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Abstract
Rationale—Disruption of CB1 receptor signaling through the use of CB1 (-/-) mice or the CB1
receptor antagonist rimonabant (SR141716) has been demonstrated to impair extinction of learned
responses in conditioned fear and Morris water maze tasks. In contrast, CB1 (-/-) mice exhibited
normal extinction rates in an appetitively motivated operant conditioning task.

Objectives—The purpose of this study was to test whether rimonabant would differentially disrupt
extinction learning between fear-motivated and food-motivated tasks.

Materials and methods—Separate groups of C57BL/6J mice were trained in two aversively
motivated tasks, conditioned freezing and passive avoidance, and an appetitively motivated operant
conditioning task at a fixed ratio (FR-5) schedule of food reinforcement. After acquisition, the
respective reinforcers in each task were withheld, and an intraperitoneal injection of vehicle or
rimonabant was given 30 min before each extinction session.

Results—Rimonabant (3 mg/kg) treatment significantly disrupted extinction in both the
conditioned freezing and passive avoidance tasks but failed to affect extinction rates in the operant
conditioning task, whether using daily or weekly extinction sessions. Interestingly, rimonabant (3
mg/kg) prevented the significant increases in lever pressing (i.e., extinction burst) that occurred
during the first extinction session of the operant conditioning task.

Conclusions—These results support the hypothesis that the CB1 receptor plays a vital role in the
extinction of aversive memories but is not essential for extinction of learned responses in appetitively
motivated tasks.
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Introduction
The central endocannabinoid system, consisting of CB1 receptors (Herkenham et al. 1991;
Matsuda et al. 1993) as well as endogenous ligands that stimulate those receptors, anandamide
(Devane et al. 1992), and 2-AG (Mechoulam et al. 1995; Sugiura et al. 1995), has been
implicated in several physiological systems including pain modulation (Calignano et al.
1998), feeding (Di Marzo et al. 2001), lipogenesis (Osei-Hyiaman et al. 2005), and cognition
(Terranova et al. 1996). In particular, the high density of CB1 receptors in brain regions
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associated with learning and memory (Herkenham et al. 1991) is consistent with the well-
documented effects of cannabinoids on cognition in humans (Chait and Pierri 1992; Miller and
Branconnier 1983) and in laboratory animals (Lichtman et al. 2002). Importantly, the CB1
receptor antagonist rimonabant (SR141716) blocked the disruptive effects of cannabinoid
agonists on both long-term potentiation (Terranova et al. 1995) and memory (Lichtman and
Martin 1996; Mallet and Beninger 1998; Varvel et al. 2001), indicating a CB1 receptor
mechanism of action.

Rimonabant has been used to demonstrate that the memory disruptive effects of cannabinoid
agonists in a variety of operant (Brodkin and Moerschbaecher 1997; Hampson and Deadwyler
2000; Mallet and Beninger 1998; Winsauer et al. 1999) and spatial tasks (da Silva and
Takahashi 2002; Lichtman and Martin 1996; Varvel et al. 2001) are mediated via a CB1
receptor mechanism of action. The administration of this drug has also been used to infer the
tonic involvement of the endocannabinoid system in mnemonic processes. In particular,
rimonabant impaired extinction learning in fear conditioning (Marsicano et al. 2002;Suzuki
etal. 2004) and spatial memory procedures (Varvel et al. 2005) without affecting normal
learning. Additionally, CB1 (-/-) mice exhibit similar extinction deficits (Marsicano et al.
2002; Varvel et al. 2005).

The extent to which the CB1 receptor modulates extinction in different memory paradigms is
unclear. In contrast to their extinction deficits in aversively motivated tasks, CB1 (-/-) mice
were found to extinguish at the same rate as their wild type littermates in an operant nose-poke
food-motivated task (Holter et al. 2005). Thus, these investigators concluded that the CB1
receptor was not critical for extinction in this appetitively-motivated task. However, there are
two phenotypes displayed by CB1 (-/-) mice that complicate the interpretation of those findings.
First, CB1 (-/-) mice acquired the operant response at a slower rate than the CB1 (+/+) mice
and required an increased food deprivation schedule to ensure that they achieved criteria
(Holter et al. 2005). Second, the mice in that study were between 11 and 14 weeks old, an age
range in which a subsequent report found that CB1 (-/-) mice displayed significant learning
deficits in operant and other tasks (Bilkei-Gorzo et al. 2005). To avoid motivational and age-
related behavioral deficits associated with CB1 (-/-) mice, we evaluated whether rimonabant
would affect extinction rates in wild type mice trained in an appetitively motivated operant
conditioning task (i.e., lever pressing for sweetened condensed milk). Additionally, we
investigated the effects of rimonabant on extinction learning in two aversively motivated tasks,
conditioned freezing and passive avoidance tests.

Materials and methods
Subjects

Male C57BL/6J mice obtained from Jackson Laboratories (Bar Harbor, ME) were employed
as subjects in these experiments. The subjects were between 8 and 12 weeks of age and were
housed in a temperature- and humidity-controlled room (20–22°C) with a 12:12 light/dark
cycle. Mice trained for the operant conditioning task were housed individually, and those used
in all other experiments were housed in groups of four mice per cage. The mice had ad libitum
access to food and water in their home cages. The Institutional Animal Care and Use Committee
at Virginia Commonwealth University approved all experimental procedures.

Drugs
Rimonabant (SR 141716) was obtained from the National Institute on Drug Abuse (Rockville,
MD). The drug was dissolved in a 1:1:18 solution of ethanol/emulphor/saline. All injections
were given through the intraperitoneal (i.p.) route of administration in a volume of 0.1 ml/10
g.
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Behavioral procedures
Conditioned freezing procedure—The conditioned freezing apparatus consisted of four
sets of conditioning apparatuses with stainless steel bars (3.2-mm diameter and spaced 7.6 mm
apart) spanning the width of the floor, through which an electric shock could be delivered
(Hamilton-Kinder, Poway, CA). Four-sided black plastic conditioning chambers were placed
on top of the steel bars (21.1×21.1×20.4 cm). Each conditioning apparatus was kept in an
individual sound-attenuating chamber with an array of adjustable white light-emitting diodes
as a light source located on the side. A digital camera (Fire-i digital camera, Unibrain) and a
piezo buzzer (80 dB) were both located on the ceiling of the sound-attenuating chamber. In the
retrieval/extinction portion of the experiment, clear Plexiglas boxes (42.7×21.0×20.4 cm) were
placed on top of a smooth plastic floor. Anymaze (Stoelting, Wood Dale, IL) software was
used to track the animals and analyze immobility. We have found that the software’s immobility
detection is highly correlated with freezing counts observed and recorded manually
(unpublished data).

Subjects were acclimated to the experimental room for 2 h before all the experiments. On the
first day of the experiment, mice were placed in the conditioning chamber. After a 3-min
acclimation period, a 20-s tone (80 dB) was presented that co-terminated with a scrambled 2-
s (0.7 mA, alternating current [AC]) electric foot shock. Mice were returned to their home cage
1 min later. On the second day of the experiment, subjects were given an injection of vehicle
or rimonabant (3 mg/kg) 30 min before being placed in the extinction context. After a 3-min
acclimation period, the tone was presented for 3 min, and extinction was evaluated within the
single session. Freezing to the tone was recorded and analyzed digitally. Two minutes after
tone presentation, the mice were removed from the apparatus and returned to their respective
home cages.

Passive avoidance procedure—The passive avoidance apparatus consisted of two
adjoining compartments (each 30.5×20.5×19 cm), one dark with black walls and one
illuminated with white walls, separated by a guillotine door. The floor of each compartment
consisted of steel rods capable of delivering an electric shock to the animal’s feet (Lafayette
Instrument, Lafayette, IN). The procedure included an acclimation session, a conditioning
session, and ten extinction sessions. During the first 60 s of each session, a guillotine door
blocked the entryway between the illuminated and dark chambers. Subjects were always placed
in the light chamber for 60 s before the door was lifted for a 4-min period. The day after the
acclimation session, the guillotine door was shut immediately after the mouse entered the dark
chamber, and 30 s later the subject received a total of three scrambled 1.7-mA (AC) grid shocks
that were 1 s in duration, with 20 s interval between each shock. The subject was then removed
after the third shock.

In the first experiment, we evaluated the dose—response relationship of rimonabant on
extinction. Thirty minutes before each extinction session, the subjects were given an i.p.
injection of vehicle or rimonabant (0.3, 1, or 3 mg/kg), placed in the light chamber for 60 s as
described above, and the guillotine door was then lifted. If the subject entered the dark chamber,
the guillotine door was lowered, and 2 min later, the animal was removed from the chamber.
If a mouse failed to enter the dark chamber by the end of the 4-min choice period, it was gently
guided into the dark chamber by the experimenter. The guillotine door was lowered, and 2 min
later, the animal was removed from the chamber. The latency to enter the dark chamber was
recorded on the conditioning day and each extinction session.

To distinguish between extinction and simple forgetting of the avoidance behavior, a second
experiment was conducted that included three groups. The first two groups were treated with
vehicle and rimonabant (3 mg/kg), respectively, on each of the ten extinction sessions as
described above. The third group was treated with vehicle on each extinction day but remained
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in the lit compartment for 4 min with the guillotine door closed (i.e., had no access to the dark
chamber). On the tenth day, this control group was given access to the dark chamber, as
described above, and the latency to enter the dark chamber was recorded.

Operant conditioning procedure—The operant conditioning apparatus (Med Associates,
St. Albans, VT) consisted of individual chambers (18×18×18 cm each). Each operant
conditioning chamber was equipped with a house light, two levers (left and right), and a hole
where a motor-driven dipper arm delivered sweetened milk. The sweetened milk consisted of
dry fat-free milk, sugar, and water in a ratio of 1:1:3.3, respectively. The mice were trained to
press the right lever to receive the reward. A dipper arm delivered the sweetened milk in a
0.05-ml cup, which was available for 5 s. Each daily session was 15 min in duration, and the
response rates on each lever were recorded. All mice in this experiment were kept at 90% of
the original body weight. All mice had free access to water. Immediately after the daily session,
the mice were given their daily food rations.

The operant conditioning procedure included an acclimation session, approximately 21–27
training sessions, and five extinction sessions. The subjects were trained on a fixed ratio (FR-5)
schedule of food reinforcement and were required to achieve stable rates of responding during
training, in which daily response rate was within 25% of the mean for five consecutive days.
All mice met the criteria. On each extinction day, the subjects received an i.p. injection of
vehicle or rimonabant (1 or 3 mg/kg) 30 min before the session; however the dipper containing
the sweetened milk was withheld. In the first experiment, daily 15-min extinction sessions were
given, and in the second experiment, weekly 15-min extinction sessions were given. These
schedules (daily and weekly) were chosen because rimonabant delayed extinction with weekly
probe extinction sessions in the Morris water maze but not with daily probes (Varvel et al.
2005). The total number of lever presses on the reinforced lever as well as on the non-reinforced
lever across each 15-min session was recorded. Subjects rarely pressed the non-reinforced lever
once achieving stable baseline criteria (i.e., 5±0.7 and 6±0.7 total responses for the entire 15-
min session for experiments 1 and 2, respectively), and no significant differences in lever
pressing on the non-reinforced lever occurred during either the daily (p=0.33) or weekly
(p=0.53) extinction sessions. Therefore, the lever-pressing data on only the reinforced lever
are presented. Finally, we assessed the effects of rimonabant (1 mg/kg) on operant conditioning
behavior in well-trained mice when the reinforcer (e.g., sweetened milk) was made available.

Assessment of locomotor activity—The mice were brought up to the lab 1 h before
testing. The mice were given i.p. injections of vehicle or rimonabant (1 or 3 mg/kg) and 30
min later placed in clean 28×16 cm plastic cages inside of the sound-attenuating chambers
where the traveled distance, the speed, and the time spent immobile were recorded for 15 min
and analyzed by an Anymaze (Stoelting, Wood Dale, IL) video tracking system.

Statistical analysis
The percentage time spent freezing in the conditioned freezing task, the latency to enter the
dark chamber in the passive avoidance task, and the total number of lever presses in the operant
conditioning task were used as dependent measures. The traveled distance, the speed, and the
percentage time spent immobile were used as dependent measures in the locomotor activity
task. The data in each experiment were analyzed using one- or two-way analysis of variances
(ANOVA) in which drug treatment was a between-subject factor and session (where
appropriate) was a within-subject measure. Dunnett’s test was used for post hoc analysis when
appropriate. A p value of less than 0.05 was considered as being significant.

Niyuhire et al. Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2009 February 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Rimonabant impairs within-session extinction in the conditioned freezing test

As can be seen in Fig. 1, both vehicle-treated and rimonabant-treated mice exhibited an equal
magnitude of freezing behavior during the first minute of the extinction test, indicating an
equivalent degree of memory. Whereas the vehicle-treated mice exhibited significant decreases
in freezing behavior across the 3-min session, the drug-treated mice continued to freeze across
the entire session, suggesting a deficit in extinction as previously reported (Marsicano et al.
2002). Accordingly, a significant two-way interaction between injection and time was found,
F[2,28]=4.2, p<0.05. Planned comparisons confirmed that the vehicle-treated mice froze
significantly less than the rimonabant-treated mice during both the second (p<0.05) and third
(p<0.001) minutes of the extinction session. Additionally, the vehicle-treated mice spent
significantly less time freezing during the third minute than the first minute of the extinction
session (p<0.05).

Rimonabant disrupts extinction in a passive avoidance task
During the conditioning session, all subjects entered the dark chamber within the 4-min choice
period (mean±SEM latency to enter=29±5 s). The data depicted in Fig. 2a show the effects of
vehicle and rimonabant on the latency to enter the dark chamber across each of the ten 4-min
extinction sessions. For the sake of clarity, only the groups treated with vehicle and rimonabant
(3 mg/kg) are shown in Fig. 2a. Irrespective of drug treatment, subjects demonstrated that they
learned the avoidance task as indicated by their failure to enter the dark chamber on the first
post-acquisition session (i.e., extinction day 1). Rimonabant disrupted extinction, as indicated
by a significant interaction between dose and day, F[3,27]=2.1, p<0.01. Subsequent one-way
repeated measures ANOVAs revealed a differential rate of extinction for each injection
condition. Whereas subjects treated with repeated injections of vehicle or rimonabant (0.3 or
1 mg/kg) exhibited significant decreased latencies across extinction sessions to enter the dark
chamber (p<0.001), the mice given daily injections of 3 mg/kg rimonabant failed to exhibit
any significant effects across the ten extinction sessions (p=0.15).

To distinguish between extinction learning and forgetting, a separate experiment was
performed in which we assessed whether mice treated daily with vehicle, placed in the lit
compartment for 4 min, and not given access to the dark chamber would re-enter the dark
chamber when given access to it after 10 days. Once again, as shown in Fig. 2b, rimonabant
disrupted extinction of the avoidance behavior across days, as indicated by a significant main
effect of the drug, F[1,20]=5.3, p<0.05. Subsequent one-way ANOVAs revealed that, whereas
subjects treated with repeated injections of vehicle exhibited significant decreased latencies
across extinction sessions to enter the dark chamber (p<0.01), the group treated with daily
injections of 3 mg/kg rimonabant failed to exhibit any significant decreases in latency across
the ten extinction sessions (p=0.45). Importantly, the control group, which was treated with
vehicle and not allowed access to the shock-associated chamber for 9 days, virtually failed to
enter the dark chamber on day 10. The mean latency for this group to enter the dark chamber
on day 10 was significantly higher than that of the group treated with vehicle and given daily
extinction sessions (p<0.05) and was indistinguishable from the rimonabant-treated group,
consistent with the notion that rimonabant disrupts extinction in the passive avoidance task.

Rimonabant does not affect extinction rates in an appetitively motivated operant
conditioning task

Mice were initially shaped to lever press on a continuous reinforcement schedule, with the ratio
requirement systematically increased to an FR-5 schedule of food reinforcement over several
days. Once stable response rates were achieved (178±7 and 187±11 responses±SEM for
experiments 1 and 2, respectively), mice were given an injection of vehicle or rimonabant (1
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or 3 mg/kg) 30 min before each extinction session. The data depicted in Fig. 3a and b show
the effects of vehicle and rimonabant on the daily (experiment 1) and weekly (experiment 2)
extinction sessions, respectively. For the sake of clarity, only the groups treated with vehicle
and rimonabant 3 mg/kg are shown here. Neither rimonabant nor the extinction schedule (daily
or weekly) affected the extinction rate. One-way repeated measures ANOVA revealed that all
groups, irrespective of drug treatment and extinction condition, exhibited a significant decrease
in responding rate by the third extinction session (p<0.001). Interestingly, there was a
significant interaction of drug across extinction sessions in both the daily and weekly schedule,
F[10,105]=3.5, p<0.001 and F[10,180]=3.7, p<0.001, respectively. In particular, on the first
day of extinction, the vehicle-treated groups displayed an extinction burst in which lever
pressing was increased by more than 80% compared to their stable baseline level, whereas the
group treated with 3 mg/kg of rimonabant exhibited significantly fewer responses than the
vehicle-treated mice. There were no other significant differences between the groups on
subsequent extinction sessions.

Additionally, the effects of rimonabant (1 mg/kg) were assessed in well-trained mice when the
reinforcer (e.g., sweetened milk) was made available. Rimonabant (1 mg/kg) significantly
reduced the lever-pressing response (Fig. 3c) as indicated by a significant main effect of
rimonabant, F[1,14]=8, p<0.05. Consequently, rimonabant-treated mice received significantly
fewer reinforcers (Fig. 3d) than the vehicle-treated group, F[1,14]=8, p<0.05. On each of the
four test days, the rimonabant-treated mice made significantly fewer lever presses and
consequently received fewer reinforcers than the control group (p<0.05).

Rimonabant does not affect gross locomotor activity
As shown in Table 1, there were no significant differences between vehicle- and rimonabant-
treated mice in the mean distance traveled (p=0.72), speed (p=0.75), and percentage of time
spent immobile (p=0.47) throughout the 15-min test session.

Discussion
The results of the present study bolster the claim that the endocannabinoid system plays a
selective role in facilitating the extinction of fear-conditioned behaviors but not of appetitively
motivated behaviors. Whereas vehicle-treated mice underwent extinction in the conditioned
freezing and passive avoidance tasks, rimonabant-treated mice failed to exhibit any evidence
of extinction in either of these fear-motivated tasks. The failure of rimonabant-treated mice to
extinguish freezing behavior to a tone that had been paired with foot shock replicates work by
Marsicano et al. (2002), who previously demonstrated that wild type mice treated with this
antagonist as well as CB1 (-/-) mice failed to display extinction in a similar procedure.
Additionally, the results presented here are the first demonstration that rimonabant impairs
extinction in a passive avoidance task, which requires that the mice remain in a brightly lit
chamber and withhold their inclination to enter a dark chamber in which they previously
received three foot shocks. Even ten extinction sessions were insufficient to elicit extinction
learning in the drug-treated mice. Also shown in the present study is that repeated exposures
to the dark chamber are necessary for the avoidance behavior to extinguish. The observation
that rimonabant-treated mice and vehicle-treated mice extinguished the lever-press at the same
rate was consistent with the results of Holter et al. (2005), who found no differences in
extinction rate between CB1 (-/-) mice and CB1 (+/+) mice in another operant conditioning
task. Thus, the results of the present study support the notion that the endocannabinoid system
modulates the extinction of behaviors motivated by aversive stimuli but not appetitively
motivated behaviors.

A considerable amount of research has demonstrated that subjects undergoing extinction
training initially exhibit marked increases in response frequencies (Lerman and Iwata 1996).

Niyuhire et al. Page 6

Psychopharmacology (Berl). Author manuscript; available in PMC 2009 February 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Such an extinction burst was found in the vehicle-treated mice tested in the operant conditioning
task (see Fig. 3a and b). A novel observation of the present study was that rimonabant
significantly blocked this extinction burst. Similarly, Holter et al. (2005) reported a transient
increase in the number of total responses during extinction that was more pronounced in
CB1 (+/+) mice than in CB1 (-/-) mice, although the magnitude of this increase was not
specified. It is thought that these initial increases in responding during extinction reflect a
“frustration-like” response to the lack of expected reinforcement and are likely to be involved
with the initiation of extinction learning. With this in mind, it is possible that rimonabant
interfered with an early phase of extinction, although subsequent decreases in responding
occurred at an identical rate to vehicle-treated mice. Alternatively, as described below,
rimonabant may have blocked the extinction burst because it simply reduced the salience of
the food reinforcer or motivation to work for food.

There are several explanations for the differential effects of rimonabant on appetitively and
aversively motivated tasks. First, rimonabant may have produced its effects by reducing the
animal’s propensity to perform an active response. Whereas extinction in both the conditioned
freezing and passive avoidance tasks involves increased mobility, extinction in the operant
conditioning task is characterized by a decrease in lever pressing. Moreover, the observation
that rimonabant blocks extinction burst responding and decreases lever pressing for food
further supports the notion that all the effects observed in these disparate learning paradigms
are the result of a decrease in overall motor behavior. However, it is unlikely that all these
effects are simply due to rimonabant-induced motor suppression because these doses of
rimonabant failed to affect general locomotor activity (see Table 1). In addition, a similar
rimonabant-induced extinction deficit has been described in the Morris water maze, which
involves the perseverance of an active response (Varvel et al. 2005).

A second possibility for rimonabant’s differential effects on food-motivated behavior and fear-
motivated behavior is that the drug decreased the salience of the food reward (Ward and Dykstra
2005) in the operant conditioning task but heightened aversive properties in the fear
conditioning tasks. Rimonabant has been previously demonstrated to reduce operant
responding for food (De Vry et al. 2004; Freedland et al. 2000) as well as consumption of a
palatable sucrose solution (Higgs et al. 2003). Our observations that rimonabant reduced the
extinction burst (see Fig. 3a and b) and operant responding for sweetened milk are consistent
with this explanation (see Fig. 3c and d). Because the endocannabinoid system plays a
modulatory role in feeding, it will be important to investigate the impact of disrupting CB1
receptor signaling in appetitively motivated tasks that do not involve food reinforcement. On
the other hand, if rimonabant increases the intensity of aversive stimuli, conditioned fear
responses would be expected to be resistant to extinction.

In addition to disrupting extinction in aversively motivated tasks, administration of rimonabant
alone has been shown to elicit a variety of effects in different animal models of learning and
memory, suggesting important yet complex roles for the endocannabinoid system. Upon
systemic administration, this drug has been reported to enhance performance in several rodent
memory paradigms including a social recognition task (Terranova et al. 1996), an eight-radial
arm maze delay procedure (Lichtman 2000; Wolff and Leander 2003), and an elevated T-maze
test (Takahashi et al. 2005). Interestingly, intrahippocampal infusion of rimonabant to black-
capped chickadees improved performance in a food-storing task (Shiflett et al. 2004).
Curiously, intrahippocampal infusion of the structurally related CB1 receptor antagonist
AM251 immediately after acquisition disrupted memory in a passive avoidance task (de
Oliveira Alvares et al. 2005). In contrast, systemic rimonabant administration failed to enhance
memory in operant paradigms (Hampson and Deadwyler 2000; Mallet and Beninger 1998) as
well as acquisition in the mouse Morris water maze model (Varvel et al. 2005). Disruption of
CB1 receptors has been suggested to prolong or strengthen memory, which can come at the
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expense of learning new responses (Shiflett et al. 2004; Varvel and Lichtman 2002). More
recently, the endocannabinoid system has been implicated in reconsolidation processes (Lin
et al. 2006) and in the habituation of non-associative sensitized fear responses (Kamprath et
al. 2006).

In conclusion, the results of the present study are consistent with the hypothesis of Holter et
al. (2005) that the endocannabinoid system plays an important role in extinction of aversively
motivated behaviors, but this system does not seem to be critically involved in extinguishing
appetitively-motivated behaviors. It will be important to ascertain whether the effects of
rimonabant on memory, fear-related behavior, extinction, and feeding behavior occur because
it blocks endogenous cannabinoid tone or through its inverse agonist properties (Landsman et
al. 1997; Sim-Selley et al. 2001). Additionally, it will be important to characterize thoroughly
the effects of rimonabant on other appetitively-motivated tasks. Finally, it will also be
important to understand the underlying processes by which rimonabant prevented the
extinction burst (e.g., decreased salience of the food reinforcement or a decrease in frustration-
like responses).
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Fig. 1.
Rimonabant disrupts extinction of a conditioned freezing response. Mice that were
administered rimonabant (3 mg/kg) failed to extinguish freezing to a 3-min tone, which had
been paired with foot shock on the preceding day. *p<0.05 and **p<0.01 for the rimonabant-
treated group compared to the vehicle-treated group at the same time point; #p<0.05 for the
vehicle group at the third minute compared to the first minute. Results shown as mean time
spent immobile±SEM; n=8 mice per group
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Fig. 2.
Rimonabant retards extinction learning in a passive avoidance task. a Latencies to enter the
chamber associated with shock in vehicle-treated mice gradually decreased across extinction
sessions, whereas rimonabant dose-dependently disrupted extinction. To optimize the clarity
of the data presentation, the vehicle and the 3-mg/kg rimonabant conditions are shown here
(statistics of the dose—response study are reported in the results section). b Repeated exposure
to the chamber associated with shock is necessary for extinction of the avoidance behavior.
*p<0.05 and **p<0.01 for each respective group versus its first extinction session; #p<0.05
and ##p<0.01 for rimonabant (3 mg/kg) versus vehicle on extinction days. Results shown as
mean latency to enter the chamber associated with shock (s)±SEM; n=6 mice per group in a;
n=10–11 mice per group in b
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Fig. 3.
The effects of rimonabant in an operant conditioning task. Rimonabant (3 mg/kg) reduces the
extinction burst (p<0.05) but fails to alter extinction rate in mice given daily (a) or weekly
(b) extinction sessions. To optimize the clarity of the data presentation, the vehicle and the 3
mg/kg rimonabant conditions are shown here (statistics for the 1 mg/kg rimonabant group are
reported in the results section). Irrespective of drug treatment, all groups exhibited significant
decreases in response rates by extinction day 3 for both schedules (p <0.001). The baseline
values represent the average of five stable training days with daily sessions that were 15 min
in duration. No injections were given on the training days. c Rimonabant (1 mg/kg)
significantly reduced the mean lever pressing for sweetened milk in well-trained mice (p<0.05).
d Rimonabant-treated mice obtained significantly fewer reinforcers than the vehicle-treated
mice during the 15-min session. Asterisk denotes significant difference from the baseline
(p<0.05), and number sign denotes significant difference from the corresponding vehicle group
(p<0.05). Results shown as mean values±SEM for each 15-min session; n=8 mice per group
for a,c, and d; n=15–16 mice per group for b
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Table 1
Rimonabant failed to have significant effects on gross locomotor behavior (n=7–9 mice per group)

Treatment Total distance
traveled (m±SEM)

Speed
(cm/s±SEM)

% Immobility
(mean±SEM)

Vehicle 21.63±3.24 2.4±0.4 4.1±1.4

Rimonabant
 (1 mg/kg)

17.87±3.09 2.0±0.3 6.4±1.5

Rimonabant
 (3 mg/kg)

19.10±3.22 2.1±0.4 7.3±2.1
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