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Effects of recent exposure to a conditioned stimulus
on extinction of Pavlovian fear conditioning

Wan Yee Macy Chan, Hiu T. Leung, R. Frederick Westbrook, and Gavan P. McNally’
School of Psychology, The University of New South Wales, Sydney, New South Wales 2052, Australia

In six experiments we studied the effects of a single re-exposure to a conditioned stimulus (CS; “retrieval trial”) prior to
extinction training (extinction-reconsolidation boundary) on the development of and recovery from fear extinction. A
single retrieval trial prior to extinction training significantly augmented the renewal and reinstatement of extinguished
responding. Augmentation of recovery was not observed if the retrieval and extinction training occurred in different
contexts. These results contrast with those reported in earlier papers by Monfils and coworkers in rats and by Schiller
and coworkers in humans. We suggest that these contrasting results could depend on the contrasting influences of
either: (1) occasion-setting contextual associations vs. direct context—CS associations formed as a consequence of the
retrieval trial or (2) discrimination vs. generalization between the circumstances of conditioning and extinction.

A defining behavioral characteristic of extinction is loss of condi-
tioned responding to the conditioned stimulus (CS) after the
breaking of the contingency between the CS and unconditioned
stimulus (US) via presentations of the CS alone. This response
loss is not permanent. Extinction has several “signature” restora-
tion phenomena (Rescorla 2001; Bouton 2002; Delamater 2004).
One signature is spontaneous recovery. When tested shortly after
extinction training (e.g., 1 d), the extinguished CS elicits little
responding, whereas when tested a longer time after extinction
training (e.g., 7 d), robust responding is observed (Pavlov 1927;
Robbins 1990). A second signature is renewal. Responding to a
CS conditioned in one context (context A) and extinguished in
a second context (context B) is low when tested in the extinction
context (i.e., ABB) but is high (i.e., is renewed) when tested else-
where such as the training context (i.e., ABA) (Bouton and
Bolles 1979; Harris et al. 2000). A third signature is reinstatement
(Pavlov 1927; Rescorla and Heth 1975; Westbrook et al. 2002).
Re-presentation of the US after extinction reinstates responding
to the CS.

These findings have been interpreted to mean that extinc-
tion training does not completely erase the original learning
formed during conditioning. Rather, the original learning
remains largely intact after extinction training and a mask is
imposed on it. This mask is removed with the passage of time, a
change in context, or re-presentations of the US and reveals the
original learning. This mask is most commonly viewed as the
product of new learning during extinction training (Rescorla
2001; Bouton 2002; Delamater 2004). Thus, the dominant view
of Pavlovian extinction states that whereas conditioning results
in the formation of a CS—-US association, extinction promotes for-
mation of a new association. This association has been variously
described as a CS—No US association, an inhibitory CS—-US associ-
ation, or an inhibitory CS—conditioned response (CR) association.
Regardless, after extinction training, subjects hold conflicting
associations regarding the CS: a CS-US association causing fear
expression and an association from extinction training causing
fear inhibition. Which of these associations is retrieved to gener-
ate performance on a test depends, at least in part, on the context
where the test occurs, with the extinction association being
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particularly dependent on the accompanying contextual cues
for retrieval (Bouton 1993). These contextual cues can be physical
(e.g., conditioning apparatus), temporal, or internal (e.g., hormo-
nal state). When there is congruence between the extinction con-
textual cues and the test cues, responding is low. When these cues
are incongruent, responding is restored or recovered (Bouton
1993). According to this view, contexts are critical in promoting
and regulating the expression of extinction learning because
they set the occasion for nonreinforcement of the CS.

This dominant “new learning” view of extinction receives
strong support from a variety of conditioning preparations across
a variety of species, including mouse, rabbit, rat, and humans (for
reviews, see Bouton 2002; Delamater 2004). These restoration
phenomena are also shared with other procedures that produce
decrements in conditioned responding, such as overexpectation
(Rescorla 2006a; Garfield and McNally 2009) and US habituation
(Storsve et al. 2010). This strongly suggests that restoration or
relapse is a common consequence of most procedures that are
designed to reduce conditioned responding and produce behav-
ioral change.

Given the important role for extinction in the loss of learned
fear responses, its status as a core mechanism for behavioral
change in therapeutic approaches to treating human anxiety,
and the overwhelming evidence that the original fear association
survives extinction training largely intact, considerable effort has
been dedicated to developing novel behavioral approaches to
enhance extinction learning. These approaches include, but are
not limited to, extinction in multiple contexts (Gunther et al.
1998; Chelonis et al. 1999), augmentation of prediction error dur-
ing extinction learning and/or extinction of multiple CSs in com-
pound (e.g., Rescorla 2006b; Leung and Westbrook 2008; Urcelay
etal. 2009), and extinction shortly after conditioning (Myers et al.
2006). However, in many of these cases, augmentation of extinc-
tion is parameter dependent. For example, the amount of initial
fear learning may determine whether extinction shortly after con-
ditioning augments or impairs extinction learning (Maren and
Chang 2006). Likewise, the augmentation of extinction learning
by extinguishing multiple CSs in compounds depends specifically
on procedures that reduce generalization decrements from ex-
tinction to testing (Urcelay et al. 2009) and that control for differ-
ences in CS salience (Rescorla 2006b). These caveats do not reduce
the theoretical and practical significance of manipulations that
augment extinction, but rather they underscore the robustness
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of the response recovery following extinction, and they empha-
size that the effects of these manipulations may be apparent
only under restricted conditions.

Recently, Monfils et al. (2009) used an approach similar to
that of Myers et al. (2006) to modity extinction training and cause
fear response loss that was not subject to restoration and relapse.
Rats were trained to fear an auditory CS via pairings with foot-
shock. The following day, rats received a single nonreinforced
exposure to the CS (a reminder trial) or they received no such
reminder. Extinction training commenced shortly (10 min to
1h) after this reminder exposure. There were no differences
between groups during extinction training or on tests for long-
term retention of extinction learning. However, rats that received
extinction training without the reminder exposure to the CS
developed fear extinction that was subject to renewal, reinstate-
ment, and spontaneous recovery. In contrast, rats that received
extinction training after the reminder exposure to the CS devel-
oped fear extinction that was not subject to these restoration
effects. Schiller et al. (2010) reported the same phenomenon in
human electrodermal conditioning. In the critical experiment,
human participants received training so that CSA was paired
with shock, CSB was paired with shock, and CSC was never paired
with shock. The participants then received a reminder, non-
reinforced presentation of CSA. They then underwent extinction
training of CSA and CSB. The fear responses to CSB (the nonre-
trieved CS) could be restored via reinstatement, whereas fear
responses to CSA (the retrieved CS) could not.

Taken together, these findings by Monfils et al. (2009) and
Schiller et al. (2010) suggest that the recent retrieval of a fear
memory is able to alter the nature of fear extinction learning.
Interestingly, this was not observed as altered responding during
either fear extinction training or test. Rather, it was specifically
limited to the absence of fear recovery. These findings have been
interpreted to mean that a single re-exposure to the CS renders
the original fear memory labile. Extinction training that occurs
within this lability window may destabilize the original fear mem-
ory, causing it to be lost or permanently altered. The aim of these
experiments was to use the “retrieval-extinction” procedure de-
scribed by Monfils et al. (2009) and Schiller et al. (2010) to study
the effects of recent exposures to the CS on the extinction and
recovery of conditioned responding via renewal and reinstate-
ment in Pavlovian fear conditioning.

Results

Experiment 1

Experiment 1 attempted to replicate the finding reported by
Monfils et al. (2009) that an isolated retrieval trial (a single non-
reinforced CS presentation) 1h prior to a bout of extinction
prevented the renewal of responding

compared to a group with mere context

prior to the test for fear responses to the CS in the extinction con-
text, context B, and the training context, context A. The groups
differed only in the nature of their experiences 90 min prior to
extinction training. Group Retrieval was placed in the extinction
context at this time and received a single nonreinforced exposure
to the CS. Group No Retrieval was likewise placed in the extinc-
tion context, but no stimulus events were scheduled.

The mean (= SEM) percentage of observations scored as
freezing across the experiment is shown in Figure 1. Inspection
of the figure suggests that the presentation of a single CS prior
to a bout of extinction training did not affect the expression of
freezing during extinction training and also did not affect the
development of long-term extinction in the extinction context
(context B) as indexed by freezing to the CS on the test.
However, this retrieval trial prior to extinction resulted in the
stronger recovery of freezing responses when animals were
returned to the acquisition context compared with those that
merely received exposure to the context prior to extinction.
These observations were confirmed by the statistical analysis.

During acquisition, levels of pre-CS freezing were low
(mean =1, SEM =1). A within-subjects analysis showed that
fear to the CS was acquired normally because freezing increased
across CS—-US pairings, F,15) = 102.4, P < 0.05. During retrieval,
there was no difference between groups in freezing during the
3-min pre-CS period (group Ret mean =9, SEM = 4; group No
Retmean = 7, SEM = 1), F4,15) < 1, P > 0.05. Group Ret displayed
significantly more freezing during the single CS presentation
compared with the pre-CS period, F4,7) = 177.4, P < 0.05.

During extinction, there was no significant difference in the
level of pre-CS freezing between group Ret (mean = 18, SEM = 7)
and group No Ret (mean = 4, SEM = 2), F(3 14y = 3.2, P > 0.05. The
average level of freezing across the extinction CS presentations
(averaged across the 18 or first 18 for group Ret and No Ret, respec-
tively) did not differ between the two groups, Fq,14) < 1, P > 0.05.
Averaged across groups, there was evidence for within-session
extinction because freezing decreased in a significant linear fash-
ion across CS presentations, F(;,14)= 55.0, P < 0.05. This within-
session extinction did not interact with the retrieval factor, such
that the decrease in freezing was comparable for group Ret and
group No Ret, F;,14) <1, P> 0.05.

The data from tests are shown in the right-hand panel of
Figure 1. There were no significant differences between groups
in levels of pre-CS freezing in context B (group Ret mean =0,
SEM = 0; group No Ret mean = 0, SEM = 0) or context A (group
Ret mean =17, SEM = 5; group No Ret mean = 13, SEM = 4),
Fsq,14 <1, P> 0.05. Averaged across groups, there was a signifi-
cant overall renewal effect, F,14 = 56.9, P <0.05. There was,
overall, significantly more freezing in group Ret than group No
Ret, F1,14y=15.7, P <0.05. The context x group interaction was
narrowly nonsignificant, F 14) = 4.4, P = 0.054.

exposure prior to extinction. Monfils Training Retrieval Extinction Test
et al. (2009) reported that this retrieval -
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Mean and SEM levels of freezing across the four stages of Experiment 1. Retrieval 90 min
prior to extinction augmented ABA renewal of extinguished fear.
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The results from Experiment 1 show that
regardless of whether extinction training
was preceded or not by a single nonrein-
forced exposure to the CS, the extinction
of Pavlovian fear conditioning is context
specific. When rats were tested in the
extinction context, fear responses to the
extinguished CS were low; whereas when tested in the training
context, fear responses to the extinguished CS were renewed
(Bouton and Bolles 1979). Surprisingly, the results did not repli-
cate those reported by Monfils et al. (2009). In fact, in contrast
to Monfils et al. (2009), the results showed augmented renewal
of responding to the extinguished CS in rats that received a sin-
gle nonreinforced presentation of the CS prior to the extinction
training. According to the reconsolidation interpretation, re-
exposure to the CS renders the original fear memory labile.
Extinction training that occurs within this lability window desta-
bilizes the original fear memory, causing it to be resistant to later
restoration. It is possible that the re-exposure in Experiment 1 did
not sufficiently reactivate the original training memory and there-
fore did not allow extinction to destabilize the original fear mem-
ory. One approach to strengthening the retrieval of the original
training memory is to increase the similarity between training
and retrieval. Therefore, we used the same design in these experi-
ments as was used for Experiment 1 but re-exposed rats to the CS
in the original training context (Experiment 2A) prior to extinc-
tion in a second context or re-exposed rats to the CS in the to-
be-extinction context (Experiment 2B) prior to extinction in
that context.

Experiment 2A

The mean (= SEM) percentages of observations scored as freezing
across the experiment are shown in the top panels of Figure 2.
During acquisition, levels of pre-CS freezing were low (mean =
3, SEM=1). A within-subjects analysis showed that fear to
the CS was acquired normally because freezing increased across
CS-US pairings, F,15 = 44.3, P < 0.05. During retrieval, there
was no difference between groups in freezing during the 3-min
pre-CS period (group Ret mean = 44, SEM = 10; group No Ret
mean = 44, SEM = 8), F(; 14y <1, P> 0.05. Group Ret displayed
significantly more freezing during the single CS presentation
compared with the pre-CS period, F,7) = 8.4, P < 0.05.
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Figure 2. Mean and SEM levels of freezing across the four stages of Experiment 2A (top panels) and
Experiment 2B (bottom panels). Retrieval 90 min prior to extinction modestly reduced freezing on tests
if retrieval occurred in the training context (Experiment 2A). Retrieval 90 min prior to extinction aug-
mented ABA renewal if retrieval occurred in the extinction context (Experiment 2B).

During extinction, there was no significant difference in the
level of pre-CS freezing between group Ret (mean = 4, SEM = 2)
and group No Ret (mean=1, SEM = 1), Fq, 14 = 1.4, P> 0.05.
The average level of freezing across the extinction CS presenta-
tions (averaged across the 18 or first 18 for groups Ret and No
Ret, respectively) did not differ between the two groups, F(1,14) =
1.1, P> 0.05. Averaged across groups, there was evidence for
within-session extinction because freezing decreased in a signifi-
cant linear fashion across CS presentations, F( 14 =87.1, P <
0.05. This within-session extinction did not interact with the
retrieval factor, such that the decrease in freezing was comparable
for group Ret and group No Ret, F( 14 = 2.8, P> 0.05.

The data from test are shown in the top right-hand panel of
Figure 2. There were no significant differences between groups in
levels of pre-CS freezing in context B (group Ret mean = 1, SEM =
1; group No Ret mean =0, SEM = 0) or context A (group Ret
mean =15, SEM =6; group No Ret mean=16, SEM=7)
Fsq,14) <1, P> 0.05. Averaged across groups, there was a signifi-
cant overall renewal effect, F; 14y = 6.2, P < 0.05. There was no
overall difference in freezing in group Ret vs. group No Ret,
F,14=1.7, P> 0.05. The context x group interaction was non-
significant, F(;,14)= 1.5, P > 0.05.

There was no overall significant difference between groups in
freezing during test presentations of the CS in context B, F(; 14, =
3.5, P> 0.05. There was no significant decrease in freezing across
test trials in context B, F;14) <1, P> 0.05, and no group x test
trial interaction, Fq,14) < 1, P> 0.05. However, group Ret did dis-
play significantly less freezing to the CS on the first test presenta-
tion in context B than did group No Ret, Fq,14)= 5.3, P <0.05.

There was no overall significant difference between groups in
freezing during test presentations of the CS in context A, Fq 14) <
1, P > 0.05. There was no overall significant decrease in freezing
across test presentations in context A, F, 14 <1, P> 0.05, but
there was a group x trial interaction on test in context A,
Fa,14=6.9, P<0.05, indicating that freezing decreased more
across test trials in group Ret than group No Ret. This more rapid
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extinction of renewed fear could be indicative of weaker renewal
in group Ret, but there were no differences between groups on
individual test presentations of the CS in context A.

Experiment 2B

The mean (+ SEM) percentages of observations scored as freezing
across the experiment are shown in the bottom panels of Figure 2.
During acquisition, levels of pre-CS freezing were low (mean = 0,
SEM = 0). A within-subjects analysis showed that fear to the CS
was acquired normally because freezing increased across CS-US
pairings, Fq,15) = 42.0, P < 0.05. During retrieval, there was no
difference between groups in freezing during the 3-min pre-CS
period (group Ret mean =1, SEM = 1; group No Ret mean =1,
SEM = 1), F3,14) <1, P > 0.05. Group Ret displayed significantly
more freezing during the single CS presentation compared with
the pre-CS period, F(;,7) = 308.9, P < 0.05.

During extinction, there was no significant difference in the
level of pre-CS freezing between group Ret (mean =1, SEM = 1)
and group No Ret (mean = 0, SEM = 0), F(;,14) <1, P> 0.05. The
average level of freezing across the extinction CS presentations
(across the 18 or first 18 for group Ret and No Ret, respectively)
did differ between the two groups, F,14) = 9.4, P < 0.05, so that
there was significantly less freezing in group Ret. Averaged across
groups, there was evidence for within-session extinction because
freezing decreasedin asignificantlinear fashionacross CS presenta-
tions, F,14)= 61.1, P < 0.05. This within-session extinction did
interact with the retrieval factor, such that the decrease in freezing
was greater for group Ret than groupNoRet, F(; 14) = 21.7,P < 0.05.

The data from tests are shown in the bottom right-hand
panel of Figure 2. There were no significant differences between
groups in levels of pre-CS freezing in context B (group Ret
mean = 0, SEM = 0; group No Ret mean = 0, SEM = 0) or context
A (group Ret mean =22, SEM = 8; group No Ret mean = 18,
SEM =5) Fs,14) <1, P>0.05. Averaged across groups, there
was a significant overall renewal effect, F 14 = 28.7, P <0.05.
There was no overall difference in freezing in group Ret vs. group
No Ret, F(1,14=2.7, P> 0.05. The context x group interaction
was significant, F(;,14) = 14.4, P < 0.05.

There was no overall significant difference between groups in
freezing during test presentations of the CS in context B, F(; 14) =
1.6, P > 0.05. There was also no significant decrease in freezing
across test presentations in context B, F(;,14) <1, P> 0.05, nor a
group x trial interaction during test in context B, F(; 14) <1, P >
0.05. There was an overall significant difference between groups
in freezing during test presentations of the CS in context A, so
that group Ret displayed significantly more freezing than group
No Ret, Fq,14)=24.1, P <0.05. There was no overall significant
decrease in freezing across test presentations in context A,
Fa,14)<1, P>0.05, and there was no group x trial interaction
on test in context A, F(1,14) <1, P> 0.05. These experiments
have shown contrasting effects of a mem-
ory retrieval trial occurring in the train-

re-exposure on extinction learning. Monfils et al. (2009) used a
1-h interval between nonreinforced exposure to the CS and
extinction training to study the impact on renewal, whereas the
experiments reported here used a 90-min interval. Although this
90-min period is within the window of reconsolidation as defined
by Monfils et al. (2009), it is possible that reconsolidation manip-
ulations may be most effective when administered shortly after
retrieval. For example, if a reactivated memory restabilizes with
time, more proximal extinction training following the retrieval
may allow stronger modulation of the original fear memory.
Indeed, Monfils et al. (2009) reported that a 10-min interval
between retrieval and extinction interval prevented the later
spontaneous recovery of extinguished fear. Therefore, in
Experiment 3 we employed the same two-group design as in pre-
vious experiments, but there was a 10-min interval between the
retrieval trial in the extinction context and the start of extinction
training.

The mean (= SEM) percentages of observations scored as
freezing across the experiment are shown in Figure 3. During
acquisition, levels of pre-CS freezing were low (mean = 0, SEM =
0). A within-subjects analysis showed that fear to the CS was
acquired normally because freezing increased across CS—-US pair-
ings, F1,15) = 60.2, P < 0.05. During retrieval, there was no differ-
ence between groups in freezing during the 3-min pre-CS period
(group Ret mean = 3, SEM = 2; group No Ret mean = 3, SEM =
1), Fa,15) <1, P> 0.05. Group Ret displayed significantly more
freezing during the single CS presentation compared with the
pre-CS period, F(1,7y=109.7, P < 0.05.

During extinction, there was no significant difference in the
level of pre-CS freezing between group Ret (mean = 42, SEM = 8)
and group No Ret (mean = 26, SEM = 7), F(y,14) = 2.1, P > 0.05.
The level of freezing across the extinction CS presentations (aver-
aged across the 18 or first 18 for group Ret and No Ret, respec-
tively) differed significantly between the two groups, Fq,14) =
5.0, P < 0.05, so that group Ret showed significantly more freezing
than did group No Ret. Averaged across groups, there was evidence
for within-session extinction because freezing decreased in a sig-
nificant linear fashion across CS presentations, F( 14 = 111.4,
P < 0.05. This within-session extinction did not interact with
the retrieval factor, such that the decrease in freezing was compa-
rable for group Ret and group No Ret, Fq,14) <1, P > 0.05.

The data from tests are shown in the right-hand panel of
Figure 3. There were no significant differences between groups
in levels of pre-CS freezing in context B (group Ret mean =0,
SEM = 0O; group No Ret mean = 1, SEM = 1) or context A (group
Ret mean =21, SEM = 7; group No Ret mean = 35, SEM =9),
Fsq,14) < 2.3, P> 0.05. Averaged across groups, there was a signifi-
cant overall renewal effect, F; 14, = 48.8, P < 0.05. There was no
overall difference in freezing between group Ret and group No
Ret, Fq,14)= 1.6, P > 0.05. There was no context x group interac-
tion, F(1,14) <1, P> 0.05.
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Figure 3. Mean and SEM levels of freezing across the four stages of Experiment 3. Retrieval 10 min
prior to extinction increased freezing during extinction and tests in context B and context A.
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There was no overall significant difference between groups in
freezing during test in context B, F(;,14) =1.9, P > 0.05. However,
there was a significant overall decrease in freezing across test trials
in context B, F1,14)= 4.8, P < 0.05, and there was a group x test
trial interaction during test in context B, F,14) = 5.4, P <0.05.
This interaction shows that differences between groups were sig-
nificantly greater at the start than at the end of the test session
in context B. Follow-up analyses confirmed that group Ret showed
significantly more freezing than did group No Ret averaged across
the first two CS presentations in context B, F,14)= 7.8, P < 0.05.

There was no overall significant difference between groups in
freezing during test in context A, F(;,14) < 1, P > 0.05. There was
no overall significant decrease in freezing across test trials in con-
text A, F(1,14)= 1.8, P> 0.05. However, there was a group x trial
interaction during test in context A, Fq,14) = 8.9, P < 0.05, show-
ing that differences between groups were significantly greater
at the start than at the end of the test session in context
A. Follow-up analyses confirmed that group Ret showed signifi-
cantly more freezing than did group No Ret only during the first
CS presentation in context A, F(;,14)= 7.0, P < 0.0S.

Experiments 4A and 4B

The results thus far suggest that under present conditions a single,
nonreinforced exposure to a fear CS augments fear renewal if that
exposure occurs in the extinction context. Monfils et al. (2009)
and Schiller et al. (2010) also reported that exposure to a CS prior
to extinction training reduced the recovery of extinguished fear
via reinstatement. The aim of the present experiments was to
study how such exposure affects reinstatement of extinguished
responding. We adopted two approaches to address this aim.
In Experiment 4A, we used a between-groups design similar to
that used by Monfils et al. (2009). Thus, groups Retrieval and
No Retrieval were trained, extinguished, reinstated, and tested.
They differed only in whether they received a single non-
reinforced exposure to the CS or not 10 min prior to extinction
training. In Experiment 4B, we used a

within-subjects design. Thus, fear to a

tone CS and a flashing light CS was

in freezing during the 3-min pre-CS period (group Ret mean = 4,
SEM =1; group No Ret mean=7, SEM = 3), F4,:5=1.1, P>
0.05. Group Ret displayed significantly more freezing during the
single CS presentation compared with the pre-CS period, F(;,7) =
64.9, P < 0.05.

During extinction, there was no significant difference in the
level of pre-CS freezing between group Ret (mean = 12, SEM = 5)
and group No Ret (mean = 10, SEM = 5), F(q,14) < 1, P > 0.05. The
level of freezing across the extinction CS presentations (aver-
aged across the 18 or first 18 for group Ret and No Ret, respec-
tively) did not differ significantly between the two groups,
Fa,14) <1, P>0.05. Averaged across groups, there was evidence
for within-session extinction because freezing decreased in a sig-
nificant linear fashion across CS presentations, F 14 = 26.6,
P < 0.05. This within-session extinction did not interact with
the retrieval factor, such that the decrease in freezing was compa-
rable for group Ret and group No Ret, F(; 14y <1, P > 0.05.

The data from tests are shown in the top right-hand panel of
Figure 4. There were no significant differences between groups in
levels of pre-CS freezing (group Ret mean = 45, SEM = 9; group
No Ret mean = 37, SEM = 11), F,14) < 2.3, P> 0.05. Averaged
across groups, there was a reinstatement effect so that freezing
was significantly greater across the test presentations of the CS
compared with the last four CS presentations during extinction,
Fa,14=21.1, P < 0.05. However, there was no overall difference
in freezing between group Ret and group No Ret on test,
Fa,14) <1, P> 0.05, nor a significant interaction between groups
and the increase in freezing from extinction to test, F1,14) < 1,P >
0.05. There was no significant decrease in freezing across CS pre-
sentations on test, F 14 =3.3, P>0.05, and there was no
group x trial interaction on test, F(;,14) < 1, P > 0.035.

Experiment 4B

The mean (+ SEM) percentages of observations scored as freezing
during retrieval, extinction, and test are shown in the bottom

trained, extinguished, reinstated, and Training Retrieval Extinction Test
tested. The CSs differed only in whether 100- 100
. . A A A ! A

one had been exposed 10 min prior to -®- Retrieval
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acquired normally because freezing
increased linearly across CS-US pairings,
Faq,15 = 65.6, P < 0.05. During retrieval,
there was no difference between groups
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Figure 4. Mean and SEM levels of freezing across the four stages of Experiment 4A (top panels) and
Experiment 4B (bottom panels). Retrieval 10 min prior to extinction had no significant effect on rein-
statement in Experiment 4A (between-subjects reinstatement) but significantly increased reinstatement
in Experiment 4B (within-subjects reinstatement).
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panels of Figure 4. During acquisition, levels of pre-CS freezing
were low (mean pre-CSA =S5, SEM = 3.1; mean pre-CSB = 1.9,
SEM = 1.2). A within-subjects analysis showed that fear to the
CSs was acquired normally because freezing increased linearly
across CS-US pairings, Fq,11)=219.7, P <0.05. There was no
overall difference in freezing to CSA or CSB during acquisition,
Faq1y<1, P>0.05, and no CS x trial interaction, F 1) <1,
P> 0.05. During retrieval, there was significantly more freezing
to CSA than during the 2-min pre-CSA period (mean = 23;
SEM =7), Fa,11y=76.1, P<0.05. During extinction training,
there were low levels of freezing in the 2-min pre-CS period
(mean = 15, SEM = 3). There was no overall significant difference
in freezing to CSA (the CS that had been exposed) and CSB (the CS
that had not been exposed), F,11)=3.0, P> 0.05. Averaged
across CSs, there was evidence for within-session extinction
because freezing decreased in a significant linear fashion across
CS presentations, F(;,11) = 241.5, P < 0.05. There was no differ-
ence between CSs in this extinction, F,11)= 1.6, P> 0.05.

The data from test are shown in the bottom right-hand panel
of Figure 4. There was reinstatement because there was signifi-
cantly more freezing on test than during the last four extinction
trials, Fq,12) = 88.5, P < 0.05. There was an overall difference in
freezing to CSA and CSB—there was significantly more freezing
to CSA (the CS exposed prior to extinction) than CSB (the CS
not exposed prior to extinction), F3 12) = 15.3, P < 0.05, averaged
across the last four extinction trials and the four test trials. There
was a significant linear decrease in freezing across test trials,
Fa,11y=10.2, P < 0.05. Finally, there was a CS x test trial interac-
tion, F(1,11)= 9.7, P < 0.05, indicating less reduction of respond-
ing to CSA than CSB. Together, these results show augmented
reinstatement of fear to the retrieval CS, CSA.

Discussion

These experiments studied the effects of a recent, nonreinforced
exposure to a CS on the extinction of conditioned responding
to that CS as well as the recovery of responding to that CS after
extinction training. There are three primary findings. The first
is that a brief, nonreinforced exposure to a CS prior to fear ex-
tinction training increased responding to that CS on subsequent
tests for renewal (Experiments 1, 2B, and 3) and reinstatement
(Experiment 4B). The second finding is that these exposures had
inconsistent effects on within-session performance during ex-
tinction. Freezing was decreased (Experiment 2B), increased
(Experiment 3), and unaffected (Experiments 1, 2A, and 4B) by
recent CS exposure. Finally, in contrast to the findings of
Monfils et al. (2009) in rats and Schiller et al. (2010) in humans,
there was little evidence that a single nonreinforced exposure to
the CS shortly prior to extinction training attenuated the later
recovery of extinguished responding. The results of Experiment
2A, when retrieval occurred in the conditioning context, were
most consistent with this possibility. In this experiment, extinc-
tion after retrieval reduced freezing on test, but this reduction
was observed only in the extinction context. That is, the retrieval
manipulation did not weaken renewal; instead it deepened
extinction when assessed in the extinction context. Our failures
to detect weakened fear renewal and reinstatement are not easily
attributable to the use of insensitive measures because in each
experiment we could show the acquisition, retrieval, extinction,
as well as recovery of responding, and we typically found that
exposure to the CS prior to extinction augmented the recovery,
which is opposite to that reported by Monfils et al. (2009) and
Schiller et al. (2010).

Monfils et al. (2009) as well as Schiller et al. (2010) argued
that re-exposure to a fear CS during a retrieval trial renders the
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original fear memory labile. Extinction training that occurs
within this lability window destabilizes the original fear memory,
causing it to be resistant to restoration. The nature of this destabi-
lization is unclear but was suggested to potentially involve a per-
manent change or loss of the valence originally conferred on the
CS during fear conditioning. It is not immediately clear whether
such a mechanism could explain the opposing effects of CS
retrieval reported in the present experiments. Specifically, it is
unclear how re-exposure to the CS can either augment or impair
the later renewal and reinstatement of extinguished fear or why
the effects of this re-exposure depended on whether extinction
was conducted in the same or different context to that of retrieval.

It is possible that procedural differences between our ex-
periments and those reported by Monfils et al. (2009) are critical
for whether impaired or augmented recovery of extinguished
responding is detected. These experiments used similar proce-
dures, temporal intervals, and measures of fear to those used by
Monfils et al. (2009). Indeed, prior to test for recovery, the per-
formances of the animals in these experiments and those reported
by Monfils et al. (2009) were similar. There are three potentially
important procedural differences. First, Monfils et al. (2009)
used a 5-kHz tone CS, whereas these experiments used 750- to
—-1200-Hz tone CSs. Although these CSs resulted in similar levels
of responding during retrieval and extinction, the precise physical
characteristics of the CS involved may determine the mechanisms
recruited. However, the finding by Schiller et al. (2010) of similar
effects under vastly different conditions in studies of human aver-
sive learning strongly suggests that subtle differences in stimulus
parameters or behavioral manipulations are insufficient to
explain our contrasting findings. Second, in their studies on
renewal, Monfils et al. (2009) used the same experimental cham-
bers to create separate conditioning vs. extinction contexts,
whereas we used different chambers located in different laborato-
ries for conditioning and extinction. This difference may be
important for understanding the results from renewal experi-
ments but is difficult to apply to reinstatement experiments that
used a single context. Finally, in the experiments reported here
(with the exception of Experiment 4A), we relied on a common
test to make inferences about the magnitude of recovery of condi-
tioned responding. In contrast, Monfils et al. (2009) as well as
Schiller et al. (2010) typically relied on comparisons between per-
formances at the end of extinction training and performances on
a test to make inferences regarding recovery of the fear response.
Although comparisons between extinction and test performances
are statistically more powerful, they can be problematic because
they involve comparisons of performances at different points in
time. The importance of this difference to understanding the dif-
ferences between the results of Monfils et al. (2009) and the results
reported here is unclear. There was only minimal evidence here
that the retrieval group showed less conditioned responding
than did the no retrieval group (Experiment 2A). Instead, the
opposite pattern of results was more frequently observed.

It is worth considering whether other accounts could apply
equally well to the data reported here and those reported by
Monfils et al. (2009) as well as Schiller et al. (2010). We will con-
sider two such accounts. The first emphasizes the role of learning
during the CS re-exposure in group Retrieval. Under the condi-
tions of the present experiments, animals learn at least two differ-
ent things about the contextual cues accompanying presentations
of the CS during the retrieval trial. First, they learn that the con-
text sets the occasion for nonreinforcement of the CS. This hier-
archical association promotes the development of extinction to
the CS in the subsequent extinction session because it effectively
constitutes an initial extinction episode. Second, they learn a con-
text—CS association. This association has a detrimental influence
on extinction learning and performance in the retrieval context.
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The formation of a context—CS association during the retrieval
phase of the experiment primes the CS so that it is expected dur-
ing extinction training in the retrieval context, and consequently,
less extinction learning accrues to that expected CS (Wagner
1976, 1981). However, this impaired extinction is not expressed
on testing in the extinction context because the context—CS asso-
ciation again primes and so reduces responding to the CS on test-
ing in that context. This impaired extinction learning is expressed
outside the extinction context such as during renewal. Formation
of a context—CS association also explains an augmented reinstate-
ment because such associations are responsible for reinstatement
(Westbrook et al. 2002). It follows that manipulations that reduce
any influence of the context—CS association formed during the
retrieval phase on subsequent extinction learning should prevent
the impaired extinction/augmented recovery effects. The results
of Experiment 2A showed precisely this: When retrieval occurred
in a context different to that used for extinction, retrieval did not
disrupt extinction and, in fact, produced the only evidence that
it may have augmented extinction. Therefore the consequence of
exposures to the CS prior to extinction may depend on the relative
strengths of these occasion setting vs. context CS two associations.

A second account invokes learning about the difference
between conditioning and extinction. Capaldi (1966) emphasized
the signaling properties of reinforcement and nonreinforcement
in discrimination between acquisition and extinction. Redish
et al. (2007) have extended this line of reasoning. They pro-
pose that during conditioning, animals acquire associations on
the basis of an error-correcting learning rule and that they
also classify the experimental situation into a specific “state,”
“a representative collection of salient observations.” Nonrein-
forcement of the CS during extinction has two distinct con-
sequences. First, unlearning occurs. Second, the animals split or
re-represent the original state as a new state (“extinction”). The
consequence of state-splitting is that the remaining fear of the
CS is preserved. The amount of fear preserved depends on when
state-splitting occurs. If the state-splitting is delayed or does not
occur, little if any of the original fear of the CS is preserved. In con-
trast, if the state-splitting occurs precociously or rapidly, then
much of the original fear of the CS is preserved. The similarity
of the training and extinction contexts is critical for the timing
of state-splitting. The more dissimilar these contexts are, the
greater the probability of state-splitting. The differences between
our results and those reported by Monfils et al. (2009) could be
due to whether animals reclassify the cues accompanying extinc-
tion training into a new state, causing the preservation of the orig-
inal association and hence greater renewal and reinstatement, or
whether animals do not reclassify these cues into a new state,
causing the unlearning of the original association and hence
weaker renewal and reinstatement. As noted above, Monfils
et al. (2009) used the same experimental chambers to create sepa-
rate conditioning vs. extinction contexts, whereas we used differ-
ent chambers located in different laboratories. These differences
could promote different amounts of discrimination or state-
spitting between conditioning and extinction. This model could
also explain the opposing effects on renewal of using the con-
ditioning or extinction context for the retrieval trial in Experi-
ments 2, A and B. When retrieval occurred in the same context
as conditioning there was some, albeit weak, evidence for deeper
extinction (i.e., no state splitting or more generalization). When
retrieval occurred in the different (to-be-extinction) context,
there was evidence for impaired extinction (i.e., state splitting
or more discrimination).

Finally, it is worth noting that there are fundamental similar-
ities between the effects of extinction training shortly after fear
conditioning and the effects of this extinction training shortly
after fear memory retrieval. The procedure used by Monfils et al.
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(2009), Schiller et al. (2010) and here is very similar to that first
developed by Myers et al. (2006) to study the effects of immediate
vs. delayed extinction. The only substantive difference is whether
extinction training occurs after conditioning (e.g., Myers et al.
2006) or after memory retrieval (Monfils et al. 2009; Schiller
et al. 2010). Inconsistent results have been reported regarding
the effects of immediate vs. delayed extinction training after con-
ditioning. Immediate extinction training after conditioning can
reduce (e.g., Myers et al. 2006) or augment later fear recovery
(e.g., Maren and Chang 2006). Likewise, immediate extinction
training after memory retrieval can reduce (e.g., Monfils et al.
2009; Schiller et al. 2010) or augment (the present experiments)
later fear recovery. These contrasting results do not reduce the the-
oretical and practical significance of demonstrations of impaired
fear recovery after immediate extinction. Rather, they underscore
the need for further research in this area.

In summary, we studied the influence of a recent exposure to
a fear CS on later extinction of that CS. The results showed that
these exposures augmented recovery, as measured by renewal
and reinstatement, of extinguished fear. These results stand in
contrast to those reported by Monfils et al. (2009) as well as
Schiller et al. (2010). We suggest that these contrasting effects
can be understood as either due to the contrasting influences on
extinction learning of different associations formed during pre-
sentations of the CS in the retrieval phase of the experiment or
due to differences in discrimination between conditioning and
extinction promoting differences in the amount of unlearning
during extinction.

Materials and Methods

Subjects

The subjects were experimentally naive, adult male Wistar rats
obtained from a commercial supplier (Monash Animal Services,
Victoria, Australia). There were 16 rats per experiment (n = 8)
except Experiment 4B, which used 12 rats. Upon arrival, rats
were housed in groups of eight in plastic cages (67 cm long x
30cm wide x 22 cm high) in a colony room maintained at
20°C-22°C on a 12-h/12-h light/dark cycle (lights on at
07:00 h). Food and water were freely available. The rats were
handled (1-2 min per rat per day) for 3 d prior to conditioning
to habituate them to the experimenter. The procedures used in
this and following experiments were conducted in accordance
with the New South Wales Government Animal Research
Regulation 1995 and were approved by the Animal Care and
Ethics Committee of the University of New South Wales.

Apparatus
Experiments 1, 2A, 2B, and 3

Conditioning and testing were conducted in two different sets of
chambers located in different rooms. The first set (context A) con-
sisted of four identical chambers (20.4 cm long x 23.4 cm wide x
19.5 cm high). The front, rear, and side walls and the hinged lid of
these chambers were made of clear Perspex. The floor in each
chamber consisted of stainless steel rods 4 mm in diameter spaced
15 mm apart (center to center). Each chamber stood 3.5 cm above
a tray of paper pellet bedding (Fibrecycle). The chambers were
cleaned with alcohol, and bedding was changed between rats.
These chambers were located individually within sound-atten-
uating boxes, the inner walls of which were painted black. The
boxes were illuminated with a white 24-V light. An extractor fan
in the rear wall of each box was operating during all sessions
providing a constant background noise (67 db; A scale).

The second set (context B) consisted of another four identical
chambers (24 cm long x 30 cm wide x 21 ¢cm high). The top and
rear walls of these chambers and the front hinged door were con-
structed of clear Perspex, and the end walls were made of stainless

Learning & Memory



Pavlovian extinction

steel. An additional Perspex board served as the floor. Each cham-
ber stood 2 cm above a tray of corn bedding (Fibercycle) into
which was placed 1 mL of dilute peppermint oil. The chambers
were cleaned with alcohol, and the bedding underneath the
chambers was changed between rats. These four chambers were
located individually within sound-attenuating boxes that were
painted white. The boxes were constantly illuminated by a single
red LED such that levels of illumination within the conditioning
chambers were 15 candela/m2. Ventilation fans provided a con-
stant background noise (67 dB; A scale).

Like Monfils et al. (2009), these chambers were not counter-
balanced to serve as the training and extinction contexts. The
absence of such counterbalancing makes inferences about context
specificity difficult (Lovibond et al. 1984), but we adopted this
approach because it was precisely that approach used by Monfils
et al. (2009).

The CS was a 20-sec, 750-Hz, 90-dB (A scale) tone, delivered
through a speaker mounted on the ceiling of each sound-attenu-
ating box. The footshock US was a 0.5-sec, 0.7-mA, unscrambled
AC 50-Hz shock from a constant current generator that was deliv-
ered to the floor of each chamber. The current available to each
floor could be adjusted using an in-line milliampere meter.
Digital video cameras were mounted on the rear wall of each
box and connected to a digital multiplexer in an adjacent room
that, in turn, was connected to a DVD recorder. The stimuli
used for conditioning were controlled by computer (LabView,
National Instruments).

Experiments 4A and 4B

The apparatus described as context B for experiment 1 was used as
the single context in experiment 4A. For experiment 4B, a differ-
ent set of four chambers was used. Each chamber measured 30 cm
high x 27 cm long x 30 cm wide. The sidewalls and ceiling were
made of aluminum, and the back and front walls were made of
clear plastic. The sidewalls and ceiling were painted black. The
floor consisted of stainless steel rods, 2 mm in diameter, spaced
10 mm apart, center to center, with a tray below containing bed-
ding material. Each chamber was enclosed in a sound- and light-
attenuating shell. [llumination for each chamber was provided by
an infrared light source (940 £ 25 nm). The inside walls of the
shells were painted black. A white fluorescent tube and a speaker
mounted on the back wall of each shell were used, respectively,
for the presentation of a 30-sec light CS (approximately 57 lux
measured at the center of the chamber) flashing at a rate of three
per second during the otherwise dark session and a 30-sec, 1-kHz
sine wave tone CS with a rise/fall of 10 msec measuring 70 dB (A
scale) against a background noise of ~40 dB measured by a digital
sound level meter (Dick Smith Electronics). The physical iden-
tity of the two CSs was fully counterbalanced. A custom-built
constant-current shock generator, capable of delivering un-
scrambled AC 50-Hz shock to the floor of each chamber, was
used for the presentation of a 0.5-mA, 0.5-sec shock US. A camera
mounted on the back wall of each shell was used to record the
behavior of each rat. Each camera was connected to a monitor
and a DVD recorder located in another room of the laboratory.
This room contained the computer that controlled stimulus pre-
sentations via appropriate software (LabView).

Behavioral procedures

Experiment |

Fear acquisition. On day 1, rats were placed in the experimental
chamber (context A). After a 10-min adaptation period, the CS
was presented for 20 sec. The shock US was administered during
the last half a second of the CS presentation. A further two
CS-US pairings were presented, with an intertrial interval (ITI)
of 3 min.

Retrieval. On day 2, rats were allocated into one of the two groups:
group Retrieval (Ret) (n=8) or group No Retrieval (No Ret)
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(n=8). In this and subsequent experiments, group allocation
was random. Group Ret was placed into context B. After a 3-min
adaptation period, a nonreinforced CS was presented for 20 sec.
Rats were removed from the chambers after another 100 sec.
Group No Ret did not receive a retrieval trial but were only
exposed to context B for 5 min. Both groups were then returned
to their home cages.

Extinction. Ninety minutes after the end of the retrieval phase, all
rats were returned to context B for a 62-min, 20-sec session.
There was a 2-min adaptation period followed by 18 (group Ret)
or 19 (group No Ret) 20-sec presentations of the nonreinforced
CS at an ITI of 3 min. Group Ret was left in the chambers for
3 min, 20 sec before being removed following the 18th CS
presentation. Group No Ret was removed from the chambers
immediately after the 19th CS presentation. Thus, the two
groups were matched in the amount of exposure to the non-
reinforced CS, and to the extinction context (context B) on day 2.

Test in extinction context. On day 3, all animals were returned to the
extinction chambers (context B) and tested. There was a 2-min
adaptation period followed by four nonreinforced presentations
of the CS. The ITI was 2 min.

Test in acquisition context. On day 4, all animals were returned to the fear
conditioning chambers (context A) and tested. The procedures on
this test were identical to that of the previous test.

Experiments 2A and 2B

All behavioral procedures were identical to experiment 1 with the
single exception that retrieval occurred in context A (Experiment
2A) or context B (Experiment 2B).

Experiment 3

All behavioral procedures were identical to experiment 1 with the
single exception that the interval between retrieval and extinc-
tion was 10 min.

Experiment 4A

Fear acquisition. On day 1, the procedures were identical to those of
experiment 1 with the only exception that the CS was of 30-sec
duration.

Retrieval. On day 2, rats were allocated to one of two groups: group
Ret (n = 8) or group No Ret (n = 8). The procedures were identical
to those in the previous experiments with two exceptions. First,
the nonreinforced CS was presented in the context for 30 sec.
Second, rats were removed from the chambers 90 sec after the
retrieval trial.

Extinction. Ten minutes after the end of the retrieval phase, all rats
were returned to the chambers for a 29-min, 30-sec session.
There was a 2-min adaptation period followed by 18 (group Ret)
or 19 (group No Ret) 30-sec presentations of the nonreinforced
CS at an ITI of 1 min. Group Ret was left in the chambers for
1 min, 30 sec before being removed following the 18th CS
presentation. Group No Ret was removed from the chambers
immediately after the 19th CS presentation. Thus, the two
groups were matched in the amount of exposure to the non-
reinforced CS and to the extinction context (context B) on day 2.

Reinstatement. On day 3, both groups were returned to the chambers
for a 10-min session, during which two unsignaled shocks
(0.7mA, 0.5 sec) were administered at the third and eighth
minute, respectively.
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Test. On day 4, all animals were returned to the chambers and
tested. There was a 2-min adaptation period followed by four
nonreinforced presentations of the 30-sec CS. The ITI was 1 min.

Experiment 4B

Pre-exposure. On days 1 and 2, rats received twice daily (a.m. and
p-m.) 30-min exposures to the chambers. On day 3, rats were
briefly familiarized with the light and tone stimuli to ensure
perceptual discrimination between the CSs. In each of the a.m.
and p.m. sessions, each stimulus was presented on four
occasions in an intermixed, pseudo-random order with the
constraint that the same stimulus could not occur on more than
two consecutive presentations. The pseudo-random order of
these presentations was determined anew after every four rats in
each counterbalancing condition. The average trial position for
the two CSs was balanced across the session. The interval
between each stimulus presentation, defined as stimulus offset
to stimulus onset, was 3 min, and the duration of each stimulus
presentation was 30 sec. After the final stimulus presentation,
rats remained in the chamber for a further 2 min before they
were returned to their home cage.

Conditioning. On day 4, rats were given four conditioning trials to
each of the two CSs. The procedure for conditioning was that
used in pre-exposure except that each presentation of a CS
coterminated with a shock US that was 0.5-mA intensity and
0.5-sec duration.

Retrieval. On day 5, rats were given a single nonreinforced exposure
to one of the two CSs (designated A) 2 min after placement in the
chambers at a duration of 30 sec. After this CS presentation, rats
remained in the chambers for a further 2 min before they were
returned to their home cages.

Extinction. Ten minutes after the retrieval session, rats were
extinguished over 20 nonreinforced trials to CSA and 21
nonreinforced trials to the other CS (designated B) in an
intermixed, pseudorandom order described for pre-exposure and
conditioning. The CS presentations began 2 min after placement
in the chambers. The interval between each CS presentation
(CS offset-CS onset) was 1min. The duration of each CS
presentation was 30 sec. After the final CS presentation, rats
remained in the chamber for a further 2 min before they were
returned to their home cages. The data from one rat during
extinction training were lost to a failure of the video recording
apparatus.

Reinstatement. Two days after the extinction session, rats were
returned to the chambers and subjected to a single shock
(0.5mA, 0.5 sec) Smin later. Rats remained in the chambers
for an additional 5 min before they were returned to their home
cage.

Test. On the following day, rats were tested for responding to both
CSs in a single session. The first CS presentation occurred 2 min
after exposure to the chambers. Each CS was presented four
times in an intermixed, pseudo-random order described above.
The average trial position for the two CSs was balanced across
the session. The interval between CS presentations was 2 min,
and the duration of each presentation was 30 sec. After the final
CS presentation, rats remained in the chambers for 2 min before
they were returned to their home cages.

Data analysis

Rats were scored every 2 sec as either freezing (defined as the
absence of all movement other than that required for breathing)
or not freezing during each stage of the experiments. The number
of observations scored as freezing during each observation period
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was summed and converted to a percentage. Test data were scored
by two observers. The inter-rater reliability, that is, the correlation
between the percentages of observations each rat was scored as
freezing by each observer, ranged from 0.85-0.96 across experi-
ments. The differences between groups were analyzed by means
of a planned orthogonal contrast testing procedure, whereas the
within-session changes of responding were assessed by a planned
linear trend analysis. The Type I error rate was controlled at 0.05
for each contrast tested.
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