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CB, receptor-compromised animals show profound deficits in extinguishing learned behavior from aversive
conditioning tasks, but display normal extinction learning in appetitive operant tasks. However, it is difficult to
discern whether the differential involvement of the endogenous cannabinoid system on extinction results from the
hedonics or the required responses associated with the disparate tasks. Here, we report that the CB, receptor
antagonist rimonabant disrupts extinction learning in an aversive, but not in an appetitive, Barnes maze conditioning
task. Accordingly, these results provide compelling support for the hypothesis that the endogenous cannabinoid
system plays a necessary role in the extinction of aversively motivated behaviors but is expendable for appetitively

motivated behaviors.

The centrally occurring endogenous cannabinoid (endocannabi-
noid) system is comprised of the G-protein-coupled CB; receptor,
its endogenous ligands, 2-arachyldonyl glycerol (2-AG) and an-
andamide (AEA), and enzymes responsible for the biosynthesis
and degradation of these ligands (Ahn et al. 2008). A growing
body of literature has implicated the endocannabinoid system in
extinction learning in which learned behavior becomes sup-
pressed when reinforcement is withheld. Disruption of CB; re-
ceptor signaling, through either genetic deletion of the receptor
or administration of a receptor antagonist, impairs extinction
learning in a variety of aversively motivated tasks, including con-
ditioned freezing, passive avoidance, and Morris water maze
paradigms (Marsicano et al. 2002; Suzuki et al. 2004; Varvel et al.
2005; Niyuhire et al. 2007). A common aspect of these tasks is
that each uses aversive unconditioned stimuli. In contrast, dis-
ruption of CB, receptor signaling failed to affect extinction learn-
ing in operant conditioning tasks that use palatable food as the
reinforcer (Holter et al. 2005; Niyuhire et al. 2007; Ward et al.
2007). To account for the differential consequences of CB, dele-
tion on extinction learning in operant and other behavioral para-
digms, Holter et al. (2005) hypothesized that the endocannabi-
noid system plays an important role in the extinction of aver-
sively motivated learned behavior but is dispensable for the
extinction of appetitively motivated behavior. A challenge in in-
terpreting the differential role that the endogenous cannabinoid
system plays on extinction learning is the difficulty in comparing
the results of experiments across different behavioral paradigms.
In particular, the studies examining appetitively motivated be-
havior employed operant procedures, which have qualitatively
different behavioral demands than conditioned fear paradigms
or the Morris water maze. Thus, it may be that extinction of
operant behavior, rather than the hedonic value of the rein-
forcer, is refractory to CB, receptor disruption.

To focus on the qualitative nature of the reinforcer, we
modified the Barnes maze task in the present study to evaluate
appetitively and aversively motivated conditioning procedures
on extinction, but required the same motor responses (i.e.,
searching for and entering the goal box). The Barnes maze (Ham-
ilton-Kinder) consisted of a round board (122 cm diameter) fab-
ricated from PVC with 40 holes (2.54 cm diameter) surrounding
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the perimeter of the maze. The maze was divided into six zones,
each containing a possible location for the goal box (19.5
cm X 5.5 cm). Contextual cues (i.e., various dark shapes) were
attached to white curtains that were hung from a square 152
cm X 152 cm aluminum frame enclosure that encircled the
maze. A circular starting tube (7.62 cm internal diameter) was
placed in the center of the maze to ensure that all subjects began
each trial from the same location. The tube was attached to a cord
and pulley system, which the investigator raised from outside the
enclosure. The trial began 3 sec after the subject was placed in the
starting tube. A digital camera (Panasonic BP-330), connected to
a nearby computer running AnyMaze software (Stoelting), al-
lowed the observer to watch and record without disturbing the
subject. Both the maze and goal box were wiped with an ammo-
nia-based cleaner (Whistle; JohnsonDiversey, Inc.) after each
trial. Water was used as the reinforcer in the appetitive task be-
cause disruption of CB; receptor signaling generally reduces op-
erant responding for and the intake of palatable food (Holter et
al. 2005; Ward et al. 2007), but does not affect water consump-
tion (Arnone et al. 1997). To the best of our knowledge, there are
no published reports employing access to drinking water to mo-
tivate learning in the Barnes maze task. Thus, in an initial study,
we compared Barnes maze acquisition under appetitively rein-
forcing conditions in which mice that were water-deprived for 22
h gained access to drinking water when entering the goal box to
a standard aversive procedure in which the mice entered the goal
box to escape bright lights (i.e., two 500-watt halogen bulbs pro-
ducing 3150 lux) and air turbulence from two 60-cm-wide fans
(Holmes). To evaluate Barnes maze performance under condi-
tions common to both the aversive and appetitive procedures, a
third group of subjects was assessed under ambient laboratory
conditions that did not employ bright lights, air turbulence, wa-
ter access, or water deprivation. In the appetitive and ambient
procedures, the maze was illuminated with fluorescent lighting
that produced 410 lux. Thus, the behavioral demands of the task
(i.e., locating and entering the hidden compartment) were kept
constant for all three conditioning groups, and only the nature of
the reinforcer was experimentally manipulated.

As shown in Figure 1A, male C57BL/6] mice (Jackson Labo-
ratory, Bar Harbor, ME) that were singly housed readily learned
to enter the goal box under all three conditioning procedures
(Fo,306) = 52, P < 0.0001). However, mice in the aversive and ap-
petitive groups showed accelerated acquisition rates compared to
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Figure 1. Learning in the Barnes maze under ambient, aversive, and
appetitive conditioning procedures. (A) Mice learned to enter a hidden
goal box in the Barnes maze under all conditions, though latencies were
more significantly elevated under ambient conditions than in either ap-
petitive or aversive procedures. (#) P < 0.05; (##) P < 0.01 vs. the appe-
titive condition. ($) P < 0.05; ($$) P <0.01 vs. aversive condition. The
data for each session represent the average of four daily 3-min
trials = SEM. N = 8-20 mice/group. Percentage of time spent in the tar-
get zone (i.e., the zone previously containing the escape box) during
extinction of an aversive (B) and appetitive (C) Barnes maze tasks. Fol-
lowing the 10 d of acquisition training, subjects in Group Extinction were
given daily 3-min exposures to Barnes maze, but the goal box was re-
moved. Group No Extinction received a single 3-min trial in the Barnes
maze without the goal box that coincided with extinction day 10. The
dotted line from the 16.7% point of the ordinate spanning the width of
the abscissa indicates chance performance. (*) P < 0.05; (**) P < 0.01 vs.
Group Extinction. All data are represented as mean + SEM, N=7-10
mice/group.

the ambient group (F, 306, = 15, P < 0.0001), suggesting that ac-
cess to water or escape from bright lights and air turbulence pro-
vides additional motivation to enter the goal box. Subjects in the
aversive and appetitive conditioning groups spent similar per-
centages of time in the target zone during the first probe trial in
which the escape box was removed from the maze, suggesting
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that both conditioning groups recalled the location of the escape
box (Fig. 1B,C). Subjects trained in either the aversive
(Fo,54)= 2.8, P<0.01; Fig. 1B) or appetitive (Fo 5 = 4.1,
P < 0.001; Fig. 1C) conditioning paradigm underwent extinction,
as indicated by significant decreases in the percentage of time
spent in the target zone across the 10 probe sessions. In order to
distinguish between extinction and forgetting, two additional
groups of mice (Group No Extinction) were given 10 d of acqui-
sition training in either the aversive or appetitive conditioning
procedure. However, each of these groups received only a single
3-min probe trial that coincided with probe trial day 10 for the
groups that underwent extinction training. Group No Extinction
in the aversive conditioning (f3, = 3.0, P < 0.01) and appetitive
conditioning (t;s,=4.9, P <0.001) procedures spent signifi-
cantly more time in the target zone than the respective extinc-
tion groups on probe trial day 10. No differences were observed
when comparing the percentage of time spent in the target zone
between the single probe trial of Group No Extinction and the
first extinction trial of Group Extinction in the aversive (P = 0.93)
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Figure 2. Rimonabant administration (3 mg/kg) does not affect acqui-
sition in either the aversive conditioning (A) or the appetitive condition-
ing (B) Barnes maze task. The data for each acquisition session are rep-
resented as the average of four daily trials = SEM. (Insets) The day after
the final acquisition session, subjects were given a 3-min probe trial to
evaluate memory. No treatment differences were observed for the per-
centage of time spent in the target zone. The dotted line from the 16.7%
point of the ordinate spanning the width of the abscissa indicates chance
performance. (*) P < 0.05 vs. vehicle group. All data are represented as
mean = SEM, N = 17-20 mice/group.
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Figure 3. Rimonabant (3 mg/kg) differentially impairs extinction learning in appetitive and aversive Barnes maze conditioning tasks. (A) Aversive
conditioning paradigm. Vehicle-treated mice underwent extinction across the daily probe trials; however, the rimonabant-treated mice exhibited
impaired extinction learning. (*) P < 0.05; (**) P < 0.01 vs. extinction day 1. ($) P < 0.05 vs. the vehicle group. (B) Track plots of representative vehicle-
and rimonabant-treated mice on extinction days 1 and 10 in the aversive conditioning task. (C) Rimonabant-treated mice in the appetitive conditioning
task underwent a similar rate of extinction as the vehicle-treated mice. (D) Track plots of representative vehicle- and rimonabant-treated mice on
extinction days 1 and 10 in the appetitive conditioning task. The dotted line from the 16.7% point of the ordinate spanning to the width of the abscissa
indicates chance performance (A4,C). The target zone (i.e., the area that previously contained the goal box) for each trace (B,D) is highlighted. All data

are represented as mean = SEM, N = 7-9 mice/group.

and appetitive (P =0.26) conditioning tasks. Thus, under both
aversive and appetitive conditioning procedures, subjects still re-
call the location of the escape box 10 d after training. However,
daily 3-min exposures to the Barnes maze, with no goal box
present, were sufficient to elicit extinction under both condition-
ing regimens. Collectively, these results support the utilization of
this model as a viable method of assessing spatial memory in a
paradigm in which the nature of reinforcement is varied, but the
behavioral demands of the task remain constant.

Having established appetitively motivated and aversively
motivated Barnes maze conditioning tasks, we next evaluated
whether the CB, receptor antagonist rimonabant (3 mg/kg, i.p.;
National Institute on Drug Abuse) injected 30 min before each
acquisition session would enhance learning. Indeed, previous re-
search has demonstrated that rimonabant can enhance memory
in radial arm maze and operant tasks (Lichtman 2000; Wolff and
Leander 2003; Shiflett et al. 2004; Deadwyler et al. 2007; Wise et
al. 2007), though not in all cases (Mansbach et al. 1996; Brodkin
and Moerschbaecher 1997; Mallet and Beninger 1998; Hampson
and Deadwyler 2000; Varvel et al. 2005). No effects of drug were
found on latency to enter the goal box in the aversive condition-
ing task (Fig. 2A; P =0.09). Following acquisition, the goal box
was removed and a 3-min probe trial was used to evaluate
memory of the task. Both groups spent a similar percentage of
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time in the zone formerly associated with escape (i.e., target
zone), but did not differ from one another (Fig. 2A, inset;
P =0.79). In contrast, a significant interaction between drug
treatment and conditioning day was found for escape latency in
the mice given appetitive conditioning (Fig. 2B; F g5, = 2.0,
P < 0.05), with rimonabant-treated mice having significantly
longer escape latencies than vehicle-treated mice on acquisition
days 1 and 2, only. This difference in escape latency during the
first few days was likely due to rimonabant-induced hypomotility
in which the rimonabant-treated mice spent more time immo-
bile than the vehicle-treated mice on the first three acquisition
days (F »85) = 3.1, P < 0.01; data not shown). Nonetheless, both
groups showed virtually identical acquisition rates, with equiva-
lent goal box entry rates on days 2-8. As in the case of the aver-
sive conditioning procedure, both groups spent more time in the
target zone than any of the other zones, but did not differ from
one another (Fig. 2B, inset; P = 0.12). The findings that rimona-
bant did not affect acquisition in either appetitive or aversive
conditioning Barnes maze tasks are in agreement with previous
results from the Morris water maze (Varvel et al. 2005), passive
avoidance (Mazzola et al. 2003; Niyuhire et al. 2007), and con-
ditioned fear (Marsicano et al. 2002; Suzuki et al. 2004; Varvel et
al. 2005; Niyuhire et al. 2007) paradigms.

In the final experiment, mice were given 10 d of acquisition
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training using either aversive or appetitive Barnes maze condi-
tioning procedures. Following the acquisition phase, extinction
training was given in which the goal box was removed, and sub-
jects were given daily injections of vehicle or rimonabant (3 mg/
kg) 30 min before each of the daily 3-min probe trials. In the
aversive conditioning paradigm, daily administration of rimona-
bant led to extinction deficits, as indicated by a significant in-
teraction between treatment and day in the percentage of time
spent in the target zone (Fig. 3A; Fg 126, = 2.2, P < 0.05). The ve-
hicle-treated mice showed a reduction in the percentage of time
spent in the target zone across day (Fg 63, = 8.2, P < 0.0001), with
a significant decrease in the time spent in the target zone by day
3. In contrast, rimonabant-treated mice continued to perseverate
in the target zone across all 10 extinction sessions, with no sig-
nificant reductions (P =0.45). As can be inferred by the large
standard error bars associated with the rimonabant-treated
group, a subset of these mice spent chance levels or less of their
time in the target zone, suggesting that the endocannabinoid
system does not ubiquitously modulate extinction of aversive
memories in all mice. Representative traces of vehicle- and ri-
monabant-treated mice on days 1 and 10 of extinction are de-
picted in Figure 3B. Both groups displayed a substantial bias for
the target zone on the first extinction probe trial. Whereas the
vehicle-treated mice no longer showed a bias for the target zone
on extinction day 10, the rimonabant-treated animals continued
to display a heavy bias for the target zone.

On the other hand, rimonabant failed to alter extinction
learning in the appetitive Barnes maze conditioning paradigm.
Both rimonabant- and vehicle-treated subjects exhibited a
gradual reduction in the percentage of time spent in the target
zone (Fig. 3C; Fg 126y = 9.1, P < 0.0001). However, neither a main
effect of drug (P =0.94) nor an interaction between drug and
extinction day (P =0.72) was observed. As shown by the repre-
sentative traces in Figure 3D, both groups showed a strong bias
toward the target zone on the first extinction probe trial but 10 d
of extinction training reduced the preference for the target zone,
regardless of drug treatment.

In summary, we modified the Barnes maze task to examine
the effects of the CB, receptor antagonist rimonabant on extinc-
tion learning using either aversive or appetitive Barnes maze
tasks. The present study represents the first case in which the
same behavioral demands were required, but only the reinforce-
ment was varied. Here, we report that rimonabant treatment dis-
rupted extinction learning in the Barnes maze under aversive,
but not under appetitive, conditions. This pattern of findings is
consistent with the notion that the endocannabinoid system
might become activated specifically in highly aversive situations,
as has been previously demonstrated (Haller et al. 2004). Indeed,
several other studies have demonstrated that CB, receptor-
compromised rodents exhibit impaired extinction learning of
aversive, but not of appetitive, memories (Lutz 2007). Similarly,
psychiatric patients diagnosed with post-traumatic stress disor-
der (PTSD) display deficits in extinguishing certain maladaptive
behaviors associated with the trauma that they had suffered
(Rothbaum and Davis 2003). Thus, further research is needed to
examine whether the endocannabinoid system not only plays a
role in PTSD, but also represents a therapeutic target to treat
symptoms related to this condition. In conclusion, our findings
provide compelling support for the hypothesis that the endocan-
nabinoid system modulates the extinction of behaviors that are
associated with aversive memories (Marsicano et al. 2002; Suzuki
et al. 2004; Varvel et al. 2005), leaving extinction of learned
behaviors from appetitively reinforced tasks intact (Holter et al.
2005; Niyuhire et al. 2007; Ward et al. 2007).
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