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Abstract

To explore the way in which drugs act to reinstate drug-seeking behavior, we studied drug-induced reinstatement of a
cocaine-induced conditioned place preference (CPP). In a series of experiments, we studied the establishment, maintenance,
extinction and reinstatement of a cocaine-induced CPP in a three-chamber ‘unbiased’ apparatus. Groups of rats were given four
20-min pairings of one chamber with cocaine (10.0 mg/kg, i.p.) and four of the other with saline on alternate days. In 15-min tests
for CPP, drug-free rats were placed in the center choice chamber with access to the entire apparatus. Experiments were designed
to study the expression of the CPP, the maintenance of the CPP in tests given at 2, 4, and 6 weeks after training, and the
reinstatement of the CPP by cocaine (5.0 mg/kg) after extinction by 12 repeated tests in the non-drugged state, and after extinction
by pairing each chamber, on alternate days, with saline on four occasions. Robust CPPs were obtained that endured for 4 weeks
and were maintained for up to 6 weeks when tests were given at 2-week intervals. Both extinction procedures led to the loss of
the CPP that was in turn reinstated by priming injections of cocaine. These results indicate that a cocaine-induced CPP, once
developed, endures for several weeks, and is maintained by occasional testing even in the absence of additional drug experience.
The fact that the CPP is easily reinstated when testing is preceded by a priming injection of cocaine suggests that drugs may
induce relapse by renewing the incentive value of drug-associated cues. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction recent review see Ref. [7]).
One question that can be asked about the reinstate-
Relapse to drug use after long periods of abstinence ment of a drug-reinforced response following the non-
is a common feature of drug addiction [16]. Tradition- contingent drug injection is how does the drug act to

ally, the animal model used to study relapse to drug
seeking has been the reinstatement procedure. After
training to make a response to self-administer a drug,
and the subsequent extinction of that response, an
acute, non-contingent injection results in the reinstate-

ment of respondmg [32]. Such drug-induced reinstate- the other hand, that the priming injection of the drug
ment of drug seeking, or relapse, has been reported in

animals trained to self-administer cocaine [8,11,14], acts to renew the significance or salience of the drug-re-

heroin [9,12,27], nicotine [26] and alcohol [17] (for a lated environmental stimuli drawing the anirpal to ap-
proach the lever and to engage in lever pressing [31,33]

(see also Ref. [23]). Thus, after extinction, a priming

* Corresponding author. Tel: -+ 1-514-8482193; fax: -+ 1-514- 1n]ect}on of the prev10u§ly self-administered drug could
8482817. be said to renew the salience of the lever and surround-
E-mail address: stewart@csbn.concordia.ca (J. Stewart). ing stimuli. The place conditioning procedure provides

induce this behavior. Some have argued that the drug
acts as a stimulus to elicit the well-learned lever press-
ing response (for discussions of this issue see Refs.
[3,7,10]), and that the renewed behavior may not repre-
sent drug seeking in any real sense. We have argued, on
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a way to explore this hypothesis. In this procedure a
particular stimulus complex, or environment, is paired
with the effects of the drug, without the animal having
to learn to make a response to obtain the drug, and a
second environment is explicitly paired with the absence
of the drug. On the test trial, the animal is allowed for
the first time to move freely between an area previously
paired with drug and a non-drug environment. If the
animal stays longer in the presence of stimuli previously
paired with the drug, these stimuli can be said to have
acquired secondary or conditioned incentive properties
through pairings with the rewarding effects of the drug.
We propose that this learning paradigm can be used to
test the idea that a priming injection of the drug used to
develop the conditioned place preference (CPP), given
after extinction conditions, acts to restore the salience
or attractiveness of the environment previously paired
with drug. We argue that if, after extinction of the CPP,
the animal is given a test trial following a priming
injection of the drug, and if the animal stays longer in
the presence of the drug-associated cues, the priming
injection can be said to increase the salience, attractive-
ness, or positive valence of those cues.

In the present experiments, we used a place condi-
tioning procedure, pairing cocaine, the unconditioned
stimulus (UCS), with a previously neutral environment,
the conditioned stimulus (CS), to test these ideas. The
place conditioning procedure has been used extensively
to assess the rewarding properties of cocaine [24,25].

We first established the CPP and explored the time
course of the expression of the cocaine-induced CPP as
well as the movement of the animal between chambers
(transitions) over the test session. Further experiments
were designed to determine: (a) whether, once estab-
lished, the cocaine-induced CPP would endure over
time, with and without occasional testing; (b) whether
the CPP could be extinguished by repeated test trials or
by repeated pairings of both environments with saline
[4]; and (c) whether, following extinction, the CPP
could be reinstated by priming injections of cocaine
given before a test session.

2. Materials and methods
2.1. Subjects

In total, 96 male Long—Evans rats (Charles River
Canada) served as subjects in these experiments. All
rats were naive, and were used in a single experiment
only. They were housed individually in hanging wire
cages (18 x 24 x 18 cm) upon arrival and maintained
on a 12-h light/12-h dark normal cycle (lights on at
08:00 h) with food and water available at all times.
Housing was located in a temperature- and humidity-
controlled environment. Animals were conditioned and

tested during the light phase of the cycle. All experi-
mental procedures were approved by the Animal Care
Committee of Concordia University, in accordance
with the guidelines of the Canadian Council on Animal
Care.

2.2. Apparatus

Conditioning was conducted in four identical gray
PVC plastic rectangular boxes (71.5 x 36.5 x 30 cm),
each containing three chambers separated by guillotine
doors. The two large end chambers (24 x 35 cm) were
separated by a smaller center choice chamber (15.5 x
19.5 cm), which was used on the pre-exposure and test
days. The center choice chamber (middle chamber) had
punched aluminum flooring (0.4 cm diameter holes)
and was separated from the two main chambers by gray
walls that had 12.5 x 16 cm doorways cut in them that
could be occluded by removable guillotine doors. One
of the main chambers had gray walls and a wire screen
floor (0.63 x 0.63 cm squares); the other had a white
wall located across from the guillotine door and a
stainless steel mesh floor (1.3 x 1.3 cm squares). All
floors were raised 5 cm to reduce the accumulation of
urine and feces. Through a computer interface, time
spent in each chamber was recorded by means of
infrared beam crossings. In each of the two end cham-
bers, there were two beams separated by 8 cm. A rat
was said to be in an end chamber if the beam furthest
from the door was broken. If only the beam closest to
the door was broken, the rat was said to be in the
center choice chamber. This criterion tended to err on
the side of exaggerating the overall time spent in the
center chamber, but avoided counting partial entries as
time spent in the end chambers. Preliminary data indi-
cated that naive animals showed no preference for
either end chamber, although they spent the least
amount of time in the center choice chamber. During
conditioning and testing, the room was kept in semi-
darkness with only a single lamp reflecting light off one
wall of the room.

2.3. Procedures

The place conditioning procedure consisted of three
phases: pre-exposure, conditioning, and CPP test. All
animals were allowed to habituate to the colony room
for 1 week upon arrival. Subsequently, each animal was
habituated to handling for 3 days before the start of the
experiment. Rats were weighed daily and then trans-
ported to the testing room in groups of four.

Following habituation, animals received a single pre-
exposure test in which they were placed in the center
choice chamber with the guillotine doors removed to
allow access to the entire apparatus for 15 min. The
amount of time spent in each chamber was monitored
and used to assess unconditioned preferences.
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During the following conditioning phase (8 days),
rats were assigned to receive drug pairings with one
of the two end chambers in a counterbalanced fash-
ion (the ‘unbiased’ procedure). As well, half of each
group began the experiment on the drug-paired side
and half on the saline-paired side. With the exception
of Experiment 2 in which three doses were used, co-
caine was administered in a dose of 10.0 mg/kg, i.p.,
once every other day immediately before the rats
were placed into the assigned chamber for 20 min.
On alternate days, rats received saline injections (1.0
ml/kg) before being placed in the other chamber. Half
of each treatment group received drug injections on
the first, third, fifth, and seventh day; the remaining
subjects received drug injections on the second,
fourth, sixth, and eighth days. The center choice
chamber was never used during conditioning and was
blocked by guillotine doors.

Two days after the last conditioning trial, a test for
CPP was given. Animals were placed in the center
choice chamber with the guillotine doors removed
and allowed free access to the entire apparatus for 15
min. The amount of time spent in each chamber was
recorded to assess individual preferences. No injec-
tions were given during the CPP test, maintaining the
same procedure as that used during the pre-exposure
test.

2.3.1. Experiment 1: CPP

Twenty-four rats, weighing 310-360 g at the start
and 400-470 g at the end of the experiment, served
as subjects. In both the pre-exposure and the CPP
tests, time spent in each of the three chambers of the
apparatus was collected in 3-min bins. In addition,
the number of complete transitions from one chamber
to another was recorded.

2.3.2. Experiment 2: maintenance of the CPP

Thirty-six rats, weighing 360—400 g at the start and
470-660 g at the end of the experiment, were used as
subjects. Prior to conditioning, the rats were divided
into three groups (n =12 per group) corresponding to
the three doses of cocaine (5.0, 10.0, and 20.0 mg/kg,
1.p.) used for conditioning.

Because there were no effects of dose on the mag-
nitude of the CPP, the rats were reassigned to three
new groups (n =12 per group), one for each of the
three delay periods of 2, 4, or 6 weeks. These groups
were matched according to the amount of time spent
on the cocaine-paired side of the apparatus during
the first CPP test and each contained four rats from
each training dose. (A one-way ANOVA for time
spent on the cocaine-paired side revealed no differ-
ences between these new groups; F(2,33)=0.00, P =
ns). Group 1 (n=12) was retested 2, 4, and 6 weeks
after the first CPP test. Group 2 (n = 12) was retested

4 and 6 weeks after, and group 3 (n=12) was
retested only at 6 weeks.

2.3.3. Experiment 3: extinction by repeated testing and
reinstatement

Twelve rats, weighing 320-390 g at the start and
432-534 g at the end of the experiment, served as
subjects. After conditioning and following the initial
CPP test, rats were given 15-min tests daily for 12
days. No injections were given during this extinction
period. The day following the last extinction trial, all
rats received a priming injection of cocaine (5.0 mg/
kg, i.p.) and were placed in the center choice chamber
with access to the entire apparatus for 15 min.

2.3.4. Experiment 44 and B: extinction by saline
pairings and reinstatement

Two experiments were conducted using 12 animals
each (Exp. 4A: animals weighed 320-400 g at the
start and 430-560 at the end of the experiment; Exp.
4B: animals weighed 300-330 g at the start and 340—
400 g at the end of the experiment). In each experi-
ment, following conditioning and the initial CPP test,
animals were given pairings of saline with each cham-
ber, one per day, for 8§ days. The animals did not
receive cocaine during this period. Following this pe-
riod of extinction, the animals were given a test for
CPP. The next day, all animals received a priming
injection of cocaine (5.0 mg/kg i.p.) immediately be-
fore the final test for CPP. Exp. 4B served as a repli-
cation of the drug-induced reinstatement effect found
in Exp. 4A and allowed us to assess the time course
of the expression of the reinstated CPP.

2.4. Drugs

The cocaine hydrochloride used in these studies was
obtained from BDH Chemicals (Toronto, Canada).
All doses are expressed as the salt. The drug was
dissolved in 0.9% saline and injected in a volume of
1.0 ml/kg.

2.5. Statistical analysis

Pre-exposure and CPP test outcomes were deter-
mined by the time spent in each chamber. For each
test, a within-subjects repeated measures ANOVA was
used to assess the effect of Chamber. A statistically
significant Chamber effect was followed by Student-—
Newman—Keuls post-hoc comparisons. Analyses spe-
cific to each experiment are outlined in the
appropriate results section. All follow-up analyses
were performed using the Student—Newman-Keuls
test for post-hoc comparisons (acceptable significance
level, P < 0.05).
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3. Results

3.1. Experiment 1: CPP

The pre-exposure test showed that animals spent an
equal amount of time (mean + S.E.M. seconds) in the
two outer chambers (wire: 326.0 + 12.7; steel: 316.4 +
14.7) and less time in the smaller center choice chamber
(256.2 +10.0). The repeated measures ANOVA for
Chamber (wire, middle, steel) revealed a significant effect
(F(2,46) = 6.00, P <0.01). Post hoc comparisons confi-
rmed that animals spent more time in the end chambers
than in the center (P < 0.05), but no differences were
found in time spent in the end chambers. Thus, the test
boxes were truly unbiased in terms of chamber prefer-
ences of untreated rats.

Fig. 1(A) shows the results of the CPP test. It can be
seen that rats given free access to the apparatus spent
more time in the chamber previously paired with cocaine.
The repeated measures ANOVA for Chamber (cocaine-
paired, middle, saline-paired) revealed a significant effect
(F(2,46) = 32.53, P <0.0001). Post hoc pair-wise com-
parisons revealed that the effect was attributable to a
greater amount of time spent in the cocaine-paired
chamber than in either the saline-paired or the middle
chamber (Ps < 0.05). Fig. 1(B) shows the time course of
the expression of the CPP as measured in 3-min bins. It
can be seen that the time spent in the cocaine-paired
chamber increased gradually over the course of the test.
The repeated measures ANOVA for Chamber by Time
revealed a significant effect of Chamber (F(2,46) = 30.42,
P <0.0001) and a Chamber by Time interaction
(F(8,184) =5.10, P <0.0001). Animals spent more time
in the cocaine-paired chamber than in the saline-paired

1(C), the number of transitions from one chamber to
another decreased over the course of the test (F(4,92) =
17.82, P <0.0001). The mean number of transitions
decreased significantly from a mean of 29.1 + 1.7 to a
mean of 14.9 + 1.5 from the start of the test to the end
(P <0.05).

3.2. Experiment 2: maintenance of the CPP

The results of the initial CPP test showed that, as in
the first study, animals spent a greater amount of time
in the cocaine-paired chamber than in the saline-paired
or middle chamber at all doses used for conditioning.
This was confirmed by a mixed ANOVA for Chamber
and Dose (5.0, 10.0, 20.0 mg/kg), which revealed only an
effect of Chamber (F(2,66) = 50.40, P < 0.0001). Ani-
mals spent significantly more time in the cocaine-paired
chamber than in the saline-paired or middle chamber
regardless of the conditioning dose (Ps < 0.05).

Fig. 2 shows the results from the three groups tested
at either 2, 4, or 6 weeks after the initial CPP test (time
0). Fig. 2(A) shows the expression of the CPP for the
group tested at 0, 2, 4, and 6 weeks. It can be seen that
rats spent more time in the cocaine-paired chamber at all
time points. A repeated measures ANOVA for Chamber
by Week (0, 2, 4, 6) revealed only a significant effect of
Chamber (F(2,22)=16.89, P <0.0001). In all cases,
animals spent more time in the cocaine-paired chamber
than in either the saline-paired or middle chamber
(Ps <0.05).

Similar analyses were conducted for the second group
tested first at 4 and again at 6 weeks following the initial
test (time 0). Again, only the effect of Chamber was
significant (F(2,22) =23.76, P <0.0001; Fig. 2(B)).

chamber at each time point (Ps < 0.05). As seen in Fig. In all cases, animals spent more time in the
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Fig. 1. Expression of a cocaine-induced CPP. (A) CPP: mean ( + S.E.M.) time spent in the cocaine-paired, middle, and saline-paired chambers in
the 15-min test for CPP. (B) Time course: mean ( + S.E.M.) time spent in the cocaine-paired, middle, and saline-paired chambers in 3-min bins
over the 15-min test for CPP. (C) Chamber transitions: mean ( + S.E.M.) number of discrete chamber transitions in 3-min bins over the 15-min

test for CPP. *Different from the saline-paired side, P < 0.05.
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Fig. 2. Maintenance of a cocaine-induced CPP. (A) Group 1: mean (+ S.E.M.) time spent in the cocaine-paired, middle, and saline-paired
chambers in 15-min tests for CPP at 0, 2, 4, and 6 weeks post-conditioning. (B) Group 2: mean ( + S.E.M.) time spent in the cocaine-paired,
middle, and saline-paired chambers in 15-min tests for CPP at 0, 4, and 6 weeks post-conditioning. (C) Group 3: mean ( + S.E.M.) time spent in
the cocaine-paired, middle, and saline-paired chambers in 15-min tests for CPP at 0 and 6 weeks post-conditioning. *Different from the

saline-paired side, P < 0.05.

cocaine-paired chamber than in either the saline-paired
or middle chamber (Ps < 0.05).

Fig. 2(C) shows the expression of the CPP for the
group tested for the first time 6 weeks after the initial
test (time 0). It can be seen that these animals preferred
the cocaine-paired chamber to the saline-paired cham-
ber on the first test, but not when tested again 6 weeks
later. The repeated measures ANOVA for Chamber by
Week revealed only a significant effect of Chamber
(F(2,22) =18.64, P <0.0001). At week 0, the animals
spent more time in the cocaine-paired chamber than in
either the saline-paired or middle chamber (Ps < 0.05),
but at week 6 there was no difference in time spent
between the cocaine- and the saline-paired chamber.

3.3. Experiment 3: extinction by repeated testing and
reinstatement

Fig. 3(A) shows the results of the experiment in
which animals were given 12 daily extinction trials
following the establishment of the CPP. It can be seen
that time spent in the cocaine-paired chamber gradually
diminished over days and did not differ from the time
spent in the saline-paired chamber by day 8. For sim-
plicity of analysis, the data were collapsed into four
3-day blocks. The repeated measures ANOVA for
Chamber by Block revealed a significant effect of
Chamber (F(2,22) =37.73, P <0.0001), and a signifi-
cant Chamber by Block interaction (F(6,66)=4.50,
P < 0.001), reflecting the fact that the time spent in the
cocaine-paired chamber was decreasing, whereas the
time in the saline-paired chamber was increasing over
trials. Animals spent more time in the cocaine-paired
chamber than in the saline-paired chamber on days 1
through 7, and on day 10 (Ps < 0.05). On days 8§, 9, 11,
and 12, the animals spent a similar amount of time in
the cocaine-paired chamber as in the saline-paired
chamber.

As shown in Fig. 3(B), the priming injection of
cocaine given before the test resulted in a partial rein-
statement of the CPP. There was a significant effect of
Chamber (F(2,22) =8.31, P <0.01) as a result of ani-
mals spending more time in the cocaine-paired chamber
than in either the saline-paired or middle chamber
(Ps < 0.05).

3.4. Experiment 4: extinction by saline pairings and
reinstatement

Fig. 4 shows the results from the first set of animals
given repeated pairings of the two chambers with saline
to induce extinction of the CPP (Exp. 4A). During the
initial test for CPP given before extinction, animals

Extinction by Repeated Tests Reinstatement
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Fig. 3. Extinction by repeated tests and reinstatement. (A) Extinction:
mean (+ S.E.M.) time spent in the cocaine-paired, middle, and
saline-paired chambers in 12 daily 15-min tests for CPP. (B) Rein-
statement: mean ( + S.E.M.) time spent in the cocaine-paired, middle,
and saline-paired chambers in a 15-min test for CPP following a
priming injection of cocaine (5 mg/kg, i.p.). *Different from the
saline-paired side, P < 0.05.
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Extinction by Saline Pairings and Reinstatement
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Fig. 4. Extinction by saline pairings and reinstatement. Mean ( +
S.E.M.) time spent in the cocaine-paired, middle, and saline-paired
chambers in 15-min tests for the initial CPP and extinction. Rein-
statement of the CPP following a priming injection of cocaine (5.0
mg/kg, i.p.) is shown in the right panel. *Different from the saline-
paired side, P < 0.05.

spent more time in the chamber previously paired with
cocaine, whereas following extinction there was no
chamber preference. It can be seen, however, that in
this experiment the priming injection of cocaine com-
pletely reinstated the CPP. The repeated measures
ANOVA for Chamber by Test (CPP, extinction, rein-
statement) revealed a significant effect of Chamber
(F(2,22)=11.23, P<0.001) and a Chamber by Test
interaction (F(4,44)=3.31, P <0.05). Animals spent
more time in the cocaine-paired chamber than in either
the saline-paired or middle chamber during the initial
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CPP and the reinstatement test (Ps < 0.05), but not
during the extinction test.

A similar set of findings was obtained from the
second group of animals following conditioning and
extinction by repeated pairing of the chambers with
saline (Exp. 4B). Again animals showed a strong initial
CPP (cocaine: 440.9 + 26.8 s; saline: 273.9 + 20.3 s) and
extinction of the CPP following saline pairings (cocaine:
371.6 £ 25.0 s; saline: 307.3 +28.8 s). The repeated
measures ANOVA for Chamber by Test (CPP, extinc-
tion) revealed an effect of Chamber (F(2,22)=17.94,
P <0.0001) and a Chamber by Test interaction
(F(2,22) =4.27, P <0.05). Post hoc comparisons confi-
rmed that animals spent more time in the cocaine-
paired chamber than in the saline-paired chamber
before extinction (P < 0.05), but not following the pe-
riod of extinction. Fig. 5 shows the results of the
reinstatement test and time course of the expression of
the reinstated CPP from Exp. 4B. It can be seen in Fig.
5(A) that the priming injection of cocaine administered
to animals before the test completely reinstated the CPP
(effect of Chamber, F(2,22) =8.35, P <0.01). Fig. 5(B)
shows the time course of the reinstated CPP measured
in 3-min bins. It can be seen that the time spent in the
cocaine-paired chamber increased over the course of the
test as it had in the test for CPP in the initial experi-
ment (Fig. 1). The repeated measures ANOVA for
Chamber by Time revealed a significant effect of Cham-
ber (F(2,22) =8.35, P <0.01) and a Chamber by Time
interaction (F(8,88) = 6.28, P <0.0001). Post hoc com-
parisons revealed that rats spent more time in the
cocaine-paired chamber than in the saline-paired cham-
ber during all but the first time bin, i.e. from 4 to 15
min (P <0.05). As seen in Fig. 5(C), the number of
transitions from one chamber to another decreased

Reinstatement Time Course Chamber Transitions
500 125 40
A + B C
3 400 100 .«
32 30
N’
-
(5]
< 300 754 5
g o
S £ 20
O =]
= 200 50 Z
(5]
g ——  Cocaine 104
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Fig. 5. Expression of the reinstated CPP following extinction by saline pairings. (A) Reinstatement: mean (4 S.E.M.) time spent in the
cocaine-paired, middle, and saline-paired chambers in a 15-min test for CPP following a priming injection of cocaine (5.0 mg/kg, i.p.). (B) Time
course: mean ( + S.E.M.) time spent in the cocaine-paired, middle, and saline-paired chambers in 3-min bins over a 15-min test for CPP following
a priming injection of cocaine. (C) Chamber transitions: mean ( + S.E.M.) number of discrete chamber transitions in 3-min bins over the 15-min
test for CPP following a priming injection of cocaine. *Different from the saline-paired side, P < 0.05.
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over the course of the test (F(4,44)=11.50,
P < 0.0001). The mean number of transitions decreased
significantly from a mean of 31.8 +2.4 to a mean of
15.5+ 2.0 from the start of the test to the end (P <
0.05).

4. Discussion

Three major findings arise from these experiments.
First, it was found that a cocaine-induced CPP, once
established, was maintained for at least 4 weeks and for
longer when animals were given occasional tests. Sec-
ond, it was found that the CPP could be extinguished by
either repeated testing for the place preference without
any drug exposure, or by explicit pairing of the two
environments with injections of saline only. Finally, and
most importantly, it was found that, after extinction, a
priming injection of cocaine reinstated the cocaine-in-
duced CPP; after a period of extinction, animals given
an injection of cocaine before the test session spent more
time in the environment originally paired with cocaine.
This latter finding will be discussed first.

4.1. Reinstatement

The reinstatement of the CPP by the priming injection
of cocaine is similar to that reported in studies of drug
self-administration in which, following extinction of
lever pressing, priming injections increase responding on
a lever that previously delivered the drug [7,32]. Impor-
tantly, the fact that the priming injection is effective in
the CPP procedure may help answer the question of
how priming injections influence behavior. It must be
noted that in this procedure the drug is paired with a
stimulus complex, but the animal does not have to learn
to make a response to obtain the drug. Thus, if after
training the animal chooses to spend more time in the
presence of stimuli previously paired with the rewarding
effects of the drug, these stimuli can be said to have
acquired conditioned incentive properties. Here we
show that after a period of extinction no preference for
the drug-related environment was exhibited. Following
a priming injection of the drug, however, the animal
once again, approached and remained in the presence of
the drug-related stimuli. This finding leads us to con-
clude that the incentive salience and attractiveness of
these stimuli were renewed by the presence of the drug
(see also Ref. [23]).

An interesting aspect of the behavior of the animals,
both in the original test for the CPP and in the test for
reinstatement, is that they spent more and more time in
the presence of the drug-related stimuli as time passed
during the 15-min test, making fewer and fewer transi-
tions from chamber to chamber. This would seem to
imply that the animals initially explore the apparatus

and then gradually settle down to spend more time in
the presence of the drug-related cues. These findings
effectively demonstrate that the behavior of the animal
following the priming injection of the drug is deter-
mined by the drug-related stimuli. Thus, in studies using
the self-administration procedure, it can be argued that
after a period of extinction, a priming injection of the
previously self-administered drug reinstates lever press-
ing by increasing the attractiveness, salience, or positive
valence of the drug-related lever (see also Refs. [34,35]).

A similar idea was previously put forward in the
context of avoidance learning. Spear and colleagues
argued that the presentation of the UCS could serve as
a ‘reminder’ of the former significance of the CS. They
found, for example, that 9 days after the last pairing of
a light CS with footshock (UCS), the latency to cross
into a ‘safe’ compartment in response to the CS was
significantly reduced by an unsignaled presentation of
the UCS given 24 h before test [28]. In a similar study,
a conditioned avoidance response to an extinguished CS
was reinstated by the presentation of the UCS (foot-
shock) or by an unconditional loud noise that induced
a similar affective state given 24 h before the test trial
[22]. This finding led these authors to conclude that the
affective responses to the UCS are important for rein-
statement, i.e. the internal state induced by the fear-elic-
iting UCS. Because a CPP is said to develop from the
pairing of the rewarding or affective properties of the
drug with the distinctive environment [6], it might be
argued that, in a manner similar to that seen in rein-
statement of avoidance behavior, the priming injection
‘reminds’ the animal of, or renews, the former signifi-
cance or attractiveness of environmental stimuli previ-
ously paired with the drug.

4.2. Expression, maintenance and extinction

We turn now to the findings concerning the expres-
sion, maintenance and extinction of the CPP. In the
present study, a temporal analysis of the expression of
a cocaine-induced CPP revealed that the relative magni-
tude of the CPP increased over the course of the test.
Parallel results have been reported wherein a morphine-
induced CPP was found to increase from the start of the
test to the end [21,36]. Another result from the present
experiments was the lack of an effect of dose of cocaine
administered intraperitoneally on the magnitude of the
CPP. This finding is similar to the findings of several
researchers [2,20,30] and is consistent with the results of
a meta-analysis [1].

The finding that the CPP, once established, was
maintained over time is interesting on two accounts.
First, it was seen that, in the absence of any intervening
tests, the cocaine-induced CPP was maintained up to 4
weeks. This finding demonstrates that the drug-related
cues maintain their effectiveness over considerable time.
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The conditioned emotional significance of the drug-
paired environment (the CS) persists in the absence of
any opportunity for extinction. Similar findings have
been reported before. For example, conditioned place
preferences or aversions based on pairing an environ-
ment with either morphine or naloxone were expressed
1 month following the last conditioning trial [18]. Thus,
the passage of time alone is not sufficient to disrupt the
salience of drug-related environmental cues.

The second interesting finding from this experiment is
that intermittent testing at long delays appeared to
facilitate the maintenance of the CPP. These results
suggest that tests given at sufficiently long intervals
serve as reminders to maintain the significance of the
drug-related stimuli. This finding might be relevant for
former cocaine users trying to remain drug free. Unlike
what would be expected to happen if an addict were
given repeated massed exposure to drug-related stimuli,
occasional infrequent exposures to such stimuli might
serve to reactivate the emotional significance of the
stimuli and to reinforce their attractiveness. Parallel
findings have been reported with avoidance condition-
ing. In those studies, following a single pairing of an
aversive stimulus (e.g. footshock) with a CS (e.g. a
light), the CS, as expected, led to a conditioned emo-
tional response as measured by autonomic responses.
Most interesting, however, was the fact that subsequent
exposures to the CS alone resulted in enhanced auto-
nomic responses [13,19]. This finding led Eysenck [15]
to propose a theory to explain why avoidance behavior
is maintained and even enhanced after presentations of
the CS alone when theoretically extinction might be
expected to occur. The idea proposed was that the
reactivation of the conditioned autonomic response
served to strengthen the association between the CS
and the autonomic response. In other studies of condi-
tioned avoidance responses, it was found that after
conditioning the presentation of a CS given after rela-
tively long retention intervals was sufficient to maintain
the avoidance response [5,29]. These findings support
the argument that the occasional exposure to a CS is
sufficient to maintain behavior. Thus, the present find-
ing that testing at 2-week intervals maintained the CPP
suggests that, for cocaine users, occasional encounters
with environments previously associated with drug tak-
ing would be sufficient to maintain their potential for
inducing drug seeking.

The results of the present study indicate that both
extinction procedures, repeated daily testing and re-
peated pairings of the two environments with saline
alone, led to the reduction of the CPP (see also Ref.
[4]). This suggests that repeated exposure to the previ-
ously drug-paired environment (CS) in the absence of
the drug (UCS) led to a decline in the significance of
the drug-paired stimuli.

In conclusion, the CPP procedure is amenable to
studies of drug-induced reinstatement and may help to
provide insight into the mechanisms controlling relapse.
It was found that following extinction training, a prim-
ing injection of cocaine given before a test for prefer-
ence reinstated the CPP. It should be noted, however,
that in these initial experiments relatively large groups
of animals were used and were tested only once for
reinstatement. Thus we cannot say whether smaller
groups of animals could be used or whether repeated
tests for reinstatement would yield useful data. Albeit,
use of the CPP technique has a number of advantages
over the self-administration procedure; although both
are labor intensive, the CPP technique is relatively
inexpensive, non-invasive, and simple to use. It may
serve, therefore, as an alternative to the traditional
intravenous self-administration method as an animal
model of relapse.
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