
CB1 receptor agonist and heroin, but not cocaine,

reinstate cannabinoid-seeking behaviour in the rat

1,3M. Sabrina Spano, 1,2Liana Fattore, 1Gregorio Cossu, 1,4Serena Deiana, 1Paola Fadda
& *,1,2Walter Fratta

1Department of Neuroscience and Centre of Excellence ‘Neurobiology of Dependence’, Cittadella Universitaria di Monserrato,
University of Cagliari, Italy and 2Institute of Neuroscience, National Research Council CNR, Section of Cagliari, Italy

1 We recently provided evidence for a functional link between cannabinoid and opioid endogenous
systems in relapse to heroin-seeking behaviour in rats. In the present study, we aimed at investigating
whether the previously observed cross-talk between cannabinoids and opioids could be extended
to mechanisms underlying relapse to cannabinoid-seeking behaviour after a prolonged period of
abstinence.

2 In rats previously trained to intravenously self-administer the synthetic cannabinoid receptor
(CB1) agonist WIN 55,212-2 (12.5 mg kg�1 inf�1) under a fixed ratio (FR1) schedule of reinforcement,
noncontingent nonreinforced intraperitoneal (i.p.) priming injections of the previously self-
administered CB1 agonist (0.25 and 0.5mgkg�1) as well as heroin (0.5mgkg�1), but not cocaine
(10mgkg�1), effectively reinstate cannabinoid-seeking behaviour following 3 weeks of extinction.

3 The selective CB1 receptor antagonist SR 141716A (0.3mg kg�1 i.p.) does not reinstate responding
when given alone, but completely prevents the cannabinoid-seeking behaviour triggered by WIN
55,212-2 or heroin primings.

4 The nonselective opioid antagonist naloxone (1mgkg�1 i.p.) has no effect on operant behaviour
per sè, but significantly blocks cannabinoid- and heroin-induced reinstatement of cannabinoid-seeking
behaviour.

5 These results provide the first evidence of drug-induced reinstatement of cannabinoid-seeking
behaviour, and further strengthen previous findings on a cross-talk between the endogenous
cannabinoid and opioid systems in relapse mechanisms to drug-seeking.
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Introduction

In human addicts, the neurobiological mechanisms underlying

the persistence of drug craving are largely unknown. The high

rate of relapse to drug use is the most difficult problem in the

treatment of human drug addiction after periods of abstinence

(Hunt et al., 1971; O’Brien, 1997).

Suitable animal models of relapse to drug-taking and drug-

seeking, the extinction/reinstatement procedures, are currently

used in many laboratories to investigate mechanisms underlying

drug-, stress- or cue-induced craving and relapse (Stewart & De

Wit, 1987; Markou et al., 1993; Lu et al., 2003; Shaham et al.,

2003). Drug-induced reinstatement of drug-seeking behaviour

refers to the resumption of a previous drug-reinforced

behaviour by noncontingent exposure to the same or different

drug after a period of extinction (De Wit & Stewart, 1981).

To date, very few studies have investigated the involvement of

the endocannabinoid system in relapse to drug-seeking beha-

viour (Schenk & Partridge, 1999; De Vries et al., 2001; 2003;

Fattore et al., 2003). Notably, all these studies refer to a possible

cannabinoid mechanism in relapse to cocaine- (Schenk &

Partridge, 1999; De Vries et al., 2001) or heroin-seeking (De

Vries et al., 2003; Fattore et al., 2003), although no study to date

has investigated on the pharmacological or environmental

factors triggering relapse to cannabinoid-seeking behaviour.

The present study was designed to assess whether

cannabinoid-seeking behaviour could be resumed by priming
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injections of the same previously self-administered drug, as

already reported for cocaine-, heroin- or nicotine-seeking

behaviour (De Wit & Stewart, 1981; 1983; Jaffe et al., 1989;

Shaham et al., 1996; Chiamulera et al., 1996). To this purpose,

we used the previously described cannabinoid intravenous self-

administration (IVSA) model (Fattore et al., 2001), in which

Long Evans rats were trained to self-administer the CB1

receptor agonist WIN 55,212-2 under a continuous reinforce-

ment schedule with nose-poking as operandum. Once a stable

level of cannabinoid intake was reached, trained rats under-

went a long-term extinction before reinstatement test primings

were performed, according to the ‘between-session’ protocol

previously used in our laboratory in studying relapse to

heroin-seeking (Fattore et al., 2003).

In addition, heroin and cocaine were also tested for their

ability to resume cannabinoid-seeking behaviour in the rat

following prolonged drug abstinence.

A growing body of evidence supports the existence of

functional neuronal links between opioids and cannabinoids

in the mutual modulation of rewarding and addictive effects

(Ledent et al., 1999; Manzanares et al., 1999; Mascia et al.,

1999; Rubino et al., 2000; Cossu et al., 2001; Solinas et al.,

2004). For example, the CB1 receptor antagonist SR 141716A

alters heroin IVSA in rats (Navarro et al., 2001; Solinas et al.,

2003), while naloxone reduces cannabinoid IVSA behaviour

in mice (Fratta et al., 1999; Navarro et al., 2001; Fattore

et al., 2000; 2002).

Recently, we reported that CB1 receptor agonists WIN

55,212-2 and CP 55,940 reliably reinstate heroin-seeking

following a prolonged withdrawal period (Fattore et al.,

2003). Intriguingly, the CB1 receptor antagonist SR 141716A

significantly attenuates heroin-induced relapse to drug-seeking,

suggesting its potential role in the treatment of opioid addiction.

To better define the possible interaction between cannabinoids

and opioids in the reinstatement of cannabinoid-seeking

behaviour, noncontingent priming injections with the CB1

receptor antagonist SR 141716A or naloxone were also tested.

Specifically, we determined whether (i) heroin priming

would trigger nonreinforced drug-seeking behaviour in ani-

mals trained to self-administer WIN 55,212-2 following long-

term (3 weeks) extinction; (ii) the CB1 receptor antagonist SR

141716A, as well as the nonselective opioid receptor antagonist

naloxone, either alone or (iii) in combination with heroin and

WIN 55,212-2 primings, would affect cannabinoid-seeking

behaviour.

Finally, evidence points to the existence of functional

interactions between the endocannabinoid and dopamine

(DA) systems. Indeed, D9-THC self-administration in monkeys

is markedly facilitated after previous acquisition of cocaine

IVSA (Tanda et al., 2000), whereas cocaine treatment causes a

decrease in the content of 2-arachidonoyl-glycerol in the limbic

forebrain (Gonzalez et al., 2002a) as well as in CB1 receptor

mRNA levels in several brain areas (Gonzalez et al., 2002b).

Very recently, cocaine has also been reported to increase

anandamide level in the striatum (Centonze et al., 2004), a

brain region crucially involved in drug-seeking and drug-

taking behaviour. With regard to a functional interaction

between cannabinoid and DA systems in relapse mechanisms,

it has been reported that CB1 receptor stimulation by HU210

is able to reinstate cocaine-seeking behaviour after prolonged

drug abstinence, an effect significantly attenuated by SR

141716A (De Vries et al., 2001).

On the basis of this latter evidence, we decided to verify

the bidirectionality of such interaction by testing the effect of

cocaine on the resumption of extinguished cannabinoid-

seeking behaviour.

Methods

The following experiments were conducted in strict accordance

with both the Guidelines for the Care and Use of Laboratory

Animals (NIH) and the EC regulations for animal use in

research (86/609/EEC).

Animals

Male Long Evans rats (Harlan Nossan, Italy) weighing 280–

300 g at the beginning of the experiments were used. Animals

were kept under standard conditions (temperature 20–211C,

60–65% relative humidity) and reversed 12–12 h light/dark

cycle (light on 19:00 h). On arrival, rats were housed four/cage

with free access to food and water and handled once daily for

approximately 10min for 6–7 days.

Drugs

For IVSA training, WIN 55,212-2 (Tocris, Italy) was dissolved

in one drop of Tween 80 and diluted in heparinized (1%)

sterile saline solution, in a volume of injection of 100 ml. In
order to ensure sterility, drug solution was filtered through

22 mm syringe filters prior to use.

For reinstatement tests (i.e. drug primings), WIN 55,212-2

and SR 141716A (Sanofi, Montpellier, France) were dissolved

in Tween 80, diluted with sterile saline and administered i.p. at

a volume of 0.5ml kg�1. WIN 55,212-2 was given immediately

prior to the start of the reinstatement test session, while SR

141716A was injected 20min before. Heroin-HCl, naloxone

and cocaine-HCl (Sigma, Italy) were dissolved in 0.9% sterile

saline and injected i.p. at a volume of 0.5ml kg�1 10min before

starting the session.

Apparatus

The intravenous (i.v.) self-administration apparatus (Ecos,

Italy) consisted of six Plexiglas cages (30� 30� 30 cm3). Two

holes, equipped with fotobeam detectors, were made 2 cm

above the floor, at a distance of 15 cm apart. During the

experimental session, an infusion pump was connected with a

length of plastic tubing to a swivel system, which was in turn

connected via a silastic tube to the catheter. Nose-poking in

one of the holes (defined as active) switched on the infusion

pump, injecting the drug solution into the animal’s venous

system. Nose-poking in the other hole, defined as inactive, had

no programmed consequences.

The assignment of the active (drug-paired) and the inactive

(no drug-paired) holes were counterbalanced between rats and

remained constant for each subject throughout the study.

Assessment of the self-administration schedule and data

collection were controlled by a PC software.
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Surgery

Under deep anaesthesia with Equithesin (0.97 g pentobarbital,

2.1 g Mg-sulphate, 4.25 g chloral-hydrate, 42.8ml propylene

glycol, 11.5ml ethanol 90%; 0.5ml kg�1 i.p.), a permanent

catheter was surgically implanted into the right jugular vein

as previously described by Weeks (1972). After surgery, each

rat was housed individually and recovered for 7 days under

subcutaneous (s.c.) antibiotic treatment (0.1ml Baytrill,

Bayer). Once recovered from surgery, animals were kept on

restricted food (20 g of rat chow per day, given in the home

cage at the end of the session) and self-administration training

was started. All antibiotics and anaesthetics were purchased as

sterile solutions from local distributors.

Experimental procedure

The IVSA procedure was conducted as described previously

(Fattore et al., 2001), with animals trained to self-administer

WIN 55,212-2 (12.5 mg kg�1 inf�1) under a continuous (FR1)

schedule of reinforcement for 3 h daily sessions. Responding

on the active hole resulted in an infusion (100ml) of the

cannabinoid agonist over a period of 5 s.

Concurrently with each active nose-poke, a green light cue

above the hole was turned on for 5 s. A 10-s timeout period

immediately following each infusion was introduced, during

which the green light was turned off and further nose-poking

was recorded but had no consequences. IVSA sessions

occurred once daily Monday–Saturday at the same time

during the dark phase of the cycle (between 9:00 and 13:00).

Catheters were flushed daily after each IVSA session with

a sterile saline solution containing heparin (1%) to ensure

catheter patency.

As rats acquired a stable responding for the cannabinoid

(i.e. at least 3 consecutive days of stable responding with

710% variation), training sessions were continued for 6–7

days before extinguishing drug-reinforced behaviour by repla-

cing the drug solution with saline. Extinction sessions were

conducted daily for 3 consecutive weeks. On alternate days

during the last week of extinction, rats received three injections

of saline (0.5ml kg�1 i.p.) to habituate them to subsequent

drug-priming administrations.

Rats were then tested for reinstatement of cannabinoid-

seeking induced by one of the following (i.p.) primings: WIN

55,212-2 (0.25 and 0.5mg kg�1), heroin (0.5mgkg�1), cocaine

(10mg kg�1), SR 141716A (0.3mgkg�1), SR 141716AþWIN

55,212-2, SR 141716Aþ heroin, naloxone (1mgkg�1), nalox-

oneþ heroin or naloxoneþWIN 55,212-2.

Drug treatments were counterbalanced among animals, with

a 3-day extinction period separating each priming; however, no

more than three reinstatement test sessions per animal were

conducted. As a control study, one group of six rats was

primed with saline and an additional one with the same vehicle

of cannabinoids (0.5ml kg�1). Each treatment group included

a minimum of six animals.

Responding patterns during each reinstatement test

session were analysed quantitatively using the following

measures: (1) mean cumulative number of nose-pokes on both

the active and inactive holes; (2) mean latency to the first nose-

poke on the active hole, i.e. mean time to initiate active

responding; (3) individual temporal pattern of responding

during the different phases (i.e. training, extinction, reinstate-

ment tests) of the study.

Statistical analysis

Due to catheter blockade or leakage, not all animals completed

the entire set of experiments, and data were therefore

computed as for independent rather than correlated samples.

All measures were analysed with two-way repeated-measures

analysis of variance (ANOVA) with drug primings as the

between-group factor and the experimental phases (training:

extinction:priming) as repeated within-subject measure. More-

over, within each drug treatment group, data from the three

experimental phases were compared and analysed by means

of one-way ANOVA. Upon confirmation of significant main

effect, differences among individual means were analysed using

Newman–Keuls and Bonferroni post hoc tests, following one-

way and two-way ANOVA, respectively. The total number of

responses in the inactive hole as well as responses during

timeout period over each test session were not included in the

analysis since they were no longer present once a stable drug

intake had been achieved (i.e. after the acquisition period).

Significance level was set at Po0.05.

Results

WIN 55,212-2 and heroin, but not cocaine, reinstate
cannabinoid-seeking behaviour following prolonged
extinction

As illustrated in Figure 1, a priming with saline or cocaine

did not induce reinstatement of operant responding, while

re-exposure to the CB1 receptor agonist WIN 55,212-2 or

heroin significantly reinstated extinguished drug-seeking

behaviour in the previously cannabinoid-paired (active) hole

following long-term extinction. Interestingly, both heroin

and cannabinoid reinstated responding for cannabinoid at

a level which was significantly higher than the respective

Figure 1 Effect of acute primings of WIN 55,212-2, heroin and
cocaine on the reinstatement of cannabinoid-seeking behaviour
following prolonged abstinence. Each bar represents the mean7
s.e.m. of active nose-pokes over the last 3 days of cannabinoid IVSA
(training), over the last five consecutive sessions of extinction (EXT)
and during the reinstatement test sessions (priming). Doses are
expressed as mg kg�1 (i.p.). *Po0.001 vs respective EXT; #Po0.05,
##Po0.01 and ###Po0.001 vs respective training; }Po0.05 between
primings of the two doses of WIN 55,212-2. ANOVA followed by
post hoc test (n¼ 7–8).
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pre-extinction (training) baseline. ANOVA revealed a drug�
phase significant interaction (F(8,102)¼ 35.68, Po0.0001), with

an overall significant effect of phases (F(8,102)¼ 35.68) as well as

drug treatments (F(4,102)¼ 31.11).

Indeed, a stronger level of responding was reinstated by the

lowest dose of WIN 55,212-2 tested (0.25mg kg�1), which

significantly (Po0.001) increased the active nose-poking rate

(þ 55%) with respect to the pre-extinction baseline rate

(F(2,14)¼ 84.13), while the higher dose of the CB1 receptor

agonist (0.5mg kg�1) had a lower, but still significant, effect

(F(2,14)¼ 121.9, Po0.01). Moreover, planned comparisons

showed a dose-dependent effect of WIN 55,212-2 primings,

the reinstated levels of responding by the two cannabinoid

doses being statistically different (F(1,42)¼ 5.94, P¼ 0.0192).

The previously reported doses of WIN 55,212-2 were selected

for the present study following a wide screening test of drug

doses (0.0125 up to 1.0mgkg�1) and administration routes

(i.v., i.p. or s.c.), whereby they proved to be the only doses

capable of producing a significant reinstatement of responding

(data not shown).

As illustrated in Figure 1, an acute priming injection of

heroin also triggered relapse to cannabinoid-seeking beha-

viour, reinstating active responding at a rate which was

significantly (Po0.05) higher than the respective pre-extinc-

tion baseline (F(2,14)¼ 73.18). The i.p. route of drug adminis-

tration was found to produce the most robust reinstatement of

responding in cannabinoid-trained rats, i.v. heroin primings

(ranging from 0.1 to 0.5mgkg�1) being less effective in this

respect, at least under our experimental conditions (data not

shown). On the other hand, a priming injection of cocaine

had no effect on responding (Figure 1) and no difference was

observed with respect to the aftermath of a priming with

saline, indicating that cocaine was not able to reinstate

cannabinoid-seeking behaviour after prolonged abstinence

(F(2,14)¼ 199.3, NS). The dose of cocaine (10mgkg�1) was

chosen due to its behavioural activity in reinstating cocaine-

seeking behaviour following long-term extinction (De Vries

et al., 1998). As for saline, primings with cannabinoid vehicle

had no effect at all on responding, and were therefore excluded

from the statistical analysis.

The absence of modifications in the number of inactive

nose-pokes during the reinstatement test sessions (data not

shown) indicates that rats maintained a good discrimination

between the active and inactive holes, thus dispelling all doubts

as to a possible nonspecific effect of drug priming injections

(i.e. generalization).

A closer examination of the response pattern of individual

rats better highlighted the differences in the resumption of

cannabinoid-seeking behaviour following the different drug

primings. In Figure 2, the first record refers to the pre-

extinction training phase (i.e. last day of WIN 55,212-2 self-

administration), during which the mean nose-poking activity

on the active hole was rated at 20.6672.25, while during

extinction (second record, day before priming test) the mean

active responding was 3.871.25.

Subsequently, the individual response patterns displayed

during the different reinstatement test sessions following drug

primings are illustrated. It can be noted that, when primed

with saline, rats made only few nose-pokes on either the active

or inactive hole. On the contrary, following acute priming with

both 0.25 and 0.5mgkg�1 of WIN 55,212-2, rats exhibited

consistent and somewhat regular response patterns, with

maximal responding occurring within 90–120min following

drug-priming injection.

Cannabinoid-related temporal patterns appeared to differ

from those exhibited by the same animals during the previous

phase of cannabinoid intake (i.e. training), showing a marked

delay in the onset of responding and a persistence over time

(i.e. responding is present until the end of the session).

Interestingly, a typical responding pattern of heroin-primed

rat was quite different from those displayed by cannabinoid-

primed animals, regardless of the similarity in the cumulative

mean number of total active responses (27.573.6 vs 3173.1

and 2372.5 for WIN 0.25 and WIN 0.5mg kg�1, respectively).

Figure 2 Event records from representative rats during training, extinction and reinstatement test sessions. The vertical deflections
above the horizontal line mark the exact time of each individual nose-poke on the active hole, while each deflection below the line
represents a response on the inactive hole over the 3 h experimental session. Training refers to the last day of WIN 55,212-2 self-
administration before extinction, EXT refers to the last day of extinction before priming tests, while the following patterns refer to
the reinstatement test sessions following saline (0.5ml kg�1) or drug primings (i.p.). On the right are indicated each drug priming;
doses are expressed as mg kg�1.
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Indeed, heroin priming-induced effect was of earlier onset but

of shorter duration, the responding activity being clearly

higher at the beginning of the session, especially during the

first hour, becoming gradually less frequent over the remaining

time. However, all cannabinoid- and heroin-primed groups

displayed a very low number of responses on the inactive hole

(constantly p4) throughout all the experiments, indicating

that the operant behaviour of animals was specifically oriented

towards the previously drug-associated hole.

Following cocaine priming, animals exhibited only slow and

temporally sporadic responding with prolonged inter-response

intervals: the mean number of responses on both the active and

inactive holes was very low and did not exceed five/session.

As shown in Figure 3, analysis of the mean latencies to the

first nose-poke on the active hole revealed that cannabinoid-

and heroin-primed groups were different in the onset of

reinstated responding (F(4,35)¼ 39.26, Po0.0001). Indeed,

while saline- or cocaine-primed rats took a mean of 1012

and 905 s to initiate responding, cannabinoid-primed rats

showed a mean latency to the first active nose-poke

consistently longer than heroin-primed animals (158744.5

for heroin vs 737759.7 and 699.8744.3 for WIN 0.25 and

WIN 0.5mgkg�1, respectively), despite the similarity in the

reinstated responding level.

SR 141716A and naloxone prevent heroin- and
cannabinoid-triggered reinstatement of cannabinoid-
seeking behaviour

Figure 4 shows that given alone the selective CB1 receptor

antagonist SR 141716A had no effect on relapse to cannabi-

noid-seeking, since it produced no modification to animal

responding respect to previous extinction baseline. Indeed,

ANOVA revealed an overall main effect of phases

(F(2,114)¼ 1228.77, Po0.0001) but not drug treatments

(F(5,114)¼ 1.06, NS). The dose of SR 141716A (0.3mg kg�1)

was chosen due to its ability to reverse behavioural effects

induced by both CB1 receptor agonists and heroin while not

affecting cannabinoid-taking per sè (Navarro et al., 2001;

Fattore et al., 2003).

However, pretreatment with SR 141716A completely pre-

vented WIN 55,212-2-triggered reinstatement of drug-seeking

behaviour, so that responding rate following cannabinoid

primings was no higher than during extinction (571.8 vs

5.371.41). More notably, SR 141716A abolished heroin-

induced reinstatement of cannabinoid-seeking, producing no

differences in nose-poking activity between the reinstatement

test session and the previous extinction baseline (4.872.1 vs

4.871.5).

Similarly, the opioid antagonist naloxone (1mgkg�1 i.p.)

did not reinstate responding per sè, but it completely blocked

heroin-induced reinstatement of cannabinoid-seeking beha-

viour, the mean responding rate during the reinstatement

sessions being no different from that observed during

extinction (672.4 vs 5.572.53). More importantly, also

WIN 55,212-2-induced reinstatement of drug-seeking beha-

viour was fully prevented by pretreatment with the opioid

antagonist (5.571.10 vs 4.371.3).

During all reinstatement test sessions, the mean number of

responses on the inactive hole never exceeded five per session.

Discussion

The present study assesses the first extinction/reinstatement

model of cannabinoid-seeking in the rat and provides evidence

Figure 4 Antagonism by SR 141716A (SR) and naloxone (NX) of WIN 55,212-2- and heroin-induced reinstatement of
cannabinoid-seeking behaviour. Each bar represents the mean7s.e.m. of active nose-pokes observed over the last 3 days of
cannabinoid IVSA (training), over the last five consecutive sessions of extinction (EXT) and during the reinstatement test sessions
(drug priming). Doses are expressed as mg kg�1 (i.p.). Effect of phases: Po0.0001; effect of treatment: P¼NS (two-way ANOVA).

Figure 3 Latency to the first nose-poke on the active hole following
primings with saline (circle) or drugs (diamonds). Data are expressed
as the mean time (s) taken to make the first active nose-poke during
the pre-extinction baseline (i.e. training, open triangle) and the
reinstatement test session (filled symbols) following extinction.
*Po0.001 vs heroin, #Po0.01 vs saline, }Po0.05 vs cocaine. One-
way ANOVA followed by Newman–Keuls post hoc test (n¼ 7–8).
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for a role of the endogenous cannabinoid and opioid systems

in the resumption of nonreinforced cannabinoid-seeking

behaviour following long-term extinction.

We demonstrated that a single noncontingent nonreinforced

priming injection of WIN 55,212-2, at doses not affecting

temporal parameters of operant responding (Carriero et al.,

1998), reliably reinstated extinguished operant responding for

cannabinoid in the rat. This finding is in agreement with

observations from other investigators reporting that relapse to

cocaine-, heroin- or nicotine-seeking behaviour is triggered by

the same previously self-administered drug (De Wit & Stewart,

1981; 1983; Jaffe et al., 1989; Chiamulera et al., 1996; Shaham

et al., 1996; De Vries et al., 1998), thus validating our

extinction/reinstatement model of cannabinoid-seeking as a

useful tool for investigating relapse to cannabinoids in the rat.

In this study, we have tested WIN 55,212-2 at different doses

(0.125–0.25–0.5–1mgkg�1) and found a bell-shaped dose–

response curve, with the doses of 0.125 and 1mgkg�1 not

effective in reinstating cannabinoid-seeking behaviour (data

not shown). The finding that a 0.5mg kg�1 dose of the CB1

receptor agonist induced a significantly weaker effect than the

lowest dose of 0.25mgkg�1 could be explained if the latter

is taken as already being on the descending portion of the

dose–response curve. Notably, a very similar dose-dependent

decrease in responding was also observed during WIN 55,212-

2 self-administration (Fattore et al., 2001). The ability of WIN

55,212-2 to reinstate extinguished responding is specifically

mediated by CB1 receptors since resumption of cannabinoid-

seeking by WIN 55,212-2 is completely reversed by SR

141716A, at a dose that did not modify baseline response

rates per sè.

Remarkably, pretreatment with naloxone also prevents

relapse to cannabinoid-seeking, strengthening the notion of

a cross-interaction between opioid and cannabinoid systems

in behavioural responses related to reinstatement of drug-

seeking behaviour (Fattore et al., 2003). Acute administration

of naloxone has been previously reported to (i) block self-

administration of the cannabinoid receptor agonists WIN

55,212-2 and HU210 in drug-naı̈ve mice without being self-

administered by animals (Navarro et al., 2001; Fattore et al.,

2002), (ii) induce withdrawal syndrome in HU210-dependent

animals (Navarro et al., 2001) and (iii) significantly reduce CP

55,940-induced conditioned place preference in rats (Braida

et al., 2001).

In line with these observations is the finding that an acute

heroin priming resumes extinguished cannabinoid-seeking

behaviour, in an even quicker manner than WIN 55,212-2

primings, providing strong support for the bi-directionality

of the cannabinoid–opioid interaction in relapse-related

mechanisms.

The fact that the effect of heroin is completely reversed by

pretreatment with naloxone, at a dose that did not affect

operant response in animals per sè, implies that heroin-induced

reinstatement of cannabinoid-seeking is also mediated

throughout opioid receptor stimulation. Importantly, when

the effect of SR 141716A on the heroin-induced reinstatement

of cannabinoid-seeking was evaluated, the compound proved

to completely inhibit heroin-induced relapse to cannabinoid-

seeking, thus suggesting that blockade of CB1 receptors may

also reduce the reinforcing/motivational properties of heroin,

as previously suggested (Navarro et al., 2001; De Vries et al.,

2003; Fattore et al., 2003). Cannabinoid and opioid interac-

tions have been proposed to enhance the propensity to heroin

abuse in marijuana users; however, a very recent paper shows

that D9-THC-tolerant rats were no more vulnerable than

control animals to the reinforcing properties of morphine in a

self-administration study (Gonzalez et al., 2004).

In view of the notion that one drug of abuse can reinstate

extinguished responding established with another drug of

abuse only when the two drugs share physiological and/or

pharmacological consequences (De Wit & Stewart, 1981;

1983), the observation that cannabinoid and opioid agents

produce cross-reinstatement of drug-seeking behaviour follow-

ing long-term withdrawal is quite remarkable. Indeed, priming

injections of WIN 55,212-2 reinstate heroin-seeking behaviour

(Fattore et al., 2003) as well as heroin primings result in relapse

to cannabinoid-seeking behaviour (present findings).

Cross-tolerance or mutual potentiation has been demon-

strated between cannabinoids and opioids, leading several

authors to suggest that both drugs share common links in

their molecular mechanisms of action (Rubino et al., 1997;

Hampson et al., 2000; Shapira et al., 2000; Massi et al., 2003;

Vigano et al., 2003).

CB1 cannabinoid and m opioid receptors are co-expressed in

the nucleus accumbens (NAc) (Navarro et al., 1998), and it has

been suggested that cannabinoids and opioids may interact at

the levels of their cellular (Shapira et al., 2003), intracellular

(Fimiani et al., 1999) or signal transduction (Thorat &

Bhargava, 1994; Manzanares et al., 1999) pathways. Such

interactions could be involved, at least in part, in the central

mechanisms modulating relapse to drug-seeking. However,

two other possible considerations may be of help in explaining

cannabinoid–opioid interactions in drug abuse and relapse.

The first is the ability of cannabinoids to increase the synthesis

and induce the release of endogenous opioids in brain areas

critically involved in addiction and dependence (Manzanares

et al., 1998; Valverde et al., 2001). This evidence suggests that

the newly released endogenous opioids might act on opioid

receptors in the ventral tegmental area (VTA) and conse-

quently enhance mesolimbic DA release (Tanda et al., 1997).

Secondly, the co-localization of CB1 and opioid receptors has

been demonstrated in GABAergic efferent neurons, implying

that stimulation of either CB1 or opioid receptors inhibits

GABAergic neurotransmission in the NAc (Hoffman &

Lupica, 2001) while stimulation of both receptors could have

a synergistic effect.

We also found that priming injections of cocaine does not

reinstate cannabinoid–seeking behaviour following extended

drug abstinence. This result was rather unexpected in light

of the notion that endocannabinoid and DA systems exert

a mutual control on signalling processes (Van der Stelt & Di

Marzo, 2003). Similarly to other drugs of abuse, cannabinoids

increase dopaminergic transmission in several limbic areas

(Gardner et al., 1988; Navarro et al., 1993; Szabo et al., 1999;

Van der Stelt & Di Marzo, 2003), while cannabinoid

withdrawal reduces mesolimbic dopaminergic activity (Diana

et al., 1998).

Previous evidence pointed to an interaction between

cannabinoid and DA systems in the modulation of relapse to

drug-seeking (De Vries et al., 2001) as well as in drug-taking

(Fattore et al., 1999) and reward-facilitating (Vlachou et al.,

2003; Duarte et al., 2004) mechanisms, although cocaine

is spontaneously self-administered by CB1 knockout mice

(Cossu et al., 2001). Moreover, studies on drug-induced
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reinstatement of drug-seeking behaviour typically indicated

the mesocorticolimbic DA system as an essential substrate for

triggering relapse in the reinstatement paradigm, via the neural

systems that it regulates, from the VTA to the NAc and, to a

lesser extent, on its afferent and efferent projection areas such

as medial prefrontal cortex, basolateral amygdala and ventral

pallidum (Grimm & See, 2000; Shalev et al., 2002).

However, the specific role of the dopaminergic system in

relapse to cannabinoids or opioids has not yet been elucidated,

so that it may be possible that the dopaminergic transmission

is not the main neuronal system directly involved in the

processes underlying reinstatement of cannabinoid- and

heroin-seeking. Indeed, reinstatement of heroin-seeking beha-

viour has been reported following amphetamine (De Vries

et al., 1998) but not apomorphine, bromocriptine or the D1

agonist SKF-82958 (De Vries et al., 1999; Wise et al., 2000)

primings. Cocaine itself shows differential effects on relapse to

heroin depending on drug doses and route of administration

used (De Wit & Stewart, 1983; De Vries et al., 1998). Based

on these observations, it seems reasonable to hypothesize

that systems other than the dopaminergic one (i.e. the opioid

system) may play a major role in relapse to cannabinoids,

possibly via a more indirect central action.

Taken together, the evidence provided by the present

study demonstrates that cannabinoid-seeking behaviour

is reinstated by both WIN 55,212-2 and heroin-priming

injections in trained rats following long-term extinction,

thus demonstrating the bi-directionality of cannabinoid–

opioid interactions in modulating central mechanisms

underlying relapse.
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