J. Pharm. Pharmacol. 2000, 52: 977-981
Received January 10, 2000
Accepted March 28, 2000

© 2000 J. Pharm. Pharmacol.

Tiospirone and the Reinforcing Effects of Cocaine in the

Tiospirone
piperazinyl]butyl }-8-azaspiro

Conditioned Place Preference Paradigm in Rats

MARIA PIA AROLFO AND BRIAN A. MCMILLEN

Center for Alcohol and Drug Abuse Studies, Department of Pharmacology, Brody School of Medicine at

East Carolina University, Greenville, NC 27858, USA

Abstract

Tiospirone (TSP) is an atypical antipsychotic drug. It has SHT-2 antagonistic properties as
well as affinity for D2, SHT-1a, SHT-6 and sigma receptors.

Behavioural studies in our laboratory, which used a 24 h free access to food and fluids
paradigm, showed a decreased alcohol and increased food intake after twice-daily
administration of TSP; the maximal effect was obtained at a dose of 0-48 mgkg~'. This
study used the conditioned place preference paradigm to determine the effect of TSP on the
reinforcing properties of cocaine. Intraperitoneal administration of 5-0mgkg™" cocaine,
but not saline, increased the time rats spent in the drug-paired compartment of a three-
compartment shuttle box by 104-9%. Two doses of TSP, 0-143 and 0-48 mgkg ™', were
tested subcutaneously 60 min before saline or cocaine administration during the con-
ditioning phase only. A dose-response effect was observed with a significant reduction in
the time rats spent in the cocaine-paired compartment on the drug-free test day produced
by the dose of 0-48 mgkg ™' (an increase of only 38-1% when post-conditioned times were
compared with preconditioned times).

These findings suggest that TSP reduces the reinforcing properties of cocaine exhibited
in the conditioned place preference paradigm.

(8-{4-[4-(1,2-benzisothiazol-3-yl)-1-
(4-5) decane-7,9-

apomorphine in rats (Riblet et al 1982a) and
amphetamine in dogs (Eison et al 1984). Unlike

dione hydrochloride, TSP) is an atypical anti-
psychotic drug and an analogue of buspirone.
Clinical studies have shown its effectiveness as an
atypical antipsychotic drug in schizophrenic
patients (Jain et al 1987; Moore et al 1987). The
term ‘atypical antipsychotic’ is used to denote an
agent that is effective in tests predictive of anti-
psychotic activity, such as inhibition of a condi-
tioned avoidance response, with weak effects in
tests for extrapyramidal risk, such as the induction
of catalepsy (McMillen 1985; Jain et al 1987). TSP,
unlike classical antipsychotic drugs, is six to eight
times more potent for inhibition of conditioned
avoidance response than for induction of catalepsy
(Riblet et al 1982a). It shows anti-dopaminergic
properties such as inhibition of the conditioned
avoidance response in rats and blockade of the
stereotyped effects of dopamine agonists, including
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classical neuroleptics, it does not cause super-
sensitivity of dopamine receptors on subchronic
administration (Riblet et al 1982b; McMillen et al
1983). TSP is a SHT-2 antagonist with affinity for
D2, SHT-1a, 5HT-6 and sigma receptors (Borison
et al 1989; Meltzer et al 1989a,b; Roth et al 1994;
Lesage et al 1995; Sumiyoshi et al 1995). Fur-
thermore, TSP is potentially sedative as it potenti-
ates central nervous system depressants and
reduces shock-elicited aggression in mice. It also
reduces spontaneous motor activity in rats, and at
high doses induces muscle weakness and motor
incoordination (Eison et al 1985). Behavioural
studies in our laboratory showed that rats decreased
volitional consumption of alcohol and increased
food intake after twice-daily administration of TSP
in a 24 h access paradigm. The maximal effect was
obtained at a dose of 0-48 mgkg ™' (McMillen et al
1996). Recently, we demonstrated that although
0-143 and 0-48mgkg™' TSP (0-3 and 1.0 umol
kg~!, respectively) significantly decreased the
number of food reinforcements obtained by rats in
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an FRS5 schedule, these doses also induced signs of
akinisia and catalepsy (Arolfo & McMillen 1999).
These studies support the idea that TSP actions are
mediated through its affinity for SHT-2, SHT-1a,
5SHT-6 and D2 receptors.

As experiments in our laboratory have shown that
TSP decreased alcohol consumption in rats, this
study was designed to investigate the ability of this
drug to inhibit the rewarding effects of cocaine,
another drug of abuse. The rewarding effects of
cocaine are widely believed to be mediated by
dopaminergic activity in the mesolimbic system
(Koob 1992). In this experiment, the conditioned
place preference paradigm was used. This model is
an effective method for assessing the rewarding
effects of different drugs or stimuli (Hoffman 1989)
and testing the potential treatments for drugs of
abuse (Nomikos & Spyraki 1987; Kosten & Nestler
1994; Jones & McMillen 1995).

Materials and Methods

Drugs

Cocaine—HCI was purchased from Sigma Chemi-
cal Co. (St Louis, MO). Cocaine was dissolved in
90% H,0, 10% 0-1 M sodium citrate, pH 6-3. TSP-
HCI (TSP) was supplied by Bristol-Myers Squibb
(Wallingford, CT). TSP was dissolved in distilled
water and acetic acid.

Rats

Forty male Sprague-Dawley rats (Harlan Sprague-
Dawley, Frederick, MD), initially weighing 200—
250 g, were group-housed (two to four per cage) in
a noise-free, temperature (21°C)-

controlled environment with a 14:10h light—dark
cycle. The rats remained in this room for the
duration of the experiment. Food (Purina rat chow)
and water were freely available.

Conditioned place preference

The behavioural training and testing apparatus was
a painted, rectangular wooden box consisting of
three compartments. The two large outer compart-
ments (34 x 25cm) were separated by guillotine
doors from a small central area (11 x 25cm) that
served as a neutral or choice point. Each of the two
large compartments was distinctive in wall and
floor covering. One compartment consisted of a
grid floor and a gray wall with a black line on it, the
other compartment consisted of a mesh floor and a
black wall with a white circle on it.

Protocol to establish a cocaine-conditioned place
preference

For three consecutive days (preconditioning phase)
individual rats were placed in the neutral com-
partment before the guillotine doors were opened,
and then the doors were removed to allow free
access to each compartment of the box for 15 min
(phase 1). On the third day the time spent in each
compartment of the shuttle box was recorded (using
the BEHAVIOR program written by L. W. Means,
East Carolina University, NC). Phase 1 determined
the preconditioned place preference for each rat.
During phase 2 (the conditioning phase) the rats
were alternately administered i.p. injections of
saline or cocaine—HCI (5mgkg~ ') for 8 days.
Previous reports from our laboratory showed that
rats develop cocaine-conditioned place preference
for doses of 2-5, 5.0 and 10-0 mgkg_1 (Jones &
McMillen, 1995). We used a dose of 5-0mgkg ™'
cocaine—HCI in this study. On training days 1, 3, 5
and 7, an intra peritoneal injection of cocaine was
administered immediately before the rat was con-
fined to the least preferred compartment for 15 min.
On days 2, 4, 6, and 8, saline was administered
before the rat was placed in the initially preferred
side of the shuttle box for 15min. One group
received saline each day during the training phase
in order to test the effect of handling on behaviour
and to serve as the control. On the test day (phase 3,
the post-conditioning phase) no drugs were admi-
nistered. The drug-free rat was placed in the neutral
compartment before opening the guillotine doors to
allow free access to the three chambers. The time
each rat spent in each chamber was recorded in
order to establish the post-conditioned place pre-
ference.

Protocol to investigate the effects of TSP on the
conditioned place preference

Three groups of rats were trained in the conditioned
place preference paradigm as outlined above.
However, TSP (0-143 or 0-48 mgkg™") or saline
was administered subcutaneously to each rat 60 min
before injection of cocaine or saline each day
during the 8-day conditioning phase. On the test
day, post-conditioning phase, the drug-free rats
were placed in the neutral chamber before opening
the guillotine doors to allow free access to the
three chambers. The time spent by each rat in
each chamber was recorded to establish the post-
conditioned place preference.

Statistical analysis
The data for the behavioural test comparing pre-
conditioned place preference to post-conditioned
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place preference for saline- and saline/cocaine-
treated rats were compared with a paired-sample t-
test. The data for conditioned place preference after
saline/cocaine and TSP/cocaine-treated rats were
analysed with a two-way repeated measure analysis
of variance and a Newman-Keuls post-hoc test (Zar
1984). The accepted level of significance for all
tests was P < 0-05, two-tailed. All statistical ana-
lyses were run on GB-STAT software (Dynamic
Microsystems, Silver Spring, MD).

Results

The dose of 5-0mgkg ™" cocaine—HCI significantly
increased the amount of time the rats spent in the
initially least preferred (cocaine-paired) compart-
ment by 104-9%, P < 0-01 (Figure 1). Furthermore,
the cocaine-treated rats increased their activity in
the conditioned place preference apparatus as their
number of chamber entries increased from
42.0+£54 to 67-8£6-9 (P <0-01). Saline-treated
rats did not develop a place preference for the
initially least preferred compartment and did not
change the frequency of chamber entries. This
result shows that the handling of the rats alone did
not change their place preference.

For the experimental groups which received
either saline or TSP pretreatments, analysis of
variance revealed a significant change between pre-
and post-conditioning (F1, 17 =17-966, P < 0-001).
Figure 2 shows that rats pretreated with saline or
0-143mgkg™" TSP 60min before treatment with

5-0mgkg™ cocaine—HCI and conditioned to the
least  preferred  compartment,  significantly
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Figure 1. Time spent by rats in the initially least preferred
compartment before and after conditioning with saline only or
5mgkg™' cocaine. Saline only M, cocaine/saline alternating
. Data represent mean =+s.e.m. ** P <(-01 compared with
preconditioned values, paired t-test.
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Figure 2. Time spent by rats in the initially least preferred
compartment before and after pretreatment with saline (&),
0-143mgkg™" TSP (M) or 0-48mgkg™' TSP ({J) and condi-
tioned with 5mgkg™" cocaine. Data represent mean =+ s.e.m.
* P <0-05, % P <0-01 compared with preconditioned values,
Newman-Keuls test.
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Figure 3. Difference between preconditioned and post-con-

ditioned time (s) spent in the least preferred compartment for
each group (saline, cocaine, saline/cocaine, 0-143mgkg™"
TSP and 0-48 mgkg™' TSP). Data represent mean +s.e.m. *
P <0-05 compared with saline.

increased the time they spent in the cocaine-paired
compartment (75%, P <0-01, and 126:3%,
P <0-05, respectively). Rats pretreated with
0-48 mgkg ™' TSP did not significantly increase the
time they spent in the least preferred cocaine-paired
compartment (38-1% increase, not significant). The
difference between preconditioned and post-
conditioned time in the least preferred compart-
ment decreased with the increase in the TSP dose
(Figure 3). A dose—response effect was observed in
that the higher dose of TSP produced a result that
was not significantly different from either the pre-
conditioned time or the increased time observed
after conditioning in the saline/cocaine group.
Finally, there were no statistical differences
in the frequency of chamber entries for any
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group, either between preconditioning and post-
conditioning (F1, 17 =4-474, not significant) or as
the result of drug treatment (F2, 36 =0-727, not
significant). All of the groups had a small increase,
8—13, in chamber entries during the post-con-
ditioning test, but the variance in this measure
prevented these data from reaching a significant
level.

Discussion

Our results suggest that pretreatment with TSP
attenuates the development of a cocaine-condi-
tioned place preference in a dose-dependent fash-
ion. When increasing the pretreatment dose of TSP,
a decrease in the difference between time spent in
the least preferred compartment before and after
treatment with Smgkg™' cocaine—HCl was
observed. In this study a conditioned place pre-
ference was achieved with a dose of S5Smgkg™ of
cocaine—HCI. The group treated with saline instead
of cocaine showed no significant difference in the
time spent in the least preferred compartment
before and after the conditioning phase. This indi-
cates that the increased time spent in the initially
least preferred compartment was not due to hand-
ling or reduced aversion to the least preferred
compartment.

The doses of TSP used in this study were pre-
viously tested in a food reinforcement paradigm.
In that study we demonstrated that 0-143 and
0-48mgkg™' TSP significantly decreased the
number of food reinforcements obtained by food-
deprived rats in an FR5 schedule. These doses also
induced akinisia and catalepsy (Arolfo & McMillen
1999). One could argue that the akinetic and cata-
leptic effects of the doses of TSP used were
responsible for the decrease in time spent in the
least preferred compartment after conditioning with
5mgkg ™' cocaine—HCI. This is unlikely, however,
as although rats may have shown decreased loco-
motor activity during the conditioning phase, the
test sessions were conducted in a drug-free state. If
anything, the rats were more active in the chambers
during the post-conditioning test. In our inter-
pretation of the results, TSP reduces the rewarding
effects of cocaine in a conditioned place preference
paradigm. This interpretation supports the conclu-
sions drawn for the consumption of alcohol,
another drug of abuse, in previous experiments in
our laboratory. In those studies it was demonstrated
that TSP decreased alcohol intake and increased
food intake after twice-daily administration of the
drug and measurement of consumption in periods

of 24 h in rats, with the maximal effect obtained at
a dose of 0-48 mgkg™' (McMillen et al 1996).

The hypothesis that the dopaminergic meso-
limbic pathway mediates the rewarding effect of
drugs is supported by extensive evidence (Koob
1992). Although the exact mechanism of action of
TSP in the mesolimbic pathway is not clearly
known, it may indirectly influence the mesolimbic
system through serotonergic connections. This idea
is supported by studies that demonstrated that
clozapine attenuates the cocaine-conditioned place
preference (Kosten & Nestler 1994) and ritanserin
inhibits a place preference induced by (4 )-
amphetamine (Nomikos & Spyraki 1987).

In general, our conclusions seem to be in accor-
dance with the view of other authors that there must
be multiple reward systems that function indepen-
dently and are organized parallel with one another.
The fact that TSP decreases alcohol consumption
(McMillen et al 1996) as well as reducing the
rewarding effects of cocaine in a conditioned place
preference paradigm makes this drug a possible
candidate in the psychotherapy of drug abuse. This
is especially important since the abuse of cocaine is
often accompanied by abuse of alcohol and other
depressants. An agent that diminishes the reward
components of both abused drugs has a great
advantage as an adjunct to psychotherapy.
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