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Rémi Martin-Fardon*,1, Tangui Maurice2, Harinder Aujla1, Wayne D Bowen3 and Friedbert Weiss1

1Molecular and Integrative Neurosciences Department, The Scripps Research Institute, La Jolla, CA, USA; 2INSERM U. 710, EPHE, University of

Montpellier II, Montpellier, France; 3Department of Molecular Pharmacology, Physiology and Biotechnology, Brown University, Providence, RI, USA

Growing evidence suggests a role for sigma1 (s1) receptors in cognitive function, anxiety, depression, regulation of stress responses, and,

recently, the appetitive effects of cocaine as measured by conditioned place preference. This study was designed to extend understanding

of the role of s1 receptors in addiction-relevant conditioned effects of cocaine by testing the effects of a potent and selective s1 receptor
antagonist, BD1047, on conditioned reinstatement of cocaine-seeking. To determine whether modification of conditioned reinstatement

by BD1047 is selective for drug-directed behavior or reflects general suppressant effects on motivated behavior, BD1047 was tested also

on reinstatement induced by stimuli conditioned to a natural reward, sweetened condensed milk (SCM). Additionally, because s1
receptors have been implicated also in processes linked to the acute reinforcing actions of cocaine, tests of the effects of BD1047 on

cocaine self-administrationFincluding a comparison with the s1 antagonist effects on SCM self-administrationFwere conducted as well.

Cocaine self-administering male Wistar rats were trained to associate a discriminative stimulus (SD) with the availability of cocaine or SCM,

and then subjected to reinstatement tests following extinction of cocaine or SCM-reinforced behavior. BD1047 (1–30mg/kg) reversed

response reinstatement induced by the cocaine SD at 20 and 30mg/kg but did not modify SCM SD-induced responding at all but the

highest 30mg dose, at which responding was reversed to extinction levels. BD1047 did not modify responding reinforced directly by SCM

or cocaine. The findings support a role for s1 receptors in regulating conditioned responses to cocaine-related contextual stimuli and

identify this receptor as a potential treatment target for the prevention of craving and relapse.
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INTRODUCTION

The sigma1 (s1) receptor is a 223-amino-acid protein
localized in several organs, such as liver, heart, testis,
gastrointestinal tract, and brain (Maurice et al, 2002).
Immunohistochemical studies confirmed earlier in vitro
binding assays indicating that s1 receptors are present in
numerous brain structures, with particularly high concen-
trations in specific areas within the limbic system as well as
brainstem motor structures (for review, see Maurice et al,
2002). The highest levels of s1 receptor immunostaining
have been observed in the granular layer of the olfactory
bulb, hypothalamic nuclei, hippocampus, and pyramidal
layers of the hippocampus, caudate putamen, septum,
nucleus accumbens, and amygdala (Alonso et al, 2000; but

see also Maurice et al, 2002). At the subcellular level, the
s1 receptor is present in neurons, on the endoplasmic
reticulum as well as mitochondrial, nuclear, and plasma
membranes (Maurice et al, 2002; Su and Hayashi, 2003).
Physiologically, s1 receptor activation leads to cellular
restructuring by translocating cholesterol and cytoskeletal
proteins from the endoplasmic reticulum to the plasma
membrane and nucleus, and regulates synaptic trans-
mission by modulating intracellular Ca2 + mobilization
(Hayashi and Su, 2001, 2003a, b; Monnet et al, 2003). The
endogenous ligand of s1 receptors has not been fully
identified yet. However, several lines of evidence suggest
that neuroactive steroids such as dehydroepiandrosterone
(DHEA) and progesterone act as potent endogenous s1

receptor modulators (for review, see Monnet and Maurice,
2006). Behaviorally, s1 receptors have been implicated in
cognitive function, anxiety, depression, and regulation of
stress responses (eg Maurice et al, 2001; Urani et al, 2001).
Additionally, s1 receptors have been found to modulate
several neurobehavioral effects of cocaine, including the
drug’s subjective (Katz et al, 2003), psychomotor stimulant
(Menkel et al, 1991; Ujike et al, 1996), rewarding (Romieu
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et al, 2000), and toxic (Matsumoto et al, 2001) actions. Of
interest with regard to a s1 receptor role in cocaine addiction
is that pharmacological blockade of this receptor attenuates
expression of cocaine-conditioned place preference (CPP)
(Romieu et al, 2000, 2002), suggesting that s1 receptors
participate in mediating the conditioned incentive effects of
cocaine-related environmental stimuli. It is well established
that such stimuli can evoke craving or lead to relapse in
abstinent individuals (eg O’Brien et al, 1998) and, in animals,
consistently elicit reinstatement of extinguished cocaine-
seeking (See, 2002; Shaham et al, 2003; Weiss, 2005).

To extend our understanding of the role of s1 receptors
in addiction-relevant conditioned effects of cocaine, the
effects of a potent selective s1 receptor antagonist, BD1047
(Matsumoto et al, 1995; McCracken et al, 1999b), were
examined on reinstatement of cocaine-seeking induced by
drug-related contextual stimuli. To establish whether
BD1047 preferentially modifies drug-directed behavior or
exerts general suppressant effects on motivated behavior,
BD1047 effects were tested also on responding induced by
stimuli conditioned to a potent conventional reinforcer,
sweetened condensed milk (SCM). Because s1 receptors
have been implicated not only in the expression but also
acquisition (Romieu et al, 2000, 2002) of cocaine CPP (ie a
process linked to the acute reinforcing actions of cocaine),
tests of BD1047 effects on self-administration of cocaine and
SCM were conducted as well.

MATERIALS AND METHODS

Subjects

Eighty-seven male Wistar rats (Charles River, Wilmington,
MA; 200–250 g upon arrival) were housed 2–3/cage in a
temperature- and humidity-controlled vivarium on a
reverse 12:12 h light/dark cycle with ad libitum access to
food and water. All procedures were conducted in strict
adherence to the National Institutes of Health Guide for the
Care and Use of Laboratory Animals and approved by
the Institutional Animal Care and Use Committee of The
Scripps Research Institute.

Drugs

Cocaine hydrochloride (National Institute on Drug Abuse,
Bethesda, MD) was dissolved in sterile physiological saline.
Cocaine or saline vehicle was intravenously (i.v.) infused at
a volume of 0.1 ml over 4 s. N-[2-(3,4-dichloropheny-
l)ethyl]-N-methyl-2-(dimethylamino)ethylamine (BD1047),
obtained from Dr WD Bowen (Brown University, Provi-
dence, RI), was dissolved in distilled water and intra-
perioneally (i.p.) administered in a volume of 1 ml/kg.

Effects of BD1047 on Conditioned Reinstatement:
Procedures

Behavioral training and testing were conducted according to
previously described procedures (Baptista et al, 2004; Caine
et al, 1993; Weiss et al, 2000). Briefly, operant responding
maintained by food or SCM was initially established using a
continuous reinforcement schedule in daily 60- and 40-min
sessions, respectively. Rats designated for cocaine self-

administration were surgically prepared with jugular cathe-
ters (Caine et al, 1993; Weiss et al, 2000) and given 7 days of
recovery before commencing self-administration training.
Self-administration of cocaine (0.25 mg/0.1 ml; i.v.) or SCM
(2 : 1 v/v in distilled water; 0.1 ml delivered into a 0.2 ml
receptacle) began on a fixed ratio 1 (FR1) schedule of
reinforcement in daily 120-min cocaine or 40-min SCM
sessions, 5 days/week. Responses at the right, active lever
were reinforced and followed by a 20-s time-out (TO) period
signaled by illumination of a cue light above the lever. During
this time, the lever remained inactive. Responses at the left,
inactive lever had no scheduled consequences.

Following 2 weeks of training, responses at the active lever
were differentially reinforced in the presence of distinct
discriminative stimuli (SD). A constant 70 dB white noise
(S + ) signaled availability of the reinforcer whereas illumina-
tion of a 2.8 W house light (S�), located at the top of the
chamber’s front panel, signaled the absence of the reinforcer
(ie, saline solution instead of cocaine or no consequence
instead of SCM; see Baptista et al, 2004). Three daily sessions
(lasting 1 h for the cocaine group, and restricted to 20 min
for the SCM group to avoid satiety effects by excessive
ingestion of SCM), separated by 30-min intervals, were
conducted, with two ‘reward’ sessions and one ‘non-reward’
session sequenced in random order. Sessions were initiated
by presentation of the respective SD and extension of the
levers. The SD remained present until termination of the
session by retraction of the levers. After eight training days
(ie, a total of 16 ‘reward’ and 8 ‘non-reward’ sessions), both
the cocaine and SCM groups were placed on extinction
conditions in daily 1-h sessions during which the reinforcers
and SD were withheld until a criterion of p4 responses/
session for 3 consecutive days was reached. One day after
each animal reached the extinction criterion, reinstatement
tests began. These 1-h tests were conducted under extinction
conditions, but with reintroduction of the SD as during the
conditioning phase. Rats were tested first in the presence of
the S� to verify the behavioral selectivity of the SD. Two days
later, tests of BD1047 (0, 1, 3, 10, 20, or 30 mg/kg, i.p.) on S +

-induced reinstatement began. BD1047 was administered
10 min before the onset of sessions. Each animal was tested
with only one dose of BD1047 according to a between-
subjects design.

Effect of BD1047 on Self-Administration: Procedures

After acquisition of cocaine- or SCM-reinforced responding
on an FR1 schedule as above, but without being subjected to
conditioning procedures, rats received further daily 120-
min access to cocaine on an FR 5 schedule or 30-min access
to SCM on an FR1 schedule until stable intake developed
(710%). Effects of BD1047 (0, 1, 3, 10, 20, and 30 mg/kg,
i.p.) on cocaine or SCM self-administration were then
determined. Each rat was tested once with each BD1047
dose on separate days according to a Latin square design
(n¼ 6 animals/group). Each drug test was preceded by five
baseline cocaine or SCM self-administration sessions.

Statistics

Differences in responding at the active lever between the
respective reward and non-reward conditions during the
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training phase were analyzed by paired t-tests. Differences
in the number of responses during the extinction and
reinstatement phases, including the effects of BD1047 on
reinstatement responses, were analyzed separately for the
cocaine and SCM groups by one-way ANOVA. Cumulative
responses were analyzed by mixed-factorial ANOVA,
followed by simple effects analysis. Effects of BD1047 on
responses reinforced directly by cocaine or SCM were
analyzed separately by one-way within-subjects ANOVA.
Significant omnibus tests were followed by Fisher’s PLSD
post hoc tests.

RESULTS

Effect of BD1047 on Conditioned Reinstatement

Cocaine. All rats (n¼ 33) acquired cocaine-reinforced
responding, maintained stable cocaine self-administration
during the conditioning phase, and ceased responding
during non-reward (saline) sessions (Figure 1a, left panel).
Following initiation of the extinction contingency, rats
required, on average, 9.671.3 (mean7SEM) sessions to
reach the criterion. During subsequent reinstatement tests,
the cocaine S + (in BD1047 vehicle-treated rats) but not the
saline-associated S� elicited strong recovery of responding
(po0.001, Fisher PLSD tests after ANOVA: F2,8¼ 31.2;
po0.001; Figure 1a). BD1047 dose-dependently reduced the
response reinstatement induced by the S + (Figure 1a, right
panel) with significant effects at the 20 (po0.05) and
30 mg/kg (po0.01) doses (Fisher PLSD tests after ANOVA:
F5,27¼3.2; po0.05). Further examination of the BD1047
effects revealed that this agent modified the cumulative
response profile associated with S + -induced reinstatement
(Figure 1a, inset) as reflected by a main effect for
BD1047 doses (F5,27¼ 4.2; po0.01) and a dose� time
(10 min intervals) interaction (F25,135 ¼ 1.9; po0.01). More-
over, this analysis indicated that only the 20 mg/kg and
30 mg/kg BD1047 doses decreased responding at all time
points compared to vehicle-treated rats (simple effects,
po0.05; Figure 1a, inset). Inactive lever responses remained
low (p4 responses) throughout the experiment and
unaltered by BD1047.

Sweetened condensed milk. As in the case of cocaine, all rats
(n¼ 42) acquired robust SCM-reinforced responding, main-
tained stable responding during the conditioning phase, and
ceased responding during non-reward sessions (Figure 1b,
left panel). Rats required on average 10.370.7 (mean7SEM)
sessions to reach the extinction criterion. Presentation of the
SCM S + (in vehicle-injected rats), but not the S�, produced
reliable reinstatement (po0.001, Fisher PLSD tests after
ANOVA: F2,12¼ 53.3; po0.001; Figure 1b, right panel). Only
the highest dose of BD1047 attenuated the S + -induced
response reinstatement (po0.01, Fisher PLSD tests after
ANOVA: F5,36¼ 2.6; po0.05; Figure 1b). Examination of
BD1047’s effects on cumulative responses confirmed that the
s1 antagonist modified the shape of the cumulative response
profile (main effect of BD1047 dose: F5,36¼ 3.5; po0.05), but
only at the highest dose (Figure 1b, inset). The failure to
obtain a significant dose� time interaction reflects the
suppressant effects on reinstatement of only a single (ie the
30 mg/kg) dose that persisted across the entire session

(Figure 1b, inset). Responses at the inactive lever remained
low (4 responses) throughout training and testing and were
not modified by BD1047.

Effect of BD1047 on Cocaine and SCM-Reinforced
Behavior

All rats acquired stable cocaine (n¼ 6) or SCM self-
administration (n¼ 6) after 14 days of training. BD1047
did not alter either cocaine (F5,25¼ 1.9; p40.05; Figure 2a) or
SCM-reinforced responding (F5,25¼ 1.7; p40.05; Figure 2b).
Responses at the inactive lever remained low (p2 responses)
throughout testing, and were not modified by BD1047.

DISCUSSION

BD1047 dose-dependently reduced reinstatement induced
by a cocaine-related contextual stimulus, whereas respond-
ing elicited by a stimulus conditioned to a palatable
conventional reinforcer, SCM, was attenuated at the highest
BD1047 dose only. The s1 antagonist did not modify self-
administration of cocaine or SCM. This observation
suggests that pharmacological blockade of s1 receptors
does not modify the acute reinforcing effects of cocaine or
palatable natural reward, but selectively attenuates the
incentive-motivational effects of reward-paired contextual
stimuli with a preferential action on stimuli conditioned to
cocaine vs natural reward.

The preferential interference by BD1047 with cocaine S + -
induced reinstatement resembles earlier observations where
a Group II metabotropic glutamate receptor agonist
(LY379268) selectively attenuated reinstatement induced by
stimuli conditioned to cocaine vs conventional reinforcers
including food and SCM (Baptista et al, 2004). This effect of
BD1047 is unlikely to be the result of differences in response-
reinstating efficacy between the cocaine and SCM S + per se.
While SCM conditioning sessions were restricted to 20 min to
avoid satiety and, thus, shorter than cocaine conditioning
sessions, the number of responses per session was consider-
ably higher in the SCM than in the cocaine group such that
these animals experienced a greater number of reinforcer
presentations in the presence of the SCM S + compared to the
cocaine S + condition. Nonetheless, as in previous reports
where stimuli conditioned to conventional reinforcers were
less effective in eliciting reward-seeking than cocaine-
associated stimuli (Baptista et al, 2004; Grimm et al, 2002),
the SCM S + produced weaker reinstatement than the cocaine
S + . Moreover, the SCM S + induced and maintained
responding only during the first 10–20 min of the reinstate-
ment test, whereas the cocaine S + produced strong and
sustained responding throughout the 60 min session.

BD1047 produced dose-dependent effects on reinstatement
only in the case of the cocaine S + . However, at the highest
dose, reinstatement elicited by the SCM S + was signi-
ficantly suppressed as well. Further scrutiny of the
time course of responding during the reinstatement tests
(Figure 1a and b, insets) shows that the highest doses of
BD1047 induced a delayed onset of responding. Specifically,
the effects of the 20 mg/kg dose appeared to dissipate 30 min
into the test (Figure 1a), whereas the effects of the 30 mg/kg
dose did not show signs of dissipation until 50–60 min after
the beginning of the test (see insets of Figure 1a and b).
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The pharmacokinetic profile of BD1047 has not yet been
precisely described. However, these observations in con-
junction with earlier data (Matsumoto et al, 1995; Romieu
et al, 2004; Urani et al, 2001) strongly suggest that the
behavioral effects of BD1047 last for at least 30 min following
administration and that BD1047’s duration of action may
vary as a function of dose. The reason for the failure of
BD1047 to alter SCM S + -induced behavior at low doses,
paired with the full suppression of this behavior only at the
highest dose is presently unclear. This effect cannot be

attributed to motor impairment or sedation, because BD1047
did not interfere, even at the highest dose, with the high rate
of responding in rats self-administering SCM (Figure 2b),
confirming previous reports that s1 receptor antagonists are
devoid of general suppressant effects on behavior (McCrack-
en et al, 1999a; Romieu et al, 2006). In particular, while
BD1047 reduces the acute locomotor stimulant effects of
cocaine as well as cocaine-induced convulsions and lethality,
the s1 receptor antagonist does not interfere with sponta-
neous locomotor activity (McCracken et al, 1999a).

Figure 1 Effects of BD1047 on reinstatement induced by discriminative stimuli associated with (a) cocaine and (b) SCM. (a) Left panels: active lever
responses during conditioning sessions in the presence of stimuli paired with cocaine (upper panel: COC/S+ ) or SCM (lower panel: SCM/S+ ) vs non-
availability of these reinforcers (upper panel: SAL/S�; lower panel: non-SCM/S�). Center panels: Extinction (EXT) responses at criterion and responses
during an initial reinstatement test in the presence of the stimulus paired with reward non-availability (S�). Right panels: reinstatement responses in the
presence of the stimuli previously associated with reward (cocaine: upper panel; SCM: lower panel) availability (S+ ) in vehicle-treated rats (0), and
modification of conditioned reinstatement across doses of BD1047. Insets: cumulative number of responses throughout the 60-min reinstatement periods
(error bars omitted for clarity). Upper panels: ***paired t-test t32¼ 14.3; po0.001 vs COC/S+ ; &po0.001 vs S+ ; *po0.05 and **po0.01 vs vehicle;
+po0.05 and + +po0.01 vs BD1047 1mg/kg. Lower panels: ***paired t-test t42¼ 91.1; po0.001 vs SCM/S+ ; &po0.001 vs S+ ; **po0.01 vs vehicle;
+ +po0.01 vs BD1047 1mg/kg. Numbers inside bars represent sample sizes.
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As BD1047 reliably attenuated conditioned cocaine-
seeking, one might expect that this drug would exert at
least similar, if not greater, effects on behavior that is less
robust (ie conditioned SCM-seeking). One interpretation of
this finding is that s1 receptors participate in mediating
behavior motivated by drug-related but not non-drug-
related stimuli and therefore, possibly, point toward the
existence of separate neural substrates for drug-related vs
conventional learning. It is also possible that s1 receptors
participate in regulating conditioning processes indepen-
dent of the nature of the unconditioned stimulus (ie cocaine
vs SCM), but that the effects of non-drug cues are more
resistant to disruption than the effects of drug cues. A more
likely interpretation for the differential effects of BD1047 on
cocaine S + vs SCM S + -induced reinstatement is related to
upregulation of s1 receptor function after cocaine treat-
ment. Acute cocaine administration has been shown to
upregulate s1 receptor gene expression and protein levels
in whole brain, striatum, and cortex (Liu et al, 2005).
Moreover, 4 days of intermittent cocaine exposure during
place conditioning increased in vivo binding levels of the s1

receptor agonist [3H]( + )-SKF-10,047 in the olfactory bulb,
hippocampus, hypothalamus, cortex, and striatumFa
change that was sustained during extinction of CPPFindi-
cative of persistent functional s1 receptor upregulation
(Romieu et al, 2004). It is possible then that over the course
of cocaine self-administration and cue conditioning,
followed by a prolonged extinction period, sustained
upregulation of s1 receptor function may have occurred,
an effect that would not be expected to develop in the
cocaine-naı̈ve SCM group. Consequently, increases in s1

receptor expression or affinity may have amplified the
effects of BD1047 in the cocaine-exposed but not drug-naı̈ve
SCM group, providing a possible explanation for the
differential efficacy of BD1047 in reversing behavior
induced by the cocaine vs SCM S + . Several endogenous
systems have been shown to interact with the s1 receptor,
including peptides of the neuropeptide Y and calcitonin
gene-related peptide families and neuroactive steroids that
have attracted much interest recently as putative endo-
genous ligands for the s1 receptor (for reviews, see Maurice,
2004; Monnet and Maurice, 2006). Specifically, it has been
shown that pregnenolone and DHEA act as s1 receptor
agonists, progesterone being the most potent endogenous
s1 receptor antagonist known to date (Maurice, 2004;
Maurice et al, 2002). These neuroactive steroids have been
shown to modulate cocaine-induced locomotor stimulation
or CPP through a direct interaction with s1 receptors
(Romieu et al, 2003), and in vivo assay also showed that

circulating levels of cortisol and DHEA sulfate were
increased following days of abstinence in cocaine addicts
(Buydens-Branchey and Branchey, 2004; Buydens-Branchey
et al, 2002). Finally, studies in rats have confirmed that
DHEA attenuated cocaine self-administration and cocaine-
seeking, an effect possibly resulting from an interaction with
the s1 receptor (Doron et al, 2006; Maayan et al, 2006).
On the basis of these findings, it would seem justified to
speculate that cocaine during self-administration training
and conditioning produced persistent neuroendocrine
perturbations, which could in turn have resulted in
upregulation of s1 receptors increasing susceptibility to
relapse (ie, conditioned reinstatement) in the cocaine group.

BD1047 did not modify the primary reinforcing effects of
cocaine and SCM at a dose range that progressively reduced
the conditioned effects of the cocaine S + . Sigma1 receptors
are highly expressed in the hippocampus (Alonso et al,
2000), a brain site with an established role in the occasion-
setting action of contextual stimuli (eg Holland and Bouton,
1999). Indeed, transient inactivation of the dorsal hippo-
campus was shown to specifically block contextual re-
instatement of cocaine-seeking, but not reinstatement
induced by cocaine or discrete cocaine-paired cues (Fuchs
et al, 2005). Therefore, one may speculate that, in the
present study, the s1 receptor antagonist interfered with the
processing of reward-related contextual information at the
hippocampal level, reducing its motivating impact, an effect
that would not interfere with the direct reinforcing actions
of drug or natural reward. It is important to note, however,
that BD1047 has been reported to also block cocaine
priming-induced reactivation of cocaine CPP (Romieu et al,
2004)Fan effect thought to be mediated by the nucleus
accumbens shell and the ventral tegmental area (see Kalivas
and McFarland, 2003 for review)Fsuggesting that s1

receptors in the nucleus accumbens and the ventral
tegmental area may play a role in reinstatement induced
by cocaine priming manipulations (Alonso et al, 2000;
Maurice et al, 2002; McFarland et al, 2003). However, a
more comprehensive understanding of the pharmacological
profile of BD1047 relevant for reinstatement and relapse,
including its effects on priming-induced reinstatement as
well as the assessment of specific links between effects of s1

manipulations in anatomically distinct brain regions on
cocaine-seeking associated with distinct risk factors (ie
contextual vs discrete cocaine cues vs cocaine priming vs
stress exposure) will remain for further research.

The lack of BD1047 effect on cocaine self-administration
observed here is in apparent contradiction to earlier
findings showing that BD1047 blocks the acquisition of

Figure 2 Effects of BD1047 on self-administration of cocaine or SCM. Cocaine (a) and SCM- (b) reinforced responses after vehicle vs BD1047
administration.
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cocaine CPP, suggesting that the drug can antagonize the
acute reinforcing actions of cocaine (Romieu et al, 2000,
2002). Several explanations can be offered for this
discrepancy. First, acquisition of cocaine CPP was obtained
with involuntary cocaine administration rather than self-
administration. It is well established that the behavioral and
neurochemical effects of voluntary vs involuntary cocaine
administration differ (eg Hemby et al, 1997; Jacobs et al,
2003; Wise, 2000). Moreover, the duration and amount of
cocaine exposure in the self-administering rats of the
present study was considerably greater compared to that in
the CPP studies. Therefore, both the reinforcing quality and
relevant neuroadaptive changes are likely to differ in rats
subjected to involuntary vs self-administration of cocaine.
Consistent with this hypothesis is recent evidence on
differential regulation of the s1 receptor as a function of
the mode of administration of methamphetamine (active vs
passive). Rats self-administering methamphetamine showed
increased expression of s1 receptor mRNA in the hippo-
campus and decreased expression in the frontal cortex
compared to yoked-methamphetamine and yoked-saline
controls (Stefanski et al, 2004). Second, rats in the present
study self-administered cocaine for 2 h after receiving
BD1047. Therefore, the effects of BD1047 may have been
surmountable by continued response-contingent adminis-
tration of cocaine in the present case, but not in the CPP
studies in which rats received a single i.p. cocaine dose
before conditioning sessions. A possible alternative expla-
nation for these discrepant findings may be that self-
administration and CPP procedures also differ with respect
to the significance of contextual learning in the acquisition
of cocaine-reinforced behavior. The contextual associative
learning component relevant for CPP through which
environmental stimuli in the drug-paired environment
eventually establish secondary reinforcing properties is less
critical in the establishment of drug-reinforced behavior in
self-administration studies. In fact, self-administration
depends on intact operant learning abilities of the organism
(ie animals learn the association between a response and an
outcome rather than between a previously neutral set of
environmental stimuli and drug-induced internal state).
According to this possibility, BD1047 may be effective in
disrupting the acquisition of associations between pre-
viously neutral cues now paired with cocaine, but does not
disrupt the maintenance of response–outcome behavior. A
comparative study testing the effects of chronic BD1047
administration during the induction of CPP vs acquisition
of cocaine self-administration will be needed to pursue this
hypothesis.

What may constrain interpretation of the findings in
terms of a specific role of s1 receptors in conditioned
cocaine reinstatement is that only a single s1 antagonist was
tested. However, few s1-selective ligands are presently
available, and BD1047, which has nanomolar affinity for
the s1 receptor, is the most selective and potent s1 receptor
antagonist described to date (Daniels et al, 2006; Matsu-
moto et al, 1995; McCracken et al, 1999a, b). Moreover,
although BD1047 also has moderate affinity for s2 receptors
and b-adrenergic receptors, it shows substantial selectivity
for s1 receptors (E50 times over s2 receptors, and E150
times over b-adrenergic receptors), providing confidence
that, at the dose range used, the behavioral effects obtained

here are attributable to an action at s1 receptors (Matsu-
moto et al, 1995). In addition, evidence exists that reduction
of s1 receptor expression following antisense treatment
prevents the acquisition of cocaine CPP, a finding that
directly implicates s1 receptors in contextual cocaine
conditioning (Romieu et al, 2000). Moreover, BD1047
produced effects on CPP highly similar to those of s1

antisense treatment (Romieu et al, 2000). Together, these
observations provide strong support for the interpretation
that the present findings resulted from an action of BD1047
at s1 receptors.

In summary, the selective s1 receptor antagonist, BD1047,
attenuated conditioned reinstatement by reward-paired
contextual stimuli with a preferential action on stimuli
conditioned to cocaine vs natural reward. BD1047 had little
effect on consummatory behavior maintained by drug or
natural reward. The presumably selective s1 receptor
antagonist action of BD1047, therefore, appears to attenuate
the motivating effects of cocaine cues without interfering
with normal motivational function. Thus, the results
identify BD1047 as a promising agent for further scrutiny
with regard to therapeutic potential and, by inference, that
s1 receptors may represent a promising novel target for the
prevention of cocaine craving and relapse.
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