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Abstract
Rationale—Dopamine D3 receptor mechanisms have been implicated in the abuse-related
behavioral effects of cocaine.

Objectives—The purpose of this study was to investigate the effects of the D3 receptor partial
agonist CJB 090 on the discriminative stimulus, reinforcing and priming effects of cocaine in squirrel
monkeys. Studies were conducted to compare CJB 090’s effects on food-maintained behavior and
species-typical unconditioned behaviors.

Methods—Monkeys were trained to: 1) discriminate cocaine from saline using a two-lever choice
procedure, 2) self-administer cocaine on a second-order fixed-interval, fixed-ratio schedule of i.v.
drug injection or 3) self-administer food on a comparable second-order schedule of food delivery. A
final group of monkeys served in quantitative observational studies of unconditioned behaviors.

Results—In cocaine discrimination studies, pretreatment with CJB 090 significantly attenuated
cocaine’s discriminative stimulus effects. CJB 090 also significantly attenuated the partial cocaine-
like stimulus effects of the preferential D3 receptor agonist PD 128907, but not the preferential D2
receptor agonist sumanirole. CJB 090 did not attenuate either self-administration of cocaine or
cocaine-induced reinstatement of extinguished drug-seeking at a dose that reduced responding
maintained by food. CJB 090 did not induce scratching or biting (species-typical effects of D2/3
receptor agonists) or catalepsy (typical effect of D2/3 receptor antagonists).

Conclusions—The results provide no evidence that CJB 090 reduced either the reinforcing or
priming effects of cocaine, but do suggest that CJB 090, acting via a D3 receptor mechanism,
antagonized the discriminative stimulus effects of cocaine at a dose that did not induce adverse side
effects.
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Introduction
There is now a substantial body of literature suggesting a role for dopamine (DA) D3 receptor
mechanisms in the abuse-related behavioral effects of cocaine (Le Foll et al. 2005, review).
Previous studies have shown, for example, that drugs acting as preferential agonists at D3
receptors, such as PD 128907 and 7-OH-DPAT, partially reproduce the discriminative stimulus
(DS) effects of cocaine in rats and monkeys (Acri et al. 1995; Spealman 1996); maintain i.v.
self-administration when substituted for cocaine in these species (Nader and Mach 1996; Caine
and Koob 1993) and reinstate extinguished cocaine-seeking behavior in rats (Self et al.
1996). Conversely, drugs acting as preferential antagonists or partial agonists at D3 receptors,
such as SB-277011A, NGB 2904 and BP 897, can attenuate the discriminative stimulus effects
of cocaine in mice (Beardsley et al. 2001); the reinforcing effects of cocaine in rats (Xi et al.
2005) and behavior either maintained by or reinstated by a cocaine-associated stimulus in rats
(Pilla et al. 1999; Gilbert et al. 2005). In addition to this behavioral evidence D3 receptors are
localized primarily in mesolimbic brain regions, particularly the nucleus accumbens and
amygdala in humans (Murray et al. 1994; Hall et al. 1996), which are thought to mediate the
abuse-related effects of cocaine. Furthermore, D3 receptors and D3 receptor mRNA are
upregulated in the nucleus accumbens of cocaine overdose victims (Segal et al. 1997; Mash
and Staley 1999).

Based on findings such as these, D3 receptor antagonists and partial agonists have been
proposed as candidate medications to treat cocaine addiction (Heidbreder 2008; Newman et
al. 2005, reviews). Consideration of D3 receptor partial agonists as potential
pharmacotherapies for cocaine addiction may be especially attractive because of the dual
agonist/antagonist properties of this category of drugs (Pulvirenti and Koob 1994, Bergman et
al. 2000, Platt et al. 2002). Partial agonists can be characterized as drugs that bind to a receptor,
but have submaximal capacity to activate its associated signal transduction mechanisms. As a
result, partial agonists can exhibit agonist-like or antagonist-like properties depending on the
neurotransmitter tone, receptor reserve and presence of exogenous ligands (Ariens 1983;
Kenakin 1997). D3 partial agonists might therefore be expected to function primarily as
antagonists in the presence of cocaine, when DA synaptic concentrations and binding at D3
(and other DA) receptors are high, and as weak agonists in the absence of cocaine, when DA
activity is no longer stimulated. Additionally, because of low agonist efficacy, D3 partial
agonists would be expected to have reduced abuse liability compared to full agonists (Beardsley
et al. 2001) and may induce less severe motor effects compared to antagonists (Platt et al.
2002). Extrapyramidal side effects of D3 partial agonists also may be limited due to the
predominant localization of D3 receptors in mesolimbic brain regions (Levant 1997).

To date, the most extensively studied D3 partial agonist is BP 897, which can reduce drug-
seeking either maintained by or reinstated by cocaine-associated cues (Pilla et al. 1999; Gilbert
et al. 2005) and prevent the development and expression of cocaine conditioned place
preference in rats (Duarte et al, 2003). Other recently developed D3 partial agonists also have
pharmacological profiles suggestive of potential therapeutic utility (Grundt et al. 2005;
Gyertyan et al. 2007). One such drug CJB 090 (Newman et al. 2003), exhibits high D3 receptor
affinity (Ki ~ 1 nM) and a ≥60-fold selectivity for D3 over other DA receptor subtypes in
vitro (Grundt et al. 2005). Based on pharmacological magnetic resonance imaging with a
closely related ligand (PG01037; (E)-N-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)but-2-
enyl)-4-(pyridin-2-yl)benzamide, Grundt et al. 2007), CJB 090 would be expected to penetrate
the brain and localize predominantly in D3 receptor rich brain regions. In a previous study with
rhesus monkeys, CJB 090 was found to attenuate the DS effects of cocaine and reduce cocaine
self-administration, while showing no cocaine-like effects when tested alone (Martelle et al.
2007).
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The purpose of this study was to investigate the possible cocaine-antagonist effects of CJB 090
in squirrel monkeys whose behavior was: 1) controlled by the DS effects of cocaine, 2)
maintained under a second-order schedule of i.v. cocaine self-administration, and 3)
extinguished and then reinstated by priming injections of cocaine along with restoration of a
cocaine-paired stimulus. Comparison studies were conducted using a second-order schedule
of food reinforcement and quantitative observations of unconditioned behavior. Because CJB
090 significantly attenuated the DS effects of cocaine, additional studies using this procedure
were conducted with the preferential D3 receptor agonist PD 128907 (Pugsley et al. 1995) and
the preferential D2 receptor agonist sumanirole (McCall et al. 2005), both of which partially
substituted for the DS effects of cocaine.

Materials and methods
Subjects

Twenty-four male and 2 female adult squirrel monkeys (Saimiri sciureus) weighing 0.7 to 1.1
kg were studied in daily experimental sessions. Male monkeys were housed singly and female
monkeys were pair-housed in a climate-controlled vivarium where they had unlimited access
to water. Animals in cocaine self-administration, reinstatement, and observation experiments
had unlimited access to food (Harlan Teklad Monkey Diet, Madison, WI) in their home cages.
Animals in food self-administration and cocaine discrimination experiments were maintained
at approximately 90% of their free-feeding body weights by adjusting access to food in the
home cages. All monkeys were maintained in accordance with the guidelines of the Committee
on Animals of Harvard Medical School and the Guide for Care and Use of Laboratory Animals
(Institute of Laboratory Animal Resources, Commission on Life Sciences, National Research
Council, National Academy Press, Washington, DC, 1996). Research protocols were approved
by the Harvard Medical School Institutional Animal Care and Use Committee.

Surgical Procedures
Monkeys in cocaine self-administration and reinstatement experiments were implanted with
chronic venous catheters using the surgical procedures described by Platt et al. (2005). Briefly,
under isoflurane anesthesia and aseptic conditions, one end of the catheter was passed via a
femoral or jugular vein to the level of the right atrium. The distal end was then passed under
the skin to a mid-scapular exit site. Catheters were flushed daily with 0.9% saline solution and
sealed with obturators when not in use. Monkeys wore nylon mesh jackets (Lomir Biomedical,
Toronto, Canada) to protect the catheter.

Apparatus
In studies involving cocaine discrimination, cocaine and food self-administration, and cocaine-
induced reinstatement of drug-seeking, daily sessions were conducted in ventilated, sound-
attenuated chambers with white background noise (MED Associates, St. Albans, VT). Within
the chambers, monkeyss at in Plexiglas chairs (MED Associates) facing apanel equipped with
response levers and red and white stimulus lights. In experiments involving catheterized
subjects, catheters were connected to syringe pumps (MED Associates) located outside the
chamber. The pumps were programmed to deliver drug or vehicle solutions into the catheter
at a rate of 0.18 ml/s for 1 sec. In cocaine discrimination and food self-administration
experiments, 190-mg sucrose pellets (Bioserve, Frenchtown, NJ)could be delivered to a
receptacle in the front panel of the chair. Experiments were controlled and data were recorded
via interfaces (Med Associates) and PC-compatible computers located in an adjacent room.
Behavioral observation studies were conducted in a ventilated, transparent Plexiglas arena (114
× 122 × 213 cm) situated in a lighted room, separate from other animals (Platt et al. 2000). The
arena was equipped with perches, suspended plastic chains, and a wood-chip bedding to permit
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a range of species-typical behaviors. A video camera was positioned 1 m in front of the chamber
to record a subject’s behavior during the session.

Cocaine Discrimination
Six monkeys were trained to discriminate cocaine from vehicle injections using procedures
described by Spealman et al. (1991). Briefly, 10 consecutive responses (FR10) on one lever
(counter balanced across subjects) produced a sucrose pellet if cocaine (0.3 or 0.42 mg/kg,
i.m., depending on the subject) was injected, whereas 10 consecutive responses on the other
lever produced a pellet if vehicle was injected. Each response on the inappropriate lever reset
the FR10 requirement. Delivery of each sucrose pellet was followed by a10-sec timeout (TO)
during which the chamber was dark and lever pressing had no programmed consequences.
During training sessions, this procedure was repeated 10 times per component, and the number
of components per session (n=1–4) was varied daily in an irregular order. In the event that
lever pressing was not maintained at a rate sufficient to obtain all 10 available sucrose pellets,
the component ended automatically after 5 min. Each component was preceded by an extended
(10-min) TO, during which vehicle was administered 5 min before the beginning of the n-1
component(s) of the session and cocaine was administered 5min before the nth component.
Drug testing began when monkeys made ≥90% of responses on the injection-appropriate lever
for at least three consecutive sessions. Test sessions consisted of three (sumanirole) or four
(cocaine and PD 128907) components, each preceded by an extended TO (10-min for cocaine
and PD 128907; 30-min for sumanirole due to its slower onset of effect; cf. McCall et al.
2005). In each component, completion of the FR10 on either lever resulted in delivery of 1
pellet. Dose-response functions for cocaine, CJB 090, PD 128907 and sumanirole were
determined using a cumulative-dosing procedure (Spealman et al. 1991). Incremental doses of
a test drug (0.25–0.5 log unit increments) were injected during the TO periods that preceded
sequential components of a test session, resulting in a three- or four-point cumulative dose-
response function determined in a single session. In experiments involving drug pretreatments,
i.m. injections of CJB 090 or vehicle were administered 5 min before the start of the test session.

Cocaine Self-administration
A separate group of five monkeys were trained to self-administer cocaine under a second-order
fixed-interval, fixed-ratio [FI (FR)] schedule of i.v. cocaine injection using procedures similar
to those described by Adewale et al. (2006). Monkeys self-administered cocaine under this
schedule for at least 8 months before testing began. Each experimental session was signaled
by the illumination of a white light, and completion of each FR10 produced a 2-sec change in
illumination from white to red. This cycle was repeated throughout a 5-min FI, and the first
FR10 completed after the expiration of the FI produced the 2-sec red light paired with an i.v.
injection of cocaine. A 60-sec TO followed each cocaine injection. If the FR requirement was
not completed within 8 min after expiration of the FI, the TO was started automatically without
an injection of cocaine. Daily sessions ended after ten cycles of the second-order schedule or
a maximum session length of 90 min. Once baseline performance stabilized (no monotonic
trend in response rate over at least 3 consecutive sessions), the dose of self-administered
cocaine was varied over a 10-fold range (0.03–0.3 mg/kg/injection), with each dose tested for
at least five consecutive sessions and until responding was stable. Each SA test session was
preceded by pretreatment (5-min) with either CJB 090 or vehicle.

Food Self-administration
Five monkeys were trained to respond under a second-order FI (FR) schedule of food
presentation with schedule parameters identical to the second-order schedule of cocaine
injection described above (Platt et. al. 2001). Once baseline performance stabilized (see above)
pretreatment studies with CJB 090 and vehicle were begun. Monkeys were pretreated with
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either 17.8 mg/kg of CJB 090 or vehicle i.m. 5 min before the start of each food SA session
for at least five consecutive sessions.

Reinstatement of Cocaine-seeking
Six monkeys were used to evaluate the effects of CJB 090 on the reinstatement of extinguished
cocaine-seeking using procedures similar to those described by Khroyan et al. (2000). Briefly,
subjects were first trained under a second-order FI(FR) schedule of i.v. cocaine self-
administration (0.18–0.30 mg/kg/injection) similar to the one described above except that the
FI was 10 min in length and sessions consisted of five components. After a period of stable
responding (defined above) cocaine-seeking was extinguished by substituting vehicle for
cocaine injections and omitting presentations of the cocaine-paired stimulus. Extinction
sessions were conducted daily until response rates declined to 10% or less of the rate maintained
by cocaine self-administration for at least three consecutive sessions. Reinstatement tests began
once this criterion was met. Reinstatement tests used the same schedule parameters as the
second-order schedule described above except that vehicle rather than cocaine was available
for self-administration. On reinstatement test days, monkeys received an i.m. pretreatment of
either CJB 090 or vehicle 5 min before the test session followed by an i.v. priming injection
of cocaine (0.1–1.0 mg/kg) immediately before the session. To separate the effects of CJB 090
on conditioned cue-induced reinstatement versus cocaine-primed reinstatement, separate tests
were conducted in which subjects were pretreated with test drug prior to a saline rather than a
cocaine prime. Tests involving different dose combinations of priming and either CJB 090 or
vehicle pretreatment were separated by two or more extinction sessions without drug
administration.

Observation Studies
Behavioral observations were conducted in four monkeys using procedures described by Platt
et al. (2000). Briefly, after habituation to the observation arena, handling and injection
procedures, 30-min observation sessions were conducted daily, during which the animal’s
behavior was videotaped. Video recordings were scored by trained observers, who were not
informed about the drug treatment conditions. Ten behavioral categories adapted from Platt et
al. (2000) were scored in each session: locomotion, object exploration, foraging, self-
grooming, scratching, visual scanning, sleep posture, static posture and vocalization. Behaviors
were scored by recording the presence or absence of each behavioral category in 15-s intervals
during three 5-min observation periods across the session (0–5, 12–17, and 24–29 min).
Frequency scores were calculated as the number of 15-s intervals in which a particular behavior
was observed. In addition, during the 6th, 18th and 30th min of each session, the monkeys were
removed from the observation arena and evaluated for ataxia (defined as the inability to balance
and/or grasp a 1.0 cm diameter stainless steel pole held horizontally) and muscle rigidity
(defined as resistance to hind limb extension) using a three-point rating scale (Platt et al.
2000).

Drugs
Cocaine hydrochloride (Sigma-Aldrich, St. Louis, MO), PD 128907 hydrochloride (Sigma
Aldrich) and sumanirole maleate (Pfizer Inc, Groton, CT) were dissolved in 0.9% saline
solution. CJB 090 (N-(4-(4-(2,3-dichlorophenyl)piperazin-1-yl)butyl)-4-(pyridin-2-yl)
benzamide) hydrochloride was synthesized in the Medicinal Chemistry Section, NIDA-
Intramural Research Program, Baltimore MD according to the methods described in Newman
et al. 2003) was dissolved in sterile distilled water containing 12% β-cyclodextran. No i.m.
injection volumes exceeded 0.3ml.
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Data Analysis
In drug discrimination studies, responses made on cocaine and saline levers during each
component were recorded and used to calculate the percentage of responses on the cocaine
lever and the rate of lever pressing. ED50 values for the discriminative stimulus effects of drugs
and drug combinations were calculated by linear regression of the log-dose response curves.
In studies involving cocaine and food self-administration and cocaine-induced reinstatement
of drug-seeking, response rates were determined for individual across sequential components
of the session as well as for the entire session. In observation studies, scores for each behavior
were averaged across the three 5-min observation periods of the session. In each type of
experiment, data from individual subjects were averaged to obtain group means and were
analyzed using repeated measures ANOVAs and Bonferroni t-tests for planned comparisons
(significance level p < 0.05).

Results
DS effects of cocaine and CJB 090

Under training conditions, responding on the cocaine lever averaged 93% after administration
of the training dose of cocaine, whereas administration of saline engendered an average of only
6% responding on the cocaine lever. The average rate of responding was similar after
administration of cocaine or saline except for one subject that responded at a lower rate after
administration of cocaine comjpared to saline. Under test conditions, administration of
cumulative doses of cocaine (0.03–1.0 mg/kg) produced dose-related increases in the
percentage of cocaine-lever responding, with the two highest doses resulting in >90% of
responses on the cocaine lever (Fig. 1, top). In contrast, cumulative doses of CJB 090 (1.0–
17.8 mg/kg) generated a maximum of only 17.5% cocaine-lever responses, which was not
significantly greater than responding engendered by saline (p>0.05, Bonferroni t-tests).
Compared to saline, neither cocaine nor CJB 090 had a significant effect on the rate of
responding regardless of dose (Fig. 1, bottom).

Attenuation of DS effects of cocaine by CJB 090
Pretreatment with CJB 090 (17.8 mg/kg) attenuated the DS effects of cocaine, resulting in an
overall rightward shift in the cumulative dose-response curve (Figure 2A, top). Two-way
repeated measures ANOVA revealed a significant effect of cocaine dose [F (4, 60) = 67;
p<0.001], CJB 090 dose [F (3, 60) = 4.5; p=0.02], and a significant CJB 090 x cocaine
interaction [F (12, 60) = 2.05; p=0.04] on the percentage of cocaine-lever responses. Bonferroni
t-tests showed that, compared to vehicle pretreatment, CJB 090 produced a significant
reduction in the percentage of cocaine-lever responses engendered by 0.3 and 0.56 mg/kg
cocaine, along with a significant 3.6-fold increase in the average ED50 (Table 1). Attenuation
of the DS effects of cocaine by CJB 090 was not accompanied by significant effects on response
rate (Fig. 2A, bottom). Pretreatment with lower doses of CJB 090 (3.0 and 10.0 mg/kg) had
no significant effect on either the percentage of cocaine-lever responses or response rate
engendered by any dose of cocaine (not shown).

Cocaine-like DS effects of dopamine agonists and modulation by CJB 090
Both the preferential D3 agonist PD 128907 and the preferential D2 agonist sumanirole
engendered dose-related increases in cocaine-lever responding, reaching average maximums
of 73% (± 8.8) after 0.3 mg/kg PD 128907 and 73% (± 4.7) after 3.0 mg/kg sumanirole (Fig.
2B and C, top). Neither PD 128907 nor sumanirole significantly altered the rate of responding
over the dose range tested (Fig. 2B and C, bottom). Pretreatment with CJB 090 (17.8 mg/kg)
attenuated the cocaine-like DS effects of PD 128907, resulting in an overall rightward shift in
the cumulative dose-response curve (Fig. 2B, top). Two-way repeated measures ANOVA
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revealed a significant effect of PD 128907 [F (3, 15) = 16; p<0.001], CJB 090 [F (1, 15) = 7.8;
p=0.04], and a significant CJB 090 x PD 128907 interaction [F (3, 15) = 4.7; p=0.02] on the
percentage of cocaine lever responses. Compared to vehicle pretreatment, CJB 090 produced
a significant reduction in the percentage of cocaine-lever responses at doses of 0.18 and 0.3
mg/kg PD 128907 (p<0.05), along with a significant 3.2-fold increase in the average ED50
(Table 1; p<0.05). Significant attenuation of cocaine-like DS effects of PD 128907 by CJB
090 was not accompanied by significant effects on response rate (Figure 2B, bottom).

In contrast to the findings with PD 128907 and cocaine, pretreatment with CJB 090 (17.8 mg/
kg) did not attenuate the cocaine-like DS effects of sumanirole (Fig. 2C, top). ANOVA revealed
a significant effect of sumanirole dose [F (2, 8) = 73.6; p<0.001], but not of CJB 090 or their
interaction. Planned comparisons showed that pretreatment with CJB 090 produced a
significant increase rather than decrease in the percentage of cocaine-lever responding
engendered by 1.0 mg/kg sumanirole (p<0.05), along with a significant 1.4-fold decrease in
the average ED50 (Table 1). Pretreatment with CJB 090 had no significant effect on the rate
of responding at any dose of sumanirole.

Effects of CJB 090 on cocaine and food self-administration
Cocaine self-administration was maintained in all five monkeys under the second-order
schedule of i.v. drug injection throughout the study. As the dose of cocaine was increased from
0.03 to 0.3 mg/kg/injection, the average rate of responding first increased and then decreased,
resulting in a biphasic dose-response curve (Fig. 3, left). Pretreatment with 17.8 mg/kg CJB
090 did not markedly alter the overall shape of the cocaine dose-response curve, and two-way
repeated measures ANOVA revealed no significant effect of pretreatment with CJB 090 on
response rates engendered during cocaine self-administration. Analysis of response rates across
the ten sequential components of the cocaine self-administration session showed that for all
cocaine doses the average rate of responding was lowest at the beginning of the session,
increased to a maximum later in the session, and then remained relatively constant or decreased
as the session progressed. As illustrated for the two highest doses of cocaine, this within-session
pattern was not markedly affected by pretreatment with CJB 090 (Fig. 3, right), and planned
comparisons showed no significant effect of CJB 090 compared to vehicle pretreatment during
any portion of the session. When the intermediate cocaine dose (0.1 mg/kg) was available, CJB
090 (30 mg/kg) pretreatment resulted in an average of 0.48 responses/sec (±0.16) which was
not significantly different from the mean rate of 0.60 responses/sec (±0.09) engendered after
vehicle pretreatments (data not shown). Since this higher dose of CJB 090 failed to alter the
rate of cocaine self-administration and produced emesis on multiple occasions, the effects of
doses greater than 17.8 mg/kg of CJB 090 on a cocaine self-administration full dose-response
curve were not systematically tested.

Under baseline conditions, food self-administration was maintained at an average response
rate of 0.73 (± 0.10) responses/s, which was comparable to the average rate maintained by the
maximally effective dose of cocaine [0.64 (± 0.16) responses/s at 0.10 mg/kg/injection]. As
shown in Figure 4 (open symbols), pretreatment with vehicle before each of five consecutive
test sessions had no systematic effect on the average rate of responding maintained by either
food or cocaine self-administration. Daily pretreatment with 17.8 mg/kg CJB 090, however,
produced a gradual decline in the rate of responding maintained by food presentation (Fig. 4B)
but not cocaine injection (Fig. 4A). ANOVA of response rates during food self-administration
revealed an effect of CJB 090 that approached significance [F (1,12) =9.6; p=0.05], and a
significant day x CJB 090 interaction F (4,12) =3.6; p=0.04]. Bonferroni t-tests revealed that
daily pretreatment with CJB 090 produced a significant reduction in food-maintained
responding on day 5, compared to either vehicle pretreatment on day 5 (asterisk, p< 0.05) or
CJB 090 pretreatment on day 1 (cross, p< 0.05). Analysis of response rates across the ten
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sequential components of the food self-administration session on day 5 showed that, compared
to vehicle pretreatment, CJB 090 produced a significant reduction in food-maintained
responding throughout the session with the exception of component 3 (not shown).

Effects of CJB 090 on reinstatement of drug-seeking
During extinction sessions in which saline was substituted for cocaine and the cocaine-paired
stimulus was omitted, responding declined to <10% of the rate maintained by cocaine self-
administration in all subjects (Fig. 5, compare points at SA and EXT). Following vehicle
pretreatment, priming with cocaine (0.1–1.0 mg/kg) accompanied by restoration of the cocaine-
paired stimulus produced a dose-related reinstatement of cocaine-seeking, reaching a
maximum response rate that approached the rate maintained by cocaine self-administration.
Compared to vehicle, pretreatment with 17.8 mg/kg of CJB 090 before cocaine priming did
not significantly alter the average rate of responding induced by any priming dose (Fig. 5, left).
Analysis of the within-session pattern of responding revealed that response rates induced by
cocaine priming were typically highest during the first and/or second components of the session
and then declined as the session progressed (Fig. 5, right). Compared to vehicle pretreatment,
CJB 090 (17.8 mg/kg) had no significant effect on cocaine-primed reinstatement of responding
during most components of the session. The two exceptions were a significant reduction in
response rate during the first component after priming with 0.3 mg/kg cocaine and during the
last component after priming with 1.0 mg/kg cocaine (p<0.05).

Preliminary observations from three monkeys revealed that pretreatment with CJB 090 (30
mg/kg) resulted in a similar lack of effect on overall response rates after a cocaine prime of
0.3 mg/kg and induced vomiting. CJB 090 (30 mg/kg) pretreatment resulted in an average of
0.46 responses/sec (±0.22) which was not significantly different from the mean rate of 0.55
responses/sec (±0.28) engendered after vehicle pretreatments (data not shown). During
reinstatement sessions induced by the conditioned cue alone i.e. by a saline prime, the rate of
responding was low and similar to the rates achieved during extinction, averaging 0.08
responses/sec (±0.07) after vehicle pretreatments and 0.07 responses/sec (±0.11) after
pretreatment with CJB 090 (17.8 mg/kg) in four monkeys (data not shown).

Effects of CJB 090 on unconditioned behaviors
Compared to vehicle, CJB 090 (3.0–17.8 mg/kg) had no significant effect on locomotion, object
exploration, foraging, self-grooming, scratching, visual scanning, sleep posture, static posture,
vocalization, or other recorded behaviors. CJB 090 also did not induce muscle rigidity or ataxia.
Doses of CJB 090 >17.8 mg/kg were not tested systematically due to emesis in an initial
observation.

Discussion
In the present study the D3 partial agonist CJB 090 attenuated the DS effects of cocaine and
the cocaine-like DS effects of the D3 agonist PD 128907. CJB 090 did not, however, attenuate
the cocaine-like DS effects of the D2 agonist sumanirole, nor did it reduce the reinforcing or
priming effects of cocaine at a dose that attenuated food-reinforced behavior.

Our finding that CJB 090 reduced the DS effects of cocaine and PD 128907 to a similar degree
(3.6-and 3.2-fold increase in ED50, respectively), but did not reduce the effects of sumanirole
under the same conditions has two main implications. First, these findings are consistent with
the hypothesis, developed originally from studies with D3 agonists (Acri et al. 1995; Spealman
1996), that D3 receptor mechanisms play an integral role in the transduction of cocaine’s DS
effects. Second, the different effects of CJB 090 combined with PD 128907 vs. sumanirole,
support previous speculation that CJB 090 has in vivo as well as in vitro selectivity for the D3
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compared to the D2 receptor subtype (Grundt et al. 2005; Martelle et al. 2007). Although the
dose of CJB 090 (17.8 mg/kg) needed to attenuate the DS effects of cocaine was somewhat
higher than might be expected on the basis of its in vitro binding affinity (Grundt et al. 2005)
or its in vivo potency in rhesus monkeys (Martelle et al. 2007), this dose did not produce changes
in the rate of responding and had no significant effect on unconditioned behaviors or motor
coordination in observational studies. These findings suggest that the attenuation of the DS
effects of cocaine by CJB 090 was not the result of a non-specific disruptive effect on behavior.
The lower effective doses (1.0–3.0 mg/kg, i.v.) in Martelle et al. (2007) compared to ours likely
reflect the different routes of administration (i.v. vs. i.m.) and/or subject species (rhesus vs.
squirrel monkey).

Consistent with the findings of Martelle et al. (2007), CJB 090 did not exhibit cocaine-like DS
effects when tested alone. Although there appears to be an increasing trend in the dose-response
function for CJB 090 (see fig. 1), higher doses could not be safely tested due to potential
toxicity. The absence of significant substitution of CJB 090 for cocaine in both the present
study and the study by Martelle et al. (2007) probably reflects the low intrinsic activity of CJB
090 compared to D3 receptor full agonists, which partially reproduce the DS effects of cocaine
in monkeys (present study; Spealman 1996).

Sumanirole exhibits ~ 200-fold selectivity D2/D3 selectivity in vitro (McCall et al. 2005). The
partial sumanirole generalization to cocaine observed in this study appears to be typical of
other DA D2-selective agonists including (+)-PHNO and quinpirole which yielded average
responses on the cocaine-associated lever of only 68% in squirrel monkeys (Spealman et al.
1991) and 40–70% in rats (Witkin et al. 1991). An unexpected outcome of the present study
however, was that pretreatment with CJB 090 produced a significant increase in cocaine-lever
responding engendered by the intermediate sumanirole dose along with a modest, though
significant (1.4-fold) decrease in ED50. The mechanism(s) underlying this apparent
enhancement of the effects of sumanirole by CJB 090 are unknown. It is noteworthy that a
similar enhancement of D2 receptor-mediated effects by inhibition of D3 receptors has been
observed in other studies with monkeys and may indicate an inhibitory role for D3 receptors
in the regulation of D2 receptor activity. Millan et al. (2008) for example, reported that in
parkinsonian monkeys, locomotor activity induced by the D2 agonist ropinrole was enhanced
after administration of the partial D3 antagonist, S33138. Consistent with these results, D3
antagonists also have been found to enhance amphetamine-induced locomotion in mice
(Pritchard et al. 2007) and augment haloperidol-induced catalepsy in rats (Gyertyan and Saghy
2007). Along these same lines, knockout mice lacking D3 receptors exhibit enhanced cocaine-
induced locomotion compared to wild-type controls (Xu et al. 1997). It is therefore possible
that attenuation of D3 receptor activity by CJB 090 in our study resulted in D2 receptor
disinhibition leading to the enhanced cocaine-like DS effects of sumanirole. Alternatively,
these findings could be explained by the intrinsic activity of CJB 090 at D2 receptors or its
reasonably high binding affinities at 5-HT receptors (Grundt et al. 2007). It is possible that at
the doses we tested, CJB 090 induced weak D2 agonist effects or 5-HT antagonist effects which
could have enhanced the cocaine-like DS effects of sumanirole.

In the cocaine self-administration experiments CJB 090 did not significantly reduce the overall
rate of responding under the second-order schedule of i.v. drug injection, nor did it have
significant effects across the ten sequential components of the session. These findings differ
from those reported by Martelle et al. (2007) in rhesus monkeys using a different type of second-
order schedule [FR(FI) with two components/session]. In their study, CJB 090 significantly
reduced the rate of responding during the second component of the self-administration session.
These different results could reflect a number of factors, including the different schedule
parameters, which resulted in markedly different frequencies of cocaine injection (nominally
10 injections/h vs. 2 injections/h), the different doses and routes of administration for CJB 090
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(17.8 mg/kg i.m. vs. 3.0 mg/kg i.v.) or the different species (squirrel monkeys vs. rhesus
monkeys). Nevertheless, the lack of effect of CJB 090 on cocaine self-administration in our
study mirrors the results of previous studies showing limited or no effect of other D3 partial
agonists in attenuating self-administration of cocaine in rodents (Pilla et al. 1999; Campiani et
al. 2003; Gyertyan et al. 2007) suggesting limitations on the contribution of D3 receptor
mechanisms in the reinforcing effects of cocaine.

Findings such as those discussed above have prompted speculation that D3 receptors play a
more prominent role in the motivational salience of cocaine-associated stimuli than in the
reinforcing effects of cocaine per se and that reduced D3 receptor activity may serve primarily
to reduce cocaine-seeking that is either maintained or reinstated by cocaine-associated cues.
For example, the D3 partial agonists BP-897 and RGH-237 can attenuate cue-induced
reinstatement of cocaine-seeking in rats (Pilla et al. 1999; Cervo et al. 2003; Gilbert et al.
2005; Gyertyan et al. 2007). In the present study however, cocaine-primed reinstatement was
more robust compared to the modest effects of restoration of the conditioned cue alone and in
some cases the latter resulted in response rates that were similar to rates during extinction
conditions. It appears that the significance of the conditioned cue in inducing reinstatement to
cocaine-seeking may be dependent on the length of training and cue exposure experience. For
example, a trend was observed in which monkeys with a longer history of cue-induced
reinstatement yielded lower response rates compared to less experienced monkeys in the same
study. Further, all of the aforementioned studies used rodents to examine the role of DA D3
receptor partial agonists in cue-induced reinstatement. Typically, rodents undergo training
periods of weeks to months whereas the squirrel monkeys in this study underwent longer
training periods (6–12 months before testing). Our method of acute exposure to cocaine
(priming) in order to study reinstatement of drug-seeking was chosen because in monkeys, it
resulted in more robust behavior, than cue-induced reinstatement.

CJB 090 had only minimal effects on cocaine-primed reinstatement of drug-seeking in this
study. These apparently disparate findings between the present study and the cue-induced
reinstatement studies using rodents could be due to differences in the reinstatement procedures
used. Reinstatement of cocaine-seeking in rodent studies was achieved by restoring the
cocaine-paired stimulus in the absence of cocaine priming, whereas robust reinstatement in the
present study was achieved by concurrent presentation of the cocaine-paired stimulus and an
i.v. priming injection of cocaine. Previous studies have shown that cocaine-related cues can
induce modest increases in DA release in the nucleus accumbens of rats as determined by in
vivo microdialysis (Weiss et al. 2000) and in the dorsal striatum in humans detected by PET
imaging (Wong et al. 2006). These findings indicate an increase in the level of extracellular
DA available for binding at D3 (and other DA) receptors. Administration of cocaine also
induces a large increase in extracellular DA as a result of DA transport inhibition. It is possible
that the summation of DA levels induced by cocaine priming and restoration of the cocaine-
paired stimulus in our study resulted in a greater degree of D3 receptor activation (and reinstated
drug-seeking) than could be overcome consistently by CJB 090. Even under these demanding
conditions, however, CJB 090 significantly reduced drug-seeking reinstated in the initial
component of the session after priming with an intermediate dose of cocaine and in the last
component of the session after priming with a higher dose.

Genetic and pharmacological manipulations of DA receptor activity indicate a role for DA in
food reinforcement and the regulation of food intake (see Palmiter 2007 for review). Recent
evidence suggests that D3 receptors may play an important role in these processes. For example,
the D3 antagonist SB-277011A recently has been shown to inhibit food-maintained responding
and to decrease food intake in obese rats (Thanos et al. 2008). Knockout mice lacking the D3
receptor gene increase leptin production (~2-fold) compared to wild-type mice (McQuade et
al. 2004) and exhibit reduced food intake (Benoit et al. 2003), further supporting a role for D3
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receptors in regulating food-maintained behavior. In our study repeated treatment with CJB
090 resulted in a gradual decrease in food-maintained responding over a five-day treatment
period. This finding may reflect a selective effect of CJB 090 on food-reinforced behavior
because cocaine-reinforced behavior was unaffected by CJB 090 using the same treatment
regimen. It should be noted however, that repeated administration of CJB 090 could have
resulted in sensitization to potential emetic effects (observed at doses greater than 17.8 mg/kg)
which might serve as the mechanism mediating its ability to reduce food-maintained behavior.
It is possible that gastrointestinal issues may not be as disruptive to cocaine self-administration
explaining its lack of effect on cocaine-maintained behavior.

In summary, our drug discrimination findings show that CJB 090, acting most likely via a D3
receptor mechanism, antagonized the DS effects of cocaine at a dose that did not induce adverse
side effects. Although these findings illustrate functional antagonism of one aspect of cocaine’s
abuse-related behavioral profile, CJB 090 did not antagonize the reinforcing effects of cocaine
or consistently block cocaine-induced reinstatement of drug-seeking. Based on these findings,
CJB 090 does not appear to be a promising candidate for the treatment of active cocaine abuse
or the prevention of relapse. However, the different effects of CJB 090 on cocaine and PD
128907 vs. sumanirole discrimination and its selective effects in reducing food-maintained vs.
drug-maintained behavior suggest that this compound may be a useful pharmacological tool
for exploring the role of D3 receptors in the DS effects of cocaine and in the regulation of food-
intake.
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Figure 1.
Percentage of responses on the cocaine lever (top) and response rate (bottom) as a function of
cumulative dosing of cocaine or CJB 090 in squirrel monkeys trained to discriminate cocaine
from vehicle. Points are means ± SEM (n=6). Points above V show effects of vehicle.
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Figure 2.
Effects of A) cocaine, B) PD 128907, and C) sumanirole after 5 min i.m. pretreatment with
vehicle or CJB 090 (17.8 mg/kg) in monkeys trained to discriminate cocaine from vehicle.
Points are means ± SEM (n=5 or 6). * p<0.05 comparing percentage of cocaine lever responding
after vehicle treatment, Bonferroni t-test.
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Figure 3.
Effects of repeated pretreatment with CJB 090 (17.8 mg/kg) or vehicle on response rate under
the second-order schedule of i.v. cocaine injections. Right panel: Comparison of response rates
after pretreatments during sequential components of cocaine (0.10 or 0.30 mg/kg/inj) self-
administration. Data are means ± SEM (n=5).
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Figure 4.
Comparison of mean response rates across 5 days of pretreatment with CJB 090 (17.8 mg/kg)
or vehicle during the availability of A) 0.1 mg/kg/inj of cocaine (n=5) or B) sucrose pellets
(n=4). * p<0.05 comparing mean response rates on the corresponding day after vehicle
treatment. + p<0.05 comparing mean response rates after CJB 090 treatment on day 1.
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Figure 5.
Effects of CJB 090 on reinstatement of drug-seeking induced by cocaine priming and the
presentation of a cocaine cue. Point above SA: response rate during cocaine SA. Point above
EXT: response rate during extinction of cocaine-seeking behavior. Right panel: Comparison
of response rates after pretreatments during sequential components after priming with 0.30 or
1.0 mg/kg cocaine. * p<0.05 comparing response rates for the corresponding component after
vehicle treatment (n=6), Bonferroni t-test.

Achat-Mendes et al. Page 19

Psychopharmacology (Berl). Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Achat-Mendes et al. Page 20

Table 1
ED50 values (doses estimated to engender 50% drug-lever responses) for cocaine, PD 128907 and sumanirole following
pretreatment with vehicle or 17.8 mg/kg of CJB 090. Values are means (± SEM) determined from individual dose-
response functions of squirrel monkeys (n=5 or 6).

Agonist
ED50 (mg/kg)

Vehicle CJB 090 (17.8 mg/kg)

Cocaine 0.11 ± 0.01 0.40 ± 0.06*

PD 128907 0.17 ± 0.02 0.55 ± 0.14*

Sumanirole 2.26 ± 0.24 1.63 ± 0.17†

*
significant increase compared to vehicle pretreatment (p<0.05).

†
significant decrease compared to vehicle pretreatment (p<0.05).
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