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Abstract 

Within the Group I family of metabotropic glutamate receptors (mGluRs), substantial evidence 

points to a role for mGluR5 mechanisms in cocaine’s abuse-related behavioral effects, but less is 

understood about the contribution of mGluR1, which also belongs to the Group I mGluR family. 

The selective mGluR1 antagonist, JNJ16259685, [(3,4-dihydro-2H-pyrano-[2,3-b]quinolin-7-yl)-

(cis-4-methoxycyclohexyl)-methanone] was used to investigate the role of mGluR1 receptors in 

the behavioral effects of cocaine and methamphetamine. In drug discrimination experiments, 

squirrel monkeys were trained to discriminate cocaine from saline using a two-lever, food-

reinforced operant procedure. JNJ16259685 (0.56 mg/kg) pretreatments significantly attenuated 

cocaine’s discriminative stimulus effects and the cocaine-like discriminative stimulus effects of 

methamphetamine. In monkeys trained to self-administer cocaine or methamphetamine under a 

second-order schedule of intravenous drug injection, JNJ16259685 (0.56 mg/kg) significantly 

reduced drug-reinforced responding, resulting in a downward displacement of dose-response 

functions.  In reinstatement studies, intravenous priming with cocaine accompanied by 

restoration of a cocaine-paired stimulus reinstated extinguished cocaine-seeking behavior, which 

was significantly attenuated by JNJ16259685 (0.56 mg/kg). Finally, in experiments involving 

food rather than drug self-administration, cocaine and methamphetamine increased the rate of 

responding, and the rate-increasing effects of both psychostimulants were significantly 

attenuated by JNJ16259685 (0.3 mg/kg). At the doses tested, JNJ16259685 did not significantly 

suppress food-reinforced behavior (drug discrimination or fixed-interval schedule of food 

delivery), but did significantly reduce species-typical locomotor activity in observational studies. 

To the extent that the psychostimulant-antagonist effects of JNJ16259685 are independent of 
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motor function suppression, further research is warranted to investigate other mGluR1 

antagonists for potential therapeutic value in psychostimulant abuse. 
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Introduction 
 

Robust glutamatergic innervation of mesocorticolimbic dopamine regions provides an 

anatomical basis for interactions between glutamate and dopamine that contribute to the 

addictive effects of drugs of abuse (Kenny and Markou, 2004). Of the three main groups of G-

protein coupled metabotropic glutamate receptors (mGluRs), the Group I family (comprising 

mGluR1 and 5 subtypes) has been implicated frequently in abuse-related behavioral effects of 

cocaine (Bird and Lawrence, 2009). Further, Group I mGluRs are expressed in brain regions 

implicated in the pathology of drug addiction, including the ventral tegmental area, nucleus 

accumbens (NAc), basolateral and central nuclei of the amygdala, hippocampus and prefrontal 

cortex (Kenny and Markou, 2004; Mitrano and Smith, 2007) and have therefore been proposed 

as potentially important in mediating the reinforcing effects of substances of abuse (Bird and 

Lawrence, 2009; Kenny and Markou, 2004; Olive, 2009).  

Of the Group I family, the mGluR5 subtype has been extensively investigated and 

consistently found to play a role in substance abuse (see Bird and Lawrence, 2009 for review), 

whereas comparatively less is known on the influence of the mGluR1 subtype. The available 

preclinical evidence suggests, however, that mGluR1 activity can modulate some behavioral 

effects of drugs of abuse in rodents. For example, pharmacological inhibition of mGluR1 can 

attenuate ethanol-induced place preference and ethanol self-administration (Besheer et al. 2008; 

Lominac et al. 2006). Regarding psychostimulants, inhibition of mGluR1 activity blocked 

cocaine-induced psychomotor sensitization (Dravolina et al. 2006; Kotlinska and Bochenski, 

2011) as well as methamphetamine-induced hyperlocomotion (Satow et al. 2008), and 

amphetamine-induced locomotor activity was greater in mGluR1 knockout mice compared to 

their wild-type littermates (Mao et al. 2001). In reinstatement studies, cue-induced reinstatement 
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of cocaine seeking (Xie et al. 2010 and 2012), and nicotine-induced reinstatement of nicotine 

seeking (Dravolina et al., 2007) were also attenuated by mGluR1 antagonists. In addition, 

emerging evidence at the molecular level implicates mGluR1 in the regulation of cocaine’s long-

term effects since it has been shown that pharmacological manipulation of mGluR1 activity can 

alter cocaine-induced trafficking of the AMPA receptors (McCutcheon et al. 2011), which are 

ligand-gated ionotropic glutamatergic receptors critical for cocaine-induced synaptic plasticity 

(Tzschentke and Schmidt, 2003). 

The purpose of the present study was to further characterize the role of the Group I 

family of glutamate receptors in the abuse-related behavioral effects of cocaine and 

methamphetamine. We investigated the contribution of the mGluR1 subtype using an antagonist-

based strategy in relevant nonhuman primate behavioral models. Pharmacological blockade of 

mGluR1 was achieved by administration of JNJ16259685, a selective mGluR1 antagonist that 

exhibits ~1000-fold selectivity over mGluR5 (Lavreysen et al., 2004). Specifically, this study 

investigated the impact of JNJ16259685 on: 1) cocaine’s DS effects and the cocaine-like DS 

effects of methamphetamine, 2) the reinforcing effects of cocaine and methamphetamine, 3) the 

priming effects of cocaine and a cocaine-paired stimulus in the reinstatement of drug-seeking 

behavior, and 4) the behavioral stimulant (response rate-increasing) effects of cocaine and 

methamphetamine on food-reinforced operant behavior. Quantitative observational studies also 

determined the effects of JNJ16259685 on a range of species-typical unconditioned behaviors.
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Materials and Methods 

Subjects 

Adult male squirrel monkeys (Saimiri sciureus) weighing 0.8–1.2 kg were housed in a 

climate-controlled vivarium, where they had unlimited access to water and received a 

nutritionally balanced diet of monkey chow (Teklad, Madison, WI) supplemented with fresh 

fruit. A total of 25 monkeys were studied, with groups of four to six monkeys serving as subjects 

in each experiment. Animals in cocaine discrimination and food reinforcement experiments were 

maintained at 90-95% of their free-feeding body weights by adjusting access to food in the home 

cages. All monkeys were maintained in accordance with the Guide for the Care and Use of 

Laboratory Animals (Institute of Laboratory Animal Resources, Commission on Life Sciences, 

National Research Council, National Academies Press, Washington, DC, 8th edition, revised 

2011) and the guidelines of the Committee on Animals of Harvard Medical School, and research 

protocols were approved by the Harvard Medical School Institutional Animal Care and Use 

Committee. 

 

Surgery 

In experiments involving drug self-administration, indwelling venous catheters were 

implanted using aseptic surgical procedures as previously described (Platt et al. 2011). Briefly, 

monkeys were anesthetized with isoflurane, and the catheter was passed via a femoral or jugular 

vein to the level of the right atrium. The distal end of the catheter was then passed 

subcutaneously to the mid-scapular exit point. Catheters were flushed daily with 0.9% saline 

solution and sealed with stainless-steel obturators when not in use. Monkeys wore nylon-mesh 

jackets (Lomir Biomedical, Canada) at all times to protect the catheter. 
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Apparatus 

With the exception of observational studies, all experiments were conducted in ventilated 

sound-attenuated chambers (Med Associates, St Albans, VT), which were equipped with white 

noise to mask external sounds. Within the chambers, monkeys were seated in chairs (Med 

Associates) facing a panel that was equipped with response levers and stimulus lights above the 

levers. In experiments with catheterized subjects, catheters were connected to motor-driven 

syringe pumps (Med Associates) located outside the chamber. Each operation of the pump 

delivered a 1-s infusion of 0.18 ml saline, cocaine or methamphetamine solution into the 

catheter. In drug discrimination and food reinforcement 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. Observational studies were conducted in a 

ventilated, transparent Plexiglas arena (114 x 122 x 213 cm) situated in a lighted room, separate 

from other animals (Platt et al. 2000). The arena was equipped with perches, suspended plastic 

chains, manipulable devices and a wood-chip foraging substrate to permit a range of species-

typical behaviors. A video camera was positioned 1 m in front of the chamber to provide an 

archival record of each subject’s behavior during the session. 

 

Cocaine Discrimination 

Six monkeys were trained to discriminate cocaine from vehicle (0.9% saline solution) 

injections using procedures similar to those described by Spealman et al. (1991). Briefly, 10 

consecutive responses (FR10) on one lever (counterbalanced across subjects) produced a sucrose 
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pellet if cocaine was injected, whereas 10 consecutive responses on the other lever produced a 

sucrose pellet if vehicle was injected. Each response on the inappropriate lever reset the FR10 

requirement. Delivery of each sucrose pellet was followed by a 10-s 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. Components 

were terminated following delivery of the 10th reinforcer or 5-min, whichever occurred first. 

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 5 min before the nth component. Occasionally saline was administered before all 

components to avoid invariant association with drug and the last component. The training dose 

of cocaine was 0.30 mg/kg in 4 subjects but was increased by ~1/8 of a log unit to 0.42 mg/kg in 

2 subjects in order to achieve the performance criteria (see below) for testing. These training 

doses remained constant for the duration of the study.  

Drug testing began when monkeys made ≥90% of responses on the injection-appropriate 

lever for at least three consecutive sessions, permitting test sessions to be conducted at 

approximately weekly intervals. Test sessions consisted of four components, each preceded by 

an extended TO (10-min). In each component, completion of the FR10 on either lever resulted in 

delivery of a sucrose pellet. Dose-response functions for cocaine and methamphetamine were 

determined using a cumulative-dosing procedure in which incremental doses of cocaine or 

methamphetamine (1/4-1/2 log unit increments) were injected at the 5-min point of the TO 

periods that preceded sequential components of a test session. To achieve a five-point cumulative 

dose-response function which included saline injections, there were two rounds of test sessions 
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in which an overlapping range of doses were tested.  In experiments involving drug 

pretreatments, JNJ16259685 (0.18 and 0.56 mg/kg) or vehicle was administered 25 min prior to 

the start of the test session. The pretreatment interval was chosen based on experiments in which 

JNJ16259685’s effects were observed in rhesus monkeys between 10 and 90 min post-treatment 

(Yamasaki et al. 2012). 

 

Drug Self-Administration 

Monkeys were trained to self-administer cocaine (0.1 mg/kg/injection; n=6) or 

methamphetamine (0.03 mg/kg/injection; n=6) by pressing a lever under a second-order fixed-

interval (FI) fixed-ratio (FR) schedule of i.v. drug injection similar to the schedule described by 

Achat-Mendes et al. (2010). Briefly, in the presence of a white light, completion of every 10th 

response during a 5-min FI resulted in a 2-s change in illumination from white to red. 

Completion of the first FR following expiration of the FI resulted in an i.v. injection of cocaine 

or methamphetamine simultaneous with the onset of a 2-s red light (the drug-paired stimulus). A 

60-s TO period, during which all lights were off and responses had no scheduled consequences, 

followed each drug injection. If the FR requirement was not completed within 8 min following 

the expiration of the FI (limited hold), the component ended automatically without an injection. 

Daily sessions ended after completion of ten cycles of the second-order schedule or a maximum 

of 90 min, whichever occurred first.  

To investigate the effects of JNJ16259685 on the reinforcing effects of cocaine and 

methamphetamine, doses of self-administered drug that varied over a 10-fold range for both 

cocaine (0.03, 0.1 and 0.3 mg/kg/injection) and methamphetamine (0.01, 0.03 and 0.10 

mg/kg/injection) were first evaluated. Prior to a test session, stable baseline response rates were 
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maintained in which no systematic increase or decrease in the rate of responding was observed 

for a minimum of 3 consecutive sessions. During test sessions, JNJ16259685 (0.10 - 0.56 mg/kg) 

or its vehicle was administered as an i.m. treatment 25 min prior to the start of the self-

administration session. Each dose of JNJ 16259685 was studied once in each monkey, and 

different doses of JNJ16259685 and self-administered drug were studied in a counterbalanced 

order among subjects. Following a test session, subjects underwent approximately 2-3 weeks of 

self-administration without drug pretreatment to reacquire baseline rates of responding. 

 

Reinstatement of Drug Seeking 

Reinstatement studies were conducted in four monkeys trained to self-administer cocaine 

using second-order schedule parameters and procedures identical to those described above.  

Once stable response rates were established (criteria as described previously) extinction of 

cocaine-seeking behavior took place during daily sessions in which lever pressing produced 

saline instead of cocaine injections and the cocaine-paired stimulus was omitted; all other 

conditions remained unchanged. Extinction sessions were conducted daily until responding 

declined and stabilized at ≤10% of the response rate maintained by cocaine self-administration 

(at least 3 consecutive sessions), at which time reinstatement testing began. During reinstatement 

test sessions, only saline was available for self-administration, and the response-contingent 

presentations of the cocaine-paired stimulus were restored following a non-contingent priming 

injection of cocaine or saline. Earlier studies showed that robust reinstatement of cocaine-

seeking behavior in monkeys is achieved by i.v. priming with cocaine accompanied by 

restoration of the cocaine-paired stimulus (Spealman et al., 1999).  
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In addition to a saline prime, a range of priming doses of cocaine were evaluated for their 

ability to reinstate extinguished drug-seeking behavior. Cocaine and saline priming injections 

were administered i.v. immediately before the session followed by a saline flush to clear the 

catheter of residual drug solution. During testing, JNJ16259685 (0.56 mg/kg) or vehicle 

pretreatments were administered 25 min prior to an i.v. priming injection of cocaine (0.1- 1.0 

mg/kg). Because priming with saline did not induce significant reinstatement of cocaine seeking, 

JNJ16259685 pretreatments were administered only prior to priming injections of cocaine. The 

effects of Different doses of cocaine and JNJ16259685 were tested on different days, with each 

test session separated by three or more extinction sessions as described above.     

  

Food-reinforced behavior 

To investigate the effects of JNJ16259685 on the behavioral stimulant (rate-increasing) 

effects of cocaine and methamphetamine on schedule-controlled behavior, four monkeys were 

trained to respond under a second-order schedule of food presentation with schedule parameters 

identical to the second-order schedule of drug self-administration described above except 

completion of the first FR after expiration of the FI resulted in delivery of 3 sucrose pellets, 

instead of an injection, coinciding with the 2-s change in stimulus light. Test sessions were 

conducted when response rates were stable (criteria as described above). Prior to the start of the 

test session JNJ16259685 (0.30 mg/kg) or vehicle was administered as a pretreatment (25 min) 

followed by an injection of cocaine (0.1-1.0 mg/kg), methamphetamine (0.03-0.56 mg/kg) or 

vehicle immediately before the session.  
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Observational Studies 

Observation studies were conducted with four monkeys using procedures similar to those 

described by Lee et al. (2005). After habituation to the observation arena, handling and injection 

procedures, 30-min observation sessions were conducted daily, during which the animal's 

behavior was recorded continuously. Scoring of video recordings was conducted using the 

behavioral scoring system described by Platt et al. (2000) in which a range of species-typical 

behaviors (Table 1) were scored as either present or absent 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 from these data 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 monkey was 

removed from the observational arena by a trained handler and evaluated for ataxia [defined as 

the inability to balance on and/or grasp a stainless steel pole (56.0 cm in length; 1.0 cm in 

diameter) held in a horizontal plane] and muscle resistance (defined as resistance to hind limb 

extension). For ataxia, a score of 0 indicated that the monkey was able to balance normally on 

the pole, a score of 1 indicated inability to balance effectively, and a score of 2 indicated that the 

monkey could neither balance on nor grasp the pole. For muscle resistance, a score of 0 indicated 

no change in resistance to hind-limb extension, a score of +1 indicated increased resistance to 

extension and/or clinging to the grid floor, and a score of -1 indicated decreased resistance to 

extension and/or flaccidity. Drug test sessions were conducted twice a week with saline control 

sessions on intervening days. JNJ16259685 (0.18 - 0.56 mg/kg) was administered i.m. 25 min 

prior to placing the subject in the observation arena.  
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Drugs 

Cocaine hydrochloride and (+)-methamphetamine hydrochloride (Sigma-Aldrich, St. Louis, MO) 

were dissolved in 0.9% saline solution.  JNJ16259685 (Tocris, Ellisville, MO) was dissolved in 

45% (w/v) 2-hydroxypropyl-β-cyclodextrin. Injection volumes did not exceed 0.3 ml per i.m. 

injection or 0.18 ml per i.v injection. 

 

Data analysis   

In drug discrimination studies, the percentage of drug-lever responding was computed for 

individual subjects in each component of a test session, with the restriction that response rate was 

≥0.1 responses/s during the component. The mean percentage of drug-lever responding and SEM 

were then calculated for the group at each dose. The dose of a drug needed to engender 50% 

cocaine-appropriate responding (ED50) was estimated for individual subjects by linear regression 

analysis in cases where the linear ascending portion of the log dose-response function was 

defined by at least three data points or by linear interpolation in cases where the log dose-

response function was defined best by two points. The mean ± SEM ED50 value for each drug 

was determined by averaging ED50 values for individual subjects. Response rates in each 

component for individual subjects were calculated by dividing the total number of responses 

(regardless of lever) by the total component duration exclusive of timeout periods. Individual 

data were then averaged across subjects.  

In studies involving cocaine- and food-reinforced behavior under the second-order 

schedule, rates of responding were calculated for each session by dividing the total number of 

responses by the total elapsed time (excluding timeout periods) for individual subjects across the 

ten sequential components of the session as well as for the entire session. In observational 
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experiments, individual scores for each behavior were averaged across the three 5-min 

observation periods.  In each experiment, data from individual subjects were averaged to obtain 

group means. Data were analyzed using one-way or two-way repeated measures ANOVAs and 

further analyzed using a priori Bonferroni t-tests for planned comparisons. Criterion for 

significance was p < 0.05 for all analyses.  
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Results 

Effect of JNJ16259685 on the discriminative stimulus effects of cocaine and the cocaine-like 

effects of methamphetamine  

During baseline sessions on the days preceding drug test sessions, the training dose of 

cocaine (0.3 or 0.42 mg/kg depending on the monkey) engendered 96-98% responses on the 

cocaine-associated lever, whereas administration of saline engendered an average of only 1-6% 

responses on the cocaine-associated lever among individual monkeys   During test sessions, 

cocaine (cumulative doses: 0.03-0.56 mg/kg) preceded by an injection of vehicle (45% 2-

hydroxypropyl-β-cyclodextrin) engendered dose-related increases in cocaine-lever responding, 

with cumulative doses ≥ 0.3 mg/kg engendering nearly exclusive cocaine-lever responding and a 

dose of 0.03 mg/kg engendering nearly exclusive saline-lever responding (Figure 1A, upper 

panel, open circles).  

Pretreatment with JNJ16259685 (0.18 or 0.56 mg/kg) produced overall rightward shifts 

in the cumulative dose-response curve (Figure 1A, upper panel, closed symbols). Statistical 

analysis of the effects of JNJ16259685 by a two-way RM ANOVA revealed a main effect of 

JNJ16259685 [F (1,15)=6; p<0.05] and of cocaine [F (4,15)=38; p<0.001], and planned 

comparisons showed that pretreatment with 0.56 mg/kg JNJ16259685 significantly reduced the 

percentage of cocaine-lever responses engendered by cocaine doses of 0.1 – 0.3 mg/kg (p<0.05; 

Bonferroni t-test). Comparison of the average ED50 values for cocaine following pretreatment 

with vehicle or JNJ16259685 showed that the dose of cocaine required to engender 50% cocaine-

lever responding was increased ~1.5-fold (from 0.18 ± 0.03 mg/kg to 0.28 ± 0.03 mg/kg) as a 

result of pretreatment with 0.56 mg/kg JNJ16259685, but not as a result of pretreatment with 
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0.18 mg/kg JNJ16259685 (0.18 ± 0.03 mg/kg versus 0.19 ± 0.03 mg/kg). One-way RM ANOVA 

revealed a significant effect of JNJ16259685 on the ED50 for cocaine [F (2,5)= 9; p<0.01], and 

planned comparisons using  Bonferroni t-tests revealed that pretreatment with 0.56 mg/kg 

JNJ16259685 significantly increased the ED50 for cocaine. 

The rate of lever-pressing following vehicle pretreatment was characterized by an 

inverted U-shaped dose-response function (Figure 1A, lower panel, open circles), with doses of 

0.18 and 0.30 mg/kg cocaine producing maximum rates of responding. Pretreatment with 

JNJ16259685 shifted this dose-response function downward but did not significantly alter 

response rates engendered by saline injections and (Figure 1A, lower panel, leftmost symbols).  

Two-way RM ANOVA revealed significant effects of cocaine [F (4,15)=4; p<0.05] and of 

JNJ16259685 [F (1,15)=11; p<0.05] on the rate of responding. Bonferroni t-tests showed that 

response rates were significantly increased by cumulative doses of 0.18 and 0.3 mg/kg cocaine 

following vehicle pretreatment compared to saline following vehicle pretreatment ( p<0.05) and 

that the rate-increasing effects 0.18 and 0.30 mg/kg cocaine were significantly attenuated 

following pretreatment with 0.56 mg/kg of JNJ16259685 (p<0.05). 

Like cocaine, methamphetamine, following pretreatment with vehicle, engendered dose-

related increases in drug-lever responding, with cumulative doses ≥ 0.18 mg/kg 

methamphetamine engendering ≥ 90% drug-lever responding, and a dose of 0.03 mg/kg 

methamphetamine engendering nearly exclusive saline-lever responding (Figure 1B, upper 

panel, open symbols). Pretreatment with 0.18 mg/kg had minimal effects on the 

methamphetamine cumulative dose-response curve while 0.56 mg/kg JNJ16259685 resulted in a 

rightward shift (Figure 1B, upper panel, closed symbols). Two-way RM ANOVA revealed a 

main effect of methamphetamine [F (4,11)=60; p<0.001],  but not of JNJ16259685 [F (1,11)=3; 
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p>0.05]. Planned comparisons using a priori Bonferroni t-tests showed that the percentage of 

drug-lever responses engendered by 0.10 and 0.18 mg/kg methamphetamine was significantly 

reduced following pretreatment with JNJ16259685 (0.56 mg/kg) compared to pretreatment with 

vehicle (p<0.05). Further, the average dose of methamphetamine required to engender 50% drug-

lever responding was increased approximately ~1.9-fold [from 0.12 (± 0.01) mg/kg to 0.23 (± 

0.04) mg/kg] following pretreatment with JNJ16259685 (0.56 mg/kg) compared to pretreatment 

with vehicle. One-way RM ANOVA revealed an effect of JNJ16259685 (0.56 mg/kg) on the 

ED50 for methamphetamine that approached significance [F (1,11)= 6; p=0.05].  

Cumulative dosing with methamphetamine following vehicle pretreatment yielded a 

narrow range of response rates that was similar to the rate of responding following saline and 

vehicle treatment (Figure 1B, lower panel, open symbols). Pretreatment with JNJ16259685 (0.18 

and 0.56 mg/kg) did not alter response rates engendered by any dose of methamphetamine 

(Figure 1B, lower panel, closed symbols). Two-way RM ANOVA revealed significant effects of 

methamphetamine [F (4,16)=5; p<0.05], but not of JNJ16259685 [F (1,16)=0.6; p>0.05] on the 

rate of responding. Although response rates following administration of saline and the lowest 

dose of methamphetamine (0.03 mg/kg) appeared to be reduced by JNJ16259685 pretreatment, 

these  observations were not confirmed statistically (p>0.05; Bonferroni t-test).  

 

Effect of JNJ16259685 on cocaine and methamphetamine self-administration  

Cocaine maintained consistent self-administration under the second-order schedule 

throughout the study in all monkeys. Baseline response rates following vehicle pretreatment 

averaged 0.69 (± 0.10) responses/s for the group of six monkeys (Figure 2A, open bar). With rare 
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exceptions, all subjects self-administered the maximum possible number of injections per session 

(ten) under baseline conditions. Initial studies evaluating the effects of a range of doses of 

JNJ16259685 (0.10 – 0.56 mg/kg) while keeping the dose of self-administered cocaine constant 

at 0.1 mg/kg/injection revealed a dose-dependent decrease in the rate of cocaine-maintained 

responding (Figure 2A, closed bars). RM ANOVA showed a significant effect of JNJ16259685 

[F(3,15)=6; p<0.05], and Bonferroni t-tests showed that the rate of cocaine-maintained 

responding was significantly reduced following pretreatment with 0.56 mg/kg JNJ16259685 

compared to vehicle (p<0.05).  Doses of JNJ16259685 lower than 0.56 mg/kg resulted in an 

average of 8-10 injections/session while pretreatment with 0.56 mg/kg significantly reduced the 

number of self-administered cocaine injections [F(1,11)=11; p<0.05], data not shown.  

The effects of JNJ16259685 were further evaluated by testing a range of self-

administered doses of cocaine (0.03- 0.30 mg/kg/injection) following pretreatment with either 

vehicle or 0.56 mg/kg JNJ16259685. Following vehicle pretreatment, increasing cocaine doses 

produced a typical biphasic dose-response curve (Figure 2B), with maximum response rates 

maintained by an intermediate dose of cocaine (0.1 mg/kg/injection). Compared to vehicle, 

JNJ16259685 pretreatment resulted in a downward shift in the ascending limb of the cocaine 

dose-response curve. RM ANOVAs revealed a significant effect of JNJ16259685 dose 

[F(1,9)=26; p<0.05], cocaine dose [F(2,9)=8; p<0.05] and JNJ16259685 x cocaine interaction 

[F(2,9)=7; p<0.05] on response rates. Planned comparisons showed significant attenuation by 

JNJ16259685 of responding maintained by the 0.03 and 0.10 mg/kg/injection doses of self-

administered cocaine (p<0.05; Bonferroni t-tests).  Following vehicle pretreatment, the number 

of self-administered cocaine injections averaged 10 injections/session across the cocaine doses 

tested (Figure 2C). RM ANOVAs revealed a significant effect of JNJ16259685 on the number of 
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injections/session during self-administration of 0.03 mg/kg of cocaine [F(1,11)=9; p<0.05] and 

0.10 mg/kg of cocaine [F(1,11)=12; p<0.05], but not when 0.3 mg/kg of cocaine was available 

[F(1,11)=2; p>0.05]. 

Within-session analysis of the effects of JNJ16259685 across sequential components of 

the self-administration sessions revealed that compared to vehicle, pretreatment with 

JNJ16259685 resulted in response rates that were consistently lower when either the lower or the 

intermediate cocaine dose was available (Figure 2D). Two-way RM ANOVAs revealed a 

significant effect of JNJ16259685 [F(1,36)=8; p<0.05] and session component [F(9,36)=2; 

p<0.05] for 0.03 mg/kg/injection of cocaine as well as a significant effect of JNJ16259685 

[F(1,45)=19; p<0.05], session component [F(9,45)=7; p<0.001], and JNJ16259685 x component 

interaction [F(9,45)=4; p<0.05] for 0.10 mg/kg/injection of cocaine. For the highest cocaine dose 

tested, RM ANOVA revealed no main effect of JNJ16259685 on response rates [F(1,45)=1; 

p>0.05]. Planned comparisons showed that compared to vehicle, JNJ16259685 pretreatment 

significantly reduced the rate of responding during the 5th component of the cocaine (0.03 

mg/kg/injection) session and during the 4th through the 8th components of the cocaine (0.10 

mg/kg/injection) session; p<0.05, Bonferroni t-tests).  

In a separate group of monkeys methamphetamine, like cocaine, maintained consistent 

self-administration under the second-order schedule throughout the study. Methamphetamine 

(0.03 mg/kg/injection) engendered an average baseline response rate of 0.36 (± 0.06) responses/s 

following vehicle pretreatment for the group of six monkeys. Subjects typically self-administered 

8-10 injections/ session, depending on the individual monkey. The effects of JNJ16259685 on 

methamphetamine self-administration were evaluated by testing a range of doses of 

methamphetamine (0.01 – 0.10 mg/kg/injection) following pretreatment with either vehicle or 
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the dose of JNJ16259685 (0.56 mg/kg) that significantly attenuated the reinforcing effects of 

cocaine (above).  

Following pretreatment with vehicle, methamphetamine self-administration was 

characterized by a biphasic dose-response curve similar to that engendered by cocaine (Figure 

3A, open symbols), with maximum response rates maintained by the intermediate dose of 

methamphetamine (0.03 mg/kg/injection). Compared to vehicle pretreatment, JNJ16259685 

(0.56 mg/kg) produced an overall downward shift in the methamphetamine dose-response curve 

(Figure 3A, filled symbols).Two-way RM ANOVA revealed a significant effect of JNJ16259685 

[F(1,6)=12; p<0.05] but not methamphetamine dose [F(2,6)=4; p>0.05] and additional planned 

comparisons using Bonferroni t-tests showed that JNJ16259685 significantly attenuated the rate 

of responding maintained by 0.03 and 0.10 mg/kg/injection methamphetamine. For each dose of 

methamphetamine, JNJ16259685 pretreatment decreased the number of self-administered 

injections/session compared to vehicle (Figure 3B). RM ANOVAs revealed a significant effect 

of JNJ16259685 on injections/session during self-administration of 0.10 mg/kg/injection 

methamphetamine [F(1,11)=49; p<0.05] and an effect of JNJ16259685 on the number of 

injections/session that approached significance during self-administration of 0.03 

mg/kg/injection [F(1,11)=7; p=0.05] and 0.01 mg/kg/injection [F(1,11)=6; p=0.05] 

methamphetamine. 

Within-session analyses of response rates revealed that, compared to vehicle, 

JNJ16259685 produced downward shifts in the component-response curves during self-

administration of 0.01, 0.03 and0.10 mg/kg/injection of methamphetamine (Figure 3C). Two-

way RM ANOVAs revealed significant effects of JNJ16259685 on responding maintained by 

0.03 mg/kg/injection [F(1,45)=60; p<0.05], 0.10 mg/kg/injection [F(1,45)=7; p<0.05] and an 
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effect of JNJ16259685 that approached significance [F(1,45)=6; p=0.05] on responding 

maintained by 0.01 mg/kg. Planned comparisons by Bonferroni t-tests showed that compared to 

vehicle, pretreatment with JNJ16259685 significantly decreased response rates during the 2nd - 

9th components of the 0.03 mg/kg/injection session (p<0.05) and during the 8th - 10th component 

of the 0.1 mg/kg/injection session (p<0.05). 

 

Effect of JNJ16259685 on the reinstatement of cocaine seeking 

Reinstatement studies were conducted in 4 monkeys that were trained to self-administer 

cocaine under the second-order schedule described above and then underwent extinction training 

before subsequent testing.  During the self-administration phase of the study, cocaine (0.18 

mg/kg/injection) maintained consistent responding with an average response rate of 0.96 (±0.09) 

responses/s, and subjects typically self-administered the maximum possible number of injections 

per session. During extinction training, in which saline was substituted for cocaine and the 

cocaine-paired stimulus was omitted, responding declined and stabilized at a low rate of 0.03 

±0.02 responses/s (Figure 4A, open triangle). Priming with saline resulted in average response 

rates that were not significantly different from response rates yielded during extinction (Figure 

4A, closed triangle) and RM ANOVA of response rates revealed no significant difference 

between extinction and saline prime conditions [F(1,7)=2; p>0.05].  

In a pilot study with two monkeys, priming with 1.0 mg/kg cocaine accompanied by 

restoration of the cocaine-paired stimulus induced marked reinstatement of drug seeking, which 

was reduced by ~50% following  pretreatment with 0.56 mg/kg JNJ16259685(not shown).  

Consequently, this dose was used in a more comprehensive experiment in which JNJ16259685 
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and its vehicle were tested as a pretreatment prior to priming with increasing doses (0.1-1.0 

mg/kg) of cocaine. Priming with cocaine following vehicle pretreatment produced dose-related 

increases in the level of reinstated drug seeking (Figure 4A, open symbols). Pretreatment with 

JNJ16259685 (0.56 mg/kg) prior to cocaine priming attenuated cocaine-induced reinstatement of 

drug seeking (Figure 4A, filled symbols). Two-way RM ANOVA revealed a significant effect of 

JNJ16259685 [F(1,6)=18; p<0.05], cocaine [F(2,6)=17; p<0.05] and JNJ16259685 x cocaine 

interaction  [F(2,6)=7; p<0.05]. Planned comparisons using Bonferroni t-tests showed that, 

compared to vehicle, pretreatment with JNJ16259685 significantly attenuated the rate of 

responding induced by the highest priming dose of cocaine (1.0 mg/kg). 

Within-session analyses of the effects of JNJ16259685 across sequential components of 

the reinstatement session revealed that compared to vehicle, JNJ16259685 pretreatment 

produced a component-dependent reduction in response rate (Figure 4B). Two-way RM 

ANOVAs revealed significant effects of JNJ16259685 on the rate of responding [F(1,27)=15; 

p<0.05] and [F(1,27)=28; p<0.05] generated by 0.3 and 1.0 mg/kg cocaine priming doses 

respectively. There was no significant effect of JNJ16259685 pretreatment on cocaine (0.1 

mg/kg) primed reinstatement [F(1,27)=1; p>0.05]. Planned comparisons revealed that compared 

to vehicle, pretreatment with 0.56 mg/kg JNJ16259685 significantly reduced the rate of 

responding during the 2nd and 3rd components of the session following priming with 0.3 mg/kg 

cocaine and during the 3rd-8th components of the session following priming with 1.0 mg/kg 

cocaine (p<0.05, Bonferroni t-test).   
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Effect of JNJ16259685 on cocaine- and methamphetamine-induced increases in food-

maintained responding  

To evaluate the ability of JNJ16259685 to block the behavioral stimulant (response rate-

increasing) effects of cocaine and methamphetamine, JNJ16259685 (0.3 mg/kg) or vehicle was 

administered as a pretreatment before administration of saline or a range of doses of cocaine or 

methamphetamine in monkeys trained to respond under a second-order schedule of food 

reinforcement. Under baseline conditions, responding was maintained at an average rate of 0.57 

(± 0.09) responses/s. Pretreatment with JNJ16259685 in the absence of cocaine did not 

significantly affect the rate of responding compared to pretreatment with saline (Figure 5A, 

points above “Saline”). Pretreatment with JNJ16259685 did, however, attenuate the increases in 

response rate produced by maximally effective doses of cocaine (Figure 5A, closed symbols). 

Two-way RM ANOVA revealed a significant effect of cocaine [F(4,16)=8; p=0.001] and 

JNJ16259685 [F(1,16)=9; p<0.05], and planned comparisons showed that the increases in 

response rate produced by 0.30 and 0.56 mg/kg cocaine were significantly attenuated following 

pretreatment with JNJ16259685 compared to pretreatment with vehicle (p<0.05; Bonferroni t-

test).   

Methamphetamine also produced dose-related increases in the rate of responding (Figure 

5B, open symbols), which were attenuated by pretreatment with JNJ16259685 (Figure 5B, 

closed symbols). Two-way RM ANOVA revealed significant effects of methamphetamine 

[F(4,12)=3; p<0.05] and JNJ16259685 [F(1,12)=18; p<0.05] and planned comparisons by 

Bonferroni t-tests showed that, compared to saline control, 0.1 and 0.3 mg/kg methamphetamine 

significantly increased the rate of responding while pretreatment with JNJ16259685 significantly 

reduced methamphetamine’s rate-increasing effects (p<0.05). 
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Behavioral observations  

JNJ16259685 (0.18-0.56 mg/kg) administered 25 min before the observation session had 

no significant effect on the majority of behaviors examined, including self-directed behaviors, 

visual scanning and vocalization. JNJ16259685 also did not significantly affect, resting, static or 

procumbent postures, ataxia, muscle resistance or composite categories indicative of sedation 

(procumbent posture with ataxia) or catalepsy (static posture with muscle rigidity). JNJ16259685 

did, however, produce an overall reduction in the environmentally directed category of behavior, 

which was due primarily to a significant reduction in locomotion [F(3,12) = 23, p<0.05] and 

non-significant reductions in foraging [F(3,12) = 2, p>0.05] and object exploration [F(3,12) = 6, 

p>0.05]. Planned comparisons revealed significant attenuation in locomotion following 

pretreatment with 0.18, 0.3 and 0.56 mg/kg JNJ16259685 (p<0.05; Bonferroni t-test), but no 

significant attenuation in foraging or object exploration (Table 2). In two monkeys JNJ16259685 

(0.3 and 0.56 mg/kg) also induced emesis. 

 

 

 

Discussion 

 The principal findings in our study show that selective mGluR1 antagonism by 

JNJ16259685 attenuated: 1) the DS effects of cocaine and the cocaine-like DS effects of 

methamphetamine, 2) the self-administration of cocaine and methamphetamine, 3) the 

reinstatement of cocaine-seeking behavior, and 4) the rate-increasing (behavioral stimulant) 
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effects of cocaine and methamphetamine on food-reinforced operant behavior. Antagonism by 

JNJ16259685, however, was not without side effects, which included reduced locomotion and, in 

some cases, emesis. These results extend the evidence for the role of Group I glutamate receptors 

in abuse-related behavioral effects of psychostimulants by demonstrating that antagonism of the 

mGluR1 subtype can attenuate cocaine- and methamphetamine-induced behaviors, similar to the 

effects produced by antagonism of the mGluR5 subtype under similar testing conditions (Lee et 

al. 2005; Platt et al. 2008). Further, the findings from drug discrimination, self-administration 

and food reinforcement experiments revealed that the behavioral effects of cocaine and 

methamphetamine were similarly attenuated by JNJ16259685, suggesting that mGlur1 

antagonists may serve as functional antagonists of psychostimulant drugs regardless of whether 

these drugs act primarily by inhibiting dopamine uptake (cocaine) or stimulating dopamine 

release (methamphetamine). 

In drug discrimination experiments, attenuation of cocaine’s DS effects by JNJ16259685 

was accompanied by attenuation of the rate-increasing effects of cocaine, suggesting that the 

impact of JNJ16259685 was not the result of perceptual masking (cf. Gauvin and Young, 1989). 

Rather, the effects of JNJ16259685 appeared to be due to functional antagonism since both the 

DS effects of cocaine and the behavioral stimulant effects of cocaine were attenuated. Our 

finding that antagonism of the mGluR1 subtype by JNJ16259685 can block the DS effects of 

cocaine has not been reported previously.  Along these lines however, an earlier study using a 

similar experimental design showed that antagonism of the mGluR5 subtype by MPEP can 

similarly attenuate cocaine’s DS effects in monkeys (Lee et al. 2005). Together, these findings 

suggest that both subtypes of Group I mGluRs might contribute to the transduction of cocaine’s 

subjective effects. Our results also show antagonism of the cocaine-like DS effects of 
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methamphetamine by JNJ16259685, although comparison of the effects of MPEP showed no 

antagonism of methamphetamine’s DS effects in rats (Wooters et al. 2011). These apparently 

disparate observations could be due to a number of factors, notably the training drug (cocaine 

versus methamphetamine), species and subtype selectivity of the mGluR antagonist. 

Self-administration of cocaine and methamphetamine also was significantly attenuated 

following pretreatment with JNJ16259685, suggesting that blocking mGluR1 activity reduced 

the reinforcing effects of both psychostimulants. There appear to be no other published reports 

investigating the direct role of the mGluR1subtype in cocaine’s reinforcing effects, but mGluR1 

signaling has been implicated in the reinforcing effects of other drugs of abuse (Olive, 2009 for 

review). In a previous study in rats, for example, JNJ16259685 pretreatment significantly 

decreased the break point at which ethanol was self-administered under a progressive ratio 

schedule (Besheer et al. 2008).  

In our study, within-session analyses of the rate of responding during cocaine and 

methamphetamine self-administration revealed that the most prominent reductions in response 

rate by JNJ16259685 usually were observed during the middle and/or late portions of the self-

administration session, rather than at the beginning.  It is noteworthy that the rate of responding 

during the 1st component of the cocaine or methamphetamine self-administration session was 

not significantly affected by JNJ16259685 pretreatment. A possible explanation of this finding 

could be that the pretreatment time was too short such that JNJ16259685’s onset of action 

occurred after the 1st component of the session. However, in monkeys, JNJ16259685’s 

antagonism of mGluR1 was observed 10 minutes post-administration and was maintained for at 

least 90 minutes following pretreatments (Yamaskai et al. 2012).  The lack of significant effects 

of JNJ16259685 during the 1st component, prior to the 1st drug injection, suggests that the 
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significant attenuation in response rates in subsequent components were specific to the 

reinforcing effects of cocaine or methamphetamine and not due to a non-specific impairment of 

motor function by JNJ16259685. 

Reinstatement of extinguished drug-seeking behavior induced by cocaine priming and 

restoration of the cocaine-paired stimulus also was significantly attenuated by JNJ16259685, 

implicating the mGluR1 subtype. Within-session analysis during reinstatement sessions revealed 

that JNJ16259685 pretreatment reduced reinstated drug seeking beginning in components in 

which cocaine primes elicited the highest rates of responding, further supporting the cocaine 

antagonist properties of JNJ16259685. Similar to our findings, nicotine-seeking behavior 

induced by nicotine priming and nicotine-associated cues was attenuated by selective antagonism 

of mGluR1 in rats (Dravolina et al. 2007). Fuchs and colleagues also found that blocking 

mGluR1 activity in the dorsal hippocampus or the NAc core inhibited context-induced 

reinstatement of cocaine seeking (Xie et al. 2010, 2012). Our results are therefore consistent with 

recent reports that mGluR1 signaling might play a role in specific neural networks to mediate 

reactivity to cocaine-associated cues and subsequent relapse to cocaine seeking. 

In experiments involving food-reinforced behavior, intermediate doses of cocaine and 

methamphetamine significantly increased the rate of responding, and these rate-increasing 

effects were attenuated by JNJ16259685 pretreatment. These results are similar to the effects of 

JNJ16259685 in our drug discrimination study in which the rate-increasing effects of cocaine 

also were reduced by JNJ16259685 pretreatment. Consistent with our findings, inhibition of 

mGluR1 activity has been previously associated with a reduction in the locomotor stimulant 

effects of cocaine and methamphetamine in rats. For example, administration of the mGluR1 

antagonists, EMQMCM and FTIDC, blocked cocaine-induced psychomotor sensitization 
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(Dravolina et al. 2006; Kotlinska and Bochenski, 2011) and methamphetamine-induced 

hyperlocomotion (Satow et al. 2008).  

When administered alone, JNJ16259685 significantly reduced spontaneous locomotor 

activity in monkeys without markedly affecting other species-typical behaviors, balance or 

muscle resistance. These findings are generally in accord with those recently reported by 

Hodgson et al. (2011) in which a variety of motor activity assays were used in rodents. Hodgson 

et al. found that JNJ16259685 typically had little or no effect on well-established motor 

behavior, although it did affect the acquisition of novel motor skills. The main differences 

between our results and theirs are that we found a significant effect of JNJ16259685 on 

locomotion in monkeys whereas Hodgson et al. did not in rats. Despite attenuation of 

spontaneous locomotor activity in the observation studies, JNJ16259685 (0.3 mg/kg) did not 

significantly affect food-reinforced responding under the second-order schedule. Further, 

JNJ16259685 (0.56 mg/kg) did not significantly affect rates of responding when administered 

prior to saline in drug discrimination experiments and during the 1st component of drug self-

administration sessions, prior to the first drug injection. Collectively, these findings suggest that 

JNJ16259685 has a relatively restricted profile of effects on motor performance, significantly 

attenuating spontaneous locomotor activity while having minimal effects on locomotor activity 

under drug-reinforced operant conditioning parameters. 

The limited amount of research addressing the role of mGluR1, compared to the role of 

mGlur5, on abuse-related behavioral effects of cocaine and methamphetamine precludes direct 

comparisons of our findings with other animal models of psychostimulant self-administration, 

discrimination and relapse. Nevertheless, our findings extend the modulatory role of the Group I 

mGluRs in substance abuse by revealing that the effects of JNJ16259685 in the present study are 
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similar to the effects of mGluR5 antagonism on psychostimulant-induced behaviors. As in the 

case of mGluR1 antagonism, antagonism of the mGluR5 subtype significantly reduces cocaine 

self-administration behavior in monkeys (Lee et al. 2005; Platt et al. 2008) and rodents (Kenny et 

al. 2005; Martin-Fardon et al. 2009) and attenuates reinstatement of drug seeking induced by 

cocaine (Lee et al. 2005; Kumaresan et al. 2009) or methamphetamine (Gass et al. 2009).  

The precise mechanisms by which Group I mGluRs regulate the abuse-related behavioral 

effects of cocaine and methamphetamine remain to be determined. It has been shown, however, 

that Group I mGluR activity can influence striatal dopamine release (Bruton et al. 1999; 

Tokunaga et al. 2009). Moreover, under conditions of chronic cocaine exposure, Group I 

receptors can regulate the expression and function of the ionotropic class of glutamate receptors 

(Bellone and Lüscher, 2006; McCutcheon et al. 2011), which have been consistently linked to 

addiction (Tzschentke and Schmidt, 2003 review). It has also been proposed that molecular 

interactions between the mGluR1 and mGluR5, for example at Homer proteins where their 

distinct signaling pathways converge (Swanson et al. 2001), play an integral role in drug-induced 

synaptic plasticity and the subsequent addiction-related behaviors (see Grueter et al. 2007 for 

review).  Understanding the extent to which these related receptors alter psychostimulant-

induced behaviors could contribute to resolving neurobiological mechanisms underlying 

persistent drug use and help determine whether pharmacological agents acting at Group I mGluR 

subtypes have therapeutic potential for psychostimulant addiction. Although JNJ16259685, 

itself, is probably not a viable candidate medication due to side effects such as those observed in 

the present study (hypolocomotion, occasional emesis), other mGluR1 agents with more 

favorable side-effect profiles are currently under development (Krystal et al. 2010; Ribeiro et al. 

2010) and may be better suited to this purpose. 
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Figure Legends 

Figure 1. Effects of pretreatment with JNJ16259685 and vehicle on the discriminative 

stimulus effects of A) cocaine and B) the cocaine-like discriminative stimulus effects of 

methamphetamine in monkeys trained to discriminate cocaine from saline. Upper panels: 

percentage of responses on the cocaine-associated lever; Lower panels: rate of responding. Data 

are mean ± SEM. Points above “Saline” show the effects of pretreatment with vehicle or 

JNJ16259685 prior to saline. # p<0.05, effects of cocaine or methamphetamine compared to 

saline; * p<0.05, effects of pretreatment with JNJ16259685 compared to its vehicle; Bonferroni 

t-test. 

 

Figure 2. Effects of pretreatment with JNJ16259685 and vehicle on cocaine self-

administration under a second-order schedule of i.v. drug delivery.  A) JNJ16259685 dose-

response curve; the bar above “V” shows the effects of the JNJ16259685 vehicle. B) Cocaine 

dose-response function following pretreatment with JNJ16259685 or vehicle. C) Number of 

injections/session self-administered during cocaine availability. D) Within-session analyses 

showing effects of pretreatment with JNJ16259685 or vehicle on the rate of responding during 

sequential components of cocaine self-administration sessions. *p<0.05, effects of pretreatment 

with JNJ16259685 compared to vehicle, Bonferroni t-test.  

 

Figure 3. Effects of pretreatment with JNJ16259685 and vehicle on methamphetamine self-

administration under a second-order schedule of i.v. drug delivery.  A) Methamphetamine 

dose-response curve following pretreatment with JNJ16259685 or vehicle. B) Number of 
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injections/session self-administered during methamphetamine availability. C) Within-session 

analyses showing effects of pretreatment with JNJ16259685 or vehicle on the rate of responding 

during sequential components of methamphetamine self-administration sessions. *p<0.05, 

effects of pretreatment with JNJ16259685 compared to vehicle, Bonferroni t-test.  

 

Figure 4. Effects of pretreatment with JNJ16259685 and vehicle on reinstatement of drug 

seeking induced by cocaine priming and restoration of the cocaine-paired stimulus. A) 

Cocaine priming dose-response curve following pretreatment with JNJ16259685 or vehicle. The 

point above “Ext” shows the baseline response rate under extinction conditions. The point above 

“Sal” shows the response rate following priming with a saline injection. B) Within-session 

analyses showing effects of pretreatment with JNJ16259685 or vehicle on the rate of responding 

during sequential components of reinstatement test sessions. *p<0.05, effects of pretreatment 

with JNJ16259685 compared to vehicle, Bonferroni t-test.   

 

Figure 5. Effects of pretreatment with JNJ16259685 and vehicle on the behavioral 

stimulant effects of cocaine and methamphetamine under a second-order schedule of food 

delivery. A) Cocaine dose-response curve following pretreatment with JNJ16259685 or vehicle. 

B) Methamphetamine dose-response curve following pretreatment with JNJ16259685 or vehicle 

(right panel). Points above “Saline” show effects of pretreatment with JNJ16259685 or its 

vehicle prior to saline. # p<0.05, effects of cocaine or methamphetamine compared to saline; 

*p<0.05, effects of pretreatment with JNJ16259685 compared to pretreatment with vehicle; 

Bonferroni t-test. 
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Table 1 

Behavioral categories adapted from Platt et al. (2000). 

Behavioral categories Description 
Environment-directed: 
Locomotion  

 
Two or more directed steps in the horizontal or vertical plane  

Object exploration  Tactile or oral manipulation of features of the observational arena  
Foraging  Sweeping and/or picking through wood-chip substrate  

 
Self-directed: 
Self-grooming  

 
Picking, scraping, spreading, or licking of fur  

Scratching  Rapid movement of digits through fur in a rhythmic motion  
 

Visual scanning 
Vocalization 

Directed eye and/or head movements, usually from a sitting position.  
Any utterance including chirps, twitters, peeps, etc.  
 

 
Resting posture 

 
Species-typical posture associated with sleep: eyes closed, crouched 
on hind legs, hunched back, tail wrapped around upper body  

Static posture 
Procumbent posture 

Maintenance of a rigid, atypical posture  
Lying on cage floor or perch ; loose-limbed 
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Table 2 

Effects of JNJ1625985 on environmentally-directed behaviors 

JNJ1625985 dose 
(mg/kg) 

Locomotion Foraging Object exploration 

Vehicle 8 ± 1.8 0.2 ± 0.03 3.8 ± 3.5 

0.18 mg/kg 0.4 ± 0.6 * 0.2 ± 0.02 0.1 ± 0.1 

0.3 mg/kg 0.9 ± 0.8 * 0.1 ± 0.01 0.1 ± 0.3 

0.56 mg/kg 0.5 ± 0.5 * 0.1 ± 0.05 0.3 ± 0.8 

*p<0.05, effects of pretreatment with JNJ16259685 compared to pretreatment with vehicle; 

Bonferroni t-test. 
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