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MESSIER, C., O. MRABET AND C. DESTRADE. Locomotor bias produced by intra-accumbens injection of dopamine agonists
and antagonists. PHARMACOL BIOCHEM BEHAYV 41(1) 177-182, 1992. —Several experiments have shown that the dopamine
(DA) receptors in the nucleus accumbens control the intensity of locomotor activity; however, there are several contradictory
results concerning the role of the accumbens in the regulation of the direction of locomotion. To further evaluate the contribution
of dopaminergic function in the accumbens to the direction of locomotion, we first compared the effect on the direction of loco-
motor activity of unilateral intra-accumbens injections of the nonspecific DA antagonist haloperidol, the specific D-1 antagonist
SCH-23390, the specific D-2 antagonist metoclopramide. In the second part of the experiment, we examined the effect on the
direction of locomotor activity of unilateral intra-accumbens injections of the non-specific DA agonist apomorphine, the specific
D-1 agonist SKF-38393, the specific D-2 agonist LY-171555, and the combination of SKF-38393 and LY-171555. Haloperidol,
metoclopramide and to a lesser extent, SCH-23393 together with peripheral amphetamine injections produced a locomotor bias
that resulted in ipsilateral turning. Apomorphine, LY-171555 or the combination of SKF-38393 and LY-171555 (but not SKF-
38393 alone) produced a locomotor bias that resulted in contralateral turning. No significant locomotor bias was produced by
intra-accumbens injection of the various vehicles. These results suggest that the bilateral DA organization thought to exist in the

nigro-striatal pathway for the control of locomotion may also be true for the mesolimbic dopamine system.
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SEVERAL experiments have shown that the dopamine (DA) re-
ceptors in the nucleus accumbens control the intensity of loco-
motor activity. Bilateral intra-accumbens injection of amphetamine
(39), 6,7-ADTN (2) or ergometrine (30) increase locomotor ac-
tivity. The locomotion increase produced by peripheral amphet-
amine is blocked by bilateral intra-accumbens haloperidol injection
(31). Bilateral lesion of the nucleus accumbens produces an hy-
poactivity and prevents the amphetamine-induced hyperactivity.
(17, 20, 21, 24).

While the role of the nucleus accumbens in locomotion is
well-established, there are several contradictory results concern-
ing the role of the accumbens in the regulation of the direction
of locomotion. A series of experiments have shown that in ani-
mals with 6-OHDA lesions of the ventral tegmental area, intra-
accumbens injection of either apomorphine or pergolide did not
produce any locomotor asymmetry (14). Similarly, peripheral
injections of either apomorphine or amphetamine in animals with
unilateral 6-OHDA lesion of the nucleus accumbens did not pro-
duce any locomotor asymmetry (8,18).

However, contralateral locomotor asymmetry was produced
in animals with a 6-OHDA lesion of the medial forebrain bun-
dle by an intra-accumbens injection of apomorphine. This asym-
metry was attenuated by a peripheral injection of haloperidol
(38). In unlesioned animals, unilateral intra-accumbens injection
of either amphetamine (5), ergometrine (30) or apomorphine (28)
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produced a contralateral locomotor bias, while unilateral intra-
accumbens injection of haloperidol produced an ipsilateral loco-
motor bias (28). Recently, we have shown that unilateral intra-
accumbens injection of either conjugated dopamine (DA linked
to bovine serum albumin via glutaraldehyde) or polyclonal anti-
anti-conjugated dopamine antibodies also produced an ipsilateral
locomotor bias (29). To further evaluate the contribution of do-
paminergic function in the accumbens to the direction of loco-
motion, we examined the effect of intra-accumbens injections of
specific DA agonists and antagonists.

We first compared the effect on the direction of locomotor
activity of unilateral intra-accumbens injections of the nonspe-
cific DA antagonist haloperidol, the specific D-1 antagonist
SCH-23390, the specific D-2 antagonist metoclopramide. In the
second part of the experiment, we examined the effect on the
direction of locomotor activity of unilateral intra-accumbens in-
jections of the nonspecific DA agonist apomorphine, the specific
D-1 agonist SKF-38393, the specific D-2 agonist LY-171555,
and the combination of SKF-38393 and LY-171555.

METHOD

Subjects

Subjects were 12-16-week-old male Balb/c mice (IFFA-
CREDO, Lyon, France). They were housed individually in a
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temperature-controlled room on 12/12-h light/dark cycle with ad
lib water and food.

Surgery

A stainless steel guide cannula was stereotaxically implanted
1 mm over the nucleus accumbens under sodium thiopental an-
esthesia (100 mg/kg). The following coordinates from bregma
were chosen for the injection site: AP=1.7 mm, L=1.6 mm,
3.9 mm below the surface of the skull. The guide cannula (o.d.:
0.45 mm; i.d.: 0.24 mm; length=8 mm), was lowered at a 12°
angle in order to avoid the lateral ventricle and was attached to
the skull using acrylic dental cement and jeweler screws. Injec-
tions were made using a 9 mm injection cannula (o0.d.: 0.23 mm;
i.d.: 0.12 mm) inserted into the guide cannula so that the tip of
the injection cannula was situated in the nucleus accumbens.
This procedure was used in order to prevent lesions prior to the
behavioral test. Animals were given 10 days of postoperative re-
covery, during which the mice were handled daily.

Injected Substances

D-Amphetamine sulfate (0.3 mg/ml; Sigma) was dissolved in
0.9% saline solution. Haloperidol injections consisted of the
commercial injectable preparation Haldol (5 mg/ml, Janssen).
SKF-38393-A (7 mg/ml) was first dissolved in sodium meta-
bisulfite and then diluted in 10~2 M NaCl. Quinpirole hydro-
chloride LY-171555 (20 mg/ml) and metoclopramide monohy-
drochloride (30 mg/ml, Sigma) were dissolved in 10”2 M NaCl.
SCH-23390 (5 mg/ml) was first dissolved in dimethyl formamide
(DMF) and was diluted to the final concentration with 10~2 M
NaCl; sodium hydroxide was added to eliminate precipitation.
Dosage of the various drugs were selected after pilot studies or
in reference to previous studies (26).

Behavioral Procedure

Mice were placed in hemispheric glass bowls (diameter: 20
cm; height: 8 cm) and the number and the direction (ipsi- or
contralateral to the injection site) of complete body rotations
made by the mice were recorded by direct observation. The ro-
tations were scored as ipsilateral when the animal turned towards
the side of the brain implanted with the guide cannula and as
contralateral when the animal turned away from the side of the
brain implanted with the guide cannula. Baseline measures were
taken for 20 min: 10 min before and 10 min after the insertion
of the injection cannula. A polyethylene tubing (0.d.: 0.70 mm;
i.d.: 0.30 mm) was attached to the injection cannula at one end
and to a 5 pl Hamilton syringe at the other end. The Hamilton
syringe was attached to an automatic micropump delivery appa-
ratus (Roucaire, Perfusor VI) set to deliver 0.15 pl/min. After
this 20-min period, unilateral intra-accumbens injection of the
various substances was started and the animals were continu-
ously observed for two 15-min periods. A first group of mice
received a 1 pl intra-accumbens injection of either haloperidol
(n=10, 5 pg, 1.33x1072 uM), SCH-23390 (n=6, 5 pg,
1.54 %107 % pM), metoclopramide (n=7, 30 pg, 0.1 uM), the
SCH-23390 vehicle (n=6) or 0.9% saline solution (n=7). All
the animals were given two peripheral amphetamine injections
(2 mg/kg, IP): the first one was given immediately before the
start of the intra-accumbens injection and the second one was
given 15 min later. Amphetamine injections were used in order
to raise the general activity levels of the animals.

A second group of mice received a 1 pl intra-accumbens in-
jection of either apomorphine (n=10, 17 ug, 6.36 X 10~ % uM)
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or the vehicle (n=5). A third group of mice received a 0.5 pl
intra-accumbens injection of either SKF-38393 (n=9, 3.5 png,
1.19% 1072 pM), LY-171555 (n=9, 10 pg, 3.91xX 1072 pM)
or the combination of the previous doses of SKF-38393 and LY-
171555 (together in 0.5 pl, n=9). To test the effect of the
SKF-38393 and LY-171555 vehicles, 16 of the 27 animals that
had received intra-accumbens injections of specific DA agonists
three weeks before were assigned to two groups that received an
intra-accumbens injection of either the SKF-38393 or the LY-
171555 vehicle. None of the animals receiving intra-accumbens
injections of DA agonists or their vehicles were given peripheral
amphetamine injections. Complete rotations were recorded by
direct observation during a 20-min baseline period (10 min be-
fore and 10 min after the insertion of the injection cannula) Af-
ter this period, the animals were observed for two additional 15-
min periods.

Data Analysis

The number of ipsi- and contralateral rotations were trans-
formed by dividing the number of ipsilateral rotations by the to-
tal number of rotations (both ipsi- and contralateral). The results
was multiplied by 100 to give the percentage of ipsilateral rota-
tions. For each experiments, the percentage of ipsilateral rota-
tions made by the animals in each group during the 10-min
period before the insertion of the injection cannula was com-
pared to the percentage of ipsilateral rotations made during the
10-min period after the insertion of the injection cannula using
t-tests. In all cases, no difference was found and consequently
the data for these two periods (baseline period) were combined
for subsequent analysis. The percentage of ipsilateral rotations
were analyzed using a two-way analysis of variance (19) with
groups as one factor and time periods as the repeated factor.
Spjotvol and Stolin’s (SPS) generalization of Tukey’s HSD test
was used to evaluate pairwise comparisons between the percent-
age of ipsilateral rotations made during the baseline time period
and the percentage of ipsilateral rotations made during the sub-
sequent time periods. These tests were performed in order to de-
tect significant departure from the baseline percentage of ipsi-
lateral rotations.

SPS tests were also used to evaluate pairwise comparisons
between the percentage of ipsilateral rotations made by the vari-
ous groups within each time period. These tests were performed
in order to detect if the injected substance produced a significant
change in the percentage of ipsilateral rotations as compared to
vehicle injection.

Histology

Animals were perfused with 10% formalin solution through
the ascending aorta under sodium thiopental anesthesia. The
brains were removed and kept in a solution containing 10% for-
malin and 30% saccharose for at least 7 days. Sixty pm cryostat
sections were made and were mounted on glass slides and thio-
nin-stained.

RESULTS

Four animals were discarded due to inaccurate placements:
haloperidol (n=2); apomorphine (n=2). It is important to note
that the discarded animals which had either low cannula place-
ments in the olfactory tubercle or higher placements in the ante-
rior caudate nucleus failed to show any locomotor bias in response
to the drug treatments.

DA Antagonists

Figure 1 presents the cannula placements for all animals. The
data of the two groups that were injected with the two vehicles
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FIG. 1. Cannula placements for animals that received an intra-accum-
bens injection of either haloperidol (filled circles), SCH-23390 (filled
triangles), metoclopramide (open triangles), SCH-23390 vehicle (open
squares) or saline (open circles). Abbreviations: acb: nucleus accumbens,
CPu: caudate putamen, TUO: olfactory tubercle, POC: primary olfactory
cortex.

were analyzed first. Since there was no overall significant dif-
ference between the percentage of ipsilateral rotations made by
these two groups, F(1,11)=0.29, their results were combined
for subsequent analysis.

The percentage of ipsilateral rotations made by animals that
received either the nonspecific DA antagonist haloperidol, the
specific D-1 antagonist SCH-23390, the specific D-2 antagonist
metoclopramide or vehicle are presented in Fig. 2. There was
an overall difference between the percentage of ipsilateral rota-
tions made by the four groups, F(3,30)=7.07, p<0.001, an
overall significant effect of time, F(2,60)=12.8, p<<0.005 and a
significant interaction between group and time, F(6,60)=5.02,
p<0.0003.

There was an overall difference between the percentage of
ipsilateral rotations made at the various time periods by the ani-
mals that received haloperidol, F(2,60)=11.98, p<0.001, SCH-
23390, F(2,60)=5.05, p<0.009, metoclopramide, F(2,60)=
8.54, p<<0.001, but not the vehicles, F(2,60)=0.06. SPS tests
showed that the animals that received haloperidol made a signif-
icantly greater percentage of ipsilateral rotations during the first
and second 15-min period that followed the start of the intra-
accumbens injection than during the 20-min preinjection period.
The animals that received SCH-23390 made a significantly greater
percentage of ipsilateral rotations during the first but not during
the second 15-min period while the animals that received meto-
clopramide made a significantly greater percentage of ipsilat-
eral rotations during the second but not during the first 15-min
period.
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FIG. 2. Effect of intra-accumbens injection of either haloperidol, SCH-
23390, metoclopramide or vehicle on the percentage of ipsilateral rota-
tions. The arrow indicates the start of the intra-accumbens injection. The
line on each bar indicates the standard error of the mean. Subcutaneous
amphetamine injection (2 mg/kg) were given to all animals 20 and 35
min after the start of the experiment. Probabilities associated with pair-
wise SPS tests are indicated as follows: comparison between the various
substances and vehicle *p<0.05; intra-group comparison of the preinjec-
tion period to each of the postinjection periods +p<0.05.

There was an overall significant difference between the per-
centage of ipsilateral rotations made by the various groups dur-
ing the two 15-min periods that followed the start of the intra-
accumbens injection, F(3,86)=4.36 and 13.22 respectively,
p<0.005, but not during the 20-min preinjection period, F(3,86) =
0.15. SPS tests showed that the animals that received haloperi-
dol made a significantly greater percentage of ipsilateral rotations
than the control animals for each of the postinjection periods,
while the animals that received metoclopramide made a signifi-
cantly greater percentage of ipsilateral rotations than the control
animals only during the last 15-min postinjection period. No
difference was found between the control and SCH-23390
animals.

These results show that the intra-accumbens injection of
Jhaloperidol and metoclopramide together with peripheral am-
phetamine injections produced a locomotor bias that resulted in
ipsilateral turning. This locomotor bias was greater than the one
produced by vehicle injections and was not due to a preexisting
locomotor bias in these animals. No significant locomotor bias
was produced by intra-accumbens vehicle injections.

The results also show that the locomotor bias produced by
intra-accumbens SCH-23390 injections was relatively small. Be-
cause of the absence in the present experiment of dose-response
data, it is not possible to conclude about their relative efficacy.
However, at the doses tested, the nonspecific DA antagonist
haloperidol induced a more consistent locomotor bias than the
specific antagonists SCH-23390 and metoclopramide.

DA Agonists

Figure 3 presents the cannula placements for all animals.
Figure 4 presents the percentage of ipsilateral rotations made by
animals that received either the nonspecific DA agonist apomor-
phine, the specific D-1 agonist SKF-38393, or the specific D-2
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FIG. 3. Cannula placements for animals that received an intra-accum-
bens injection of either apomorphine (filled circles), SKF-38393 (filled
triangles), LY-171555 (open triangles) or the combination of SKF-38393
and LY-171555 (squares). Animals that received the apomorphine vehi-
cle are presented on the left side (open circles). Abbreviations are the
same as in Fig. 1.

agonist 1.Y-171555, the combination of SKF-38393 and LY-
171555 or apomorphine vehicle.

The results of the animals that received apomorphine or its
vehicle were analyzed separately. The was an overall difference
between the percentage of ipsilateral rotations made by the two
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FIG. 4. Effect of intra-accumbens injection of either apomorphine,
SKF-38393, LY-171555, the combination of SKF-38393 and L.Y-171555
or apomorphine vehicle on the percentage of ipsilateral rotations. The
line on each bar indicates the standard error of the mean. No amphet-
amine injections were given. Probabilities associated with pairwise SPS
tests are indicated as follows: comparison between apomorphine and
apomorphine vehicle *p<<0.0S; intra-group comparison of the preinjec-
tion period to each of the postinjection periods +p<<0.05.
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TABLE 1

EFFECT OF INTRA-ACCUMBENS INJECTION OF EITHER THE SKF-38393
VEHICLE OR THE LY-171555 VEHICLE ON THE PERCENTAGE OF
IPSILATERAL ROTATIONS (MEAN + S.E.M.)

Time
Group 20 35 50
SKF-38393 vehicle 54.46 = 5,06 54.82 + 3.88  49.35 = 4.51
LY-171555 vehicle 47.76 = 445 4593 + 438 49.50 £ 49

groups, F(1,11)=12.11, p<<0.01, an overall significant effect of
time, F(2,22)=12.44, p<0.001, and a significant interaction
between groups and time, F(2,22)=14.58, p<<0.0001. There
was an overall difference between the percentage of ipsilateral
rotations made during the various time periods by the animals
that received apomorphine, F(2,22)=33.96, p<0.001, but not
by the animals that received the vehicle, F(2,22)=0.73. SPS
tests showed that animals that received an intra-accumbens in-
jection of apomorphine made a significantly smaller percentage
of ipsilateral rotations during the first (but not the second)
postinjection period than during the 20-min preinjection period.
There was an overall significant difference between the percent-
age of ipsilateral rotations made by the two groups during the
first 15-min period, F(1,31)=39.03, p<0.001, that followed the
start of the intra-accumbens injection but not during the 20-min
preinjection period, F(1,31)=1.24, nor during the last 15-min
postinjection period, F(1,31)=0.12.

The results of the animals that received SKF-38393, LY-
171555 or the combination of the two drugs were analyzed sep-
arately. There was no overall difference between the percentage
of ipsilateral rotations made by the three groups, F(2,24)=3.3,
p=0.054, and no significant interaction between groups and
time, F(4,48)=1.02. However, there was a significant effect of
time, F(2,48)=8.03, p<0.001. There was an overall difference
between the percentage of ipsilateral rotations made at the vari-
ous time periods by the animals that received LY-171555,
F(2,48)=33.96, p<0.001, the combination of LY-171555 and
SKF-38393, F(2,48)=5.9, p<0.005, but not SKF-38393,
F(2,48)=0.37. SPS tests showed that animals that received an
intra-accumbens injection of LY-171555 or the combination of
LY-171555 and SKF-38393 made a significantly smaller per-
centage of ipsilateral rotations during the first (but not the sec-
ond) postinjection periods as compared to baseline.

Finally, the results of the 16 animals that received either the
SKF-38393 or LY-171555 vehicle three weeks after receiving
intra-accumbens injections of specific DA agonists were ana-
lyzed separately and are presented in Table 1. The results of the
analysis showed that there was no significant overall difference
between group, F(1,14)=0.8, time periods, F(2,28)=0.23 and
no interaction between group and time, F(2,28)=2.04.

These results show that the intra-accumbens injection of ei-
ther apomorphine, L'Y-171555 or the combination of SKF-38393
and LY-171555 (but not of SKF-38393 alone) produced a loco-
motor bias that resulted in contralateral turning and that this lo-
comotor bias was not due to a preexisting locomotor bias in
these animals. The results also show that no significant locomo-
tor bias was produced by intra-accumbens injection of the vari-
ous vehicles.

DISCUSSION

The present results show that unilateral intra-accumbens in-
jection of various DA agonists and antagonists resulted in a lo-
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comotor bias. These results raise a number of issues that need
to be further discussed.

In our experiments, mice were placed into an hemispheric
bowl and observed visually. Some authors have criticized the use
of spherical containers to observe locomotor bias: they consider
that rotational behavior in those conditions are artificial because
the animals tend to follow spontaneously the side of the con-
tainer (4,42). In general, it seems easier to induce a circling be-
havior in a spherical recipient than in a square one or in an open
field (15). In the present experiments, our interest was the mea-
sure of direction of locomotion not its absolute intensity. For this
type of measure, we have obtained similar results using an
hemispheric glass bowl or a plastic square container (unpub-
lished observations).

Other studies have shown that rodents have a slight but mea-
surable lateralization of their orienting and locomotor behavior
[reviewed in (3)]. This tendency can be accentuated by periph-
eral injections of DA agonists (10). Moreover, the locomotor
bias appears to be correlated somehow with striatal dopaminer-
gic activity (36).

In our experiments, the influence of this variable was con-
trolled by the preinjection observational period. No systematic
lateralization was observed before or after the injection cannula
was inserted. The absence of a systematic bias during that pe-
riod suggest that the locomotor bias observed after the injection
was started was not due to preexisting locomotor bias.

Several authors have reviewed extensively the literature on
locomotor asymmetry (7, 11, 32). In these reviews, the effects
of unilateral manipulations of the basal ganglia (including lesion
and electrical or pharmacological stimulation) on the direction
of locomotion are described. In general, unilateral lesion of the
nigrostriatal dopaminergic system produces, in the rat, a loco-
motor bias resulting in spontaneous rotations ipsilateral to the
lesioned side. This locomotor bias is enhanced by systemic in-
jections of amphetamine (16,40). Similarly, injections of dopa-
mine antagonists in the ventral striatum also produces rotations
ipsilateral to the injection site when peripheral amphetamine or
apomorphine are administered (22). Other experiments have
shown that electrical stimulation of the substantia nigra (1), cau-
date nucleus (6) and globus pallidus (13) produces rotations
contralateral to the stimulated side. These observations and oth-
ers (9) argue in favor of a model of asymmetry in locomotion
based on the asymmetry of basal ganglia dopamine systems.

On the other hand, some results do not fit very well with
this model. For example, there appears to be a relationship be-

181

tween locomotion asymmetry and lateralized striatal dopamine
activity in male rats but it is not found in female rats (34). Uni-
lateral 6-OHDA lesions of the striatum sometimes paradoxically
produces in some individual rats, contralateral asymmetry (35).
Unilateral electrical stimulation of the substantia nigra in the rat
produces ipsilateral or contralateral rotations depending on the
lateral or medial placement of the electrode (41). Similar results
were obtained by Gratton and Wise (12) and were interpreted as
the indication of inter-individual differences rather than the indi-
cation of a placement difference. These individual differences do
not invalidate the DA balance model if several animals are ob-
served. However, these differences suggest either more variabil-
ity in the DA system functional organization or the existence of
two functional DA systems on each side of the brain, these sys-
tems being more or less in equilibrium.

Our results are consistent in a general way with the DA bal-
ance model. They also tend to show that the bilateral DA orga-
nization thought to exist for the nigro-striatal pathway may also
be true for the mesolimbic and mesocortical (26,27) dopamine
systems.

Because of the absence in the present experiments of dose-
response data, it is not possible to directly evaluate the relative
contribution of D-1 and D-2 receptors in the nucleus accumbens
to the locomotor bias observed. However, the consistent pattern
observed is the relative inability of D-1 specific drugs to pro-
duce an important effect compared to D-2 specific drugs, while
the strongest and most consistent effects are observed with the
nonspecific agonist or antagonist or with a combination of D-1
and D-2 DA agonists. This synergism between DA agonists has
been described previously for locomotion and stereotypy (33,37)
and may reflect a functional interaction between D-1 and D-2
receptors (22, 23, 25, 43). More research will be needed to
confirm the role of dopamine receptors in the nucleus accum-
bens in the directionality of locomotor activity.
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