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Abstract

Background—Pharmacotherapeutic agents that could facilitate extinction of cocaine cues would
be useful in the treatment of cocaine addiction. We tested whether SR 21502, selective dopamine
(DA) D3 receptor antagonist, can facilitate extinction of cocaine conditioned place preference
(CPP) in rats.

Methods—In experiment 1, cocaine (10 mg/kg) CPP was first established and then extinguished.
During the extinction phase the rats were injected with SR 21502 and placed in the previously
cocaine-paired compartment for four sessions and vehicle in the other compartment on four
alternating sessions. The rats were then tested again for cocaine CPP. In experiment 2, different
groups of rats were trained to associate SR 21502 to one compartment and saline to the other.

Results—In Experiment 1, the animals spent significantly more time in the cocainepaired
compartment after cocaine conditioning than they did before conditioning. Subsequently, the
animals treated with SR 21502 during the extinction phase spent significantly less time in the
cocaine-paired compartment than the vehicle group. In experiment 2, animals conditioned with SR
21502 preferred neither side of the CPP apparatus, indicating that SR 21502 produced no effects
of its own.

Conclusions—These findings suggest that treatment with SR 21502, a DA D3 receptor
antagonist, in the presence of cocaine cues can facilitate extinction of cocaine CPP and further
suggest that this compound might be an effective cocaine addiction treatment.
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1. INTRODUCTION

In cocaine addicts cocaine cues (e.g., paraphernalia) may trigger craving and relapse
(Childress et al., 1993; Ehrman et al., 1992). In animals, they can maintain drug seeking for
prolonged periods (Arroyo et al., 1998), retard extinction of cocaine seeking (Ciccocioppo et
al., 2004; Ranaldi and Roberts, 1996) and reinstate cocaine seeking (Arroyo et al., 1998;
Meil and See, 1996). Such cues can also produce a conditioned place preference (CPP;
Bardo et al., 1986; Spyraki et al., 1982) or hyperactivity and stereotypy (Barr et al., 1983).

The mesolimbic dopamine (DA) system is strongly implicated in the rewarding effects of
cocaine and cocaine-related stimuli (de Wit and Wise, 1977; Wise and Rompré, 1989).
Cocaine’s rewarding effects are directly related to its ability to enhance dopaminergic
neurotransmission in terminal regions of the mesocorticolimbic system (Di Chiara and
Imperato, 1988; Pettit et al., 1990). The same cortical regions and limbic structures can also
be activated by cocaine cues, as shown by functional imaging in addicts (Childress et al.,
1999; Grant et al., 1996), electrochemical measurements (Di Ciano et al., 1998; Duvauchelle
et al., 2000) and cfos expression (Brown and Fibiger, 1992; Le Foll et al., 2002).

DA D3 receptors are involved in cocaine reward and conditioned reward. DA D3 receptor
antagonists and partial agonists significantly reduce intravenous cocaine self administration
(Galaj et al., 2014; Song et al., 2011; Xi and Gardner, 2007; Xi et al., 2005), inhibit cue-,
stress- and drug-induced reinstatement of cocaine seeking (Galaj et al., 2014; Gilbert et al.,
2005; Song et al., 2014; Xi et al., 2004) and block the expression of cocaine CPP (Duarte et
al., 2003; Hachimine et al., 2014; Song et al., 2013; Vorel et al., 2002). Conditioned cues
can drive cocaine-related behavior and its underlying neuronal mechanisms; both of which
require DA D3 receptors (Le Foll et al., 2002).

This is interesting because it suggests that DA D3 antagonists might blunt the rewarding
effect of cocaine stimuli. Given this, it is possible that repeated exposure to cocaine stimuli
under DA D3 receptor antagonist treatment might reduce the rewarding effects of the stimuli
so that they are less effective in eliciting cocaine conditioned responses; in other words they
might facilitate extinction of cocaine cues.

We have recently focused on the novel DA D3 receptor antagonist, SR 21502, whose anti-
cocaine behavioral effects have already been mentioned above. In the present study we
investigated whether SR 21502 could facilitate extinction of an established cocaine CPP.

2. METHODS AND RESULTS
2.1 Subjects

Subjects were male Long Evans rats (Charles River, Kingston, NY), housed individually in
standard cages with free access to food (Lab Diet Chow) and water and maintained on a
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reverse 12 h light:12 h dark cycle (lights on at 8:00 pm). The sessions were conducted
during the animals’ active period and home cage injections were administered during the
inactive (light) period.

2.2 Experiment 1. Extinction of cocaine conditioned place preference

The experiments were conducted in CPP chambers consisting of two distinct compartments
separated by a guillotine door. Experiment 1 consisted of; pre-exposure, cocaine
conditioning, initial preference test, extinction of cocaine CPP with SR 21502 pretreatment
and post-extinction preference test.

During the pre-exposure session, all animals (n= 44) freely explored the CPP chambers for
15 min. During conditioning rats were injected intraperitoneally with cocaine (10 mg/kg; a
gift from NIDA) every other day for 4 days and saline on 4 alternate days and immediately
placed for 30 min in one of the two compartments with doorways closed. For half of the rats
cocaine was paired with the preferred compartment (determined as the compartment in
which the rat spent the most time in the pre-exposure session) and for the other half with the
non-preferred compartment. After the last conditioning session, all rats were tested for initial
cocaine CPP having free access to both compartments for 15 min.

During the extinction phase rats were injected with vehicle, 3.75, 7.5 or 15 mg/kg of SR
21502 (dissolved in distilled water; a gift from Southern Research Institute, Birmingham,
AL) in a volume of 1 ml/kg prior to placement in the previously cocaine-paired
compartment or with vehicle prior to placement in the previously saline-paired
compartment, receiving a total of 4 SR 21502 injections and 4 vehicle injections.
Assignment to SR 21502 dose groups was based on ranked magnitude of side preference
determined during pre-exposure. Eight hours after each extinction session all rats received
home-cage injections. The experimental groups (rats treated with 3.75, 7.5 or 15 mg/kg of
SR 21502 in the CPP chambers) received vehicle injections in their home cages (8 injections
in total). The vehicle group (rats treated with vehicle prior to all extinction sessions)
received SR 21502 home-cage injections every other day and vehicle injections on the
alternate days (4 injections of 15 mg/kg SR 21502 and 4 injections of distilled water in
total). This protocol ensured that all groups received equal pharmacological exposure to SR
21502 prior to the post-extinction preference test. The day after the eighth extinction session
all rats were placed directly in the open doorway of the CPP chambers and allowed free
exploration of both compartments for 15 min.

The number of seconds spent in the cocaine compartment during the pre-exposure, initial
preference and post-extinction preference tests was recorded. All groups that would later be
treated with SR 21502 spent more time in the cocaine-paired compartment during the initial
preference test than during the pre-exposure session (see Figure 1). After the extinction
phase the groups treated with vehicle, 3.75 or 7.5 mg/kg of SR 21502 spent the same amount
of time in the cocaine-paired environment during the initial preference test and post-
extinction preference test. However, the 15 mg group spent less time in the cocaine-paired
environment in the post-extinction preference test than they did in the initial preference test
and as compared to the vehicle group (Figure 1). A 4 x 3 (dose x phase) ANOVA revealed a
significant dose by phase interaction [F3 go= 5.28, p < .001]. Interaction comparisons
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showed a significant phase effect at the pre-extinction level [F1 gg= 126.37, p <.001] but no
phase by dose interaction at this level, indicating that the dose groups showed similar
cocaine CPP. The interaction comparisons also showed a significant phase by dose
interaction [F3 go= 8.12, p < .001] at the post-extinction level. Subsequent tests of simple
effect of SR 21502 dose at each level of phase (initial preference test vs. post-extinction
preference test) revealed a significant dose effect on the post-extinction preference test
[F3,80 =12.48, p <.001]. Dunnet’s tests showed that the 15mg/kg group spent significantly
less time in the cocaine-paired environment after extinction than the vehicle group, p < .05.
Groups treated with vehicle, 3.75 or 7.5 mg/kg of SR 21502 did not differ on the post-
extinction test.

2.3 Experiment 2. Aversion conditioning test

To rule out the possibility that this facilitation of extinction effect was caused by aversive
conditioning with SR 21502 we conducted an additional experiment. Experiment 2 consisted
of 3 phases as follows: pre-exposure, 8 days of 30-min conditioning with SR21502 and test.
During the conditioning phase the rats (n=12) were injected with SR 21502 (vehicle or 15
mg/kg, IP) every other day for four days and with vehicle on four alternative days. The two
distinctive compartments were paired repeatedly, one with the SR 21502 injections and the
other with the vehicle injections. On the test day the rats were allowed to freely explore both
compartments of the CPP chambers for 15 min. Place preference was determined based on
the time spent in the conditioning compartment before and after conditioning.

The vehicle and 15 mg/kg SR 21502 groups spent the same amount of time in the
conditioning compartment during the test session as during the pre-exposure session (see
Figure 2). A two-way (group x phase) ANOVA on these data revealed no significant effects.

3. DISCUSSION

We investigated whether treatment with SR 21502, a selective DA D3 receptor antagonist,
in the presence of cocaine cues reduces an established cocaine CPP. In experiment 1, rats
that showed cocaine CPP and later were treated repeatedly with SR 21502 in the cocaine
environment showed significantly reduced cocaine CPP whereas the vehicle group, which
was treated with the same amount of SR 21502 but in the home cage, maintained their
established cocaine CPP when tested in a drug-free state. Therefore, the data from
Experiment 1 suggest that repeated exposure to a cocaine environment under treatment with
SR 21502 can reduce previously established cocaine CPP but only when DA D3 antagonism
occurs simultaneously with cocaine cue exposure. The reduction in cocaine CPP was not
likely caused by possible aversive effects of SR 21502 since rats conditioned with SR
21502, but never exposed to cocaine (Experiment 2), did not show a conditioned place
aversion.

The data support our hypothesis that repeated treatment with SR 21502 in the presence of
cocaine conditioned cues can facilitate extinction of cocaine CPP. These findings
correspond with a recent report that treatment with SB-277011A prior to each exposure to
the cocaine chamber during extinction sessions resulted in animals losing their preference
for the cocaine side at a faster rate than animals treated with vehicle (Ashby et al., 2015).
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That study consisted of 8 extinction sessions/tests, each with only exposure to the cocaine-
paired side during SB-277011A treatment and preference tests conducted immediately after
each extinction session. The progressive decrease in time spent in the cocaine-paired side
could be due to several factors: (1) SB-277011A buildup and (2) SB-277011A-induced
aversion to the cocaine side. Because the authors did not conduct home-cage treatment
control or aversion experiments — as were done here — these factors cannot be ruled out.

One explanation for the extinction-facilitating effects seen here with SR 21502 is that
repeated blockade of DA D3 receptors in the presence of cocaine conditioned cues reduces
the reward value of the conditioned cues and this reward devaluation results in reduction of
the established cocaine CPP. Selective DA D3 receptor antagonists reduce the expression of
cocaine CPP established with cocaine (Cervo et al., 2005; Hachimine et al., 2014; Song et
al., 2013; Vorel et al., 2002), opiates (Ashby et al., 2003; Hu et al., 2013) or nicotine (Pak et
al., 2006) and reduce conditioned hyperlocomotion to drug cues (Le Foll et al., 2002). This
suggests that DA D3 receptor antagonism may attenuate the rewarding and other stimulant
effects of drug conditioned cues reducing their capacities to elicit approach and other
responses.

Results from self administration studies (Galaj et al., 2014; Song et al., 2011; Xi and
Gardner, 2007) also suggest that DA D3 receptors are involved in the rewarding effects of
conditioned stimuli on behaviors more so than in the effects of unconditioned stimuli
(primary rewards). In the progressive ratio and second order schedules of reinforcement,
responding relies heavily on conditioned cues. DA D3 receptor antagonists and partial
agonists also reduce drug cue-induced reinstatement of drug seeking (Cervo et al., 2007;
Galaj et al., 2014; Gilbert et al., 2005). Thus, it appears that blockade of DA D3 receptors
can devalue cocaine cues, rendering them less effective in their capacities to elicit
conditioned responses. This could result in the facilitation of extinction of cocaine CPP
observed in the present study with SR 21502.

In summary, we found that treatment with the DA D3 receptor antagonist, SR 21502,
facilitated extinction of cocaine CPP. These results suggest that exposure to cocaine cues
under the influence of a highly selective DA D3 receptor antagonist can render them less
effective at eliciting cocaine-related behavior. The capacity of cocaine cues to induce relapse
is significant and constitutes a major problem in the treatment of cocaine addiction.
Effective pharmacological treatment of cocaine addiction would be able to block the
relapse-inducing effects of drug cues while the medication is on board. But it would also be
beneficial if the diminished effects of cocaine cues remain diminished after medication
treatment is stopped. Previous research indicates that SR 21502 can achieve the former
(Galaj et al., 2014) and the current research indicates it might also achieve the latter.
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Highlights

e The selective dopamine D3 receptor antagonist, SR 21502, facilitates extinction
of cocaine conditioned place preference

» The selective dopamine D3 receptor antagonist, SR 21502, fails to establish a
conditioned place aversion

» SR 21502 may have potential as an anti-cocaine addiction treatment
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EE Pre-exposure
1 Initial preference test
Post-extinction preference test

Veh 375 75 15
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Mean (£ SEM) time spent in the cocaine-paired compartment of the CPP apparatus during
pre-exposure, initial preference test and post-extinction preference test in rats treated with
SR 21502 prior to extinction sessions. # represents significantly more time spent in the
cocaine-paired environment after the conditioning compared to preexposure. * represents a
significant reduction in time spent in the cocaine-paired compartment after SR 21502
extinction treatment compared to the initial preference test.
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Figure 2.
Mean (£ SEM) time spent in the SR 21502-paired compartment of the CPP apparatus during

pre-exposure and test sessions.
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