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Abstract

The endocannabinoid system appears to have an important role in specific aspects of learning and memory, yet there has been no systematic
study of the role of cannabinoid receptors in contextual fear conditioning. The present study examined the effects of cannabinoid CB1 receptor
blockade on the acquisition, consolidation, and expression of contextual fear using the selective cannabinoid CB1 receptor antagonist AM251.
AM251 produced a decrease in the expression of contextual fear when administered prior to training, testing, or both. This effect was observed
when footshock was signaled by an auditory cue but not in an unsignaled shock version of the task. Moreover, blocking cannabinoid CB1

receptors had no effect on consolidation of contextual memory regardless of the conditioning paradigm. These data indicate that inhibition of
cannabinoid CB1 receptors produces specific deficits in processing contextual information and that the effects of CB1 antagonists on contextual
learning may differ from effects on other types of learning.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Compounds such as anandamide and 2-arachidonyl-glyercol
act on cannabinoid-specific receptors in the brain (e.g.,
cannabinoid CB1 receptor; Devane et al., 1992; Matsuda et
al., 1990; Sugiura et al., 1995; Wilson and Nicoll, 2002). These
endocannabinoids are rapidly synthesized in postsynaptic cells
upon depolarization and bind to cannabinoid CB1 receptors
located on presynaptic terminals, altering the subsequent release
of neurotransmitters such as gamma-aminobutyric acid
(GABA; Katona et al., 2001; Ohno-Shosaku et al., 2001;
Wilson and Nicoll, 2001). The activation of cannabinoid CB1

receptors thus represents a novel mechanism of fast retrograde
synaptic transmission, yet the normal function of this system is
just starting to be uncovered.

Cannabinoid CB1 receptors are particularly concentrated in
limbic structures such as the hippocampus and amygdala
(Katona et al., 2001; Tsou et al., 1998), suggesting that
⁎ Corresponding author. Tel.: +1 603 646 3439; fax: +1 603 646 1419.
E-mail address: David.J.Bucci@Dartmouth.edu (D.J. Bucci).

0014-2999/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejphar.2006.04.017
endocannabinoids may contribute to learning and memory.
Indeed, the results of recent studies indicate that endocannabi-
noids may have a modulatory role in hippocampal-dependent
learning and affect short-term synaptic plasticity (de Oliveira
Alvares et al., 2005; Kreitzer, 2005). Cannabinoid CB1 receptor
knockout mice or mice treated with a cannabinoid receptor
antagonist are able to initially learn the location of a hidden
platform in the Morris water maze but exhibit impaired
performance when the platform position is subsequently
changed (Varvel et al., 2005; Varvel and Lichtman, 2002). In
addition, the cannabinoid CB1 receptor antagonist AM251 has
been shown to impair memory consolidation in an inhibitory
avoidance paradigm (de Oliveira Alvares et al., 2005, 2006).
Nonetheless, there has yet to be a systematic study of the
involvement of the endocannabinoid system on the acquisition
or expression of contextual fear. Contextual fear conditioning,
like spatial learning, is largely dependent on the hippocampus
(Anagnostaras et al., 2001; Corcoran and Maren, 2001; Holland
and Bouton, 1999). If the endocannabinoid system has a
fundamental role in regulating hippocampal-dependent learning
and memory, disruption of cannabinoid CB1 receptors would be
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Table 1
Treatment groups in Experiments 1 and 2

Group Training
session

Test session
(s)

n (Experiment 1) n (Experiment 2)

Veh–Veh Vehicle Vehicle 8 11
Veh–AM Vehicle AM251

(3.0 mg/kg)
11 8

AM–Veh AM251
(3.0 mg/kg)

Vehicle 10 8

AM–AM AM251
(3.0 mg/kg)

AM251
(3.0 mg/kg)

11 8

Note that in Experiment 1, the same compound was injected before the context
test session as well as the cue test session.
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expected to affect contextual fear conditioning as well. On the
other hand, endocannabinoids may contribute differently to
spatial and contextual learning especially since separable brain
systems are thought to underlie these forms of learning (Burwell
et al., 2004; Good and Honey, 1997).

The present study thus examined the effects of AM251 (1-
(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyl-N-1-piperidi-
nyl-1H-pyrazole-3-carboxamide), a selective cannabinoid CB1

receptor antagonist, on the acquisition and expression of
conditioned fear to a training context. Previous studies indicate
that the hippocampus is differentially involved in contextual
fear learning depending on whether or not the unconditioned
stimulus is signaled by a discrete cue (Phillips and LeDoux,
1994). When footshock immediately follows presentation of an
auditory stimulus, for example, conditioning to the context is
thought to occur in the “background” since the phasic auditory
cue is the stimulus that principally becomes associated with the
foot shock. In the absence of a discrete cue, conditioning to the
context occurs in the “foreground” since contextual cues are the
only stimuli available to be associated with the foot shock. It
has previously been shown that hippocampal lesions disrupt
only background contextual conditioning (Phillips and
LeDoux, 1994). Thus it was expected that AM251 would
have different effects on signaled versus unsignaled contextual
fear conditioning.

2. Materials and methods

Three experiments were included in this study. Experiment 1
examined the effects of pre-training and/or pre-testing injections
of AM251 on contextual fear conditioning when a tone
preceded the delivery of footshock (i.e., signaled footshock
version of the task). Experiment 2 was identical except that the
tone did not precede the delivery of the footshock (i.e.,
unsignaled footshock task). In Experiments 3A and 3B, AM251
was injected immediately after training in either the signaled or
unsignaled version of the task (Experiments 3A and 3B,
respectively) to assess effects cannabinoid CB1 receptor
blockade on consolidation of contextual memory.

2.1. Subjects

One hundred-eight male Long–Evans rats (∼350 g)
obtained from Charles River Laboratories (Montreal, Canada)
were used in the three experiments included in this study. All
rats were maintained on a 12-h light–dark cycle with free access
to food and water and in accordance with IACUC-approved
protocols, AAALAC requirements, and the European Commu-
nity guidelines for the use of experimental animals.

2.2. Drug preparation and administration

AM251, a selective cannabinoid CB1 receptor antagonist
(provided by Dr. Alexandros Makriyannis, Northeastern
University), was dissolved in dimethylsulfoxide (DMSO)
immediately prior to the training or testing session. Rats were
treated (i.p.) with either vehicle (DMSO) or AM251 15 min
prior to being placed in the conditioning chamber. A dose of
3 mg/kg (volume of 3 mg/ml) was chosen for this study based
on previous findings (Chambers et al., 2006; Rodgers et al.,
2005) in which AM251 was evaluated in a plus-maze paradigm
and conditioned taste aversion. Since potential state dependent
learning effects have not been examined in previous studies, a
factorial design was used in Experiments 1 and 2. The various
pre-training and pre-testing administrations of vehicle and
AM251 used in Experiments 1 and 2 resulted in the treatment
groups outlined in Table 1.

2.3. Apparatus

Behavioral training was conducted in an operant testing
environment interfaced with a personal computer and controlled
by MED-PC V.4 software (Med Associates, St. Albans, VT).
Experiments were conducted in 24×30.5×29 cm operant test
chambers with modular component aluminum panels in the
front and back, Plexiglas side panels and top, and a floor
constructed of 0.48 cm rods placed 1.6 cm apart. Scrambled
alternating current was delivered through the grid floor by a
constant current shock source. A speaker connected to a
programmable audio input generator was located at the top right
corner of the front panel and used to deliver the auditory cue (a
1500 Hz, 86 dB tone) in Experiments 1 and 3A. A partially
shaded houselight (28 V, 100 mA) mounted centrally at the top
of the front wall illuminated the chamber during training and
testing. Each conditioning chamber was placed in a sound-
attenuating cubicle (SAC). A video camera was mounted on the
outside of the back wall of the SAC, with the lens protruding
through a hole in the back wall, which provided full view of the
rat in the entire chamber.

2.4. Behavioral procedures

2.4.1. Training
In each experiment, training took place as described

previously (Bucci et al., 2000, 2002; Maren et al., 1997). Rats
were placed in individual chambers on the training day and after
3 min received three training trials (64-s inter-trial interval, ITI).
In Experiments 1 and 3A, the auditory stimulus (tone) was
presented for 10-s followed immediately by delivery of a
constant current shock (1.0 mA for 1.0 s) delivered through the
floor grid. In Experiments 2 and 3B, the tone was not included



Fig. 1. Freezing behavior observed during the context test session in Experiment
1. Rats in each of the AM251-treated groups exhibited significantly less freezing
to the training context compared to vehicle-treated control rats. Data are means
±S.E.M.
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in the trials. In all experiments, rats were removed from the
chambers and returned to the home cage 64 s after the final
shock was delivered.

2.4.2. Testing
Forty-eight hours after the training session, rats were

returned to the original training context for 8 min to assess
fear conditioning to the training context. No shocks were
delivered during this session. Forty-eight hours after the context
test session, rats were placed in a new context (the same training
chambers were used with card board covering the floor grid,
opaque white paper covering the chamber walls, and a dish of a
Vicks Vapo-Rub mixed with vinegar placed in the chamber).
The original tone was presented 8 times for 10 s (64 s ITI)
beginning 2 min after the rat was placed in the chamber. Again,
no shocks were delivered during this session. Behavioral
responses during the training and testing days were recorded on
videotape for subsequent analysis.

All rats received the context test session first, followed by the
cue test session since this has previously been shown to be the
optimal method for obtaining the most independent assessment
of both auditory and contextual fear conditioning in the same
rats (Maren et al., 1997). Nevertheless, a small study was
conducted to determine if the order of testing would impact the
observed drug effects in this study. When the cue test session
was conducted prior to the context test session, identical results
were obtained with rats treated with AM251 (data not shown).

2.5. Behavioral observation

Freezing served as the index of conditioned fear and was
operationally defined as total motor immobility except for
breathing (Blanchard and Blanchard, 1969; Fanselow, 1980).
On the training day, the incidence of freezing behavior was
recorded during the 64-s periods following each trial (post-
shock freezing). Freezing behavior was recorded every 8 s
during a 64-s epoch. During the context test session, freezing
was observed every 8 s during the 8-min observation period.
For the cue test session, freezing was recorded every 2 s during
each 10-s presentation of the tone. The frequency of freezing
behavior was converted to a percentage of total observations. A
single primary observer scored all of the behavioral data, while
a second observer scored a subset of the data to assess
objectivity. Both observers were blind to treatment condition
and their observations were highly correlated (r2 = 0.8;
P<0.01).

2.6. Data analysis

Analyses of freezing behavior during training and cue testing
was conducted using repeated measures analysis of variance
(ANOVA) with Group as the between-subjects variable and
Trial as the within-subjects variable. For the context test session,
a one-way ANOVAwas conducted using Group as the between-
subjects variable. Significant main effects were followed up
with appropriate pair-wise comparisons. An alpha level of 0.05
was adopted for all analyses.
3. Results

3.1. Experiment 1

One rat in the AM251–Veh group and two rats in the Veh–
Veh group were excluded from the analysis because they
showed no signs of conditioned fear during the training session
due to technical difficulties with shock delivery in one of the
conditioning chambers. The sample sizes in each group are
noted in Table 1.

The level of post-shock freezing was comparable in all
groups during the training session [main effect of Group, F
(3,36)=0.8, P>0.5], indicating that treatment with AM251
prior to training did not affect acquisition of the freezing
response. The mean levels of freezing over the course of training
were 63.2±3.9% (Veh–Veh), 58.9±3% (Veh–AM), 60±4.4%
(AM–Veh), and 55.7±2.7% (AM–AM). All rats exhibited
greater freezing over the course of training as indicated by a
main effect of Trial [F(3,108)=191.6, P<0.0001].

The primary data of interest were freezing during the context
test session, which is illustrated in Fig. 1. A one-way ANOVA
revealed a main effect of Group [F(3,36)=3, P<0.04] on
freezing to the context. Post hoc pair-wise comparisons
confirmed that each of the groups receiving AM251 exhibited
less freezing behavior compared to the Veh–Veh control group
(Ps<0.0001). There were no significant differences between the
groups that received AM251 (Ps>0.2), indicating that the
reduction in contextual fear was comparable in each of the drug-
treated groups compared to controls. In contrast to the results of
the context test session, each group treated with AM251
exhibited more freezing behavior than the Veh–Veh control
group during the cue test session, consistent with a previous
report (Marsicano et al., 2002) of impaired extinction of the cue-
specific fear response following treatment with a CB1

antagonist (main effect of Group [F(3,36)=3, P<0.04]). The
mean levels of freezing during the tone test session were 74.2
±12% (Veh–Veh), 97.2±1.3% (Veh–AM), 92.5±4.5% (AM–
Veh), and 93.9±2.8% (AM–AM).



Fig. 2. Freezing behavior observed during the context test session in Experiment
2. There were no group differences in freezing during the context test session.
Data are means±S.E.M.

Fig. 3. Freezing behavior observed during the context test sessions in
Experiment 3A (signaled shock) and Experiment 3B (unsignaled shock).
Freezing during both test sessions was comparable in control rats and rats treated
with AM251 immediately following training. Data are means±S.E.M.
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3.2. Experiment 2

The sample sizes in each group included in Experiment 2 are
noted in Table 1. The level of post-shock freezing in Experiment 2
was comparable in all treatment groups. There was no significant
main effect of Group [F(3,31)=2.5, P>0.1] and mean levels of
freezing across the training session were 57.4±2.9% (Veh–Veh),
59.4±3.8% (Veh–AM), 50±2.6% (AM–Veh), and 48±4.4%
(AM–AM). All rats exhibited greater freezing over the course of
training as indicated by a main effect of Trial [F(3,93)=193.8,
P<0.0001]. During the context test session, freezing behavior
was comparable in all treatment groups as shown in Fig. 2. A
repeated measures ANOVA did not reveal a main effect of Group
[F(3,31)=0.7, P>0.6].

3.3. Experiment 3

After the training session in Experiments 3A and 3B, rats were
randomly divided into two groups and received either vehicle (n=8
in Expt. 3A, n=7 in Expt. 3B) or AM251 (n=8 in Expt. 3A, n=7 in
Expt. 3B) immediately after being removed from the conditioning
chambers. In Experiment 3A, therewere no significant differences in
post-shock freezing between the rats that were assigned to the two
groups [main effect of Group, F(1,14)=0.3, P>0.6]; the mean
percentages of freezing behavior observed during the training session
were 59±2.9% (Veh) and 61.8±3.7% (AM). In Experiment 3B,
mean percentages of freezing behavior were also comparable:
67±1.7 (Veh) and 63.4±2.1 (AM) [main effect of Group,
F(1,12)=1.8, P>0.2]. Freezing during the subsequent context test
session did not differ between vehicle-treated rats and AM251-
treated rats in either experiment, as shown in Fig. 3; there was no
significant main effect of Group in Experiment 3A (signaled
footshock task; [F(1,14)=0.3, P>0.6]) or Experiment 3B
(unsignaled fear conditioning task [F(1,12)=0.2, P>0.7]).

4. Discussion

The present study represents the first systematic investiga-
tion of the effects of cannabinoid CB1 receptor blockade on
contextual fear conditioning. Three experiments were designed
to comprehensively assess effects on acquisition, expression,
and consolidation of contextual learning, and to determine if
any alterations in mnemonic function were due to state-
dependent effects on learning. Rats treated with AM251 before
the training session or test sessions (or both) in Experiment 1
successfully acquired a conditioned fear response as indicated
by comparable levels of post-shock freezing compared to
control rats. During the context test session, however, freezing
was decreased in all AM251-treated rats compared to vehicle-
treated rats, replicating our previous studies (Arenos, 2004;
Arenos et al., 2004; Musty et al., 2005) and indicating that
expression of contextual fear is impaired by blocking
cannabinoid CB1 receptors.

In contrast, freezing to the tone in Experiment 1 was
increased in AM251-treated rats compared to controls during
the tone test session. These data are consistent with a previous
report in which blockade of cannabinoid CB1 receptors
increased freezing to an auditory cue during an extinction
session (Marsicano et al., 2002). The consistent observation of
elevated levels of freezing in response to a discrete stimulus
(tone) following blockade of cannabinoid CB1 receptors further
supports the notion that cannabinoid CB1 receptors may not
have the same role in contextual and cue-specific fear
conditioning. In addition, by blocking cannabinoid CB1

receptors, treatment with AM251 may alter the processing of
discrete cues and contextual cues and the neurochemical
balance between structures that support fear conditioning (i.e.,
hippocampus and amygdala). This could result in the enhanced
expression of fear to the auditory cue at the expense of
processing the contextual stimuli.

The lack of effect of AM251 on acquisition of the freezing
response during the training session in Experiment 1 is
consistent with several other studies indicating that manipulation
of cannabinoid CB1 receptors does not impact initial acquisition
in either spatial or fear learning paradigms (Marsicano et al.,
2002; Varvel and Lichtman, 2002; Varvel et al., 2005). However,
treatment with AM251 prior to training did affect the subsequent
expression of contextual and cue-specific fear in Experiment 1
(i.e., group Veh–AM). In fact, administration of AM251 either
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before training and/or testing produced comparable changes in
freezing during the test sessions. These data are consistent with
the current notion that cannabinoid CB1 receptors may play a
modulatory role in learning (de Oliveira Alvares et al., 2005;
Kreitzer, 2005).

The decrease in freezing to the training context produced by
AM251 using the signaled fear conditioning task in Experiment
1 conflicts with the results of two recent reports (Finn et al.,
2004; Suzuki et al., 2004). In the studies by Finn et al. (2004)
and Suzuki et al. (2004), freezing to the training context was
increased when the CB receptor antagonist SR141716 was
administered. However, in those studies training did not involve
presentation of a discrete, phasic conditioned stimulus (e.g., a
tone). Similarly, when we used an unsignaled paradigm in
Experiment 2, AM251 failed to decrease the expression of
contextual fear as it did in Experiment 1. It is possible that an
increase in freezing was not observed in AM251-treated rats in
Experiment 2 because of a species difference (mice in Suzuki et
al., 2004) or the use of a different conditioning procedure (fear
conditioned analgesia in Finn et al., 2004). In addition, the
contrasting results could be due to the use of different
compounds to block cannabinoid receptors. In fact, there is
evidence that both SR141716 and AM251 may be inverse
agonists (Mukhopadhyay and Howlett, 2005; Shearman et al.,
2003). It has also been suggested that the SR141716 compound
used in the studies by Finn et al. (2004) and Suzuki et al. (2004)
may affect putative CB3 receptors in addition to cannabinoid
CB1 receptors (Breivogel et al., 2001).

In Experiment 2, the tone was not included in the training
session and in that case the same treatment regimen and dose
of AM251 failed to affect freezing during the context test
session. The differing effects of AM251 on freezing during the
context test sessions in Experiments 1 and 2 may reflect
differential involvement of the hippocampus during acquisi-
tion in the two versions of the tasks. It is thought that
processing contextual information may rely more on the
hippocampus when context conditioning is secondary to
conditioning to a discrete stimulus (a tone) that is presented
immediately before footshock is delivered (Phillips and
LeDoux, 1994). In contrast, the hippocampus may not be as
critically involved in processing contextual information when
the tone is absent and contextual cues are the only stimuli
available to be associated with the foot shock. Indeed, it has
been shown that damage to the hippocampus affects only
background contextual conditioning (Phillips and LeDoux,
1994). The present data thus indicate that the involvement of
cannabinoid CB1 receptors in processing contextual informa-
tion depends on task parameters, likely reflecting differential
involvement of the hippocampus.

In the third experiment of the present study, administration of
3 mg/kg of AM251 immediately after training did not affect the
consolidation of contextual fear memory. In contrast, it has
recently been reported that AM251 impaired memory consol-
idation in an inhibitory avoidance paradigm (de Oliveira
Alvares et al., 2005, 2006). In those studies, AM251 delivered
after training reduced the latency to cross into the side of the
chamber paired with footshock. It is difficult to compare these
findings, however, since AM251 was administered systemically
in the present study and directly into the hippocampus in the
studies by de Oliveira Alvares et al. (2005, 2006), necessitating
the use of different doses of AM251. Perhaps an effect on
consolidation would have been observed in the present study if
a higher dose of AM251 was used. In the context of the present
study, however, it was important to use the same dose in each
experiment to directly compare effects on contextual fear
conditioning across preparations and treatment regimens to
determine if a comparable blockade of cannabinoid CB1

receptors uniformly affected multiple forms and stages of fear
learning.

The results of the present experiments do not appear to be
due simply to performance deficits. For example, it could have
been that AM251 simply impaired the ability to perform the
freezing response, resulting in lower levels of contextual
freezing in groups treated with AM251 prior to the test
sessions. This is unlikely however, since the same group of rats
that exhibited decreased freezing during the context test session
also exhibited elevated freezing during the tone test session.
Cannabinergic compounds often alter nociception (Malan et al.,
2001) which could have affected freezing following delivery of
the footshock. Although this is manifest primarily as anti-
nociception following administration of agonists, it is possible
that AM251 could have hypernociceptive properties, resulting
in increases in freezing behavior. This does not appear to have
been the case since rats treated with AM251 prior to training
exhibited levels of post-shock freezing that were equivalent to
controls. In addition, the changes in freezing observed in the
vehicle–AM251 or AM251–vehicle groups in Experiment 1 do
not appear to be due merely to state-dependent effects produced
by administering different compounds prior to training versus
testing sessions since freezing in these groups was comparable
to rats treated with AM251 both before training and before
testing (AM251–AM251). Recent studies indicate that AM251
does not affect locomotor activity levels (de Oliveira Alvares et
al., 2005), and so drug-induced changes in activity cannot
account for the present findings. Thus it is unlikely that the
results obtained in this study simply reflect a performance
deficit or a state-dependent effect. Finally, an alternative
explanation for the different effects of AM251 on cue-specific
and contextual fear is that treatment with AM251 produced a
general impairment in the ability to process contexts. However,
further analysis of the cue test session data in Experiment 1
refutes that possibility since both vehicle-treated rats and
AM251-treated rats exhibited little or no freezing before the first
tone was presented in a new context, in contrast to the level of
freezing observed when they were placed back in the original
training context (data not shown).

The primary focus of this study was to examine the
involvement of cannabinoid CB1 receptors in contextual fear
conditioning, a type of learning that had not been systematically
examined with respect to endocannabinoid involvement.
Assessing the role of cannabinoid receptors in processing
contextual information is important to further establish the
involvement of the endocannabinoid system in learning and
memory as well as to provide additional insight into the
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neurobiological mechanisms of contextual fear conditioning.
Indeed, contextual fear conditioning is another well-studied
form of learning and one that also has direct implications for
substance abuse relapse (e.g., Bouton, 2002; Lopez-Moreno et
al., 2004) as well as the development of anxiety disorders
(Bouton et al., 2001). The present results provide evidence that
cannabinoid CB1 receptors may be differentially involved in
mediating contextual and auditory fear conditioning and
suggest that cannabinoid CB1 receptor blockade may disrupt
the processing of contextual information in situations involving
both discrete and contextual stimuli.
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