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Pipradrol Conditioned Place Preference
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WHITE, N. M. AND N. HIROI. Pipradrol conditioned place preference is blocked by SCH23390. PHARMACOL BIO-
CHEM BEHAYV 43(2) 377-380, 1992.— We investigated the effect of the selective D, dopamine antagonist, SCH23390, on
the establishment of a pipradrol-conditioned place preference (CPP). Among various doses of pipradrol (6.25-75.0 mg/kg,
SC), a CPP was established at 25.0 mg/kg. SCH23390 (0.16 mg/kg, IP) blocked the establishment of a CPP by this dose of
pipradrol. The results suggest that pipradrol produces a rewarding effect and that this effect may involve activation of

D,dopamine receptors.
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THE conditioned place preference (CPP) paradigm has been
used to assess the affective properties of various drugs, includ-
ing stimulants and opiates (7,13). Numerous studies have
shown that these drugs produce robust CPPs, suggesting that
they have rewarding properties. Other findings suggest that
central dopamine systems are involved in the rewarding prop-
erties of stimulants as revealed in the CPP paradigm. Amphet-
amine establishes CPPs by releasing dopamine in the nucleus
of accumbens, a terminal area of the mesolimbic dopamine
pathway (8,9,33).

The site of action of stimulants other than amphetamine is
not well understood, and it is not clear if dopamine is involved
in their CPP-establishing effects. Except at very high doses
(20), the dopamine receptor antagonist, haloperidol, failed
to block the establishment of a methylphenidate CPP (21).
Martin-Iverson et al. (20) have also reported that 6-
hydroxydopamine (6-OHDA) lesions, which depleted 81% of
striatal dopamine and 70% of accumbens dopamine, were
ineffective in blocking the establishment of a methylphenidate
CPP. This finding must be interpreted cautiously because it is
known that more than 90% depletion is required to abolish
both dopamine release (29,39) and its behavioral effect when
it is released from the reserpine-sensitive pool (16). Neverthe-
less, these findings raise the question of whether or not meth-
ylphenidate, a non-amphetamine-type stimulant, may estab-
lish CPPs by acting on neurotransmitter system(s) other than
dopamine.

The nonamphetamine stimulants (pipradrol and methyl-
phenidate) release dopamine from the reserpine-sensitive do-

pamine pool (6,12,30). Depletion of the reserpine-sensitive do-
pamine pool after CPP training with amphetamine, but before
testing in the absence of the drug, blocks expression of the
CPP, suggesting that dopamine in the reserpine-sensitive pool
may mediate the effects of conditioned rewarding stimuli on
behavior in the CPP paradigm (13,16). We have also reported
that the effects of conditioned rewarding stimuli (in the am-
phetamine CPP paradigm) are preferentially blocked by the
D, dopamine antagonist, SCH23390, as compared to D, dopa-
mine antagonists (13,17).

These findings suggest the possibility that the reserpine-
sensitive dopamine pool is functionally linked to the D, dopa-
mine receptor. To test this hypothesis, as well as to examine
the question of the nature of the CPP produced by the nonam-
phetamine stimulant, pipradrol, we studied the effect of the
D,-selective dopamine antagonist, SCH23390, on the estab-
lishment of a CPP by pipradrol. The initial doses of pipradrol
used were those previously shown by Robbins (26-28) to affect
conditioned reward. When these doses proved ineffective,
higher doses were used.

METHOD
Subjects

Subjects were 56 experimentally naive, male Long-Evans
rats purchased from Charles River Canada (St. Constant,
Quebec) weighing 275-310 g at the start of the experiments.
Animals were individually housed with food and water avail-
able ad lib.

! Requests for reprints should be addressed to Norman M. White, Department of Psychology, McGill University, 1205 Dr. Penfield Avenue,

Montreal, Quebec H3A 1B1 Canada.

2 Current address: Department of Brain and Cognitive Sciences, Massachusetts Institute of Technology, E-25-618, Cambridge, MA 02139.



378

Apparatus

The CPP apparatus was made of wood, with a Plexiglas
front wall. It consisted of three compartments. The two larger
compartments were identical in size (45 X 45 X 30 cm). One
of these was painted white and had wood chips on a smooth
floor; the other was painted black with white vertical stripes
and had a wire mesh floor. A few drops of vinegar (1 ml 2%
acetic acid) were placed below the wire mesh on the floor of
the latter compartment. These two compartments were com-
pletely separated from each other by a wooden partition. The
third compartment was a tunnel (36 X 18 X 20 cm) protrud-
ing to the rear of the large compartments connecting their
entrances, which were adjacent to the partition. On condition-
ing days, the entrances to the tunnel were blocked. The en-
trances were open on the preexposure and test days. In previ-
ous studies, it has been reported that groups of normal,
untreated rats do not exhibit natural preferences for either
compartment of this apparatus (8,11).

Procedure

Experiment 1. The procedure required six sessions. In ses-
sion 1, each rat was placed into the tunnel and allowed to
move freely in the three compartments of the test apparatus
for 10 min. The next four sessions included two pairings with
pipradrol (6.25, 12.5, 25.0, 50.0, or 75.0 mg/kg, SC) and two
pairings with vehicle. Eight animals in each dose group were
randomly assigned to the cells of a 2 X 2 factorial design.
One factor was pairing compartment (black or white) and
the other was injection order. Four of the eight rats received
pipradrol injections before being placed into the closed white
compartment and the other four received pipradrol injections
before being placed into the closed black compartment.
Within each subgroup of four, two rats received pipradrol
injections on even-numbered sessions and the other two re-
ceived pipradrol injections on odd-numbered sessions. Rats
remained in the compartments for 30 min. At the test session,
no injections were given. The doors to the tunnel were open
and animals were placed into the tunnel and allowed to move
freely in the three compartments for 20 min. Raters recorded
the amounts of time each animal spent in each of the two
large compartments.

Experiment 2. The procedure was identical to that of Ex-
periment 1 except on the conditioning days rats were treated
with SCH23390 (0.16 mg/kg, IP) or vehicle 30 min before
pipradrol injections (25.0 mg/kg, SC) on the pipradrol-paired
days and before vehicle injections on the vehicle-paired days.
At the test session, no injections of any kind were given.

Drugs

Pipradrol HCI (Merrel-Dow Pharmaceutical, Kansas City,
MO) was dissolved in propylene glycol. SCH23390 (Schering
Corp., Bloomfield, NJ) was dissolved in physiological saline
and adjusted to pH 6.5-7.0 with sodium hydroxide.

RESULTS

As shown in Fig. 1, the amounts of time spent in the pipra-
drol-paired compartment were increased in the groups that
received 25 mg/kg or more of pipradrol. The amounts of time
spent in each of the two large compartments were analyzed
using of two-way analysis of variance (ANOVA) with planned
comparisons, with dose as one factor and compartment as the
other (repeated measure). The amount of time spent in the
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FIG. 1. Conditioned place preferences established by pipradol (6.25-

75.0 mg/kg, SC) injected immediately before animals were placed in

the experimental boxes. Paired side, pipradrol-paired side; unpaired
side, vehicle-paired side. The vertical lines on the bars are SEMs.

paired compartment was significantly larger than the amount
spent in the unpaired compartment at 25 mg/kg, F(1, 35) =
7.06, p < 0.05, but not at the other doses.

As shown in Fig. 2, animals pretreated with SCH23390 did
not develop a CPP with 25 mg/kg pipradrol. There was a
significant difference in the amount of time spent in the paired
and unpaired compartments for the control, F(1, 14) = 6.93,
p < 0.05, but not for the SCH23390-treated group, £(1, 14)
= 0.0006, p > 0.05.

DISCUSSION

The present results demonstrate that a dose of 25 mg/kg
pipradrol establishes a CPP. Doses above and below this dose
were ineffective. Animals injected with SCH23390 before
training sessions with the effective dose of pipradrol failed to
exhibit a CPP.

The lack of effect of doses of pipradrol higher than the
effective dose (25 mg/kg) is remarkable. One hypothesis that
might explain this phenomenon is based on findings that both
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FIG. 2. Effect of SCH23390 (0.16 mg/kg, IP) on the CPP-produced
pipradrol (25.0 mg/kg, SC). SCH23390 was injected 30 min before
pipradol or vehicle. The vertical lines on the columns are SEMs.
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amphetamine (9,33,34,38) and morphine (2,3,19,22,32) have
both rewarding and aversive affective properties, probably as
a result of their actions on different central or peripheral sub-
strates. The present pattern of results would be obtained if
pipradrol acted on both reward and aversion substrates and if
the aversive effect had a somewhat higher threshold than the
rewarding effect.

Another possible hypothesis to explain the lack of effect
of the higher doses of pipradrol is based upon similar findings
for other effects of other drugs. For example, there is an
optimally effective dose of posttraining injections of amphet-
amine on retention of recently learned tasks: Both lower and
higher doses are ineffective (18,23,35). A similarly shaped
dose-response curve for reward is observed when dopamine
agonists are injected directly into the nucleus accumbens (37).
By analogy, it can be suggested that maximum reward may
be produced by an optimum level of activation of dopamine
receptors and that 25 mg/kg pipradrol produces this level.
According to this hypothesis, higher and lower doses produce
supra- or suboptimal levels of activation and, correspond-
ingly, less rewarding effects (14). The fact that the reported
amplitude of CPPs produced by other dopamine agonists such
as amphetamine have been monotonically related to dose (36)
may be due to the fact that only relatively low doses of the
drug were used. Higher doses might produce smaller CPPs.

Pipradrol is one of a class of stimulants that are sensitive
to the action of the vesicle depletor reserpine (30). Other stim-
ulants, such as amphetamine and methamphetamine, are sen-
sitive to the action of a-MPT (6,12,30), but not to reserpine
(5,6,10,12,30). The fact that stimulants in both these classes
establish CPPs (20,21,25,33) suggests that if selectively re-
leased by drug action dopamine in both pools can produce a
rewarding effect. It remains unclear which—if either —pool
may be used preferentially to mediate the positive affective
properties of naturally occurring stimuli such as food, water,
or a sexual partner.

In the present study, SCH23390 completely blocked the
establishment of the pipradrol CPP at a dose that appears to
act selectively on the dopamine D, receptor (1,4,24). There is
some evidence that SCH23390 may produce an aversive effect
when administered alone in the CPP paradigm (37). However,
the fact that the drug was administered in conjunction with
pairings on both sides of the apparatus in the present experi-
ment eliminated the possibility that any such effect could have
influenced animals’ side preferences directly.

Given that pipradrol releases dopamine from the reserpine-
sensitive dopamine pool, the findings that the CPP is blocked
by SCH23390 suggests the possibility that dopamine released
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from this pool produces reward by acting on D, receptors.
The present results provide no information about the possible
involvement of D, receptors in the rewarding actions of pipra-
drol.

It has been reported (31) that amphetamine-produced loco-
motion was reduced to about 75% of control values 12 h
after injection of SCH23390. It is unlikely that such a residual
action influenced the present finding for two reasons. First,
in the present experiment, there were 24 h between injections
and between the last injection and the test, and there is no
evidence for an effect of SCH23390 of the size observed here
lasting that long. Second, in a previous study (17), we reported
that an injection of 0.12 mg/kg SCH23390 produced only a
partial block of expression of the amphetamine CPP. Al-
though it is possible that the pipradrol and amphetamine
CPPs are affected differently by SCH23390, it seems unlikely
that any residual effect of the latter could have been as effec-
tive a blocker of expression of the CPP as an immediate injec-
tion of the drug.

We previously reported that expression of the amphet-
amine CPP is blocked by either a D, antagonist (SCH23390)
or reserpine, but not by a-MPT or D, dopamine antagonists,
when the drugs are given before testing (15,17). Thus, it may
be that the reserpine-sensitive dopamine pool has a functional
link with the D, but not the D, dopamine receptor (17). Fur-
ther research is required to test this hypothesis.

The hypothesis that dopamine released from the reserpine-
sensitive pool produces reward by acting on D, receptors may
provide an explanation for reports that haloperidol failed to
block the establishment of a methylphenidate CPP (21), ex-
cept at very high doses (20). Methylphenidate releases dopa-
mine from the reserpine-sensitive pool, and haloperidol is a
selective D, dopamine antagonist. Accordingly, at doses selec-
tive for D, receptors this antagonist would fail to act on the
appropriate substrate. However, haloperidol might be ex-
pected to block the methylphenidate CPP (and, possibly, also
the pipradrol CPP) at higher, less selective doses.
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