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In humans, exposure to environmental contexts previously associated with drug intake often
provokes relapse to drug use, but the mechanisms mediating this relapse are unknown. Based on early
studies by Bouton & Bolles on context-induced ‘renewal’ of learned behaviours, we developed a
procedure to study context-induced relapse to drug seeking. In this procedure, rats are first trained to
self-administer drug in one context. Next, drug-reinforced lever responding is extinguished in a
different (non-drug) context. Subsequently, context-induced reinstatement of drug seeking is
assessed by re-exposing rats to the drug-associated context. Using variations of this procedure, we
and others reported reliable context-induced reinstatement in rats with a history of heroin, cocaine,
heroin–cocaine combination, alcohol and nicotine self-administration. Here, we first discuss
potential psychological mechanisms of context-induced reinstatement, including excitatory and
inhibitory Pavlovian conditioning, and occasion setting. We then summarize results from
pharmacological and neuroanatomical studies on the role of several neurotransmitter systems
(dopamine, glutamate, serotonin and opioids) and brain areas (ventral tegmental area, accumbens
shell, dorsal striatum, basolateral amygdala, prefrontal cortex, dorsal hippocampus and lateral
hypothalamus) in context-induced reinstatement. We conclude by discussing the clinical
implications of rat studies on context-induced reinstatement of drug seeking.
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1. INTRODUCTION
The seminal studies of Wikler (1973) and subsequent

investigations (O’Brien et al. 1992) indicate that

environmental contexts previously associated with

drug intake can provoke relapse to drug use in humans.

Despite this evidence, the role of contextual cues in

preclinical models of relapse to drug use has until

recently been largely ignored (Shalev et al. 2002). This

issue is important for understanding drug relapse,

because contexts strongly influence extinction and

resumption of learned behaviours (Bouton 2002).

We adapted an ABA renewal procedure (Bouton &

Bolles 1979) to study the role of the drug environ-

mental context in reinstatement of drug seeking

(Crombag & Shaham 2002). In this procedure, rats

are first trained to self-administer drugs in one context

(A); each drug infusion is paired with an explicit discrete
drug cue (a light cue or a compound tone–light cue).

Next, drug-reinforced lever responding in the presence

of the discrete drug cue is extinguished in a different

(non-drug) context (B), which is distinct from the

drug-associated context in its tactile, visual, auditory

and olfactory or circadian (time of day) features.
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Subsequently, context-induced reinstatement of drug

seeking is assessed by re-exposing rats to the drug-
associated (A) context. During the reinstatement tests
under extinction conditions, responding on the pre-

viously active lever leads to contingent presentations of
the discrete drug cue but not the drug. Using variations
of this procedure, we and others found context-induced
reinstatement of heroin (Bossert et al. 2004, 2006,

2007), cocaine (Crombag et al. 2002a; Fuchs et al.
2005–2007; Kearns & Weiss 2007; Fletcher et al. 2008;
Hamlin et al. 2008), speedball (Crombag & Shaham

2002), alcohol (Burattini et al. 2006; Zironi et al. 2006;
Hamlin et al. 2007; Marinelli et al. 2007; Chaudhri et al.
2008) and nicotine (Diergaarde et al. in press)

seeking (figure 1). In these studies, the magnitude of
lever (or nose-poke) responding during tests for context-
induced reinstatement after extinction was similar to

that observed on the first extinction session. Thus, an
attractive feature of our ‘adapted’ renewal procedure is
its reliability across different training conditions, context

manipulations, test conditions and drug classes, making
it suitable for studying context-induced reinstatement of
drug seeking.

Here we summarize recent results (2002–2008) by
us and others on psychological, pharmacological and
neuroanatomical mechanisms of context-induced rein-

statement of drug seeking in rats. We also briefly
discuss clinical implications. Table 1 provides a
glossary of terms, which appear in italics in the text.
This journal is q 2008 The Royal Society
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Figure 1. Context-induced reinstatement of drug seeking.
Data are meanGs.e.m. number of non-reinforced lever or nose-
poke responses on the previously active manipulandum
(previously paired with drug delivery) during tests for
context-induced reinstatement of drug seeking; non-reinforced
responses on the previously active manipulandum serve as the
operational measure of drug seeking during testing. The rats
were previously trained to self-administer (a) speedball
(a heroin–cocaine combination), (b) heroin, (c) nicotine,
(d ) cocaine or (e) alcohol. The rats were trained in one context
(drug context). Next, lever or nose-poke responding in the
presence of a discrete cue was extinguished in a second non-
drug context (extinction context). The rats were then tested
either in the drug context or in the extinction context. For
comparison purposes, the meanGs.e.m. number of non-
reinforced responding during the first extinction session is
also depicted. Data were adapted from Crombag & Shaham
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2. PSYCHOLOGICAL MECHANISMS OF
CONTEXT-INDUCED REINSTATEMENT
In discussing psychological mechanisms of context-
induced reinstatement, it is important to highlight a
procedural difference in the published studies which has
implications for the underlying mechanisms. Based on
Bouton & Bolles’ (1979) work, our original intention was
to test the ability of the drug-associated context to renew
the rat’s conditioned response to discrete injection-
paired cues after extinction (Crombag & Shaham 2002).
Thus, drug infusions during self-administration training
were explicitly paired with a discrete light cue, andduring
extinction training and reinstatement tests, this cue is
presented contingent on lever responding. By contrast,
in Fuchs et al. studies, explicit drug-paired cues were not
presented during acquisition, extinction and reinstate-
ment tests (Fuchs et al. 2005). This procedural
difference is important, because the presence or absence
of discrete drug-paired cues during training, extinction
and reinstatement can determine whether contexts
directly induce drug seeking by acquiring Pavlovian
conditioned stimulus (CS) properties, or indirectly by
modulating the effects of discrete infusion cues on drug
seeking by serving as occasion setters (Rescorla et al. 1985;
Holland 1992). Although these two mechanisms are not
mutually exclusive (contexts may serve as both
traditional Pavlovian CSs and occasion setters), they
probably involve different neurobiological substrates
(Holland & Bouton 1999).

(a) Excitatory Pavlovian conditioning

One account of context-induced reinstatement is
that contexts cause reinstatement by functioning as
traditional excitatory Pavlovian CSs. According to this
view, because contexts reliably signal drug availability
during training, they acquire excitatory conditioned
stimulus (CSC) properties, and as extinction occurs
in a different context, drug-associated contexts retain
their motivational properties and reinstate drug seek-
ing. In agreement with this notion, Fuchs et al. (2005)
reported that contexts reinstate cocaine seeking in the
absence of any explicit discrete cocaine-paired cues.

An excitatory Pavlovian conditioning mechanism
potentially involved in context-induced reinstatement
is Pavlovian-to-instrumental transfer (PIT). PIT is
inferred from the observations that discrete Pavlovian
CSs, previously paired with reward in a non-operant
setting, increase non-reinforced instrumental respond-
ing for the same reward (Mackintosh 1974; Lovibond
1983). Results from PIT studies are often interpreted
to suggest that appetitive Pavlovian CSs become
endowed with incentive motivational properties that
directly potentiate instrumental goal-directed beha-
viours (Berridge 2004). There is evidence that
psychostimulants enhance PIT in rats trained to lever
press for sucrose (Wyvell & Berridge 2000). However,
the degree to which PIT contributes to drug relapse
remains unknown, because non-contingent presenta-
tions of drug-paired discrete cues fail to reinstate
cocaine seeking (Grimm et al. 2000; Kruzich et al.
(2002), Bossert et al. (2004), Marinelli et al. (2007), Diergaarde
et al. (in press) and Hamlin et al. (2008) for (a–e), respectively.
�Different from the extinction context, p!0.05.



Table 1. Glossary of terminology.

Active lever. Responses on this lever lead to drug infusions during drug self-administration training. During extinction training
and tests for reinstatement, responses on this lever are not reinforced by the drug. In studies using the reinstatement
procedure, non-reinforced responding on the active lever during testing serves as the operational measure of reinstatement of
drug-taking behaviour (often refers to as reinstatement of drug seeking; Shaham et al. 2003).

Conditioned reinforcer. A previously neutral stimulus (tone and light), which has acquired reinforcing effects through its prior
association with a primary or unconditioned reinforcer (food, drug; Mackintosh 1974).

Context. Refers to a configuration of diffuse cues providing the background setting of learning. Investigations on context effects
in learning indicate that many stimuli can function as contexts, including external cues such as smells and physical
environments, interceptive drug states, mood or hormonal states and time of day (Bouton 1993).

Discrete drug cue. A neutral stimulus (e.g. light, tone, sound of infusion pump) that during self-administration training becomes a
conditioned reinforcer following repeated temporal pairing with drug infusions and effects (Goldberg 1976). In studies on
discrete-cue-induced reinstatement, rats are trained to self-administer a drug; each reward delivery is temporally paired with a
discrete cue (e.g. tone and light). Lever pressing is then extinguished in the absence of the discrete cue. During reinstatement
testing, exposure to the discrete cue, which is earned contingently by responding on the drug-associated lever, reinstates drug
seeking (See 2002).

Discriminative drug cue. An environmental stimulus that after discrimination training signals whether instrumental performance
is reinforced. During training this stimulus, termed the SC (or SD), is presented just before the drug becomes available or
throughout the period of self-administration; a different stimulus, termed the SK (or SD), is presented when the drug is not
available on alternate days or sessions. Investigators have used discrimination procedures to study the role of discriminative
drug cues on reinstatement of drug seeking (McFarland & Ettenberg 1997; Ciccocioppo et al. 2001).

Extinction. The decrease in the frequency or intensity of learned responses after the removal of the unconditioned stimulus (e.g.
food, drug) that has reinforced the learning (Catania 1992).

Excitatory conditioning. A form of Pavlovian conditioning during which pairing of a neutral stimulus (a conditioned stimulus,
CS) with reinforcement results in the CS eliciting a conditioned response that often resembles the unconditioned
response (Pavlov 1927).

Inhibitory conditioning. A Pavlovian CS becomes inhibitory when the probability that the unconditioned stimulus (US) will occur
in the presence of the CS is lesser than the probability that the US will occur in the absence of the CS (Rescorla 1969).

Occasion setter. In Pavlovian conditioning, occasion setter cues signal whether another conditioned cue (CS) is to be reinforced
or not reinforced. In contrast to traditional excitatory of inhibitory Pavlovian CSs, occasion setter cues typically do not affect
behaviour directly but modulate behaviour elicited by other Pavlovian CSs (Holland 1992).

Pavlovian-instrumental transfer (PIT ). Refers to the ability of a Pavlovian conditioned stimulus (CS) to influence instrumental
(operant) responding (e.g. lever pressing) for reinforcement. In the PIT procedure, a rat learns to lever press for a reinforcer;
the rat also learns in different sessions a Pavlovian association between the CS and the reinforcer. Subsequently, lever pressing
is assessed in extinction tests in the presence or absence of the Pavlovian CS; the CS is presented non-contingently during
testing. Altered responding in the presence of the CS is referred to as Pavlovian–instrumental transfer and is thought to reflect
the general motivating effect of the Pavlovian cue (Lovibond 1983).

Reinstatement. In the learning literature, reinstatement refers to the recovery of a learned response (e.g. lever-pressing behaviour)
that occurs when a subject is exposed non-contingently to the unconditioned stimulus (e.g. food) after extinction. In studies
of reinstatement of drug seeking, reinstatement typically refers to the resumption of drug seeking after extinction following
exposure to drugs (de Wit & Stewart 1981; Self et al. 1996; Spealman et al. 1999), different types of drug cues (Meil & See
1996; Weiss et al. 2000; Crombag & Shaham 2002) or different stressors (Shaham & Stewart 1995; Shalev et al. 2001;
Shepard et al. 2004).

Relapse. A term used to describe the resumption of drug-taking behaviour during periods of self-imposed or forced abstinence
in humans.

Renewal. Refers to the recovery of extinguished conditioned behaviour, which can occur when the context is changed after
extinction; renewal often occurs when the subject returns to the learning (training) environment after extinction of the
conditioned response in a different environment (Bouton & Swartzentruber 1991).
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2001). These studies, however, were not designed to
assess PIT and, even in non-drug settings, PIT is often
difficult to reproduce because this phenomenon is
critically dependent on subtle experimental parameters
(Lovibond 1981; Crombag et al. 2008). Thus, the
degree to which PIT contributes to context-induced
reinstatement is a subject for future research.
(b) Inhibitory Pavlovian conditioning

Context-induced reinstatement may also occur
because contextual stimuli acquire conditioned inhibi-
tory properties (Rescorla et al. 1985). As context (B) is
explicitly paired with non-reinforcement during extinc-
tion in the ABA renewal condition, contextual cues
may acquire inhibitory CS properties, which actively
inhibit drug seeking. On test day, rats are removed
Phil. Trans. R. Soc. B (2008)
from the inhibitory control of context B, resulting in

reinstatement of drug seeking in the drug (A) context.

Consistent with this view, exposure to a third (novel)

context in an ABC condition often reinstates instru-

mental performance (Gunther et al. 1998). These

findings may suggest that the critical manipulation

to renew drug seeking is removal from the inhibitory

influence of the extinction context, rather than re-

exposure to the excitatory influence of the drug context.

However, renewal of conditioned responses in the ABC

condition is often much weaker than that observed in

the ABA condition (Bouton 2002), and ABC renewal

has yet to be demonstrated in a drug setting. Thus, in

our view it seems unlikely that inhibitory Pavlovian

conditioning processes alone can fully account for

context-induced reinstatement of drug seeking.
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(c) Contexts as occasion setters

Contexts may reinstate drug seeking indirectly by
functioning as occasion setters (Holland 1992). Accor-

ding to this view, contexts function as retrieval cues in
cases where the meaning of the discrete drug-infusion

cues (the CSs) is ambiguous, because these cues have
been paired with drug taking in one context and no drug

(extinction) in a different context (CS/drug AND
CS/no drug). Because the occurrence of drug versus

no drug is reliably signalled by contextual cues,
responding to the discrete cues is determined by whether

the background context retrieves the conditioning
(training) or the extinction experience (Bouton 2002).

The notion that contexts serve as retrieval cues to

‘disambiguate’ the meaning and impact of other discrete
cues is in line with the phenomenon of occasion setting

that was extensively studied by Holland and colleagues
while exploring the nature of feature-positive and

feature-negative discrimination learning (for review,
see Holland 1992). In feature-positive discrimination

procedures, one cue (a target CS) is sometimes followed
by a reinforcing unconditioned stimulus (UCS) and

sometimes not, depending on the presence or absence
of another cue called feature cue. Thus, if feature cue

A is present, the target CS is reinforced, but if feature
cue A is absent, the target CS is not reinforced. In

feature-negative discriminations, these contingencies
are reversed such that the target CS is reinforced

in the absence of feature cue A, while the presence of
the feature cue signals non-reinforcement.

Holland and colleagues (1992) reported that
feature-positive and feature-negative discrimination

procedures often result in the feature cue acquiring
occasion setter properties, leading to powerful mod-

ulating effects on behaviours induced by the target CS,

in the absence of detectable direct conditioned
excitatory or inhibitory effects by the feature cue itself.

Based on these studies, they concluded that stimuli are
more likely to acquire ‘occasion setting’ properties

when the stimulus elements are presented sequentially
(Feature cue followed by the CS) rather than

simultaneously, and that these occasion setting effects
depend on the modulation of direct discrete CS–UCS

associations (Holland 1992). Importantly, several
authors argued that contextual cues, owing to their

temporal nature and associative relationship with
other stimuli (i.e. preceding and predicting when
discrete stimuli are followed by reward), often act in
ways similar to that of feature-positive or feature-

negative occasion setters (Holland 1992; Bouton 1993;
Pearce & Bouton 2001), and evidence for this notion

was provided by Swartzentruber (1991).
Finally, Kearns & Weiss (2007) assessed whether

cocaine-associated contexts reinstate (renew) drug

seeking by serving as discriminative drug cues. They
reported that exposure to the cocaine context selecti-

vely reinstates the ability of a discriminative tone cue
to control nose-poke responding after extinction of the

tone’s discriminated response in a non-drug context.
These data are consistent with the notion that occasion

setting properties of contexts contribute to context-
induced reinstatement by modulating the conditioned

responses to other drug cues.
Phil. Trans. R. Soc. B (2008)
(d) Conclusions

We outlined several potential mechanisms by which
contexts could affect relapse to drug seeking. At present,
little empirical evidence exists to determine which of
these different learning mechanisms are more likely to
contribute to context-induced reinstatement of drug
seeking. Additionally, the mechanisms described above
(direct excitatory and inhibitory Pavlovian conditioning,
and occasion setting) are not mutually exclusive and
thus may operate simultaneously to mediate context-
induced reinstatement. Studies on the different psycho-
logical mechanisms of context-induced reinstatement
are important, because they can have implications for
relapse prevention in humans. For example, one of the
cardinal features of occasion setting cues, which
distinguishes them from traditional Pavlovian CSs, is
that extended exposure to these cues alone (extinction)
has little effect on their ability to affect responding to
discrete CSs (Holland 1992). Thus, if contexts
modulate drug seeking by serving as occasion setters,
extinction-based therapeutic approaches (cue-exposure
therapies) may be of little consequence in preventing
context-induced relapse.
3. PHARMACOLOGY AND NEUROANATOMY
OF CONTEXT-INDUCED REINSTATEMENT
Results from pharmacological and neuroanatomical
studies on context-induced reinstatement of drug
seeking are summarized in tables 2–4. In these studies,
the effects of pharmacological agents on context-
induced reinstatement were observed at doses that had
minimal effects on extinction responding in non-drug or
novel contexts, inactive lever or nose-poke hole respond-
ing or operant responding for non-drug rewards.

(a) Role of dopamine and glutamate

Dopamine and glutamate transmissions in ventral
tegmental area (VTA) and its projection areas—
accumbens and dorsal medial prefrontal cortex
(PFC)—contribute to the reinstatement of drug seeking
(Kalivas & McFarland 2003; Bossert et al. 2005;
Schmidt et al. 2005). Based on these studies, we initially
assessed the effect of systemic injections of SCH 23390
or raclopride (dopamine D1- and D2-family receptor
antagonists) or of LY379268, a group II metabotropic
glutamate receptor (mGluR2/3), which decreases
evoked glutamate release, on context-induced reinstate-
ment. We found that SCH 23390 or raclopride
injections attenuate context-induced reinstatement of
cocaine seeking (Crombag et al. 2002a), and that SCH
23390 or LY379268 injections attenuate context-
induced reinstatement of heroin seeking (Bossert et al.
2004, 2007). Hamlin et al. (2006, 2007) reported that
systemic SCH 23390 injections attenuate context-
induced reinstatement of alcohol and sucrose seeking.

The VTA and accumbens shell contribute to the
effect of systemic injections of SCH 23390 and
LY379268 on context-induced reinstatement. We
found that medial and lateral accumbens shell (but
not core) SCH 23390 injections attenuate context-
induced reinstatement of heroin seeking (Bossert et al.
2007). These findings are consistent with those of
Hamlin et al. (2007): context-induced reinstatement of



Table 3. Effect of intracranial injections of pharmacological agents on context-induced reinstatement of drug seeking. (BLA,
basolateral amygdala; CPu, caudate putamen; DH, dorsal hippocampus; PFC, prefrontal cortex; VTA, ventral tegmental area.)

cocaine heroin anatomical specificity

VTA: LY379268 Bossert et al. (2004) no effect in substantia nigra
accumbens shell: LY379268,

SCH 23390
Bossert et al. (2006, 2007) no effect in accumbens core (SCH

23390) and CPu (LY379268)
DH: tetrodotoxin Fuchs et al. (2005) no effect in trunk of somatosensory

cortex
BLA: tetrodotoxin Fuchs et al. (2005) no effect in barrel field of somatosen-

sory cortex
dorsal medial PFC: tetrodotoxin Fuchs et al. (2005) no effect in ventral medial PFC
dorsolateral CPu: muscimolC

baclofen
Fuchs et al. (2006) no effect in somatosensory cortex

BLA–DH disconnection: muscimol
Cbaclofen

Fuchs et al. (2007) note: contralateral but not ipsilateral
injections were effective

BLA-dorsal medial PFC disconnec-
tion: muscimolCbaclofen

Fuchs et al. (2007) note: both contralateral and ipsilateral
injections were effective

Table 2. Effect of systemic injections of pharmacological agents on context-induced reinstatement of drug seeking.

cocaine heroin alcohol nicotine

dopamine D1 receptor
antagonist: SCH 23390

Crombag et al.
(2002a)

Bossert et al. (2007) Hamlin et al. (2007)

dopamine D2 receptor
antagonist: raclopride

Crombag et al.
(2002a)

glutamate mGluR2/3

agonist: LY379268
Bossert et al. (2004)

preferential mu-opiate
receptor antagonist:
naltrexone

Burattini et al. (2006) and
Marinelli et al. (2007)

Serotonin 5H-T2C receptor
agonist: Ro 60-0175

Fletcher et al. (2008)

CB1 receptor antagonist:
SR141716A

Diergaarde et al.
(in press)
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alcohol seeking is associated with increased Fos
(a neuronal activity marker) expression in accumbens
shell, an effect reversed by systemic SCH 23390
injections. Additionally, we found that VTA and medial
accumbens shell injections of LY379268 attenuate
context-induced reinstatement of heroin seeking
(Bossert et al. 2004, 2006). These effects were anatomi-
cally specific: substantia nigra and caudate–putamen
LY379268 injections were ineffective, and the effective
LY379268 dose in accumbens core was 10 times higher
than the effective dose in medial accumbens shell.

Because accumbens shell SCH 23390 injections
attenuate context-induced reinstatement, the effect of
LY379268 injections in VTA on context-induced
reinstatement is probably due to decreases in VTA
dopamine transmission; this would result in decreases
in accumbens shell dopamine release, and conse-
quently decreased stimulation of local D1-family
receptors. In VTA, dopamine transmission is con-
trolled in part by excitatory glutamate projec-
tions from several brain areas (Geisler et al. 2007),
and based on electrophysiological and anatomical
studies (Manzoni & Williams 1999; Rouse et al.
2000), LY379268 VTA injections should activate
local presynaptic inhibitory mGluR2, resulting in
decreased glutamate transmission, which leads to
decreased dopamine transmission.
Phil. Trans. R. Soc. B (2008)
The effect of accumbens shell LY379268 injections
on context-induced reinstatement may also be due to
decreased glutamate and dopamine transmission. In
accumbens, agonist activation of mGluR2/3 receptors
decreases glutamate transmission (Xi et al. 2002)
via presynaptic mechanisms (Manzoni et al. 1997).
Additionally, local perfusion of LY379268 decreases
dopamine levels in accumbens shell (Greenslade &
Mitchell 2004). Based on findings that accumbens
neuronal activity is dependent on glutamate and dopa-
mine D1 receptor-mediated transmission (O’Donnell
2003), we propose that local dopamine–glutamate
interaction mediates context-induced reinstatement.
Below, we speculate on the nature of this interaction
(see figure 2).

Under normal conditions, accumbens neurons
exhibit negative resting membrane potentials, referred
to as a ‘down-state’. Excitatory glutamate inputs
from PFC, hippocampus and amygdala (Voorn et al.
2004) can drive quiescent down-state neurons into
an ‘up-state’ and action-potential neuronal firing
can occur (Wilson & Kawaguchi 1996). Once neurons
are in the up-state, additional neuronal excitation
is provided by dopamine-mediated D1 receptor
activation, which further enhances the up-state
(O’Donnell 2003). LY379268 decreases glutamate
release, while SCH 23390 blocks D1-family receptors;



Table 4. Summary of Fos immediate early gene neuroanatomical mapping studies on context-induced reinstatement of drug
seeking. (Under ‘cocaine’ or ‘alcohol’, we list brain sites where there are significant differences in Fos expression between groups
of rats exposed to the training context (ABA) versus the distinct (ABB) or recent (AAA) extinction context. Under ‘anatomical
specificity’, we provide a partial list of brain sites where group differences in Fos expression were not observed. BLA, basolateral
amygdala; BNST, bed nucleus of stria terminalis; CPu, caudate putamen; PFC, prefrontal cortex; VTA, ventral tegmental area.)

cocaine alcohol anatomical specificity

Marinelli et al. (2007); c-fos mRNA BLA accumbens core and shell
lateral amygdala CPu
hippocampus CA3 area septum
(non-significant trend in CA1

and CA2)
BNST
VTA
central amygdala

Hamlin et al. (2007); Fos protein BLA accumbens core and rostral pole
lateral hypothalamus accumbens dorsomedial shell
ventral accumbens shell dorsomedial and perifornical

hypothalamus
ventral and dorsal medial PFC
VTA
substantia nigra

Hamlin et al. (2008); Fos protein BLA Dorsal medial PFC
lateral hypothalamus accumbens core and shell
ventral medial PFC CPu

central amygdala
lateral amygdala
BNST
dorsomedial and perifornical

hypothalamus
VTA
substantia nigra
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each of these effects can interfere with the up-state
excitation of accumbens medium spiny neurons. We
propose that exposure to drug contexts activates
both dopamine and glutamate neurons that project
to accumbens shell. Glutamate activation of shell
medium spiny neurons causes a shift from a down-
state to an up-state, which is further enhanced via
dopamine-mediated D1 receptor activation, resulting
in the activation of downstream targets (Meredith
1999), and consequently to drug seeking. Within
this framework, accumbens shell injections of
LY379268 or SCH 23390 prevent context-induced
transition to the neuronal up-state, resulting in
decreased activity of shell medium spiny output
neurons, which in turn leads to attenuation of
context-induced reinstatement.

(b) Role of opioid, serotonin and

endocannabinoid systems

The preferential mu-opioid receptor antagonist nal-
trexone attenuates reinstatement of alcohol seeking
induced by alcohol priming (Le et al. 1999), and
discrete (Liu & Weiss 2002) and discriminative
(Katner & Weiss 1999) alcohol cues. Burattini et al.
(2006) and Marinelli et al. (2007) reported that
systemic injections of naltrexone decrease context-
induced reinstatement of alcohol seeking. Marinelli
et al. (2007) also found that systemic naltrexone
injections decrease context-induced increases in c-fos
mRNA expression in basolateral amygdala (BLA)
and dorsal hippocampus, suggesting a potential role
of mu-opioid receptors in these brain areas in this
reinstatement. This suggestion should be confirmed
in future studies on the effect of site-specific injections
Phil. Trans. R. Soc. B (2008)
of mu-opiate receptor antagonists on context-induced
reinstatement.

Systemic injections of Ro 60-0175 (an agonist of
5-HT2C serotonin receptors) or SR141716A (an
antagonist of cannabinoid receptor 1, CB1) decrease
drug priming- and discrete cue-induced reinstatement
of drug seeking (Grottick et al. 2000; De Vries et al.
2001, 2003; Burbassi & Cervo 2008). Based on these
studies, Fletcher et al. (2008) examined the effect of
systemic injections of Ro 60-0175 on context-induced
reinstatement of cocaine seeking, and Diergaarde et al.
(in press) examined the effect of systemic injections
of SR141716A on context-induced reinstatement of
nicotine seeking. They found that these injections
decrease context-induced reinstatement. A question
for future research from the findings with Ro 60-0175
and SR141716A is which brain sites mediate their
effects on this reinstatement.

(c) Role of BLA, dorsal medial PFC, dorsal

hippocampus, dorsal striatum and lateral

hypothalamus

Using reversible inactivation methods, Fuchs, See and
colleagues provided evidence for a role of BLA, dorsal
medial PFC, dorsal hippocampus and dorsolateral
striatum in context-induced reinstatement of cocaine
seeking. Fuchs et al. (2005) found that tetrodotoxin
(a sodium channel blocker) injections into BLA, dorsal
hippocampus and dorsal medial (but not ventral
medial) PFC attenuate context-induced reinstatement.
An issue to consider in interpreting these data is
that tetrodotoxin inactivates both cell bodies in the
target area and fibres of passage. Thus, tetrodotoxin’s
behavioural effects may be due to inactivation of fibres
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Figure 2. A model of dopamine–glutamate interaction in the accumbens shell that mediates context-induced reinstatement of
heroin seeking. (a) Exposure to heroin-associated contexts activates both dopamine and glutamate neurons that project to
accumbens shell. Glutamate activation of shell medium spiny neurons increases the number of up-state neurons, which is
further potentiated via D1 receptor (D1R) activation by dopamine, resulting in the activation of downstream targets, which leads
to the reinstatement of drug seeking. (b) Blockade of either glutamate transmission in accumbens shell by LY379268 (an agonist
of inhibitory mGluR2 located on presynaptic glutamatergic neurons) or dopamine transmission by SCH 23390 (an antagonist
of postsynaptic D1 receptors) prevents context-induced transition to the neuronal up-state, resulting in decreased activity of
accumbens shell medium spiny output neurons, which in turn leads to the inhibition of context-induced reinstatement of heroin
seeking. Blue: dopamine neurons; green: glutamate neurons; red: medium spiny accumbens projection neurons.
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that pass through the target area rather than inacti-
vation of cell bodies in the target area. Fuchs et al.
(2006) also reported that inactivation of dorsolateral
striatum by a mixture of GABAa and GABAb agonists

(muscimolCbaclofen, which inactivate cell bodies but
not fibres of passage) attenuates context-induced
reinstatement of cocaine seeking.

Fuchs et al. (2007) used an asymmetric lesion/
inactivation procedure to assess whether a BLA–dorsal
medial PFC pathway or a BLA–dorsal hippocampus

pathway interacts sequentially to control context-
induced reinstatement of cocaine seeking. In this
procedure, the role a neuronal pathway plays in a
given behaviour is inferred from the observation that
lesion (permanent or reversible) or receptor blockade
of one brain site in one hemisphere together with

lesion/receptor blockade of a second brain site in the
contralateral hemisphere disrupts the behaviour of
interest (Gaffan et al. 1993; Di Ciano & Everitt
2004). Because most learned behaviours can be
maintained by an intact single hemisphere (but see
Christakou et al. (2005) for data inconsistent with this
view), and most neuronal projections are ipsilateral, a

main requirement for interpreting results from ‘dis-
connection’ studies is that the target behaviour remains
largely intact after ipsilateral lesion/inactivation of the
two brain sites (Setlow et al. 2002). Fuchs et al. found
that while contralateral but not ipsilateral inactivation
(muscimolCbaclofen) of the BLA–dorsal hippo-

campus attenuates context-induced reinstatement,
both contralateral and ipsilateral inactivation of BLA–
dorsal medial PFC decrease this reinstatement.

These findings potentially suggest that a serial
interaction between BLA and dorsal hippocampus,
Phil. Trans. R. Soc. B (2008)
but not BLA and dorsal medial PFC, mediates context-
induced reinstatement. However, before accepting
this conclusion, several issues should be considered,
especially regarding the similar effects of ipsilateral

and contralateral BLA–dorsal medial PFC inactivation.
Anatomical studies indicate strong reciprocal connec-
tions between the BLA and PFC (McDonald 1998;
Pitkanen 2000), including bilateral PFC projections
to amygdala (McDonald et al. 1996). Electrophysio-
logy data also suggest that conditioned neuronal

responses in PFC depend on amygdala input (Grace
2006). Based on these anatomical and electrophysio-
logy findings, the similar effects of ipsilateral and
contralateral BLA–PFC inactivation on context-
induced reinstatement may not reflect independence
of BLA and PFC in the control of context-induced

reinstatement, but rather occur because BLA–PFC
unilateral input is not sufficient to maintain normal
responding for contexts during reinstatement testing.

In agreement with the results of Fuchs et al., studies
using the neuronal activity marker Fos suggest that
BLA and dorsal hippocampus neuronal activities
contribute to context-induced reinstatement. In both

alcohol- and cocaine-trained rats, context-induced
reinstatement is associated with selective Fos
(or c-fos) induction in BLA (Hamlin et al. 2007,
2008; Marinelli et al. 2007). Context-induced rein-
statement of alcohol seeking is also associated with
consistent (though modest) increases in c-fos in dorsal

hippocampal areas (Marinelli et al. 2007). However,
the findings of Hamlin et al. (2008) that context-
induced reinstatement of cocaine seeking is associated
with Fos induction in ventral medial but not dorsal
medial PFC are inconsistent with the results of Fuchs
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et al. (2005) that tetrodotoxin inactivation of the dorsal
medial but not ventral medial PFC attenuates this
reinstatement. However, findings with Fos should be
interpreted with caution. For example, the accumbens
mediates many behavioural effects of cocaine, yet acute
cocaine injections have minimal effect on accumbens
Fos induction (Crombag et al. 2002b; Hope et al. 2006).
Also, while our data suggest a role of VTA in context-
induced reinstatement, this reinstatement is not associ-
ated with Fos induction in this brain area (table 4).

An interesting finding emerging from the studies of
Hamlin et al. is the association between context-
induced reinstatement and Fos induction in lateral
hypothalamus. This is a consistent finding that occurs
not only in cocaine- and alcohol-trained rats, but also
in sucrose-trained rats (Hamlin et al. 2006), suggesting
a general role of lateral hypothalamus in context-
induced reward seeking. Hamlin et al. (2008) also
attempted to determine the afferent areas to lateral
hypothalamus that are recruited during tests for
context-induced reinstatement. This was achieved by
injecting the retrograde tracer cholera toxin into lateral
hypothalamus prior to cocaine self-administration
training, and subsequently double-labelling the cholera
toxin-labelled neurons in the target areas (e.g. PFC,
accumbens, VTA) with Fos (induced during reinstate-
ment testing). Surprisingly, very little double-labelling
of Fos–cholera toxin was found in the projection areas,
suggesting that context-induced lateral hypothalamus
neuronal activity is largely independent of neuronal
activity in VTA, accumbens and PFC. This unexpected
finding suggests that the role of lateral hypothalamus
in context-induced reinstatement is independent of
the role of VTA, accumbens shell and dorsal medial
PFC in this reinstatement. However, based on the
limitations of interpreting Fos mapping studies
mentioned above, it is important to further test this
interesting hypothesis in studies using the disconnec-
tion approach.

(d) Conclusions

Studies using systemic drug injections indicate a role of
D1- and D2-family, mGluR2/3, mu-opioid, 5-HT2C and
CB1 receptors in context-induced reinstatement of drug
seeking. Our studies indicate that dopamine and
glutamate transmissions in VTA and accumbens shell
mediate context-induced reinstatement (figure 2). From
a circuitry perspective, questions for future research are
the sources of the glutamatergic projections to the VTA
and accumbens shell that are activated during the tests
for context-induced reinstatement, and the accumbens
shell downstream brain sites involved in this reinstate-
ment. There is also evidence for a role of the dorsal
hippocampus, BLA, dorsal striatum and dorsal medial
PFC in context-induced reinstatement. A question for
future research is the neurotransmitters involved in this
reinstatement in these brain areas. Fos mapping studies
suggest a role of lateral hypothalamus in context-
induced reinstatement of drug seeking. However, these
data are correlational and should be confirmed in
studies using local drug injections.

An unresolved issue for future research, which
has begun to be addressed by the laboratories of
McNally and Fuchs, is which brain pathways mediate
Phil. Trans. R. Soc. B (2008)
context-induced reinstatement. Fuchs’s studies led to
the surprising result, based on limited anatomical
connectivity (Pitkanen 2000), that a serial interaction
between BLA and dorsal hippocampus contributes to
context-induced reinstatement. McNally’s studies
potentially suggest that lateral hypothalamus’ role in
context-induced reinstatement is independent of its
afferents from VTA, accumbens shell and PFC.
Another issue for future research, which has begun
to be addressed by McNally laboratory, is whether
similar or different neuronal mechanisms underlie
context-induced reinstatement across drug classes.
The studies by Hamilin, McNally and colleagues
suggest that these mechanisms are not identical.
For example, context-induced reinstatement of cocaine
seeking, but not alcohol seeking, is associated with
Fos induction in ventral medial PFC, while context-
induced reinstatement of alcohol seeking, but not
cocaine seeking, is associated with the activation of
hypocretin (orexin) neurons in lateral hypothalamus
(Hamlin et al. 2007, 2008).
4. CLINICAL IMPLICATIONS
We reviewed studies on context-induced reinstatement
of drug seeking in rats. We suggest that to the degree that
our preclinical model is relevant to understanding
human drug relapse (Epstein et al. 2006), the results of
the studies reviewed may have implications for the
understanding of the psychological processes underlying
this relapse. The reliable effect of context exposure on
reinstatement after extinction of the response to the
discrete cues in a different context can explain results
from ‘cue exposure’ studies demonstrating that most
human drug users relapse when they return to their
home environment after successful extinction of the
physiological and psychological responses to drug-
associated discrete cues in the clinic (Carter & Tiffany
1999). More generally, the phenomenon of context-
induced reinstatement in laboratory rats can also explain
in part why many drug addicts who after having
successfully undergone inpatient detoxification (with or
without cue-exposure therapy) return to drug use upon
returning to their home environment (Hunt et al. 1971).

Finally, the studies reviewed, together with previous
studies using non-drug reinforcers (Bouton 2002), may
have implications for behavioural treatment of drug
addiction. We suggest that for drug addiction interven-
tions to succeed, it is critical that contextual cues are
considered, and that treatment strategies aimed at
extinguishing the complex association between con-
textual cues, discrete cues and drug-taking behaviour
may improve long-term drug abstinence. In this regard,
two recent studies in rats self-administering alcohol or
cocaine suggest alternative strategies that could be
more effective at altering contextual influences on
relapse to drug seeking. These include exposure to
alternative reinforcers during extinction (Kearns &
Weiss 2007), and extinction in multiple contexts
(Chaudhri et al. 2008).

Part of the research described in this review was supported by
the Intramural Research Program of the National Institute on
Drug Abuse. We thank Taco De Vries, Gavan McNally and
Peter Marinelli for providing data depicted in figure 1.
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