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Accumulating evidence suggests the endocannabinoid system modulates environmental cues’ ability to induce seeking of drugs, including

nicotine and alcohol. However, little attention has been directed toward extending these advances to the growing problem of cannabis

use disorders. Therefore, we studied intravenous self-administration of D9-tetrahydrocannabinol (THC), the main psychoactive

constituent of marijuana, using a second-order schedule of drug seeking. Squirrel monkeys’ lever responses produced only a brief cue

light until the end of the session, when the final response delivered THC along with the cue. When a reinstatement procedure was used

to model relapse following a period of abstinence, THC-seeking behavior was robustly reinstated by the cue or by pre-session

administration of THC, other cannabinoid agonists, or morphine, but not cocaine. The cannabinoid antagonist rimonabant blocked cue-

induced drug seeking, THC-induced drug seeking, and the direct reinforcing effects of THC. Thus, rimonabant and related medications

might be effective as treatments for cannabinoid dependence.
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INTRODUCTION

Cannabinoid research is currently one of the most active
areas of neuroscience, largely because drugs acting on the
cannabinoid system may be beneficial for treating a wide
variety of disorders, including substance abuse. This system
appears to be capable of modulating the rewarding effects of
many drugs of abuse, including opioids (De Vries et al,
2003; Navarro et al, 2001; Solinas et al, 2003), nicotine
(Cohen et al, 2002; Le Foll and Goldberg, 2005), and alcohol
(De Vries and Schoffelmeer, 2005; Economidou et al, 2006).
Ironically, little attention has been focused on potential
pharmacotherapies specifically targeting the substantial and
growing problem of cannabis use disorders (Compton et al,
2004). General population household survey data showed

that annual prevalence of cannabis use in the United States
of America in 2006 was 10.3% of the population (compared
with 2.5% for cocaine) and 1.2 million people reported
receiving treatment for cannabis use (compared with
928 000 for cocaine; SAMHSA, 2007). Moreover, primary
cannabis admissions are on the rise. For example, in New
York City, the primary cannabis admissions to all treatment
programs increased from less than 5% in 1991, to 24.3% in
2003 and 27.8% in 2006 (CEWG, 2004, 2007). In the past,
one obstacle to finding new pharmacotherapies has been the
lack of animal models of cannabis abuse (Justinova et al,
2005a). However, we have recently developed procedures
for establishing robust self-administration of D9-tetrahydro-
cannabinol (THC, the main psychoactive constituent of
marijuana) and other cannabinoid agonists in squirrel
monkeys (Justinova et al, 2003, 2004, 2005b; Tanda et al,
2000).
An advantage of drug self-administration as an animal

model of human drug abuse is that it can be modified in
various ways to concentrate on specific components of drug
abuse (Panlilio and Goldberg, 2007). One particular type of
self-administration procedure, the second-order schedule
(Goldberg et al, 1975; Schindler et al, 2002), has been
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strongly advocated as the most advantageous animal
model of drug-seeking behavior (Arroyo et al, 1998; Everitt
and Robbins, 2000). This drug-seeking schedule has many
advantages related to its incorporation of drug-related
stimuli, which model the environmental cues that can
maintain drug seeking and induce drug craving and
relapse in humans. Thus, this procedure makes it
possible to evaluate treatments that target drug seeking,
per se, in a drug-free state, as opposed to treatments that
only block the effects of a drug after it has been taken. This
is important because treatments that reduce drug
seeking might provide an especially effective means of
achieving and maintaining drug abstinence. The second-
order drug-seeking schedule can also be used to study
relapse induced by drug-related cues, as well as relapse
caused by re-exposure to the abused drug or exposure to
other drugs (Spealman et al, 1999). Relapse is one
of the defining features of addiction, and perhaps
the most important impediment to effective treatment
(O’Brien, 2001).
In the present study, we provide the first demonstration

of THC self-administration using this drug-seeking proce-
dure. In this procedure, squirrel monkeys’ drug-seeking
behavior (lever pressing) intermittently produced only brief
presentations of a visual stimulus, until the end of the
30-min session, when the last response of the session
produced both a stimulus and an intravenous delivery of
THC. Thus, all drug-seeking behavior occurred prior to
drug delivery, and, unlike other self-administration
procedures, this behavior was not influenced by other
pharmacological effects of the drug, such as behavioral
stimulation or depression. Importantly, behavior was
influenced by the drug-paired stimulus (cue), which is
intended to model the effects of drug-associated environ-
mental stimuli that may maintain drug seeking in humans.
Thus, it was possible to study the effects of potential
treatment drugs specifically on THC seeking. The drug-
seeking procedure was also used to model cue-induced
relapse by measuring the ability of the drug-paired stimulus
to reinstate drug seeking after a period of abstinence from
THC. The ability of THC, several other cannabinoid drugs,
cocaine, and morphine to reinstate drug seeking was also
studied, as was the ability of the potential treatment drugs
rimonabant (SR141716A, a cannabinoid CB1-receptor
antagonist) and naltrexone (an opioid antagonist) to block
this drug-induced reinstatement.

MATERIALS AND METHODS

Subjects

Male squirrel monkeys (Saimiri sciureus) weighing
0.8–1.2 kg were housed in individual cages in a temperature-
and humidity-controlled room with unrestricted access to
water. Monkeys were fed (B2 h after the session) five
biscuits of a high-protein monkey diet (Lab Diet 5045; PMI
Nutrition International, Richmond, IN) and two pieces of
Banana Softies (Bio-Serv, Frenchtown, NJ) to maintain their
body weight at a stable level throughout the study. Fresh
fruit, vegetables, and environmental enrichment were also
provided daily. The facilities were fully accredited by
AAALAC, and all experiments were approved by the Animal

Care and Use Committee of the NIDA Intramural Research
Program. Five monkeys (23-90, 5-91, 1551, 1577, and 1584)
were used in these experiments. Two monkeys (23-90 and
5-91) had previous experience with self-administering i.v.
amphetamine under the second-order schedule, and the
other three had experience with fixed-ratio schedules of
cocaine self-administration (1577 and 1584) or food
reinforcement (1551). Prior to training with the second-
order drug-seeking procedure, all monkeys had prior
experience with extinction (non-reinforcement), including
10 sessions immediately before the start of THC self-
administration training.

Apparatus

Experimental chambers were described previously in detail
(Justinova et al, 2003). The sound-attenuating isolation
chambers were equipped with a white house light and white
noise for masking external sound and contained a Plexiglas
chair. The chair had a response lever mounted on a
transparent front wall and pairs of green and amber
stimulus lights, mounted behind the transparent wall of
the chair, which could be illuminated and used as visual
stimuli. Monkeys were prepared with chronic indwelling
venous catheters (polyvinyl chloride), as described pre-
viously (Goldberg, 1973). The monkey’s catheter was
connected to polyethylene tubing, which extended out of
the isolation chamber and was attached to a motor-driven
syringe pump. Before start of each session, monkeys were
placed in chairs and lightly restrained in the seated position
by waist locks.

Drug-Seeking Procedure

Under the drug-seeking schedule, a green light was used,
and every tenth lever press during a 30-min fixed interval of
time (FI 300) changed the light’s color from green to amber
(brief stimulus) for 2 s (10-response fixed-ratio schedule of
reinforcement; FR 10). The first FR 10 completed after the
30-min fixed interval elapsed produced 10 consecutive
injections of THC (0.2ml delivered over 0.2 s, with 10 s
between injections), each paired with a 2-s presentation of
amber light. In standard nomenclature (Schindler et al,
2002), this was an FI 300 (FR 10:S) schedule. THC
administration occurred only at the end of each daily
session (Monday to Friday). Drug seeking was shaped under
the second-order schedule by slowly increasing the length of
the FI (from FI 20 (FR 10:S) to FI 300 (FR 10:S)). Sessions
typically lasted about 32min, and after the FI elapsed,
adequate time (up to 30min) was always allowed for
completion of the final FR and drug delivery. THC injection
doses of 1, 2, 4, and 8mg/kg were used to give total end-of-
session doses of 10, 20, 40, and 80 mg/kg, respectively. Each
of these doses of THC was tested for 9–10 consecutive
sessions, preceded by 9–10 sessions in which vehicle was
delivered at the end of the session instead of THC
(extinction).
The effects of pre-session intramuscular (IM) treatment

with rimonabant were determined using the following
procedure, in which THC (40 mg/kg) was delivered at the
end of each session. First, vehicle was administered
intramuscularly 60min before each of at least 10
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consecutive sessions. Then 0.3mg/kg of rimonabant was
administered intramuscularly 60min before each session
for 10 consecutive sessions. Finally, IM vehicle injections
were administered before each session for 10 sessions. After
testing with rimonabant, a similar procedure was used with
pre-session injections of naltrexone (0.1mg/kg, IM), given
15min before the session.
The effects of brief-stimulus presentations were assessed

by discontinuing the stimulus (but still delivering end-of
session THC) for 10 sessions. These no-stimulus test
sessions were preceded by 10 sessions in which brief stimuli
were presented and THC (40 mg/kg) was delivered at the end
of each session. (Brief stimulus presentations were only
discontinued during the 30-min drug seeking period; the
stimulus always accompanied the 10 end-of session i.v.
injections.)
Cue-induced reinstatement was studied by first disconti-

nuing both brief stimulus and THC delivery for 5–10
sessions, and then reintroducing the stimulus during a test
session. Test sessions for cue-induced reinstatement were
each separated by two to three intervening sessions without
the stimulus. No end-of-session THC was delivered during
these test sessions or intervening sessions. The procedure
used for testing drug-induced reinstatement was similar,
except that brief stimulus presentations and end-of-session
THC delivery were discontinued during the test session and
at least two preceding sessions, and THC (10–80 mg/kg),
morphine (0.19–1.50mg/kg), anandamide (30–560 mg/kg),
methanandamide (3–100 mg/kg), AM404 (0.3–3mg/kg), or
cocaine (0.03–1mg/kg) was administered i.v. by the
experimenter immediately before the start of the test
session. The ability of an opioid antagonist (naltrexone;
0.1mg/kg, given IM 15min before the session) or canna-
binoid antagonist (rimonabant; 0.3mg/kg, given IM 60min
before the session) to block reinstatement induced by THC
(40 mg/kg) or morphine (0.75mg/kg) was also tested.

Drugs

THC (Research Triangle, NIH), anandamide (N-arachidonyl-
ethanolamide; Tocris Cookson), methanandamide (Tocris
Cookson), and AM404 (Tocris Cookson) were dissolved in
vehicle containing 0.125–4% ethanol and 0.125–4% Tween 80
and saline. Rimonabant (SR141716; Research Triangle, NIH)
was dissolved in vehicle containing 1% ethanol and 1%
Tween 80 and saline. (�)-Cocaine HCl (Sigma), naltrexone
HCl (Sigma), and morphine sulfate (NIH) were dissolved
in saline.

Statistical Analysis

Data analyses were performed on the total number of
THC-seeking responses per session. All data are presented
as mean±SEM. For the THC dose–response function
(Figure 1), the last three sessions for each subject under
each dose were averaged. Statistical analysis was performed
using single-factor repeated-measure ANOVA (data met the
assumptions of the test) to assess differences between
vehicle and test-drug pretreatment conditions, or between
different doses of THC and the vehicle, as well as between
different doses of drugs and vehicle during reinstatement
experiments. Paired comparisons were performed using

Dunnett’s or Bonferroni procedures. Statistical significance
was accepted at the Po0.05 level. SigmaStat software
(http://www.systat.com) was used for all statistical analyses.

RESULTS

THC Seeking Under the Second-Order Schedule

Drug seeking under the second-order schedule (Figure 1a)
was dose dependent (F4,16¼ 14. 82; Po0.001), with THC
doses of 20, 40, and 80 mg/kg, but not 10 mg/kg, maintaining
significantly more responding than vehicle. The dose–effect
function had an inverted-U shape, with the highest level of
drug seeking occurring when the end-of-session dose of
THC was 40 mg/kg.
When the vehicle was substituted for 40 mg/kg of THC

(Figure 1b), drug seeking was significantly decreased,
starting at the second session (session 6 in the figure),
and continued to occur at a low rate during the sessions that
followed (F9,36¼ 7.73; Po0.001). When end-of-session
delivery of THC was resumed, THC seeking stayed low
during the first session (session 14 in the figure), but

Figure 1 THC dose–effect function (a). The number of responses per
session is shown as a function of dose of THC under a second-order
schedule of THC seeking, in which each tenth response produced a brief
presentation of a visual stimulus. Each symbol represents the mean±SEM
of the last three sessions within the block of 10 sessions in which each dose
of THC or vehicle was tested (n¼ 5). **Po0.01, post hoc comparisons
with vehicle self-administration (ANOVA, Dunnett’s test). Vehicle extinc-
tion (b). The number of THC-seeking responses per session during
consecutive sessions before, during and after nine sessions in which vehicle
injections were substituted for end-of-session THC injections. Each point
represents the mean±SEM for five monkeys. **Po0.01, post hoc
comparisons with session 4, the last THC session before vehicle extinction
(ANOVA, Dunnett’s test).
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increased substantially in the next session and returned to
baseline levels within three sessions (F5,19¼ 6.60, P¼ 0.001).

Effects of the Cannabinoid-Receptor Antagonist,
Rimonabant, and the Opioid-Receptor Antagonist,
Naltrexone, on THC Seeking

The cannabinoid antagonist, rimonabant (0.3mg/kg), which
earlier was found to block drug taking under a simple fixed-
ratio schedule of THC self-administration (Tanda et al,
2000), significantly decreased THC seeking under the
second-order schedule in the present study (F10,30¼ 10.45,
Po0.001; Figure 2a). This decrease was significant, starting
with the first session of rimonabant treatment, and it
remained so throughout the 10-day course of treatment,
during which the average level of responding was 78% lower
than the baseline. Pretreatment with the opioid antagonist,
naltrexone (0.1mg/kg), also decreased THC seeking
(F9,18¼ 2.82, P¼ 0.029; Figure 2b). Although naltrexone,
like rimonabant, decreased THC seeking in the first two
sessions, this effect became weaker during the next seven
sessions of naltrexone treatment, during which the average
level of THC seeking was 42% lower than the baseline.
When treatment with either rimonabant or naltrexone
ended, THC seeking gradually resumed over 2–3 sessions.

Effects of Omitting Brief-Stimulus Presentations

Although brief-stimulus presentations alone did not main-
tain responding when end-of-session THC delivery was
discontinued for repeated sessions (as shown in Figure 1b),
the brief stimulus nonetheless played a critical role in
maintaining the high rates of drug seeking seen under
baseline conditions (ie, when both the stimulus and end-of-
session THC were presented). This contribution is clear
from the results obtained when brief-stimulus presentation
was discontinued but end-of-session THC was still deliv-
ered. Under these conditions, there was an 85% decrease in
THC seeking compared with the baseline (F10,30¼ 21.31,
P¼ 0.029; Figure 3a). This decrease was significant, starting
with the first session without the brief stimulus. Even

Figure 2 Effects of pretreatment with the selective cannabinoid CB1-
receptor antagonist rimonabant (a) and opioid antagonist naltrexone (b) on
THC-seeking behavior. A dose of 0.3mg/kg of rimonabant was given IM
60min before each of 10 consecutive sessions, or a dose of 0.1mg/kg
naltrexone was given IM 15min before each of nine consecutive sessions.
Each point represents mean±SEM. *Po0.05, **Po0.01, post hoc
comparisons with the last THC session with vehicle pretreatment
(session 4) (ANOVA, Dunnett’s test).

Figure 3 Effects of omitting brief-stimulus presentations under the THC-
seeking schedule (a). Circles represent the mean number of responses per
session (n¼ 4) before, during, and after each of 10 sessions in which brief
stimuli were not presented during the session, although the 10 end-of-
session THC injections were always paired with stimulus. **Po0.01, post
hoc comparisons with the last THC session (session 4) with brief stimulus
present (ANOVA, Dunnett’s test). Cue-induced reinstatement (b).
Stimulus presentation and end-of-session delivery of THC were discon-
tinued until THC seeking only occurred at low levels (black bars represent
average responding on a day immediately preceding a reinstatement test).
Then, brief-stimulus presentations were resumed during three test sessions
(white bars), separated by two to three sessions with no brief-stimulus
presentations. Each bar represents an average from four monkeys.
*Po0.05, paired comparisons with a respective day before each test
(ANOVA, Bonferroni test). Effect of daily pretreatment with rimonabant
(0.3mg/kg) on cue-induced reinstatement (c). White bars represent an
average (n¼ 3) of all reinstatement tests with brief stimulus present either
after pretreatment with vehicle or rimonabant. Black bars represent
average (n¼ 3) responding on days immediately preceding a reinstatement
test. *Po0.05, paired comparisons with a respective day before the
reinstatement test (ANOVA, Bonferroni test).
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though THC continued to be delivered at the end of each
session for 10 days, THC seeking showed no sign of
recovery until the brief-stimulus presentations were re-
sumed, at which point THC seeking immediately recovered
(F5,15¼ 7.58, Po0.001).

Cue-Induced Reinstatement of THC Seeking

When both brief stimulus and THC delivery were discon-
tinued simultaneously, THC seeking occurred at very low
levels (Figure 3b). However, after repeated sessions in which
no brief stimuli were presented, reintroduction of the brief
stimulus dramatically reinstated THC seeking. This se-
quence, 2–3 sessions with no stimulus and no THC,
followed by reintroduction of the brief stimulus (but not
end-of-session THC) during a test session, was repeated
three times in each monkey, and the cue continued to
reinstate THC seeking (first test: F1,3¼ 24.51, P¼ 0.016;
second test: F1,3¼ 11.23, P¼ 0.044; third test: F1,3¼ 12.54,
P¼ 0.038).
When monkeys received daily pretreatment with rimo-

nabant (0.3mg/kg) for 9–10 consecutive sessions while brief
stimulus and THC delivery were discontinued, reintroduc-
tion of brief-stimulus presentations failed to reinstate THC
seeking (Figure 3c, F1,2¼ 3.19, P¼ 0.22). The testing
sequence consisted of several days with no stimulus and
no THC, followed by reintroduction of the brief stimulus
(but no THC) during the test session. The sequence was
repeated one to three times in each monkey, and Figure 3c
shows averaged data for all three monkeys. The testing
sequence with vehicle pretreatment was performed within 4
weeks of rimonabant testing and shows that brief-stimulus
presentations (repeated three times in each monkey), in the
absence of rimonabant, continued to reinstate THC seeking
significantly (Figure 3c, F1,2¼ 23.16, P¼ 0.04).

Drug-Induced Reinstatement of THC Seeking by THC
and Morphine

The effects of pre-session priming injections with THC and
morphine were also studied during a phase in which brief
stimuli and end-of-session THC delivery were discontinued.
THC seeking was robustly reinstated in a dose-dependent
manner by pre-session treatment with 20 or 40 mg/kg THC
(F4,16¼ 18.08, Po0.001; Figure 4a), but not by the lowest
(10 mg/kg) or the highest dose (80 mg/kg, which may have
had satiating or behaviorally disruptive effects). Morphine
dose dependently reinstated THC seeking, with the 0.75mg/
kg dose of morphine producing the strongest effect
(F4,8¼ 4.65, P¼ 0.031; Figure 4b).

Blockade of THC- and Morphine-Induced Reinstatement

The ability of a cannabinoid antagonist (rimonabant,
0.3mg/kg) and an opioid antagonist (naltrexone, 0.1mg/
kg) to alter the reinstatement induced by pre-session
injections of THC (40 mg/kg) or morphine (0.75mg/kg)
was also tested (Figure 4). Rimonabant blocked THC-
induced reinstatement (Figure 4c, F1,2¼ 20.27, P¼ 0.046,
paired comparisons with THC 40 mg/kg) but not morphine-
induced reinstatement (Figure 4d, F1,2¼ 0.03, P¼ 0.88,
paired comparisons with morphine 0.75mg/kg;

F1,2¼ 26.90, P¼ 0.035, paired comparisons with the vehi-
cle). Naltrexone blocked morphine-induced reinstatement
(Figure 4d, F1,2¼ 273.84, P¼ 0.004, paired comparisons
with morphine 0.75mg/kg), but failed to affect THC-
induced reinstatement (Figure 4c, F1,2¼ 2.03, P¼ 0.29,
paired comparisons with THC 40 mg/kg; F1,2¼ 19.31,
P¼ 0.048, paired comparisons with the vehicle).

Reinstatement by Other Drugs

Pre-session injections of other drugs of abuse like the
psychostimulant cocaine, other cannabinoid agonists (anand-
amide and methanandamide), and an anandamide-transport
inhibitor (AM404) were also tested for their ability to
reinstate THC seeking. The test sequence was the same
as that described above. Over a wide range of doses,
cocaine (0.03, 0.1, 0.3, 1mg/kg) failed to reinstate THC
seeking (F4,8¼ 1.81, P¼ 0.22; Figure 5c). Pre-session treat-
ment with the endogenous cannabinoid agonist, anand-
amide (F4,8¼ 4.43, P¼ 0.035; Figure 5a), or its longer-acting

Figure 4 Drug-induced reinstatement. Effects of passive intravenous
exposure to different doses of THC (a) and morphine (b) on THC seeking
during sessions in which the brief stimulus was not presented and end-
of-session THC was not delivered. Each bar represents the mean±SEM
of the number of responses per session from five (THC) or three
(morphine) monkeys. *Po0.05, **Po0.01, post hoc comparisons with
vehicle extinction (dose, 0mg/kg) (ANOVA, Dunnett’s test). Effects of
a cannabinoid antagonist and an opioid antagonist on THC- (c) and
morphine-induced (d) reinstatement of THC seeking. Rimonabant (RIM;
IM, 60min before session) or naltrexone (NAL; IM, 15min before the
session) was injected, and then THC or morphine (MORPH) was injected
i.v. immediately before the session. Brief stimulus was not presented and
end-of-session THC was not delivered. Each bar represents the mean±
SEM of the number of responses per session from three monkeys.
*Po0.05, paired comparisons with vehicle; #Po0.05, paired comparisons
with THC reinstatement; ##Po0.01, paired comparisons with morphine
reinstatement (ANOVA, Bonferroni test).
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congener, methanandamide (F4,8¼ 4.05, P¼ 0.044;
Figure 5b), produced dose-dependent reinstatement of
THC seeking. AM404 (0.3, 1, 3mg/kg) also produced
significant reinstatement, but only at the highest dose
tested (F3,6¼ 18.19, P¼ 0.002; Figure 5d).

DISCUSSION

Monkeys’ THC-seeking behavior occurred at a high rate
even though the drug was not delivered until the end of the
session. This behavior depended on both delivery of THC
and response-contingent presentations of the drug-paired
stimulus, which is intended to model the effects of
environmental cues in the human drug-abuse environment.
When the stimulus was not presented, THC seeking
decreased abruptly and continued to occur at a low rate
even when THC was still delivered at the end of each
session. Moreover, in the relapse procedure, when stimulus
and THC delivery were both discontinued, restoring just the
stimulus caused the monkeys to immediately resume THC
seeking. Thus, like re-exposure to the drug, re-exposure to
THC-associated cues represents an important trigger for
relapse following a period of abstinence.
However, high levels of THC seeking were only main-

tained over repeated sessions when the cues were presented
and a reinforcing dose of THC was delivered at the end
of the previous session. Neither vehicle nor a low dose
(10 mg/kg) of THC maintained response over repeated days,
even when the cues continued to be presented. Although
response-contingent cues can sometimes maintain drug-
seeking behavior for many sessions in the absence of drug

delivery (Schindler et al, 2002), this is not always the case,
particularly in subjects with previous exposure to extinction
procedures. Thus, the decrease in drug seeking when end-
of-session THC delivery was discontinued but the cue was
still presented, is not a unique effect associated with
cannabinoid seeking; this effect was similar to that observed
under similar schedules of cocaine or food seeking (Gold-
berg and Tang, 1977), and can be attributed to the monkeys
in the present study having had extensive experience with
extinction.
When the THC-seeking procedure was used to evaluate

the effects of potential therapeutic treatments, it was found
that the cannabinoid CB1-receptor antagonist, rimonabant,
was highly effective in reducing the drug-seeking response.
Importantly, treatment with rimonabant produced an
immediate decrease in THC seeking, indicating that
rimonabant blocked the ability of the stimulus to maintain
THC seeking. This effect cannot be attributed to non-
specific reductions of response rate, since rimonabant dose
of 0.3mg/kg was well below doses that disrupt behavior in
squirrel monkeys (3.2mg/kg; Nakamura-Palacios et al,
2000). This finding is consistent with a number of studies
showing that rimonabant can reduce the behavioral effects
of stimuli associated with other drugs of abuse, including
nicotine, alcohol, cocaine, and heroin (Cohen et al, 2005; De
Vries and Schoffelmeer, 2005; Fattore et al, 2007a; Le Foll
and Goldberg, 2005; Maldonado et al, 2006), as well as the
effects of similar cues under second-order food-seeking
procedures (Evenden and Ko, 2007; Thornton-Jones et al,
2005). Thus, this effect of rimonabant on responding
maintained by drug-paired cues appears to be a general
effect, unlike its ability to reduce drug-taking behavior, which
seems to be limited to specific drugs (De Vries and
Schoffelmeer, 2005). This suggests that the ability to block
both drug seeking (behavior reinforced by drug-related cues)
and drug taking (behavior reinforced directly by the drug)
(Tanda et al, 2000) might make rimonabant and similar drugs
especially useful for treating cannabinoid use disorders.
In contrast with rimonabant, treatment with the opioid

antagonist, naltrexone, had a more limited effect. In a
previous study by Justinova et al (2004), naltrexone
produced partial reduction (about 40%) in THC taking
over most of a 5-day course of treatment. However, in the
present study, naltrexone only decreased THC seeking
during the first 2 days of treatment. These results might
suggest that, like rimonabant, naltrexone can alter both
THC seeking and THC taking, but that naltrexone only
partially blocks the reinforcing effects of THC. This finding
is consistent with the many studies showing functional
interactions between the cannabinoid and opioid systems,
but it appears that an opioid antagonist alone might not
provide significant protection against drug seeking induced
by THC-related environmental cues.
The results of this study demonstrate that this second-

order schedule can be used to study not only THC seeking
behavior but also drug-induced as well as cue-induced
reinstatement of THC seeking. In this model of relapse, we
found that drug seeking was reinstated when the monkeys
were passively exposed to THC, the endocannabinoid
anandamide, or its longer-acting congener, methananda-
mide. Reinstatement was also produced by the anandamide-
transport inhibitor, AM404, that has been shown to increase

Figure 5 Drug-induced reinstatement. Effects of passive intravenous
exposure (immediately before the session) to anandamide (a), methanan-
damide (b), cocaine (c), and AM404 (d) on THC seeking during sessions in
which the brief stimulus was not presented and end-of-session THC was
not delivered. Each bar represents the mean±SEM of the number of
responses per session from three monkeys. *Po0.05, **Po0.01, post hoc
comparisons with vehicle extinction (dose, 0mg/kg) (ANOVA, Dunnett’s
test).
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brain levels of endogenous anandamide in rodents (Bortolato
et al, 2006). Also, consistent with evidence for functional
links between the cannabinoid and opioid systems
(De Vries et al, 2003; Fattore et al, 2007b), passive exposure
to morphine increased THC seeking after a period of
abstinence. Although it has been shown that passive
cannabinoid exposure can reinstate cocaine seeking in rats
(De Vries et al, 2001; Xi et al, 2006), cocaine did
not reinstate THC seeking, even though these monkeys
had a history of psychostimulant self-administration. This
finding is consistent with those of Spano et al (2004) who
found that the cannabinoid agonist, WIN 55,212-2, or
heroin reinstated seeking of WIN 55,212-2 in rats, but
cocaine did not.
When we tested the ability of rimonabant and naltrexone

to block the reinstating effects of passive exposure to
THC or morphine, we found that the cannabinoid
antagonist only blocked the effects of the cannabinoid
agonist, and the opioid antagonist only blocked the effects
of the opioid agonist. These findings contrast with those of
Spano et al (2004) that rimonabant and the opioid
antagonist, naloxone, were both capable of preventing
WIN 55,212-2-induced as well as heroin-induced
reinstatement of WIN 55,212-2 seeking in rats. This
discrepancy could be due to differences between rats and
monkeys, or due to differences between THC and WIN
55,212-2, which show different profiles of non-cannabinoid
receptor binding.
In conclusion, THC, the main psychoactive ingredient in

cannabis, has been shown to have strong reinforcing effects
in a non-human primate, the squirrel monkey, under
procedures that now include fixed-ratio drug-taking and
second-order drug seeking. Extended sequences of drug-
seeking behavior can be maintained by THC-associated
environmental cues, even when THC is not delivered until
the end of the experimental session. This allows to study
THC-seeking behavior that occurs in the absence of direct
effects of THC. The maintenance of high rates of THC
seeking depended on both presentation of cues and delivery
of THC at the end of recent sessions. When both cue
presentation and THC delivery were discontinued, THC
seeking occurred only at very low levels. After such a period
of abstinence, THC seeking could be reinstated either by
presentation of the stimulus or by passive exposure to THC,
other cannabinoid receptor agonists, the endocannabinoid
uptake inhibitor AM404, or morphine, but not by cocaine.
This represents the first demonstration of cue- and drug-
induced reinstatement of cannabinoid seeking in non-
human primates. The cannabinoid antagonist, rimonabant,
produced decreases in THC seeking for as long as the
rimonabant treatment continued. In contrast, the opioid
antagonist, naltrexone, decreased THC seeking only during
the first two sessions of treatment. Rimonabant has received
attention as a candidate medication for preventing the
behavioral effects of drug-related and feeding-related cues
in general. The ability of rimonabant to block both cue-
induced THC seeking and the direct reinforcing effects of
THC in a non-human primate model of cannabinoid
dependence suggest that rimonabant, or other cannabinoid
antagonists, may be particularly efficacious for the treat-
ment of cannabinoid abuse, helping to both achieve and
maintain abstinence.
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