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Abstract

The ability to discriminate between spatial contexts is crucial for survival. This ability can be succinctly tested in the paradigm of
fear renewal. In this paradigm, a change of spatial context results in robust renewal of conditioned fear, even if the conditioned fear
has been previously extinguished. Chronic stress and environmental enrichment are known to affect learning and memory in
opposite directions, with the former generally being deleterious. In this study, we examined the effects of chronic stress and
enrichment on fear renewal in rats. Fear was evaluated as freezing responses to an auditory conditioning stimulus initially
associated with footshocks in context A; fear extinction was evaluated in a novel spatial context (B) without the conditioned
stimulus, and renewal in a third context (C) with the auditory cue. Specifically, we aimed to test if environmental enrichment
can oppose the effects of chronic stress on fear renewal. We exposed different groups of adult male Wistar rats (6—12 per group)
to 10 days of chronic stress (immobilization for 2 h daily), 14 days of enrichment, or a combination of both. We report that chronic
stress compromised fear extinction and renewal. In contrast, enrichment re-established fear renewal in chronically stressed rats.
Enhanced contextual modulation of fear memories in animals experiencing environmental enrichment while stressed could
reflect an adaptive response. This could allow greater flexibility to optimize vigilance in differing spatial contexts.
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Fear renewal is a succinct model to study the
interplay of context and memory retrieval (Bouton
2004; Bouton et al. 2006). In this paradigm, a
change of context after extinction results in robust
return of the conditioned response. In the first stage,
animals are conditioned to associate a stimulus with
an aversive event such as electrical foot shock. In the
second stage, the contingency between conditioned
stimulus and unconditioned stimulus is weakened by
repeated presentation of the conditioned stimulus
alone. This results in formation of the new memory

Introduction

The ability to discriminate between two spatial contexts
is crucial for survival, because it allows flexibility to
manifest different behavioral responses in different
environments. This becomes particularly important
when contextual discrimination enables animals to
inhibit or exhibit previously learned defensive behaviors.
Because of the importance of contextual information,
animals encode information about spatial contexts
during learning. This contextual information is used to
gate future retrieval of memory. Such contextual gating

has been demonstrated in a variety of species, ages and
behavioral tasks, suggesting a privileged role for
contextual processing (Rovee-Collier and Dufault
1991; Bouton 2004; Bouton et al. 2006; Parker et al.
2006; Effting and Kindt 2007).

of fear extinction that overlays previous fear
conditioning. In the third stage, the conditioned
stimulus is presented in a context different from
where extinction occurred. This results in renewed
expression of fear, demonstrating that extinction
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memory is gated by contextual information. The
dorsal hippocampus and its influence on the
amygdala and prefrontal cortex are important for
contextual gating in this model (Bouton et al. 2006;
Ji and Maren 2007).

A variety of environmental changes leave their
mark on behavior. Exposure to chronic stress, for
example, interferes with hippocampus dependent
memory (Luine et al. 1994; Diamond et al. 1996;
Kim et al. 2007). In contrast, exposure to an enriched
environment enhances hippocampus dependent
behavioral performance (Bruel-Jungerman et al.
2005; Gaulke et al. 2005; Leggio et al. 2005; Segovia
et al. 2006; Wright and Conrad 2007; Yang et al.
2007).

These studies indicate that chronic stress and
enrichment can have opposing effects upon spatial
tasks dependent on contextual cues and upon
structure of the hippocampus, a brain region
important for contextual processing. Despite these
indications, it is not known if these environmental
manipulations can affect contextual gating of mem-
ories. In the present report, we investigated the
effects of chronic stress and enrichment on acuity of
contextual processing in rats. Specifically, we
investigated if stress and enrichment affect fear
renewal, i.e., contextual modulation of memory
after extinction. We hypothesized that chronic stress
will compromise fear renewal and enrichment of
stressed animals will re-establish fear renewal. Thus,
rats were exposed to chronic stress, enrichment or a
combination of both. Subsequently, fear renewal in a
novel context was tested by measuring fear response
to a conditioned auditory cue that had been
previously extinguished.

Materials and methods
Animals

Adult male Wistar rats (10 weeks old at start of
experiment) were obtained from a commercial
supplier (Charles River, Wilmington, MA, USA).
Upon arrival, rats were housed in standard laboratory
cages (3 rats per cage) with food and water ad libitum
and a day-night cycle of 14:10h (lights on at 7 am).
After 2—3 days of habituation in standard cages, rats
were divided into four treatment groups: (1) controls
(no treatment); (2) enriched (14 days of environ-
mental enrichment); (3) stress (10 days of chronic
repeated immobilization stress); and (4) stress and
enrichment running concurrently. All procedures
related to animal maintenance and experimentation
were approved by the Stanford University’s Admin-
istrative Panel on Laboratory Animal Care (APLAC)
and were in accordance with animal care standards
outlined in National Institute of Health (USA)
guidelines.

Treatment

Chronic stress consisted of 2h of immobilization
stress (10 am—12 noon) daily, repeated for 10 days.
Rats were completely immobilized in Harvard
immobilization bags (Restraint Cones; Harvard
Apparatus, South Natick, MA, USA). Immobiliz-
ation involved placing the rat in a cone-shaped
plastic restraint bag, with an opening in the narrow
end to permit breathing. The wide end of the
bag was closed by tape at the base of the tail. This
stress paradigm is known to induce behavioral
alterations and structural changes in the brain
(Mitra et al. 2005; Vyas et al. 2003). Stress reduced
relative body weight gain of the rats (average %
gain in body weight over 14 days: 19% in controls
and 11% in the stress group, p < 0.01, Student’s
t-test).

Enrichment consisted of 14 days of housing in an
enriched environment. The enriched environment
composed of placing rats (3/cage) in a bigger cage
(dimension; 60 X 60 X 60cm) compared to the
standard laboratory cage (45 X 24 X 20cm) with
wire-net walls for climbing in the enrichment-cages.
The enrichment cages were provided with cylindrical
burrowing tubes, toys, nesting material, climbing
planks, steel chains, jingle-bells, fruit-flavored chews,
water and regular food (rat chow) mixed with flavored
cereals, and sunflower seeds. Every 4 days, the
arrangement of the environmental stimuli was
changed. Enrichment did not affect relative body
weight gain of the rats (average % gain in body weight:
19% in Controls and 18% with enrichment).

Rats undergoing both stress and enrichment were
housed in the enriched environment and removed
daily for the immobilization procedure. After termin-
ation of the repeated stress (10 days), rats were housed
in enriched cages for four additional days (total of
14 days in enriched cages) before behavioral testing
began. This duration of enrichment (14 days) was
chosen to match closely the duration of stress
(10 days). We did not know, a priori the length of
enrichment necessary to reverse the stress effect.
Thus, we started by testing effects of enrichment on
stressed rats at two weeks after the start of experiment.
Enriched rats were housed in enriched cages
throughout the period of behavioral testing; non-
enriched rats (groups: stress alone and no stress, no
enrichment) were housed in the standard laboratory
cages. Control rats were not exposed to either stress or
enrichment.

Behavioral apparatus

The experiments were conducted in two identical
modified observation chambers (30 X 24 X 21cm;
Med Associates, St. Albans, VT, USA), placed in
sound-attenuating cabinets. Construction of the



observation chamber was similar to that described
previously (Ji and Maren 2005). The floor of the
chambers consisted of steel rods placed 1.5 cm apart.
These rods were attached to a shock-generator and a
solid-state shock scrambler to deliver electrical foot-
shocks. A loudspeaker mounted on the wall of the
chamber delivered the auditory tones used for
conditioning.

Fear was quantified in terms of percentage freezing,
i.e., cessation of all movements except breathing
(Ji and Maren 2005; LeDoux et al. 1984). A load-cell
platform recorded locomotor activity of the rats, as
measured by the chamber displacement. Activity
samples were collected at 5Hz (one sample every
200 ms). Load-cell amplifiers of both chambers were
calibrated to a fixed displacement. Before the start of
the experiment, rats of similar weight and age were
used for the calibration. Gain of amplifiers was
calibrated to provide for the highest resolution
possible at the lower range of locomotor activity.
A pre-defined freezing threshold was applied to the
amplifier output in order to separate freezing from
movement. An experimental rat had to show activity
below this threshold for at least one second (five
successive sample points at 5Hz) before it was
deemed to be frozen. Values for freezing obtained by
this method were comparable to those obtained by an
experienced observer by visual examination of the
video records.

Three different contexts were used. For the first
context (context A), chambers were placed opposite a
wall with red plastic strips, a house light mounted near
the chambers was switched on the chambers were
cleaned with 70% alcohol, the room lights were kept lit
and the floor of the chamber consisted of exposed steel
grids. Rats were transported to context A in standard
laboratory rat cages (45 X 24 X 20cm) without
bedding.

The second context (context B) had white walls
facing the chambers, the chamber light and room light
were switched off, an exhaust fan mounted on the
chamber provided constant background noise the
chambers were cleaned with 1% acetic acid and
the steel grids on the chamber floor were covered by a
perforated plastic sheet. Rats were transported to
Context B in standard laboratory mice cages (28 X
17.5 X 12 cm) with bedding.

Finally, the third context (context C) consisted of a
distinct set of visual cues including cabinets and
tables on the room floor, the door of the sound-
attenuating cabinets were kept open, the chamber
light was switched off, the room light was switched
on, the chambers were cleaned with 5% ammonium
hydroxide and the chamber floor was covered with
wire mesh. Rats were transported in this context in
thermocol boxes lined with animal bedding.

These contexts differed from each other in terms
of spatial arrangement, prevailing odor, presence
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or absence of background noise generated by a fan
on the wall of the chamber, the type of boxes used to
carry rats to the observation room, ambient light
conditions and the texture of the chamber floor.

Behawvioral testing

On the day of training, rats were placed in the
observation chamber in a specific context (context
A). Beginning 3 min after being placed in the
chamber, the rats were presented with three
successive auditory tones (5kHz, 80dB, 10s and
inter-trial duration = 90s) co-terminating with foot-
shock (1 mA, 1s). This resulted in Pavlovian con-
ditioning to the tone. Rats were returned to their
home-cage 200s after the termination of the final
footshock.

One day after training, the strength of con-
ditioning to the training context (context A) was
measured by placing rats in the same context
for 10 min. The next day, the strength of conditioning
to the auditory cue was measured as percentage
freezing in response to a continuous tone (duration = 3
min, 5kHz, 80 dB; starting three minutes after being
placed in the chamber) in a novel context (context B).
Thus, testing for the contextual conditioning
preceded the testing for cued conditioning. Two days
after initial training, rats were placed in context
B and presented with 30 successive auditory
tones (5kHz, 80dB, duration = 10s, inter-trial
duration = 50s) to measure the extinction of cued
fear conditioning. The first presentation of the tone
started three minutes after rats were placed in the
chamber.

After extinction of cued fear in context B, rats were
placed in another novel context (context C). Renewal
of fear in this novel context was measured as freezing
in response to five successive conditioned tones
(5 kHz, 80 dB, 10s, inter-trial duration = 50s).

Statistical analysis

Values are reported as means = SEM. Statistical
analysis was performed using two-way analysis of
variance (ANOVA) with stress and enrichment as
inter-subject sources of the variance. In circum-
stances where an intra-subject source of variance was
present, analysis was performed using two-way
ANOVA with repeated measures. Omnibus F-values
and significance levels achieved with ANOVA are
listed in Table I. In addition to calculating omnibus
F-values, we also conducted two planned compari-
sons: (1) between control and stress rats; and (2)
between stress rats with or without enrichment.
Planned comparisons were conducted using Stu-
dent’s r-test.
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Table I. F-values and degrees of freedom (df) derived from ANOVA.
Stress Enrichment Interaction Intra-subject

Parameter Figure df F P F P F P F P
Training 1 1, 44 0.4 >0.5 2.7 >0.1 1.8 >0.15 132 <0.001
Testing for cued fear conditioning 2A 1, 44 1.7 >0.3 0.17 >0.6 0.24 >0.6
Testing for contextual fear conditioning 2B 1,43 2.1 >0.1 2.7 >0.15 0.13 >0.7
Extinction of cued fear conditioning 3 1,43 3.3 >0.07 0.63 >0.4 3.2 >0.08 8.7 <0.01
Renewal of cued fear conditioning 4 1, 36 11.9 <0.01 4.2 <0.05 0.62 >0.4
Results exposed to the conditioned tone. This allowed us to

Neither stress nor enrichment affected freezing during
conditioning

On the day of training, rats were presented with three
pairs of tone and footshock in context A. This allowed
conditioning of both tone and spatial context with
aversive foot shocks. During the course of this
training, footshocks elicited significant freezing that
was similar across all experimental groups (Figure 1).
Freezing exhibited by all experimental groups
was similar in magnitude both at the presentation
of the last tone-footshock pair and during the
post-shock period.

Neither stress nor enrichment affected fear conditioning
to auditory cue or to traiming context

Two days after the conditioning, rats were placed in
a novel unconditioned context (context B) and
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Figure 1. Freezing exhibited by rats exposed to stress and

enrichment, during conditioning (tone and footshock pairing).
The ordinate (y-axis) depicts percentage freezing before (first three
points; inter-block interval = 60s; pre-shock), during (next three
points; inter-block intervel = 90 s; shock) and after (last point; 180s
post-shock) the presentation of tone and footshock pairs. Neither
stress nor enrichment affected freezing during conditioning. Two-
way ANOVA with repeated measures; n= 11 — 12 rats per
group. Values are group means = SEM.

measure cued conditioning (conditioning to the tone)
without interference from previously conditioned
context (i.e., context A). The conditioned tone
elicited similar freezing in all experimental groups
(see Figure 2A). Preceding this, one day after
conditioning, rats were exposed to context A, without
the presentation of tone. This allowed us to measure
contextual fear conditioning without interference
from conditioned cue (tone). All experimental groups
exhibited significant and similar freezing in the
conditioned context (see Figure 2B).

Stress reduced freezing during extinction of cued fear

One day later, the rats were again exposed to the
conditioned tone while in context B. The cued fear
response in this spatial context extinguished (i.e., the
time spent in freezing declined with repeated tone
presentation, as compared with the level of freezing at
the end of conditioning; Figure 3), such that by the
20th presentation, all experimental groups spent less
than 15% of time freezing. No significant differences
between experimental groups were evident at this time
point (One-way ANOVA, percentage freezing
obtained between 16 and 20th presentation of tone.
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Figure 2. Effects of stress and enrichment on cued and contextual
fear conditioning. The ordinate depicts percentage freezing during
the presentation of the conditioned tone. The freezing observed is
specific to the conditioning, in view of a low level of freezing
obtained in a novel context before presentation of tone-shock pairs
(Figure 1, pre-shock). Neither chronic stress nor environmental
enrichment affected fear conditioning to an auditory cue (A) or to
the training context (B). Two-way ANOVA. n =11 — 12 rats per
group. Values are means = SEM.
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Figure 3. Effects of stress and enrichment on extinction of cued

fear. The ordinate depicts percentage freezing obtained during first
tone presentation (also depicted in Figure 2A) and four consecutive
bins (1 bin =5 tone presentations) while rats were in a context
different from that for training. Stress alone reduced freezing to the
tone during extinction trials. Two-way ANOVA with bins as
repeated measures. n = 11 — 12 rats/group. *p < 0.05, planned
comparison between stress and control rats without enrichment.
Values are group means = SEM.

Fi.43y= 2.5, p>0.05). Additionally, a two-way
ANOVA with repeated measures revealed that the
amount of freezing exhibited across presentations
decreased (main effect of blocks, p < 0.05). Signifi-
cant interaction between blocks, stress and enrich-
ment was not evident (p> 0.35). Interestingly,
exposure to stress appeared to reduce freezing across
all presentations, although this effect failed to reach
statistical significance (p = 0.075 for main effect of
stress) in two-way ANOVA. Nevertheless, planned
comparison revealed that stressed rats exhibited
significantly less freezing than control rats during the
first 15 trials (p < 0.05; Figure 3) during extinction,
with differences between them becoming insignificant
during the 16—20th tone presentation. Enrichment of
stressed rats showed significantly more freezing than
non-enriched stressed rats during the last 15 trials of
extinction (p < 0.05).

Stress and enrichment had opposing effects on renewal
of fear in a novel spatial context

One day later, rats were exposed to five successive
conditioned tones in a novel spatial context (context
C). Control rats (i.e., without exposure to stress or
enrichment) exhibited robust freezing to the cued
stimulus in this context (Figure 4). Indeed, the level of
freezing obtained during fear renewal for control rats
(46.6 = 6.9%) was similar to that obtained during the
initial testing for cued fear conditioning prior to
extinction in Context B (48.1 = 8.3%; p > 0.4, paired
-test). A two-way ANOVA revealed that stress
significantly reduced fear renewal, as manifested
by reduced freezing to the conditioned auditory cue
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Figure 4. Effects of stress and enrichment on renewal of cued fear.
The ordinate depicts percentage freezing obtained during five tone
presentations in a novel spatial context different from that for
training and extinction. Stress reduced and enrichment enhanced
renewal of cued fear. Two-way ANOVA. n = 10 rats for control, six
rats for enriched, 12 rats for stress and 12 rats for stress + enriched.
*p < 0.05, planned comparison between stress and control rats
without enrichment. &p < 0.05, planned comparison between stress
rats with and without enrichment. Values are group means = SEM.

in Context C (Figure 4; Fq 36 = 11.9, p<0.05).
In contrast to the effects of stress, exposure to enrich-
ment enhanced fear renewal (main effect of enrich-
ment, two-way ANOVA; F( 36 = 4.2, p»<0.05).
Interaction between stress and enrichment was not
statistically significant. The planned comparison
revealed that exposure to stress reduced fear renewal
in non-enriched rats, as demonstrated by a 68%
reduction in freezing response to the tone (p < 0.01).
Enrichment of stressed rats reinstated fear renewal (a
143% increase in freezing compared to stress alone
group; p < 0.05), bringing the level of fear renewal
comparable to that exhibited by control rats
(Figure 4).

Discussion

We report that stress and enrichment have opposing
effects on fear renewal in rats. While stress, in itself,
reduced renewal of fear in a novel context, environ-
mental enrichment for stressed rats blocked this effect.
Thus, when chronic stress and enrichment were
combined, effects of enrichment predominated over
those of stress.

There is now significant evidence that Pavlovian
extinction does not involve destruction of original
associative learning, and that much of the original
conditioning survives extinction (Bouton 2004; Bou-
ton et al. 2006). It has been suggested that extinction
results in formation of a new memory that is overlaid
on the original conditioning. A potent argument in
favor of this view is context-specificity of the extinction
memory. If animals are tested in an environment
distinct from the extinction context, the conditioned
response can be reinstated. Hence, in a way, extinction



310 R. Mitra & R. M. Sapolsky

leaves the conditioned stimulus with two available
associations, and spatial context is crucial in deter-
mining which one of these associations is retrieved
during behavioral performance (Bouton 2004;
Bouton et al. 2006). Thus, this paradigm offers a
useful way to test if an experimental manipulation
affects contextual processing and acuity. Our results
show that stress reduced fear renewal and enrichment
of stressed rats blocked this stress effect. Indeed, the
conditioned response observed in enriched rats during
renewal was comparable to that observed before the
extinction. This indicates that enrichment during
stress could enhance the ability of rats to discriminate
between contextual cues relative to rats undergoing
stress alone. It is advantageous for an animal to learn
the association between spatial context and presence or
absence of danger, since this allows animals to optimize
vigilance and arousal. Thus, we suggest that the
re-establishment of fear renewal in stressed animals by
environmental enrichment represents an adaptive
response in naturalistic circumstances.

The effects of environmental manipulations, like
stress and enrichment, on fear renewal have not been
previously studied. However, several recent reports
have investigated neural mechanisms of renewal,
mainly suggesting a crucial role for the dorsal
hippocampus (Corcoran and Maren 2004; Corcoran
et al. 2005; Ji and Maren 2005; Ji and Maren 2007).
For example, both the renewal of conditioned
response and the increase in lateral amygdala neuronal
firing caused by context shift are impaired if the dorsal
hippocampus is lesioned before testing (Bouton et al.
2006). It is relevant that both stress and enrichment
affect the dorsal hippocampus. Chronic stress causes
dendritic retraction in CA3 neurons and suppresses
neurogenesis in the dentate gyrus (Magarinos and
McEwen 1995; McEwen 1999; McEwen 2001; Lee
et al. 2006; Kim et al. 2007; Thomas et al. 2007),
while environmental enrichment has the opposite
effects (Berman et al. 1996; Rampon et al. 2000;
Bruel-Jungerman et al. 2005; Gaulke et al. 2005;
Leggio et al. 2005; Segovia et al. 2006; Bindu et al.
2007). Moreover, while stress compromises hippo-
campal-dependent spatial memory (Luine et al. 1994;
Diamond et al. 1996; Kim et al. 2007;), enrichment
has a positive outcome on spatial memory and other
cognitive tasks (Rampon et al. 2000; Leggio et al.
2005; Wright and Conrad 2007; Yang et al. 2007).
It is possible that the compromised fear renewal
brought about by stress and the increased fear renewals
brought about by enrichment in these animals are
related to the effects of each of these manipulations on
the dorsal hippocampus. An alternative explanation will
be that in the presence of enrichment, a stressful
stimulus is less effective. Thus, it appears likely that the
effects of enrichment are related to counteracting
damaging effects of stress on these same brain regions
as well as countering the effects of stress per se.

While stress and enrichment affected renewal of
conditioned fear in the present study, contextual fear
memory was not affected. Previous studies have
shown that extinction learning is more context-
specific than original conditioning itself (Harris et al.
2000; Bouton 2004). Indeed, it has been suggested
that extinction enables contextual gating of a
conditioned response (Bouton 2004; Bouton et al.
2006; Ji and Maren 2007). Thus, it is likely that
demands on contextual processing are greater in the
case of fear renewal than in initial contextual fear
conditioning; this would make it likely that the effects
of treatment will be more readily observed in fear
renewal.

The amygdala and its interactions with the
prefrontal cortex are involved in extinction of
conditioned fear (Corcoran and Quirk 2007). Both
of these structures also exhibit plastic changes in
response to stress, including reduced spine density
in the medial prefrontal cortex and increased density
in the amygdala (Mitra et al. 2005; Murmu et al.
2006; Radley et al. 2006). Since the prefrontal cortex
exerts a facilitating influence on fear extinction
through its interaction with the amygdala (Akirav
and Maroun 2007), we expected that stress would
induce a slower extinction. On the contrary, we
observed that stress did not affect fear conditioning per
se and, in fact, caused a faster extinction, relative to
levels of freezing at the end of conditioning among the
groups. It should also be noted here, that chronic
stress has previously been reported to enhance fear
conditioning (Servatius and Shors 1994; Conrad et al.
1999; Rodriguez Manzanares et al. 2005). This
discrepancy in effects of stress on fear conditioning
and extinction may be due to differences between the
previous and the present studies in the type of stressor
(immobilization in our study in comparison to
inescapable and acute restraint stress; Conrad et al.
1999; Corcoran et al. 2005), length of stress
paradigms (2h/day immobilization for 10 days in
this report in comparison with 21 days of restraint
stress or prenatal stress Murmu et al. 2006; Radley
et al. 2006), and time elapsed between termination of
stress and behavioral testing (4—6 days after the
termination of stress in comparison with two days or
several week after termination of stress; Servatius and
Shors 1994; Murmu et al. 2006).

Stressed rats exhibited a low level of freezing
compared to the other three groups during the
extinction trials. Since no differences between control
and stressed rats were discerned during the training
and conditioning trials, reduced freezing during
extinction appears specific to extinction learning.
Therefore, stressed rats exhibited faster extinction.
Alternatively, it can be argued that a low level of
freezing during extinction could influence the freezing
of the stressed rats during renewal. Therefore, it could
be possible that in the case of the stressed rats, the



association between tone and fear was too weak by the
end of the extinction procedure, hence the magnitude
of renewal was compromised. Due to a paucity of
relevant literature, we cannot discount any of these
possibilities. Even in the face of these alternative
interpretations, it is important to emphasize that the
effects of stress in the present study were blocked by
enrichment during fear extinction and renewal.

Different forms of stress have also been shown to
influence fear extinction (Izquierdo et al. 2006;
Miracle et al. 2006). Some of them specifically affect
extinction without affecting conditioning (Izquierdo
et al. 2006), similar to the present findings. However,
the effects of stress on extinction and also the stress
paradigms used previously are distinct from our study.
It is interesting to note that some stress paradigms
influence conditioning, some influence extinction and
some influence both. Hence, the nature of the stress
directs the outcome on specific forms of fear memory.

In this study, for the first time, we examined the
effects of two different environmental manipulations,
stress and enrichment presented concurrently, on
conditioned fear and its retrieval. While stress or
enrichment had no effect on fear conditioning, stress
compromised both extinction and renewal. Enrich-
ment on the other hand did not affect extinction and
re-established context-dependent fear renewal in
stressed rats.

In conclusion, we have demonstrated that environ-
mental enrichment can affect contextual modulation
of fear memories. Moreover, such enrichment can
enhance contextual processing in fear renewal and
predominate over the opposing effects of stress.
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