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Abstract

Background—Because the role of dopamine (DA) D3 receptors has been investigated primarily 

in relation to cocaine-related behaviors little is known of the role of these receptors in heroin 

seeking.

Purposes—To investigate the effect of the selective DA D3 receptor antagonist, SR 21502, on 

cue-induced reinstatement of heroin seeking and heroin conditioned place preference (CPP).

Methods—In experiment 1, rats were trained to self-administer intravenous heroin for 15 days 

followed by extinction. Following extinction animals were treated with one of several SR 21502 

doses (0, 7.5, 10 or 15 mg/kg) and a cue-induced reinstatement test was conducted. In Experiment 

2, animals were conditioned to experience heroin in one compartment of a CPP apparatus and 

saline in the other. On the test day animals were treated with 0, 3.75, 7.5, 10 or 15 mg/kg of SR 

21502 and tested for their CPP.

Results—The results from Experiment 1 showed a significant dose-related reduction in cue-

induced reinstatement of active lever pressing in the 7.5 and 10 mg groups and an absence of the 
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reinstatement effect in the 15 mg group. In experiment 2, animals treated with vehicle or 3.75 mg 

of SR 21502 showed significant heroin place preferences but those treated with the higher doses 

showed no CPP.

Conclusions—Our findings suggest that DA D3 receptors play a significant role in heroin 

approach behaviors driven by conditioned stimuli. As such, we propose that SR 21502 holds 

potential as an effective pharmacotherapeutic agent for relapse prevention and should be studied 

further.
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1. Introduction

Heroin, like other drugs of abuse, can activate the brain’s reward circuits and produce 

reinforcing and incentive motivational effects (Hubner and Kornetsky, 1992; Koob, 1992; 

Koob et al., 1975; Wise, 1996; Wise and Bozarth, 1982; Wise and Rompré, 1989; Zito et al., 

1985). As such, heroin use can escalate into addiction, a state characterized by compulsive 

use, withdrawal and relapse (Himmelsbach, 1943; Koob and Le Moal, 1997; Nichols et al., 

1956; Solomon, 1977).

A major problem in heroin addiction is the high rate of relapse, which is thought to be 

driven by incentive motivational (positive reinforcement; Bozarth and Wise, 1984) as well 

as aversive state (negative reinforcement) factors (Himmelsbach, 1943; Jaffe and Sharpless, 

1968; Koob et al., 1989; Shaham et al., 1996; for review see Stewart et al., 1984; Wise and 

Koob, 2014). In heroin addicts, drug-related cues can support compulsive drug taking, elicit 

drug-associated physiological responses, prompt craving and trigger relapse (Childress et al., 

1988; O’Brien et al., 1992, 1984; Sherman et al., 1989; Sideroff and Jarvik, 1980; Wikler, 

1973). In animal models of addiction, opiate-associated cues can reinforce intravenous drug 

self-administration (Davis and Smith, 1976; Di Ciano and Everitt, 2004; Dymshitz and 

Lieblich, 1987), enhance locomotor activity (Mucha et al., 1981), facilitate the acquisition of 

opiate tolerance (Siegel, 1975), elicit conditioned place preference (Bardo et al., 1984; 

Bardo and Neisewander, 1986; Schenk et al., 1983) and reinstate drug seeking (McFarland 

and Ettenberg, 1997; Peck and Ranaldi, 2014; Schuster and Woods, 1968).

Several lines of evidence suggest that drug-related behaviors that are driven by cues (i.e., 

conditioned stimuli) require the stimulation of DA D3 receptors. First, blockade of DA D3 

receptors reduces cue-induced reinstatement of nicotine (Aujla and Beninger, 2005; Khaled 

et al., 2010; Micheli et al., 2007), cocaine (Cervo et al., 2007; Galaj et al., 2014; Gilbert et 

al., 2005; Xi and Gardner, 2007), methamphetamine (Chen et al., 2014; Higley et al., 2011) 

or alcohol seeking (Vengeliene et al., 2006). Second, DA D3 receptor antagonists such as 

SB-277011A, NGB 2904, YQA14 or SR 21502 can reduce conditioned placed preference 

(CPP) established with nicotine (Micheli et al., 2007), cocaine (Cervo et al., 2005; 

Hachimine et al., 2014; Song et al., 2013; Vorel et al., 2002) or amphetamine (Aujla and 

Beninger, 2005). Blockade of DA D3 receptors also reduced the expression of morphine- 

(Frances et al., 2004; Hu et al., 2013) or heroin-induced CPP (Ashby et al., 2003; but see 
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Duarte et al., 2003). The DA D3 antagonist, YQA14, also reduces the reactivation of 

morphine CPP (Hu et al., 2013). Third, exposure to drug cues can up-regulate DA D3 

receptors, but only if these receptors are not blocked by antagonists during cue presentation 

(Le Foll et al., 2003, 2002). Context-specific behavioral sensitization arising from chronic 

morphine is associated specifically with up-regulation of nucleus accumbens DA D3 

receptor mRNA and this behavioral sensitization can be reduced with intra-accumbens 

injections of SB-277011A (Liang et al., 2011). Cocaine cue-induced hyperlocomotion and 

accompanying cortical and limbic c-fos expression is reduced with DA D3 receptor 

antagonist treatment (Le Foll et al., 2002). Lastly, we have recently found that blockade of 

DA D3 receptors in the presence of the cocaine-associated environment of a CPP apparatus 

facilitates the extinction of an established cocaine CPP (Galaj et al., under review) 

demonstrating the importance of the role of D3 receptor stimulation in the maintenance of 

cue-driven behavior.

Thus, compelling evidence suggests that stimulation of DA D3 receptors is necessary for 

drug-related behaviors driven by conditioned cues. However, to our knowledge, no one has 

investigated the role of DA D3 receptors in cue-induced reinstatement of heroin seeking. 

Similar to psychostimulants, opiate cues have been shown to cause release of DA in the 

mesocorticolimbic system (Bassareo et al. 2007, 2011) and also similar to psychostimulants, 

DA antagonists can block the behavioral effects of opiate cues (Bossert et al. 2007, See 

2009). This suggests an overlap in neural substrates, perhaps even in DA D3 receptor-related 

mechanisms, in the rewarding effects of psychostimulant and opiate cues. This leads us to 

hypothesize that DA D3 receptor stimulation is necessary for cue prompted heroin seeking 

and for approach behavior elicited by heroin cues. In the present set of experiments we 

tested these ideas specifically in regards to heroin cue-induced reinstatement of heroin 

seeking and expression of heroin CPP. We predicted that antagonism of DA D3 receptors, 

with SR 21502, would reduce cue-induced reinstatement of heroin seeking as well as the 

expression of heroin CPP.

2. METHODS

2.1 Subjects

The housing conditions and care of the animals were consistent with those specified by the 

Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal 

Resources on Life Sciences, National Research Council, 1996). All experiments were 

approved by the Queens College Institutional Animal Care and Use Committee.

Subjects consisted of Long Evans rats obtained from our in-house colony bred from males 

and females obtained from Charles River Laboratories (Wilmington, MA, US). All animals 

were housed individually and maintained on a reversed 12:12 hour light/dark cycle (lights 

turned off 10 am). The rats weighed between 350–400 g and had free access to food and 

water. All experiments were conducted during the animal’s active period (dark cycle). 

Animals were handled for three days prior to experimentation.
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2.2 Surgery

Prior to jugular vein catheterization each animal, weighing between 350 and 450 g, was 

injected intraperitoneally (IP) with 0.54 μg of atropine sulfate concentrated in 0.1 ml of 

distilled water and anesthetized with sodium pentobarbital (65 mg/kg, IP). A small incision 

was made on the neck to the right of the midline. The jugular vein was isolated, cleaned and 

opened and a silastic catheter (Dow Corning, Midland, MI) was inserted into it such that its 

tip penetrated to a position just short of the right atrium. The catheter was secured to the 

vein by tying sutures around it and its free end was passed subcutaneously to the back of the 

neck and exited through an incision made on the scalp. Next, the catheter was connected to a 

bent 22-gauge stainless steel tube that served as a connector between it and the fluid line; the 

connector was mounted to the rat’s skull using four stainless steel screws and dental acrylic. 

To maintain its patency, the catheter was filled with a heparin saline solution (200 U/ml) 

immediately after surgery and daily thereafter. The rats were allowed to recover for two to 

three days before self-administration training began.

2.3 Apparatus

2.3.1 Self-administration chambers—Heroin self-administration sessions were 

conducted in eight operant conditioning chambers, each measuring 26 x 26 x 30 cm (l x w x 

h) and housed in a sound-attenuating ventilated box. Each chamber was equipped with two 

retractable levers, a white light above each lever and a drug line consisting of a metal tether 

covering a polyethylene tubing which, through a fluid swivel, was connected to a syringe 

pump (Razel, 3.33 rpm) loaded with a 20 ml syringe.

2.3.2 Conditioned place preference chambers—Conditioning took place in six 

conditioned place preference (CPP) chambers, each placed in a sound-attenuating ventilated 

box equipped with a fan that provided both ventilation and a constant source of masking 

noise. CPP chambers, measuring 43 x 43 x 30 cm, consisted of two compartments with 

distinct walls and floors (each chamber had a different combination of white or striped 

walls; rod or grid floor). The two compartments were separated by a removable partition that 

was removed during the pre-exposure and test sessions. The CPP chambers were equipped 

with photo-beam detectors tracking the position of the rats in one compartment or the other.

2.4 Drugs

Heroin (a generous gift from NIDA) was dissolved in 0.9% physiological saline to achieve a 

dose of 0.05 mg/kg for the self-administration experiment and a dose of 1.0 mg/kg for the 

CPP experiment. The selective DA D3 antagonist, SR 21502 (a gift from Southern Research 

Institute), was dissolved in distilled water to achieve the doses of 3.75, 7.5, 10 and 15 mg/kg 

and was injected by the intraperitoneal (IP) route. These doses were chosen because they 

produced significant behavioral effects in our previous studies (Galaj et al., 2014; 

Hachimine et al., 2014).

2.5 Procedures

2.5.1 Experiment 1: Cue-induced reinstatement of heroin seeking—Experiment 

1 consisted of three phases: self-administration, extinction and the reinstatement test. 
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Animals were trained to self-administer heroin (0.05 mg/kg/injection) under a fixed ratio 1 

(FR1) schedule of reinforcement during daily 3-h sessions. Responding on the active lever 

activated the injection pump for 4.5 s and turned on the light cue above the active lever for 

20 s. The 20-s period constituted a time-out period during which active lever presses did not 

activate the pump or cue light. Responding on the inactive lever was counted but had no 

programmed consequences. The active and inactive levers were counterbalanced across 

animals and remained constant for the duration of the experiment. After the animals showed 

stable responding (defined as three consecutive sessions where the total number of infusions 

taken per session did not vary by more than ±10% of the mean of the three sessions and with 

no ascending or descending trends) they were allowed to self-administer heroin for an 

additional 15 sessions. This was followed by the extinction phase consisting of 15 sessions. 

Each extinction session was 3 h long and responding on either lever produced no 

consequences; heroin was not delivered and heroin-related cues (light/ pump activation) 

were not presented. The cue-induced reinstatement test occurred one day following the last 

extinction session. Twenty minutes before the test, animals were injected with one of several 

SR 21502 doses [vehicle (n=10), 7.5 (n=10), 10 (n=9) or 15 (n=9) mg/kg]. At the beginning 

of the session the heroin-related cue (20-s presentation of the light above the active lever and 

4.5-s activation of the syringe pump) were presented twice, each 2 min apart. Each response 

on the active lever was reinforced with the drug cues (light/pump activation) but heroin was 

not delivered. Responding on the inactive lever produced no consequences. The 

reinstatement test session lasted 60 min.

To test the possibility that any observed effects of SR 21502 on cue-induced reinstatement 

of lever pressing may be due to motoric effects, specifically on lever pressing, we evaluated 

the effects of SR 21502 lever pressing reinforced by food, a procedure that produces many 

times more lever pressing than the reinstatement procedure. A group of 10 rats were trained 

to lever pressed reinforced by food pellets under a progressive ratio schedule of 

reinforcement using our standard procedure (see Galaj et al., 2014). After rats demonstrated 

stable responding they were treated with the 15 mg/kg dose of SR 21502 and the number of 

lever presses during 60 min, the same period of time as in the reinstatement test, was 

recorded for each rat.

2.5.2 Experiment 2: Heroin conditioned place preference—Baseline preferences 

were assessed by placing animals in the CPP apparatus and allowing them free access to 

both compartments for 15 min and recording the time spent in each. Based on the initial 

preference half of the animals were conditioned with heroin to their preferred compartment 

and the remaining half to the non-preferred compartment. During conditioning animals were 

injected with heroin intraperitoneally (IP) 5 minutes prior to the session and then placed in 

one of the two compartments. On four alternate days animals received a saline injection (IP) 

and were placed in the other compartment. There were a total of 8 conditioning sessions, 

each 30 min long and held one per day. One day following the last conditioning session the 

rats were tested for the conditioned place preference. Twenty minutes prior to the test 

session the rats were injected with one of the doses of SR 21502 (vehicle, 3.75, 7.5, 10 and 

15 mg/kg, N=10 for each group) and then placed in the CPP apparatus. The dividing 

partition was removed and the animals had access to both compartments for 15 min.
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2.6 Data Analysis

For Experiment 1 the data consisted of the average number of active and inactive lever 

presses during the first 60 min of each of the last three extinction sessions and the number of 

active and inactive lever presses during the 60-min reinstatement test. Groups were 

compared on lever pressing across extinction without cues and reinstatement with cues by 

analyzing active and inactive lever presses using a three-way (cue x lever x dose) analysis of 

variance (ANOVA). A significant three-way interaction was followed by cue by lever 

interaction comparisons at each level of dose and by lever by dose interaction comparisons 

at each level of cue (extinction and reinstatement). Significant two-way interactions were 

followed by tests of simple effect of dose at each level of lever. Significant simple effects 

were followed by post hoc Dunnett’s tests. To correct for multiple comparisons we used a 

conservative alpha level of .01. In experiment 2, we measured time spent in the heroin 

compartment during the pre-exposure and test sessions. Planned comparisons, consisting of 

repeated measures t-tests, were used to analyze the time spent in the heroin compartment 

during the pre-exposure and test sessions for each group. To correct for these multiple 

planned comparisons we used a conservative alpha level of .01 to determine significance.

3. RESULTS

3.1 Experiment 1: Heroin cue-induced reinstatement

The left panel of Fig. 1 shows responding on the active and inactive levers averaged across 

the first hour of each of the last three extinction sessions in all rats grouped by the dose of 

SR 21502 that they would eventually be tested with. Responding on the active lever was 

similar among all dose groups. Further, responding was higher on the active than on the 

inactive lever in all dose groups (see Fig. 1, left panel). The right panel of Fig. 1 shows 

responding on the active and inactive levers during the reinstatement test. In all groups 

responding increased in the reinstatement test compared to extinction sessions and the 

increases on the active lever were greater than on the inactive lever. However, animals 

treated with SR 21502 showed less responding on the active lever than animals treated with 

vehicle. This lower responding was related to the dose of SR 21502; the greater the dose, the 

less active lever responding that was observed (see Fig. 2, right panel). Responding on the 

inactive lever during the reinstatement test was similar in all dose groups and always less 

than responding on the active lever. Statistical analysis with a three-way ANOVA [cue (no 

cue: extinction, cue: reinstatement) and lever as repeated measures factors and SR 21502 

dose as a between-groups factor] revealed a significant cue by lever by dose interaction [F 

(3, 34) = 4.28, p < .01]. Cue by lever interaction comparisons at each level of dose revealed 

significant interactions at all doses except the 15 mg dose [Fs (1,34) = 40.72, 10.35 and 

6.05, all ps < .01, for the vehicle, 7.5 and 10 mg doses, respectively]. Tests of simple effect 

of cue at each level of lever revealed significant cue effects on the active lever in the vehicle 

[F(1,34) = 109.37], 7.5 mg [F(1,34) = 33.68] and 10 mg [F(1,34) = 29.13] dose groups (all 

ps < .01). These analyses suggest that the vehicle, 7.5 and 10 mg groups showed 

reinstatement effects (cue by lever interactions) and that the 15 mg group did not. However, 

they do not inform on whether or not the 7.5 and 10 mg groups show significantly reduced 

reinstatement effects compared to the vehicle group, something that the right panel of Fig. 1 

suggests and something that is an important aspect of this study. Therefore, to further 
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explore the cue by lever by group interaction we conducted lever by dose interaction 

comparisons at each level of cue (extinction and reinstatement). These analyses revealed a 

significant lever by dose interaction in the cue (reinstatement) condition [F (3, 34) = 8.65, p 

< .01, but not in the no cue (extinction) condition. Tests of simple effect of dose at each 

level of lever revealed a significant dose effect at the active lever [F (3,34)=25.72, p< .01] 

but not at the inactive lever. Dunnett’s tests revealed that responding on the active lever was 

significantly lower in 7.5, 10 and 15 mg groups than in the vehicle group, ps < .01.

Fig. 2 shows that animals treated with the 15 mg/kg dose of SR 21502 could make at least as 

many, and in fact many times more, lever presses than the vehicle-treated group in the 

reinstatement experiment during a similar 60-min period. The numbers of responses for 

individual rats in the SR 21502-treated food reward group ranged from 96 to 679, all of 

which were higher than for any of the animals in the vehicle-treated reinstatement group.

3.2 Experiment 2: Heroin conditioned place preference

During the pre-exposure session all groups spent the same amount of time in the CPP 

compartment that would later be paired with heroin. The groups treated with vehicle or the 

3.75 mg/kg dose of SR 21502 prior to the test session spent more time in the heroin-paired 

compartment during the test session than they did during the pre-exposure session. In 

contrast, the 7.5 mg group spent less time in the heroin side than did the 0 and 3.75 mg 

groups and the 10 and 15 mg groups spent as much time in the heroin side during the test as 

they did during pre-exposure (see Fig. 3). These observations were confirmed by the 

planned comparisons. Separate repeated measures t-tests revealed significant phase effects 

(preference) for the vehicle and 3.75 mg groups, t(9) = −6.7 and t(9) = −3.27, ps <.01, 

respectively, but not for the 7.5, 10 and 15 mg groups.

4. DISCUSSION

During cue-induced reinstatement, rats treated with SR 21502 showed a dose-related 

reduction in active lever pressing compared to vehicle-treated rats, suggesting a reduction in 

the cue-induced reinstatement effect. The group treated with the highest SR 21502 dose 

showed responding during the reinstatement test that was similar to during extinction, 

suggesting an absence of the reinstatement effect. A different group of animals treated with 

the 15 mg/kg dose of SR 21502 but pressing for food reward demonstrated that rats under 

the influence of the highest SR 21502 dose used here can press the lever at least as often, 

and on average about 5 times more, than the vehicle-treated reinstatement group, suggesting 

that reductions in lever pressing in SR 21502 reinstatement groups were not due to motoric 

effects on lever pressing. Instead, the effects of SR 21502 were more likely incentive 

motivational. Therefore, we conclude that blockade of DA D3 receptors reduces, and at 

higher doses can eliminate, cue-induced reinstatement of heroin seeking. Furthermore, SR 

21502 attenuated and eliminated the expression of heroin CPP such that rats treated with 

higher doses of SR 21502 spent equal amounts of time in the heroin-paired compartment 

during the pre-exposure and test sessions. Again, we interpret these as incentive 

motivational reductions in the effects of heroin-associated stimuli.
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Our results suggest that heroin-related behaviors driven by conditioned cues require 

stimulation of DA D3 receptors. This is a unique finding given that the focus in DA D3 

receptor research has been in relation to stimulant- – primarily cocaine – related behavior. 

DA D3 receptor antagonists and partial agonists have the capacity to reduce stimulant self-

administration maintained on a higher fixed ratio schedule (Ross et al., 2007; Xi et al., 

2005), a second-order schedule (Di Ciano et al., 2008; Xi et al., 2006) or progressive ratio 

schedule (Chen et al., 2014; Galaj et al., 2014; Higley et al., 2011; Song et al., 2011). DA 

D3 receptor agents also can reduce cue-induced reinstatement of stimulant seeking (Aujla 

and Beninger, 2005; Cervo et al., 2007; Chen et al., 2014; Galaj et al., 2014; Gilbert et al., 

2005; Higley et al., 2011; Khaled et al., 2010; Micheli et al., 2007; Xi and Gardner, 2007). 

In a number of studies, DA D3 receptor agents reduce the expression of stimulant- (Aujla 

and Beninger, 2005; Cervo et al., 2005; Hachimine et al., 2014; Song et al., 2013; Vorel et 

al., 2002) and opiate-induced CPP (Ashby et al., 2003; Frances et al., 2004; Hu et al., 2013), 

suggesting that DA D3 receptors are necessary for stimulant and opiate-related behavior 

controlled by conditioned cues. Here, we provide evidence that DA D3 receptor stimulation 

also is necessary for reinstatement of heroin seeking and expression of heroin CPP, 

behaviors elicited by heroin-conditioned cues and contexts.

There is some evidence suggesting that opiate conditioned cues, just like opiates, acquire the 

ability to activate the reward mesolimbic DA system (Bozarth and Wise, 1986; Matthews 

and German, 1984; Wise et al., 1995). DA neurons fire in response to heroin-related cues 

(Kiyatkin and Rebec, 2001), a result of which DA is released in the nucleus accumbens and 

prefrontal cortex (Bassareo et al., 2007, 2011). Rats can discriminate morphine from saline 

and self-administer the drug into the VTA or nucleus accumbens upon presentation of drug 

cues, suggesting that morphine-related cue effects are mediated by mesolimbic sites (Shoaib 

and Spanagel, 1994). Blockade of DA D1-family receptors reduces context- and cue-

induced reinstatement of heroin seeking (Bossert et al. 2007, 2009;) as well as morphine 

CPP (Acquas et al., 1989), implicating the DA mesolimbic system in opiate-related behavior 

driven by cues. Furthermore, opiates and opiate conditioned cues can induce the expression 

of c-fos and other immediate-early genes in the mesolimbic system (Bontempi and Sharp, 

1997; Koya et al., 2006; Liu et al., 1994). The activation of these cortico-limbic regions in 

response to heroin cues has been also shown by functional imaging studies (Li et al., 2012; 

Sell et al. 1999, 2000). Altogether, this suggests that the present effects of SR 21502 on 

heroin cue-mediated behavior might occur through inhibition of heroin-cue enhancement of 

mesolimbic DA activity. This adds support for the idea that heroin cues, just like 

psychostimulant and natural reward (e.g., food, sex) cues (Ettenberg and Camp, 1986; 

Gerber et al., 1981; Hernandez and Hoebel, 1988; Pfaus et al., 1995), mediate at least some 

of their behavioral effects through enhancement of DA neurotransmission in the 

mesocorticolimbic DA system (Bassareo et al., 2007, 2011).

It appears that DA D3 receptor stimulation may not only play a role in opiate cue-induced 

behaviors but also in opiate-induced behaviors. In support of this claim are the findings that 

mice chronically treated with morphine show up-regulation of DA D3 receptor mRNA in the 

mesolimbic system (Spangler et al., 2003). DA D3 receptor knockout mice do not show a 

deficit in heroin-induced sensitization (Li et al., 2010) while wild-type mice treated with the 

DA D2/D3 antagonist, nafadotride, or the partial DA D3 receptor agonist, BP897, show a 
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reduction in morphine-induced sensitization (Cook and Beardsley, 2003; Li et al., 2010). In 

contrast, others report that genetically modified mice with DA D3 receptor deletions show 

enhancement of morphine-induced locomotor activity (Narita et al., 2003). The discrepancy 

in these findings might be explained by the developmental changes that occur in genetically 

modified animals to compensate for the absence of DA D3 receptors. In addition, the DA D3 

receptor antagonist, NGB 2904, inhibits heroin-enhanced brain stimulation reward, although 

the effect is small (Xi and Gardner, 2007). And lastly, the DA D3 antagonist, SB-277011A, 

and the partial DA D3 receptor agonist, BP897, reduce the expression of opiate-induced 

CPP (Ashby et al., 2003; Frances et al., 2004; Hu et al., 2013).

In conclusion, we have demonstrated the importance of DA D3 receptor stimulation in cue-

induced reinstatement of heroin seeking and expression of heroin CPP. Antagonism of DA 

D3 receptors with SR 21502 significantly reduced, and at the highest doses eliminated, 

heroin seeking and the preference for a heroin-associated environment. Therefore, we 

provide additional evidence that SR 21502, a selective DA D3 receptor antagonist, is 

effective in reducing drug-seeking behavior (heroin and cocaine; Galaj et al., 2014) and 

conditioned responses driven by drug cues (Hachimine et al., 2014). As such, we propose 

that SR 21502 holds potential as an effective pharmacotherapeutic agent for relapse 

prevention and should be studied further.
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Highlights

The selective dopamine D3 receptor antagonist, SR 21502, blocks cue-induced 

reinstatement of heroin seeking

The selective dopamine D3 receptor antagonist, SR 21502, blocks expression heroin 

conditioned place preference

SR 21502 may have potential as an anti-relapse treatment
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Figure 1. 
Left panel: Mean (± SEM) number of presses on the active and inactive levers averaged 

across the last three extinction sessions far all animals separated into eventual SR 21502 

dose groups. Right panel: Mean (± SEM) number of presses on the active and inactive levers 

during the reinstatement test for all groups treated with vehicle or a dose of SR 21502. * 

represents active lever pressing significantly different from vehicle during reinstatement at p 

< .01.

Galaj et al. Page 15

Drug Alcohol Depend. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Mean (± SEM) number of lever presses for the same vehicle-treated reinstatement group 

shown in Figure 1 and a group lever pressing under a progressive ratio schedule of food 

reinforcement and treated with the 15 mg/kg dose of SR 21502 .
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Figure 3. 
Mean (± SEM) time spent in the heroin-paired compartment of the CPP apparatus during 

pre-exposure and preference test. * represents significantly more time spent in the 

heroinpaired environment after the conditioning compared to pre-exposure (ps < .01).
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