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Aversive events can trigger relapse of extinguished fear memories, presenting a major challenge to the long-term efficacy of
therapeutic interventions. Here, we examined factors regulating the relapse of extinguished fear after exposure of rats to a
dangerous context. Rats received unsignaled shock in a distinct context (“dangerous” context) 24 h prior to auditory fear
conditioning in another context. Fear to the auditory conditioned stimulus (CS) was subsequently extinguished either in the
conditioning context (“ambiguous” context) or in a third novel context (“safe” context). Exposure to the dangerous context
30 min before a CS retention test caused relapse to the CS in the ambiguous and safe test contexts relative to nonextin-
guished controls. When rats were tested 24 h later (with or without short-term testing), rats tested in the ambiguous
context continued to exhibit relapse, whereas rats tested in the safe context did not. Additionally, exposure of rats to
the conditioning context—in place of the unsignaled shock context—did not result in relapse of fear to the CS in the
safe testing context. Our work highlights the vulnerabilities of extinction recall to interference, and demonstrates the

importance of context associations in the relapse of fear after extinction.

Relapse of extinguished fear is common to behavioral therapies
for pathological anxiety (Rachman 1979, 1989; Kehoe and
Macrae 1997; Boschen et al. 2009; Dibbets et al. 2013; Vervliet
etal. 2013a,b; Bouton 2014; Haaker et al. 2014). This is a pervasive
issue: Craske and Mystkowski (2006) suggest that as many as
three out of five patients will experience significant relapse of pre-
viously extinguished fear. Fortunately, fear reduction and relapse
phenomena in humans can be effectively modeled using
Pavlovian conditioning and extinction procedures in rats
(Bouton 1988; Delgado et al. 2006; Milad et al. 2006; Hofmann
2007; Maren 2011; Milad and Quirk 2012; VanElzakker et al.
2013). Fear conditioning involves the coupling of a neutral, yet
detectable, conditioned stimulus (“CS”; e.g., an auditory tone)
with a potent, biologically significant unconditioned stimulus
(“US”; e.g., unavoidable footshock) (Pavlov 1927; Gunther et al.
1997; Maren 2001, 2005). After conditioning, the CS comes to
elicit conditioned fear responses (“CRs”), such as freezing behav-
iorinrats (Bolles 1970; Fanselow 1980, 1994; Sigmundi et al. 1980;
Hagenaars et al. 2014). After repeated presentations of the CS
alone, the magnitude and frequency of the CR is diminished, a
process termed extinction (Pavlov 1927; Konorski 1948; Lolordo
and Rescorla 1966; Rescorla 2001; Bouton 2004; Hermans et al.
2006; Chang et al. 2009; Fitzgerald et al. 2014; also see Jones
et al. 2013). Standard extinction procedures do not erase the orig-
inal fear memory; rather extinction represents a new form of
learning that inhibits conditioned responding to the aversive CS
(Konorski 1967; Bouton 1993; Falls 1998; Maren 2011; also see
Myers et al. 2006). Consequently, extinguished fear in humans
and other animals is often transient and prone to different forms
of fear relapse, including “renewal,” “spontaneous recovery,” and
“reinstatement” (Bouton 2000, 2002, 2014; Ji and Maren 2007;
Schiller et al. 2008; Maren 2011; Goode and Maren 2014).
Presentation of an extinguished CS outside of the context in
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which extinction training occurred—whether in a novel or famil-
iar place—can induce “renewal” of fear to the CS (Bouton and
King 1983; Bouton and Ricker 1994; Alvarez et al. 2007; Effting
and Kindt 2007; Neumann and Longbottom 2008; Polack et al.
2013; Vervliet et al. 2013a; Maren 2014). Fear renewal can also oc-
cur if the extinguished CS is encountered during a time in which
the animal’s interoceptive context is incongruent with the inter-
nal state that is associated with extinction (Bouton 1993; Bouton
et al. 2006; Maren et al. 2013; Vervliet et al. 2013a,b). For recent
reviews on the function of contexts in conditioned and extin-
guished fear, see Maren et al. (2013) and Urcelay and Miller
(2014). With relation to renewal of fear (see Bouton 2002), “spon-
taneous recovery” is a return of extinguished CR that occurs with
the mere passage of time (Pavlov 1927; Baum 1988; Quirk 2002;
Rescorla 2004). Finally, reexposure to the US alone after extinc-
tion can result in a return of fear responding to the CS, termed “re-
instatement” (Pavlov 1927; Rescorla and Heth 1975; Bouton and
Bolles 1979; Bouton 1988, 1991; Westbrook et al. 2002;
Hermans et al. 2005; Norrholm et al. 2006; Haaker et al. 2014;
also see Dirikx et al. 2009).

Recent reports indicate that exposure of rats to cues or con-
texts that have been independently associated with an aversive
US can induce reinstatement. For example, Halladay et al.
(2012) have reported that presentation of a nonextinguished CS
will reinstate fear to an extinguished CS. Similarly, Morris et al.
(2005a,b) found that brief exposure of rats to a shock-associated
context—minutes before presenting an extinguished CS in a sep-
arate testing context—reinstated fear to the CS. This fear enhanc-
ing effect persisted at least 24 h following the “dangerous” context
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Contextual control of fear relapse

exposure. These findings have important implications for fear re-
lapse after extinction-like therapies in humans. That is, they sug-
gest that reinstatement can occur not only after an aversive event,
but also after exposure of individuals to contexts or cues associat-
ed with aversive experiences in the past.

Of course, one factor that is known to influence relapse is the
context in which the extinguished CS is experienced. For exam-
ple, Morris et al. (2005a,b) conditioned, extinguished, and tested
rats to an auditory CS in the same context (refer to Experiments 3,
5, 6, and 7 of Morris et al. 2005a, and Experiment 1 in Morris et al.
2005b). As a result, the test context was “ambiguous” because it
had hosted two distinct training experiences: an aversive condi-
tioning episode and a “safe” extinction episode (see Bouton
1988, 2002). Because contextual information is thought to “set
the occasion” for the current meaning of the CS (Holland 1985;
Bouton and Swartzentruber 1986; Bouton 1993, 1997; Miller
and Escobar 2002), relapse of fear may be more likely in a context
that has previously hosted conditioning. By this view, relapse
might be thwarted by testing rats in a reliably safe context (e.g.,
a context that has hosted only extinction training). Consistent
with this, Bouton and Swartzentruber (1989) demonstrated that
reacquisition of extinguished CR (i.e., a return of CR after pairings
of the extinguished CS with the US) was slower in a context that
solely hosted extinction training when compared with reacquisi-
tion in a novel context or with reacquisition in the original
conditioning context (refer to Experiment 2 of Bouton and
Swartzentruber 1989; also see Leung et al. 2007). Ultimately, con-
texts with a history of hosting both conditioning and extinction
may interfere with the animal’s ability to discriminate between
these training episodes (see Bouton and Bolles 1979), thus foster-
ing relapse.

Therefore, in the present experiments, we examined whether
the associative history of the test context influences the expres-
sion of fear relapse to an extinguished CS in rats. Specifically, we
hypothesized that reinstatement of fear would occur in an ambig-
uous test context that had previously hosted both conditioning
and extinction, but not in a “safe” test context that had only pre-
dicted the absence of shock (e.g., an extinction-only context). To
address these predictions, we first established a “dangerous”
shock-associated context (or a “neutral” no-threat context) prior
to conditioning and extinction. After extinction, we exposed
rats to either the dangerous context (i.e., the relapse trigger) or
the neutral context prior to retrieval testing in either an ambigu-
ous or safe context. Retrieval tests were conducted at 30 min
(“short-term”) and/or 24 h (“long-term”) after exposure to the
dangerous or neutral context. Morris et al. (2005a) reported that
relapse was most robust soon after exposure to a dangerous con-
text; we were particularly interested to determine whether testing
in a safe context would mitigate relapse soon after exposure to the
dangerous context. We also examined whether brief exposure of

Table 1. Experimental designs

rats to the conditioning context—in place of the unsignaled shock
context—would induce relapse in the safe test context. Overall,
our work indicates that relapse of extinguished fear interacts
with both the associative history of the testing context and the
recency of exposure to the dangerous context. Specifically, short-
term relapse occurred in both test contexts following exposure of
rats to the unsignaled shock context, whereas long-term relapse
occurred only in the ambiguous context. We observed no relapse
of fear in the safe context following exposure of rats to the condi-
tioning context. This work demonstrates the susceptibilities of
extinction memories to disruption in the wake of psychological
stress, and highlights the importance of context associations in
modulating fear responding.

Results

Experiment la/b: fear relapse in an ambiguous context
after exposure to a dangerous context

We first sought to replicate the findings of Morris et al. (2005a) by
determining whether exposure to a dangerous context would
cause fear relapse to an extinguished CS. Therefore, in Experiment
1, we examined whether fear relapse would occur in an ambigu-
ous retrieval context at short- and long-term intervals follow-
ing exposure of rats to a separate dangerous context (refer to
Table 1 for an overview of the experimental design). Data from
the extinction and testing sessions are shown in Figure 1.
No significant group differences were detected for fear condition-
ing in any of the following experiments (conditioning data
not shown). Mean freezing (£ SEM) prior to CS onset for the first
extinction session is as shown: DANGER/EXT = 83.6% * 3.5%,
NEUTRAL/EXT = 60.2% + 7.1%, DANGER/NoOEXT = 68.2% *
4.9%, NEUTRAL/NOEXT = 64.6% + 5.9%. Baseline freezing
revealed a main effect of exposure assignments [F(; s0) = 6.02;
P < 0.05]. No other group differences were detected for baseline
fear for the first extinction session. Overall, rats exhibited robust
extinction and significantly decreased their levels of fear by the fi-
nal block of extinction training (see Fig. 1A, under “Extinction”).
This impression was confirmed in a repeated-measures analysis of
variance (ANOVA) that revealed a significant main effect of block
[Fa,60)=214; P <0.0001]. Extinguished rats (EXT) exhibited
higher fear after CS onset compared with NoEXT rats (significant
block x extinction interaction [F(; 60y = 19.0; P < 0.0001]). Inter-
estingly, DANGER rats (i.e, DANGER/EXT and DANGER/
NoEXT) were slower to extinguish their freezing behavior. Specif-
ically, we observed a block x exposure interaction [F; 60) = 6.88;
P <0.05], indicating that DANGER rats were freezing more
in the first block of extinction training as compared with
NEUTRAL rats. Of course, rats in the DANGER groups received
one more footshock than those in the neutral groups, and this

Phase

Establish DANGER

EXP. # or NEUTRAL Context Condition Extinction (EXT or NoEXT) Exposure Short-term test Long-term test
AMB

Ta) A+ or A— BT+ BT— or B— A— BT— BT—

1b) A+ or A— BT+ BT— or B— A— n.a. BT—

SAFE

2a) A+ or A— BT+ CT—orC— A— CT- CT—

2b) A+ or A— BT+ CT— orC— A— n.a. CT—

3) n.a. BT+ CT—orC— B— orC— CT- CT—

Experimental designs are read from left to right, with numbers corresponding to Experiments 1-3.
(A,B,C) experimental contexts, (T) tone CS, (+) US, (—) no US, (n.a.) not applicable, (SAFE) safe testing context, (AMB) ambiguous testing context.
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may have retarded extinction (context fear at baseline may have
bolstered CS responding in DANGER rats). Nonetheless, the
exposure x extinction interaction was not reliable across the en-
tirety of extinction training [F < 1.00] and no significant differ-
ences in the groups were detected for the final block of
extinction training.

Twenty-four hours after extinction training, rats were ex-
posed to either a shock-associated context (DANGER) or to a fa-
miliar no-threat context (NEUTRAL) for 3 min (reported in Fig.
1A, under “Exposure”). As expected, the dangerous context itself
reliably induced fear. Rats in the dangerous context exhibited
significantly higher levels of freezing than rats in the neutral con-
text. This was confirmed in an ANOVA that revealed a significant
main effect of exposure [F(1,120) = 145; P < 0.0001] and a signifi-
cant exposure x minute interaction [F(j,120) = 6.30; P < 0.005].
Freezing levels in the exposure chambers did not interact with ex-
tinction assignments [F < 1.50].

After exposure to the dangerous or neutral contexts, rats in
Experiment la were tested to the CS in an ambiguous retrieval
context at 30 min and 24 h after the exposure session (refer to
Table 1). As shown in Figure 1B, rats exposed to the “dangerous”
context exhibited relapse of extinguished fear, relative to nonex-
tinguished animals or animals exposed to a “neutral” context.
An ANOVA revealed a significant exposure x extinction x trial
interaction [Fs 168) = 2.25; P < 0.05] and post hoc comparisons
(P<0.05) indicated that DANGER/EXT rats exhibited sig-
nificantly more freezing across trials and days as compared with
NEUTRAL/EXT rats. Conversely, DANGER/NoOEXT rats were
not significantly different from NEUTRAL/NoEXT rats. The test
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Figure 1. Relapse of extinguished fear in an ambiguous retrieval
context at 30 min and 24 h after exposure of rats to a dangerous
context (Experiment 1). (A) Extinction = mean (+SEM) percentage of
freezing during the first 15 post-CS intervals (for “EXT” rats; or equivalent
for “NoEXT” rats) on the first day of extinction training (“First”), and
during the final 15 post-CS intervals on the last day of extinction training
(“Last”). Exposure = mean (£ SEM) percentage of freezing during each
minute in the shock-associated context (“DANGER”) or no-threat
(“NEUTRAL") context prior to CS testing. (B) Short-term test and
Long-term test =mean (*=SEM) percentage of freezing during five
post-CS intervals (per test) in the ambiguous retrieval context. Rats
were tested to the CS in the ambiguous context at 30 min (“Short-term
test”) and 24 h (“Long-term test”) after the exposure phase
(Experiment 1a). (C) Long-term-only test = mean (+ SEM) percentage
of freezing during five post-CS intervals in the ambiguous retrieval
context. Rats were tested to the CS at 24 h postexposure without short-
term testing (Experiment 1b). Asterisks indicate significant differences
(P < 0.05) for each retention test; (n.s.) nonsignificant comparisons.
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day x exposure x extinction interaction was not reliable [F<
0.50], indicating that relapse of fear in DANGER/EXT rats was ap-
parent for both test sessions. A main effect of test day [F(1,168) =
6.12; P < 0.05] showed that responding was higher overall for all
groups in the short-term test as compared with long-term testing
(some extinction of fear is expected over the course of short-term
testing). Overall, DANGER rats displayed significantly more fear at
both tests compared with NEUTRAL rats (main effect of exposure
[F1,168) = 7.18; P < 0.05]) and nonextinguished controls exhibit-
ed more fear at both tests overall as compared with extinguished
rats (main effect of extinction [F(j,168) = 12.30; P < 0.005]).
Baseline context fear prior to CS onset was low (<30%) for all
groups across both tests (data not shown). Overall, as predicted,
data for Experiment la suggest that exposure to the dangerous
context caused both short- and long-term reinstatement of fear
to an extinguished CS.

In Experiment 1b, the procedures were identical to those in
Experiment 1a except we omitted the short-term test. This was
done to determine whether short-term testing (which is itself an
extinction test) might undermine long-term relapse. However,
as shown in Figure 1C, the test data mirrored the results from
Experiment 1a. Extinguished rats that were exposed to the danger-
ous context exhibited significantly more fear to the CS than
neutral-exposed rats in the long-term test. A repeated-measures
ANOVA revealed a significant main effect of exposure for extin-
guished rats [F(;,84) = 8.01; P < 0.05] across all trials, and a signifi-
cant exposure x trial interaction [Fgs4) =2.22; P<0.05]. In
contrast, no main effect of exposure was revealed for nonextin-
guished rats [F < 0.01], nor did we find any exposure x trial inter-
action for nonextinguished rats [F < 0.50]. Mean baseline context
fear (prior to CS onset) for each group was low in the long-term
test (<20% freezing; data not shown). In sum, as expected for
Experiment 1, we observed relapse of fear in the ambiguous test-
ing context at 30 min and 24 h following exposure of extin-
guished rats to a dangerous shock-associated context.

Experiment 2a/b: no long-term fear relapse in a safe
context after exposure to a dangerous context
The primary objective of Experiment 2 was to determine whether
testing rats in a safe (extinction-only) context would blunt fear
relapse (refer to Table 1). Mean baseline freezing prior to the
first extinction trial is as follows: DANGER/EXT = 45.8% (4.4%),
NEUTRAL/EXT =33.8%  (7.1%), DANGER/NoEXT = 59.4%
(6.1%), NEUTRAL/NOEXT = 31.6% (5.8%). As in Experiment 1,
we observed a main effect of exposure assignments during this
baseline [F(1,60) = 6.46; P < 0.05]; no other significant differences
were detected for baseline context fear. Extinction training result-
ed in a robust suppression of fear (Fig. 2A). This was confirmed by a
significant main effect of block in the ANOVA [F(;,60) = 85.8; P <
0.0001]). EXT rats showed significantly more fear to CS-only pre-
sentations compared with the mere exposure of nonextinguished
rats to the context (main effect of extinction assignment [F(y 60y =
24.0; P < 0.0001]). Consistent with Experiment 1, DANGER rats
did not extinguish as rapidly as NEUTRAL rats. A significant
exposure x extinction x block interaction [F(;,60)=10.0; P <
0.0001] indicated that freezing was higher in the first block of ex-
tinction training for DANGER rats. Post hoc comparisons (P <
0.05) revealed that NEUTRAL/NoOEXT exhibited significantly
less fear compared with all other groups (i.e., DANGER/EXT,
DANGER/NoEXT, NEUTRAL/EXT) in the first block. There were
no significant differences between the groups in the final extinc-
tion block (all group means were <40% freezing by the end of
extinction).

Twenty-four hours after extinction training, all rats were ex-
posed to either the dangerous or neutral contexts for 3 min (see
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Figure 2. Relapse of fear in a safe retrieval context shortly after exposure
to a dangerous context, but no long-term relapse of fear in a safe context
(Experiment 2). (A) Extinction = mean (£ SEM) percentage of freezing
during the first 15 post-CS intervals (for “EXT” rats; or equivalent for
“NoEXT” rats) on the first day of extinction training (“First”), and
during the final 15 post-CS intervals on the last day of extinction training
(“Last”). Exposure = mean (=* SEM) percentage of freezing during each
minute in the shock-associated context (“DANGER”) or no-threat
(“NEUTRAL”) context prior to CS testing. (B) Short-term test and
Long-term test = mean (£SEM) percentage of freezing during five
post-CS intervals (per test) in the safe retrieval context. Rats were tested
to the CS in the safe context at 30 min (“Short-term test”) and 24 h
(“Long-term test”) after the exposure phase (Experiment 2a). (C)
Long-term-only test = mean (% SEM) percentage of freezing during five
post-CS intervals in the safe retrieval context. Rats were tested to the CS
at 24 h postexposure without short-term testing (Experiment 2b).
Asterisks indicate significant differences (P < 0.05) for each retention
test; (n.s.) nonsignificant comparisons.

Fig. 2A, under “Exposure”). As in Experiment 1, DANGER rats ex-
hibited significantly more fear in the dangerous context as com-
pared with NEUTRAL rats in the neutral context for Experiment
2. This impression was confirmed in an ANOVA that revealed a sig-
nificant main effect of exposure [F(1,120) = 252; P < 0.0001] and a
significant minute x exposure interaction [F(z120)=4.49; P <
0.05]; these effects did not interact with extinction history [F <
1.70], Overall, the dangerous context reliably induced fear where-
as the neutral context did not.

Forrats in Experiment 2a, subjects received a retention testin
the safe extinction context at 30 min and 24 h following the expo-
sure phase (Fig. 2B). Similar to Experiment 1a, rats exposed to the
“dangerous” context prior to the retrieval test exhibited fear re-
lapse to the extinguished CS, despite the fact that testing occurred
in the extinction context (i.e., a safe context). However, unlike
Experiment 1, testing in the safe context mitigated relapse of
fear during the long-term test. These impressions were confirmed
in an ANOVA that revealed a significant exposure x extinction x
day interaction [F(; 168y = 5.18; P < 0.05]. Post hoc comparisons
(P<0.005) indicated that DANGER/EXT rats exhibited sig-
nificantly more fear in the short-term test—but not the long-term
test—as compared with NEUTRAL/EXT rats. Similar to Experi-
ment 1a, responding was higher across groups in the short-term
test as compared with long-term testing (main effect of test day
[Fa,168) = 15.2; P <0.001]), and freezing was higher in NoEXT
rats across trials when compared with EXT rats (main effect of
extinction [F, 168y = 49.1; P <0.0001]). Additionally, DANGER
rats showed greater levels of fear overall as compared with
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NEUTRAL rats (main effect of exposure [F(j,168)=18.3; P <
0.0005]). Unlike Experiment 1a, DANGER/NoEXT rats exhibited
significantly more fear in the short-term test as compared with
NEUTRAL/NoOEXT rats (P < 0.05). These results may reflect the
pattern we observed for DANGER/NoEXT rats in the early phases
of extinction to the CS, and may be a unique feature of testing in
the safe context (NoEXT rats did not differ across exposure assign-
ments in any of the long-term tests of this report). Overall, the
ANOVA on the test data in Experiment 2a suggests that a general
increase in fear in rats in the DANGER condition cannot account
for the later relapse of fear in extinguished animals. Baseline con-
text fear for each group was low (<30%) prior to CS onset in each
test. To summarize, testing in a safe context did not prevent short-
term relapse of extinguished fear, but did mitigate the long-term
reinstatement of fear.

Additionally, this outcome was confirmed in Experiment 2b,
in which rats were submitted to identical procedures except that
the short-term test was omitted. As shown in Figure 2C, there
was no relapse of extinguished fear in the safe retrieval context
24 h after exposure of rats to the DANGER context. There was
only a main effect of extinction [F(;,163) = 8.96; P < 0.01] in the
ANOVA, indicating that nonextinguished rats exhibited signifi-
cantly more fear at test than extinguished subjects. In sum, testing
in a safe context prevented the long-term relapse of fear.

Experiment 3: no relapse of fear in a safe test context
following exposure to the conditioning context

In Experiments 1 and 2, we utilized a separate shock context to
serve as the dangerous context for the exposure phase prior to
CS testing. However, the conditioning procedure itself yields a
dangerous context (the conditioning context). Thus, the goal of
Experiment 3 was to examine whether brief exposure to the con-
ditioning context could induce relapse (see Table 1). Based on the
results we obtained in Experiment 2, we expected the potential for
relapse to be weak in Experiment 3 (at least in the long-term test).
For the exposures in Experiment 3, we exposed rats either to the
conditioning chamber (DANGER) or to the extinction chamber
(SAFE) 30 min prior to a retention test back in the extinction
chamber (long-term testing occurred 24 h later).

For Experiment 3, baseline freezing prior to the first extinc-
tion trial was not different among the groups (a trending but
nonsignificant main effect of exposure assignments was observed
[F < 4.00]): DANGER/EXT = 30.7% (10.0%), SAFE/EXT = 48.2%
(10.7%), DANGER/NOEXT =18.5% (5.6%), SAFE/NOEXT =
37.4% (9.4%). As shown in Figure 3A, extinction resulted in a sup-
pression of freezing behavior. As expected, we observed a main ef-
fect of extinction assignment [F 25 = 16.5, P <0.0005] and a
significant block x extinction interaction [F 5 =13.7, P<
0.001] such that EXT rats exhibited significantly higher levels of
freezing in the first block of extinction training. We observed a
main effect of exposure [Fq 5y = 4.99, P < 0.05], however this ef-
fect was carried primarily by SAFE rats (and not DANGER rats; un-
like Experiments 1 and 2) in the first block of the extinction phase.
Groups did not significantly differ by the final block of the analy-
ses (group means were <30% freezing by the final block of extinc-
tion), so we proceeded to the next phase of behavioral training.

Twenty-four hours after extinction, rats were exposed to
either the conditioning context (DANGER) or the extinction con-
text (SAFE) for 3 min (see Fig. 3A, under “Exposure”). As expected,
DANGER rats exhibited significantly more fear in the condition-
ing context as compared with SAFE rats in the extinction context
(main effect of exposure [F(1,56) = 35.0; P < 0.0001]). Extinction
history did not interact with this effect [F < 0.50]. A main effect
of trial indicated that rats increased in freezing along the course
of the exposure session [F s =5.32; P<0.01]. No other
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Figure 3. No relapse of fear in a safe retrieval context following expo-
sure of rats to the conditioning context (Experiment 3). (A) Extinction =
mean (= SEM) percentage of freezing during the first 15 post-CS intervals
(for “EXT"” rats; or equivalent for “NoEXT” rats) on the first day of extinc-
tion training (“First”), and during the final 15 post-CS intervals on the last
day of extinction training (“Last”). Exposure = mean (= SEM) percentage
of freezing during each minute of the exposure to the conditioning
context (“DANGER") or extinction context (“SAFE”) prior to CS testing.
(B) Short-term test and Long-term test = mean (+ SEM) percentage of
freezing during five post-CS intervals (per test) in the safe retrieval
context. All rats were tested to the CS in the safe context 30 min
(“Short-term test”) and 24 h (“Long-term test”) after the exposure
phase. Asterisks indicate significant differences (P < 0.05) for each reten-
tion test; (n.s.) nonsignificant comparisons.

significant differences were detected for the exposure phase.
Overall, the conditioning chamber reliably induced freezing in
subjects.

Thirty minutes and 24 h following the exposure session, all
rats were tested to the CS in the “safe” extinction context.
Despite high levels of fear in the conditioning context, no relapse
of fear was observed for either test in the safe context (Fig. 3B). In
other words, in contrast to Experiment 2a, we did not observe
short-term relapse of fear in the safe context. Specifically, the
ANOVA did not reveal a reliable exposure x extinction x day in-
teraction [F < 0.50], nor was there a significant trial x exposure x
extinction interaction [F < 1.00] across the two test sessions. A
main effect of extinction [F(1,168) = 12.1; P < 0.005] showed that
nonextinguished rats froze more at test than extinguished rats,
which was expected. A main effect of test day [F 168 = 4.44;
P < 0.05] indicated that responding was greater overall on the first
day of testing, but some extinction of fear to the CS is expected
across test sessions. Group means at baseline were <30% freezing
per test in Experiment 3. Collectively, these analyses indicate that
although exposure to the conditioning context generated fear, it
did not drive relapse of fear at either time point in the safe test
context. In sum, Experiment 3 indicates that fear relapse is
completely mitigated in a safe test context when exposure to
the conditioning context serves as aversive trigger.

Discussion

In the present study, we have examined contextual factors regulat-
ing the relapse of previously extinguished fear. In agreement with
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Morris et al. (2005a), we have shown that brief exposure of rats to
an unsignaled shock-associated context (i.e., a dangerous con-
text) promotes fear relapse to an extinguished CS. Importantly,
we have extended on these results by showing that the associative
history of the retrieval context influences fear relapse: long-term
fear relapse was attenuated in a safe (extinction-only) retrieval
context, but not in an ambiguous retrieval context (i.e., an extinc-
tion context that had previously hosted conditioning). The safe
retrieval context did not prevent relapse altogether, insofar as
short-term relapse occurred regardless of where the extinguished
CS was tested. Moreover, brief exposure of rats to the conditioning
context did not result in relapse of fear in any of the retrieval tests
in the safe context. Our findings provide new insights into the fac-
tors regulating reinstatement of fear after exposure of animals to
aversive stimuli. In particular, strategies aimed at preventing re-
lapse of fear may need to consider the context in which fearful
stimuli are likely to be encountered after therapy. Indeed, safe
contexts appear to promote the retention of extinction relative
to contexts with a history of both aversive and safe experiences.

Previous research indicates that reinstatement of fear to a
discrete CS is driven by context—US associations established in
the reinstatement context (Bouton and Bolles 1979; Bouton
and King 1983; Bouton 1984; Wilson et al. 1995; Frohardt et al.
2000). In these studies, reinstatement is context-dependent; it
only occurs in the context in which the US is delivered. In contrast
to these findings, results from our work and Morris et al. (2005a,b)
indicate that reinstatement is not always context-dependent. For
example, in the present experiments, short-term reinstatement of
conditioned freezing to the CS occurred in a context that was
never associated with shock (the safe extinction context). Rein-
statement under these conditions may be due to mediated condi-
tioning; the CS may have retrieved a context-US association that
promoted fear (Holland 1990; Westbrook et al. 2002). However,
our current work also indicates that long-term reinstatement of
fear (after exposure to a dangerous place) is susceptible to contex-
tual control; it only occurred in a context in which the US had
been experienced. In this case, the conditioning context may
have encouraged recall of the CS-US memory encoded during
the conditioning phase, whereas the extinction context encour-
aged recall of the CS—“no US” memory (Bouton 1993, 2002; Van-
steenegen et al. 2006; also see Bouton et al. 2004). Nevertheless,
retrieval cues for extinction training are not always sufficient to
prevent relapse (e.g., in short-term reinstatement). For example,
previous work has shown that retrieval cues for extinction do
not always suppress fear renewal (Dibbets et al. 2008, 2013).

An alternative explanation for the reinstatement of extin-
guished fear in our study is that it may reflect renewal brought
about by a shift in the interoceptive context in the wake of expo-
sure to a dangerous place (Bouton et al. 2006). That is, extinction
training reduces levels of stress and fear; this low-fear state may be-
come an important interoceptive context that helps regulate the
expression of the extinction memory. If rats are returned to the ex-
tinction context in a state of high stress following fear induction
(such as after exposure to a dangerous context), then the animal
may experience the extinguished CS outside of the “safe” intero-
ceptive context associated with extinction training. Consistent
with this idea, a reduction in physiological arousal (via systemic
administration of the B-adrenoceptor antagonist, propranolol)
has been shown to prevent relapse following exposure to a danger-
ous context (Morris et al. 2005b). A shift in interoceptive context
might also explain long-term reinstatement insofar as exposure to
the dangerous context—at least the unsignaled shock context—
may produce a long-lasting stress response. Relatedly, it is con-
ceivable that exposure to the dangerous context either strength-
ens the fear memory (a form of reconsolidation) or impairs
the retention of the extinction memory (Izquierdo et al. 2006;

Learning & Memory



Contextual control of fear relapse

Miracle et al. 2006; Holmes and Wellman 2009; Knox et al. 2012;
Deschaux et al. 2013; Hamacher-Dang et al. 2013; Raio et al. 2014;
also see Siette et al. 2014). Both of these effects would promote
expression of the fear memory, although neither of these explana-
tions allow for the context-dependent expression of reinstate-
ment during the long-term test. On a final note, relapse of
fear may also depend on the robustness of the reinstating trigger.
For example, we did not observe relapse of fear following exposure
of rats to the conditioning context, however this context
appeared to induce less freezing behavior when compared with
the exposure of rats to the unsignaled shock contexts of
Experiments 1 and 2. The safe context may have been able to mit-
igate relapse in Experiment 3 because rats were not as stressed as in
Experiments 1 and 2. Rats did not receive any additional foot-
shocks beyond conditioning in Experiment 3, which may factor
in to the expression of relapse.

In conclusion, the present results reveal that mere exposure
to a dangerous context promotes the reinstatement of condi-
tioned fear to an extinguished CS. This effect was context-
dependent, at least with respect to time: long-term reinstatement
only occurred in test context that had previously been associated
with shock and was minimal in an extinction context in which
shock had never been delivered. These results suggest that the as-
sociative history of the retrieval context is an important determi-
nant of reinstatement of extinguished fear.

Materials and Methods

Subjects

Subjects were 160 male Long Evans (Blue Spruce) rats from Harlan
Laboratories (Houston, TX, USA). N= 32 at each test (Experi-
ments 1la, 1b, 2a, 2b, and 3), with an equal number of subjects
per group for all phases of training. All rats were 8 wk of age and
weighed 200-250 g upon arrival at the vivarium. All rats were in-
dividually housed in clear plastic cages on a rotating cage rack
(Animal Care Systems, Inc.). Experimental group assignments
were randomized for homecage position in the vivarium. Rats
were given free access to water and standard rat chow; sawdust
served as cage bedding. Clean homecages were provided for the
rats once a week, with behavioral testing occurring on separate
days from the cage changings. Rats were kept on a fixed light-
dark schedule (14 h of light and 10 h of darkness per day;
lights on at 7:00 a.m. each day) with all handling and behavioral
testing occurring during the illuminated period for the rats. Ex-
perimenters handled rats for 1 min a day for 5 d prior to the start
of any behavioral testing. Experimenters (male and female) were
the same across all experiments. The Institutional Animal Care
and Use Committee approved all behavioral procedures.

Behavioral apparatus

Rats were trained and tested within 16 identical rodent observa-
tion cages (30 x 24 x 21 cm; MED Associates, Inc.) comprised of
aluminum and Plexiglas. These cages are evenly distributed with-
in two separate testing rooms in the laboratory (Room 1 and 2).
The test cage floor is lined with 19 stainless steel rods (4 mm in
diameter) spaced 1.5 cm apart (from center to center). A shock
source and solid-state grid scrambler (MED Associates, Inc.) deliv-
ered footshock (unconditioned stimulus; US) to the cage floor. A
speaker attached to the testing cage provided the auditory condi-
tioned stimulus (CS). Within each observation chamber, a small
fan provided background noise (~70 dB). A metal pan beneath
the grid floor collected animal waste. Of note, 15 W bulbs provid-
ed lighting within each chamber as appropriate for the context
(see below). Testing cages rested upon load-cell platforms, which
respond to cage displacement as a result of motor activity of the
subject. A load-cell amplifier sends platform activity to
Threshold Activity software (MED Associates, Inc.). Load-cell ac-
tivity values (—10 to +10 V) are digitized into absolute values
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within the Threshold Activity software; these values are multi-
plied by 10 to yield a range of activity of 0—100 (higher values in-
dicate higher levels of cage displacement). Load-cell activity is
digitized at 5 Hz, such that a single observation of load-cell activ-
ity is assessed every 200 msec (i.e., 300 observations per rat per mi-
nute). For all experiments, freezing behavior (i.e., immobility
aside from that which is necessary for breathing) was defined as
digitized load-cell values of <10 for two sequential seconds or lon-
ger (i.e., rats were only considered to be freezing if immobile for
two or more seconds). Each load-cell is calibrated prior to the start
of behavior to ensure optimal detection of motor activity and
freezing behavior. Additionally, all phases of behavioral training
and testing were visually recorded from above the animals, as vis-
ible through the clear Plexiglas ceilings of the testing cages.

Contexts were made distinct by manipulating the light levels
of the testing rooms, the texture of the cage floors, and the odors
within the testing cages. Specifically, “Context A” consisted of
ammonium hydroxide odor (50 mL of 1% ammonium hydroxide
poured into the metal tray beneath the cage), testing cage lights
were off, red room lights were on (white room lights were off),
cage fans were off, cupboard doors of the testing chambers were
closed, and subjects were shuttled in black transport boxes to
and from the behavior room (Room 1). “Context B” consisted of
aceticacid odor (50 mL of 1.5% acetic acid solution in the pans be-
neath the cage), with cage lights off, white room lights on (red
room lights off), background fans on, cupboard doors open, and
clear plastic cages (with sawdust bedding) for transportation of
subjects. Context B utilized Room 2. “Context C” used ethanol
odor (80% ethanol solution), cage lights were on, red room lights
were on (white room light were off), background fans were on, sol-
id plastic floors were placed over the grid floors of the testing cage,
and solid white plastic boxes were used for transport. Context C
utilized Room 2. Use of the solid plastic floors does not impair
the acquisition of behavioral data. These contexts were identical
across all experiments, however solid white plastic boxes were uti-
lized to transport subjects for Context B in Experiment 1. Testing
chambers were cleaned with water and wiped down with paper
towels that were dipped in context odor before each behavioral
squad. The steel grid floors were dried before the start of any
behavior. Additionally, experimental groups were randomly as-
signed to a testing chamber, which was unique to each context
(subjects were placed back in the same testing chamber for the
same context).

Procedure

Experiment la/b

Rats in Experiment 1 were randomly assigned to an “exposure”
group (DANGER or NEUTRAL) and an “extinction” group (EXT
or NoEXT) prior to the start of behavioral training. Rats (counter-
balanced by group assignments) were either tested to the CSin the
ambiguous retrieval context at 30 min and 24 h (short- and long-
term testing) following postextinction exposure to the dangerous
or neutral context (Experiment 1la), or rats were tested at 24 h
without short-term testing following the exposure phase
(Experiment 1b). We performed all phases of behavioral training
during the same window of time for each day. On the first day
of behavioral training in Experiment 1, subjects (in squads of
eight) were transported from the vivarium and placed in a distinct
context for 4 min (Context A), with an unsignaled footshock
(2 sec, 1 mA) delivered 3 min into the exposure (DANGER rats)
or rats were merely exposed to Context A for equal duration
(NEUTRAL rats). NEUTRAL rats were counterbalanced by extinc-
tion assignment and in separate squads from DANGER rats on
the first day of behavioral training (data from the first day of train-
ing not shown). Twenty-four hours later, all subjects underwent
auditory fear conditioning in Context B, consisting of five tone,
conditioned stimulus (CS; 10 sec, 2 kHz, 80 dB tone)-footshock,
unconditioned stimulus (US; 2 sec, 1 mA) pairings. The US onset
occurred at the termination of the 10 sec CS. CS—-US pairings were
spaced along 1-min intervals, beginning 3 min after placing sub-
jects in the chambers. Subjects remained in the test chambers
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for 1 min following the final CS-US pairing. All conditioning
squads were counterbalanced for group assignment. Freezing
(%) for conditioning was analyzed along six trials: one for baseline
activity and five more trials for each minute following CS-US
pairings (conditioning data not shown). Twenty-four hours after
conditioning, rats underwent extinction to the CS (EXT rats) in
the conditioning context (“ambiguous”) or mere exposure to con-
ditioning context for equal duration (NOEXT rats). Specifically,
following 3 min of acclimation to Context B, extinction training
consisted of 2-3 d of 45 CS-only presentations (10 sec, 2 kHz,
80 dB tone), separated by 30-sec post-CS intervals. Subjects re-
mained in Context B for 3 min following the final CS alone
presentation. For NoEXT rats, subjects were exposed to Context
B for an equal duration of time as for EXT rats, but without
CS-only presentations. Groups were counterbalanced by exposure
assignments. To efficiently represent extinction data across multi-
ple days of training, freezing behavior was analyzed across two
block trials: one block for mean freezing (%) during the first 15
post-CS intervals (or equivalent for NoEXT rats), and a second
block for the final 15 post-CS intervals on the final day of extinc-
tion. Twenty-four hours after extinction training, all rats were ex-
posed for 3 min to Context A. Rats were immediately returned to
their homecages following the exposures (one trial per minute for
the analyses). For rats assigned to short-term testing (Experiment
1a), subjects were brought back to the laboratory to be tested to
the CS in Context B at 30 min following the exposures. Rats
were given 3 min of acclimation to the testing context before
the onset of five CS-only presentations, spaced by 30 sec post-CS
intervals. Rats remained in the testing chamber for 3 min follow-
ing the final tone presentation. In turn, each day of testing com-
prised of seven trials for the overall analyses: one trial for
freezing at baseline, five trials for each of the 30-sec post-CS inter-
vals, and a final trial for behavior during the remaining time in the
test chamber. Twenty-four hours after short-term testing (or 24 h
after the exposure phase without short-term testing; i.e.,
long-term-only testing [Experiment 1b]), all rats underwent test-
ing to the CS as described for short-term testing.

Experiment 2a/b

With a novel cohort of rats, we established a dangerous or neutral
context (Context A) on the first day of training for Experiment
2. DANGER rats experienced a 2 sec, 1 mA unsignaled footshock
at 3 min into a 4-min exposure in Context A; NEUTRAL rats
were merely acclimated to Context A for equal duration (data
not shown). Twenty-four hours later, all rats were fear conditioned
to an auditory CS in Context B as described for Experiment
1. Twenty-four hours after auditory fear conditioning, rats experi-
enced either CS extinction (EXT rats) or mere exposure to Context
C (NoEXT rats) over the course of 2-3 d (counterbalanced by ex-
posure assignments). Extinction in Experiment 2 was analyzed
as described in Experiment 1. Twenty-four hours after extinction
training, all rats were exposed to Context A for 3 min then re-
turned to their homecages for either 30 min (short-term testing;
Experiment 2a) or 24 h (long-term-only testing; Experiment 2b).
Testing in Experiment 2 (both short- and long-term) followed
the same procedures for behavior (and analyses, where appropri-
ate) as described for Experiment 1, except rats were tested in
Context C, which served as the “safe” context by our terms.

Experiment 3

Untrained subjects in Experiment 3 underwent fear conditioning
in Context B on the first day of behavioral training, without the
prior establishment of a separate dangerous or neutral context.
Fear conditioning in Experiment 3 was procedurally identical to
Experiments 1 and 2 (data not shown). Extinction to the CS
(EXT rats) occurred over 2 d in Context C (analyses were identical
to Experiments 1 and 2). Mere exposure for NoEXT rats occurred
in Context C for equal duration. Twenty-four hours after the ex-
tinction phase, rats were exposed to either the conditioning con-
text (Context B) for 3 min (DANGER rats), or the extinction
context (Context C) for 3 min (SAFE rats). Rats were returned to
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the vivarium immediately after the exposure phase. Thirty min-
utes later, all rats were tested to the CS in Context C. An identical
test occurred 24 h later.

Data analysis

Freezing behavior served as the index of fear throughout all phases
of the study. Freezing behavior was defined as the percentage of
total time spent immobile during each trial or block of trials as in-
dicated above. All data were analyzed with ANOVAs followed by
post hoc comparisons (Fisher’s Protected Least Significant Differ-
ence test) after a significant omnibus F-ratio. No rats were exclud-
ed from the analyses.
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