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Amphetamine-induced locomotor stereotypy in rats is reduced by a
D

 

1

 

 

 

not a D

 

2

 

 antagonist
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(4) 1015–1019, 1997.—Amphetamine produces locomotor
stereotypy (repetitive routes of locomotion) in an open field. In this research we tested the ability of the D

 

1

 

 antagonist SKF
83566 and the D

 

2

 

 antagonist sulpiride to block the locomotor stereotypy produced by 2 mg/kg amphetamine. SKF 83566 de-
creased amphetamine-induced locomotor stereotypy; sulpiride had no consistent effect on amphetamine-induced locomotor
stereotypy. There was no evidence that either antagonist potentiated the effect of the other. © 1997 Elsevier Science Inc.

 

Amphetamine Stereotypy D

 

1

 

 and D

 

2

 

 antagonists

 

AMPHETAMINE, an indirect dopamine agonist, reliably
produces hyperlocomotion and focused stereotypy (hypoloco-
motion accompanied by intense sniffing/licking/biting of a re-
tricted area of the environment) in rats (14,16). Traditionally,
amphetamine-induced hyperlocomotion and focused stereo-
typy have been considered separately. Recently, however,
several laboratories have become interested in amphetamine-
induced “locomotor-stereotypy”—amphetamine-induced rep-
etition of particular routes of locomotion in an open field (see
Fig. 1). This article addresses the role of dopamine D

 

1

 

 and
D

 

2

 

 receptors in producing amphetamine-induced locomotor
stereotypy.

Amphetamine-induced hyperlocomotion is mediated by
increased release of dopamine in nucleus accumbens (3);
many components of amphetamine-induced focused stereo-
typy are mediated by increased release of dopamine in stria-
tum (8). Therefore, dopamine is a likely candidate for mediating
amphetamine-induced locomotor stereotypy. This hypothesis
is supported by the observation that haloperidol (a D

 

1

 

/D

 

2

 

 an-
tagonist) reduces amphetamine-induced locomotor stereo-
typy in an open field (10). In addition, the direct dopamine ag-
onist apomorphine produced repetitive locomotion in smaller
activity chamber (4).

However, not all data consistent with the hypothesis that
dopamine mediates amphetamine-induced locomotor stereo-

typy in an open field. A wide range of doses of apomorphine
failed to produce locomotor stereotypy in an open field (12).
Furthermore, scopolamine (a cholinergic antagonist) also pro-
duced locomotor stereotypy (12).

Therefore, the involvement of dopamine in locomotor ste-
reotypy has yet to be firmly established. A related question is
the relationship between locomotor stereotypy and amphet-
amine-induced behaviors. On one hand, locomotor stereotypy
could simply be another manifestation of focused stereotypy
(or by the same neurochemical mechanism that produces hy-
perlocomotion). In such a case, studying locomotor stereotypy
would provide no more information than obtained by studying
the more “traditional” behavioral effects of amphetamine.

On the other hand, locomotor stereotypy could be distinct
(both behaviorally and neurochemically) from hyperlocomo-
tion and focused stereotypy. This latter hypothesis is supported
by the failure of apomorphine to produce locomotor stereo-
typy in an open field. In addition, the atypical neuroleptic
clozapine reduced amphetamine-induced hyperlocomotion
without affecting locomotor stereotypy (10). Clozapine either
fails to affect or actually increases amphetamine-induced fo-
cused stereotypy (13). Finally, although haloperidol reduces
amphetamine-induced locomotor stereotypy, the dose–response
relationship is different for locomotor stereotypy than for hy-
perlocomotion and focused stereotypy (10).

 

Requests for reprints should be addressed to Mary E. Fritts, Department of Psychology, Chemistry of Behavior Program, Texas Christian
University, Forth Worth, TX 76129.
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One way to assess the role of dopamine in amphetamine-
induced locomotor stereotypy and to assess the relationship
between locomotor stereotypy is to use more specific dopa-
minergic drugs (1,2,7). The discovery of different dopamine
subreceptors (D

 

1

 

, D

 

2

 

, D

 

3

 

, D

 

4

 

, D

 

5

 

, and D

 

6

 

) has facilitated ef-
forts in distinguishing between amphetamine-induced behav-
iors such as focused stereotypy and hyperlocomotion (1,9,13).
In this research, we tested the ability of SKF 83566 (D

 

1

 

 antag-
onist) and of sulpiride (D

 

2

 

 antagonist) to block amphetamine-

induced locomotor stereotypy. We were particularly inter-
ested in the possibility that hyperlocomotion and locomotor
stereotypy would be affected differently by either of the two
antagonists.

 

METHOD

 

Animals

 

Male Wistar rats (350 to 450 g), bred in the departmental
animal facilities, were housed individually in standard wire-
mesh cages on a 12-h light/dark cycle. Food and water were
available ad lib; rats were tested at 4 h prior to lights out.

 

Apparatus and Data Reduction

 

An open field (112 

 

3

 

 112 

 

3

 

 30 cm) was divided into five
equal areas (a center and four surrounding areas). A video
camera was mounted approximately 170 cm above the floor of
the open field. Each animal was videotaped for 1 h; the ani-
mal’s route through the open field was recorded by a
videotracking system (Videomex-V, Columbus Instruments).

Trained assistants then determined the values of the de-
pendent variables. To calculate the measure of locomotor ste-
reotypy, gamma, the rat’s route through the open field was di-
vided into a series of trips. Briefly [for more information see
(11)], gamma quantifies the probability that the rat will repeat
the same trip that it just has exhibited. Gamma values range
from 0 (no repeated trips) to 1.0 (the same trip is repeated
throughout the time interval). Rats that fail to locomote dur-
ing a time interval are assigned “missing data” for gamma
during that interval.

Statistically significant differences between groups were
assessed with BMDP 5V (15). This program is specifically de-
signed for repeated measures ANOVA with missing data. It
reports a Wald test of significance, which is in turn based on
the chi-square distribution.

The number of lines crossed was determined in the usual
way. Statistically significant differences between groups were
assessed with ANOVA, BMDP 2V (5).

 

Testing

 

Each animal was briefly handled once a day for 5 days
prior to testing. All animals were then habituated to the open
field for 40 min on 2 consecutive days prior to testing. On the
day of testing, each rat was first injected with the antagonist of
interest and was returned to its home cage for 30 min. Am-
phetamine-sulfate (Sigma, 2 mg/kg—dose calculated as the
salt) was then injected and the rat was immediately placed in
the center of the open field. Each rat was tested only once. All
injections were subcutaneous.

 

Experiments

 

The first pair of experiments assessed the effects of the D

 

1

 

dopamine antagonist SKF 83566 (Research Biomedicals, Inc.;
saline, 0.005 mg/kg, 0.01 mg/kg, 0.03 mg/kg; 

 

n

 

 

 

5

 

 8 per group)
or the D

 

2

 

 dopamine antagonist sulpiride (Research Biomedi-
cals, Inc.; saline, 

 

n

 

 

 

5

 

 11; 15 mg/kg, 

 

n

 

 

 

5

 

 9; 25mg/kg, 

 

n

 

 

 

5

 

 9) on
amphetamine-induced changes in gamma and lined crossed.
The design for each experiment was a two-factor (dose 

 

3

 

 time)
ANOVA. Each dependent variable was analyzed separately.

The third experiment combined the effects of SKF 83566
plus sulpiride on amphetamine-induced changes in gamma
and lines crossed. Four doses of SKF 83566 (0.005 mg/kg,
0.075 mg/kg, 0.01 mg/kg, 0.03 mg/kg) and two doses of sulpir-

FIG. 1. Schematic of a rat’s path through the open field. The path is
drawn spiraling outward to simplify data reduction; most rats
locomote near the walls of the open field. The lower schematic
represents locomotor stereotypy.
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ide (15 mg/kg and 25 mg/kg) were tested in a 4 (dose of SKF) 

 

3

 

2 (dose of sulpiride) 

 

3

 

 6 (10-min intervals after injection) fac-
torial design (

 

n

 

 

 

5

 

 8 per group). Again, each dependent vari-
able was analyzed separately.

 

RESULTS AND DISCUSSION

 

Sulpiride

 

Sulpiride alone failed to block amphetamine-induced loco-
motor stereotypy (see Fig. 2). In fact, on the surface sulpiride
seemed to enhance gamma scores. However, this effect was
not statistically significant, 

 

x

 

2

 

(2) 

 

5

 

 1.65, 

 

NS

 

. Furthermore, the
gamma scores of the saline-amphetamine controls were some-
what lower than usual in this experiment. Testing higher
doses of sulpiride was fruitless—higher doses (45 mg/kg, 65
mg/kg) were so effective at reducing amphetamine-induced
locomotion that insufficient locomotion remained for calcula-
tion of gamma scores (data not shown).

The failure of sulpiride to block amphetamine-induced
locomotor stereotypy was surprising (6). Haloperidol is far more
effective at blocking D

 

2

 

 receptors than D

 

1

 

 receptors, and halo-
peridol is very effective at blocking amphetamine-induced

locomotor stereotypy. Apparently, the D

 

1

 

-blocking properties of
haloperidol were responsible for blocking locomotor stereotypy.

Unlike locomotor stereotypy, both doses of sulpiride re-
duced amphetamine-induced hyperlocomotion, 

 

F

 

(15,120) 

 

5

 

2.375, 

 

p

 

 

 

,

 

 0.05, for the main effect of time. The differences
appear to be minor (see Fig. 2).

 

SKF 83566

 

SKF 83566 significantly reduced amphetamine-induced lo-
comotor stereotypy (see Fig. 3). In comparison to saline 

 

1

 

amphetamine controls, locomotor stereotypy was reduced by
the highest dose of SKF 83566; however, lower doses were in-
effective. The main effect of dose after injection was signifi-
cant, 

 

x

 

2

 

(3) 

 

5

 

 24.784, 

 

p

 

 

 

,

 

 0.05, as was the main effect of time
of SKF 83566, 

 

x

 

2

 

(5) 

 

5

 

 29.834, 

 

p

 

 

 

,

 

 0.05. The interaction was
not significant.

As shown in Fig. 3, SKF 83566 produced a dose-dependent
suppression of amphetamine-induced hyperlocomotion, 

 

F

 

(15,
40) 

 

5

 

 1.91, 

 

p

 

 

 

,

 

 0.05 for the dose 

 

3

 

 time interaction). SKF
83566 was more effective at reducing the number of lines
crossed over time, but only in the early time periods and only
in the higher doses.

FIG. 2. The effects of the D2 antagonist sulpiride on locomotor
stereotypy (top) and hyperlocomotion (bottom) produced by 2 mg/kg
amphetamine.

FIG. 3. The effects of the D1 antagonist SKF 83566 on locomotor
stereotypy (top) and hyperlocomotion (bottom) produced by 2 mg/kg
amphetamine.
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SKF 83566 

 

1

 

 Sulpiride

 

Although some combinations of doses of SKF 83566 

 

1

 

sulpiride reduced amphetamine-induced locomotor stereo-
typy, 

 

F

 

(30,360) 

 

5

 

 3.46, 

 

p

 

 

 

,

 

 0.05 for the dose 

 

3

 

 time interac-
tion, there was no indication that either drug potentiated the
effect of the other (see Fig. 4). Except for 0.0075 mg/kg SKF
83566 

 

1

 

 25 mg/kg sulpiride, the effect of SKF 83566 

 

1

 

 sulpir-
ide was generally similar to that of the appropriate dose of
SKF 83566 alone.

The data on lines crossed were similar to the gamma data.
That is, although several combinations of doses of SKF 83566
and sulpiride reduced amphetamine-induced hyperlocomo-
tion, there was no indication that either drug potentiated the
effect of the other (see Fig. 5). For example, note that the data
from 0.01 mg/kg SKF 83566 

 

1

 

 15 mg/kg sulpiride are very
similar to the data from 0.01 mg/kg SKF 83566 

 

1

 

 25 mg/kg
sulpiride. Likewise, 0.03 mg/kg SKF 83566 

 

1

 

 25 mg/kg sulpir-
ide was no more effective than 0.03 mg/kg SKF 83566 

 

1

 

 15
mg/kg sulpiride.

In addition, comparing Figs. 3 and 4 indicate that 30 min
after administration of amphetamine, 0.005 mg/kg SKF 83566
reduced hyperlocomotion by about 50% (Fig. 3); 0.005 mg/kg
SKF 83566 

 

1

 

 25 mg/kg sulpiride also reduced hyperlocomo-

tion by about 50% (Fig. 4). Again, there is no evidence of a
synergistic effect of these two drugs.

 

CONCLUSIONS

 

The main findings of these experiments were 1) the D

 

1

 

dopamine antagonist SKF 83566 was far more effective than
the D

 

2

 

 dopamine antagonist sulpiride at blocking amphet-
amine-induced locomotor stereotypy and hyperlocomotion;
2) there was no evidence that either antagonist potentiated
the effect of the other. The implication of these results is that
locomotor stereotypy and hyperlocomotion are at least partly
independent behavioral phenomena. Locomotor stereotypy
may thus be more closely related to focused stereotypy than
to hyperlocomotion. The possibility that D

 

3

 

, D

 

4

 

, D

 

5

 

, or D

 

6

 

dopamine subreceptors are also involved in the production of
amphetamine-induced locomotor stereotypy needs further in-
vestigation as well as dopamine’s known interaction with cho-
linergic mechanisms.
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FIG. 4. The effects of combined pretreatment with sulpiride and SKF
83566 on locomotor stereotypy produced by 2 mg/kg amphetamine.
For ease of comparison, saline 1 amphetamine data are included in
both the top and bottom graphs.

FIG. 5. The effects of combined pretreatment with sulpiride and
SKF 83566 on hyperlocomotion produced by 2 mg/kg amphetamine.
For ease of comparison, saline 1 amphetamine data are included in
both the top and bottom graphs.
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