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Endocannabinoids (eCBs) modulate a variety of brain functions via activation of the widely expressed CB1
receptor. One site of high density of this receptor is the basolateral amygdala (BLA), a structure involved
in the formation of aversive memories. The activation and blockade of CB1 receptors by systemic or hip-
pocampal drug administrations have been shown to modify memory processing. However, little is known
about the role of the BLA endocannabinoid system in aversive memories. Additionally, BLA endocannab-
inoid transmission seems to be related to emotional states, but the relevance of these effects to memory
formation is still unknown. In this study we investigated the effects of the eCB anandamide (AEA) and the
CB1 antagonist/inverse agonist AM251 infused into the BLA on the acquisition of an aversive memory
Aversive memory task, concomitantly evaluating basal anxiety levels in rats. Male rats received pre-training micro-injec-
Anxiety tion of AEA, AM251 or vehicle bilaterally into the BLA, and were studied with the plus-maze discrimina-
Rats tive avoidance task (a paradigm that allows concomitant and independent evaluation of anxiety-like
behavior and the memory of an aversive task). Our results showed that AEA into the BLA before training
prevented memory retrieval 24 h later, as evaluated by exploration of the aversive arm of the maze, while
AM251 into the BLA did not interfere with animals’ performance. In addition, AEA had no effect on anx-
iety-like behavior (as evaluated by open arm exploration and risk assessment), while AM251 induced an
anxiogenic effect. Our data indicate an important role of BLA CB1 receptors in aversive memory forma-
tion, and suggest that this involvement is not necessarily related to a possible modulation of anxiety
states.
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1. Introduction

Endocannabinoids (eCBs), represented by the two main com-
pounds anandamide (AEA) and 2-arachidonoylglycerol (2-AG),
are endogenous lipids produced on demand that act as retrograde
messengers through the activation of the cannabinoid receptors
CB1 (Alger, 2002). CB1 receptors are G;-protein-coupled receptors
whose activation has shown to decrease neuronal excitability
and neurotransmitter release (Freund, Katona, & Piomelli, 2003).
They are widely distributed in the central nervous system (Herken-
ham et al., 1991), mainly in the basal ganglia, cerebellum, neocor-
tex, hippocampus (Bisogno et al., 1999; Herkenham et al., 1991),
pre-frontal cortex and amygdala (Katona, Rancz, & Acsady, 2001;
McDonald & Mascagni, 2001).

The endocannabinoid system has been shown to participate in a
variety of brain functions, such as pain, locomotion, feeding, and

Abbreviations: 2-AG, 2-arachidonoylglycerol; AEA, anandamide; BLA, basolat-
eral amygdala; eCBs, endocannabinoids.
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learning and memory (Ameri, 1999; Freund et al., 2003). In that re-
gard, eCBs have emerged as important modulators of memory pro-
cessing (Heifets & Castillo, 2009) although the exact mechanisms
underlying this regulation are not completely understood. Indeed,
systemic blockade of CB1 receptors in rodents has either failed to
affect memory acquisition (Hampson & Deadwyler, 1998;
Marsicano et al, 2002) or induced memory improvement
(Lichtman, 2000; Takahashi, Pamplona, & Fernandes, 2005).
Conversely, pre-training systemic administration of CB1 receptor
agonists has shown to impair memory performance in rats (Fride,
2005; Hampson & Deadwyler, 1998; Lichtman & Martin, 1996).
The participation of the eCBs within specific brain regions on
memory modulation has recently started to be elucidated. It has
been observed, for example, that intra-hippocampal pre-training
infusions of either AM251, a CB1 receptor antagonist/inverse ago-
nist, or AEA did not influence acquisition of the step-down inhibi-
tory avoidance task (de Oliveira Alvares, Genro, Diehl, & Quillfeldt,
2008). Nevertheless, AM251 micro-injections into the medial pre-
frontal cortex blocked learning of an olfactory fear-conditioning
procedure, while CB1 receptor activation enabled associative
learning when a subthreshold level of footshock was applied
(Laviolette & Grace, 2006). Moreover, it has been suggested that
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different effects on memory following endocannabinoid system
activation or blockade could be related to the emotional salience
of the sensory stimuli of the task. In this respect, while non-aver-
sive memories do not seem to be regulated by the endocannabi-
noid system (de Oliveira Alvares et al., 2006; Holter et al., 2005;
Niyuhire et al., 2007; Pamplona & Takahashi, 2006), strong
evidences support the involvement of this system on memory
processing for emotional stimuli (Viveros, Marco, Llorente, &
Lépez-Gallardo, 2007). This idea is further supported by the fact
that the amygdala, known for its crucial role in associating
emotionally charged stimuli (for a review Phelps & LeDoux,
2005), presents high CB1 receptors density (Katona et al., 2001;
McDonald & Mascagni, 2001) and also exhibits increased levels
of AEA and 2-AG after presentation of stress and aversive stimuli
(Marsicano et al., 2002; Rademacher et al., 2008).

The amygdala has been divided into various cytoarchitecturally
and functionally distinct nuclei, being the complex of the basolat-
eral amygdala (BLA) one of the main regions responsible for inte-
grating sensory inputs and modulating emotions, as well as
acquisition and expression of emotional memories (Maren,
Aharonov, & Fanselow, 1996; Phelps & LeDoux, 2005). BLA outputs
have shown to be related to the induction of a variety of endocrine
and emotional responses (Pitkanen, Savander, & LeDoux, 1997) by
regulating the hypothalamus-pituitary-adrenal (HPA) axis during
responses to anxiety and fear (LeDoux, 2000). In this respect, re-
cent research from Ganon-Elazar and Akirav (2009) has shown that
infusion of a CB1 agonist into the BLA before exposure to a stressor
has reversed the stress-induced memory enhancement and de-
creased corticosterone levels in rats.

Besides modulating emotional memory formation, the eCBs
have also been shown to play an important role in the control
and regulation of anxiety states (Lutz, 2009; Viveros et al., 2007).
This idea is supported by studies showing that systemic adminis-
tration of a cannabinoid antagonist induces anxiety-like responses
in rats (Navarro et al., 1997), along with CB1 receptor knockout
(KO) mice studies reporting increased anxiety-like behaviors in a
variety of tests (Uriguen, Perez-Rial, Ledent, Palomo, & Manzan-
ares, 2004). Conversely, systemic studies enhancing CB1 receptors
activation have shown biphasic effects, with low doses being anx-
iolytic (Kathuria et al., 2003) and high doses, anxiogenic (Scherma
et al., 2008). Yet, a recent study has observed that, depending on
the structure, activation of the endocannabinoid system may have
different effects upon anxiety modulation (Rubino et al., 2008). In
that respect, it is important to note that although the endocannab-
inoid transmission within the BLA seems to be related to emotional
states, the relevance of this relationship to endocannabinoid effects
on memory is still unknown.

In view of the fact that the BLA contains not only more CB1
receptors, but also more abundant CB1 mRNA compared to the
other amygdalar nuclei (Katona et al., 2001) and also plays an
important role in the modulation of emotional behaviors (Davis,
Rainnie, & Cassell, 1994; Maren, Aharonov, & Fanselow, 1996),
the present study investigated the effects of intra-BLA pre-training
infusions of AEA or AM251 in the plus-maze discriminative avoid-
ance task in order to simultaneously evaluate anxiety-like behav-
ior, learning and memory (Silva & Frussa-Filho, 2000).

2. Material and methods
2.1. Subjects

Three-month-old male Wistar rats (250-300 g) were housed
under conditions of controlled temperature (20-23 °C) under a

12 h light/12 h dark (lights on 06:30 am). Animals were housed
in groups of 4-5 until surgery, when they were individually

housed. Food and water were available ad libitum throughout the
experiment. Rats were handled in accordance with the guidelines
of the Brazilian Society for Neuroscience and Behavior for the use
of animals in research, and all procedures were approved by the lo-
cal ethical committee. All efforts were made to minimize animal
pain, suffering or discomfort.

2.2. Surgery

Rats were anesthetized with ketamine and xylazine (i.p., 100
and 50 mg/kg, respectively) and two 23-gauge stainless-steel guide
cannulae were bilaterally implanted into the BLA. The coordinates
were AP —2.8 mm from bregma, LL £4.9 mm, DV-6.4 mm (2.0 mm
above BLA), according to Paxinos and Watson (2009). The cannulae
were permanently fixed to the skull with dental acrylic and two
stainless-steel screws. To prevent clogging, a stainless-steel stylus
(30-gauge) was inserted into the guide cannulae and kept until the
time of infusion. After surgery, each rat was individually housed
and a recovery period of 5-7 days was given before testing. After
two days of recovery, each animal was handled 10 min once a
day until the day of the experiment.

2.3. Drugs and administration

AM251, a CB1 receptor antagonist/inverse agonist (Pertwee,
2006), and AEA, an endogenous cannabinoid, from Tocris Biosci-
ence, were dissolved in a vehicle solution of 8% dimethylsulfoxide
(DMSO) in phosphate buffered saline. Vehicle (DMSO 8%, n=11),
AM251 (10 ng per side, n=10) or AEA (1 ng per side, n=9) were
infused bilaterally in the BLA in a volume of 0.2 pL at a rate of
0.1 pL/min via a microsyringe pump using Hamilton syringes con-
nected to polyethylene tubing. Infusions were given 15 min before
training session of the behavioral task. The concentrations and
interval of injections chosen have been shown to be effective in
the hippocampus (de Oliveira Alvares et al., 2008) and similarly
in the BLA (Ganon-Elazar & Akirav, 2009). The infusion cannulae
were left for 1 min more to allow total diffusion.

2.4. Plus-maze discriminative avoidance task (PM-DAT)

The PM-DAT is an aversive task paradigm which allows the con-
comitant and independent evaluation of aversive memory and
anxiety-like behavior in rodents (Ribeiro et al., 2010; Silva & Frus-
sa-Filho, 2000). The apparatus employed was a modified plus-
maze, containing two open arms (49 x 13 cm) opposite to two en-
closed arms (49 x 13 x 40 cm). A lamp and two loudspeakers were
placed over one of the enclosed arms (aversive enclosed arm). In
the training session, each rat was individually placed in the center
of the apparatus (facing the space between both open arms) and,
over a period of 10 min, every time the animal entered with the
four paws in the aversive enclosed arm, the aversive stimuli were
given until the animal left it. The aversive stimuli were the light
(100 W, 600 Ix) and a digitally produced 80 dB noise. Test session
was performed 24 h after the conditioning, during which the ani-
mals were again placed in the apparatus for 3 min, without receiv-
ing the aversive stimulation.

Both sessions (training and test) were performed in the same
room with a controlled intensity of light. On each side of the
plus-maze discriminative avoidance apparatus there were differ-
ent extra-maze visual cues that rats could use to distinguish the
location of the different arms of the maze. All behavioral sessions
were recorded using a camera fixed on the ceiling above the appa-
ratus. During both sessions, behavior was tracked and registered
by the Any-Maze software (Stoelting), and an observer monitored
the session by a computer screen placed at another room. After
each session, the apparatus was cleaned with 5% alcohol solution.
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Learning was evaluated by the decrease in the percent time
spent in the aversive enclosed arm [(time spent in the aversive en-
closed arm/time spent in both enclosed arms) x 100] throughout
the training session. Memory was evaluated by the percent time
spent in the aversive enclosed arm in the test session, as well as
the discrimination between the aversive and non-aversive en-
closed arms. Anxiety-like behavior was evaluated by the percent
time spent in the open arms [(time spent in open arms/time spent
in both open and enclosed arms) x 100)], percentage of entries in
the open arms [(open arms entries/total entries in all arms) x 100]
and time performing risk assessment, which consists of postures
and behaviors performed by the rodents when evaluating/avoiding
the open arms (Carobrez & Bertoglio, 2005). Distance traveled was
used to evaluate motor activity.

2.5. Histology

After behavioral procedures, rats were anesthetized with thio-
pental and perfused intracardially with phosphate-buffered saline
(PBS) with NaCl 0.9% (pH 7.4), followed by 4.0% paraformaldehyde
in 1.0 M PBS. Injection sites were marked by microinjection of
methylene blue (0.2 puL per side) into the guide cannulae. Brains
were removed and postfixed for two days in a 4.0% paraformalde-
hyde solution and then were put in sucrose 30% for 2-3 days. All
brains were sectioned on a microtome and sections (100 pm) were
stained with Neutral red. The location of cannulae tips was micro-
scopically verified using the coordinates and limits defined by Pax-
inos and Watson (2009). Only rats with both cannulae tips within
the boundaries of BLA were included in the data analysis (Fig. 1).

2.6. Statistical analysis

Percent time throughout the training session was compared by
two-way analysis of variance (ANOVA) with treatment as a be-
tween subject factor and time (minutes of observation) as a re-
peated measure. Distance traveled, percentage of time spent in
the aversive enclosed arm, percent time spent in open arms, per-
centage of entries in the open arms and risk assessment were com-
pared by the one-way ANOVA followed by Bonferroni’s test. The
discrimination between the aversive and non-aversive enclosed
arms was compared by the paired samples Student’s t-test. A prob-

ability of p <0.05 was considered to show significant differences
for all comparisons made.

3. Results
3.1. Learning and memory

In the training session, two-way ANOVA, revealed a time effect
for the percent time spent in the aversive arm [F(9,243) = 20.66,
p <0.001] but no treatment effect [F(2,27) = 0.65, p = 0.53] or treat-
ment x time interaction [F(18,243)=0.66, p =0.84]. This result
indicates that all groups learned the task, as seen by the decrease
in percent time spent in the aversive arm throughout the training
session (Fig. 2A). One-way ANOVA considering the whole training
session revealed no difference among groups [F(2,27)=0.52,
p = 0.6] (Fig. 2B).

In the test session, as shown in Fig. 2C, one-way ANOVA fol-
lowed by Bonferroni’s test revealed that the group receiving AEA
showed increased percent time spent in the aversive arm when
compared to control [F(2,27)=4.3, p = 0.02], suggesting that pre-
training micro-infusion of AEA into the BLA caused memory
impairment. The AM251 group showed no differences when com-
pared to control group. Accordingly, when discrimination between
the enclosed arms (aversive arm vs. non-aversive arm, Fig. 2D) was
analyzed, vehicle and AM251-treated groups spent significantly
more time in the non-aversive arm [(t =4.52, p = 0.001), (t=4.03,
p=0.003), respectively], indicating memory retrieval, whereas
AEA-treated animals showed no discrimination between enclosed
arms (t=1.14, p = 0.29).

3.2. Anxiety-like behavior

When the percent time spent in the open arms during the
whole session were evaluated, no differences were found among
the groups [F(2,27)=1.53, p=0.24 - Fig. 3A]. On the other hand,
as shown in Fig. 3B, one-way ANOVA for the percentage of entries
in the open arms during the whole training session revealed a dif-
ference among the groups [F(2,27) = 4.44, p = 0.02]. However, post
hoc analysis with Bonferroni's test did not reach significance,
although suggesting that AM251-treated animals showed in-
creased anxiety-like behavior (decreased open-arm entries) when
compared to control group.

Fig. 1. (A) Schematic drawing illustrating the injection cannulae placement for rats included in statistical analysis (Paxinos & Watson, 2009). (B) Representative

microphotography showing the injector cannula mark.
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Fig. 2. Effects of pre-training micro-injection of AM251 or AEA in the BLA on learning (A and B) and retrieval (C and D) of discriminative avoidance task in rats (VEH, n=11;
AM251, n = 10; AEA, n=9). Mean * S.E. for (A) percent time spent in the aversive arm throughout training session (two-way ANOVA with repeated measures, revealing time
effect, (B) percent time spent in the aversive enclosed arm (TAv) during the whole training, (C) percent time spent in the aversive enclosed arm during test session and (D)
percent time spent in each of the enclosed arms (TAv and TNAv) during test session. *p < 0.05 compared to vehicle; *p < 0.01 compared to TAv (paired samples t-test).

The time animals spent performing risk assessment behaviors
was also evaluated (Fig. 3C), since it has been suggested that this
parameter would be a more sensitive measure of anxiety-like
behavior than the traditional measures (Carobrez & Bertoglio,
2005). During training session, one-way ANOVA for risk assessment
showed a significance difference [F(2,27) = 3.61, p = 0.04] with post
hoc indicating an anxiogenic effect of AM251 (p = 0.04), seen by a
reduction of the time performing risk assessment.

One-way ANOVA revealed no differences between the groups
when evaluating the percent time spent in the open arms
(Fig. 3A), percentage of entries in the open arms (Fig. 3B) or risk
assessment (Fig. 3C) during test session [F(2,27)=0.37, p=0.58;
F2,27)=0.87, p=0.43; F(2,27)= 0.5, p = 0.61, respectively].

3.3. Locomotion

No differences were found in distance traveled during training
[F(2,27)=1.28, p=0.29] or test [F(2,27)=1.26; p=0.3] sessions
(Table 1).

4. Discussion

In summary, our results showed that (1) during training session,
all groups learned the task by progressively avoiding the aversive
arm throughout the session (Fig. 2A and B); (2) AEA given before
training into the BLA disrupted memory formation - shown by
the lack of discrimination between the two enclosed arms in the
test session, whereas AM251 did not interfere with memory for-

mation (Fig. 2C and D); and (3) AM251 into the BLA induced an
anxiogenic effect — shown by the reduced percentage of entries
in the open arms and risk assessment during training, while AEA
had no effects on anxiety levels (Fig. 3).

Endocannabinoid release has been shown to occur in the amyg-
dala when animals are exposed to stressful stimuli (Marsicano
et al., 2002; Rademacher et al., 2008). As acquisition of a new aver-
sive memory evidently requires an unpleasant emotional context,
it is possible that eCBs are recruited during acquisition of emo-
tional-charged information, in order to reduce the stress-induced
arousal, as proposed by Lutz (2009). It is widely accepted that
the amygdala plays a crucial role in acquisition of aversive memo-
ries. In humans, it is known to be recruited during early phases of
aversive conditioning (LaBar, Gatenby, Gore, LeDoux, & Phelps,
1998). Similarly, several animal studies show impaired acquisition
of aversive memory after BLA inactivation (for a review see Phelps
& LeDoux, 2005). In this respect, there is evidence that canabin-
noids not only alter BLA function by reducing neuronal firing rates
(Pistis et al., 2004), but also induce long-term depression (LTD) at
excitatory synapses (Marsicano et al., 2002). It has also been shown
that infusion of the cannabinoids THC and CP55940 in the hippo-
campus disrupted the temporal coordination of cell assemblies
and impaired physiological oscillations, being this impairment
associated with memory deficits (Robbe et al., 2006).

In the present study, although successful conditioning was
shown by all groups, it is possible that the weak fearful nature of
non-painful stimuli would require the BLA to integrate the differ-
ent sensory inputs (LeDoux, 1990; Turner, 1981) further needed
for subsequent memory consolidation. Therefore, the disrupted re-
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Table 1

Effects of pre-training micro-injection of vehicle, AEA or AM251 in the BLA on
locomotion in discriminative avoidance apparatus in rats (VEH, n=11; AM251,
n=10; AEA, n=9). Mean * S.E. for distance traveled (m) in the training and test
sessions. No significant differences were found (one-way ANOVA).

Training Test
Distance Vehicle 13.7+22 46+0.8
AM251 8.8+1.7 41+0.8
AEA 129+3.1 59+1.1

trieval due to pre-training administration of AEA could be related
to amygdala dysfunction during training, with consequent loss of
its capacity to recognize and integrate cues of threat and danger
(Adolphs, Tranel, & Damasio, 1998), leading to inefficient aversive
stimuli processing and memory formation.

On the other hand, because micro-infusions have been given be-
fore training, drugs would remain acting after training session and
could modulate memory consolidation as it takes place during the
first hours after training (Izquierdo et al., 2006; McGaugh, 2000).
However, Campolongo and collaborators et al. (2009) have recently
shown that post-training micro-injection of WIN-55,212-2, a CB1
receptor agonist, within the BLA has, in fact, improved memory
consolidation of inhibitory avoidance task. Thus, although different
task and CB1 agonist were used in the present study, the memory
deficit following AEA administration in the BLA before training is
most likely related to a disruption in BLA function during the
acquisition of the information rather than an action during subse-
quent memory consolidation.

Corroborating the present data, Phan and collaborators (2008)
have recently reported reduced amygdala reactivity to threatening
stimuli after an acute dose of THC in humans. Furthermore, a re-
cent fMRI study proposed that amygdala interactions with other
brain regions would enhance memory formation by increasing

attention and perceptual processing of emotional information
(Murty, Ritchey, Adcock, & Labar, 2010), which is in accordance
with several human studies showing attention deficits (Curran,
Brignell, Fletcher, Middleton, & Henry, 2002; Marks & MacAvoy,
1989), as well as memory impairments (Curran et al., 2002; Lew-
eke et al., 1998; Ranganathan & D’Souza, 2006) after acute THC
consumption.

In the present study, blockade of CB1 receptors with AM251
within the BLA did not interfere with memory formation. Accord-
ingly, some studies with systemic CB1 antagonist administrations
were also unsuccessful in modulating memory acquisition (Hamp-
son & Deadwyler, 2000; Marsicano et al., 2002) although others
have shown an enhancement on memory acquisition (Lichtman,
2000; Takahashi et al., 2005). Moreover, a recent study showed
that AM251 in the BLA (5 and 50 ng) was not sufficient to alter
acquisition of conditioned fear memories (Tan, Lauzon, Bishop,
Bechard, & Laviolette, 2010). On the other hand, comparing the ef-
fects of AM251 (CB1 antagonist/inverse agonist) with AM4113
(CB1 antagonist) on contextual fear conditioning, Sink, Segovia,
Collins et al. (2010) showed that systemic administration of
AM251 before conditioning increased memory formation, while
AMA4113 had no effects, suggesting that the effects of AM251 could
be specifically related to its inverse agonist activity. Nevertheless,
although only AM251 was tested in the present study, it seems that
the blockade of CB1 receptors in the BLA would not alter plus-maze
discriminative avoidance acquisition despite the activation of
these receptors by AEA would impair it. In this respect, it is impor-
tant to note that CB1 receptor activation is not the only mechanism
of action of AEA (Pertwee, 2006). This eCB also targets, for example,
the vanilloid receptor TRVP1 (Tognetto et al., 2001), as well as
potassium channels (Maingret, Patel, Lazdunski, & Honore, 2001),
and a possible role of these other mechanisms in the effect of
AEA on aversive memory could not be ruled out.
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As mentioned above, the endocannabinoid transmission is not
only involved in memory processing, being considered an impor-
tant modulator of emotional states (Lutz, 2009; Viveros et al.,
2007). Accordingly, knockout mice for CB1 receptors show in-
creased anxiety levels in several behavioral tasks (Haller, Bakos,
Szirmay, Ledent, & Freund, 2002; Uriguen et al., 2004) and in-
creased anxiety levels have also been reported after a systemic
CB1 receptor antagonist administration (Navarro et al., 1997).
Moreover, a systemic AM251 administration caused enhanced
c-Fos expression in the amygdala, which was also associated with
an anxiogenic effect (Sink, Segovia, Sink et al., 2010). In general, our
results corroborate those findings, since AM251 administration in
the BLA increased anxiety-like behavior (although a statistically
significant difference was found only for one of the parameters
measured - see Fig. 3). Furthermore, Rubino and collaborators
(2008) have recently reported that THC at higher concentrations
in the BLA had no effects on anxiety levels, which is in line with
our results, since AEA did not alter anxiety-like behaviors. It has
also been seen that the GABAA agonist muscimol (which might
cause an inactivation of BLA neurons similar to AEA), when infused
within the BLA was also ineffective in altering anxiety levels of rats
submitted to the PM-DAT (Ribeiro et al., in press). In contrast, how-
ever, studies with systemic potentiation of the endocannabinoid
signaling have shown anxiolytic effects in low doses (Kathuria
et al., 2003), with higher doses being anxiogenic (Scherma et al.,
2008).

The mechanisms underlying the role of eCBs in the amygdala in
anxiety states is not completely understood. Interestingly, a high
co-localization has been observed in BLA GABAergic interneurons
containing CB1 receptors and the anxiogenic neuropeptide chole-
cystokinin (CCK) (Katona et al., 1999; Marsicano & Lutz, 1999;
McDonald & Mascagni, 2001). In addition, activation of CB1 recep-
tors has shown to reduce CCK release (Beinfeld & Connolly, 2001;
Burdyga et al., 2004; Fride, 2005). Higher CCK levels would, in turn,
excite BLA interneurons (Chung & Moore, 2009a), as well as en-
hance its GABAergic transmission (Chung & Moore, 2007).
Although it may be argued that this increase of GABAergic trans-
mission would in fact reduce BLA activity, leading to anxiolytic
states, it has been recently reported that CCK also excites glutama-
tergic projections in the BLA by modulation specific subsets of
interneurons (Chung & Moore, 2009b). Along with that idea, Truitt,
Johnson, Dietrich, Fitz, and Shekhar (2009) have shown that dis-
crete subpopulations of interneurons in the rat BLA are sufficient
to modulate anxiety states.

Alternatively, corticosteroids have an important role in regulat-
ing anxiety states, as well as in response to stressful stimuli. In
accordance, glucocorticoids were shown to enhance BLA principal
neurons excitability (Duvarci & Pare, 2007), which could generate
anxiogenic effects (Davis et al., 1994). Recently, glucocorticoids
have been found to act together with the endocannabinoid system
in the modulation of stress responses (Hill et al., 2010; Patel,
Roelke, Rademacher, Cullinan, & Hillard, 2004), as well as memory
processing influenced by stressful factors (de Oliveira Alvares et al.,
2010) as would be the case of aversive memory tasks.

In summary, our data show that intra-amygdala AEA infused
before conditioning impaired memory formation for the discrimi-
native avoidance task, as seen by deficient memory retrieval dur-
ing test. Although not discarding a possible interference with
subsequent memory consolidation, we propose that the enhance-
ment of AEA levels within the BLA may act on the acquisition of
aversive information by altering the integration of relevant sensory
inputs or even by impairing the evaluation of the threat nature of
the stimuli. Importantly, the antagonist/inverse agonist of CB1
receptors AM251 did not interfere with memory, inducing, how-
ever, an anxiogenic effect. Taken together, the findings presented
here suggest that, although drugs that act on the endocannabinoid

system within the BLA may alter aversive memory as well as anx-
iety-like behaviors, these modulations do not seem to be necessar-
ily related, since alteration of anxiety-like states and memory
formation occurred independently in rats tested in the PM-DAT.

Acknowledgments

The authors would like to thank Ana Paula Nascimento de Lima
for technical assistance. This research was supported by fellow-
ships from Conselho Nacional de Desenvolvimento Cientifico e Tec-
nolégico (CNPq), Coordenacgdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES), Fundacdo de Apoio a Pesquisa do Estado
do Rio Grande do Norte (FAPERN), and Pré-reitoria de Pesquisa
da Universidade Federal do Rio Grande do Norte (PROPESQ/UFRN).

References

Adolphs, R., Tranel, D., & Damasio, A. R. (1998). The human amygdala in social
judgment. Nature, 393, 470-474.

Alger, B. E. (2002). Retrograde signaling in the regulation of synaptic transmission:
Focus on endocannabinoids. Progress in Neurobiology, 68, 247-286.

Ameri, A. (1999). The effects of cannabinoids on the brain. Progress in Neurobiology,
58, 315-348.

Beinfeld, M. C., & Connolly, K. (2001). Activation of CB1 cannabinoid receptors in rat
hippocampal slices inhibits potassium-evoked cholecystokinin release, a
possible mechanism contributing to the spatial memory defects produced by
cannabinoids. Neuroscience Letters, 301, 69-71.

Bisogno, T., Berrendero, F., Ambrosino, G., Cebeira, M., Ramos, J. A., Fernandez-Ruiz,
J. J., et al. (1999). Brain regional distribution of endocannabinoids: Implications
for their biosynthesis and biological function. Biochemical and Biophysical
Research Communications, 256, 377-380.

Burdyga, G., Lal, S., Varro, A., Dimaline, R., Thompson, D. G., & Dockray, G. J. (2004).
Expression of cannabinoid CB1 receptors by vagal afferent neurons is inhibited
by cholecystokinin. The Journal of Neuroscience, 24, 2708-2715.

Campolongo, P., Roozendaal, B., Trezza, V., Hauer, D., Schelling, G., McGaugh, J. L.,
et al. (2009). Endocannabinoids in the rat basolateral amygdala enhance
memory consolidation and enable glucocorticoid modulation of memory.
Proceedings of the National Academy of Sciences, 106(12), 4888-4493.

Carobrez, A. P., & Bertoglio, L. J. (2005). Ethological and temporal analyses of
anxiety-like behavior: The elevated plus-maze model 20 years on. Neuroscience
and Biobehavioral Reviews, 29(8), 1193-1205.

Chung, L., & Moore, S. D. (2007). Cholecystokinin enhances GABAergic inhibitory
transmission in basolateral amygdala. Neuropeptides, 41, 453-463.

Chung, L., & Moore, S. D. (2009a). Cholecystokinin excites interneurons in rat
basolateral amygdala. Journal of Neurophysiology, 102, 272-284.

Chung, L., & Moore, S. D. (2009b). Neuropeptides modulate compound postsynaptic
potentials in basolateral amygdala. Neuroscience, 164, 1389-1397.

Curran, H. V., Brignell, C,, Fletcher, S., Middleton, P., & Henry, J. (2002). Cognitive and
subjective dose-responde effects of acute oral delta-9-tetrahydrocannabinol
(THC) in infrequent cannabis users. Psychopharmacology, 164, 61-70.

Davis, M., Rainnie, D., & Cassell, M. (1994). Neurotransmission in the rat amygdala
related to fear and anxiety. Trends in Neurosciences, 17, 208-214.

de Oliveira Alvares, L., Engelke, D. S., Diehl, F., Scheffer-Teixeira, R., Haubrich, ]., de
Freitas Cassini, L., et al. (2010). Stress response recruits the hippocampal
endocannabinoid system for the modulation of fear memory. Learning and
Memory, 17(4), 202-209.

de Oliveira Alvares, L., Genro, B. P., Diehl, F., & Quillfeldt, ]. A. (2008). Differential role
of the hippocampal endocannabinoid system in the memory consolidation and
retrieval mechanisms. Neurobiology of Learning and Memory, 90, 1-9.

de Oliveira Alvares, L., Genro, B. P., Vaz Breda, R, Pedroso, M. F., Da Costa, ]. C., &
Quillfeldt, J. A. (2006). AM251, a selective antagonist of the CB1 receptor,
inhibits the induction of long-term potentiation and induces retrograde
amnesia in rats. Brain Research, 1075, 60-67.

Duvarci, S., & Pare, D. (2007). Glucocorticoids enhance excitability of principal
basolateral amygdala neurons. The Journal of Neuroscience, 27, 4482-4491.
Freund, T. F., Katona, L., & Piomelli, D. (2003). Role of endogenous cannabinoids in

synaptic signaling. Physiolical Reviews, 83, 1017-1066.

Fride, E. (2005). Endocannabinoid in the central nervous system: From neuronal
networks to behavior. Current Drug Targets-CNS & Neurological Disorders, 4,
633-642.

Ganon-Elazar, E., & Akirav, I. (2009). Cannabinoid receptor activation in the
basolateral amygdala blocks the effects of stress on the acquisition and
extinction of inhibitory avoidance. The Journal of Neuroscience, 29(36),
11078-11088.

Haller, J., Bakos, N., Szirmay, M., Ledent, C., & Freund, T. F. (2002). The effects of
genetic and pharmacological blockade of the CB1 cannabinoid receptor on
anxiety. European Journal of Neuroscience, 16, 1395-1398.

Hampson, R. E., & Deadwyler, S. A. (1998). Role of cannabinoid receptors in memory
storage. Neurobiology of Disease, 5, 474-482.



H. Munguba et al./ Neurobiology of Learning and Memory 95 (2011) 527-533 533

Hampson, R. E., & Deadwyler, S. A. (2000). Cannabinoids reveal the necessity of
hippocampal neural encoding for short-term memory in rats. The Journal of
Neuroscience, 20(23), 8932-8942.

Heifets, B. D., & Castillo, P. E. (2009). Endocannabinoid signaling and long-term
synaptic plasticity. Annual Review of Physiology, 71, 283-306.

Herkenham, M., Lynn, A. B., Johnson, M. R., Melvin, L. S., de Costa, B. R., & Rice, K. C.
(1991). Characterization and localization of cannabinoid receptors in the rat
brain: A quantitative in vitro autoradiographic study. The Journal of
Neuroscience, 11, 563-583.

Hill, M. N., McLaughlin, R. J., Bingham, B., Shrestha, L., Lee, T. T. Y., Gray, J. M., et al.
(2010). Endogenous cannabinoid signaling is essential for stress adaptation.
Proceedings of the National Academy of Sciences, 107(20), 9406-9411.

Holter, S. M., Kallnik, M., Wurst, W., Marsicano, G., Lutz, B., & Wotjak, C. T. (2005).
Cannabinoid CB1 receptor is dispensable for memory extinction in an
appetitively-motivated learning task. European Journal of Pharmacology, 510,
69-74.

Izquierdo, 1., Bevilaqua, L. R,, Rossato, ]. L., Bonini, J. S., Medina, J. H., & Cammarota,
M. (2006). Different molecular cascades in different sites of the brain control
memory consolidation. Trends in Neuroscience, 29(9), 496-505.

Kathuria, S., Gaetani, S., Fegley, D., Valino, F., Duranti, A., Tontini, A., et al. (2003).
Modulation of anxiety through blockade of anadamide hydrolysis. Nature
Medicine, 9, 76-81.

Katona, I, Rancz, E. A, & Acsady, L. (2001). Distribution of CB1 cannabinoid
receptors in the amygdala and their role in the control of GABAergic
transmission. The Journal of Neuroscience, 21, 9506-9518.

Katona, I, Sperlagh, B., Sik, A. Kafalvi, A., Vizi, E. S, & Mackie, K. (1999).
Presynaptically located CB1 cannabinoid receptors regulate GABA release
from axon terminals of specific hippocampal interneurons. The Journal of
Neuroscience, 19, 4544-4558.

LaBar, K. S., Gatenby, J. C., Gore, ]. C., LeDoux, J. E., & Phelps, E. A. (1998). Human
amygdala activation during conditioned fear acquisition and extinction: A
mixed-trial fMRI study. Neuron, 20(5), 937-945.

Laviolette, S. R., & Grace, A. A. (2006). Cannabinoids potentiate emotional learning
plasticity in neurons of the medial prefrontal cortex through basolateral
amygdala inputs. The Journal of Neuroscience, 26, 6458-6468.

Ledoux, J. E. (1990). Information flow from sensation to emotion: Plasticity in the
neural computation of stimulus value. Learning and Computational Neuroscience:
Foundations of Adaptive Networks. Cambridge, MA, 3-52: MIT Press.

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual Review of Neuroscience., 23,
155-184.

Leweke, M., Kampmann, C., Radwan, M., Dietrich, D. E., Johannes, S., Emrich, H. M.,
et al. (1998). The effects of tetrahydrocannabinol on the recognition of
emotionally charged words: An analysis using event-related brain potentials.
Neuropsychobiology, 37(2), 104-111.

Lichtman, A. H. (2000). SR141716A enhances spatial memory as assessed in a
radial-arm maze task in rats. European Journal of Pharmacology, 404, 175-179.

Lichtman, A. H., & Martin, B. R. (1996). Delta 9-tetrahydrocannabinol impairs spatial
memory through a cannabinoid receptor mechanism. Psychopharmacology, 126,
125-131.

Lutz, B. (2009). Endocannabinoid signals in the control of emotion. Current Opinion
in Pharmacology, 9, 46-52.

Maingret, F., Patel, A. J., Lazdunski, M., & Honore, E. (2001). The endocannabinoid
anandamide is a direct and selective blocker of the background K(+) channel
TASK-1. The EMBO Journal, 20, 47-54.

Maren, S., Aharonov, G. & Fanselow, M. S. (1996). Retrograde abolition of
conditional fear after excitotoxic lesions in the basolateral amygdala of rats:
Absence of a temporal gradient. Behavioral Neuroscience, 110, 718-726.

Marks, D. F., & MacAvoy, M. G. (1989). Divided attention performance in cannabis
users and non-users following alcohol and cannabis separately and in
combination. Psychopharmacology, 99, 397-401.

Marsicano, G., & Lutz, B. (1999). Expression of the cannabinoid receptor CB1 in
distinct neuronal subpopulations in the adult mouse forebrain. European Journal
of Neuroscience, 11, 4213-4225.

Marsicano, G., Wotjak, C. T., Azad, S. C., Bisogno, T., Rammes, G., Cascio, M. G., et al.
(2002). The endogenous cannabinoid system controls extinction of aversive
memories. Nature, 418, 530-534.

McDonald, A. ]., & Mascagni, F. (2001). Localization of the CB1 type cannabinoid
receptor in the rat basolateral amygdala: High concentrations in a
subpopulation of cholecystokinin-containing interneurons. Neuroscience, 107,
641-652.

McGaugh, J. L. (2000). Memory - A century of consolidation. Science, 287(5451),
248-251.

Murty, V. P., Ritchey, M., Adcock, R. A., & Labar, K. S. (2010). FMRI studies of
successful emotional memory encoding: A quantitative meta-analysis.
Neuropsychologia, 48(12), 3459-3469.

Navarro, M., Hernandez, E., Munoz, R. M., Del Arco, I, Villanua, M. A,, Carrera, M. R.
A., et al. (1997). Acute administration of the CB1 cannabinoid receptor
antagonist SR 141716A induces anxiety-like responses in the rat. NeuroReport,
8, 491-496.

Niyuhire, F., Varvel, S. A, Thorpe, A. J., Stokes, R. ]., Wiley, J. L., & Lichtman, A. H.
(2007). The disruptive effects of the CB1 receptor antagonist rimonabant on
extinction learning in mice are task-specific. Psychopharmacology, 191(2),
223-231.

Pamplona, F. A., & Takahashi, R. N. (2006). WIN 55212-2 impairs contextual fear
conditioning through the activation of CB1 cannabinoid receptors. Neuroscience
Letters, 397, 88-92.

Paxinos, G., & Watson, C. (2009). The rat brain in stereotaxic coordinates (6th ed.). San
Diego: Elsevier Academic Press.

Patel, S., Roelke, C. T., Rademacher, D. ]., Cullinan, W. E., & Hillard, C. J. (2004).
Endocannabinoid signaling negatively modulates stress-induced activation of
the hypothalamic-pituitary-adrenal axis. Endocrinology, 145, 5431-5438.

Pertwee, R. G. (2006). The pharmacology of cannabinoid receptors and their ligands:
An overview. International Journal of Obesity, 30(Suppl. 1), S13-518.

Phan, K. L., Angstadt, M., Golden, ]., Onyewuenyi, I., Popovska, A., & de Wit, H.
(2008). Cannabinoid modulation of amygdala reactivity to social signals of
threat in humans. The Journal of Neuroscience, 28, 2313-2319.

Phelps, E. A, & LeDoux, J. E. (2005). Contributions of the amygdala to emotion
processing: From animal models to human behavior. Neuron, 48(2), 175-187.

Pistis, M., Perra, S., Pillolla, G., Melis, M., Gessa, G. L., & Muntoni, A. L. (2004).
Cannabinoids modulate neuronal firing in the rat basolateral amygdala:
Evidence for CB1- and non-CB1-mediated actions. Neuropharmacology, 46,
115-125.

Pitkanen, A., Savander, V., & LeDouy, ]. E. (1997). Organization of intra-amygdaloid
circuitries in the rat: An emerging framework for understanding functions of
the amygdala. Trends in Neurosciences, 20, 517-523.

Rademacher, D. J., Meier, S. E., Shi, L., Vanessa Ho, W. S., Jarrahian, A., & Hillard, C. J.
(2008). Effects of acute and repeated restraint stress on endocannabinoid
content in the amygdala, ventral striatum, and medial prefrontal cortex in mice.
Neuropharmacology, 54(1), 108-116.

Ranganathan, M., & D’Souza, D. C. (2006). The acute effects of cannabinoids on
memory in humans: A review. Psychopharmacology, 188(4), 425-444.

Ribeiro, A. M., Barbosa, F. F., Godinho, M. R, Fernandes, V. S., Munguba, H., Melo, T.
G., et al. (2010). Sex differences in aversive memory in rats: Possible role of
extinction and reactive emotional factors. Brain Cognition, 74(2), 145-151.

Ribeiro, A. M., Barbosa, F. F., Munguba H., Costa, S. M., Cavalcante, S. J., & Silva, R. H.
(in press). Basolateral amygdala inactivation impairs learned (but not innate)
fear response in rats. Neurobiology of Learning and Memory. doi:10.1016/
j-nlm.2011.02.004.

Robbe, D., Montgomery, S. M., Thome, A., Rueda-Orozco, P. E., McNaughton, B. L., &
Buzsaki, G. (2006). Cannabinoids reveal importance of spike timing
coordination in hippocampal function. Nature Neuroscience, 9, 1526-1533.

Rubino, T., Guidali, C., Vigano, D., Realini, N., Valenti, M., Massi, P., et al. (2008). CB1
receptor stimulation in specific brain areas differently modulates anxiety-
related behaviour. Neuropharmacology, 54(1), 151-160 (Erratum in:
Neuropharmacology, 55(2), 247).

Scherma, M., Medalie, J., Fratta, W., Vadivel, S. K., Makriyannis, A., Piomelli, D., et al.
(2008). The endogenous cannabinoid anandamide has effects on motivation and
anxiety that are revealed by fatty acid amide hydrolase (FAAH) inhibition.
Neuropharmacology, 54, 129-140.

Silva, R. H., & Frussa-Filho, R. (2000). The plus-maze discriminative avoidance task:
A new model to study memory-anxiety interactions. Effects of chlordiazepoxide
and caffeine. Journal of Neuroscience Methods, 102(2), 117-125.

Sink, K. S., Segovia, K. N, Sink, J., Randall, P. A,, Collins, L. E., Correa, M., et al. (2010).
Potential anxiogenic effects of cannabinoid CB1 receptor antagonists/inverse
agonists in rats: Comparisons between AM4113, AM251, and the
benzodiazepine inverse agonist FG-7142. European Neuropsychopharmacology,
20(2), 112-122.

Sink, K. S., Segovia, K. N., Collins, L. E., Markus, E. J., Vemuri, V. K., Makriyannis, A.,
et al. (2010). The CB1 inverse agonist AM251, but not the CB1 antagonist
AMA4113, enhances retention of contextual fear conditioning in rats.
Pharmacology, Biochemistry and Behavior, 95, 479-484.

Takahashi, R. N., Pamplona, F. A., & Fernandes, M. S. (2005). The cannabinoid
antagonist SR141716A facilitates memory acquisition and consolidation in the
mouse elevated T-maze. Neuroscience Letters, 380, 270-275.

Tan, H., Lauzon, N. M., Bishop, S. F., Bechard, M. A., & Laviolette, S. R. (2010).
Integrated cannabinoid CB1 receptor transmission within the amygdala-
prefrontal cortical pathway modulates neuronal plasticity and emotional
memory encoding. Cerebral Cortex, 20(6), 1486-1496.

Tognetto, M., Amadesi, S., Harrison, S., Creminon, C., Trevisani, M., Carreras, M., et al.
(2001). Anandamide excites central terminals of dorsal root ganglion neurons
via vanilloid receptor-1 activation. The Journal of Neuroscience, 21, 1104-1109.

Truitt, W. A., Johnson, P. L., Dietrich, A. D., Fitz, S. D., & Shekhar, A. (2009). Anxiety-
like behavior is modulated by a discrete subpopulation of interneurons in the
basolateral amygdala. Neuroscience, 160, 284-294.

Turner, B. J. (1981). The cortical sequence and terminal distribution of sensory-
related afferents to the amygdaloid complex of the rat and monkey. The
amygdaloid complex (pp. 51-62). Amsterdam: Elsevier/North-Holland
Biomedical.

Uriguen, L., Perez-Rial, S., Ledent, C., Palomo, T., & Manzanares, J. (2004). Impaired
action of anxiolytic drugs in mice deficient in cannabinoid CB1 receptors.
Neuropharmacology, 46, 966-973.

Viveros, M. P., Marco, E. M, Llorente, R, & Loépez-Gallardo, M. (2007).
Endocannabinoid system and synaptic plasticity: Implications for emotional
responses. Neural Plasticity, 2007, 1-12.


http://dx.doi.org/10.1016/j.nlm.2011.02.004
http://dx.doi.org/10.1016/j.nlm.2011.02.004

	Pre-training anandamide infusion within the basolateral amygdala impairs  plus-maze discriminative avoidance task in rats
	Introduction
	Material and methods
	Subjects
	Surgery
	Drugs and administration
	Plus-maze discriminative avoidance task (PM-DAT)
	Histology
	Statistical analysis

	Results
	Learning and memory
	Anxiety-like behavior
	Locomotion

	Discussion
	Acknowledgments
	References


