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Abstract

The present study investigated the effects of selective dopamine D1 and D2 receptor antagonists,
SCH23390 and spiperone, on the expression of conditioned place preference (CPP) induced by either d-
amphetamine or cocaine. The CPP protocol consisted of three phases: pre-conditioning exploration,
conditioning, and a post-conditioning test. The data indicated that CPP was significantly induced by
intraperitoneal injection of either d-amphetamine (2 mg/kg) or cocaine (10 mg/kg). The expression of
d-amphetamine CPP was significantly inhibited by SCH23390 (0.08, 0.16 mg/kg) and spiperone (0.15
mg/kg) when given alone before the post-conditioning test session. In contrast, such pretreatment to
produce antagonistic effects was not observed for cocaine CPP. However, the expression of cocaine CPP
was significantly attenuated by a combination of SCH23390 and spiperone administered prior to the test
session. These data indicate that the rewarding properties of d-amphetamine and cocaine as expressed
under the CPP task may depend upon different neural substrates. The degrees of D1 and D2 receptors
involved in mediating the expression of CPP induced by d-amphetamine and cocaine are different.
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Introduction

Much evidence indicates that the conditioned
place preference (CPP) paradigm is a powerful
measure of the rewarding properties of drugs with
abuse potential (for review, see 12, 27). In the CPP
paradigm, the drug itself serves as an unconditioned
stimulus to be paired with distinctive environmental
stimuli. After pairing, the subject’s subsequent
choice for these drug-associated environmental stimuli
in the absence of drug is taken as an index of the
drug’s rewarding properties. Among the psycho-
stimulants, d-amphetamine has been consistently
demonstrated to produce CPP when administered
peripherally (5, 11, 30). Central dopamine (DA)
systems have been argued to play an important role in
the CPP of d-amphetamine, which diminishes under
challenge by dopaminergic antagonists or lesioning.
Pretreatment with traditional neuroleptic drugs (i.e.,

haloperidol, alpha-fluphenthixol) has been shown to
inhibit the establishment of CPP of d-amphetamine
through non-selective DA receptor blockade (20, 21).
Impairment of d-amphetamine induced CPP has been
reported in rats with lesions in DA-rich areas,
especially the nucleus accumbens (11, 30).
Although cocaine has been reported to produce
CPP (9, 31), some discrepant results have been
observed. Effect sizes vary across administration
routes and doses (8, 32). The hypothesis purporting
an exclusively dopaminergic neural substrate for
cocaine CPP is not as tenable as that for the d-
amphetamine. Systemic injection of cocaine produced
CPP that was not blocked by haloperidol and pimozide
given before the conditioning session, nor by 6-
hydroxydopamine lesions of DA terminals in the
nucleus accumbens (31). However, peripheral
injection of pimozide prior to the conditioning session
was reported to diminish the CPP induced by
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intravascular injection of cocaine (22). Thus, it
remains unclear whether d-amphetamine and cocaine
induced CPP depend upon different dopaminergic
neural substrates as suggested by the results of
challenge by selective DA receptor blockers.

Two DA receptor subtypes exist and are
classified according to their association with the
enzyme adenylate cyclase. D1 receptors stimulate
the synthesis of cyclic adenosine monophosphate
(cAMP) via activation of adenylate cyclase, whereas
D2 receptors produce inhibition or no link to the
enzyme (16, 33, 34). The identification of two types
of DA receptors leads to the question of their distinct
roles in the CPP of d-amphetamine and cocaine.
SCH23390 and spiperone were chosen in the present
work as the selective antagonists for blocking D1 and
D2 receptor subtypes, respectively (14, 15).

The CPP paradigm consists of an acquisition
and an expression (or test) phase that reflect different
behavioral processes. Almost all previous CPP work
investigated the effects of DA receptor blockade on
the acquisition phase of d-amphetamine- or cocaine-
induced CPP. However, little is known about how the
two DA receptor subtypes are involved in the
expression of CPP. It is possible that different
neurochemical mechanisms mediate the acquisition
and expression of this psychostimulant place
conditioning. The present study reports the effects of
SCH23390 and spiperone on the expression of CPP
induced either by d-amphetamine or by cocaine.

Materials and Methods

Subjects

The subjects were naive male Sprague-Dawley
rats weighing 250-320 g at the start of the experiments.
They were purchased from the National Laboratory
of Animal Breeding and Research Center of the
National Science Council, Taipei, Taiwan. Each rat
was housed individually in a vivarium with a 12/12 hr
light dark cycle. All the experimental sessions were
conducted in the light cycle. The temperature of the
animal colony was maintained at 23+1°C throughout
the experiment. Except during experimental sessions,
rats were provided with Purina lab chow (5001) and
tap water ad libitum.

Drugs

D-amphetamine HCI and cocaine HCI (Sigma
Chemical Co, St. Louis, MO, USA.) were each
dissolved in saline (0.9% NaCl w/v). SCH23390 HCI
and spiperone HCI (Research Biochemicals Inc.,
Natick, MA, USA) were dissolved in normal saline,
except with tiny drops of ethanol added to form the

spiperone solution. Drug solutions were freshly
prepared just before injection at the specified dosages
expressed as a salt. The injection volume was kept
constant at 1 ml per kg of body weight.

Apparatus

The CPP apparatus was made of Plexiglas and
consisted of 3 different compartments. The central
compartment (30 Lx25 Wx25 H cm) was connected
to two equal-sized chambers (40 Lx25 Wx36 H cm).
One chamber was painted white on each wall and had
wooden bedding on the floor, while the other was
painted with black and white vertical stripes ( 4 cm
each) and had a wire-meshed floor. In addition to
these contextual differences, a tiny amount of vinegar
was smeared along the top edge of the black and white
striped wall during the CPP procedure. The entrance
of each side chamber was partitioned by a Plexiglas
plate (25x36 c¢m) during the conditioning sessions,
but left open for free access during pre-conditioning
exploration and post-conditioning test sessions. The
CPP apparatus was located in an isolated room with a
dim light.

Procedure

Each rat was handled 10 min daily for two
weeks of acclimation before experimentation. The
CPP procedure required eleven daily sessions divided
into three phases of pre-conditioning exploration,
conditioning, and a post-conditioning test. During
the first two daily sessions, designated the pre-
conditioning phase, each subject was allowed to move
freely in all the three compartments of the apparatus
for 10 min. The average time spent by each rat in each
side compartment was recorded to determine the “pre-
conditioning” preference of the subject. Although
there was a trend for rats to spend more time in the
black and white striped compartment, none of these
pre-conditioning preferences was significant (p>0.05).
Subsequently, four 2-day conditioning trials were
conducted over eight days of the conditioning phase.
On one day, subjects were injected with a
psychostimulant drug and confined to the originally
non-preferred compartment for 30 min. On the
alternate day, they were injected with normal saline
and confined to the other side for 30 min. The order
of drug and saline conditioning days was
counterbalanced across subjects. Intraperitoneal (IP)
injection of either a psychostimulant drug or saline
was completed 5 min prior to the place conditioning
session. In the post-conditioning test which followed
the last session of the conditioning phase, each subject
was placed into the central compartment and allowed
to move freely for 10 min. The subject received no
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injection prior to the CPP test session. Time spent in
each compartment during the pre-conditioning and
post-conditioning test sessions were manually
recorded by the use of a stopwatch (Casio). Subjects
were judged to be in a compartment only when all
four limbs were in that compartment, which definition
represents a more rigorous criterion for representing
choice than has previously been employed (eg. 9, 22,
24). For each subject, two raw scores calculated by
the difference in time spent in both the drug- and
saline-associated side from pre-conditioning sessions
to post-conditioning test were collected for statistical
analysis. Changed from the pre-conditioned session
to the post-conditioned test, a significant difference
in the time spent in the drug-paired versus the saline-
paired chambers was considered as successful place
conditioning. Normally, CPP is indexed as time
increased on the drug-associated side in comparison
to time decreased on the saline-associated side.

D-amphetamine (0.5 and 2 mg/kg) as well as
cocaine (5 and 10 mg/kg) were used to examine
psychostimulant-induced CPP in the first part of
present work. The second part investigated the effects
of SCH23390 (0, 0.08, and 0.16 mg/kg) and spiperone
(0, 0.075, and 0.15 mg/kg) on the expression of CPP.
Both DA receptor antagonists were administered via
the IP route 1 hr prior to the commencement of the
post-conditioning test session. The doses of
SCH23390 and spiperone were chosen in an effort to
avoid potential drug-induced motor side effects as
demonstrated elsewhere (11, 28).

Statistical Analyses

A t-test for dependent designs was used to
evaluate the effects of CPP under each experimental
treatment. Statistic significance was determined by
the value of p<0.05.

Results

The dose effects of CPP induced by d-
amphetamine and cocaine are illustrated in Figure 1.
CPP was significantly established by the higher dose
of d-amphetamine (t=2.433, df=9, p<0.05) and by the
higher dose of cocaine (t=5.388, df=9, p<0.01),
respectively. Neither d-amphetamine nor cocaine
significantly induced the CPP at their lower doses
(p>0.05). Thus, the doses for d-amphetamine and
cocaine chosen to induce CPP in the second part of the
experiment were 2 mg/kg and 10 mg/kg respectively.

The upper panel of Figure 2 displays the dose
effects of SCH23390 on the expression of CPP induced
by d-amphetamine. Three groups were initially
conditioned with d-amphetamine but separately
treated by SCH23390 or its vehicle during the test
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Fig. 1. The dose effects for d-amphetamine (upper panel) and cocaine
(lower panel) to induce CPP. Data are presented as the meant]
s.e.m. of the difference in time from the post- and pre-condition-
ing sessions spent in either the saline associated side or the drug
associated side, respectively denoted as blank bar and slash bar.
N=10 for each dose treatment. Asterisks, **p<0.01 and *p<0.05
respectively, indicate significant differences from saline-associ-
ated side to drug-associated side.

session. As expected, the vehicle treated group
significantly expressed the CPP induced by d-
amphetamine (t=4.823, df=7, p<0.01). Expression of
d-amphetamine CPP was significantly inhibited by
either 0.08 mg/kg or 0.16 mg/kg of SCH23390, as
indicated by the negligible difference in mean time
spent on the two side chambers of CPP apparatus
(p>0.05). The lower panel of Figure 2 shows the dose
effects of spiperone on the expression of CPP induced
by d-amphetamine. The expression of d-amphetamine
induced CPP was significant for either the vehicle
group (t=3.307, df=9, p<0.01) or the group treated
with 0.075 mg/kg spiperone (t=3.118, df=5, p<0.05).
For the group treated with 0.15 mg/kg spiperone, that
its difference of time spent in two side chamber was
not significant (p>0.05) reflected a diminished
expression of d-amphetamine CPP. Although the
means on both saline and d-amphetamine associated

_sides were visible in the group treated with 0.15

mg/kg spiperone, the negative outcome of t-test was
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Fig. 2. Dose effects of SCH23390 (upper panel) and spiperone (lower
panel) on the expression of CPP induced by d-amphetamine (2.0
mg/kg). Each dose treatment of dopaminergic receptor antagonist
was conducted in a separate group of subjects; SCH23390 0
mg/kg (N=8), 0.08 mg/kg (N=6), and 0.16 mg/kg (N=8), whereas
spiperone 0 mg/kg (N=10), 0.075 mg/kg (N=6), and 0.15 mg/kg
(N=10). Data are presented as the mean*1 s.e.m. of the difference
in time from the post- and pre-conditioning sessions spent in
either the saline associated side or the drug associated side,
respectively denoted as blank bar and slash bar. Asterisks,
**p<0.01 and *p<0.05 respectively, indicate significant differ-
ences from saline-associated side to d-amphetamine-associated
side.

due to the relatively dramatic variance generated
from that sampling group.

The dose effects of SCH23390 and spiperone on
the expression of CPP induced by cocaine are
illustrated on Figure 3. The upper panel of Figure 3
shows that CPP was significantly induced by cocaine
in the vehicle control group (t=4.619, df=8, p<0.01).
Although this effect was reduced by SCH23390
treatment at either 0.08 mg/kg or 0.16 mg/kg, these
CPP’s of cocaine measured by the difference in time
spent on two side chambers were still significant
(t=3.02, df=5, p<0.05, and t=3.434, df=9, p<0.01).
Shown in the lower panel of Figure 3, the significant
expression of cocaine induced CPP effects is shown
in each of three groups treated with spiperone or its
vehicle (t=3.615, df=5, p<0.05, t=3.673, df=5, p<0.05,
and t=3.414, df=5, p<0.05, respectively).

Due to the lack of disruptive effect of SCH23390
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Fig. 3. Dose effects of SCH23390 (upper panel) and spiperone (lower
panel) on the expression of CPP induced by cocaine (10 mg/kg).
Each dose treatment of dopaminergic receptor antagonist was
conducted in a separate group of subjects; SCH23390 0 mg/kg
(N=9), 0.08 mg/kg (N=6), and 0.16 mg/kg (N=10), whereas
spiperone 0 mg/kg, 0.075 mg/kg, and 0.15 mg/kg (N=6 each).
Data are presented as the meant1 s.e.m. of the difference in time
from the post- and pre-conditioning sessions spent in either the
saline associated side or the drug associated side, respectively
denoted as blank bar and slash bar. Asterisks, **p<0.01 and
*p<0.05 respectively, indicate significant differences from sa-
line-associated side to cocaine-associated side.

and spiperone pretreatment on the expression of
cocaine CPP, an additional experiment was conducted
to test whether that cocaine CPP could be prevented
by these two DA receptor antagonists given in
combination. The doses of SCH23390 and spiperone
administered in this experiment were 0.08 mg/kg and
0.075 mg/kg, respectively. These data are presented
in Figure 4. The cocaine CPP was significantly
expressed in the vehicle group (t=4.761, df=5, p<0.01),
whereas the group pretreated with SCH23390 and
spiperone together on the test day did not show any
reliable CPP effect (t=2.001, df=5, p=0.101).

Discussion
The present study describes the effects of

SCH23390 and spiperone on the expression of CPP
induced by d-amphetamine or cocaine. The results
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demonstrated the CPP was significantly established
by peripheral injection of either d-amphetamine or
cocaine. Either selective DA receptor antagonists
given alone was shown to inhibit the expression of
CPP induced by d-amphetamine, but not by cocaine.
However, the expression of cocaine could be
attenuated by a pretreatment of SCH23390 and
spiperone together administered prior to the test
session.

Administered intraperitoneally, the relatively
high doses of d-amphetamine (2 mg/kg) and cocaine
(10 mg/kg) used in the present study reliably produced
CPP. Such findings demonstrate that these two
psychostimulant drugs contain the rewarding property.
It is therefore not surprised that d-amphetamine and
cocaine become the abused substance attributed to
their function as appetitive reinforcers (17). These
data are consistent with previous work on CPP in rats
established by IP injection of d-amphetamine (6, 7,
10, 20, 30) or cocaine (2, 8, 9, 22, 31) , but the
magnitude of CPP effects are different from study to
study. The expression of CPP can be influenced by a
variety of variables in both pharmacological
manipulations and behavioral processes (4). It is not
surprising that the strength of CPP varied across
experiments was observed in the present work. Though
the experimental procedures were carefully performed
as described, some extraneous variation may have
been introduced across experiments conducted in
separate. Internal observation suggests varying
degrees of human handing prior to subject introduction
into the CPP procedure might affect the magnitude of
CPP observed. We also noted that the criterion with
two or four limbs to judge the subject’s entering into
either compartment of the CPP apparatus could lead
to different results at significant level (p<0.05). All
the data collected in the present work adopted the
latter criterion in order to reflect a relatively more
genuine reaction. Psychostimulant effects might be
potentiated or attenuated depending on putative
subduing or stressing effects attributable to handling.
A systemic examination of this miscellaneous factor
is needed before conclusions can be drawn. Despite
handling variance and other extraneous effects, d-
amphetamine or cocaine induced CPP remains a
valuable paradigm for studying the rewarding property
of abused drug.

When administered systemically before
conditioning, DA receptor blockers (like traditional
neuroleptics) have been shown to diminish the
acquisition of d-amphetamine CPP (20, 21, 30). These
results may be attributed to partial blockade of D1
and D2 receptors. Further evidence of the divergent
effects produced by selective D1 or D2 receptor
antagonist is found in other studies documenting that
the acquisition of d-amphetamine CPP can be

specifically blocked by either SCH23390 or
metoclopramide (11, 19). Of the limited data regarding
the role of DA subtype receptors during the CPP test,
Hiori and White (11) reported that the expression of
d-amphetamine CPP was blocked by SCH23390,
metoclopromide, or sulpiride. While the doses of
metoclopramide and sulpiride necessary to block the
expression of d-amphetamine CPP were higher than
those required to inhibit the acquisition, the doses of
SCH23390 to produce significant suppression on both
the acquisition and expression of d-amphetamine CPP
were similar. Those results found in the present study
regarding the effects of selective DA receptors on the
expression of d-amphetamine CPP was consistent to
that previous work. However, it should be noted that
the injection routes of d-amphetamine and the D2
receptor antagonists employed between these two
work were different. Despite the difference in doses
required for selective D2 receptor antagonists to block
the two distinctive phases of CPP, it is generally
accepted that both D1 and D2 receptor subtypes are
critical for both the acquisition of d-amphetamine
paired place conditioning and later expression of a
preference for that environment.

Unlike the aforementioned inhibitory effects of
DA receptor antagonists on d-amphetamine CPP,
SCH23390 or spiperone given alone failed to affect
the expression of CPP induced by cocaine. Place
preference was significantly observed in the subject
with the injection of SCH23390 or spiperone given
alone before the CPP test session (see Fig. 3).
However, the expression of cocaine could be
attenuated by a pretreatment of SCH23390 and
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Fig. 4. The effects of SCH23390 (0.08 mg/kg) and spiperone (0.075
mg/kg) administered in combination (SCH + SPI) on the expres-
sion of cocaine induce CPP. Data are presented as the meanzt1
s.e.m. of the difference in time from the post- and pre-condition-
ing sessions spent in either the saline associated side or the cocaine
associated side, respectively denoted as blank bar and slash bar.
N=6 for either the vehicle or the DA antagonists treated group.
Asterisks, **¥p<0.01 and *p<0.05 respectively, indicate signifi-
cant differences from saline-associated side to drug-associated
side.
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spiperone together administered prior to the test
session (see Fig. 4). Combined with previous
evaluations of the effects of DA receptor blockers on
the acquisition of cocaine induced CPP (22, 31), the
present data implicate a more intricate role for
dopaminergic substrates in the mediation of CPP
induced by cocaine as compared with that of d-
amphetamine. However, this may be true only when
cocaine CPP is induced via IP administration. CPP
induced by either intraventricular (ICV) or intravenous
(IV) administration of cocaine can be blocked by
haloperidol and pimozide, whose effects are DA-
dependent (22, 32). In regarding to the expression of
cocaine CPP, it is interesting that a combination of
subthreshold doses of SCH23390 and spiperone given
before the test session was effective in reducing that
place preference. This result indicates a possible
pharmacological interaction exerted between D1 and
D2 receptors. In viewing the inhibition of d-
amphetamine CPP produced by SCH23390 or
spiperone given alone, it is suggested that either D1
or D2 receptors can play a role in the expression of
CPP induced by d-amphetamine. Thus, the degrees of
D1 and D2 receptors involved in mediating the
expression of cocaine CPP are different from that for
d-amphetamine.

It is also possible that multiple neural
mechanisms are involved in the CPP of cocaine,
especially in the expression stage. This idea is
supported by a more recent work applying six non-
dopaminergic agents to block the expression of
cocaine-induced CPP (3). These drugs included
calcium channel blockers (isradipine and nefedipine),
serotonin receptor antagonists (MDL72222 and
ICS205-930), and opioid antagonists (naltrindole and
buprenorphine). Further support for the notion that
DA is not the only neural substrate underlying cocaine-
induced CPP can be obtained from studies using
neurotoxic lesions. While 6-hydroxydopamine lesions
of the nucleus accumbens failed to prevent CPP
induced by IP injection of cocaine (31), recent work
from the same laboratory demonstrated that cocaine
CPP can be attenuated by excitotoxic lesions of the
amygdaloid complex (2).

The failure of SCH23390 and spiperone to
produce differential effects on the expression of CPP
induced by either d-amphetamine or cocaine was
unanticipated in the present work, given that two
distinct receptors have been differentially identified
on the binding assays (33, 34) and isolated from gene
encoding (29). Previous work suggests that D1 and
D2 receptors may be involved to different degrees in
examining the reflexive type of behavioral
performance (35). A recent review suggests that D1
receptors are critically involved in reward-related
learning (1). The hypothesis of different functions

for DA receptor subtypes may be more complex than
what can currently be generalized for data collected
from different behavioral tasks.

D-amphetamine and cocaine can be self-
administered by rats, and the results from studies
using this procedure provide strong support for the
hypothesis that dopaminergic mechanisms underlie
the rewarding effects of these two psychostimulants
(for review, see 18, 25). It is interesting to compare
the present findings with corresponding self-
administra-tion data. Rats may compensate for
nonspecific DA receptor blockade after systemic
injection of pimozide by increasing the responding
rate of self-administration of intravenous d-
amphetamine (36). A recent study further
demonstrated the effect of adulteration of the infusate
with selective DA receptor antagonists. SCH23390
and sulpiride enhanced the rate of intra-accumbens
self-administration of d-amphetamine (23). In terms
of cocaine self-administration, similar compensatory
effects have been reported in rats treated with mixed
or selective DA receptor antagonists. DA receptor
blockade has been shown to shift the cocaine self-
administration dose-effect function to the right (13,
26). Together, these results suggest that both D1 and
D2 receptors are involved in the mediation of the
rewarding effects of d-amphetamine and cocaine self-
administration. While the attenuation of the behavioral
effects of d-amphetamine on both self-administration
and CPP tasks is similar across selective DA receptor
antagonists, this is not the case for cocaine. Whereas
SCH23390 and spiperone diminish cocaine self-
administration by increasing the compensatory
responses, neither abolished the expression of CPP
induced by cocaine in the present work. One issue
warranting further consideration is the difference in
drug administration procedure between these two
tasks. Cocaine is not injected on the test day of CPP,
while it continues to be injected contingent upon
proper operant responding in the self administration
situation. The persistence of CPP under drug
antagonism may be attributable to the task’s reliance
on stimuli conditioned to the drug rather than the drug
itself. Thus, the DA mechanisms involved in the
acquisition and the expression stages of CPP may not
be identical. It is recently speculated that drug
affecting DA systems might not be completely
effective in treating clinical case under dependence
and craving for psychostimulants.

In summary, the present study indicates that 1)
IP injection of either d-amphetamine or cocaine can
reliably induce CPP, 2) the expression of d-
amphetamine, but not cocaine, CPP is inhibited by
either SCH23390 or spiperone given alone, and 3) the
expression of cocaine CPP can be attenuated by a
combination of those two DA receptor antagonists.
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Therefore, these data demonstrated the rewarding
properties of d-amphetamine and cocaine as measured
by behavioral place preference. However, the
expression of the rewarding effects in CPP may depend
upon different neural substrates for these two
psychostimulant drugs. Either D1 or D2 receptors is
involved in mediating the expression of d-
amphetamine CPP, whereas the expression of cocaine
CPP appears to rely upon a more intricate
dopaminergic mechanism. In considering the ability
of psychostimulant-associated cues to elicit approach
in drug-free subject, further work in studying the
expression of drug-induced CPP provides a promising
area to elucidate the mechanisms for the relapse of
abused drug.
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