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Abstract

Enhanced fear learning occurs subsequent to traumatic or stressful events and is a persistent
challenge to the treatment of post-traumatic stress disorder (PTSD). Facilitation of learning
produced by prior stress can elicit an exaggerated fear response to a minimally aversive event or
stimulus. Stress-enhanced fear learning (SEFL) is a rat model of PTSD; rats previously exposed to
the SEFL 15 electrical shocks procedure exhibit several behavioral responses similar to those seen
in patients with PTSD. However, past reports found that SEFL is not mitigated by extinction (a
model of exposure therapy) when the spaced extinction began 24 h after stress. Recent studies
found that extinction from 10 min to 1 h subsequent to fear conditioning “erased” learning,
whereas later extinction, occurring from 24 to 72 h after conditioning did not. Other studies
indicate that massed extinction is more effective than spaced procedures. Therefore, we examined
the time-dependent nature of extinction on the stress-induced enhancement of fear learning using a
massed trial’s procedure. Experimental rats received 15 foot shocks and were given either no
extinction or massed extinction 10 min or 72 h later. Our present data indicate that SEFL,
following traumatic stress, is resistant to immediate massed extinction. Experimental rats showed
exaggerated new fear learning regardless of when extinction training occurred. Thus, post-
traumatic reactivity such as SEFL does not seem responsive to extinction treatments.
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Introduction

In post-traumatic stress disorder (PTSD) as well as other anxiety disorders, normally
adaptive fear responses become dysfunctional or maladaptive (Rosen and Schulkin 1998;
Charney 2004) when behavioral responses are no longer commensurate with appropriate
fear for the situation, or when behavior disrupts normal daily functioning. The various
symptoms required for the clinical diagnosis of anxiety disorders such as PTSD are
increased physiological arousal, hypervigilance, and heightened startle response (American
Psychiatric Association 2000). These symptoms may be manifested as an exaggerated
behavioral response to an event or stimulus that serves as a reminder of the original trauma.
An important clinically relevant consequence of prior trauma is when inappropriate
behavioral responses to mildly aversive or fear generating situations translate into the
formation of new phobias (Goisman et al. 1998). Enhanced fear learning subsequent to
trauma is a long-lasting effect (Rau and Fanselow 2009) that may also be a factor
complicating treatment for PTSD.

Resistance to extinction treatment is one of the many challenges to the treatment of PTSD.
Often behavioral (exposure) therapy is not entirely effective in eliminating symptoms such
as exaggerated responses to milder reminder stimuli (Craske et al. 2008). Extinction
procedures, typically spaced over a period of days, are usually regarded as a form of
inhibitory learning that occurs when a conditional stimulus (CS) and an unconditional
stimulus (US) are presented in a manner such that the CS no longer signals that the US will
occur, and is regarded as an analogous procedure in animals to human behavioral treatments
of anxiety disorders (Hermans et al. 2006).

Although extinction training is often spaced over several days, some recent findings indicate
that the massed presentation of the CS initiates the process of extinction successfully, and
that massed procedures produce fear extinction that is effective for both short- and long-term
reduction in fear response (Cain et al. 2003). However, more recently the long-term efficacy
of massed extinction has been challenged and some laboratories have observed weaker
suppression of fear (Maren and Chang 2006; Li and Westbrook 2008). Nonetheless, one of
the advantages that massed extinction procedures offer is temporal efficiency; hence,
extinction procedures can be performed in a single extinction session.

Extinction is generally agreed to be a process of new learning that does not abolish previous
learning, but rather reduces the response based on initial learning (Pavlov and Anrep 1927;
Bouton 2004). However, it has been argued that there is a time-dependent quality to
extinction such that different neural mechanisms may be at work if extinction training
occurs immediately following fear conditioning. In a series of experiments,Myers et al.
(2006) manipulated the time interval between fear conditioning and extinction. Rats were
conditioned using light-shock pairings then extinguished 10 min, 1 h, 24 h, or 72 h
later.Myers et al. (2006) found that extinction procedures, which were begun from 10 min to
1 h after fear conditioning, produced an “unlearning” of fear rather than new inhibitory
learning. Therefore,Myers et al. (2006) proposed that extinction that occurs immediately
after fear learning can “erase” fear, while extinction that occurs 24 — 72 h later results in
new learning. However, the efficacy of early (occurring soon after conditioning) extinction
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of fear has been controversial. A number of studies using rats as well as human subjects
have examined early or immediate versus delayed extinction of fear conditioning. Several
studies found that early extinction produces weak extinction that does not produce long-
lasting suppression of fear (Maren and Chang 2006; Woods and Bouton 2008; Chang and
Maren 2009), and even when early extinction occurred, it was found to be less effective at
reducing long-term fear as measured by the spontaneous recovery of fear, and did not show
evidence for erasure of fear (Schiller et al. 2008; Huff et al. 2009).

Stress-enhanced fear learning (SEFL) is an animal model of PTSD, developed byRau et al.
(2005) to investigate the stress-induced enhancement of fear learning that occurs subsequent
to traumatic or acutely stressful events. A traumatic/stressful event is simulated with 15
electrical foot shocks, at variably spaced intervals, over 90 min. In the SEFL procedure, foot
shocks are both inescapable and unpredictable. Inescapable and unpredictable shock has
been shown to be one method of producing heightened fear response to subsequent stimuli
(Maier 1990; Baratta et al. 2007). Another unique aspect of the SEFL protocol is that foot
shocks are not preceded by an explicit cue. This type of context conditioning may be more
pertinent to PTSD because a traumatic event may take place under conditions where the
trauma is not predicted or signaled by a specific and salient cue. Interestingly, stress-induced
sensitization of context fear is proposed to be a possible explanation for the lack of efficacy
of early extinction in reducing fear response (Maren and Chang 2006; Chang and Maren
2011).

Sensitization of fear learning as well as eye-blink conditioning has also been found to be
enhanced in animals that previously received inescapable shock (Maier 1990; Shors et al.
1992). Similarly,Rau et al. (2005) found that animals exposed to the inescapable 15 shocks
showed a significant increase in new fear learning after being exposed to a single shock in a
novel environment. In contrast, control animals that did not receive the 15-shock treatment
showed only moderate levels of fear when tested in the single-shock novel environment.

In the second experiment byRau et al. (2005), animals received the 15-shock procedure and
were then extinguished in the trauma context for 5 sequential days by 30-min daily
exposures to the trauma context. They found that the enhancement of later fear conditioned
by a single shock was completely resistant to extinction treatment. While the conditional
fear to the context in which the trauma took place was eliminated by extinction, the SEFL to
a new context was equivalent in both the extinguished and non-extinguished rats, indicating
that the fear response was not produced by the simple generalization of fear but rather that
subsequent fear processing itself had been altered.

Previous work using the SEFL model employed a spaced extinction procedure that did not
begin until one day after trauma. In light of the controversial findings regarding the efficacy
of immediate and massed extinction in suppressing fear, as well as the possibility that stress-
enhanced contextual fear conditioning may be differentially affected by manipulations such
as immediate and massed extinction, the present study examined the effects of massed
extinction that began immediately after the trauma on subsequent new fear learning as
measured by SEFL. We used theRau et al. (2005) 15-shock SEFL procedure to induce
enhanced fear learning. Massed extinction training occurred 10 min or 72 h subsequent to
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the traumatic stress. The massed extinction training consisted of five 30-min sessions spaced
5 min apart, allowing us to constrain the time between the trauma and the extinction to a
specific post-stress interval. The timing of extinction relative to stress would not be possible
using an extinction procedure distributed over days.

In Experiment 1, on the day following the 15-shock trauma, rats received a massed
extinction procedure in the trauma context (after 10 min or 72 h); new fear learning was
produced by a single shock in a novel environment and was measured the following day on
a subsequent test of contextual fear memory of the novel environment. Group comparisons
based on freezing scores, a measure of learned fear (Fanselow 1980; Fanselow and Lester
1988), were made among the no shock trauma group and the shocked trauma groups that
received no extinction, immediate (10 min later), or delayed (72 h later) extinction. The
relative long-term efficacy (measured by the spontaneous recovery of fear) in the two
extinction conditions was assessed on either the 3rd or 23rd day after the extinction training
in the original shock/extinction environment. We hypothesized that if the massed immediate
extinction commencing 10 min after the 15-shock trauma produced erasure of the contextual
fear memory then subsequently SEFL would not occur. Likewise, if rats received delayed
extinction that does not induce erasure they would show SEFL similar to non-extinguished
rats. Additionally, we hypothesized that if early 10-min extinction was effectively erasing
trauma context fear learning then subsequent tests of spontaneous recovery should reveal
lower levels of fear compared to rats that received delayed extinction.

In Experiment 2, we used a design similar to the design of Experiment 1. However, in order
to address possible inadvertent effects that the single shock in the novel context may have
produced on the expression of extinction learning, rats were placed back in the original
shock/extinction environment for a contextual fear test 24 h following their massed
extinction sessions on the day before receiving the single shock and the subsequent context
test in the new environment. We hypothesized that testing the efficacy of the massed
immediate versus delayed extinction before the SEFL inducing single shock would not alter
enhanced fear learning; however, we would be able to observe the effect of the extinction
treatments without confound.

Subjects consisted of experimentally naive, 90-day-old male Long-Evans rats bred and
acquired from Harlan (Indianapolis, IN) and housed in the University of California, Los
Angeles Psychology Department Vivarium. Rats were housed individually and maintained
on a 12-h light/12-h dark cycle. All experiments occurred during the light phase of the cycle,
from 07:00 to 19:00 h. Temperature in the vivarium was maintained at 20°C. Food and
water were available ad libitum. Rats were handled daily for 7 — 10 days prior to the
beginning of each experiment in order to habituate rats to the experimenters. At the end of
the experiments, rats were humanely euthanized, in compliance with American Veterinary
Medical Association guidelines, by carbon dioxide inhalation. For Experiment 1, 31 rats
were randomly assigned to one of the four groups: no shock/no extinction, n = 8; 15
shocks/no extinction, n = 7; 15 shocks/10-min extinction, n = 8; 15 shocks/72-h extinction, n
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= 8. For Experiment 2, 48 rats were again randomly assigned to one of the four groups; no
shock/no extinction, n = 12; 15 shocks/no extinction, n = 12; 15 shocks/10-min extinction, n
=12; 15 shocks/72-h extinction, n= 12,

Procedures occurred in two distinct training/testing environments: context A, the trauma
environment and context B, the novel environment. Each context contained distinguishable
background noise, lighting, and odor in fear conditioning boxes that differed in interior size/
shape, texture, and grid floor pattern designed to minimize generalization between the
contexts. Context A chambers (28 £ 21 £ 22 cm; Lafayette Instrument Co., Lafayette, IN)
were aluminum sided with an opaque Plexiglass back and clear Plexiglass front door piece.
Floor grids (18 stainless steel rods, 4-mm diameter, and 1.5 cm apart) were connected to a
shock generator and a scrambler (Lafayette Instrument Co.). Overhead fluorescent lighting
and a ventilation fan provided 70 dB of background noise. Fear conditioning boxes were
cleaned and dried between each session using a 10% sodium hydroxide solution. Stainless
steel pans were placed beneath each grid floor in the chambers; these contained 4 — 5 sprays
of atomized Simple Green as the context odor. Metal scaffolding attached to a cart was used
to transport the rats in their home cages to context A and back.

The interior of the context B chambers, initially the same as described above, was modified
by inserting white Plexiglass along the rear wall and two white Plexiglass sidewalls at 60°
angles that formed an A-frame. As in context A, the front door piece consisted of a clear
Plexiglass panel. The grid floor, connected to a shock generator and a scrambler (Lafayette
Instrument Co.), consisted of 17 stainless steel rods (4-mm diameter) spaced in offset rows 1
cm vertically and 2.6 cm horizontally. Lighting consisted of one red 30-watt incandescent
bulb. A white noise generator produced background noise (70 dB, A-scale). Fear
conditioning chambers were cleaned, using a 1% acetic acid solution, and dried between
each session. Stainless steel pans were placed beneath each grid floor in the chambers; these
contained 4 — 5 sprays of an atomized 11% coconut extract mixture as the context odor. Rats
were transported to and from their home cages in a covered, black rubberized box
subdivided into four areas by black Plexiglass panels.

All experimental procedures were conducted in accordance with the Guide for the Care and
Use of Laboratory Animals (7th edition, National Academy Press, Washington, DC, 1996)
and were approved by the Institutional Animal Care and Use Committee of the University of
California, Los Angeles.

Subjects were randomly assigned to one of the four groups. In the trauma environment
(context A), rats received either a 15-shock procedure or context exposure without shock.
Rats that received the 15-shock procedure were placed in the fear conditioning chambers
and received 15 (1 mA, 1 s) shocks spaced at variable intervals between 240 and 480 s apart
over 90 min. Rats in the no shock group were placed into the fear conditioning chambers for
90 min but received no shocks. The unshocked group and one of the shocked groups
received no extinction training. The remaining two groups either received extinction training
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10 min immediately following the 15-shock procedure, or 72 h following the 15-shock
procedure. Extinction took place in context A. Rats were placed into the conditioning
chambers for five 30-min context extinction sessions spaced 5 min apart. On the day
following the final day of extinction training, all rats were placed in the novel environment,
context B and received a single (0.75 mA, 1 s) shock 192 s after being placed into the
chamber. They remained in the chamber for 320 s following the shock. The following day,
rats were placed back in context B for a 512-s contextual fear memory test. One day or 21
days later the rats in each group were given a 512-s contextual fear memory test in the
original trauma environment (context A) to measure the effects of extinction on the
associative learning that occurred to the trauma context.

Freezing scores were used as a measure of learned fear (Fanselow 1980), and were
determined by averaging over behavioral observations (recorded on video tape) made every
8 s during each test (percentages were calculated by dividing the number of observations of
freezing by the total number of observations multiplied by 100). Freezing is defined as the
lack of movement except for respiration (Fanselow 1980). Freezing scores were calculated
for baseline freezing in context B prior to the single-shock, post-shock freezing in context B,
freezing conditioned by the single shock in context B, and freezing in the original trauma
context (A). Conditioning and testing were videotaped and freezing scores were calculated
by a trained, blind observer.

Data analysis

Results

Freezing scores were calculated as described above and group differences were analyzed
using a one-way analysis of variance (ANOVA) for each designated time period. Statistical
significance was determined at p < 0.05. Post-hoc multiple comparisons among the groups
were made using Tukey’s Honestly Significant Difference (HSD) tests in order to specify
the group differences within each measurement period.

Experiment 1: The effects of immediate versus delayed extinction on SEFL and
subsequently on the spontaneous recovery of trauma context fear at Day 5 or Day 25.

Extinction of trauma context (A) fear

Extinction of fear in the 15-shock trauma context occurred over five 30-min context
extinction sessions either immediately following the 15-shock session in the 15-shock/10-
min extinction group or 3 days after the 15-shock session in the 15-shock/72-h extinction
group. Freezing scores were averaged over the first 8 min of each extinction session. As
depicted in Figure 1, levels of freezing between the two groups were initially different, with
the delayed extinction group showing higher levels of fear. However, by the last extinction
session the two groups showed a reduction in freezing. A mixed-design repeated measures
ANOVA confirmed a statistically significant effect of group F(1,14) = 76.66, p < 0.001, the
main effect of extinction session F(4,56) = 8.70, p < 0.001, but no significant interaction
between the group and the extinction session F(4,56) = 0.46, p = 0.77. A planned
comparison between the extinction groups during the final extinction session revealed that
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there was no reliable difference between the 10-min group (freezing %, M = 8.4, SD = 5.78)
and 72-h groups (M = 29.3, SD = 27.71), t(14) = -2.09, p = 0.056.

Novel context (B) baseline freezing

To assess the amount of fear that may have generalized from the previous experience in the
trauma (context A) environment, baseline freezing to context B was assessed during the
192-s period prior to the administration of the single shock. The baseline levels of freezing
were low, indicating minimal generalization between the contexts. Although the levels of
fear were low, as is evident from Figure 2, the levels of fear for the 15-shock/10-min
extinction and the 15-shock/ 72-h extinction groups were not different from the level of fear
shown by the no shock/no extinction group. This indicates that the extinction in context A
was effective in reducing the generalized fear. A one-way ANOVA revealed a reliable
difference between the groups, F(3,27) = 10.272, p < 0.001. The post-hoc analysis revealed
that rats in the 15-shock/no extinction group, however, were statistically different from the
no shock/no extinction control group as well as from the two extinction groups. Baseline
freezing for the 15-shock/no extinction group is an indication of a small amount of
generalized fear.

Novel context (B), post-single-shock freezing

Freezing after the administration of a single shock in context B was assessed during the 320-
s period subsequent to the shock. These post-shock freezing measurements were taken as a
measure of short-term emotional memory in response to the shock. Figure 2 shows the
dramatic difference in freezing percentages between the groups that were previously
shocked and the non-shocked controls. None of the 15-shock groups differed significantly
from the others regardless of extinction treatment. Each of the three groups that had received
the 15-shock treatment showed a heightened fear response to the single shock compared to
the non-shocked group. A one-way ANOVA confirmed a difference among the groups,
F(3,27) = 65.038, p < 0.001. The control group that received no shocks/no extinction
treatment differed significantly from all of the 15-shock groups.

Novel context (B), long-term memory test

Freezing in context B was assessed one day after the single shock for an 8-min 32-s period.
Freezing scores in the context B test are a measurement of context-specific fear and are
indicative of fear learning produced by the single shock on the previous day. This measure
serves as our principal indicator of SEFL. Figure 3 shows that none of the 15-shock groups,
regardless of the extinction treatment, were reliably different from the others but were all
enhanced relative to the non-shocked controls. These results illustrate an enhancement of
contextual fear learning to the novel, single-shock context (B). These observations were
confirmed statistically. A one-way ANOVA revealed that group differences were reliable,
F(3,27) = 26.422, p < 0.001. The post-hoc analysis again showed that the no shock/no
extinction group was significantly different from each of the 15-shock groups, which did not
differ from each other.
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Trauma context (A), test on day 5

Freezing scores in context A, as shown in Figure 4, were assessed during an 8-min 32-s
period one day after the long-term memory test in context B. This test assesses fear
conditioned to the trauma context by the 15 shocks and allows us to see residual conditional
fear following extinction of the trauma context. There were no reliable differences between
the no shock/no extinction group and either of the two extinction groups. However, between
the trauma/no extinction group and the two extinction groups there were also no reliable
differences. Freezing levels for the two extinction groups were markedly elevated over the
freezing levels of the non-shocked group. This indicates that both extinction treatments
when tested after SEFL were not effective at reducing the associative conditional fear
produced by the foot shock; however, these groups were subsets of each group yielding
smaller group sizes and greater variability; failure to detect significant differences may have
been a result of inadequate statistical power. A one-way ANOVA revealed a statistically
significant difference among the groups, F(3,12) = 3.647, p < 0.05. The post-hoc analysis
showed that the group difference arose from a reliable difference between the no shock/no
extinction group and the 15-shock/no extinction group.

Spontaneous recovery of fear to the trauma context 21 days after extinction

To determine whether the spontaneous recovery of fear occurred following extinction,
freezing was measured in a subset of rats 21 days after the last extinction day. As depicted in
Figure 4, none of the 15-shock groups were reliably different from one another, and there
was no significant difference between the extinction groups. These results indicate that
although the extinction treatment was initially efficacious in reducing fear to context A, 21
days later the original fear learning recovered regardless of the timing of extinction. In both
the extinction groups, fear to context A was not different from the shocked group that
received no extinction treatment. A one-way ANOVA revealed statistically significant
differences among the groups, F(3,11) = 78.75, p < 0.001. The post-hoc analysis confirmed
that the reliable differences among the group were driven by a significant difference
between the no shock/no extinction group and the each three 15-shock groups; however, the
shocked groups did not differ among themselves. A 4 £2 ANOVA was carried out to check
for an interaction between group treatment (extinction) and trauma context (A) test day.
There was the main effect of group, F(3,23) = 20.38, p < 0.001, the main effect of extinction
day, F(1,23) = 5.26, p < 0.05, but no significant interaction F(3,23) = 2.71, p = 0.07.
Planned comparisons were also made between trauma context tests conducted 2 or 21 days
after extinction. These results revealed no significant difference on test day in the no
trauma/no extinction group, trauma/no extinction groups, and trauma/72-h groups. However,
a reliable difference was found between extinction days for the immediate extinction groups,
t(6) = —3.06, p < 0.025, indicating greater spontaneous recovery over time with immediate
extinction.

The design of Experiment 2 was nearly identical in procedure to Experiment 1 except that in
Experiment 2 the test for fear to the original traumatic stress context (A) was conducted on
the day following extinction treatment, rather than 21 days after extinction. By testing
context fear to the original context (A) before the single shock and context test in B, we
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were able to determine the effectiveness of extinction treatment before rats experienced the
single shock in the novel environment.

Experiment 2: Tests of extinction memory after immediate or delayed extinction before a
single-shock and SEFL test.

Extinction of trauma context (A) fear

As described in Experiment 1, extinction that consisted of five 30-min sessions of context
exposure and freezing during the first 8-min of each session was measured. As shown in
Figure 5, a pattern of freezing similar to Experiment 1 was observed: initially higher levels
of freezing in the 72-h extinction group, decreased freezing in both groups over the five
extinction sessions, and similarly reduced freezing by the final extinction session. A mixed-
design repeated measures ANOVA revealed the main effects of both the groups F(1,22) =
12.68, p < 0.01, and extinction session F(4,88) = 37.73, p < 0.001, but no significant
interaction between the group and the extinction session F(4,88) = 1.93, p< 0.112. A
planned comparison between the extinction groups confirmed that there was no reliable
difference between the 10-min group (freezing %, M = 17.6, SD = 11.23) and 72-h groups
(M =24.3, SD =13.37), t(22) = - 1.34, p=0.19.

Trauma context (A), test on day 3

As shown in Figure 6, all groups receiving 15 shocks in context A froze more than the non-
shocked controls. Both the extinction treatments produced some reduction in fear but the
loss of fear was evidently greater in the rats that received extinction 3 days after the 15
shocks than in rats that received extinction 10 min after the 15 shocks. These differences
were confirmed statistically by an overall difference between the groups, F(3,43) = 12.265,
p < 0.001. The post-hoc analysis showed that the no shock/no extinction group differed
significantly from all of the 15-shock groups. The 15-shock/no extinction group differed
significantly from the 15-shock/72-h extinction group but not from the 10-min extinction

group.

Novel context (B), baseline freezing

Baseline freezing measurements were taken to assess the amount of fear that may have been
generalized from the previous experience in the trauma environment (context A). This
baseline test consisted of the 192-s period prior to the administration of a single shock. As
shown in Figure 7, none of the groups showed generalized fear that transferred from context
A to context B. A one-way ANOVA revealed no significant group differences, F(3,43) <
1.0. Thus, there was no generalization of fear from the trauma context to the novel context.

Novel context (B), post-single-shock freezing

Freezing after the administration of a single shock in context B was assessed during the 320-
s period subsequent to the shock. Post-shock freezing measurements were taken as a
measure of the short-term memory of the shock. As is evident from Figure 7, none of the 15-
shock groups were reliably different from one another. These data indicate that the fear
response in context B produced by the single shock was heightened in the rats receiving 15
shocks in context A. However, neither of the two extinction procedures blunted this effect.
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A one-way ANOVA confirmed a significant difference among the groups, F(3,43) = 18.779,
p < 0.001. The post-hoc analysis showed that the no shock/no extinction group was reliably
different from each of the 15-shock groups regardless of the extinction treatment. None of
the three shocked groups were significantly different from one another.

Novel context (B), long-term memory test

Figure 8 illustrates that there were no substantial differences among the three 15-shock
groups in their fear of the single-shock context. Thus, as in Experiment 1, the previously
shocked groups showed an enhancement of new fear learning after a single shock that was
not mitigated by the extinction treatment either 10 min or 72 h after traumatic stress. A one-
way ANOVA revealed significant differences among the groups, F(3,43) = 10.034, p <
0.001. The post-hoc analysis showed that the differences were due to reliable differences
between the no shock/no extinction group and each of the 15-shock trauma groups.

Discussion

Consistent with the results ofRau et al. (2005), receiving 15 shocks in one context
dramatically enhanced fear conditioned by a single shock in another context. The massed
extinction [both immediately following (10 min) and 3 days later] of the 15-shock context
partially reduced the context fear. However, these extinction treatments had no impact on
the ability of stress to enhance the new fear learning produced by the single shock. That is,
the massed extinction did not reduce SEFL regardless of whether it occurred immediately or
3 days after extinction. The inability for the massed extinction to affect the SEFL is
consistent with the results ofRau et al. (2005), who used a distributed extinction treatment
that began 24 h after the 15-shock session.

Extinction-based treatments such as cognitive behavioral therapy (CBT) are a primary
means of therapy for anxiety disorders, including PTSD. These therapies are effective at
treating some features of PTSD (Olatunji et al. 2010; Roberts et al. 2010). Although it is
generally agreed that CBT that includes some kind of exposure component in treatment is
effective when sessions are spaced over weekly or biweekly sessions (Ehlers et al. 2010),
therapeutic intervention consisting of up to 18 h of therapy for 5 — 7 days initially, followed
by weekly therapy sessions, has been shown to be an effective treatment for some symptoms
of PTSD. Similarly, in rodents,Cain et al. (2003) found that the massed extinction was an
effective form of extinction after fear conditioning. However, in the experiments presented
here we show that the massed extinction is an effective means of reducing fear to the trauma
context if rats were tested soon after extinction, but that fear returned as early as 21 days
later. Li and Westbrook (2008) also found short-lived behavioral effects of massed
extinction; compared to spaced extinction procedures, massed extinction proceeded quickly
but recovery of the fear response indicated a lack of long-term efficacy. Similarly, Maren
and Chang (2006) also found that the massed extinction (as well as spaced extinction) that
occurred soon after fear conditioning did not produce long-term suppression of freezing.
Furthermore, when compared toRau et al. (2005) our massed extinction procedure appears
less effective at reducing the associative fear. Human studies comparing massed and spaced
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extinction procedures have also shown that the massed extinction was less effective and less
permanent (Rowe and Craske 1998).

The aim of the experiments presented in this paper was to examine how manipulation of the
precipitating trauma memory, by extinction, might later affect new learning as measured by
SEFL. These experiments do not address the issue of extinction of post-trauma new fear
learning; the resistance or alternatively the malleability of subsequently learned new fear
will be an interesting and important aspect of SEFL to examine in future studies.Rau et al.
(2005) found that spaced (daily) extinction begun 24 h after trauma did not affect SEFL. It
was, however, highly effective in reducing the associative fear in the trauma context. Here,
we tried a modified extinction treatment that combined the aspects ofCain et al. (2003)
andMyers et al. (2006). SEFL was still unaffected by extinction. This failure of extinction
supports the idea that SEFL relies upon non-associative changes in fear conditioning
circuits. If SEFL models some components of PTSD, this might explain why PTSD is
resistant to extinction.

The associative fear we observed was also less affected by immediate extinction. There is,
however, controversy about the effects of immediate extinction.Myers et al. (2006) found
that immediate extinction seemed to “erase” fear learning, as measured by the indices of fear
memory such as spontaneous recovery, reinstatement, and renewal. In contrast, both Woods
and Bouton (2008) and Chang and Maren (2009) found that the extinction that took place 10
min after fear conditioning reduced fear responses but that the reduction was fleeting.
Indeed, Woods and Bouton found that the immediate extinction of both fear and appetitive
conditioning did not erase the original learning. Our findings are more congruent with those
of Woods and Bouton (2008) and Chang and Maren (2009) in that spontaneous recovery
was observed in the 10-min extinction groups; however, our procedure, which uses context
conditioning, is quite different from the procedures used by Myers et al. (2006), Woods and
Bouton (2008), or Chang and Maren (2009). Interestingly, we observed that rats that
received immediate extinction showed lower levels of freezing during the initial extinction
session but reached equivalently decreased levels by the final extinction session; thus,
differences in levels of fear in the trauma context do not seem to account for differences in
expression of spontaneous recovery of fear. The extinction data presented in this paper are
similar to the findings of Schiller and colleagues (2008). They also observed that when rats
received immediate fear extinction, freezing was lower, extinction progressed faster, but
showed spontaneous recovery of fear 21 days later and these authors hypothesize that the
reduction in freezing seen in the immediate extinction group was a performance effect rather
than an effect of superior learning. In conjunction with the previous findings ofRau et al.
(2005), our current findings indicate that extinction may not provide a complete remedy of
all PTSD symptoms. While extinction may reduce or eliminate the associative components
of a traumatic experience, non-associative components may still remain.

Conclusions

There are at least two processes at work during a traumatic event: associative learning (i.e.
fear conditioning) and non-associative sensitization (i.e. SEFL). Although extinction-based
treatments can be effective at reducing the associative fear they are designed to ameliorate,
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this type of treatment seems to be ineffective in reducing the non-associative symptoms
produced by a trauma. These non-associative effects of trauma may be an important source
of PTSD symptoms and will require different therapeutic approaches.
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Figurel.

Experiment 1: Extinction sessions 1-5 for 10-min extinction and 72-h extinction groups. Mean percent time freezing [+ standard
error of the mean (SEM)] during the first 8 min of each trauma (electrical foot shocks) context (A) extinction (Ext) session. The
delayed (72 h) extinction group (n = 8) showed higher levels of freezing compared to the immediate (10 min) extinction group
(n = 8). A mixed-design ANOVA revealed that there was a significant main effect of both group and extinction sessions p <
0.001 but no interaction. By the last extinction session, a post-hoc t-test revealed that freezing was not significantly different
between the groups.
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Experiment 1: Novel context baseline and post-shock freezing. Mean percent time freezing (x SEM) in the novel context before
and after a single electrical foot shock. The no trauma (n = 8) and both extinction (Ext) groups (n = 8 in each extinction group)
showed essentially no baseline freezing to the novel context while the trauma group (previous electrical foot shocks) without
extinction (n = 7) showed a small amount of generalization between the contexts. Group differences were revealed by a one way
ANOVA, p < 0.001; significant differences were between the trauma/no extinction group and the other groups. Post-shock
freezing in the no trauma group was significantly different from each of the three trauma groups showing disproportionate levels
of fear that did not depend on the extinction treatment; one way ANOVA, p < 0.001 and Tukey’s HSD tests.
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Figure3.
Experiment 1: Novel context long-term memory test. Mean percent time freezing (+ SEM) in the novel context 24 h after a

single electrical foot shock. The no trauma group (n = 8) displayed long-term fear memory commensurate with experiencing the
single shock, while the trauma/no extinction group (Ext; n = 7), the 10-min extinction group (n = 8), and the 72-h extinction
group (n = 8) showed exaggerated fear learning to the single-shock context. Extinction treatment did not attenuate SEFL. One
way ANOVA, p < 0.001 and Tukey’s HSD tests.
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Figure4.
Experiment 1: Trauma test on Day 5 or 25. Mean percent time freezing (£ SEM) in the trauma context 1 day or 21 days

following extinction (Ext). The no trauma group showed significantly lower levels of fear compared to the trauma/no extinction
group in a one way ANOVA, p < 0.05. All trauma groups regardless of extinction manipulation showed high levels of fear 21
days after extinction in a one way ANOVA, p < 0.001, and Tukey’s HSD tests. A 4 £ 2 ANOVA revealed main effects for
extinction treatment, p < 0.001, and for test day, p < 0.05, but no interaction between the two factors.
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Experiment 2: Extinction sessions 1-5 for 10-min extinction and 72-h extinction groups. Mean percent time freezing (x SEM)
during the first 8 min of each trauma context (A) extinction (Ext) session. The delayed (72 h) extinction group (n = 12) showed
higher levels of freezing compared to the immediate (10 min) extinction group (n = 12). A mixed-design ANOVA revealed
results similar to those observed in Experiment 1; there was a significant main effect of both group and extinction sessions p <
0.001 but no interaction. A planned post-hoc t-test revealed that freezing was not significantly different between the groups by
the final extinction session.
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Figure6.
Experiment 2: Trauma context test on Day 3. Mean percent time freezing (£ SEM) in the trauma context 1 day following the

novel context memory test. The no trauma group (n = 12) showed no fear to this environment, while the trauma/no extinction
(Ext) group (n = 12) showed a high level of fear. A one-way ANOVA revealed significant differences among the groups p <
0.001. Tukey’s HSD tests specified that levels of freezing in the 72-h extinction group (n = 12) were significantly different from
the trauma/no extinction group, p < 0.05. The 10-min extinction group (n = 12) did not significantly differ from the trauma/no
extinction group.
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Figure7.
Experiment 2: Novel context baseline and post-shock. Mean percent time freezing (= SEM) in the novel context before and after

a single electrical foot shock. The no trauma (n = 12), trauma/no extinction (Ext; n = 12) and both extinction groups (n= 12 in
each group) reliably showed low baseline freezing to the novel context; one-way ANOVA. Post-shock freezing in the no trauma
group was moderate while each of the three trauma groups shows disproportionate levels of fear that does not depend on
extinction treatment. These group differences were significant in a one-way ANOVA, p < 0.001. Post-hoc Tukey’s HSD tests
revealed that the no trauma/no extinction group differed from each of the trauma groups but the trauma groups showed no
significant differences among them.
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Experiment 2: Novel context long-term memory test. Mean percent time freezing (£ SEM) in the novel context 24 h after the
single electrical foot shock. The no trauma group (n = 12) displayed long-term fear memory commensurate with experiencing
the single shock while the three trauma groups (n = 12 in each group) showed exaggerated fear learning to the single-shock
context; one-way ANOVA, p < 0.001 and Tukey’s HSD tests. Extinction (Ext) treatment did not attenuate SEFL.
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