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Locomotor hypoactivity and motor disturbances – behavioral effects in-
duced by intracerebellar microinjections of dopaminergic DA-D�/D� recep-
tor agonists. W. KOLASIEWICZ, J. MAJ. Pol. J. Pharmacol., 2001, 53,
509–515.

In the light of recent findings, DA-D
�

dopamine receptors with an un-
clear physiological function are present in the cerebellar cortex. Our prelimi-
nary results seem to indicate that bilateral injection of 7-OH-DPAT, a DA-D

�
/D

�

receptor agonist (1 and 10 �g/0.5 �l), to lobule 9/10 of rat cerebellar cortex
reduces spontaneous locomotor activity (hypolocomotor effects) and induces
balance and motor coordination disturbances, respectively. Similar effects
can be observed in the case of analogous microinjection of the DA-D

�
/D

�

agonist pramipexole. In earlier studies, peripheral (ip) injection of nafado-
tride (0.6 mg/kg), a D

�
receptor antagonist, neither affected per se spontane-

ous motor activity, nor modified the above described effects of 7-OH-DPAT.
Participation of cerebellar DA-D

�
and DA-D

�
receptors in hypolocomotor

effects, as well as putative participation of other receptors in the generation
of motor disturbances, has been discussed.
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INTRODUCTION

Contrary to a great number of reports concern-
ing the dopamine (DA) localized in different struc-
tures of the mammalian brain, the physiological
role of cerebellum DA receptors has recently been
recognized. Insufficient, mainly clinical, data sug-
gest their participation in the control of psychomo-
tor behavior coordination, performance realization
of cognitive functions, and “timing” [3]. According
to the last year’s immunocytochemical studies, ce-
rebellum DA receptors belong to both DA-D�: D�

and D" subtypes and as well as DA-D�: D�, D� and
D� subtypes [10, 20]. Their presence in Purkinje
neurons and in molecular layers of the cerebellum
cortex has been ascertained and in molecular layers
of the cerebellum cortex [2, 9, 17]. Simple but in-
consistent behavioral effects were obtained after
stimulation [4] or blockade [1, 4], of cerebellum
DA-D� and DA-D� receptors. To activate them,
among others (±)-7-hydroxydipropylaminotetralin
hydrobromide [(±) 7-OH-DPAT] regarded as an
agonist of D�/D� receptors was used, [20]. It was
observed that peripheral administration of 7-OH-
-DPAT caused either a decrease [7, 12, 18], or an
increase [6, 12], in the motor activity of rats. Direct
injection of the agonist to the nucleus accumbens
also evoked either a decrease [8, 14, 15], or an in-
crease [14], in the spontaneous motor activity of
rats. Furthermore, pramipexole (PRA) (2-amino-
-4,5,6,7-tetrahydro-6-propylaminobenzothiazoledi-
hydrochloride), a DA receptor agonist with a prefe-
rence for the D� receptor (compared to the D� or D�

one) [5], enhanced the motor activity of rats both
after peripheral administration [13] and intracere-
bral microinjection to the nuclus accumbens [21].
In the present experiment, effects of local intracere-
bellar injections of DA receptor agonists on the
spontaneous motor activity of rats were investigated.
The authors examined locomotor activity by meas-
uring the distance travelled (DT) when (±) 7-OH-
-DPAT and PRA were injected directly into lobules
9 and 10 of the cerebellum, since in those cerebel-
lar cortex areas D� receptors occur most frequently
[2, 17]. To determine whether D� receptors were re-
sponsible for the effects after injection of either
agonist, part of the animals were earlier injected
with nafadotride, a relatively selective antagonist
of D� receptors [19]. The present experiment was
performed using a computerized movement analy-
sis system in conjunction with visual (video-moni-

toring) observations. Dose- and time-dependent
changes, as well as alterations depending on the
postural pattern of motor activity, were found to be
especially interesting.

MATERIALS and METHODS

Animals and surgery

Male Wistar rats (300–350 g) were used in all
the experiments. The rats were kept on a 12-hour
light-dark cycle (the light on from 7 a.m. to 7 p.m.)
at a room temperature (22 ± 1°C), with food and
water freely available. Two weeks before the start
of the experiment the rats were housed in groups of
six. They were operated and tested in strict accor-
dance with the current Polish legislation on animal
experimentation, and experiments were approved
by the Ethics Committee at the Institute of Pharma-
cology, Polish Academy of Sciences, Kraków. Pro-
phylactically (aseptic prophylaxis), the rats received
the antibiotic Linco-Spectin at a dose of 0.5 ml/kg,
24 h before the operation, just before cannula im-
plantation and 12–15 h after the treatment. The
subjects (weighing 300–350 g) were anesthetized
with pentobarbital (45 mg/kg, ip) and injected with
atropine sulfate (1 mg/kg, ip) to reduce mucus
flow. All the rats were placed in a Stoelting stereo-
taxic frame, and were chronically implanted with
2 bilateral guide cannulas (9 mm length, 0.4 mm
o.d). Cannula tips were aimed at the dorsal surface
of lobules 9 and 10 of the cerebellum to allow the
injection cannulas to extend 1.0 mm beyond the
cannula guides to reach the target regions. Using
Paxinos and Watson’s atlas [16], all the coordinates
were given with reference to the bregma : AP: –
12.8 to – 13.3, L: 1.0, V: 5.4 to 6.0. Guide cannulas
were secured with skull screws and dental acrylic
cement. Wire stilettos were placed in the guide can-
nula to prevent occlusion. The animals were al-
lowed to recover for at least seven days before the
experiment. During recovery, the animals were not
handled.

Substances used

Atropinum sulfuricum (Polfa, Poland), (±)-7-hy-
droxydipropylaminotetralin hydrobromide [(±)-7-
-OH-DPAT, Research Biochemicals Inc.]; Linco-
-Spectin (Upjohn, USA); nafadotride (was provi-
ded by Dr. Sokoloff, Paris, France); pentobarbital
natrium (Vetbutal, Biowet, Poland); pramipexole
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dihydrochloride (PRA, Boehringer, Ingelheim, Ger-
many).

Microinjection procedures

All drugs were dissolved in distilled water. Dis-
tilled water was also used for control vehicle injec-
tions. Drug solutions were prepared daily to obtain
a concentration of 1.0 or 10.0 �g/0.5 �l, (pH rang-
ing from 5.8 to 7.0). Dose ranges of the drugs were
chosen on the basis of the literature data or prelimi-
nary experiments. During infusion, an animal was
gently wrapped in a small towel by the experi-
menter. Infusions were made with a stainless steel
injection cannula (external diameter 0.28 mm),
connected to a 2 �l Hamilton microsyringe with
a polyethylene catheter. A tiny air bubble was pro-
duced in the tubing so that its movement could be
measured to verify the proper amount of the in-
fused fluid. A 0.5 �l solution was injected through-
out 60 s. The injection cannula remained in place
for another 60 s. Following the microinfusion, the
injection cannulas were removed, the stilettos were
replaced and the subjects were immediately placed
in the test apparatus. All the injections to the cere-
bellum were bilateral. Thus, a dose of 10 �g was
injected to each side, i.e. 20 �g in total. Four or five
days later, the test was repeated according to a coun-
terbalance schedule. Nafadotride (0.6 mg/kg) was
dissolved in saline and was injected ip in a volume
of 2 ml/kg at 30 min before the test (intracerebellar
microinjection).

Behavioral testing – motor activity

In all the experiments the animals were well
adapted to test rooms. They were not habituated to
the test apparatus, but immediately after intracere-
bellar microinjections each rat was placed in an
Optovarimex Auto-track system cage (Columbus
Instruments, USA). Motor activity was recorded
with Optovarimex animal activity analysers (Co-
lumbus Instruments, USA), each of them consist-
ing of a horizontal movement sensor and a vertical
movement sensor, placed directly outside a large
transparent Plexiglas cage (43 × 43 × 21 cm). The
horizontal sensor was located 2.5 cm above the
floor, and the vertical one was mounted at a height
of 14 cm. Each sensor consisted of a 15-beam array
of infrared movement detectors. The central proc-
essing unit of the Digiscan Auto-track system (Co-

lumbus Instruments USA) provided several meas-
ures of motor activity patterns. In the present study,
the actual distance travelled by a rat was measured
automatically and expressed in cm as DT. Those
measurements were made during 12 consecutive
5-min periods. The data on the locomotor activity
detected by Auto-track systems were collected (3 ×
20 min period) and calculated using an IBM-PC
compatible computer system. The balance and the
motor coordination of the animals were also pre-
liminarily estimated. Hence, immediately after the
termination of an experiment, a simplified version
of the rota-rod, constructed by the authors, was
placed in a transparent plastic cage of the Auto-
track. A rat was placed frontally on the immobi-
lized rod (3 cm in diameter, 30 cm long, mounted
15 cm above the floor) and was observed for 20 s.
The correct maintenance of balance and the manner
of leaving the rod were estimated. The procedure
was repeated and the experimenter slowly rolled
the rod forward (3 full rotations) and backward
(1 full rotation). The experiments were recorded
with a video camera on a videotape to analyze, in
detail the characteristics of the motor pattern.

Histology

After completing the behavioral testing, each
animal was given an overdose of pentobarbital and
was perfused transcardially with isotonic saline,
followed by a 4% formalin. Brains were then re-
moved and placed in a 8% buffered formalin. Prior
to sectioning, the brain was placed in a 20% su-
crose formaldehyde until it fell to the bottom. The
brains were then frozen, coronally sectioned to
90-�m slices, mounted on glass and photographed.
Location of the injection cannula tips was verified
by the experimenter. Only animals with bilateral
placement in the target areas were used for statisti-
cal analyses.

Statistics

All the data are given as the mean ± SEM. Sta-
tistical evaluation was carried out by paired t-tests.

RESULTS

Locomotor activity: 7-OH-DPAT

7-OH-DPAT injected at a dose of 1 �g into lob-
ule 9/10 of the cerebellar cortex reduced by about

���# ���$�%$$� 511

&��&�'&� ()*)
+,( 
�(+�*�
�+�,# �# -.
,�,*,/,+,( )00)*+� �#&/,+,( &��+1(2�#*)�



53% (p < 0.01) the total DT estimated during 0–60
min (Fig. 1A, top). That effect was best visible dur-
ing the first 20 min (p < 0.01). It was also present at
the subsequent time intervals (20–40 min and
40–60 min), but in either case it was statistically in-
significant. Injection of the higher dose (10 �g)
produced a stronger decline in the DT (about 70%,
p < 0.01) during 0–60 min (Fig. 1B, bottom), which
was particularly apparent during the first 20 min of
the experiment (about 53%, p < 0.01). Regarding
the other two time intervals, that effect was either
statistically insignificant (20–40 min), or not pres-
ent at all (40–60 min).

Locomotor activity: pramipexole

PRA injected at a dose of 1 �g into the cerebellum
(lobule 9/10) reduced the total DT by about 52% (p <
0.01), measured during 0–60 min (Fig. 2A, top). That
reduction was particularly apparent during the first 20
min (> 30%, p < 0.01). Injection of the higher (10 �g)
dose of PRA inhibited the total DT (0–60 min) by
about 78% (p < 0.01), (Fig. 2B, bottom). The biggest
reduction of the DT, of about 70% (p < 0.01), was
observed during first 20 min after injection, whereas
at the other time intervals (20–40 and 40–60 min)
only a slight diminution of the DT was observed.
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Fig. 1. Effects of bilateral microinjections of the DA-D�/D�

agonist (±) 7-OH-DPAT to lobule 9/10 of rat cerebellum on lo-
comotor activity. The activity – the distance travelled (DT) by
rats, was recorded for 60 min and is expressed as a 20-min inter-
vals (cm/20 min, 0–20, 21–40, 41–60 min), or as a total DT acti-
vity: 0–60 min (cm/60 min). Bars represent the mean (± SEM).
Blank bars show the effect of vehicle injections (0.5 �l);
n = 10–11 per group; filled bars for each group show effects of
the two doses of (±) 7-OH-DPAT: top panel (A) – 1 �g/0.5 �l,
n = 11; and bottom panel (B) – 10 �g/0.5 �l, n = 10, ** p < 0.01,
compared with vehicle injections; paired t-tests
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Fig. 2. Effects of bilateral microinjections of the DA-D� agonist
pramipexole to lobule 9/10 of rat cerebellum on locomotor ac-
tivity. The activity – the distance travelled (DT) by rats, was re-
corded for 60 min and is expressed as a 20-min intervals (cm/20
min, 0–20, 21–40, 41–60 min), or as a total DT activity: 0–60
min (cm/60 min). Bars represent the mean (± SEM). Blank bars
show the effect of vehicle injections (0.5 �l); n = 9–10 per
group; filled bars for each group show effects of the two doses
pramipexole: top panel (A) – 1 �g/0.5 �l, n = 10; bottom panel
(B) – 10 �g/0.5 �l, n = 9; ** p < 0.01, compared with vehicle in-
jections; paired t-tests



Locomotor activity: nafadotride +

7-OH-DPAT

Peripheral injection of the DA-D� receptors
antagonist, nafadotride (0.6 mg/kg, ip), did not
change the spontaneous motor activity of rats (data
not shown). Nafadotride injected 30 min before in-
tracerebellar microinjection of 7-OH-DPAT (1 �g)
did not antagonize the hypolocomotor activity, as
observed previously (Fig. 3).

Balance and motor coordination:

7-OH-DPAT or pramipexole

Bilateral injection of either 1 �g of 7-OH-DPAT
or the same dose of PRA throughout the experi-
ment did not affect the motor efficiency and coordi-
nation of rats, nor did the test that corrected balance
and motor coordination (a simplified rota-rod test)
reveal any symptoms of disturbance. No disturban-
ces were found, either, in the control. On the other
hand, motor disturbances occurred after the injec-
tion of the higher dose (10 �g) of either drug.
Symptoms of dystonia led to prounced distur-
bances of posture (flat body posture with abduction

of limbs and putting the head on the cage floor –
“prostration”) and immobility. The above symp-
toms appeared in the first minute after injection and
lasted for about 15 min. A gradual recovery of the
proper body posture, a decline of limb abduction
and the occurrence of locomotor activity episodes
were observed during the subsequent 20 min. Ap-
proximately 35–40 min after injection, only slight
motor impairment differentiated the treated rats
from the control. However, a simplified rota-rod
test, performed immediately after locomotor activ-
ity measurements (1 h after intracerebellar microin-
jection), showed disturbed balance and motor coor-
dination (invisible in spontaneous behavior). The
inability of rats to stay on the rod during slow rota-
tions in either direction (forward and backward)
was observed only in the case of treated rats (no
disturbances were reported during the testing of
control animals).

DISCUSSION

According to the obtained results, bilateral in-
jection of either of the tested DA-D�/D� receptor
agonists (at doses of 1 or 10 �g) to the cortex of rat
cerebellum (lobules 9 and 10) decreases spontane-
ous locomotor acivity (hypolocomotor effects).
Both 7-OH-DPAT and PRA produce a relatively
strong effect immediately after the termination of
injection; however, the above reaction is either
transient or present only during the first 20 min af-
ter treatment. A lower dose of either agonist (1�g)
does no disturb the balance and motor coordination
of the animals. However, disturbances of the pos-
ture, balance and motor coordination are found af-
ter the higher (10 �g) dose that can weaken motor
activity. Nafadotride (0.6 mg/kg), an antagonist of
DA-D� receptors, injected peripherally does not af-
fect per se spontaneous motor activity, nor does it
alter the hypolocomotor effects evoked by intrace-
rebellar injection of 7-OH-DPAT (1 �g). A decrease
in motor activity (during a period similar to that de-
scribed above) was also reported by Boulay et al.
[4], who applied an unilateral injections of 7-OH-
-DPAT (0.1 to 10 �g) and quineloran (0.1 to 2.5 �g)
to lobule 9/10 of the cerebellum. These authors ob-
served a decrease in locomotor activity, caused by
microinjections of DA receptor antagonists such as
haloperidol or raclopride, which were injected to
the same cerebellar areas as 7-OH-DPAT. Those
authors conclude that the hypolocomotor effects in-
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Fig. 3. Effects of the DA-D� antagonist nafadotride (ip) on
the hypolocomotor effects induced by bilateral injection of
(±) 7-OH-DPAT to the cerebellum. The activity – the distance
travelled (DT) by rats, was recorded for 60 min and is expressed
as a 20-min intervals (cm/20 min, 0–20, 21–40, 41–60 min), or
as a total DT activity: 0–60 min (cm/60 min). Bars represent the
mean (± SEM). Filled bars show the effect of vehicle injections,
(ip) + (±) 7-OH-DPAT (1 �g/0.5 �l, to lobule 9/10 of the cere-
bellum); n = 10 per group; full black bars for each group show
effects of nafadotride (0.6 mg/kg, ip) + (±) 7-OH-DPAT (1 �g/
0.5 �l), injections to lobule 9/10 of the cerebellum; n = 10. Vehi-
cle or nafadotride was injected ip 30 min before intracerebellar
microinjection of 7-OH-DPAT; paired t-tests: – ns



duced by microinjection of DA-D�/D� receptor
agonists to the D� receptor-rich area are not due to
direct influence of the D� receptor subtype. The
lack of effect of nafadotride on 7-OH-DPAT action
observed in the present paper, requires similar con-
sideration; however, in their previous study the
authors [18] found nafadotride to be an antagonist
of DA-D� receptors. The symptoms of motor dis-
turbances, observed after treatment with the higher
dose (10 �g) of either of the applied DA agonists,
seem to be interesting but are difficult to explain.
Boulay et al. [4] and Swanson et al. [21], who used
the same dose (10 �g) of 7-OH-DPAT or PRA in
their experiments but injected those drugs unilater-
ally to either lobule 9/10 of the cerebellum or the
nucleus accumbens, respectively, did not observe
any symptoms of motor disturbances. It is unlikely
that bilateral injection of the same dose of either
substance tested (i.e. simultaneous doubling of the
compound penetration area and the dose) may have
stimulated the occurrence of disturbances, described
in the present work. On the other hand, according
to Maiti et al. [11], effects similar to the hypoloco-
motor actions described above, as well as distur-
bances of balance and motor coordination may be
evoked by direct stimulation of nicotine receptors
(microinjection of nanogram doses of nicotine) lo-
calized in the cortex area lobule 10 of the cerebel-
lum. The lack of current data on the possibility of
co-localization and/or interaction of DA and nico-
tine receptors in the cerebellar area did not help the
authors of the present paper to either confirm or ex-
clude participation of nicotine receptors in the
symptoms of motor disturbance, observed after in-
jection of the higher (10 �g) dose of 7-OH-DPAT
or PRA. On the other hand, Meyer [14] found that
7-OH-DPAT administered to the nucleus accum-
bens (shell), a structure containing also DA-D� re-
ceptors, increased the motor activity of rats. It also
suggested that in the nucleus accumbens and in the
cerebellum various subpopulations of DA-D� re-
ceptors are present, or that the hypolocomotor ef-
fects evoked by 7-OH-DPAT injected to the cere-
bellar cortex area stem from a different (non-D�)
mechanism. Further studies (already in progress)
are necessary to explain the mechanism of the ob-
served effects.
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