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Lack of specific effects of selective
D

 

1

 

 and D

 

2

 

 dopamine antagonists on morphine-induced hyperactivity. 
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(1) 189–197,
2000.—In the present study, three different dopamine antagonists were challenged in order to counteract hyperactivity in-
duced by 50 mg/kg of morphine. A wide range of doses of morphine (50, 25, 12.5, 6.25, or 3.12 mg/kg) were evaluated on
spontaneous locomotor activity. A significant increase was observed only with the two higher doses tested (25 and 50 mg/kg).
No decrease was found with any of the doses used at any period of time. After analyzing doses of SCH 23390 (0.5, 0.1, and
0.05 mg/kg), raclopride (0.5, 0.25, and 0.125 mg/kg) and risperidone (0.1, 0.05, and 0.025 mg/kg) administered alone, only the
0.5 mg/kg dose of SCH 23390 decreased locomotor activity. The three compounds counteracted morphine-induced hyperac-
tivity, but with SCH 23390 it was only achieved with the dose of 0.5 mg/kg, which also decreased spontaneous locomotor ac-
tivity and induced catalepsy. On the other hand, raclopride and risperidone neutralized morphine-induced hyperactivity at
doses that did not affect locomotor activity, although the former induced catalepsy when administered with morphine. It is
concluded that although the blockade of D

 

1

 

 and D

 

2

 

 DA receptors decreases morphine-induced hyperactivity, this action is
not specific, contrary to the action of risperidone, which counteracts this hyperactivity without any other motor effects.
© 2000 Elsevier Science Inc.

 

SCH 23390 Raclopride Risperidone Hyperactivity Morphine

 

IN mice, morphine administration produces different behav-
ioral effects on locomotor activity, depending on the dose
used. It has been observed that with a range of doses from 3
to 10 mg/kg, morphine has elicited an initial behavioral de-
pression, followed in the second hour by hyperlocomotion
(38). However, other authors have found only hyperactivity
with doses between 10 and 40 mg/kg (10–12,23,25,27).

It is well know that mesolimbic dopaminergic neurons are
necessary for the expression of the increase in locomotor ac-
tivity induced by opioids. An injection of morphine either in
the ventral tegmental area or the nucleus accumbens pro-
duces, depending on the dose used, behavioral activation, or
an initial inhibition of activity, followed by desinhibition (6,8).
The increase in locomotor activity in mice caused by opioids
may reflect an enhancement of dopaminergic neurotransmis-
sion (16). Morphine administration produces an increase in

the transmission preferentially of the mesolimbic system (9).
Low doses produce an increase of DA release in the accum-
bens at the same time as the behavioral stimulation (9,11,12).
These results are in line with the hypothesis that 

 

m

 

-agonists
stimulate locomotor activity through an activation of DA
transmission (37).

Previous studies have pointed out that lesions with 6-OHDA
of the dopaminergic system (28) or the blockade of dopamin-
ergic receptors can prevent the morphine-induced hyperactiv-
ity. Apomorphine, at doses that presumably produce pre-
synaptic inhibition of dopaminergic neurotransmission by
activating autoreceptors, and the D

 

2

 

 antagonist spiperone, in-
hibited the morphine-induced enhancement of locomotor
activity at doses that did not produce significant motor im-
pairment (16). In other studies, the blockade of the D

 

2

 

dopaminergic receptor by haloperidol (0.2 mg/kg) signifi-
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cantly antagonised the effects of morphine on locomotor activ-
ity, but lower doses were not efficient (24). However, diverse
studies have provided other results, for instance, Vaccarino and
coworkers (39) have observed that the dose of the DA antago-
nist 

 

a

 

-flupenthixol necessary to interrupt amphetamine-in-
duced locomotion, failed to prevent hyperactivity induced by
morphine. In a more recent study, the selective D

 

2

 

 antagonist
eticlopride failed to block morphine-induced ambulation (19).

On the other hand, the activation of D

 

1

 

 receptors seems to
play an important role in the expression of morphine-induced
hyperlocomotion because the administration of the selective
D

 

1

 

 antagonist SCH 23390 reduced this behavior (12,19,23).
Moreover, the increase in locomotor activity induced by the
D

 

1

 

 agonist SKF 38393 was completely antagonised by pre-
treatment with SCH 23390 (12).

Risperidone, a benzisoxazol derivative, is an antipsychotic
drug that combines potent serotoninergic 5-HT

 

2

 

 and DA D

 

2

 

receptor antagonism (13,18). It also has affinity for the 

 

a

 

1, 

 

a

 

2-
adrenergic and histamine H1 receptors (30). Risperidone dif-
fers from other typical and atypical antipsychotics by its more
pronounced predominance of 5-HT

 

2A

 

 vs. D

 

2

 

 receptor occu-
pancy (35).

To our knowledge, no study has been conducted to study
the ability of the mixed DA antagonist risperidone to counter-
act morphine-induced hyperactivity. With the aim of further
clarifying the role of DA in this effect of morphine, risperi-
done and two selective DA antagonists, the D

 

1

 

 antagonist
SCH 23390 and the D

 

2

 

 antagonist raclopride, were challenged
in this study. In the first experiment, a wide range of doses of
morphine, and three doses of these neuroleptics were analy-
sed to elucidate their effect on spontaneous locomotor activ-
ity. Finally, in the second experiment these antagonists were
administered to counteract the hyperactivity induced by 50
mg/kg of morphine.

 

METHOD

 

Subjects

 

In this study, 260 albino male mice of the OF1 strain, which
were acquired in CRIFFA (Barcelona), aged 42 days when ar-
riving at the laboratory, were housed under standard condi-
tions: constant temperatures (21

 

8

 

C), a reversed light schedule
(with lights on: 0730–1930 h) and food and water available ad
lib except during the behavioral tests. Animals were housed in
groups of 10 in transparent plastic cages (22 

 

3

 

 38 cm) where
they stayed during a period of 1 month before the start of the
experiments. The animals in the present study have been used
in accordanc with national, regional, and local laws and regu-
lations. The procedures used are equivalent to those recom-
mended by the documents “Policy on Human Care and Use
of Laboratory Animals” (USPHS) and “Guide for the Care
and Use of Laboratory Animals” (NIH), both from the USA.

 

Drug Procedure

 

Morphine hydrochloride (Laboratories Alcaliber, Toledo,
Spain), SCH 23390 (Shering Ploug, Madrid, Spain), raclopride
(Astra Laboratories, Södertälje, Sweden), risperidone (Jan-
nsen Farmaceutica, Beerse, Belgium), and physiological sa-
line (NaCl 0.9%) were used in this experiment. Drugs were
diluted in physiological saline (0.1 mg/ml), except for risperi-
done, which was dissolved in physiological saline plus tartaric
acid, and administered IP. The injection volume was propor-
tional to the weight of the mouse (1 ml of dissolution per

100 g of weight). The neuroleptics were administered at the
same time of morphine, using two different syringes.

In the first experiment, animals were allocated to 15
groups. Five groups of experimental animals received mor-
phine 50, 25, 12.5, 6.25, or 3.12 mg/kg (M50, M25, M12.5,
M6.25, and M3.12), three groups received 0.5, 0.1, and 0.05
mg/kg of SCH 23390 (SCH 0.5, SCH 0.1, and SCH 0.05), three
groups received raclopride 0.5, 0.25, and 0.125 mg/kg (R 0.5,
R 0.25, and R 0.125), and another three groups received ris-
peridone 0.1, 0.05, and 0.025 mg/kg (Rp 0.1, Rp 0.05, and Rp
0.025). The control group received physiological saline.

In the second experiment, animals were allocated to 11
groups. The experimental groups received 50 mg/kg of mor-
phine plus the following drugs: 0.5, 0.1, and 0.05 mg/kg of
SCH 23390 (M50

 

1

 

SCH 0.5, M50

 

1

 

SCH 0.1 and M50

 

1

 

SCH
0.05); raclopride 0.5, 0.25, and 0.125 mg/kg (M50

 

1

 

R 0.5,
M50

 

1

 

R 0.25, and M50

 

1

 

R 0.125); risperidone 0.1, 0.05, and
0.025 mg/kg (M50

 

1

 

Rp 0.1, M50

 

1

 

Rp 0.05, and M50

 

1

 

Rp
0.025); and saline (M50

 

1

 

saline). Control animals received
two injections of physiological saline.

 

Apparatus

 

For the measurement of spontaneous locomotor activity
shown by the animals an actimeter was used (ACTISYSTEM
II, Panlab S.L., Barcelona). The actimeter has four sensory
plates 35 

 

3

 

 35 cm (pb 46603), an interfase (pb 40035) and a
computer (Olivetti PCS 286) with the DAS 16 programme (v.
1.0.). The four sensory plates register the activity of the ani-
mals by means of an electromagnetic system and the DAS
program allows the acquisition and storage of the data from
the sensory plates.

 

Procedure

 

After the adaptation period in the laboratory, animals
were divided into groups of 10. Immediately after the drug
administration, animals were placed onto the sensory plates
for a period of 60 min. The computer registered the activity
each 15 min, i.e., at 15, 30, 45, and 60 min after the drug ad-
ministration.

 

Catalepsy Test

 

Fourteen groups of animals were treated with saline (Sal);
50 mg/kg of morphine (M50); 0.5 or 0.1 mg/kg of SCH 23390
(SCH 0.5 and SCH 0.1); 50 mg/kg of morphine plus 0.5 or 0.1
mg/kg of SCH 23390 (M50

 

1

 

SCH 0.5 and M50

 

1

 

SCH 0.1); 0.5
or 0.25 mg/kg of raclopride (raclopride 0.5 and raclopride
0.25); 50 mg/kg of morphine plus 0.5 or 0.25 mg/kg of raclo-
pride (M50

 

1

 

raclopride 0.5 and M50

 

1

 

raclopride 0.25); 0.1 or
0.05 mg/kg of risperidone (risperidone 0.5 and risperidone
0.05); 50 mg/kg of morphine plus 0.5 or 0.05 mg/kg of risperi-
done (M50

 

1

 

risperidone 0.5 and M50

 

1

 

risperidone 0.05). The
animals underwent a test of catalepsy by means of the bar
test: an aluminium bar of 5 mm in diameter was placed 4 cm
above the floor, animal’s forepaw were gently put on the bar,
and the time it took for the animal to place at least one paw
on the floor was ,measured with a maximum time of observa-
tion of 60 s. Successive behavioral evaluations of catalepsy
were carried out 15, 30, and 45 min after drug administration.
Between determinations, mice were kept in their home cages.

 

Statistical Analyses

 

All the data were analyzed by an analysis of variance
(ANOVA) with two factors, one between (treatment) and
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one within (time of recording the data), with four levels (15,
30, 45, and 60 min), except three levels in the catalepsy test
(15, 30, and 45 min). Post hoc comparisons (Newman–Keuls)
were subsequently carried out to ascertain pair-wise differ-
ences between means. Analysis of simple main effects for in-
teractions was also conducted. One-way ANOVA was carried
out when significant interactions were found.

 

RESULTS

 

First Experiment: Effects of Morphine, SCH 23390, 
Raclopride, and Risperidone on Locomotor Activity

Morphine. 

 

ANOVA revealed that treatment, 

 

F

 

(5, 54) 

 

5

 

8.527, 

 

p

 

 

 

,

 

 0.0001, had a significant effect, but time of record-
ing, 

 

F

 

(3, 15) 

 

5

 

 2.204, 

 

p

 

 

 

,

 

 0.089, did not influence this mea-

sure. Interaction, 

 

F

 

(15, 162) 

 

5

 

 4.778, 

 

p

 

 

 

,

 

 0.0001, was also sig-
nificant (see Fig. 1).

Newman–Keuls post hoc analysis of treatment showed
that locomotor activity was higher in the animals receiving 50
mg/kg with respect to the other groups (

 

p

 

 

 

,

 

 0.01). Also, those
receiving 25 mg/kg presented a significant increase when
compared with the control and those in the 3.12 mg/kg groups
(

 

p

 

 

 

,

 

 0.001).
Simple effects showed that time of recording was signifi-

cant in all the groups (

 

p

 

 

 

,

 

 0.05) except in the 12.5 and 3.12
mg/kg groups. On the other hand, treatment was significant at
all the time points (

 

p

 

 

 

,

 

 0.03).
An ANOVA was carried out in each moment of recording

with one between factor with six levels (treatment), resulting
significant in all periods of time. At 15 min the 50 mg/kg dose
of morphine was significantly higher than the 6.25 mg/kg dose
(

 

p

 

 

 

,

 

 0.05). At 30 min, the high dose of morphine showed a
significant increase with respect to the other five groups (

 

p

 

 

 

,

 

0.01 with saline, M6.25, and M3.12, and 

 

p

 

 

 

,

 

 0.05 with respect
to M12.5 and M25). At 45 and 60 min, the 50 mg/kg of mor-
phine was significantly higher than saline, M12.5, M6.25, and
M3.12 (

 

p

 

 

 

,

 

 0.01), and likewise, the 25 mg/kg dose of mor-
phine was significantly higher than saline and M3.12 (

 

p

 

 

 

,

 

0.01).

 

SCH 23390. 

 

ANOVA revealed that treatment, 

 

F

 

(3, 36) 

 

5

 

3.519, 

 

p

 

 

 

,

 

 0.0246, and time of recording, 

 

F

 

(3, 108) 

 

5

 

 33.067,

 

p

 

 

 

,

 

 0.0001, had a significant effect, but not so interaction, 

 

F

 

(9,
108) 

 

5

 

 1.524, 

 

p

 

 

 

,

 

 0.1485 (see Fig. 2).
Newman–Keuls post hoc analysis of treatment showed dif-

ferences between the SCH 0.5 and SCH 0.05 groups. Time of
recording was significantly higher (

 

p

 

 

 

,

 

 0.01) in the first mea-
sure (15 min) compared with the other three time points.

 

Raclopride. 

 

ANOVA revealed that treatment, 

 

F

 

(3, 36) 

 

5

 

0.342, 

 

p

 

 

 

,

 

 0.7948, was nonsignificant, but time of recording,

 

F

 

(3, 108) 

 

5

 

 16.628, 

 

p

 

 

 

,

 

 0.0001, and interaction, 

 

F

 

(9, 108) 

 

5

 

2.799, 

 

p

 

 

 

,

 

 0.0054, were significant (see Fig. 3).
Newman–Keuls post hoc analysis of time showed that the

first measure (15 min) was significantly higher (

 

p

 

 

 

,

 

 0.01)
compared with the other three time points. Furthermore, the
recording at 30 min was significantly higher (

 

p

 

 

 

,

 

 0.01) than
the last measure (60 min).

Simple effects revealed that time of recording was signifi-
cant only with the saline and the groups receiving the lowest
dose of raclopride (

 

p

 

 

 

,

 

 0.001).The effect of treatment was not
significant in any group.

 

Risperidone. 

 

ANOVA revealed that treatment, 

 

F

 

(3, 36) 

 

5

 

0.605, 

 

p

 

 

 

,

 

 0.6158, was nonsignificant but time of recording, 

 

F

 

(3,
108) 

 

5

 

 38.866, 

 

p

 

 

 

,

 

 0.0001, had a significant effect. Interaction,

 

F

 

(9, 108) 

 

5

 

 0.722, 

 

p , 0.6878, was not significant (see Fig. 4).
Newman–Keuls post hoc analysis of time showed that the

first measure (15 min) was significantly higher (p , 0.01)
compared with the other three times of recording.

Second Experiment: Effects of Dopaminergic Antagonists on 
Morphine-Induced Hyperactivity

SCH 23390. ANOVA revealed that treatment, F(4, 45) 5
4.379, p , 0.0045, and time of recording, F(3, 135) 5 6.434,
p , 0.0004, had a significant effect. Interaction, F(12, 135) 5
8.933, p , 0.0001, was also significant (see Fig. 5).

Newman–Keuls post hoc analysis of treatment showed dif-
ferences between the saline and SCH 0.05 groups (p , 0.05).
Time was significantly higher in the last measure (60 min)
compared with the other three time points (p , 0.01 with re-
spect to 15 and 30 min, p , 0.05 with respect to 45 min).

FIG. 1. Means (6SEM) of locomotor activity shown for six groups
of mice receiving saline or five different doses of morphine (3.12,
6.25, 12.5, 25, and 50 mg/kg). (a) Total activity counts per hour. **p ,
0.01, *p , 0.05 with respect to saline, ttp , 0.01, tp , 0.05 with
respect to M 50; 1p , 0.05 with respect to M 25. (b) Counts per 15
min during the first hour after injection. *p , 0.01 with respect to
saline.
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Simple effects showed that treatment was significant in ev-
ery time point except in the 15-min test (p , 0.002). The mo-
ment was significant in each treatment (p , 0.01).

An ANOVA was carried out in each moment of the re-
cording with one between factor with five levels (treatment),
which resulted as significant (p , 0.001) in each moment ex-
cept in the first measurement (15 min). At 30 and 45 min the
saline and the M501SCH 0.5 groups showed a significant de-
crease with respect to the other three groups (p , 0.05). At 60
min, only the saline group was significantly lower than
M501saline, SCH 0.1, and SCH 0.05 groups (p , 0.01).

Raclopride. ANOVA revealed that treatment, F(4, 45) 5
8.441, p , 0.0001, time of recording, F(3, 135) 5 26.645, p ,
0.0001, and interaction, F(12, 135) 517.162, p , 0.0001, were
all significant (see Fig. 6).

Newman–Keuls analysis of treatment indicated that the
M501saline group presented a significant increase with re-
spect to the other three groups (p , 0.05 with respect to
M501R 0.125 group and p , 0.01 with the other three
groups). The M501R 0.125 group also presented a significant
increase (p , 0.05) with respect to the M501R 0.5 group. The
post hoc analysis of the time showed that the last measure (60
min) was significantly higher (p , 0.01) compared with the
other three times of recording. Moreover, the 45-min record-
ing was significantly higher (p , 0.01) than the 15- and 30-min
measures.

Simple effects showed that the moment of the measure-
ment was significant with all the treatments (p , 0.001). Like-
wise, Treatment was significant at all time points.

An ANOVA was made for each time of recording with
one between factor with four levels (treatment), resulting as
significant in all of the times recorded. At 15 min, the saline
and M501saline groups were significantly higher (p , 0.01)

FIG. 3. Means (6SEM) of locomotor activity shown for four groups
of mice receiving saline or three different doses of raclopride (0.125,
0.25, and 0.5 mg/kg). (a) Total activity counts per hour. (b) Counts
per 15 min during the first hour after injection.

FIG. 2. Means (6SEM) of locomotor activity shown for four groups
of mice receiving saline or three different doses of SCH 23390 (0.05,
0.1, and 0.5 mg/kg). (a) Total activity counts per hour. *p , 0.05 with
respect to SCH 0.05 group. (b) Counts per 15 min during the first
hour after injection. *p , 0.05 with respect to saline.
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than the other three groups. The M501R 0.125 group was
also significantly higher (p , 0.05) than the M501R 0.5
group. At 30 min, the M501saline group showed a significant
increase with respect to the other four groups (p , 0.05 for
M501R0.125, and p , 0.01 with respect to the rest of the
groups). At 45 min, the M501saline group was significantly
higher (p , 0.01) than saline and M501R0.5. In this measure,
the saline was significantly lower (p , 0.05) than the
M501R0.25 and M501R0.125. In the last time point, the sa-
line and the M501R0.5 groups were significantly lower than
the other three experimental groups (p , 0.01 in the case of
saline comparisons and M501R0.5 with respect to
M501saline, and p , p , 0.05 in M501R0.5 with respect to
M501R0.25 and M501R0.125).

Risperidone. An ANOVA revealed that treatment, F(4, 45) 5
6.071, p , 0.0005, and the time of recording, F(3, 135) 5
10.660, p , 0.0001, had a significant effect. Interaction, F(12,
135) 5 9.042, p , 0.0001, was also significant (see Fig. 7).

Newman–Keuls analysis of treatment showed that the
M501saline group presented a significant increase with re-
spect to the saline, M501Rp0.1 and M501Rp0.05 groups
(p , 0.01). The post hoc analysis of time indicated that the
first (15 min) and the last measure (60 min) were significantly
higher (p , 0.01 in the comparisons of 15 min and 60 min
with respect to 30 min, and p , 0.05 in 60 min compared
with 45 min).

Simple effects showed that time was significant (p , 0.001)
in all except at 15 min. Similarly, treatment was significant in
all the moments of the measure except in the M501Rp 0.125
group.

An ANOVA was made in each time of recording with one
between factor with four levels (treatment), which resulted
significant in all the time points, except at 15 min. At 30 min,
the M501saline group showed a significant increase (p ,
0.01) with respect to the saline, M501Rp 0.1 and M501Rp
0.05 groups. At 45 and 60 min, the M501saline group was sig-
nificantly higher than saline, M501Rp 0.1, M501Rp 0.05
(p , 0.01) and M501Rp 0.025 (p , 0.05) groups. In this mea-
sure, the M501Rp 0.025 was significantly higher (p , 0.05)
than the saline and M501Rp 0.1 groups.

FIG. 4. Means (6SEM) of locomotor activity shown for four groups
of mice receiving saline or three different doses of risperidone (0.025,
0.05, and 0.1 mg/kg). (a) Total activity counts per hour. (b) Counts
per 15 min during the first hour after injection.

FIG. 5. Means (6SEM) of locomotor activity shown for five groups
of mice receiving saline, morphine 50 mg/kg plus saline or morphine
50 mg/kg plus three different doses of SCH 23390 (0.05, 0.1, and 0.5
mg/kg). (a) Total activity counts per hour. *p , 0.05 with respect to
saline group. (b) Counts per 15 min during the first hour after injec-
tion. *p , 0.05, **p , 0.01 with respect to saline.
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Catalepsy Test

Treatment with risperidone alone or plus 50 mg/kg of mor-
phine did not show a significant effect in the catalepsy test.
Conversely, ANOVA revealed that treatment with SCH
23390, F(5, 42) 5 6.882, p , 0.0001, had a significant effect.
Newman–Keuls post hoc analysis showed that the groups that
received M501SCH 0.5 and M501SCH 0.1 differed signifi-
cantly from the saline and the M50 groups (p , 0.01). In addi-
tion, administration of either doses of SCH 23390 alone, also
presented higher scores of catalepsy than saline and M50
groups (p , 0.05) (see Fig. 8). Finally, ANOVA revealed that
treatment with raclopride plus morphine, F(5, 42) 5 4.160,
p , 0.0037, had a significant effect. Newman–Keuls post hoc
analysis showed that the groups that received
M501raclopride 0.5 and M501raclopride 0.25 differed signif-
icantly from the saline group (p , 0.05) (see Fig. 9).

DISCUSSION

The results of this study clearly demonstrate that risperi-
done plays an important role in morphine-induced hyperac-

tivity. At doses that do not affect spontaneous locomotor ac-
tivity, this mixed antagonist firmly counteracts morphine-
induced hyperactivity. The selective DA D1 antagonist, SCH
23390 only significantly decreases this kind of hyperactivity at
doses that produce a concomitant decrease in spontaneous lo-
comotor activity. The blockade of the DA D2 receptor with
raclopride also seems to counteract this hyperactivity in a
nonspecific way, as the dose necessary to achieve it produces
a cataleptic effect in the animals.

Morphine administration produces a significant increase in
locomotor activity only with the two higher doses tested (25
and 50 mg/kg), and no decrease has been observed at any
time point. These results are not in concordance with Székely
and co-workers (38) who found an initial behavioral depres-
sion followed by a hyperactive phase with a range of doses of
morphine between 3 to 10 mg/kg. Nevertheless, we have not
found any significant modification of locomotor activity with
these doses. Our results support the hypothesis that morphine
in mice produces an increase in locomotion without a preced-
ing sedative phase in agreement with other authors (10–
12,23,27).

With respect to the action of neuroleptics on locomotor
activity, at the doses tested no salient effects are observed.

FIG. 6. Means (6SEM) of locomotor activity shown for five groups of
mice receiving saline, morphine 50 mg/kg plus saline or morphine 50
mg/kg plus three different doses of raclopride (0.125, 0.25, and 0.5 mg/
kg). (a) Total activity counts per hour. *p , 0.01 with respect to saline
group; tp , 0.05, ttp , 0.01 with respect to M 50 1 Sal; 1p , 0.05 with
respect to M 50 1 raclopride 0.125. (b) Counts per 15 min during the
first hour after injection. *p , 0.05, **p , 0.01 with respect to saline.

FIG. 7. Means (6SEM) of locomotor activity shown for five groups
of mice receiving saline, morphine 50 mg/kg plus saline, or morphine
50 mg/kg plus three different doses risperidone (0.025, 0.05, and 0.1
mg/kg). (a) Total activity counts per hour. *p , 0.01 with respect to
saline group; tp , 0.01 with respect to M 50 1 Sal. (b) Counts per 15
min during the first hour after injection. *p , 0.05, **p , 0.01 with
respect to saline.
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The results on a whole show that the dopamine antagonists
used do not decrease motor behaviors in general. Only SCH
23390 significantly decreases locomotor activity with the dose
of 0.5 mg/kg in the second period tested (15–30 min). Equally,
an increase in catalepsy has been observed with the two doses
higher. In prior studies in the field of aggression carried out in
our laboratory, we have observed that the three doses of SCH
23390 tested decreased aggression but produced high scores
of immobility (32). Thus, D1 dopamine receptors seem to play
an important role in spontaneous locomotor activity as well as
catalepsy.

The other neuroleptics fail to reduce locomotor activity
with any of the doses tested. Although it has been shown that

raclopride produces motor effects (with doses from 0.05 to 0.2
mg/kg), using a reaction time task (3), in other studies, it does
not affect locomotor activity but reduces the hyperactivity in-
duced by d-amphetamine, phencyclidine, or diazepam, and
also efficiently decreases aggression without increasing im-
mobility or affecting other motor behaviors (2,22). Our re-
sults are in accordance with these latter findings. Although
risperidone is considered to be an atypical neuroleptic, it has
reduced locomotor activity in prior studies (4,7). Aguilar and
co-workers (1), using the conditioned avoidance response,
found that risperidone (0.1 to 1 mg/kg) increases the number
of nonresponses and reduces locomotor activity. In agree-
ment with these findings, in a more recent study using an
ethological analysis (32), doses of risperidone from 0.01 to 0.1
mg/kg have produced elevated scores of immobility. How-
ever, in the present study, no impairment of locomotor activ-
ity is observed. These findings are similar to those found with
the typical neuroleptic haloperidol, which does not affect
spontaneous locomotor activity with doses from 0.075 to 0.1
mg/kg (25) but increases immobility when it is evaluated in a
social context (31).

In the second experiment, when we evaluated the ability of
dopamine antagonists to counteract the morphine-induced
hyperactivity, we found that the three dopamine antagonists
are capable of decreasing this hyperlocomotion. With regard
to SCH 23390, only the highest dose blocks this effect of mor-
phine. It must be considered that this dose (0.5 mg/kg) admin-
istered alone produces a significant decrease in spontaneous
locomotor activity as well as catalepsy. The selective D1 an-
tagonist has already been seen to possess the ability of coun-
teracting morphine-induced hyperactivity. Doses of 0.1 or
0.25 mg/kg of the D1 blocker antagonize the behavioral stimu-
lation induced by 10 mg/kg of morphine (15,19). At these
doses, SCH 23390 also appears to decrease locomotor activity
when administered on its own, although this effect did not
reach statistical significance. In a more recent work, 0.05 mg/
kg has been enough to counteract hyperactivity produced by
20 mg/kg of morphine (10). Obviously, a superior degree in
the blockade of the D1 receptors would be necessary to abol-
ish the motor effect of 50 mg/kg of morphine. In this work, al-
though an effect on morphine-induced hyperactivity has been
observed, the dose needed to produce it decreases spontane-
ous locomotor activity and induces catalepsy with or without
morphine. Thus, although the highest SCH 23390 dose coun-
teracted morphine-induced hyperactivity, we cannot conclude
that it is a specific effect.

On the other hand, a very interesting result is noticed with
respect to raclopride. Although this drug administered alone
does not affect locomotor activity at any dose tested, the dose
of 0.5 mg/kg is capable of firmly counteracting the hyperloco-
motion induced by morphine. There are no homogeneous
results regarding the effect of the D2 blockade on morphine-
induced locomotion. Although in some works using haloperi-
dol the blockade of the D2 receptors has counteracted this
kind of locomotion, in another more recent study the selec-
tive D2 blocker eticlopride fails to prevent the acute locomo-
tor stimulant effects of 10 mg/kg of morphine (10,19). An-
other relevant result regarding raclopride is observed in the
first 15 min of administration. The three doses of the D2 an-
tagonist significantly reduce locomotor activity with respect
to control and morphine 50 groups. In the catalepsy study, a
significant increase has been observed in the animals treated
with M501raclopride 0.5 as well as M501raclorpide 0.25,
these results being similar to those observed previously with
SCH 23390. This cataleptic effect has been previously ob-

FIG. 8. Means (6SEM) of seconds shown in the catalepsy test for
four groups of mice receiving saline, morphine 50 mg/kg, SCH 23390
0.5 mg/kg, SCH 23390 0.1 mg/kg, morphine 50 mg/kg plus SCH 23390
0.5 mg/kg or morphine 50 mg/kg plus SCH 23390 0.1 mg/kg. **p ,
0.01, *p , 0.05 with respect to the saline group.

FIG. 9. Means (6 SEM) of seconds shown in the catalepsy test for
four groups of mice receiving saline, morphine 50 mg/kg, raclopride
0.5 mg/kg, raclopride 0.25 mg/kg, morphine 50 mg/kg plus raclopride
0.5 mg/kg, or morphine 50 mg/kg plus raclopride 0.25 mg/kg. *p ,
0.05 with respect to the saline group.



196 RODRÍGUEZ-ARIAS ET AL.

served with other DA antagonists such as haloperidol (24), or
more recently with the DA release inhibitor CGS 10746B
(unpublished data). This could represent the action of mor-
phine on other opiate receptors different from those situated
in the ventral tegmental area, which could be responsible for
this cataleptic effect (21). Only when the dopaminergic sys-
tem is blocked can the action of morphine in these receptors
be expressed and the cataleptic effect observed. Thus, some
of the antimorphine effects of SCH 23390 and raclopride are
nonspecific, and probably mediated by catalepsy produced by
inactivation of the nigrostriatal system because it has been
postulated that neuroleptic catalepsy results from the block-
ade of dopamine receptors in the striatum (5). On the other
hand, it is well accepted that the activation of the mesolimbic
dopamine system may be involved in the expression of mor-
phine-induced hyperlocomotion in mice (12). We can con-
clude that, although the highest raclopride dose is capable of
counteracting morphine-induced hyperactivity, this action is
not specific either.

Few behavioral studies have been conducted with the new
neuroleptic risperidone, and to our knowledge, none that ex-
plore its capacity to counteract morphine effects. The mixed
antagonist is capable of completely counteracting morphine-
induced hyperactivity with the doses of 0.1 and 0.05 mg/kg,
and also the lower dose (0.025 mg/kg) significantly decreases
this hyperactivity, although not to control levels. However,
conversely to raclopride or SCH 23390, no cataleptic effects
are observed with either of the risperidone doses adminis-
tered. The particular blockade profile of this neuroleptic, act-
ing on DA D2 receptors and in addition on the serotonergic
system (5-HT2 receptor), gives it a singular effect. Risperi-
done blocks 5-HT2 receptors at doses that are about 10 times
lower than those required for the blockade of central D2 re-
ceptors, similar to clozapine, and occupies central D2 recep-
tors in terminal regions more gradually than haloperidol (26).
Biochemical, electrophysiological, and behavioral data indi-
cate that important functional interactions occur between
brain serotoninergic and dopaminergic systems. The sero-
toninergic system inhibits dopaminergic function at the level
of the origin of the DA system in the midbrain as well as at
the terminal dopaminergic fields in the forebrain [for review,
see (20)]. Treatment with a selective serotonin reuptake in-

hibitor (Fluoxetine) attenuates the locomotor activating ef-
fect of acute morphine treatment and blocks the sensitization
response to the morphine challenge. Fluoxetine may enhance
the morphine-induced increase in 5-HT activity, and this may
function to inhibit opiate-induced DA activation and opiate-
induced behaviors, possibly via action 5-HT at 5-HT1/2 recep-
tors (36). Because serotonin exerts an inhibitory influence on
the DA system, treatments that increase serotonergic trans-
mission could enhance the motor effects of DA antagonists.
Conversely, manipulations that inhibit serotoninergic func-
tion (raphe lesions, 5-HT1A autoreceptor agonists, or 5-HT2
antagonists) would be expected to desinhibit the DA system
and thus enhance DA-mediated locomotor behavior. For
example, administration of 5-HT1A antagonists induce mild
behavioral activation in rats, which is probably mediated indi-
rectly via DA systems (17). In addition, the blockade of 5-HT2
receptors increases the activity of dopaminergic nigrostriatal
neurons in the presence of D2 blockade (34).Thus, the effects
of the DA D2 receptor blockade such as a decrease in loco-
motor activity, catalepsy, and extrapyramidal symptoms
could be attenuated by the concurrent blockade of 5-HT2.
Risperidone, as clozapine and other atypical antipsychotics
presents this combined 5-HT2/D2 antagonism that may con-
tribute to its limbic selectivity with higher therapeutic efficacy
and lower extrapyramidal side effects (14). The synergistic ef-
fects associated with combined 5-HT2/D2 antagonism may re-
sult in a more efficient control of interacting serotoninergic
and dopaminergic stimuli than that obtained with conven-
tional neuroleptics (26).

In conclusion, risperidone efficiently counteracts mor-
phine-induced hyperactivity, without any other locomotor or
cataleptic effect. Conversely, although the blockade of D1 and
DA D2 receptors decreases this effect of morphine, this action
is not specific because a decrease in locomotor activity or cat-
alepsy is observed.
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