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Abstract

To investigate the process of relapse to drug seeking caused by reexposure to drugs, we studied the consequences of recurring
instances of stimuli-drug associations using heroin conditioned place preference (CPP) in rats. After original conditioning and
extinction, rats received either a single compartment-heroin pairing (reconditioning) or were primed with heroin and tested for
reinstatement of CPP. It was found that the session of reconditioning, but not the session of reinstatement, caused the reappearance of a
preference for the heroin-paired compartment on a test given 24 h later, in drug-free conditions. The effect of reconditioning was found
to be dependent on heroin doses, and was not seen when heroin injections were given outside the conditioning environment.
Furthermore, a single session of reconditioning elevated heroin seeking even on a test given 96 h later. Finally, heroin seeking was
found to be significantly elevated on a test given 28 days after the last extinction session whether animals received 1 or 3 reconditioning
sessions. These results suggest that the motivational value of cues associated with heroin is not eliminated by extinction and,
importantly, that these cues can rapidly regain their ability to promote drug secking behavior if they are re-associated with the effect of

heroin.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

It is well known that exposure to drug conditioned cues
can precipitate drug craving in humans and drug seeking
behavior in animal models of relapse (Childress et al.,
1992, 1999; Ciccocioppo et al., 2001; Foltin and Haney,
2000; See, 2002; Shaham et al., 2002; Carter and Tiffany,
1999). Possibly in combination with other factors such as
the experience of stress and negative affect (Shaham et al.,
2002; Bradley, 1989; Bradley et al., 1989; Sinha et al.,
2000), drug cravings and seeking may lead to instances of
renewed drug use, which result in the reexposure of the
organism to the effects of the drug. Typically, such
reexposure precipitates a cyclical process whereby drug
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seeking progressively grows and promotes further drug
use, eventually resulting in full-blown relapse (Witkiewitz
and Marlatt, 2004; Marlatt and Gordon, 1985; Chornock et
al., 1992; Curry et al., 1988; Shiffman et al., 2000; Hall et
al., 1990; Gossop et al., 1989; 2002; Moore and Budney,
2003).

If drug conditioned cues are re-paired with drug
exposure after long periods of abstinence and/or extinction
of responding to the cues, the conditions exist for these
cues to reacquire their incentive properties leading to
increased likelihood of approach and interaction with them.
Thus, studies of how sporadic drug use/exposure in the
presence of drug-related cues after periods of abstinence
promotes the reacquisition of drug seeking can increase
our understanding of the process that leads to full-blown
relapse. Animal models appear useful to explore psycho-
pharmacological factors involved in this process (Leri and
Stewart, 2002; Lu et al., 2002).
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In the present experiments, we studied reacquisition of
an extinguished heroin conditioned place preference
(CPP). Rats were initially trained to associate an environ-
ment with heroin administration (i.e., conditioning).
Subsequently, the resulting heroin CPP was extinguished
by pairing vehicle administration with both the previous
vehicle- and heroin-paired compartments (Bardo et al.,
1984; Calcagnetti and Schechter, 1993; Mueller and
Stewart, 2000; Mueller et al., 2002; Lu et al., 2002).
Rats were then reconditioned by re-pairing heroin with the
heroin-paired compartment on a single occasion. Finally, a
test of CPP was given at least 24 h after reconditioning,
in drug-free conditions.

Four separate experiments were performed to expand
in several ways a previous study of reacquisition of heroin
seeking using the intravenous self-administration model
(Leri and Stewart, 2002). More specifically, in this
previous study, it was shown that one short session of
heroin self-administration following a period of extinction
induced the reappearance of heroin seeking when animals
were tested 24 h later in drug-free conditions. In this
study, it was also found that passive heroin infusions
given in the self-administration chamber, but in the
absence of cues normally associated with heroin self-
administration (i.e., lever), did not induce the reappear-
ance of drug seeking on the subsequent test. However, in
Leri and Stewart (2002), there was no evaluation of the
dose-response nature of reconditioning, there was no
attempt to distinguish between the effect of reconditioning
and the effect of reinstatement on subsequent drug
seeking assessed in a drug-free state, and there was no
investigation of the permanence of the effect of recon-
ditioning over time.

Thus, Experiment 1 investigated whether an injection
of heroin that would reinstate heroin CPP following a
period of extinction (Mueller et al., 2002), would also lead
to elevated heroin seeking on a second test given 24 h
after reinstatement, in drug-free conditions. Experiment 2
explored whether a single session of reconditioning during
which animals received a heroin—compartment pairing
would induce heroin seeking on a test given 24 h later
in drug-free conditions. Experiment 2 also investigated
whether the effect of reconditioning on reacquisition of
heroin seeking is dose-dependent. Experiment 3 was
designed to further explore the issue of dose-dependence,
and to determine whether heroin injections given outside
the conditioning environment would be effective in
inducing reacquisition. Experiment 3 also assessed
whether the effect of reconditioning is short-lived, and
whether a history of heroin exposure not associated with
the conditioning environment would contribute to the
effect of ‘reconditioning.” Finally, Experiment 4 inves-
tigated whether the permanence of the effect of recon-
ditioning over longer periods of time (7 and 21 days)
would be affected by the number of reconditioning
sessions.

2. Methods
2.1. Subjects

Subjects were adult male Sprague—Dawley rats (Charles
River, Quebec) weighing 225-250 g at the beginning of
the experiments. Rats were paired housed and maintained
on a reverse light/dark cycle (8:00 am lights off; 8:00 pm
lights on) with free access to food and water except during
testing, which occurred during their dark cycle. All
experiments were approved by the Animal Care Commit-
tee of the University of Guelph and were carried out in
accordance with the recommendations of the Canadian
Council on Animal Care.

2.2. Apparatus

Six, custom made (University of Guelph, Ontario,
Canada), place conditioning boxes were used in these
experiments. The boxes were located in the center on the
floor of a laboratory room. Each place conditioning box
was made of dark gray PVC, and comprised of three
compartments: two large (30x40x26 cm) and one
smaller, middle (23 X30 X26 cm) compartment. Remov-
able inserts, with or without small archway openings
(10X 10 cm) formed the center compartment. The two
large compartments differed primarily in visual cues; one
large compartment was dark gray while the other had a
white wall and a 10 cm white stripe painted along the top
of the other walls. In addition, there were cues that
provided spatial information external to the compartments,
such as posters on walls, benches, door and lights. In this
apparatus, rats do not display a significant spontaneous
preference for any of the compartments (i.e., the
apparatus is balanced). The entire apparatus was covered
by black wire mesh to allow video tracking of the rats
during testing. The tracking software employed was
EthoVision (version 3, Noldus Information Technology,
The Netherlands). This system was used to automati-
cally record two dependent variables: time (seconds)
spent in each compartment during tests for place pre-
ference, and locomotor activity (total centimeters) during
conditioning and reconditioning. However, to promote
conciseness, only the locomotor activity results for Ex-
periment 3 are reported because of their implications for
reconditioning.

2.3. General procedures

Rats were allowed 6 days to habituate to the animal
facility and were handled twice for approximately 10 min
before the beginning of the experiments. The experiments
consisted of six phases: habituation, conditioning, Test I,
extinction, reinstatement (Experiment 1 only) or recon-
ditioning (Experiments 2 to 4), and Test II (but see below
for variations). Table 1 includes a list of experiments,
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Table 1

Experiments, experimental phases, sample size, treatment groups figures and tables where the results are represented

Conditioning and Test I

Reinstatement and Test 1T

Sample size H dose/group (mg/kg) CPP Sample size H dose/group (mg/kg) CPP

Experiment 1

26 1.0 Fig. 1A 9 0.0—Table 2 Fig. 1B
9 0.3—Table 2
8 1.0—Table 2

Conditioning and Test I Reconditioning and Test 11

Sample size H dose/group (mg/kg) CPP Sample size H dose/group (mg/kg) CPP

Experiment 2

36 1.0 Fig. 2A 9 0.0 Fig. 2B
9 0.3
9 1.0
9 3.0

Experiment 3

45 0.3 Fig. 3A 9 0.3 Fig. 3B
9 1.0
9 0.3 Unpaired R Fig. 3C
9 0.0 Delay Fig. 3D
9 0.3 Delay

9 0.0 No figure 9 0.3—Fig. 4A Fig. 4B

8 0.3 Unpaired C No figure 8 0.3—Fig. 4A

Experiment 4

48 0.3 Fig. 5A 16 0.0 H Fig. 5B
16 03 HXxI Fig. 5C
16 03 Hx3 Fig. 5D

treatment groups and sample size. Table 1 also indicates
the number of the figure in which the results of each
experiment and phase are presented.

Habituation (all experiments): On this day, the inserts
with openings were used, and the rats had free access to the
3 compartments for 20 min. The main purpose of
habituation was to allow the rats to become accustomed to
the apparatus, and to measure level of spontaneous
preference for each large compartment.

Conditioning (all experiments): The day after habitu-
ation, place conditioning began. For this phase, the inserts
with openings were replaced with solid inserts to fully
separate the compartments. Rats underwent 4 days of
conditioning, and each day received two 30-min condition-
ing sessions, one in the morning and one in the afternoon
(morning session: between 9:00 am and 12:00 pm; after-
noon session: between 2:00 and 5:00 pm; minimum time
between the two sessions for a given subject: 4 1/2-5 h).
Each day, rats received one conditioning session with
heroin (see doses below) and the other with vehicle. The
specific compartment chosen to be associated with heroin
was counterbalanced across rats. In addition, the time of
heroin sessions (am or pm) was counterbalanced across rats
and, for each rat, across days of conditioning. Injections
were administered immediately before confinement in one
of the two large compartments (but see exception in
Experiment 3).

Test T (all experiments): On the day after conditioning,
the solid inserts were replaced by those with openings,
and a preference test was given to measure the effect of
place conditioning. For this test, the rats were placed in
the middle compartment and given 20 min of free access
to all compartments. Rats were not given injections before
this test.

Extinction (all experiments): After Test I, rats were left
undisturbed in the colony room for one day before the
beginning of extinction. Extinction was similar to condi-
tioning in that it was carried out over 4 days, with two 30-
min conditioning sessions each day. However, during
extinction, rats received vehicle injections before confine-
ment in both compartments.

Reinstatement (Experiment 1 only): Following the last
day of extinction, the solid inserts were replaced by those
with openings, and rats received a priming injection of
heroin (see doses below) and were immediately tested for
reinstatement of CPP. For this test, the rats were placed in
the middle compartment and given 30 min of free access to
all compartments.

Reconditioning (Experiments 2—4): Following the last
day of extinction, rats were given a single day of
reconditioning (except in Experiment 4) during which they
received one session with heroin and the other with vehicle,
in the compartments that were previously paired with heroin
and vehicle, respectively. The occurrence of the heroin
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session (am or pm) was counterbalanced across rats and, as
for conditioning, reconditioning sessions lasted 30 min.
Injections were administered immediately before confine-
ment in one of the two large compartments (except in
Experiment 3).

Test II (all experiments): On the day following
reinstatement or reconditioning, the inserts with openings
were used, and rats received a second preference test that
lasted 20 min (but see Experiments 3 and 4 for variations).
Rats were not given injections before this test.

2.3.1. Experiment 1

This experiment tested whether priming injections that
reinstate CPP (Mueller et al., 2002; Lu et al., 2002; Parker
and Mcdonald, 2000; Zavala et al., 2003; Itzhak and Martin,
2002; Mueller and Stewart, 2000) have delayed consequen-
ces on drug seeking when rats are tested again, but in a
drug-free state.

A dose of 1.0 mg/kg heroin was chosen for conditioning
because it is known to produce a reliable CPP in rats (Bardo
et al.,, 1995). A total of 27 rats were initially conditioned
with 1.0 mg/kg heroin and then randomly assigned to 3
groups (n=9) following extinction, each receiving a differ-
ent priming dose of heroin: 0.0, 0.3, and 1.0 mg/kg (see
Table 1). One animal in the 1.0 mg/kg group had to be
excluded from the study because of health-related problems
that arose during the extinction phase.

2.3.2. Experiment 2

This experiment tested whether one reconditioning
session is sufficient to induce reacquisition of an extin-
guished place preference, and whether the effect of
reconditioning is dose dependent. A total of 36 rats were
initially conditioned with 1.0 mg/kg heroin and then
randomly assigned to 4 groups (n=9) following extinction,
each receiving a different heroin dose on reconditioning:
0.0, 0.3, 1.0 and 3.0 mg/kg (see Table 1).

2.3.3. Experiment 3

This experiment further analyzed the issue of dose
dependence by employing a lower dose of heroin for
conditioning (0.3 mg/kg) and then using the same dose, or
a higher dose (1.0 mg/kg) for reconditioning. This experi-
ment also included a group (n=9) that, on the recon-
ditioning, received heroin (0.3 mg/kg) after confinement in
the compartment. This “Unpaired R” group (see Table 1)
was introduced to determine whether heroin reexposure
alone would produce the same effect of reconditioning.
Furthermore, in order to determine whether the effect of
reconditioning was short-lived, two additional groups of
rats were conditioned with 0.3 mg/kg (=9 in each) and
then reconditioned with 0.0 or 0.3 mg/kg heroin. These
latter two groups were given Test II 96 h after recon-
ditioning. Finally, in order to ascertain whether the effect
of reconditioning depended on heroin pairings given
during original conditioning, two additional groups were

run. One (n=9) was confined to the compartments during
the conditioning period, but never received heroin (0.0
group). The other group (n=28) was treated similarly, but
was exposed to heroin (0.3 mg/kg) after confinement to
the “heroin-paired” compartment, and hence the suffix
“Unpaired C” (Table 1). In other words, the “Unpaired C”
group received a total of four injections of heroin, but
heroin was not paired with the compartment. Following
“extinction,” both groups received a single “reconditioning”
session with 0.3 mg/kg heroin.

2.3.4. Experiment 4

This final experiment was designed to investigate
whether the permanence of the effect of reconditioning
over longer periods of time (7 and 21 days) would be
affected by the number of reconditioning sessions. It was
hypothesized that multiple reconditioning sessions would be
necessary in order to induce long-lasting reacquisition of the
CPP. To test this hypothesis, 48 rats where conditioned with
0.3 mg/kg heroin, tested once (Test I) and extinguished as
described above. Two days after the last day of extinction,
rats were randomly assigned to 3 reconditioning groups (see
Table 1): “0.0 H” group received three days of
‘reconditioning’ but never received heroin (extended
extinction training); “0.3 H x 17 group received two days
of reconditioning with vehicle and one with 0.3 mg/kg
heroin; finally, “0.3 H x 3” group received three days of
reconditioning with heroin (0.3 mg/kg). Reconditioning
sessions were given on alternate days over a 6-day period.
The first test for place preference following reconditioning
(Test 1la) was given 7 days later, followed by a second test
(Test IIb) given 21 days after Test Ila.

2.4. Drugs

Diacetylmorphine HCI (heroin) was obtained from Almat
Pharmachem (Concord, Ontario, Canada), dissolved in
0.9% physiological saline, and injected subcutancously,
SC, at volume of 1.0 ml/kg. Vehicle (0.9% physiological
saline) was injected at the same volume and by the same
route.

2.5. Statistical analyses

In our laboratory, place preference typically results from
opposite shifts in times spent in the vehicle- and drug-
paired compartments. Thus, our statistical analysis involves
the comparison between these times within each group; a
method used by a number of other laboratories employing
the unbiased CPP procedure (Bardo et al., 1995; van der
Kooy, 1987; Parker and Mcdonald, 2000; Mueller et al.,
2002; Bossert and Franklin, 2001; Leri and Franklin, 2000;
Everitt et al., 1991; Hoffman, 1989). Analyses of time
spent in the middle compartment are not reported because
we did not notice significant effects in these heroin CPP
studies.
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Relative preferences for the two large compartments at
baseline habituation and on Test I were evaluated using
separate paired ¢-tests. Preference during Test II was
evaluated using 2-way mixed design ANOVAs with Heroin
dose/group as the between factor and Compartment
(vehicle- and heroin-paired) as the within factor. In Experi-
ment 3, locomotion activity measured during reconditioning
was analyzed using the same statistical design. In case of a
significant interaction or a significant main effect, multiple
comparisons were performed using the Holm—Sidak method
in order to identify individual mean differences. The alpha
level was set t0<0.05. The specific values of negative
findings are not reported. All statistical analyses were
performed using SigmaStat (version 3.0.1 for Windows,
SPSS Chicago, USA).

3. Results
3.1. Experiment 1

Rats showed no significant spontaneous preference on
the baseline habituation test day but, after conditioning, they
displayed a significant CPP for the heroin-paired compart-
ment (Fig. 1A; [t(25)=-3.38, p<0.005]). This finding
confirms that the conditioning parameters used (number of
pairings, duration of conditioning sessions, timing of
conditioning injections, and heroin dose) were effective in
inducing a heroin CPP.

Priming injections of heroin reinstated heroin CPP dose-
dependently (see data in Table 2): there was a significant
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Fig. 1. Mean (SEM) seconds spent in vehicle- and heroin-paired compart-
ments on: Panel A—Test I in animals conditioned with 1.0 mg/kg heroin
(n=26); Panel B—Test II in animals that, on the day previous to this test,
were primed with 0.0 mg/kg (n=9), 0.3 mg/kg (n=9) and 1.0 mg/kg (n=8)
heroin and tested for reinstatement. The asterisk indicates a significant
difference between vehicle- and heroin-paired compartments (i.e., signifi-
cant CPP).

Table 2
Reinstatement of heroin conditioned place preference in Experiment 1

H dose/group Vehicle-paired Heroin-paired

(mg/kg) compartment mean compartment mean
(SEM) seconds (SEM) seconds

0.0 469.9 (45.8) 560.1 (88.3)

0.3 398.6 (51.5) 511.3 (80.1)

1.0 321.3 (160.8) 1013.8.1 (212.9)*

* Represents a significant difference between seconds in vehicle- and
heroin-paired compartments (p=0.003).

main effect of Heroin dose/group [ F(2, 23)=3.9, p<0.05]
and of Compartment [ F(1, 23)=2.8, p<0.05]. However,
when the same rats were tested again, in drug-free
conditions, 24 h after this reinstatement session, no group
differences were found (see Fig. 1B). In other words, the
heroin prime that significantly reinstated CPP (1.0 mg/kg,
Table 2), had no delayed effect on heroin seeking assessed
in the same animals when tested again, but in a drug-free
state. The lack of preference in rats primed with 0.0 mg/kg
on both the reinstatement test and Test II indicates that our
extinction protocol was appropriate in eliminating heroin
CPP.

3.2. Experiment 2

Rats showed no significant spontaneous preference on
the baseline habituation test day but, after conditioning, they
displayed a significant CPP for the heroin-paired compart-
ment (Fig. 2A; [t(35)=—5.16, p<0.001]).

After extinction, rats were randomly assigned to 4
different groups (n=9), each receiving a different dose of
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Fig. 2. Mean (SEM) seconds spent in vehicle- and heroin-paired compart-
ments on: Panel A—Test I in animals conditioned with 1.0 mg/kg heroin
(n=36); Panel B—Test II in animals reconditioned with 0.0, 0.3, 1.0 and
3.0 mg/kg heroin (n=9 each dose). The asterisk indicates a significant
difference between vehicle- and heroin-paired compartments.
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heroin on the day of reconditioning (Table 1). Fig. 2B
displays the results of Test II given 24 h following
reconditioning. The ANOVA identified the presence of a
significant main effect of Compartment [ F(1, 32)=5.95,
p<0.05] and multiple comparisons isolated significant
heroin CPPs only in rats that were reconditioned with 1.0
mg/kg (p=0.04) and with 3.0 mg/kg (p=0.004).

3.3. Experiment 3

In this experiment, as in Experiment 2, rats exhibited no
spontaneous preference for any compartment on the baseline
habituation test, but after conditioning with 0.3 mg/kg
heroin, they displayed a significant heroin CPP on Test I
(Fig. 3A; [t(44)=—6.14, p<0.001)).

Fig. 3B/C/D show the results CPP Test Il given after
reconditioning in the different groups. Rats originally
conditioned with 0.3 mg/kg heroin displayed significant
reacquisition when reconditioned with either 0.3 or 1.0 mg/
kg heroin (Fig. 3B; main effect of Compartment: [ F(1,
16)=11.77, p<0.05]; multiple comparisons: 0.3 mg/kg,
p=0.04; 1.0 mg/kg, p=0.014). Fig. 3C shows that
reacquisition did not occur if rats received heroin (0.3 mg/
kg) after the session of reconditioning, outside the con-
ditioning compartment. Finally, as shown in Fig. 3D,
reacquisition of the CPP was observed in the group that
received 0.3 mg/kg (but not 0.0 mg/kg) on the recondition-
ing day even if a delay of 96 h was imposed between
reconditioning and CPP Test II (Heroin dose/group by
Compartment interaction: [ F(1, 16)=5.11, p<0.05]; main
effect of Compartment: [ F(1, 16)=8.91, p<0.05]; multiple
comparison: p=0.002). From Fig. 3D it is also evident that
there was no spontaneous recovery of CPP after 96 h in rats
reconditioned with 0.0 mg/kg heroin.
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Not surprisingly, rats that received 0.0 mg/kg heroin
during conditioning or that received heroin after each
conditioning session (0.3 Unpaired C) did not display a
significant CPP on Test I (no figure; mean (SEM) seconds
spent in compartment: 0.0 group, vehicle-paired=298.7
(31.7) and heroin-paired=279.2 (35.5); 0.3 Unpaired C
group, vehicle-paired=301.1 (40.0) and heroin-paired=
261.4 (33.1)). However, these rats showed a differential
locomotor response to heroin during the ‘reconditioning
trial.” In fact, as shown in Fig. 4A, only the 0.3 Unpaired C
group displayed a significant elevation in locomotion when
injected with heroin (0.3 mg/kg) as compared to their
activity when injected with vehicle (main effect of injection
[F(1, 15)=9.7, p<0.01]; multiple comparison: p=0.005).
Interestingly, on Test II given after the ‘reconditioning’ trial
(see Fig. 4B), in contrast to the 0.0 group, rats given
repeated exposure to heroin outside the compartment
during conditioning (0.3 Unpaired C group) displayed a
significant CPP (Heroin dose/group by Compartment
interaction: [F(1, 15)=8.93, p<0.05]; multiple compar-
isons: p=0.009).

3.4. Experiment 4

There was no spontaneous preference for any compart-
ment on the baseline habituation test, but after conditioning
rats displayed the expected preference for the heroin-paired
compartment on Test I (Fig. 5A; [#(47)=—9.81, p<0.001]).

Fig. 5 B/C/D shows the results of Tests Ila (7 days after
last day of reconditioning) and IIb (21 days later) in the
three groups. The group that received no heroin during
‘reconditioning’ (0.0 H group), showed no preference on the
first test for reacquisition (Test Ila), but did show a
significant preference on Test IIb (Fig. 5B—main effect of

Test |l
goo A - Test | B C D
[ Vehicle-paired
I Heroin-paired
& 500 o - e F - :
[
£ . .
2
g 400 3 - -
8
£
w
2 300 - 2 -
g
3
E 200 L L -
2
c
©
L)
= 400 A L - s
0.3 mgfkg heroin 03 1.0 0.3 Unpaired R 0.0Delay 0.3 Delay

Heroin dose (mg/kg)/group

Fig. 3. Mean (SEM) seconds spent in vehicle- and heroin-paired compartments on: Panel A—Test I in animals conditioned with 0.3 mg/kg heroin (n=45);
Panel B—Test II in animals reconditioned with 0.3 and 1.0 mg/kg heroin (n =9 each dose); Panel C—Test II in animals that received heroin (0.3 mg/kg) after
reconditioning (n =9); Panel D—Test II in animals reconditioned with 0.3 and 1.0 mg/kg heroin (n =9 each dose) and tested 96 h following reconditioning. The
asterisk indicates a significant difference between vehicle- and heroin-paired compartments.
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Fig. 4. Panel A—mean (SEM) locomotor activity after the vehicle and the
heroin (0.3 mg/kg) injections given for ‘reconditioning’ in animals that
received vehicle (0.0 group, n=9) or 0.3 mg/kg heroin (0.3 Unpaired C
group, n=9) after each conditioning session. Panel B—mean (SEM)
seconds spent in vehicle- and heroin-paired compartments on Test II. The
asterisk indicates a significant difference between vehicle and heroin
injections (Panel A) and between vehicle- and heroin-paired compartments
(Panel B).

Compartment: [ F(1, 15)=5.23, p<0.05]; multiple compar-
isons: Test IIb, p=0.01). In contrast, the groups that
received one (0.3 Hx 1 group) or three (0.3 H X3 group)
compartment—heroin pairings during reconditioning dis-
played a significant preference on both Tests Ila and IIb
(Fig. 5C—main effect of Compartment: [ F(1, 15)=35.30,
»<0.001: multiple comparisons: Test Ila, p=0.001; Test IIb,
p=0.001]; Fig. 5D—main effect of Compartment: [ F(1,
15)=10.44, p<0.001]: multiple comparisons: Test Ila,
p=0.01; Test IIb, p=0.01), and the size of the CPPs

displayed by these two groups appeared very similar at
every test. These latter results do not support the hypothesis
that greater numbers of reconditioning sessions are required
to promote maintenance of the place preference over longer
periods of time.

4. Discussion

The results of Experiments 2 and 3 show that one
session of reconditioning is sufficient to induce reacquisi-
tion of an extinguished heroin CPP, and that this effect is
dependent on the relationship between the dose of heroin
used during reconditioning and the dose used during
original conditioning. In Experiment 3, it was also found
that elevated drug seeking could be measured up to 96 h
after reconditioning. This result is important because it
rules out drug priming as an explanation for these effects.
It is well known that acute drug exposure can prime drug
seeking measured by place preference (Mueller et al.,
2002; Lu et al., 2002; Parker and Mcdonald, 2000; Zavala
et al., 2003; Itzhak and Martin, 2002; Mueller and Stewart,
2000). However, heroin is deacetylated within minutes
from its administration (Cohn et al., 1973) and the half-life
of its metabolites ranges between 25 h in rats (Barjavel et
al., 1995; Aasmundstad et al., 1995; Mullis et al., 1979),
and therefore, our rats were almost certainly heroin-free
when tested 96 h following reconditioning. Furthermore, in
Experiment 1, we explicitly investigated the effect of drug
primes on reinstatement and on subsequent drug seeking
behavior assessed when the acute effect of heroin had
subsided (i.e., 24 h later). In this experiment, we found a
significant reinstatement of CPP, but no evidence of drug
seeking the following day. Taken together, these experi-
ments indicate that reinstatement is not the primary cause
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Fig. 5. Mean (SEM) seconds spent in vehicle- and heroin-paired compartments on: Panel A—Test I in animals conditioned with 0.3 mg/kg heroin (n=48);
Panel B—Test Ila (7 days following last reconditioning session) and Test IIb (21 days following Test Ila) in animals that received 3 reconditioning sessions
with vehicle (0.0 H group, n=16); Panel C—Tests Ila and IIb in animals that received 2 reconditioning sessions with vehicle and one with 0.3 mg/kg heroin
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asterisk indicates a significant difference between vehicle- and heroin-paired compartments.



628 F. Leri, Z. Rizos / Pharmacology, Biochemistry and Behavior 80 (2005) 621-630

of reconditioning, and that the reconditioning procedure
may be particularly appropriate to investigate the effect
that renewed drug exposure has on the reacquisition of
drug seecking behavior.

Our present findings of rapid reacquisition of heroin
seeking employing place conditioning are in agreement
with those of a previous study where it was observed that
a single, short period of heroin self-administration was
sufficient to elevate lever-pressing in extinction conditions
when animals were tested 24 h following reconditioning
(Leri and Stewart, 2002). Our findings are also consistent
with a morphine CPP experiment in which a single session
of reconditioning with morphine, heroin and cocaine given
after intense extinction training (21 days) was sufficient to
reactivate the original preference (Lu et al., 2002).

Interestingly, Lu et al. (2002) also found that a single
session of reconditioning during which the drug was
administered in the previous vehicle-paired compartment
was effective in inducing a preference for this compart-
ment. We observed a comparable effect in animals that
were exposed to heroin (i.e., 0.3 Unpaired C group; Fig.
4B), but that were never conditioned. In these animals, a
single pairing of heroin with a compartment during
“reconditioning” was effective in establishing a CPP. In
contrast, one “reconditioning” session was not sufficient to
induce a CPP in animals that never received heroin. These
results are in line with demonstrations that a history of
morphine exposure facilitates the acquisition of morphine
CPP (Lett, 1989; Shippenberg et al., 1996; Harris and
Aston-Jones, 2003). Furthermore, we also found that the
locomotor response of the 0.3 Unpaired C group to the
“reconditioning” heroin injection was significantly
enhanced in comparison to the response to the same heroin
dose administered to animals that were never exposed to
heroin (see Fig. 4A). This result indicates that the former
group displayed some degree of locomotor sensitization to
the stimulatory effect of heroin (Robinson and Berridge,
2003; Stewart and Badiani, 1993; Pierre and Vezina, 1997)
and suggests that sensitization may play a role in the rapid
reacquisition of drug seeking behavior.

However, increased speed of acquisition in new learn-
ing situations where a familiar reinforcer is used (“learning
to learn” Kehoe and Macrae (1997)), and rapid reacquisi-
tion of previously extinguished behaviors (Napier et al.,
1992; Rescorla, 2003; Rescorla, 2001b), are phenomena
that are observed in classical and operant conditioning
experiments where drugs of abuse are not the primary
reinforcers/unconditioned stimuli. This suggests that rapid
reacquisition of heroin CPP may not be entirely attribut-
able to higher sensitivity to the motivational properties of
heroin. A possible additional factor involved in recondi-
tioning, therefore, may be savings of the original compart-
ment (CS)-heroin (US) association. Supporting this
conclusion, in Experiment 4, we observed significant
spontaneous recovery (Pavlov, 1927; Bouton and Swart-
zentruber, 1991; Di Ciano and Everitt, 2002) of the

extinguished CPP in animals that were tested 28 days
after reconditioning with vehicle (Fig. 5B). Furthermore, in
Experiment 3, we found that mere heroin reexposure was
not effective in elevating subsequent drug seeking (Fig.
3C). The finding that reacquisition is triggered only by
contiguous reexposure to the extinguished CS and to the
drug US replicates the results of Leri and Stewart (2002),
and lends support to the interpretation that rapid reacqui-
sition may be the product of competing CS—-US associa-
tions acquired during conditioning, extinction, and
reconditioning (Rescorla, 2001b).

In designing Experiment 4, we hypothesized that
increasing the number of reconditioning sessions would
produce more robust reacquisition which, in turn, would
promote the maintenance of the place preference over longer
periods of time. We found little support for this idea; 1 and 3
reacquisition sessions yielded CPPs of similar magnitude
when assessed 7 and 21 days following the last reacquisition
session. This observation is consistent with the idea that the
savings of the original compartment (CS)-heroin (US)
association was substantial and that reacquisition can be
very rapid.

Our observation of rapid reacquisition and of sponta-
neous recovery support the argument that extinction does
not “erase” original conditioning, but rather it involves the
acquisition of new information which compete with original
conditioning to control behavior (Rescorla, 2001a; Bouton
and Swartzentruber, 1991). Konorski (1948), Grice (1972)
and Rescorla and Wagner (1972) suggested the mapping of
CS-US associations into behavioral performance is modu-
lated by a “threshold” of excitation of the US representation
by the CS. Extinction supposedly changes this threshold,
superimposing an inhibitory process that reduces the
“excitability of the US center” (Konorski, 1948), or that
“degrades the US representation” (Rescorla and Cunning-
ham, 1977). It is not clear what is the exact nature of this
inhibitory process, although it has been argued that it
results from the emotional consequence of omitting an
anticipated US during extinction (Rescorla, 2001b; Bolles,
1972; Tolman, 1948; Solomon and Corbit, 1974; Wagner,
1981; Amsel, 1958). According to this interpretation,
therefore, reconditioning may re-establish drug seeking
behavior because of an interference with an inhibitory
process acquired during extinction that actively suppresses
responses to drug conditioned stimuli.

In conclusion, cognitive behavioral views of relapse
emphasize the role of sporadic drug use following absti-
nence in the progressive enhancement of drug seeking and
drug taking which potentially culminates in full-blown
relapse (Marlatt and Gordon, 1985; Witkiewitz and Marlatt,
2004). Here, we presented an animal model of reacquisition
of drug seeking behavior which captures the evolving aspect
of drug relapse. Such model may be useful to investigate the
neurobiological mechanisms involved in the relapse proc-
ess, as well as pharmacological interventions that may
interfere with its progression.
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