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Abstract

Background—Cannabinoid CB1 receptors play an essential role in drug addiction. Given the

side effect profiles of orthosteric CB1 antagonism, new strategies have been attempted to modulate

this target, such as CB1 receptor allosteric modulation. However, the effect of CB1 allosteric

modulation in drug addiction is unknown. The present study examined the effects of the CB1

receptor allosteric modulator ORG27569 on the reinstatement of cocaine- and methamphetamine-

seeking behavior in rats.

Methods—Rats were trained to self-administer 0.75 mg/kg cocaine or 0.05 mg/kg

methamphetamine in 2-hr daily sessions for 14 days which was followed by 7 days of extinction

sessions in which rats responded on the levers with no programmed consequences. On

reinstatement test sessions, rats were administered ORG27569 (1.0, 3.2, 5.6 mg/kg, i.p.) or

SR141716A (3.2 mg/kg, i.p.) 10 min prior to re-exposure to cocaine- or methamphetamine-paired

cues or a priming injection of cocaine (10 mg/kg, i.p.) or methamphetamine (1 mg/kg, i.p.).

Results—Both cues and a priming injection of cocaine or methamphetamine significantly

reinstated the extinguished active lever responding. Pretreatment with ORG27569 resulted in a

dose-related attenuation of both cue- and drug-induced reinstatement of cocaine- and
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methamphetamine-seeking behavior. SR141716A also exhibited similar inhibitory action on

reinstatement of drug-seeking behavior.

Conclusion—Negative allosteric modulation of CB1 receptors can produce similar functional

antagonism as orthosteric CB1 receptor antagonists on reinstatement of drug-seeking behavior.

Thus, ORG27569 or other negative allosteric modulators deserve further study as potentially

effective pharmacotherapy for drug addiction.
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1. INTRODUCTION

Cocaine and methamphetamine are two common addictive psychostimulants with high

prevalence and association with crime and violence (Anderson and Bokor, 2012). Although

great progress has been made in understanding the neuropharmacology of these

psychostimulants, to date there is no FDA-approved pharmacotherapy available for either

cocaine or methamphetamine addiction. One of the major problems in the treatment of drug

dependence is high rates of relapse even after prolonged drug abstinence (O’Brien, 1997).

This relapse to compulsive drug use can be triggered by re-exposure to stimuli previously

associated with drug-taking, or by re-exposure to drugs (deWit, 1996).

The endocannabinoid system has been implicated in a number of neuropsychiatric disorders,

including depression and drug addiction (Caroti et al., 2013). In particular, a wealth of

evidence demonstrates that the cannabinoid CB1 receptor is involved in brain reward

function (Wiskerke et al., 2008). For example, the selective cannabinoid CB1 receptor

antagonists SR141716A and AM251 reduced self-administration of palatable food and

several drugs of abuse, as well as reinstatement of food- and drug-seeking behaviors (Carai

et al., 2005; De Vries et al., 2001; Fattore et al., 2007), suggesting the potential utility of

CB1 receptor antagonists in the treatment of drug addiction and obesity. Unfortunately,

clinical research found that SR141716A can induce serious adverse psychiatric events,

including depression, anxiety and suicidal ideation (Kirilly et al., 2012), which prompted the

exploration of alternative strategies to modulate CB1 receptors.

Recently, a CB1 receptor allosteric modulating site has been discovered and several

allosteric modulators have been characterized in vitro (Navarro et al., 2009; Price et al.,

2005), including ORG 27569 (5-chloro-3-ethyl-1H-indole-2-carboxylic acid [2-(4-

piperidin-1-yl-phenyl)ethyl]amide). ORG 27569 is a highly selective CB1 receptor negative

allosteric modulator. Although the binding profile of ORG27569 on the CB1 receptor

modulating site has been characterized, it did not demonstrate appreciable binding on any of

the other receptors in a panel of 45 receptors and binding sites (Table 1S). ORG 27569 binds

to a site that partially overlaps with but is significantly different from the binding site of the

CB1 receptor orthosteric antagonist SR141716A (Shore et al., 2014). In in vitro studies,

ORG27569 decreases the efficacy of CB1 orthosteric agonist CP55940-induced G protein

signaling (Ahn et al., 2012). Biochemical characterization finds that ORG27569 induces

conformational changes of the CB1 receptor, which results in cellular internalization and
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downstream activation of ERK signaling (Ahn et al., 2012, 2013; Iliff et al., 2011).

However, it is unknown whether the allosteric modulators have behavioral significance in

animal models of drug addiction. Our recent study showed that ORG 27569 decreased

palatable and plain food intake and decreased the motivation of rats to self-administer

palatable food reward (data not published).

In the present study, we employed a reinstatement model to investigate the effect of ORG

27569 on the reinstatement to cocaine- and methamphetamine-seeking behavior. In this

procedure, following a period of extinction of drug-taking behavior that was previously

maintained by cocaine or methamphetamine, the relapse behavior is induced by drug or cue

previously paired with drug taking. For comparison purpose, effect of the cannabinoid CB1

receptor antagonist SR141716A was also examined.

2. METHODS

2.1. Subjects

Adult male Sprague-Dawley rats (Harlan, Indianapolis, IN) weighing 280-300 g were used

in the study. Animals were housed individually on a 12/12 hr light/dark cycle (behavioral

experiments were conducted during the light period) with free access to water and food

except during experimental sessions. Animals were maintained and experiments conducted

in accordance with the Institutional Animal Care and Use Committee, University at Buffalo,

and with the 2011 Guide for the Care and Use of Laboratory Animals (Institute of

Laboratory Animal Resources on Life Sciences, National Research Council, National

Academy of Sciences, Washington DC).

2.2. Apparatus

Self-administration chambers (30×20×20 cm, Med Associates, St Albans, Vermont, USA)

were placed within sound-attenuating cubicles equipped with a house light and an exhaust

fan. Each chamber contained two retractable levers and two stimulus lights. In addition,

each chamber was equipped with a balanced metal arm and spring leash attached to a

swivel. Tygon tubing extended through the leash and was connected to a 10 ml syringe

mounted on an infusion pump located outside the sound attenuating cubicle. Before each

session, vascular access harnesses were connected to the tygon tubing. Cocaine (2.5 mg/ml),

methamphetamine (0.25 mg/ml) or saline was infused at a rate of 17.77 μl per sec driven by

syringe pumps.

2.3. Drugs

ORG 27569 and SR141716A were dissolved in a 1:1:18 mixture of ethanol, emulphor and

saline and administered i.p. Cocaine hydrochloride (2.5 mg/ml) and methamphetamine

hydrochloride (0.25 mg/ml) were dissolved in 0.9% saline.

2.4. Catheterization surgery

Rats were anesthetized with ketamine/xylazine (72.0 mg/kg and 6.0 mg/kg, i.p.,

respectively). One end of the catheter was inserted 3 cm into the right external jugular vein.

The other end ran subcutaneously and exited from a small incision in the animal’s back.
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This end attached to an infusion harness that provided access to an external port for

intravenous drug delivery. Catheters were flushed every day until the completion of the

experiments with 0.2-ml solution of enrofloxacin (4.54 mg/ml) mixed in a heparinized saline

solution (50 IU/ml in 0.9% sterile saline) to preserve catheter patency.

2.5. Cocaine and methamphetamine self-administration training and extinction

Cocaine and methamphetamine self-administration were carried out according to our

previous study (Thorn et al., 2014). After a one-week acclimatization period, animals were

food-restricted (14 g/day standard rodent chow) and were given 1-hr (or until rats earned

100 reinforcers) daily sessions of autoshaping for 45 mg food pellets under a fixed ratio

(FR) 1 time-out 5-sec schedule. The right lever was designated active and each response to

the active lever resulted in the delivery of one food pellet. Responses on the inactive lever

were recorded, but had no programmed consequence. The requirement was gradually

increased to a terminal value of FR 5. Rats were trained under this schedule until stable

levels of responding were obtained (less than 15% variation in total responding over 3 days).

Two days following the lever-press training and free access to food, rats then were

surgically implanted with a chronic indwelling jugular catheter.

Following a one-week recovery period, rats were trained to press the active lever for

infusion of cocaine (0.75 mg/kg/inf) or methamphetamine (0.05 mg/kg/inf) under an FR 5

schedule during daily 2-hr sessions for 14 days. Reinforcer deliveries were accompanied by

the presentation of a stimulus light over the active lever followed by a 30-s time-out period

during which lever presses had no programmed consequence. A maximum of 40 reinforcers

were available per session. All rats acquired reliable drug self-administration behavior in

this study. One rat received a second catheter in the opposite jugular vein in this study due to

the loss of patency of the original catheter. This rat was allowed 2 days of recovery after the

new catheter was implanted.

Following acquisition of cocaine or methamphetamine self-administration, extinction of

drug-seeking behavior took place during 2-hr daily sessions in which lever pressing

produced saline instead of cocaine or methamphetamine injection, and the cocaine/

methamphetamine-paired stimulus light was omitted. All other conditions remained

unchanged. After 7 days of extinction, all rats reached the extinction criteria (reinforcers

declined and stabilized at 5 or fewer saline infusions in each of 3 consecutive sessions).

2.6. Reinstatement of drug-seeking behavior

Cue-induced reinstatement test was conducted on the day following the last extinction

session. Rats were pretreated with saline, ORG 27569 (1.0, 3.2, 5.6 mg/kg) or SR141716A

(3.2 mg/kg) 10 min before the start of the test session. During the session, completion of the

ratio requirement resulted in illumination of the previously drug-paired lights. Extinction

sessions were conducted again for two consecutive days following cue-induced

reinstatement test, and then the rats were tested for drug priming-induced reinstatement (Cox

et al., 2013). The added two extinction sessions were sufficient to reduce the reinstated

responding to meet the extinction criteria. Rats were pretreated with saline, ORG 27569

(1.0, 3.2, 5.6 mg/kg) or SR141716A (3.2 mg/kg) 10 min prior to a priming injection of
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either cocaine (10 mg/kg, i.p.) or methamphetamine (1 mg/kg, i.p.) administered

immediately before the start of the reinstatement session.

2.7. Statistical analyses

Data are expressed as mean ± S.E.M. Differences in active lever responding between the last

extinction session and reinstatement session were determined with paired t tests (within

subjects comparison). The effects of ORG 27569 or SR141716A on reinstatement were

analyzed by a one-way analysis of variance (ANOVA) followed by post hoc Bonferroni’s

test (between subjects comparison). P < 0.05 was considered statistically significant.

3. RESULTS

3.1. Effect of ORG 27569 on cocaine associated cue-induced reinstatement

Rats earned an average of 26 (±0.8) infusions of cocaine (0.75 mg/kg/inf) during the 2-hr

session under an FR 5 schedule on the final day of self-administration. Replacing cocaine

infusions with saline infusions and omission of the associated stimulus lights significantly

reduced responding on the active lever during extinction sessions. On the last extinction

session, the animals earned an average of 3 (±0.3) saline infusions. Rats were then divided

into five groups. There were no significant differences in the total number of injections on

the last self-administration session (one-way ANOVA: F (4, 38) =1.161, p > 0.05) (Table

S21), total active lever responses on the first extinction session (one-way ANOVA: F (4, 38)

=0.106, p > 0.05) (Table S22) and total active lever responses on the last extinction session

(range of group average responses: 19-22) [one-way ANOVA: F (4, 38) =0.141, p > 0.05,

left side of dash line, Fig 1A]. When rats were re-exposed to cocaine-associated cues,

responding on the active lever was reinstated [t=2.801, p < 0.05, right side of dash line in

Fig 1A]. A one-way ANOVA revealed the significant differences in active-lever presses

among groups [F (4, 38) =6.042, p < 0.001]. Post hoc tests showed that ORG 27569 at both

the 3.2 and 5.6 mg/kg doses significantly attenuated reinstatement as compared to saline

treatment (p < 0.05 and p < 0.001, respectively). SR141716A also attenuated cue-induced

reinstatement of cocaine-seeking behavior (p < 0.05).

3.2. Effect of ORG 27569 on cocaine priming-induced reinstatement

Two extinction sessions were conducted again following cue-induced reinstatement, and

then the rats were tested for cocaine priming-induced reinstatement. A one-way ANOVA

revealed that there were no differences in baseline active lever responding (the responses on

the last extinction session before cocaine-induced reinstatement) among five groups (range

of group average responses: 13-19) [one-way ANOVA: F (4, 38) =1.031, p > 0.05, left side

of dash line, Fig 1B]. A single injection of 10 mg/kg cocaine robustly reinstated responding

on the previously active lever [t=5.939, p < 0.001, right side of dash line in Fig 1B]. ORG

27569 attenuated cocaine priming-induced reinstatement in a dose-dependent manner (one-

way ANOVA: F (4, 38) = 8.237, p < 0.001), with 3.2 and 5.6 mg/kg of ORG 27569 showing

a significant decrease in active lever responding (p < 0.05 and p < 0.001, respectively).

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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SR141716A also significantly reduced the reinstatement of cocaine-seeking behavior

induced by cocaine priming (p < 0.05).

3.3. Effect of ORG 27569 on methamphetamine associated cue-induced reinstatement

On the last self-administration session, rats earned 14 (±1.9) infusions of methamphetamine

(0.05 mg/kg/inf). After 7 days of extinction, the reinforcers dropped to 2 (±0.3) saline

infusions, demonstrating a clear behavioral extinction. There were no significant differences

in the total number of injections on the last self-administration session (one-way ANOVA: F

(4, 29) =0.014, p > 0.05) (Table S3), total number of active lever responses on the first

extinction session (one-way ANOVA: F (4, 29) =0.082, p > 0.05) (Table S3), and total

number of active-lever responses on the last extinction session among all treatment groups

(range of group average responses: 14-15) [one-way ANOVA: F (4, 29) =0.033, p > 0.05,

left side of dash line, Fig 2A]. As expected, the presence of methamphetamine-associated

cues significantly increased the active lever responding [t=4.384, p < 0.01, right side of dash

line in Fig 2A]. A one-way ANOVA revealed that ORG 27569 dose-dependently attenuated

cue-induced active lever responding [F (4, 29) =5.61, p < 0.01]. Post hoc analyses indicated

that 3.2 and 5.6 mg/kg ORG 27569 significantly attenuated cue-induced reinstatement of

methamphetamine seeking behavior (p < 0.05 and p < 0.01, respectively). Like ORG 27569,

SR141716A also reduced cue-induced reinstatement behavior as compared to saline

treatment (p < 0.01).

3.4. Effect of ORG 27569 on methamphetamine priming-induced reinstatement

Following cue-induced reinstatement of methamphetamine-seeking behavior, two more

extinction sessions further decreased the active lever responses. A priming injection of 1

mg/kg methamphetamine (i.p.) significantly reinstated the active lever responding [t=4.283,

p < 0.01, left side of dash line, Fig 2B]. There were no differences in active-lever responses

among all groups before the priming reinstatement test (range of group average responses:

16-20) [one-way ANOVA: F (4, 29) =0.268, p > 0.05]. A one-way ANOVA revealed that

there were significant differences among all treatment groups [F (4, 29) = 6.847, p < 0.001].

Post hoc analyses indicated that 5.6 mg/kg ORG 27569 and 3.2 mg/kg SR141716A

significantly reduced methamphetamine-primed reinstatement of methamphetamine-seeking

behavior (p < 0.01 for both).

4. DISCUSSION

The primary finding of the current study was that a CB1 receptor negative modulator

ORG27569 dose-dependently attenuated both cue- and drug-induced reinstatement of

cocaine- and methamphetamine-seeking behaviors. This represents the first in vivo

assessment of a CB1 receptor negative modulator in an animal model of drug relapse and

suggests that functional modulation of the CB1 receptor allosteric binding site may be a

useful strategy against drug addiction.

A large body of literature demonstrates that the endocannabinoid system and cannabinoid

receptors play a key role in reward mechanisms in brain (Cheer et al., 2000; Gardner, 2005).

Drugs acting at cannabinoid receptors can modulate addiction-related behavioral effects in
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rodents and nonhuman primates, especially reinstatement to drug-seeking behavior. For

example, CB1 receptor agonist HU210 reinstates cocaine seeking after prolonged

withdrawal period, which is reversed by the selective CB1 receptor antagonist SR141716A

(De Vries et al., 2001). Blockade of CB1 receptors by SR141716A or AM251, or CB1

receptor knockout mice reduces the reinforcing effects and the motivation for drug intake

(Orio et al., 2009; Soria et al., 2005; Xi et al., 2008) of a variety of addictive drugs,

including heroin (Navarro et al., 2001; Solinas et al., 2003), morphine (Navarro et al., 2001),

nicotine (Cohen et al., 2002) and methamphetamine (Schindler et al., 2010; Vinklerova et

al., 2002) in laboratory animals. In addition, SR141716A or AM251 prevents cue-induced

reinstatement of cocaine- (Adamczyk et al., 2012; De Vries et al., 2001; Filip et al., 2006;

Ward et al., 2009), heroin- (Alvarez-Jaimes et al., 2008), methamphetamine- (Anggadiredja

et al., 2004) and nicotine-seeking (Cohen et al., 2005, 2002) behavior in rats and mice, and

attenuates reinstatement of cocaine- (Adamczyk et al., 2012; De Vries et al., 2001), heroin-

(Fattore et al., 2005) and methamphetamine-seeking (Schindler et al., 2010) behavior

induced by priming drug injection in rats and nonhuman primates.

Although accumulating evidence supports the potential anti-relapse effect of SR141716A,

severe adverse events led to the withdrawal of rimonabant from the market worldwide

(Sanofi Aventis, 2008). The recent discovery of CB1 negative allosteric modulators marks a

significant progress in the neuropharmacology of the endocannabinoid system. However, the

behavioral pharmacology of CB1 receptor allosteric modulators is largely unclear. So far,

there is only one in vivo study of such compounds (Gamage et al., 2014). The present study

examined whether the allosteric modulator ORG 27569 inhibits reinstatement of responding

by cocaine and methamphetamine in rats with a history of drug self-administration. Both

cocaine and methamphetamine maintained reliable and high level of self-administration

behavior. After 7 days of extinction, the reinforcers earned declined to lower than 5

infusions. When rats were re-exposed to drug paired cues or priming injection, they

exhibited significant reinstatement responding. Different doses of ORG 27569 were

administered before the reinstatement test. Besides, SR141716A was employed as a positive

control based on previous reports (De Vries et al., 2001; Ward et al., 2009). Our findings

demonstrated that ORG 27569 significantly and dose-dependently attenuated cocaine- and

methamphetamine-seeking behavior elicited either by drug-paired cues or by priming

injection of the drugs. SR141716A also reduced reinstatement to cocaine- and

methamphetamine-seeking behavior in both conditions, which is consistent with the

literature (Anggadiredja et al., 2004; De Vries et al., 2001). It is important to note that the

reduction of ORG 27569 on active lever responding was not due to general behavioral

suppression. In a different study, we found that at a higher dose than the doses used in this

study (10 mg/kg) ORG 27569 had no significant effect on food maintained operant

responding in rats (data not shown). Likewise, a recent report showed that 30 mg/kg ORG

27569 has no effect on the performance of operant responding in a drug discrimination

paradigm in mice (Gamage et al., 2014).

The exact mechanism by which ORG 27569 inhibits reinstatement of both cocaine- and

methamphetamine-seeking behavior remains unknown. There exists a robust interaction

between the cannabinoid and dopaminergic systems. Cocaine and methamphetamine share

Jing et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the common property of activating the mesolimbic dopamine reward system (Mailleux and

Vanderhaeghen, 1992), and increased dopamine in this system is involved in reinstatement

of cocaine and methamphetamine seeking behavior (Parsegian and See, 2014; Stewart,

2004). CB1 receptors are densely distributed in mesocorticolimbic brain area (Mailleux and

Vanderhaeghen, 1992), which is a major neural substrate for the reinforcing effects of most

drugs of abuse. Previous studies have shown that there is a robust crosstalk between the CB1

receptor and D2 receptor. For example, chronic administration of SR141716A up-regulates

striatal D2 receptor (Crunelle et al., 2013). Blockade of CB1 receptor by SR141716A

increases Fos expression in rat mesocorticolimbic areas, and dopamine D2 agonist

quinpirole inhibits SR141716A-induced Fos expression (Alonso et al., 1999). Activation of

either CB1 receptor or D2 receptor increases extracellular signal-regulated kinases 1 and 2

(ERK1/2) phosphorylation, while co-stimulation of these two kinds of receptors elicit an

additive effect on the phospho-ERK1/2 signal (Chiang et al., 2013). In addition, in vivo

studies have demonstrated a strong modulatory interaction between CB1 and dopaminergic

systems. CB1 receptor blockade reduces amphetamine-induced dopamine release in the

striatum (Polissidis et al., 2014) and CB1 knockout mice demonstrates reduced cocaine-

stimulated dopamine release in the nucleus accumbens (NAc) (Li et al., 2009). It is likely

that ORG27569 increased dopamine D2 receptor function through negatively modulating

CB1 receptors, which then inhibited the reinstatement effects of cocaine and

methamphetamine (Xue et al., 2011).

Alternatively, evidence in animals has consistently shown that cocaine and amphetamine

inhibit GABA transmission in the striatum (Centonze et al., 2002), and enhancement of

GABAergic activity reduces cocaine and methamphetamine addiction (Hip et al., 2007;

Voigt et al., 2011). Since a majority of the striatal CB1 receptors are located presynaptically

on inhibitory GABAergic terminals in a position to modulate neurotransmitter release

(Julian et al., 2003), a functional interaction between CB1 and GABAergic transmission in

striatum cannot be ruled out. It has been hypothesized that SR141716A can increase GABA

release via disinhibition of GABAergic interneurons in the ventral tegmental area (Cohen et

al., 2002), which results in the inhibition of dopamine neurons and suppression of

dopamine-mediated reinforcing effects. There is also evidence showing that SR141716A

and AM251 are positive allosteric modulators of GABAA receptor (Baur et al., 2012).

ORG27569 shares similar chemical structures with these compounds and possibly also

shares similar pharmacological effects via GABAergic modulation.

In addition, a role for cannabinoid-glutamate interactions should not be excluded. A

previous study found that blockade of CB1 receptors increases glutamate levels in the NAc,

which inhibits cocaine-induced glutamate levels in the NAc and attenuates cocaine-induced

reinstatement of drug-seeking behavior (Xi et al., 2006). Further, mGluR2/3 antagonist

LY341495 significantly reversed AM251-induced attenuation of cocaine prime-induced

reinstatement of cocaine-seeking behavior (Xi et al., 2006). ORG 27569 may also exert its

effects on cocaine- and methamphetamine-induced reinstatement via this mechanism.

ORG 27569 is a pharmacologically highly selective CB1 receptor negative allosteric

modulator (Table 1S). This highly selective binding profile of ORG 27569 suggests that the

observed effects of ORG27569 are most likely mediated through negative modulation of
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CB1 receptors. The observed effects of ORG 27569 on the relapse-like behaviors to cocaine

and methamphetamine addiction prompt future studies to examine the potential role of CB1

receptor allosteric modulators in the abuse-related effects of other drugs of abuse, and to

understand the safety profiles of such new allosteric modulators, particularly their effects on

emotion and mood modulation (Kirilly et al., 2012).

In conclusion, these findings extend previous studies showing that negatively modulating

CB1 receptors may represent a promising pharmacotherapeutic strategy to prevent relapse to

psychostimulant seeking, and provide a novel pathway for the use of cannabinoid CB1

allosteric modulators in the prevention of relapse to drug use.
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Highlights

• Drug-associated cues and drug injections reinstated cocaine and

methamphetamine seeking.

• A cannabinoid CB1 receptor negative modulator ORG27569 blocked cue-

induced reinstatement of drug seeking.

• ORG27569 blocked cocaine- and methamphetamine-induced reinstatement of

drug seeking.
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Figure 1.
Effects of ORG 27569 or SR141716A on cue- and cocaine prime-induced reinstatement of

extinguished cocaine seeking behavior. (A) ORG 27569 and SR141716A significantly

blocked cue-induced reinstatement of active lever responding as compared with saline

treatment. (B) ORG 27569 and SR141716A significantly blocked cocaine prime-induced

reinstatement of active lever responding as compared with saline treatment. #p<0.05

and ###p<0.001 as compared to corresponding saline group on the last extinction session;

*p<0.05 and ***p<0.001 as compared to saline group. EXT, last extinction session; ORG,

ORG 27569; SR, SR141716A.
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Figure 2.
Effect of ORG 27569 or SR141716A on cue- and methamphetamine prime-induced

reinstatement of extinguished methamphetamine seeking behavior. (A) ORG 27569 and

SR141716A significantly attenuated cue-induced reinstatement of active lever responding.

(B) ORG 27569 and SR141716A significantly attenuated methamphetamine prime-induced

reinstatement of active lever responding. ##p<0.01 as compared to corresponding saline

group on the last extinction session; *p<0.05 and **p<0.01 as compared to saline group. See

Figure 1 for other details.
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