increased total sleep
duration following ST (267 £ 27) and CR (258 + 25) compared
to BL (188 32, P=0.013 and P = 0.032 respectively).

There was also a significant interaction of condition x 4 h
block for NREM duration (F} = 5.942, P = 0.005) during the
light period (see Figure 3B). In the first 4 h, there was an in-
crease in CR and R NREM duration compared to ST (P = 0.004
and P = 0.031 respectively) and NREM number of episodes
(ST: 26 + 1.86; CR: 34.6 + 1.46, P = 0.015; R: 37.6 + 1.69,
P< 0.001). Furthermore, latency to NREM was significantly
shorter following CR (11.1 £ 3.5) and R (R: 4.1 + 1.2) than ST
(58.5 + 16; P =0.026 and P = 0.009 respectively). During the
dark period, there was a significant interaction of condition x 12
h dark period (£, | = 3.522,P = 0.036) due to increased NREM
duration following ST (212 + 21) compared to BL (155 + 29,
P=0.032).

Finally, during the light period there was a significant inter-
action of condition x 4 h block for REM duration (F) = 7.820,
P =0.002; Figure 3C) and REM episodes (F, , = 4.202, P =
0.02) as well as a significant interaction of condition x 8 h light
period for REM duration (£, , = 4.254,P = 0.019). This was
evident during the entire light period with an increase in REM
duration following CR compared to ST (P =0.021) and a trend
towards a decrease in REM duration following ST compared to
BL (P =0.054). In the first 4 h, a significant decrease following
ST compared to BL, CR, and R was observed in REM duration
(P<0.001, P<0.001, and P = 0.012 respectively), and number
of REM episodes (ST: 6.29 + 1.54; BL: 12.7 £ 2, P = 0.002;
CR: 12 £ 1.02, P = 0.003; R: 11.1 +1.06, P = 0.011). More-
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over, REM% was significantly decreased following ST (8.8% +
1.7%) compared to BL (15.9% + 2%, P<0.001) and CR (13.1%
+ 1.1%, P=0.028) during the first 4 h and compared to BL dur-
ing the light period (ST: 14.6% + 1.2%; BL: 17.9% + 1%, P =
0.019). In addition, latency to REM was significantly longer
following ST (132.5 +23.3) than BL (51.7+ 7.6, P<0.001), CR
(63.6 £9.4, P<0.001), and R (52.2 + 7.8, P < 0.001). During
the dark period there was a significant interaction of condition
x 12 h dark period for REM duration (£, = 7.281,P = 0.002)
due to a significant increase in REM following ST (55.5 + 6.1)
and CR (56.3 = 5.6) compared to BL (33.2 + 3.4, P=0.005 and
P =0.003 respectively). There was also a significant interaction
of condition x 12 h dark period for REM episodes (£, =5.031,
P=0.01) due to a significant increase in episodes following ST
(36 £4.6) and CR (33 + 3.5) compared to BL (22.3 + 2.6, P =
0.008 and P = 0.045 respectively).

FR Group vs EXT Group

There were no significant differences between FR and EXT
groups for duration of total sleep or REM in BL during the 8
h light period or 12 h dark period. There was however a sig-
nificant difference (P = 0.046) in light period NREM between
FR (267 + 4.6) and EXT (234 + 13). There were no significant
differences between FR and EXT groups for duration of total
sleep, NREM, or REM following ST during the 8 h light period
or 12 h dark period. Moreover there were no significant dif-
ferences for these parameters following R during the 8 h light
period or 12 h dark period.

When comparing sleep following CR, there was a signifi-
cant difference in duration of total sleep during the light period
(P = 0.006). This can be further seen when analyzing condi-
tion x hour interactions (£, = 2.367, P = 0.028). Specifical-
ly, total sleep duration for EXT compared to FR (Figure 4A)
was significantly greater during H1 (Tukey, P < 0.001) and H3
(P=0.001).

During the light period, NREM duration (P = 0.049) was sig-
nificantly greater for EXT than for FR. An interaction of condi-
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tion x hour was also present for NREM duration (£, = 2.438,
P = 0.024) which can be further explained by a greater NREM
duration during H1 & H3 following extinction versus fear (Fig-
ure 4B; P <0.001 and P=0.013 respectively) as well as a great-
er number of NREM episodes in H1 (EXT: 8.3+ 1.4; FR: 4+ 1;
Tukey, P = 0.003). Finally, latency to NREM was significantly
shorter following CR for EXT compared to FR (P =0.01).

During the light period, REM duration was also significantly
greater for EXT than for FR (P = 0.041). A greater REM du-
ration during H3 (Figure 4C; Tukey, P = 0.004) and a greater
REMY% during H3 (EXT: 14.5 = 1.4; FR: 8.1 £2.7; Tukey, P =
0.037) were also observed EXT versus FR animals following
CR.

DISCUSSION

Similar alterations in sleep were observed following shock
training in both FR and EXT groups including a decrease in
REM duration in the first 4 h of sleep. However when reex-
posed to the shock context, the subsequent sleep of FR and
EXT animals was drastically different. In the FR group, total
sleep, NREM and REM continued to be decreased in the first
4 h following context exposure similar to that observed after
shock training. Conversely, the EXT group showed levels of
total sleep, NREM, and REM in the first 4 h following context
exposure that did not differ from baseline sleep levels.

Fear-Induced Changes in Behavior

The behavioral measure most often used to assess fear dur-
ing shock training or context reexposure has been freezing,
with greater freezing percentage interpreted as indicating stron-
ger fear reactions.'®?” Freezing during the shock and postshock
period was significantly more than the preshock period in all
animals, indicating that both groups acquired conditioned fear
to the shock. Moreover, FT% was initially high during context
reexposure in both groups and decreased over the duration in
the chamber with the EXT group showing a complete cessation

Fear Extinction and Sleep—Wellman et al
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of freezing by the end of the hour long session indicating that
extinction occurred. On the recall day, there was a significant
difference between FR and EXT freezing indicating that the FR
group was more fearful than the EXT group when presented
with the fearful context on day 3. Furthermore, the difference
in freezing observed on day 3 signifies that the FR group did
not experience extinction to the context during the 30-min CR
on day 2. Unfortunately there was a large amount of variability
between animals and on Day 2, the FR group freezing was not
significant compared to pre-shock levels (P = 0.058) which may
be thought to suggest that the FR group was not fearful on dur-
ing context reexposure on day 2. However, despite the lack of
significance, the plots demonstrate that no freezing observed
in the FR animals during the preshock period whereas freezing
was evident in all animals (2%-66%) in the CR period. Jha et
al.?! suggest that REM may be a more sensitive measure of fear
than freezing, a suggestion supported by our data in this study
as well as others from our lab.'* Future studies using physiolog-
ical indices such as the EKG or respiratory measures to assess
fear responses could provide additional parametric measures to
address this issue.

Fear-Induced Changes in Sleep

Previous findings'®'*?? indicate that changes in REM found
following context reexposure are similar to those observed fol-
lowing shock training in rats. In the FR group there was a sig-
nificant reduction in REM sleep during the first 4 h of light
period sleep following shock training and context reexposure
compared to baseline sleep. Moreover, during the entire light
period a decrease in REM duration was observed following
context versus baseline. This is consistent with previous find-
ings in rats and mice'** that the decrease in REM seen initially
following fear conditioning or context reexposure is not recov-
ered later in sleep, and in this case, following context reexpo-
sure, was further decreased. This finding is especially interest-
ing as the animals showed a further decrease in REM during a
time when there should be greater homeostatic pressure for a
return to normal REM levels.
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In contrast to the findings for the FR group, the EXT group
showed an increase in REM duration and number of episodes
as well as an increase in REM% during the first 4 h following
extinction compared to shock training. Since extinction is a
form of learning,'® this finding may be seen as a complement
to other studies which found an increase in REM following
various learning paradigms.?'-** It is important to note how-
ever that fear conditioning itself is a learning paradigm which
induces a predictable reduction in REM. Most likely the type
of learning (and the characteristics of stress response accom-
panying it) determines the ultimate change found in subse-
quent REM.

Additionally, the increase in REM, indicating more normal
sleep, following context reexposure for the EXT group supports
our notion that extinction did readily occur and that the ani-
mals are no longer fearful of the context. The longer duration
of context reexposure may have impacted the stress response of
these animals as well (as REM is a very sensitive indicator for
stress?"), however, we did not collect other indices of the stress
response in this study. Further studies will be necessary to uti-
lize physiological measures of stress to assess the stress levels
of these animals following extinction.

While reductions in REM after shock training and reexpo-
sure to fearful contexts have been consistent findings in both
rats'®!*?2 and mice,” the changes in NREM across studies have
been more variable. Previously our lab showed a significant de-
crease in NREM following shock and context exposure relative
to baseline in Wistar rats.'* In the current study, the contextual
fear group also showed a significant decrease in NREM dura-
tion following shock training during the light period and a trend
towards a decrease (P = 0.078) in NREM duration following
context reexposure compared to baseline sleep. The slight dis-
crepancy between the two studies could be due to differences
in the experimental procedure. In the present study rats were
placed in the shock context 24 h after shock training for CR
whereas the previous study waited 4-5 days between training
and context reexposure. Interestingly, we found an increase in
NREM in the first 4 h following extinction and recall versus
shock training in our EXT group.
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Overall, the EXT group exhibited more total sleep, NREM,
and REM following CR than did FR. Moreover, there was a
shorter latency to NREM following extinction than CR. Taken
together, this further suggests a reduced/eliminated fear in the
extinguished animals compared to their fearful counterparts. It
also supports the notion that 30-min context reexposure is not
sufficient for extinguishing the fear response.

A potential concern in the experimental design we used was
that there was a difference in the amount of time the FR and
EXT groups experienced CR. The most obvious issue is the
difference in the amount of time the animals are potentially
awake across groups due to the FR group being exposed to
CR 30 min and the EXT group being exposed to 60 min. Un-
fortunately, it was not possible to control for time or arousal
without introducing additional variables and potentially more
stress to the CR animals. We did however examine sleep in a
small number of animals that experienced identical handling
and the context (mock condition [CR,]), but never received
shock (FR,, n =5, EXT,, n = 4) and there were no significant
between group differences following CR,; in total sleep (FR:
318.8 £ 5.2; EXT,,: 309.5 £ 5.9; P = 0.391) , NREM (FR:
263.1 = 3.7; EXT,: 251.5 £ 4.1; P = 0.105), or REM (FR:
55.7 £ 8.7; EXT,: 57.7 £ 5.1; P = 0.866) sleep during the
light period. Thus, we are reasonably confident that our results
are indicative of the effects of CR and not are due to differ-
ences in total waking time. Moreover, there was potential for
the FR group to begin to extinguish during the 30-min CR.
Yet despite the potential for extinction, the animals continued
to show changes in sleep similar to those observed following
shock training, again supporting our contention that 30-min
context is insufficient for behavior altering extinction to oc-
cur.

Stressful and traumatic events are often followed by distur-
bances in sleep and the persistence of sleep disturbances may
be predictive for future psychiatric pathology. PTSD is one such
pathology in which a core feature (and common grievance) is
insomnia.”’ Because fear conditioning resembles PTSD,*!? the
repeated presentation of the CS is often used to treat PTSD
patients by extinguishing the conditioned fear responses.’?!
However, to our knowledge, this is the first study examining
the effects of extinction on subsequent sleep. Our data clearly
show increased sleep (both NREM and REM) following an ex-
tinction paradigm to levels indicative of normal sleep. While
this issue has not been examined in humans, our data suggest
that exposure therapy in PTSD patients may not only decrease
their behavioral symptoms but could also alleviate their sleep
disturbances as well.

Although we did not look at long-term spontaneous recovery
in this study, we did examine short-term spontaneous recov-
ery on the recall day of the EXT group. In this setting we did
not find evidence of spontaneous recovery of fear in the EXT
group. A future study is necessary to look at further time points
to evaluate if or when fear returns in the EXT group. Evaluat-
ing whether CR animals spontaneously remit to being fearful
in a shorter period of time than EXT animals could potentially
help answer questions concerning the importance of timing and
length of exposure therapy for successfully treating PTSD pa-
tients.
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Conclusion

Our data indicate that contextual fear in rats decreases sub-
sequent REM sleep (a potentially good indicator of stress). Fur-
thermore, contextual extinction in rats increases subsequent sleep
(both NREM and REM) to normal levels. When compared, the
two groups showed significantly different amounts of total sleep,
NREM, and REM. These findings suggest that extinction does
produce a sleep pattern that is distinctive from that observed after
fearful reminders that are not extinguished. Moreover, our results
suggest that sleep disturbances normally experienced following
traumatic events or reminders may be ameliorated by therapies
that address and eliminate the associated fear.
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