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cAMP Response Element-Binding Protein Is Required for
Stress But Not Cocaine-Induced Reinstatement

Arati S. Kreibich and Julie A. Blendy
Department of Pharmacology, University of Pennsylvania, Philadelphia, Pennsylvania 19104

Reinstatement of previously extinguished conditioned place preference (CPP) is precipitated by stress or drug exposure. Here, we show
that acute exposure to forced swim stress (FS), in a context distinct from conditioning, induces reinstatement of cocaine CPP in wild-type
mice. This behavior is accompanied by a pattern of phosphorylated cAMP response element-binding protein (pCREB) activation in
discrete brain regions that is distinct from the pattern observed after cocaine-induced reinstatement. For example, previous cocaine
conditioning increases pCREB levels in the amygdala, and acute exposure to FS, but not to cocaine, further augments these changes. In
contrast, previous cocaine conditioning does not alter levels of pCREB in the nucleus accumbens, but acute exposure to FS increases
pCREB levels in this region on reinstatement day. Furthermore, to determine whether these alterations of CREB are necessary in FS or
cocaine-induced reinstatement, we examined the effect of these stimuli on reinstatement behavior in mice deficient in � and � isoforms
of CREB. The CREB �� mutant mice show deficits in FS-induced reinstatement of conditioned place preference. In contrast, they show
robust cocaine-induced reinstatement. This deficit in stress but not drug-induced reinstatement indicates a specific requirement for
CREB in stress-induced behavioral responses to drugs of abuse.
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Introduction
A key obstacle to successful treatment of drug addiction is

relapse, which is frequently precipitated by exposure to stress.
Relapse has been modeled in animal studies through reinstate-
ment of responses to drug self-administration or conditioned
place preference (CPP) by drug, cue, or stress (de Wit and Stew-
art, 1981, 1983; Erb et al., 1996; Shalev et al., 2000; Stewart, 2000;
McFarland and Kalivas, 2001; Sanchez and Sorg, 2001; Shaham et
al., 2003). Stressors such as footshock and restraint, given in the
conditioning context, induce reinstatement of previously extin-
guished response associated with drug reward (Erb et al., 1996;
Shaham et al., 2000; Stewart, 2000; Sanchez et al., 2003); however,
the efficacy of another common stressor, the forced swim (FS),
has never been evaluated in reinstatement behavior. FS has been
widely used to detect antidepressant efficacy in animal models
(Porsolt et al., 1977; Porsolt, 1979). Animals exposed to FS re-
spond in an active (swimming) or passive (floating) manner to
the stress. Importantly, forced swim stress exposure occurs in a
context that is distinct from the conditioning environment. To
evaluate the significance of this type of stress in reinstatement, we
used a single forced swim exposure as a means of reinstating
previously extinguished place preference to cocaine in mice.

Reinstatement of conditioned responses to drug reward in-

volves the mesolimbic dopamine system (Stewart, 1984; Stewart
and Vezina, 1988; McFarland and Kalivas, 2001); however, stres-
sors recruit additional brain circuits including the extended
amygdala (AMY) [nucleus accumbens (NAc) shell, central amyg-
dala, and the bed nucleus of the stria terminalis (BNST)] (Alheid
and Heimer, 1988; de Olmos and Heimer, 1999) to reinstate
previously extinguished responses (Shaham et al., 2000, 2003;
Erb et al., 2001; Wang et al., 2002; McFarland et al., 2004). Al-
though the brain regions critical in mediating reinstatement have
been identified, the molecular underpinnings of this phenome-
non remain unknown. The transcription factor cAMP response
element-binding protein (CREB) may function at the intersec-
tion of both drug reward and stress response. CREB is regulated
by both acute and chronic drug treatment. Administration of
cocaine has been shown to induce CREB phosphorylation (Kano
et al., 1995). Overexpression of the CREB protein in the NAc
results in reduced rewarding effects of cocaine (Carlezon et al.,
1998). In contrast, decreasing CREB activity by overexpressing a
dominant-negative form of CREB (mCREB) results in aug-
mented cocaine reward (Carlezon et al., 1998). Similarly,
CREB �� mutant mice, deficient in � and � isoforms of the CREB
protein, demonstrate enhanced responses to the rewarding prop-
erties at a low dose of cocaine in a CPP paradigm (Walters and
Blendy, 2001). At a higher dose of cocaine, however, this differ-
ence is no longer evident (Walters and Blendy, 2001). Although
CREB is important in modulating the initial behavioral effects of
drugs of abuse, the role of this protein in reinstatement of cocaine
reward remains unknown.

Alterations in CREB levels and activation of CREB have been
correlated with exposure to stress associated with the FS (Bilang-
Bleuel et al., 2002). Overexpressing CREB in the nucleus accum-
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bens results in increased immobility in the FS (Pliakas et al.,
2001). In contrast, overexpression of mCREB decreases immo-
bility (Pliakas et al., 2001). Convergent findings in our laboratory
using CREB �� mutant mice suggest that CREB mediates specific
behavioral responses in the FS stress: mutant mice exposed to the
forced swim test exhibit reductions in immobility (Conti et al.,
2002).

Because of the central role of CREB in modulating responses
to both stress and drugs of abuse, we hypothesized that CREB
may be important in mediating stress and drug-induced changes
in reinstatement of conditioned place preference. To examine
this, we quantified changes in phosphorylated CREB (pCREB) in
the brain after reinstatement of conditioned place preference in
wild-type animals. To determine whether CREB is necessary for
reinstatement to occur, we evaluated the induction of reinstate-
ment in conditioned place preference in CREB �� mutant mice
after FS exposure. Last, changes after cocaine-induced reinstate-
ment were evaluated in wild-type and CREB �� mutant mice to
determine the specificity of the role of CREB in the reinstatement
response.

Materials and Methods
Animals
The CREB �� mutant mice and wild-type littermates are bred and main-
tained in an F1 hybrid background (129SvEvTac/C57BL/6) as described
previously (Walters and Blendy, 2001). The parental strains for this hy-
brid line have been backcrossed with vendor-supplied wild-type strains
for several generations. The animals used in this study were obtained by
crossing heterozygote CREB �� 129SvEvTac (N12) to heterozygote
CREB �� C57BL/6 (N10). All mice (2– 4 months) were group housed
with food and water available ad libitum in an animal care facility on a 12
hr light/dark cycle (lights on at 7:00 A.M.) in accordance with the Uni-
versity of Pennsylvania Animal Care and Use Committee. All experi-
ments were conducted between 8:00 A.M. and 2:00 P.M.

Behavioral experiments: forced swimming
Mice were placed for 6 min in plastic cylinders (23 cm tall � 14 cm
diameter) containing water (23�25°C) that was 10 cm deep.

Conditioned place preference
Place-conditioning boxes consisted of two chambers (20 � 20 � 20 cm),
one with stripes on the wall and a metal grid floor and the other with gray
walls and plastic flooring. A partition with an opening separated the two
chambers in each box, but allowed access to either side of the chamber.
This partition was closed off during the pairing days. The conditioned
place preference paradigm was performed as follows (Fig. 1).

Preconditioning phase. On day 1, mice were allowed to explore both
sides for 900 sec, and time spent in each side was recorded. These data

were used to separate animals into groups with approximately equal
biases for each side.

Conditioning phase. Beginning on day 2, the animals were paired for
8 d, with the saline group receiving injections (0.9% sodium chloride) on
both sides of the boxes, whereas the drug-paired group received cocaine
(10 mg/kg; NIDA Drug Supply, Research Triangle Park, NC) on one side
and saline on the other side. Drug-paired sides were randomized among
all groups.

Testing phase. On day 9, all of the animals were given a saline injection
and allowed to roam freely between the two sides, and time spent on each
side was recorded. The data were analyzed and expressed as time spent on
the saline-paired side subtracted from time spent on the drug-paired
side.

Extinction phase. During extinction training (days 11–19), all animals
were given saline injections on both sides of the boxes. On extinction test
day (day 20), the time spent on each side was recorded.

Reinstatement phase: stress induced. Twenty-four or 48 hr after extinc-
tion test day, mice were placed in a forced swim apparatus for 6 min and
placed back in their home cages. Thirty minutes later, they were tested for
place preference, as described previously. Mice in the non-stress (NS)
group were left in the home cage until CPP testing.

Reinstatement phase: drug induced. On reinstatement (RI) test day,
mice were injected with either saline or cocaine (10 mg/kg, i.p.) imme-
diately before being placed in the testing chamber, as above. Time spent
in each side was recorded. Data were analyzed as above.

Statistics
For all data, statistics were analyzed with ANOVAs using the StatView
program. Post hoc tests were conducted with the Bonferroni–Dunn test.

Brain dissections
Mice were killed immediately after testing on RI day (Fig. 1) by cervical
dislocation. The brains were removed and sliced into 1 mm sections
using the brain matrix (Braintree Scientific Co., Braintree, MA). Brain
areas of interest [NAc bregma, �1.54 mm; BNST bregma, �0.26 mm;
AMY bregma, �1.2 mm; ventral tegmental area (VTA) bregma, �3.88
mm] were identified and dissected using the mouse brain atlas (Paxinos
and Watson, 1997). Tissues were frozen in liquid nitrogen and stored at
�80°C.

Western blot analysis
Tissues were homogenized in 200 ml of ice-cold extraction buffer con-
taining PBS, 1 mM EGTA, 1 mM EDTA, 0.01% SDS, and 1 mM PMSF.
Protein concentrations were determined using a Bradford assay, with
bovine serum albumin as the standard. Equivalent amounts of protein
(50 �g) for each sample were resolved in 7.5% SDS-PAGE. After electro-
phoresis, proteins were transferred to polyvinylidene difluoride mem-
branes. Membranes were incubated in PBS with 0.5% Tween 20 (PBS-T)
containing 5% nonfat milk for 1 hr at room temperature to block non-
specific binding. The blots were reacted with primary antibodies (pCREB
or CREB) overnight at 4°C. After washing in PBS-T, the blots were incu-
bated in secondary antibody in PBS-T for 1 hr. Membranes were then
washed three times with PBS-T. Immunolabeling was detected by en-
hanced chemiluminescence (Amersham Biosciences, Piscataway, NJ).
The blots were stripped using the standard protocol, washed, and re-
probed with the reference antibody (�-tubulin). The primary antibodies
used were pCREB, CREB phosphorylated at Ser-133 (1:500; Cell Signal-
ing Technology, Lake Placid, NY), and �-tubulin (1:1000; Sigma, St.
Louis, MO). The secondary antibodies used were goat anti-rabbit IgG-
HRP (1:5000) and goat anti-mouse IgG-HRP (1:1000) (Santa Cruz Bio-
technology, Santa Cruz, CA). Densitometric analysis was conducted to
quantify the immunoreactivity in Western blotting with a scanner and
ImageQuant software (Amersham Biosciences). The pCREB bands were
detected at 43 kDa; �-tubulin bands were detected at 50 kDa. Ratios of
pCREB to �-tubulin densities were calculated for each sample and ana-
lyzed across conditions.

Figure 1. Experimental paradigm for reinstatement. Preconditioning day (PRE): animals are
tested for initial bias. Conditioning phase (CONDITIONING): distinct sides of conditioning boxes
are paired with either saline (S) or cocaine (C) (10 mg/kg, i.p.) injections on days 2–9, with one
exposure to box per 24 hr. Test is given on day 10 to examine preference. Extinction phase
(EXTINCTION): saline injections are given before conditioning on both sides to extinguish pref-
erence. Test is given on day 19 to confirm that CPP is extinguished. Arrow represents exposure
to either stress or cocaine prime. Stressor consists of a 6 min forced swim test exposure, followed
20 min later by exposure to the conditioning boxes. Cocaine prime is a cocaine injection (10
mg/kg, i.p.) given before testing.
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Results
Forced swim test induces reinstatement of cocaine place
preference in wild-type mice
We evaluated the efficacy of forced swim as a stressor necessary to
induce reinstatement in wild-type mice in an F1 hybrid back-
ground (129SvEv/C57BL/6). Preconditioning day data revealed
no initial bias to either side. On test day, both groups of wild-type
mice showed significant place preference to the cocaine-paired
side (F(3,17) � 3.589; p � 0.05 from saline group) (Fig. 2). On
extinction test day, none of the groups demonstrated significant
place preference. Therefore, reinstatement was tested 24 hr later.
Wild-type animals previously demonstrating CPP and exposed
to the forced swim stress show a significant preference for the side
previously paired with cocaine. In contrast, mice previously in-
jected with cocaine but not subjected to the FS show no signifi-
cant place preference ( p � 0.05 from saline group). The FS ex-
posure had no effect on saline-treated animals, which had never
developed a preference for one side or another.

pCREB levels increase after FS-induced reinstatement in
wild-type mice
To investigate molecular correlates of the reinstatement behav-
ior, we assessed changes in levels of pCREB in brain areas associ-
ated with reward and stress-induced reinstatement in wild-type
mice. We found that forced swimming increased pCREB expres-
sion in the NAc in both groups, regardless of whether they re-
ceived saline or cocaine conditioning in CPP (F(3,12) � 14.9; p �
0.001 from corresponding non-stress group) (Fig. 3A). Condi-
tioning to cocaine alone resulted in increased pCREB levels 10 d
later in the amygdala (F(3,12) � 32.4; p � 0.001 from the corre-
sponding NS group) (Fig. 3B). Of note, this occurs 10 d after the
cocaine-conditioning procedure. A single exposure to the FS fur-
ther augmented pCREB levels in the amygdala in mice that were
previously conditioned to cocaine (F(3,12) � 32.4; p � 0.001 from
corresponding cocaine-conditioned, non-stressed group). There

were no significant changes in pCREB levels in the VTA or the
BNST (Fig. 3C,D).

CREB mutant mice do not show FS-induced reinstatement of
place preference to cocaine
To determine whether changes in pCREB are necessary for stress-
induced reinstatement, we tested the effect of FS on reinstate-
ment to place preference in CREB �� mice. Both wild-type and
mutant mice injected with cocaine (10 mg/kg) showed a similar
preference for the drug-paired side on test day (F(7,65) � 5.785;
p � 0.001 from corresponding saline group) (Fig. 4). These data
are comparable with previous experiments (Walters and Blendy,
2001). This preference was no longer evident after extinction in
either wild-type or mutant mice (F(7,65) � 0.429; p � 0.5 from all
other groups). As demonstrated previously, the wild-type ani-
mals showed FS-induced reinstatement (F(7,65) � 3.410; p �
0.001 from wild-type saline group). In contrast, CREB �� mutant
animals do not show reinstatement after FS exposure (F(7,65) �
3.410; p � 0.5 from all other groups) (Fig. 4).

Cocaine priming induces reinstatement of cocaine place
preference in wild-type and CREB �� mutant mice
To further assess whether the deficit in reinstatement in CREB ��

mutant mice is specific to stress, we evaluated whether a cocaine

Figure 2. Acute exposure to the forced swim test (FST) precipitates reinstatement of extin-
guished place preference for cocaine (10 mg/kg) in wild-type mice. Wild-type mice paired with
cocaine (COC/NS, black bar; COC/FST, horizontal stripe) show a significant place preference to
the cocaine-paired side on test day. With repeated pairings of saline in both sides, mice previ-
ously paired with cocaine do not show place preference on extinction day. When mice are then
exposed to a session of acute FST, neither the non-stress groups (SAL/NS, white bars; COC/NS,
black bars) nor the saline-paired stressed group (SAL/FST, diagonal stripe) shows significant
place preference; however, the mice previously paired with cocaine (COC/FST, horizontal stripe)
reveal robust reinstatement of preference after an acute exposure to FST. Data are expressed as
mean � SEM; five to six mice per group. *p � 0.05 from corresponding saline group (ANOVA;
Bonferroni–Dunn post hoc test).

Figure 3. Increases in pCREB after FST-induced reinstatement in wild-type mice. Western
immunoblots of pCREB change after FST-induced reinstatement. Wild-type mice were paired
with saline (SAL) or cocaine (COC). Of those, some were exposed to swim stress on RI day
(SAL/FST or COC/FST); the rest were not stressed (SAL/NS or COC/NS). A, Acute exposure to
forced swimming significantly increases pCREB expression in the NAc after both saline (SAL/
FST) and cocaine (COC/FST) conditioning when compared with the corresponding non-stress
groups (SAL/NS or COC/NS). B, Cocaine conditioning increases pCREB expression in the amyg-
dala (COC/NS) when compared with all other groups. Acute exposure to forced swimming
(COC/FST) further increases pCREB levels when compared with the NS group. C, There were no
changes in pCREB expression after forced swimming or cocaine conditioning in the VTA or the
BNST ( D). Data are expressed as mean � SEM; four to six mice per group. *p � 0.05 from
SAL/NS group; **p � 0.05 from COC/NS group (ANOVA; Bonferroni–Dunn post hoc test).
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priming injection would induce reinstatement of place prefer-
ence in both wild-type and CREB �� mice. As shown previously,
both wild-type and mutant animals showed place preference to
cocaine (F(7,37) � 6.243; p � 0.001 from corresponding saline
group) and an extinction of this preference after saline pairings
(F(7,37) � 0.168; p � 0.5 from saline group) (Fig. 5). In contrast to
FS-induced reinstatement, both wild-type and CREB �� mutant
mice showed similar reinstatement of place preference elicited via
cocaine prime injection (F(7,37) � 3.165; p � 0.01 from all corre-
sponding groups) (Fig. 5).

pCREB increases after cocaine-induced reinstatement in
wild-type mice
To evaluate whether the changes in pCREB are specific to stress-
induced reinstatement, we investigated changes in pCREB after
cocaine-induced reinstatement. Cocaine injections on reinstate-
ment day had no effect on pCREB levels in the NAc (Fig. 6A). As
seen previously, cocaine conditioning itself increased pCREB lev-
els in the amygdala (F(3,12) � 3.7; p � 0.05 from corresponding
saline group); however, exposure to an acute injection of cocaine
on reinstatement day did not further increase pCREB levels in the
amygdala (Fig. 6B). Cocaine prime injection increased pCREB
levels only in the VTA in animals previously conditioned to co-
caine (Fig. 6C) (F(3,12) � 4.2; p � 0.05 from corresponding
cocaine-conditioned, saline-injected group). We found no
changes in pCREB expression after cocaine conditioning or co-
caine injections on RI day in the NAc or the BNST (Fig. 6A,D).

Discussion
Exposure to stress may be a determining factor in the vulnerabil-
ity to substance abuse. Specifically, stress has been shown to in-
crease the acquisition of drug self-administration in both rodent
and nonhuman primates (Kraemer and McKinney, 1985; Higley

et al., 1991; Piazza and Le Moal, 1998;
Fahlke et al., 2000). In general, to elicit
stress-induced reinstatement of place
preference, the stressor must be given in
the same context as the drug conditioning.
For example, both footshock and restraint
stress given within the self-administration
chambers reinstate heroin-seeking behav-
ior (Shalev et al., 2000). In contrast, nei-
ther footshock nor restraint stress given
outside the conditioning context has been
shown to reinstate drug seeking (Shalev et
al., 2000). External stressors outside of the
drug-taking environment do induce re-
lapse in humans (Shiffman, 1982; Sinha et
al., 1999, 2000). Therefore, similar evalu-
ations of reinstatement would be useful to
examine in animal models of relapse.

Forced swim stress is a common be-
havioral paradigm used to evaluate anti-
depressant efficacy. In addition to the as-
sessment of physiological changes
associated with stress, FS allows for the ob-
servation and quantification of behavioral
responses during the stress exposure. In
the present studies, we have shown that
exposure to FS reinstates cocaine place
preference in mice. Forced swimming was
performed in a cylinder of water in an area
separate from the conditioned place pref-
erence chambers, demonstrating that ex-

posure to a stress in an environment distinct from conditioning
can induce reinstatement of place preference. More recently, de-
privation of food has been used to elicit reinstatement (Shalev et
al., 2001; Highfield et al., 2002). It remains the only other example
of stress exposure in a context different from conditioning that
elicits reinstatement; however, deprivation of food may be char-
acterized as an “internal” stressor, wherein changes in the state of
the animal occur over the long-term period of 1 or more days. In
contrast, exposure to FS is an acute, discrete “external” stressor.
Thus, this is the first demonstration of an external stressor that
elicits reinstatement when given in a different context than the
conditioning paradigm.

Although substantial evidence points to a relationship be-
tween stress and drug addiction, the molecular mechanisms un-
derlying this link have yet to be elucidated. The transcription
factor CREB is considered central in transducing responses to
drugs of abuse as well as to stressors. To investigate the role of
CREB in stress and drug-induced changes in response to cocaine,
we examined pCREB protein levels after FS and cocaine-induced
reinstatement in the NAc, VTA, AMY, and BNST. These brain
regions are implicated in mediating reinstatement to drugs as
well as to stress (Erb and Stewart, 1999; Erb et al., 2000, 2001;
McFarland and Kalivas, 2001; McFarland et al., 2004). In addi-
tion, the NAc and the VTA are thought to be part of the final
common motor pathway by which all priming stimuli reinstate
behavior. Inactivation of both regions abolishes footshock and
drug-induced reinstatement (McFarland and Kalivas, 2001; Mc-
Farland et al., 2004). Our data demonstrate that pCREB levels are
increased in the nucleus accumbens on reinstatement day after an
exposure to forced swim test. This increase was seen regardless of
whether animals were treated with saline or cocaine in the con-
ditioning paradigm, indicating that activation of CREB is caused

Figure 4. CREB mutant mice do not show FST-induced reinstatement of place preference to cocaine (10 mg/kg). Both wild-type
and mutant mice paired with cocaine (WT/COC/NS, WT/COC/FST, MUT/COC/NS, MUT/COC/FST) show a significant place preference
to the cocaine-paired side on test day. With repeated pairings of saline in both sides, mice previously paired with cocaine do not
show place preference on extinction day. Although wild-type mice reveal reinstatement of preference after a single exposure to
FST (WT/COC/FST), the CREB mutant mice do not show reinstatement (MUT/COC/FST). Data are expressed as mean� SEM; 10 –12
mice per group. *p � 0.05 from corresponding saline group (ANOVA; Bonferroni–Dunn post hoc test).
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primarily by exposure to the FS. In con-
trast, pCREB levels did not increase after
cocaine-induced RI in the NAc, suggesting
that activation of pCREB in the NAc is re-
quired for the FS to elicit reinstatement in
this paradigm.

Acute exposure to the FS has also been
shown to change excitatory synaptic plas-
ticity in the VTA (Saal et al., 2003). More-
over, this change is similar to that ob-
served after exposure to drugs of abuse
(Saal et al., 2003); however, we found no
changes in pCREB levels in the VTA after
cocaine conditioning or FS exposure. This
is in contrast to the increase in pCREB ob-
served in the VTA after an acute injection of
cocaine on reinstatement day. Because the
VTA mediates the initial response to drugs
of abuse, the increase in pCREB after the co-
caine prime injection may reflect acute
drug-dependent changes in the VTA. The
pattern of pCREB changes that emerges after
cocaine-induced reinstatement is distinct
from that observed after FS-induced RI, in-
dicating that distinct molecular mechanisms
in discrete brain regions may be differen-
tially involved in stress- versus drug-
induced reinstatement.

The amygdala and BNST are additional
critical neural substrates involved in stress-induced reinstate-
ment. Inactivation of the central amygdala or the BNST attenu-
ates stress-induced reinstatement (Erb and Stewart, 1999; Erb et
al., 2000, 2001; Wang et al., 2001, 2002). Although levels of
pCREB are not altered in the BNST by exposure to the FS, alter-
ations of pCREB in the amygdala are significantly affected by this
reinstatement stimulus. Moreover, previous conditioning to co-
caine itself increases pCREB levels in the amygdala of wild-type
mice. This suggests that long-lasting changes in the amygdala
may serve to “sensitize” the system for subsequent reinstatement.
Of interest, although exposure to the FS augments this increase in
pCREB, acute cocaine given on reinstatement day does not. Al-
though both the amygdala and the BNST are implicated in me-
diating other forms of stress-induced reinstatement, CREB regu-
lation appears to be critical to the amygdala after FS-induced
reinstatement.

Analysis of pCREB levels shows distinct patterns of activation
depending on the stimulus used to induce reinstatement. The
nucleus accumbens and the amygdala are differentially activated
after FS and conditioning to cocaine. These regions, along with
the BNST, comprise the “extended amygdala” region (Alheid and
Heimer, 1988; de Olmos and Heimer, 1999). As such, there are
extensive reciprocal connections between them (Cassell et al.,
1999). The pattern of changes in pCREB observed after acute
stress exposure as well as conditioning may reveal the conver-
gence of connections in these brain regions, and upregulation of
CREB in both brain regions may be necessary for FS-induced
reinstatement. In contrast, the pCREB activation is seen in the
VTA only after an acute cocaine injection on RI day. Together,
these data show that discrete brain regions may be differentially
involved in a specific pattern of neuronal activation in distinct
types of reinstatement.

To determine whether CREB is necessary for stress- or drug-
induced reinstatement, we evaluated these behaviors in mice de-

ficient in the CREB protein: CREB �� mice. We have shown that
mutant mice deficient in CREB do not show FS-induced rein-
statement. In contrast, we found that both wild-type and mutant
mice show robust reinstatement to a cocaine priming injection.
These data indicate that the behavioral deficit in reinstatement in
the CREB �� mice is specific to stress and not a global deficit in
expressing a reinstatement response.

Augmentation of the pCREB response in the amygdala occurs
after FS-induced reinstatement and in the NAc after FS exposure
in wild-type mice. In addition, we also observe deficits in FS-
induced reinstatement in CREB �� mice. Thus, the behavioral
deficit observed is consistent with the increases in pCREB after
FS-induced reinstatement. Hence, dysregulation of intracellular
signaling in the amygdala may interfere with stress-induced rein-
statement processes in the CREB-deficient mice. Taken together,
these data indicate that CREB in the amygdala and the NAc is
critical to elicit stress-induced reinstatement; however, it appears
that pCREB changes in the VTA after cocaine injection are not
essential in mediating behavioral response to cocaine-induced
reinstatement.

This deficit in stress but not drug prime-induced reinstate-
ment for extinguished place preference indicates a specific re-
quirement for CREB in stress-induced behavioral responses to
drugs of abuse. The mechanisms underlying this response may be
twofold. Inactivation of the CRF input from the central nucleus
of the amygdala to the BNST abolishes stress-induced reinstate-
ment in conjunction with corticotropin releasing factor receptor
1 (CRFR1) receptor blockade in the BNST (Erb and Stewart,
1999; Erb et al., 2001). Increases in levels of pCREB indicate the
involvement of the amygdala specifically in acute FS-induced
reinstatement of extinguished place preference in wild-type mice.
CREB acts on CRE elements present in the promoter of various
genes, including that of the corticotropin-releasing factor gene
(Hatalski and Baram, 1997). Therefore, in wild-type mice, CREB

Figure 5. Both wild-type and CREB mutant mice show cocaine prime-induced reinstatement of extinguished place preference
to cocaine (10 mg/kg). Both wild-type and mutant mice paired with cocaine (WT/COC/SAL, WT/COC/COC, MUT/COC/SAL, MUT/
COC/COC) show a significant place preference to the cocaine-paired side on test day. With repeated pairings of saline in both sides,
all mice previously paired with cocaine do not show place preference on extinction day. Both wild-type and CREB mutant mice
show cocaine prime-induced reinstatement of extinguished place preference. Data are expressed as mean � SEM; five to six mice
per group. *p � 0.05 from corresponding saline group (ANOVA; Bonferroni–Dunn post hoc test).
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may act presynaptically to increase CRF production or release,
leading to the precipitation of stress-induced reinstatement.
CREB �� mice show a global deficit in CREB, including in the
amygdala. Decreases in CREB throughout development and after
stimulation may lead to a decrease in baseline limbic production
or stress-induced release of CRF. In addition, activation of
CRFR1 is necessary to establish stress-induced reinstatement
(Erb et al., 1999). CRFR1 is also coupled to the cAMP pathway
and thus to CREB (Rossant et al., 1999; Bayatti et al., 2003).
Therefore, deficits in CREB may uncouple CRFR1 receptors,
leading to an attenuation of signal after stimulation. These base-
line or stress-induced changes in CRF or CRFR1 may thus block
stress-induced reinstatement response.

In conclusion, we have shown that exposure to FS, a discrete
behavioral stressor, in a distinct context can precipitate reinstate-
ment of previously extinguished place preference. Furthermore,
changes in CREB in the limbic system (NAc and AMY) may be
important for stress-induced reinstatement; however, changes in
CREB in the VTA, although critical for the initial reinforcing
effects of drugs of abuse, may be less important for drug-induced
reinstatement. Global CREB deficiency yields deficits in forced
swim-induced but not cocaine-induced reinstatement of place

preference. Therefore, pharmacotherapeutic approaches that fo-
cus on regulation of CREB and its target genes such as CRF in the
limbic system hence may be effective tools in preventing relapse.
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