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Abstract
Memories of learned associations between the rewarding properties of drugs of abuse and
environmental cues contribute to craving and relapse in humans. Disruption of reconsolidation
dampens or even erases previous memories. Dopamine (DA) mediates acquisition of reward
memory and drugs of abuse can pathologically change related neuronal circuits in the mesolimbic
DA system. Previous studies showed that DA D3 receptors are involved in cocaine-conditioned
place preference (CPP) and reinstatement of cocaine-seeking behavior. However, the role of D3
receptors in reconsolidation of cocaine-induced reward memory remains unclear. In the present
study, we combined genetic and pharmacological approaches to investigate the role of D3
receptors in reconsolidation of cocaine-induced CPP. We found that the mutation of the D3
receptor gene weakened reconsolidation of cocaine-induced CPP in mice triggered by a 3-minute
(min) retrieval. Furthermore, treatment of a selective D3 receptor antagonist PG01037
immediately following the 3-min retrieval disrupted reconsolidation of cocaine-induced CPP in
wild-type mice and such disruption remained at least one week after the 3-min retrieval. These
results suggest that D3 receptors play a key role in reconsolidation of cocaine-induced CPP in
mice, and that pharmacological blockade of these receptors may be therapeutic for the treatment of
cocaine craving and relapse in clinical settings.
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INTRODUCTION
Drug addiction is a brain disorder characterized by compulsively taking and persistently
seeking drugs despite negative consequences, and by a high likelihood of relapse by
exposure to drugs or drug-associated cues, even long after abstention (Dackis and O’Brien,
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2005; Kalivas and Volkow, 2005; Everitt and Robbins, 2005). In clinical settings, the major
challenge in treating drug addiction is prevention of drug-seeking and relapsing behavior in
addicts (Kalivas and Volkow, 2005). Repeated exposure to addictive drugs leads to long-
term changes in neuronal circuits, cell signaling cascades and gene expression in brain
reward circuits and pathologically changes neuronal processes including those for learning
and memory (Nestler, 2005; Hyman et al. 2006; Luscher and Malenka, 2011).

Memories of learned associations between the rewarding properties of drugs and
environmental cues contribute to craving and relapse in humans (Hyman et al. 2006; Milton
and Everitt, 2012). Reconsolidation is a process in which memory undergoes a transiently
labile stage after its retrieval and needs to be consolidated again in order to be maintained
(Nader et al., 2000; Miller and Sweatt, 2006; Tronson and Tayler, 2007; Alberini, 2011;
Sorg, 2012). Disruption of reconsolidation has been shown to dampen or even erase
previous memories (Lee et al., 2005; 2006a; Miller and Marshall, 2005; Valjent et al., 2006;
Tayler et al., 2009). Pharmacological or molecular manipulations of reconsolidation of
acquired drug memory disrupt drug-seeking and relapsing behavior as measured by cocaine-
induced conditioned place preference (CPP), morphine-induced CPP, intravenous cocaine
self-administration and reinstatement (Lee et al., 2005; 2006a; Miller and Marshall, 2005;
Valjent et al., 2006; Sanchez et al., 2010; Xue et al., 2012), suggesting that understanding
the molecular basis of reconsolidation of reward memory may help to develop new
medications for the treatment of drug addiction (Milton and Everitt, 2012; Spanagel and
Vengeliene, 2013).

Emerging studies suggest that drug-induced changes in mesolimbic dopaminergic circuits
mediate acquisition of reward memory (Nestler, 2005; Hyman et al. 2006; Wise, 2008;
Volkow et al., 2009; Milton and Everitt, 2012). Abused drugs increase synaptic levels of
dopamine (DA) that is required for reward and reinforcement (Di Chiara and Imperato,
1988; Ito et al., 2000; Stuber et al., 2005; Schultz, 2010). DA binds to DA receptors to
trigger many molecular, physiological and behavioral changes. Five DA receptors have been
identified and classified into two subfamilies (Neve et al., 2004). The D1-like family
includes D1 and D5 receptors that interact with Gs proteins. The D2-like family includes D2,
D3 and D4 receptors that interact with Gi or G0 proteins (Neve et al., 2004). DA D3
receptors are preferentially expressed in mesocorticolimbic DA projection areas (Choi et al.,
2010) that have been found to be critically involved in reward-related learning induced by
drugs of abuse (Di Chiara and Imperato, 1988; Nestler, 2005; Stuber et al., 2005; Hyman et
al. 2006; Schultz, 2010). This expression pattern has sparked numerous studies on the role of
this receptor in drug-induced behaviors and motivated intense efforts in drug discovery
(Parsons et al., 1996; Pilla et al., 1999; Heidbreder et al., 2005; Micheli and Heidbreder,
2008; Heidbreder and Newman, 2010; Spanagel and Vengelience, 2013).

Previous studies have shown that DA D3 receptors contribute to locomotor-stimulant effects
of cocaine, acquisition and extinction of cocaine-induced reward memory, and reinstatement
of cocaine-seeking behavior (Parsons et al., 1996; Xu et al, 1997; Vorel et al., 2002; Di
Ciano et al., 2003; Neisewander et al., 2004; Xi et al., 2004, 2005; 2006; Karasinska et al.,
2005; Cervo et al., 2007; Martelle et al., 2007; Di Ciano, 2008; Peng et al., 2009; Achat-
Mendes, et al., 2010; Thiel et al., 2010; Chen and Xu, 2010; Kong et al, 2011; Song et al.,
2012a and b). However, the role of D3 receptors in reconsolidation of cocaine-induced
reward memory has not been explored. In this study, we used the CPP paradigm to
investigate effects of either a genetic mutation or pharmacological blockade of D3 receptors
on reconsolidation of cocaine-induced reward memory. We found that D3 receptors play a
key role in retrieval-induced reconsolidation of cocaine-induced CPP in mice.
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EXPERIMENTAL PROCEDURES
Mice

The generation of DA D3 receptor mutant mice, which results in a complete loss of D3
receptors, has been described in a previous report (Xu et al., 1997). Homozygous D3
receptor mutant mice and wild-type (WT) littermates were obtained by crossing D3 receptor
heterozygous mice. The genotype of D3 receptor mutant and WT mice was determined by
the Southern blotting method (Xu et al., 1997). D3 receptor mutant and WT mice were
group housed under controlled temperature and humidity conditions with a 12-h light/dark
cycle. Water and food were available ad libitum. Roughly equal numbers of male and
female mice, 10 to 15 weeks old, were used and weighed around 30 g at the beginning of the
experiments. All procedures followed National Institutes of Health Guide for the Care and
Use of Laboratory Animal and were approved by the University of Chicago Institutional
Animal Care and Use Committee.

Drugs
Cocaine hydrochloride was purchased from Sigma Chemical Co. (St. Louis, MO) and
dissolved in sterile 0.9% saline. PG01037 (N-{4-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-
trans-but-2-enyl}-4-pyridine-2-yl-benzamide) was synthesized by J. Cao in the Medicinal
Chemistry Section (National Institute on Drug Abuse-Intramural Research Program,
Baltimore, MD) using previously published methods (Grundt et al., 2005; 2007). PG01037
was first dissolved in DMSO and then diluted with sterile saline to 2% DMSO in saline. All
injections were administered intraperitoneally (i.p.) in a volume of 10 ml/kg body weight.
All behavioral testing was performed during the light phase of the light/dark cycle (6 am–6
pm).

CPP
Eight three-compartment chambers for CPP (MedAssociates, E. Fairfield, VT) were used in
the present study. Each CPP chamber consisted of two large compartments (16.8×12.7×12.7
cm) and one small compartment (7.2×12.7×12.7 cm) which separated the two large
compartments. The three compartments had different visual and tactile cues. One large
compartment was black with a stainless steel grid rod floor. The other large compartment
was white with a stainless steel mesh floor. The small compartment was gray with a smooth
polyvinyl chloride floor. Each chamber had a clear Plexiglas top with a light on it.

We used a biased CPP procedure similar to that described before (Zhang et al., 2006; Chen
and Xu, 2010; Kong et al., 2011). On days 1–2 (preconditioning phase), mice were placed in
the small compartment and were allowed to freely explore the three compartments for 20
min daily. The time spent in each compartment was recorded. Mice spending over 500
seconds in the small compartment or over 800 seconds in either large compartment were
excluded. Days 3–10 were cocaine conditioning phase with one session per day. During this
phase, mice alternatively received an i.p. injection of cocaine (20 mg/kg) or saline (10 ml/
kg). Mice were confined in the white compartment for 30 min when receiving an
administration of cocaine, and were confined in the black compartment for 30 min when
receiving an injection of saline. On day 11 (expression phase), all mice were allowed to
freely explore the three compartments for 20 min without injections, and the time spent in
each compartment was recorded.

Effects of the DA D3 receptor gene mutation on reconsolidation of cocaine-induced CPP
For the cocaine-conditioning groups, the timeline for the experiment is shown in Fig 1A.
Once D3 receptor mutant mice and WT littermates showed cocaine-induced CPP on day 11,
all mice were placed in the cocaine-conditioned compartment for 3 min (3-min retrieval) on
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day 12. Afterwards, all mice were returned to their home cages. On days 13 and 14, the mice
were allowed to freely explore the three compartments for 20 min without injections, and the
time spent in each compartment was recorded. For saline-conditioning groups, only saline
(10 ml/kg, i.p.) was used for the place conditioning and the experimental timeline was the
same as the timeline shown in Fig. 1A.

As an essential control for studying the effects of the D3 receptor mutation on
reconsolidation, we included no retrieval control groups. The experimental timeline for the
control groups without the 3-min retrieval is shown in Fig 2A. D3 receptor mutant mice and
WT littermates were subjected to preconditioning (days 1–2) and cocaine (20 mg/kg, i.p.)
conditioning (days 3–10 alternatively), but there was neither post-testing on day 11 nor a 3-
min retrieval on day 12. On day 13, mice were allowed to freely explore the three
compartments for 20 min without injections, and the time spent in each compartment was
recorded. An additional group of D3 receptor mutant mice or WT littermates was subjected
to saline-conditioning following the same experimental timeline shown in Fig. 2A as a
control.

Effects of the D3 receptor antagonist PG01037 on reconsolidation of cocaine-induced CPP
The timeline and treatment for the experiment are shown in Fig 3A. Once WT mice showed
cocaine-induced CPP on day 11, mice were placed in cocaine-conditioned compartment for
3 min (3-min retrieval) immediately followed by an i.p. injection of PG01037 (0–30 mg/kg)
on day 12. The selection of PG01037 dose range was based on its reported behavioral
effects in rats (Orio et al., 2010; Higley et al., 2011). All mice returned to their home cages
afterwards. On days 13, 14 and 20, mice were allowed to freely explore the three
compartments for 20 min without injections, and the time spent in each compartment was
recorded.

We also included control groups without the 3-min retrieval. The timeline and treatment for
the experiment are shown in Fig 4A. Once WT mice showed cocaine-induced CPP on day
11, mice were given an i.p. injection of either vehicle or PG01037 (30 mg/kg) in the
behavioral testing room, but were not placed in cocaine-conditioned compartment after the
injection on day 12. On days 13, 14 and 20, mice were allowed to freely explore the three
compartments for 20 min without injections, and the time spent in each compartment was
recorded.

Data analysis
The behavioral data were analyzed as time spent on the saline-paired side subtracted from
time spent on the drug-paired side and were presented as mean ± SEM (Zhang et al, 2006;
Chen and Xu, 2010; Kong et al., 2011). For experiments using D3 receptor mutant and WT
mice, a two-way repeated measure ANOVA was used, with CPP testing (repeated test:
pretest, expression, reconsolidation 1 and reconsolidation 2) as a within-subjects factor and
group (WT with saline, D3 receptor mutant with saline, WT with cocaine, and D3 receptor
mutant with cocaine) as a between-subjects factor, followed by one-way ANOVA test with
post-hoc LSD. For experiments using WT mice and the pharmacological method, a two-way
repeated measure ANOVA was used, with CPP testing (repeated test: pretest, expression,
reconsolidation 1, reconsolidation 2 and reconsolidation 3) as a within-subjects factor and
treatment (vehicle and three different doses of PG01037) as a between-subjects factor,
followed by one-way ANOVA test with post-hoc LSD or Student t tests. The statistically
significant level was set at p<0.05.
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RESULTS
Reconsolidation of cocaine-induced CPP is attenuated in D3 receptor mutant mice as
compared with that in wild-type littermates

To determine the role of D3 receptors in reconsolidation of reward-related learning and
memory, D3 receptor mutant mice and WT littermates were used to establish cocaine-
induced CPP following the timeline shown in Fig 1A. Two-way ANOVA analysis with CPP
testing and group as fixed factors revealed that the main effects of CPP testing [F (2, 222) =
20.32] and groups [F (3, 222) = 45.84] were significant (Fig 1B). The LSD post-hoc test
showed that there was a significant difference in reconsolidation of cocaine-induced CPP
between D3 receptor mutant mice (D3−/−) and WT littermates [test 1 p = 0.007; test 2: p =
0.033]. During the pretesting, there was no significant difference among the four groups of
mice [one-way ANOVA: F (3, 63) = 0.61, p = 0.61]. During expression testing, both D3
receptor mutant and WT mice developed cocaine-induced CPP on day 11 at a dose of 20
mg/kg [one-way ANOVA: F (3, 63) = 31.42, p = 0.74]. When only saline was used for the
place conditioning, both D3 receptor mutant and WT animals failed to acquire CPP on day
11 (Fig 1B). During reconsolidation test 1, which was 24 h after the 3-min exposure to
cocaine-paired compartment on day 12, D3 receptor mutant mice showed significantly
attenuated reconsolidation of cocaine-induced CPP on day 13 as compared with their WT
littermates [F (3, 63) = 17.49, p < 0.05]. A subset of the D3 receptor mutant and WT mice
were tested once again on day 14 (reconsolidation test 2: 48 h after the 3-min exposure to
cocaine-paired compartment on day 12). As shown in Fig 1B, the attenuated reconsolidation
of cocaine-induced CPP in D3 receptor mutant mice persisted as compared with that in their
WT littermates [F (3, 30) = 17.23, p < 0.05] on day 14. For saline control groups, there was
no significant difference in reconsolidation testing on days 13 or 14 between D3 receptor
mutants and WT littermates (Fig 1B).

To further support the role of D3 receptors in reconsolidation of cocaine memory, it is
necessary to show that, in the absence of retrieval, the memory remains unchanged by our
experimental manipulations. To confirm that the reduced reconsolidation of cocaine-induced
CPP exhibited by the D3 receptor mutant mice was dependent on the 3-min retrieval on day
12, another two control groups of each of the D3 receptor mutant and WT mice were
subjected to either saline or cocaine-conditioning but were not subjected to the 3-min
retrieval on day 12 following the timeline shown in Fig 2A. Without the 3-min retrieval on
day 12, as shown in Fig 2B, there was no significant difference in CPP testing between D3
receptor mutant mice and WT littermates on day 13 [F (3, 23) = 11.20, p = 0.79]. As
expected, both D3 receptor mutants and WT littermates showed clear cocaine-induced CPP
but did not show saline-induced CPP. These results suggest that the genetic mutation of the
D3 receptor gene dampens reconsolidation of cocaine-induced CPP triggered by a 3-min
retrieval in mice.

The selective D3 receptor antagonist PG01037 disrupted reconsolidation of cocaine-
induced CPP in wild-type mice

To further confirm our findings on the role of D3 receptors in reconsolidation of cocaine
memory, a similar retrieval-reconsolidation procedure of cocaine-induced CPP was used in
WT mice to test pharmacological effects of a selective D3 receptor antagonist PG01037 (Fig
3A). Two-way ANOVA analysis with PG01037 treatment and CPP testing as fixed factors
revealed that the main effects of PG01037 [F (3, 185) = 4.32, p = 0.0057] and CPP testing [F
(4, 185) = 12.69, p <0.001] were significant (Fig 3B). In the pretesting phase, one-way
ANOVA following with LSD post-hoc tests showed that there was no significant difference
among four groups of mice [F (3, 37) = 0.13, p = 0.94]. In the expression testing phase, all
groups of animals developed cocaine-induced CPP at a dose of 20 mg/kg, and there was no
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significant difference among the four groups [F (3, 37) = 0.61, p = 0.62]. In the
reconsolidation testing phase on day 13, however, 24 h after the 3-min retrieval on day 12,
D3 receptor antagonist PG01037 treatment at 30 mg/kg disrupted cocaine-induced CPP [F
(3, 37) = 3.28, p = 0.0337], although vehicle or lower doses of PG01037 (3 or 10 mg/kg) did
not have an effect. The disruption of reconsolidation of cocaine-induced CPP by PG01037 at
30 mg/kg remained 48 h [F (3, 37) = 2.70, p = 0.0494] and one week after the 3-min
retrieval [F (3, 37) = 3.02, p = 0.0417].

We also investigated whether, in the absence of retrieval, the cocaine memory remained
unchanged by experimental manipulations. For control groups without the 3-min retrieval on
day 12, the experimental timeline is shown in Fig 4A. Two-way ANOVA analysis with
PG01037 treatment and CPP testing as fixed factors revealed that the main effect of CPP
testing was significant [F (4, 100) = 11.37, p <0.001], but that the main effect of PG01037
were not significant (Fig 3B, F (1, 100) = 0.42, p = 0.5175). LSD post-hoc tests showed that
although two groups of WT mice acquired cocaine-induced CPP on day 11 (p < 0.001),
there was no significant difference between the two groups mice (p = 0.22). With no 3-min
retrieval on day 12, as shown in Fig 4B, the D3 receptor antagonist PG01037 treatment (30
mg/kg) did not affect cocaine-induced CPP during reconsolidation testing on day 13 [p =
0.92]. Together, these results indicate that a selective D3 receptor antagonist PG01037
disrupts retrieval-triggered reconsolidation of cocaine-induced CPP in wild-type mice and
the disruption lasts for at least one week.

DISCUSSION
Memories of drug experience and drug-associated cues can elicit drug craving and relapse in
humans. Recent studies showed that pharmacological or molecular manipulations of
reconsolidation of drug-induced reward memory can reduce drug craving and seeking
behavior (Lee et al., 2005; 2006a; Miller and Marshall, 2005; Valjent et al., 2006; Sanchez
et al., 2010; Xue et al., 2012). These findings suggest that discovering novel molecular
targets of reconsolidation may aid medication development for treating drug addiction
(Taylor et al., 2009; Milton and Everitt, 2012; Spanagel and Vengeliene, 2013). The brain
dopaminergic system mediates acquisition of reward memory and drugs of abuse can
pathologically change related neuronal circuits in the mesolimbic DA system. We
previously made a D3 receptor mutant mouse model and found that the genetic mutation of
D3 receptor gene in mice potentiated the acquisition of cocaine-induced CPP at lower doses,
but not higher doses of cocaine (Chen and Xu, 2010; Kong et al., 2011). The mutation of the
D3 receptor gene in mice also delayed the extinction, but did not affect reinstatement of
cocaine-induced CPP (Chen and Xu, 2010). Others have shown that D3 receptors contribute
to reinstatement of cocaine-seeking behavior (Parsons et al., 1996; Vorel et al., 2002; Di
Ciano et al., 2003; Neisewander et al., 2004; Xi et al., 2004, 2005 and 2006; Cervo et al.,
2007; Martelle et al., 2007; Di Ciano, 2008; Peng et al., 2009; Achat-Mendes, et al., 2010;
Thiel et al., 2010; Song et al., 2012a and b). In this study, we investigated the role of D3
receptors in reconsolidation of cocaine-induced CPP in mice using both a genetically
engineered mouse model and pharmacological approaches. Our findings demonstrate for the
first time that D3 receptors play a critical role in reconsolidation of cocaine-induced CPP in
mice.

We found that the mutation of the D3 receptor gene in mice reduced reconsolidation of
cocaine-induced CPP (Fig 1B) but not in the control group without the 3-min retrieval (Fig
2B). Such reduction in reconsolidation of cocaine-induced CPP lasted for at least two days.
This suggests that D3 receptors may participate in mechanisms related to reconsolidation of
cocaine-induced reward memory. Reconsolidation and extinction are both distinct and
related, and depending on the reactivation interval and memory strength, one or both
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processes may occur (Pedreira and Maldonado, 2003; Suzuki et al., 2004; Lee et al., 2006b).
A short reactivation protocol is thought to favor reconsolidation, whereas extinction requires
multiple training sessions (Suzuki et al., 2004). We used a 3-min retrieval protocol that
favors reconsolidation in the current study. We previously used D3 receptor mutant mice
and showed that these mice exhibited a delayed extinction as measured in a cocaine CPP
paradigm (Chen and Xu, 2011). In the current study, D3 receptor mutant mice showed a
deficit in reconsolidation and a faster loss of CPP. Together, our current results are unlikely
to be explained by a faster extinction of CPP in the D3 receptor mutant mice.

Many D3 receptor-preferring antagonists have been developed and evaluated in vivo
(Grundt et al., 2007; Micheli and Heidbreder, 2008; Heidbreder and Newman, 2010).
Among these D3 receptor-preferring antagonists, PG01037 showed high affinity and
selectivity for D3 receptors in vitro and in vivo (Grundt et al., 2005; 2007). Moreover,
PG01037 rapidly penetrates the blood brain barrier and selectively localizes in D3 receptor-
rich regions, such as the nucleus accumbens (NAc), Islets of Calleja and the hippocampus
(Grunt et al., 2007). Indeed, studies characterizing the behavioral effects of PG01037 in
blocking D3 agonist-induced yawning and in models of psychostimulant abuse have been
carried out extensively in rats, mice and nonhuman primates (Collins et al., 2005, 2007; Xi
et al., 2006; Martelle et al., 2007, Achat-Mendes et al., 2010; Higley et al. 2011.)
Collectively, these studies showed that PG01037 selectively blocks D3-agonist induced
yawning and attenuates reinstatement of drug-seeking via pharmacological antagonism of
D3 receptors. To verify our findings in the D3 receptor mutant mice, we administered
PG01037 immediately following the 3-min memory retrieval in WT mice. We found that
PG01037 attenuated retrieval-triggered reconsolidation of cocaine-induced CPP (Fig 3B) but
not in the control group without the 3-min retrieval (Fig 4B). Such attenuation in
reconsolidation of cocaine-induced CPP remained at least one week after the retrieval. These
findings suggest that inactivation of D3 receptors can affect the reconsolidation of cocaine-
induced reward memory as measured in the CPP paradigm.

We note that the pharmacological inhibition of D3 receptors by PG01037 (30 mg/kg) was
more effective in attenuating reconsolidation than the genetic mutation of D3 receptors (Fig
1B and Fig 3B). One possibility is that there may be compensatory developmental effects in
D3 receptor mutant mice that made them more resistant to the disruption of CPP
reconsolidation. Alternatively, we previously found that the genetic mutation of D3
receptors in mice potentiated the acquisition of cocaine-induced CPP at 17 lower, but not
higher doses of cocaine (Chen and Xu, 2010; Kong et al., 2011). The apparently equal
acquisition of cocaine-induced CPP at higher doses between D3 receptor mutant and WT
mice might result from ceiling effects in expression of cocaine-induced CPP and there may
be potentially higher expression of cocaine-induced CPP in D3 receptor mutant mice that
has been masked by the ceiling effects of cocaine (20 mg/kg) (Fig. 1B). Consequently, the
observed effects of D3 receptor gene mutation on reconsolidation of cocaine-induced CPP
may actually be similar to those of the pharmacological blockade. Although PG01037 at a
dose of 30 mg/kg has been typically used to demonstrate its antagonism on D3 receptor
related behaviors (Collins et al., 2005; 2007, Achat-Mendes et al., 2010, Higley et al., 2011)
across species, it is also possible that in addition to D3 receptors, higher doses of PG01037
may inhibit other molecular targets (Kumar et al., 2009). This may result in an apparently
more complete inhibition of the reconsolidation process (Micheli and Heidbreder, 2008;
Heidbreder and Newman, 2010).

Our current studies using both genetic and pharmacological approaches suggest that D3
receptors play a key role in reconsolidation of cocaine-induced reward learning. D3
receptors are mainly expressed in brain reward circuits including the basolateral amygdala
(BLA), the prefrontal cortex (PFC), and NAc (Beaulieu and Gainetdinov, 2011). The BLA
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mediates learning of conditioned associations between the rewarding effects of drugs of
abuse and cues. The PFC contributes to decision-making and execution of goal-directed
actions. The NAc modulates motivation for drug seeking by integrating information from
the BLA and PFC and relaying it to motor output structures, and it mediates reinforcement.
These different brain structures coordinate to modulate reward-related reward learning
induced by drugs of abuse. Furthermore, these brain regions play an important role in
reconsolidation of drug memories (Théberge et al., 2010; Otis et al., 2013). D3 receptors
expressed in the above brain regions may participate in the reconsolidation of cocaine-
induced reward memory. Indeed, D3 receptors may be upregulated in these places in the
brains of cocaine and methamphetamine abusers (Staley and Mash 1996; Boileau et al.,
2012). Pharmacological blockade of D3 receptors may be therapeutic for the treatment of
cocaine craving and relapse in clinical settings.
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Genetic mutations in dopamine D3 receptors attenuate reconsolidation of cocaine-
induced reward memory

Pharmacological blockade of D3 receptors disrupts reconsolidation of cocaine-induced
reward memory

Dopamine D3 receptors regulate reconsolidation of cocaine memory
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Fig. 1.
A genetic mutation of the D3 receptor gene weakened reconsolidation of cocaine-induced
CPP in mice. A indicates the experimental timeline. B indicates effects of the mutation of
D3 receptors on reconsolidation of cocaine-induced CPP in mice. Two groups of either D3
receptor mutant (D3−/−) or wild-type (WT) mice received either cocaine (Coc at 20 mg/kg)
(n=27 for D3−/− and 26 for WT) or saline (n=6 for D3−/− and 5 for WT) for place
conditioning. #p<0.05 compared between the two genotypes at a dose of 20 mg/kg of
cocaine on day 13 or 14. A subset of D3−/− Coc 20 mg/kg and WT Coc 20 mg/kg groups
(N=10 each) were tested once again for the reconsolidation on day 14 (reconsolidation test
2), Reconso1: reconsolidation test 1; reconso2: reconsolidation test 2.
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Fig. 2.
The genetic mutation of the D3 receptor gene had no effects on reconsolidation of cocaine-
induced CPP without the 3-min retrieval. A indicates the experimental timeline. B indicates
that there was no significant difference in expression of cocaine-induced CPP betweenD3
receptor mutant mice (D3−/−) and WT littermates on day 13 without the 3-min retrieval on
day 12. Two groups of D3−/− or WT mice received either cocaine (Coc at 20 mg/kg) or
saline for place conditioning. N=6 for each group.
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Fig. 3.
The D3 receptor antagonist PG01037 attenuated reconsolidation of cocaine-induced CPP in
wild-type mice. A indicates the experimental timeline and PG01037 treatment for studying
effects of pharmacological blockade of D3 receptors on reconsolidation of cocaine-induced
CPP in WT mice. B indicates effects of the D3 receptor antagonist PG01037 on 3-min
retrieval-triggered reconsolidation of cocaine-induced CPP in WT mice. Four different
groups of WT mice were trained to acquire CPP. On day 12, three groups received PG01037
injections at different doses and one group received vehicle injections. PG01037 or vehicle
were administered i.p. immediately after the 3-min retrieval [N=12 for vehicle (Veh), N=8
for 3 (PG01037-3), N=10 for 10 (PG01037-10), and N=11 for 30 mg/kg (PG01037-30)].
Reconsolidation testing was performed on either day 13 (24 h after), day 14 (48 h after) or
day 20 (one week after either vehicle or PG01037 treatment). #p<0.05 compared with
vehicle group during the same reconsolidation testing. C: cocaine; S: saline; Reconso1:
reconsolidation test 1; reconso2: reconsolidation test 2; reconso3: reconsolidation test 3.
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Fig. 4.
The D3 receptor antagonist PG01037 did not affect reconsolidation of cocaine-induced CPP
in wild-type mice without the 3-min retrieval. A indicates the experimental timeline. B
indicates effects of PG01037 treatment at 30 mg/kg on reconsolidation of cocaine-induced
CPP in WT mice without the 3-min retrieval. Two different groups of WT mice were trained
to acquire CPP. On day 12, one group received PG01037 injections and the other group
received vehicle injections. PG01037 or vehicle were administered i.p. and mice were not
subjected to the 3-min retrieval [N=12 for vehicle (Veh) and N=10 for 30 mg/kg
(PG01037-30)]. Reconsolidation testing (Reconso) was performed on day 13, which was 24
h after either vehicle or PG01037 treatment. C: cocaine; S: saline.
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