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DE BEUN, R., A. LOHMANN AND J. DE VRY. Conditioned taste aversion and place preference induced by the calcium
channel antagonist nimodipine in rats. PHARMACOL BIOCHEM BEHAY 54(4) 657-663, 1996.—It has become clear that
various calcium channel antagonists are able to suppress excessive intake of ethanol in rats. With respect to these findings,
it has become of interest whether these drugs can act as rewarding and/or aversive stimulus. Therefore, such affective
stimulus effects of the L-type calcium channel antagonist nimodipine and its enantiomers were studied in Wistar rats in a
series of conditioned taste aversion (CTA; two-bottle choice procedure) and conditioned place preference (CPP; two-
compartment procedure) experiments. Racemic nimodipine (0.95-15 mg/kg IP) was found to induce a dose-dependent CTA,
7.5 mg/kg being the lowest effective dose. Subsequent studies with both enantiomers revealed that the CTA effects of
nimodipine are completely dependent on the activity of (—)-nimodipine. With (+)-nimodipine (0.25-90 mg/kg IP), none of
the doses tested induced a significant CTA, whereas with (—)-nimodipine clear and dose-dependent CTA effects were noted
(0.5-30 mg/kg IP). For this enantiomer, the lowest effective dose was 15 mg/kg. In additional CPP experiments, it was
confirmed that (*)-nimodipine and (—)-nimodipine have affective stimulus properties, whereas (+)-nimodipine was again
an ineffective stimulus (dose used for all drugs: 15 mg/kg IP). Interestingly, the affective stimulus effects as measured with
CPP of (%)- and (—)-nimodipine turned out to be rewarding, as it was found that both drugs produced a significant place
preference. It is concluded from these studies that nimodipine possesses intrinsic affective stimulus effects which are rewarding
in nature. Furthermore, these stimulus effects are mediated by the activity of the (—)-enantiomer. Possibly, these rewarding
effects of nimodipine may play a role in the reported attenuating effects of this drug on voluntary ethanol intake in rats.
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A considerable number of studies indicate that neuronal cal-
cium (Ca?*) channels are involved in the behavioral actions
of ethanol [e.g., (11,21,28,36,53)]. Besides the fact that these
ion channels have been proposed to play an important role
in the development of ethanol tolerance and dependence [e.g.,
(8,9,22,23)], it is, at present, also suggested by several studies
that Ca?* channels are involved in the regulation of ethanol
intake and preference in experimental animals [e.g., (3,5,12,30,
33,35,38)]. With regard to these latter effects, the L-type volt-
age-gated Ca®* channels have received specific attention. A
diversity of Ca®" channel antagonists for which the L-type
Ca’" channels are sensitive have been shown to be effective
in suppressing ethanol intake and preference in animal models
of alcoholism. This, in spite of the fact that L-type Ca** channel
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antagonists are derived from different chemical classes. Thus,
drugs in the phenylalkylamine group such as verapamil
(5,12,33,35) and levemopamil (37), as well as the dihydropyri-
dine derivatives nimodipine (3,5,34), nifedipine (3,5,11,12),
isradipine (3,5,12,30), darodipine (12), nicardipine (3,5,30),
felodipine (5), nitrendipine (5), and GOE 5438 (29) have all
been reported to be effective in decreasing ethanol consump-
tion. The only exception seems to be diltiazem, representing
a third class of L-type Ca’* channel antagonists designated as
benzothiazepine derivatives. For this drug, either no signifi-
cant effects could be established on ethanol intake and prefer-
ence, or, at best, only very weak effects were noticed (5,30,33).

For the present study, nimodipine was selected as one of the
aforementioned successfully applied drugs in tests for ethanol
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intake reduction, to examine its affective stimulus properties.
Although it has already been found that nimodipine possesses
discriminative stimulus properties in rats (4,6,7), no systematic
investigations have been carried out yet to reveal whether or
not nimodipine can also act as an affective stimulus. Thus far,
only preliminary but promising data on this subject have been
presented by our lab [see (4,7)]. However, evaluating such
stimulus effects of nimodipine in more detail seems of signifi-
cance because characterization of this drug as a rewarding or
aversive stimulus may provide more insight in the mechanism
of action with respect to the reported efficacy of nimodipine
in attenuating ethanol intake. For this purpose, a conditioned
taste aversion (CTA) as well as a conditioned place preference
(CPP) procedure were used.

In a typical CTA design, subjects are presented a fluid with
a novel (and assumed palatable) taste and immediately after
consumption of this liquid injected with a drug, whose effects
the animals have not experienced before. Subsequently, on a
later occasion and under nondrug conditions, avoidance of
the taste associated with the drug effect is measured [cf.
(15,41,47)]. In a characteristic CPP setting, subjects are ex-
posed to distinct environmental stimuli after being injected
with a drug. After administration of the drug vehicle, they
are exposed to clearly dissimilar environmental stimuli. This
pairing of drug state with a specific environment is repeated
several times and thereafter approach towards, or avoidance
of, the drug-associated environment is measured under non-
drug conditions [cf. (16,26,51)].

Initially, in a series of CTA experiments with male Wistar
rats, dose-dependent effects of racemic nimodipine and both
its enantiomers were established in a two-bottle choice proce-
dure. Both enantiomers were tested, as it was previously re-
ported that the ethanol intake reducing effects of nimodipine
are mediated mainly by the (—)-enantiomer (3,7), whereas
the discriminative stimulus properties of nimodipine appear
to reside mainly in the (+)-enantiomer (4,7). Subsequently,
a two-compartment CPP study was conducted with a single
dose of all three drugs to corroborate the affective stimulus
effects as found with CTA, and to determine the quality of the
affective stimulus effect, for instance. rewarding or aversive.

METHOD
Subjects

A total of 232 male Wistar rats were used (Harlan-
Winkelmann; Hsd/Win:WU, Borchen, Germany), 8 animals
for each experimental group. All rats weighed 220-230 g upon
arrival at our laboratory and were throughout the studies
maintained in groups of four per cage (Macrolon type 3) under
anormal 12 L:12 D regime (conditioned taste aversion (CTA)
experiments, lights on at 0700 h), or under a reversed 12:12
cycle (conditioned place preference (CPP) experiments, lights
on at 1900 h). The animals were allowed to adapt to the
respective laboratory conditions for 1 week prior to the experi-
mental sessions. Food (standard pellets; Snniff Spezialdidten
GmbH, Soest, Germany) and tap water were supplied ad lib
during the adaptation period. Room temperature was kept
constant at 22-23°C. At the start of the behavioral tests, the
body weight of the animals was around 250 g.

Apparatus

Conditioned Taste Aversion. CT A sessions were conducted
in a standard Macrolon type 3 cage (37 X 25 X 16 cm) bedded
with sawdust. Two bottles (of 300 ml content each) were placed
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next to each other on top of the cage, near the front wall. The
drinking spouts (fitted with double stoppers) protruded about
3 cm into the cage. The distance between the drinking spouts
was approximately 15 cm. Fluid consumption was measured
by weighing the bottles manually. All sessions were conducted
under white light conditions.

Conditioned Place Preference. CPP equipment consisted of
a two-compartment preference box (91 X 41.5 X 38 cm) made
of polyvinyl chloride (PVC). The walls of one-half of the box
were black, whereas the other half had white walls. The black
and white parts of the box were of equal size (41.5 X 41.5 X
38 cm) and were separated by a small area of 8§ X 41.5 X 38
cm with gray walls. The floor of all parts of the box was gray.
Frequencies of entrance and duration of time spent on the
three different locations were registered by infrared beam
interruption, and via a house-made interface automatically
recorded on an IBM personal computer running house-made
acquisition software. To prevent direct contact with the infra-
red beam equipment, a transparent Plexiglas inner box was
fitted within the preference box. Conditioning sessions were
run in separate association boxes (41.5 X 41.5 X 38 cm),
which were similar to the black or white compartment of the
preference box. Preference and conditioning boxes were open
on top and all sessions were conducted under monochromatic
red light conditions.

Drugs

Racemic nimodipine (BAY e 9736), (—)-nimodipine (BAY
n 5248), and (+)-nimodipine (BAY n 5247) were synthesized
by Bayer AG; Leverkusen, Germany. All drugs were dissolved
in a solvent containing 5% v/v Solutol HS 15 (12-hydroxys-
tearic-acid ethoxilate, purchased from BASF AG; Ludwigsha-
fen), 5 % v/v pure ethanol and 90 % v/v saline. Drugs were
injected IP in a volume of 1 ml/kg. The saccharin (2,3-dihydro-
3-oxobenz-isosulfonazole sodium salt) used for the CTA ex-
periments was purchased from the Sigma Chemical Company
(St. Louis, MO) and dissolved in tap water.

Procedure

Conditioned Taste Aversion. Twenty-four hours before the
first CTA session (day 0), the animals were water deprived and
fluid access was from then on restricted to daily experimental
sessions of 15 min, which took place individually in a Macrolon
type 3 test cage. After each session, the animals returned to
their respective home cages. Food was freely available in the
home cages throughout the procedure, but was not available
during the sessions. For a given subject, all six sessions re-
quired to complete a CTA took place in the same test cage
and the cages were not cleaned between sessions. Animals
designated to the same experimental group were run in paral-
lel. During the first four sessions (day 1 through day 4), both
bottles contained plain tap water. During this phase of the
procedure, the animal learns to drink a reasonable amount
of fluid in a short period of time. For the 5th session (day 5,
conditioning session), both bottles were filled with a saccharin
solution (0.1% w/v) and immediately after completion of this
session the animals were injected with either the vehicle (the
three respective control groups), (*)-nimodipine (0.95, 1.875,
3.75,7.5,15 mg/kg), (—)-nimodipine (0.5, 0.95, 1.875,3.75, 7.5,
15, 30 mg/kg), or (+)-nimodipine (0.25, 0.5, 0.95, 1.875, 3.75,
7.5. 15, 30, 60, 90 mg/kg). Per animal, only one dose (or the
vehicle) of a particular drug was tested, making up a total of
25 experimental groups (N = 8 per group). On days 6 and 7,
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no sessions were conducted (washout period) and the animals
had free access to tap water in their home cages from the end
of day 5 until the morning of day 7, when the animals were
again deprived of water, 24 h prior to the final 6th session
(day 8, test session). During this last session, one bottle con-
tained the saccharin solution and the other bottle was filled
with tap water. To control for location bias, the saccharin was
presented in the left bottle for half of the animals in each
group and in the right bottle for the other half. By measuring
the amount of fluid consumed from both bottles separately,
drug-induced CTA could be determined by comparison of the
relative saccharin intake in the drug treated groups and their
vehicle-treated controls.

Conditioned Place Preference. The first session (day 1) was
conducted in the two-compartment preference box under non-
drug condition, to establish the baseline preference of the
animals. The rats were placed in the gray starting area of
the box and allowed free access to the black and the white
compartment of the box for 60 min. The box was cleaned
between each individual session. From the next day onwards,
subjects were treated daily with either the drug of interest or
its vehicle and subsequently placed in one of the two distinct
association boxes (black or white). The injection session inter-
val was always 10 min and a conditioning session lasted for
30 min. CPP effects of the vehicle (control group), 15 mg/kg
(*)-nimodipine, 15 mg/kg (—)-nimodipine, and 15 mg/kg (+)-
nimodipine were investigated in four different groups of ani-
mals (N = 8 per group). Drug and vehicle treatment were
alternated during eight sessions (day 2 through day 5, and day
8 through day 11. No sessions were conducted on days 6 and
7), drug treatment being paired four times with one of the
association boxes and vehicle treatment being paired four
times with the other association box. The design was fully
balanced in that for half of the animals of each experimental
group drug treatment was paired with placement in the black
association box; for the other half it was paired with the white
box without conditioning against initial preference. In addi-
tion, half of the animals in each subgroup started their condi-
tioning sessions in the white association box (and, conse-
quently, finished in the black box), whereas the other animals
in the respective subgroup were treated first in the black box
and, thus, finished in the white box. Twenty-four hours after
the last conditioning session the animals were tested again in
the two-compartment preference box (10th session, day 12).
Similar to the baseline session, the animals were tested under
nondrug condition and were allowed free access to the black
and white compartment for 60 min. CPP could be determined
by comparing the time spent on the drug-associated side be-
fore (1st session) and after (10th session) conditioning for the
four drug conditions tested (including the vehicle condition
in the control group).

Statistics

Conditioned Taste Aversion. Data of (=)-nimodipine, (—)-
nimodipine, and (+)-nimodipine were submitted separately
to one-way analyses of variance (ANOV A), with the between-
subjects factor DOSE (6, 8, and 11 levels, respectively). The
dependent variable was the ratio of (saccharin solution)/(sac-
charin solution + tap water) intake. Fluid intake scores were
calculated in grams. Post hoc analyses took place with Tukey
HSD multiple comparisons. Results were considered signifi-
cant when p < 0.05.

Conditioned Place Preference. Data were submitted to a
three-way analysis of variance (ANOVA) with repeated mea-
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FIG. 1. Saccharin solution intake expressed as the ratio of (saccharin
bottle)/(saccharin bottle + water bottle) consumption during the final
test session, after conditioning with nimodipine. Depicted are the
mean (+ SEM) scores for five doses of racemic nimodipine, adminis-
tered IP (filled bars), and the controls (C, open bar). N = 8 per group.
Significant differences from controls are indicated by asterisks (*p <
0.05, ***p < 0.001; Tukey HSD multiple comparisons).

sures with the between-subjects factors drug (four levels; vehi-
cle, (=)-nimodipine, (—)-nimodipine, and (+)-nimodipine)
and side (two levels; putative conditioning in black or white
compartment). The within-subjects factor was conditioning
(two levels; pre- and postconditioning data). Time spent in
the drug-associated compartment (calculated in minutes) was
the dependent variable. Where appropriate, pre- vs. postcon-
ditioning comparisons were made with two-tailed paired-sam-
ples r-tests. Significance level was set at p < 0.05.

RESULTS
Conditioned Taste Aversion

No differences in saccharin preference could be noted be-
tween the control groups used for the separate (x)-, (—)-,
and (+)-nimodipine analyses, F(2, 21) = 0.53, NS.

Figure 1 presents the preference for saccharin during the
final test session, for five experimental groups treated with
(*)-nimodipine and the control group. Pairing saccharin in-
take with nimodipine injections resulted in clear and dose-
dependent taste aversion learning (CTA). A significant main
effect of dose was found, F(5,42) = 6.02, p < 0.001. Additional
group-wise comparisons revealed that the 7.5 mg/kg (p < 0.05)
and 15 mg/kg (p < 0.001) doses of nimodipine induced a
significant CTA, as compared with the control group. In abso-
lute amounts, mean total fluid intake for the six groups of
animal used was 12.67 = 0.37 g (range: 11.75-13.75 g). The
control group consumed 12.00 g of the saccharin solution and
1.75 g of water. In the 15 mg/kg nimodipine group, saccharin
intake was only 2.62 g, whereas water intake was 9.13 g.

Figure 2 shows the results obtained with (—)-nimodipine,
depicting seven experimental groups plus the corresponding
control group. As with racemic nimodipine, this enantiomer
produced a solid and dose-dependent CTA: The factor DOSE
showed a significant main effect: F(7, 56) = 7.96, p < 0.001.
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FIG. 2. Saccharin solution intake expressed as the ratio of (saccharin
bottle)/(saccharin bottle + water bottle) consumption during the final
test session, after conditioning with (—)-nimodipine. Depicted are the
mean (+ SEM) scores for seven doses of (—)-nimodipine, adminis-
tered IP (filled bars), and the controls (C, open bar). N = 8 per group.
Significant differences from controls are indicated by asterisks (¥*p <
0.05, ***p < 0.001; Tukey HSD multiple comparisons).

Subsequent group-wise comparisons revealed that the 15 mg/
kg (p < 0.05) and 30 mg/kg (p < 0.001) doses were effective
in inducing a CTA, as compared to the control group. In
absolute amounts, mean total fluid intake for the eight groups
of animal used was 13.46 = 0.36 g (range: 12.13-15.25 g). The
control group consumed 9.88 g of the saccharin solution and
2.75 g of water. In the 30 mg/kg (—)-nimodipine group, saccha-
rin intake was limited to 0.75 g, whereas water intake was
found to be 12.13 g.

As can be seen in Fig. 3, representing the data of 10 experi-
mental groups submitted to (+)-nimodipine treatment and
their control group, the (+)-enantiomer of nimodipine did
not produce CTA. No significant main effect of dose was
observed, F(10,77) = 1.74, NS, and none of the experimental
groups was found to be different from the control group with
regard to saccharin preference. In absolute amounts, mean
total fluid intake for the 11 groups of animal used was 13.86
*+ 0.53 g (range: 11.75-16.63 g). The control group consumed
11.88 g of the saccharin solution and 4.13 g of watcr. In the
90 mg/kg (+)-nimodipine group, saccharin and water intake
were 8.00 and 5.63 g, respectively.

Conditioned Place Preference

Differences in baseline preference for the putative side of
conditioning were not seen between the four groups of animals
used, F(3, 28) = 0.27, NS. Furthermore, there was no initial
preference for one of the compartments of the preference
box, F(1, 30) = 0.08, NS. During the baseline session, animals
spent 27.17 * 2.94 and 25.99 = 2.94 min on their respective
black and white side of putative conditioning. Nimodipine
produced a significant conditioned place preference (CPP), as
can be seen in Fig. 4. This figure shows the time spent in the
drug-associated compartment of the preference box before
and after treatment with etther racemic nimodipine or one of
its enantiomers (each drug in a dose of 15 mg/kg). For the

DE BEUN, LOHMANN AND DE VRY

1.0

0.8 —

0.6

0.4 <

0.2

SACCHARIN INTAKE RATIO

0.0

C 0.25 0.5 0951.8753.75 75 15 30 60 90

(+)-NIMODIPINE DOSE (MG/KG IP)

FIG. 3. Saccharin solution intake expressed as the ratio of (saccharin
bottle)/(saccharin bottle + water bottle) consumption during the final
test session, after conditioning with (+)-nimodipine. Depicted are the
mean (+ SEM) scores for 10 doses of (+)-nimodipine, administered
IP (filled bars), and the controls (C, open bar). N = 8 per group. A
significant difference from controls was for none of the doses noted.

three experimental groups, extended with the control group,
a main effect of conditioning was found, F(1, 24) = 7.83, p <
0.01. This CPP effect was dependent on the drug tested, a
significant interaction effect of drug X conditioning was noted,
F(3.24) = 5.01, p < 0.01. The CPP effect was independent
of side of putative conditioning as no interaction effects were
found for side X conditioning and for drug X side X condition-
ing, F(1,24) = 0.13 and F(3, 24) = 0.43, respectively, both NS.

30

TIME IN MINUTES

Cc racemate (-)-enantiomer (+)-enantiomer

NIMODIPINE (15 MG/KG IP)

FIG. 4. Time spentin the drug-associated compartment of the prefer-
ence box during the initial baseline session (open bars) and final test
session (filled bars}) after conditioning with nimodipine. Depicted are
the mean (+ SEM) scores for racemic nimodipine, (—)-nimodipine,
(+)-nimodipine, and the controls (C). N = 8 per group. Significant
shifts in time (within-group bascline vs. test) are indicated by asterisks
(*p < 0.05).
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By comparing for each group the pre- and posttreatment
scores, it was revealed that, similar to the CTA studies, only
(*)- and (—)-nimodipine were effective compounds in pro-
ducing a CPP. A significant shift in preference was noticed
after conditioning with 15 mg/kg (*)-nimodipine [from 25.41
to 36.91 min: £(7) = —2.44] and after conditioning with 15 mg/
kg (—)-nimodipine [from 24.08 to 38.33 min: #(7) = —2.94].
For both t-values, p < 0.05. In the control group (vehicle
conditioning, shift from 28.69 to 29.12 min) and the 15 mg/
kg (+)-nimodipine group (shift from 28.13 to 23.94 min), no
significant CPP effects could be detected.

DISCUSSION

The present data provide evidence that the dihydropyridine
calcium (Ca’") channel antagonist nimodipine possesses af-
fective stimulus properties in rats. Clear and dose-dependent
conditioned taste aversion (CTA) effects were found with
racemic nimodipine, 7.5 mg/kg being the lowest dose produc-
ing a significant aversion towards the associated saccharin
taste. The CTA results obtained with both enantiomers of
nimodipine confirm the notion that this Ca?* channel antago-
nist can act as an aversive stimulus. More important, however,
is the observation that significant effects could only be noted
with (—)-nimodipine, whereas (+)-nimodipine was com-
pletely ineffective within the dose range tested. These findings
indicate that CTA effects induced by nimodipine are mainly,
if not exclusively, mediated by the activity of (—)-nimodipine.
Thus, (—)-nimodipine showed dose-dependent aversive stimu-
lus properties, being effective for doses from 15 mg/kg to 30
mg/kg (the highest dose tested). In contrast to the effectiveness
of (—)-nimodipine in producing a CTA, there was not a single
dose of (+)-nimodipine that induced a significant CTA, de-
spite the fact that a broad range of doses was tested, starting
off with 0.25 mg/kg and ending up with a massive dose of 90
mg/kg. The fact that (+)-nimodipine does not induce a CTA
cannot be attributed to the compound being pharmacologi-
cally inactive, as it was found that this enantiomer produced
full generalization in rats trained to discriminate racemic ni-
modipine from vehicle (4,7). Furthermore, although clearly
less potent than the (—)-enantiomer, this compound was still
able to reduce ethanol intake and preference in ethanol prefer-
ring AA rats (3,5). Therefore, from these data it can be con-
cluded that (+)-nimodipine probably has no aversive stimulus
properties and, as most rewarding stimuli also induce a CTA
(the so-called paradoxical CTA effect) [cf. (15,18)], is likely
to lack affective stimulus effects at all. This assumption is
supported by the additional conditioned place preference
(CPP) studies conducted with this compound.

For the CPP study, a single dose of 15 mg/kg was chosen for
nimodipine and both its enantiomers, based on the significant
CTA effects of this dose with racemic nimodipine. In accor-
dance with the CTA findings, for both nimodipine and the
(—)-enantiomer affective stimulus properties were found. A
significant shift in preference towards the drug-associated en-
vironment was noted after conditioning, providing evidence
that both compounds have rewarding stimulus properties in
rats. Because there was no substantial unconditioned prefer-
ence for one of the compartments, the observed shifts in pref-
erence cannot be explained by nimodipine reducing aver-
siveness for one of the sides, due to anxiolytic- or
antidepressive-like activity of this compound. This notion is
strengthened by the finding that the magnitude of the CPP
effect was about equal for both sides (black or white) of
conditioning. As with CTA, no affective stimulus effects could

be detected for (+)-nimodipine. As far as we know, these are
the first studies showing that a Ca®* antagonist can function
as a rewarding stimulus in a CPP procedure. In the scarce
literature dealing with CPP effects of Ca’* antagonists, it was
thus far reported that isradipine (20), nifedipine (50), flunari-
zine (50), diltiazem (50), and verapamil (27) were all ineffec-
tive in producing a CPP effect (either rewarding or aversive).
However, because the aim of all these studies was to show
possible attenuating effects of Ca?" channel antagonists on
CPP effects induced by various drugs of abuse, the experimen-
tal designs were not optimized for measuring possible effects
of the respective Ca’* channel antagonists alone, with respect
to injection-session intervals (i.e., relatively long), number of
doses (i.e., only one dose tested), and dose(s) tested (i.e.,
relatively low doses). The lack of effect found in these studies
is, therefore, not necessarily in contradiction with the positive
CPP results obtained in the present study with nimodipine.
Moreover, it might still be the case that nimodipine has af-
fective stimulus effects somewhat different from the Ca?*
channel antagonists used in the above-mentioned studies. Al-
though this possibility seems not very probable (though not
impossible) for the dihydropyridine derivatives isradipine and
nifedipine, this might well be the case for flunarizine, diltiazem,
and verapamil which are all nondihydropyridines.

Collectively, the current data could be interpreted as ni-
modipine being an affective stimulus that is rewarding in na-
ture, with (—)-nimodipine as the essential enantiomer respon-
sible for this kind of stimulus effect. Such an interpretation
is not necessarily challenged by the CTA results, as it is a
well-known phenomenon that most (if not all) drugs that are
regarded to be a rewarding stimulus or positive reinforcer (as
measured with CPP and operant self-administration, respec-
tively), also readily induce a CTA [cf. (15,18)]. It could well
be the case that nimodipine, as an intrinsic rewarding stimulus,
is also able to act as an aversive stimulus under the specific
one-trial CTA circumstances, simply due to a neophobic reac-
tion (drug shyness) against the psychotrophic activity of the
drug [cf. (15,18)]. It should, however, be clear that an alterna-
tive explanation for the concurrent CTA and CPP effects of
nimodipine is not ruled out, in that it is possible that the
affective stimulus produced by nimodipine has both aversive
and rewarding components in it (in parallel or in succession).
Dependent on the particular behavioral paradigm used, ex-
pression of either the rewarding or the aversive constituents
of the drug effect may be more favored. Obviously, additional
studies will be required to be able to characterize nimodipine
more firmly as a drug with rewarding, but no inherent aversive
stimulus properties.

Independent of whether one should interpret the CTA
effects of nimodipine as a neophobic reaction against the (actu-
ally rewarding) stimulus effects of this drug or, alternatively,
as nimodipine having true aversive stimulus properties, this
drug shows in one respect certainly an interesting stimulus
profile. The affective stimulus characteristics of nimodipine,
as measured with CTA and CPP, are quite similar to those
of some drugs of abuse including morphine, amphetamine,
cocaine, nicotine, and diazepam (i.e., being able to induce
both place preference and taste aversion) and differs from the
profile common for drugs generally believed to have no abuse
potential, as for example lithium chloride, naloxone, SKF
38393, or cholecystokinin [i.e., place aversion as well as taste
aversion; for CTA and CPP reviews, see (16,39,40,45,51). Al-
though this finding might suggest that nimodipine could have
some abuse potential, such an assumption is not supported
by intracranial self-stimulation data showing that nimodipine
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in a dose range up to 100 mg/kg IP does not interfere with
the frequency of self-stimulation behavior in rats as one would
expect for a drug with abuse potential (17). Moreover, clinical
experience with nimodipine in other indications than alcohol-
ism (in which nimodipine has not been tested yet) has been
made now for a reasonable time and no signs for abuse poten-
tial have thus far been reported. Nevertheless, with regard to
the CPP data, it would still be of importance to determine in
future studies whether or not nimodipine can serve as a posi-
tive reinforcer in a self-administration procedure, a well-suited
paradigm to reveal abuse potential of compounds [see (49)].

In light of the apparent rewarding stimulus properties of
nimodipine, it is tempting to speculate about the mechanism
behind the previously reported effectiveness of this drug in
reducing ethanol intake and preference (3,5,34). Curiously as
it may seem, it has become clear now that it is extremely
difficult (although not impossible) to demonstrate an ethanol-
induced CPP in rats. In the majority of CPP studies with
ethanol, aversive stimulus effects or a lack of effect are de-
scribed [cf. (2,46,51)], which is quite different from the ease
with which CPP results are obtained for other drugs of abuse
[cf. (16,26,51)]. However, notwithstanding the frequent fail-
ures to establish rewarding stimulus properties of ethanol, it
is a common belief that ethanol, as a major drug of abuse, must
have rewarding or positive reinforcing effects. And, indeed.
several authors were able to demonstrate CPP effects in rats
by applying more atypical CPP designs [e.g., (13,24,31.48,52)],
or by using mice instead of rats as experimental subjects [cf.
(2)]. In addition, ethanol seems effective in both rats and mice
as a positive reinforcer in self-administration paradigms [e.g..
(14,42-44)]. If we accept that ethanol has the capacity to be
a rewarding stimulus in rats, then the present findings with
nimodipine may have implications for the interpretation of
the reported ethanol intake-suppressing effects of this Ca**
channel antagonist (3,5,34). It can be speculated that nimodi-
pine reduces ethanol intake and preference by mere stimulus
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substitution for ethanol. The assumption that the inhibitory
action of nimodipine on ethanol consumption may, to a certain
extent, result from substitution for ethanol-induced reward
seems of particular interest in view of some other studies,
describing intake-reducing effects of drugs that were also
shown to be rewarding in CPP procedures. Thus, besides ni-
modipine, the (presumed) serotonergic neurotoxin MDMA
(1,32), the dopamine D, receptor agonists bromocriptine (25)
and quinpirole (10) and the 5-HT,, receptor agonist gepirone
(19) have been shown to be effective in both suppressing
ethanol consumption and to be able to produce a CPP [cf.
(16,45)]. Of particular interest may, therefore, be the observa-
tion that the ethanol intake-reducing effects of nimodipine
appear to reside mainly in the (—)-enantiomer (3.5), as are
its affective stimulus properties as measured with both CTA
and CPP. This corresponding stereoselectivity of behavioral
effects suggests that both effects may be related to a certain
extent. For future studies, a more thorough analysis of af-
fective stimulus properties of drugs that were found to sup-
press ethanol intake, in comparison with stimulus effects of
ethanol itself, may provide a useful tool in the search for a
mechanism behind ethanol intake-reducing drug effects. It
should, however, be clear that the present findings only leave
open the possibility that affective stimulus properties may play
some role in the reported antialcohol effects of nimodipine.
Other mechanisms of action may well be (or even more)
involved. Thus, it can be speculated that, for example, discrimi-
native stimulus effects of nimodipine are interfering with, or
generalizing to the ethanol stimulus. Likewise, ethanol-
induced reward (or aversion) could be either attenuated or
enhanced by nimodipine, influencing drinking behavior.

ACKNOWLEDGEMENTS

The authors would like to express their appreciation to Dr. Thomas
Glaser for his valuable support of the project of which the presently
described studies are part.

REFERENCES

1. Bilsky, E. J.; Hui, Y.; Hubbell, C. L.; Reid. .. D. Methylenedioxy-
methamphetamine’s capacity to establish place preferences and
modify intake of an alcoholic beverage. Pharmacol. Biochem.
Behav. 37:633-638; 1990.

2. Cunningham, C. L.; Niehus, J. S.; Noble, D. Species difference in
sensitivity to ethanol’s hedonic effects. Alcohol 10:97-102; 1993.

3. De Beun, R.: Lohmann, A.; Schneider, R.; De Vry, J. Effects
of dihydropyridine calcium channel blockers and activators on
ethanol intake and preference in AA rats. Behav. Pharmacol.
5:99; 1994.

4. De Beun, R.; Lohmann, A.; Schneider, R.; Jentzsch, K.; De Vry.
J. Affective and discriminative stimulus properties of the calcium
channel blocker nimodipine in rats. Behav. Pharmacol. 5:112:
1994,

5. De Beun, R.; Schneider, R.; Klein, A.; Lohmann, A.; De Vry, J.
Effects of nimodipine and other calcium channel antagonists in
alcohol preferring AA rats. Alcohol 1996; (in press).

6. De Jonge, M.; Friedl, A.; De Vry,J. CNS pharmacology of nimodi-
pine: Antidepressant effects, drug discrimination, and Ca** im-
aging. In: Scriabine, A.; Janis, R. A.; Triggle, D. J., eds. Drugs in
development, vol. 2. Ca’" antagonists in the CNS. Branford: Neva
Press; 1993:165-1740.

7. De Vry,J.; DeJonge, M.; De Beun, R. Discriminative and affective
stimulus properties of the calcium channel blocker nimodipine in
rats. Soc. Neurosci. Abstr. 20:1609; 1994,

8. Dolin, S. J.: Little, H. J. Are changes in neuronal calcium channels

involved in ethanol tolerance? J. Pharmacol. Exp. Ther. 250:985-
991; 1989.

9. Dolin, S. J.; Little, H. J.; Hudspith, M.; Pagonis, C.; Littleton.
J. M. Increased dihydropyridine calcium channels in rats brain
may underlie ethanol physical dependence. Neuropharmacology
26:270-275; 1987.

10. Dyr, W.; McBride, W. J.; Lumeng, L; Li. T. K.: Murphy, J. M.
Effects of D, and D, dopamine receptor agents on ethanol con-
sumption in the high-alcohol-drinking (HAD) line of rats. Alcohol
10:207-212; 1993.

11. Engel. J. A.; Fahlke, C.; Hulthe, P.; Hard, E.; Johannessen, K.;
Snape, B.; Svenssson. L. Biochemical and behavioral evidence for
interactions between cthanol and calcium channel antagonists. J.
Neural Transm. 74:181-193; 1988.

12. Fadda, F.; Garau, B.; Colombo, G.; Gessa. G. L. Isradipine and
other calcium channel antagonists attenuate ethanol consumption
in ethanol-preferring rats. Alcohol. Clin. Exp. Res. 16:449-452;
1992.

13. Gauvin, D. V.; Holloway, F. A. Historical factors in the develop-
ment of EtOH-conditioned place preference. Alcohol 9:1-7; 1992,

14. George, F. R. Genetic and environmental factors in ethanol self-
administration. Pharmacol. Biochem. Behav. 27:379-384: 1987.

15. Goudie, A. J. Aversive stimulus properties of drugs. Neurophar-
macology 18:971-979; 1979.

16. Hoffman, D. C. The use of place conditioning in studying the
neuropharmacology of drug reinforcement. Brain Res. Bull. 23:
373-387: 1989.



NIMODIPINE-INDUCED TASTE AVERSION AND PLACE PREFERENCE

17.

18.

19.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

Hoffmeister, F.; Benz, U.; Heise, A.; Krause, H. P.; Neuser, V.
Behavioral effects of nimodipine in animals. Arzneimittlef-
orschung/Drug Res. 32:347-360; 1982.

Hunt, T.; Amit, Z. Conditioned taste aversion induced by self-
administered drugs: Paradox revisited. Neurosci. Biobehav. Rev.
11:107-130; 1987.

Knapp, D. J.; Benjamin, D.; Pohorecky, L. A. Effects of gepirone
on ethanol consumption, exploratory behavior, and motor perfor-
mance in rats. Drug Dev. Res. 26:319-341; 1992.

Kuzmin, A.; Patkina, N.; Pchelintsev, M.; Zvartau, E. Isradipine
is able to separate morphine-induced analgesia and place-condi-
tioning. Brain Res. 593:221-225; 1992.

Little, H. J. Mechanisms that may underlie the behavioural effects
of ethanol. Prog. Neurobiol. 36:171-194; 1991.

Little, H. J. The role of neuronal calcium channels in dependence
on ethanol and other sedatives/hypnotics. Pharmacol. Ther. 50:
347-365; 1991.

. Littleton, J. M.; Little, H. J. Dihydropyridine-sensitive Ca’" chan-

nels in brain are involved in the central nervous system hyperexcit-
ability associated with alcohol withdrawal states. Ann. NY Acad.
Sci. 522:199-202; 1988.

Marglin, S. H.; MacKechnie, D. K.; Mattie, M. E.; Hui, Y.; Reid, L.
D. Ethanol with small doses of morphine establishes a conditioned
place preference. Alcohol 5:309-313; 1988.

McBride, W. J.; Murphy, J. M.; Lumeng, L.; Li, T. K. Serotonin,
dopamine and GABA involvement in alcohol drinking of sele-
cively bred rats. Alcohol 7:199- 205; 1990.

Mucha, R. F.; Van der Kooy, D.; O’Shaughnessy, M.; Bucenieks,
P. Drug reinforcement studied by the use of place conditioning
in rat. Brain Res. 243:91-105; 1982.

Pucilowski, O.; Garges, P. L.; Rezvani, A. H.; Hutheson, S.; Janow-
sky, D. S. Verapamil suppresses d-amphetamine induced place
preference conditioning. Eur. J. Pharmacol. 240:89-92; 1993.
Pucilowski, O.; Krzascik, P.; Trzaskowska, E.; Kostowski, W. Dif-
ferent effect of diltiazem and nifedipine on some central actions
of ethanol in the rat. Alcohol 6:165-168; 1989.

Pucilowski, O.; Rezvani, A. H.; Janowsky, D. S. Suppression of
alcohol and saccharin preference in rats by a novel Ca’* channel
inhibitor, GOE 5438. Psychopharmacology (Berlin) 107:447-
452; 1992.

Pucilowski, O.; Rezvani, A. H.; Overstreet, D. H.; Janowsky, D.
S. Calcium channel inhibitors attenuate consumption of ethanol,
sucrose and saccharin solutions in rats. Behav. Pharmacol. 5:494—
501; 1994.

. Reid, L. D.; Hunter, G. A.; Beaman, C. M.; Hubbell, C. L. Toward

understanding ethanol’s capacity to be reinforcing: A conditioned
place preference following injections of ethanol. Pharmacol. Bio-
chem. Behav. 22:483-—487; 1985.

. Rezvani, A. H.; Garges, P. L.; Miller, D. B.; Gordon, C. J. Attenua-

tion of alcohol consumption by MDMA (ecstasy) in two strains
of alcohol-preferring rats. Pharmacol. Biochem. Behav. 43:103-
110; 1992.

. Rezvani, A. H; Grady, D. R.; Janowsky, D.S. Effect of calcium-

channel blockers on alcohol consumption in alcohol-drinking
monkeys. Alcohol Alcohol. 26:161-167; 1991.

34. Rezvani, A. H.; Grady, D.; Pucilowski, O.; Janowsky, D. S. Sup-

35.

pression ofalcohol intake in alcohol-preferring rats by the Ca®*
channel antagonist nimodipine. In: Scriabine, A.; Janis, R. A
Triggle, D. J., eds. Drugs in development, vol. 2. Ca’* antagonists
in the CNS. Branford: Neva Press; 1993:143-151.

Rezvani, A. H.; Janowsky, D. S. Decreased alcohol consumption

36.

37.

39.

40.

41.

42

43.

44.

45,

46.

47.

48.

49.

50.

S1.

52.

53.

663

by verapamil in alcohol preferring rats. Prog. Neuropsychophar-
macol. Biol. Psychiatry 14:623-631; 1990.

Rezvani, A. H.; Mack, C. M.; DeLacy, P. A. Verapamil effects
on physiological and behavioral responses to ethanol in the rat.
Alcohol Alcohol. 25:51-58; 1990.

Rezvani, A. H.; Pucilowski, O.; Grady, D. R.; Janowsky, D.;
O’Brien, R. A. Reduction of spontaneous alcohol drinking and
physical withdrawal by levemopamil, a novel Ca** channel antago-
nist, in rats. Pharmacol. Biochem. Behav. 46:365-371; 1993.

. Rezvani, A. H.; Pucilowski, O.; Janowsky, D. S. Effects of different

Ca** channel antagonists on alcohol preference in alcohol-prefer-
ring rats. Alcohol Clin. Exp. Res. 15:314; 1991.

Riley, A. L.; Clarke, C. M. Conditioned taste aversions: A bibliog-
raphy. In: Barker, L. M.; Best, M. R.; Domjan, M., eds. Learning
mechanisms in food selection. Waco: Baylor University Press;
1977:593-615.

Riley, A. L.; Tuck, D. L. Conditioned taste aversions: A behavioral
index of toxicity. Ann. NY Acad. Sci. 443:272-292; 1985.
Rondeau, D. B.; Jolicoeur, F. B.; Merkel, A. D.; Wayner, M. J.
Drugs and taste aversion. Neurosci. Biobehav. Rev. 5:279-294;
1981.

Samson, H. H. Initiation of ethanol-maintained behavior: A com-
parison of animal models and their implication to human drinking.
In: Thompson, T.; Dews, P. B.; Barrett, J. E., eds. Neurobehavioral
pharmacology, vol. 6. Hillsdale, NJ: Lawrence Erlbaum Associ-
ates; 1987:221-248.

Samson, H. H.; Pfeffer, A. O.; Tolliver, G. A. Oral ethanol self-
administration in rats: Models of alcohol-seeking behavior. Alco-
hol. Clin. Exp. Res. 12:591-598; 1988.

Samson, H. H.; Tolliver, G. A.; Schwarz-Stevens, K. Oral ethanol
self- administration: A behavioral pharmacological approach to
CNS control mechanisms. Alcohol 7:187-191; 1990.

Schechter, M. D.; Calcagnetti, D. J. Trends in place preference
conditioning with a cross-indexed bibliography; 1957-1991. Neu-
rosci. Biobehav. Rev. 17:21-41; 1993.

Sherman, J. E.; Jorenby, D. E.; Baker, T. B. Classical conditioning
with alcohol: Acquired preferences and aversions, tolerance and
urges/cravings. In: Chaudron, C. D.; Wilkinson, D. A., eds. Theo-
ries on alcoholism. Toronto: Addiction Research Foundation;
1988:173-237.

Spiker, V. A. Taste aversion: A procedural analysis and an alterna-
tive paradigmatic classification. Psychol. Rec. 27:753-769; 1977.
Stewart, R. B.; Grupp, L. A. Some determinants of the motiva-
tional properties of ethanol in the rat: Concurrent administration
of food or social stimuli. Psychopharmacology (Berlin) 87:
43-50; 1985.

Stolerman, 1. Drugs of abuse: Behavioural principles, methods
and terms. Trends Pharmacol. Sci. 13:170-176; 1992.

Suzuki, T.; Shiozaki, Y.; Masukawa, Y; Misawa, M. Effects of
calcium antagonists on the cocaine- and metamphetamine-in-
duced conditioned place preference. Arukoru Kenkyu To Yaku-
butsu [zon 27:81-90; 1992.

Swerdlow, N. R.; Gilbert, D.; Koob, G. F. Conditioned drug effects
on spatial preference. In: Boulton, A. A.; Baker, G. B.; Green-
shaw, A. J., eds. Neuromethods, vol. 13. Psychopharmacology.
Clifton, NJ: The Humana Press; 1989:399-446.

Van der Kooy, D.; O’Shaughnessy, M.; Mucha, R. F.; Kalant, H.
Motivational properties of ethanol in naive rats as studied by
place conditioning. Pharmacol. Biochem. Behav. 19:441-445;
1983.

White, J. M.; Smith, A. M. Modification of the behavioural effects
of ethanol by nifedipine. Alcohol and Alcoholism 27: 137-141;
1992.



