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Objective: As dopamine is closely linked to locomotor activities, animal studies on locomotor activities using dopaminergic
agents were widely done. However, most of animal studies were performed for a short period that there is a lack of
longitudinal study on the effects of dopaminergic agents on locomotor activities. This study aimed to examine the long-
term effect of a dopamine D2, D3 agonist quinpirole on locomotor activities in mice using a home-cage monitoring system.
Methods: The locomotor activities of Institute Cancer Research mice were measured by infrared motion detectors in
home-cages under the 12-hour dark and 12-hour light condition for three days after the quinpirole injection. Quinpirole
was injected at a concentration of 0.5 mg/kg intraperitoneally in the beginning of the dark phase. The locomotor activ-
ities before and after the quinpirole administration were compared by the Wilcoxon signed-rank test and one-way re-
peated measures ANOVA.

Results: After the quinpirole administration, the 24-hour total locomotor activity did not change (p = 0.169), but activities
were significantly increased in the 12-hour dark phase sum (p = 0.013) and decreased in the 12-hour light phase sum
(p = 0.009). Significant increases in the activities were observed in the dark-light difference (p = 0.005) and dark-light
ratio (p = 0.005) as well.

Conclusion: This study suggests that quinpirole injection entrains the circadian rest-activity rhythm of locomotor
activities. Therefore, quinpirole can be a drug that mediates locomotor activity as a dopamine agonist as well as a
modulator of the circadian rhythms.
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INTRODUCTION

activity can be differentially regulated by biological con-
ditions contributing to dopamine status in brain [4]. A
Dopamine is one of the neurotransmitters that has cru- study showed that disruptions in the dopamine trans-
cial role in brain functions [1-3]. In particular, locomotor porter gene increased locomotor activity because lack of

the transporter made dopamine to stay in the extracellular
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study showed that dopamine depletion due to lack of ty-
rosine hydroxylase expression caused a reduction of
spontaneous locomotor activity in mice [6]. As such, al-
terations in the dopamine level could lead to a change in
locomotor activities, and it is important to maintain a
proper level of dopamine in the body.

Since dopamine is closely linked to locomotor activ-
ities, studies using dopaminergic agents on locomotor ac-
tivities are widely done. Haloperidol, a dopamine re-
ceptor antagonist attenuated picrotoxin-induced locomo-
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tor hyperactivity in the open field test [7]. This result im-
plies that locomotor hyperactivity induced by picrotoxin
as GABA antagonist is mediated through dopamine re-
ceptor. Dopamine D2, D3 receptors are known to modu-
late locomotor activity, the receptors are located in the
presynaptic a postsynaptic neurons. Sophisticated tunings
of locomotor activities are regulated by these receptors.
Thus, their agonists and antagonists could have crucial
roles on the modulation of locomotor activity, and these
agents could be utilized as chronotheraputics by modu-
lating the rest-activity rhythm [8,9]. A dopamine D2, D3
receptor agonist quinpirole and dopamine D2 receptor
antagonist sulpiride were administrated to Long-Evans
rats to manipulate D2 receptor [10]. The result showed
that quinpirole had a had an increase of locomotion while
sulpiride caused a decrease in locomotor activity [10]. A
study that investigated the relationship between dorsal
striatum or nucleus accumbens and locomotor activities
in rats revealed that the administration of quinpirole has a
locomotor activating effect in both brain sites [11]. An-
other study supported this idea. The locomotor activity of
Wistar rats were observed using a photocell arena, in this
research as well, the quinpirole administrated group show-
ed higher locomotor activity then the control group [12].

However, until now, most studies that investigated the
relationship between dopaminergic agents and locomo-
tor activities have seen a short period time [13]. For in-
stance, in the open field test, which is a method to observe
the locomotor activities of animals, an instruction sug-
gested five-minute sessions for novel environments and
thirty-minute sessions for familiar environments [14], and
traditional animal behavior studies only observed for 2
hours at maximum [15]. This might be because the re-
searchers in previous studies believed that making short
term observations was meaningful enough for monitoring
the drug effects. Also, in case of the open field test, its pro-
tocol hindered long term observations as researchers
need to monitor and analysis data manually. Therefore,
the short term effects of drugs were observed in most pre-
vious studies. Knowing that the animals have circadian
rhythms, monitoring the locomotor activities for a short
term may not be sufficient to understand the effect of the
drug that is being used. Also, the effect of medication can
be affected by various conditions. For example, the circa-
dian oscillations in locomotor activities and the environ-
ment of experiment would give different outcomes de-

pending on the time when the experiment is taken [16,
171. Therefore, it is necessary to observe the animal on a
long-term base. A system called ‘home-cage monitor’ has
been used to monitor the locomotor activities of animals
longitudinally [18]. Home-cage monitoring system is used
for measuring the locomotor activities of animals. Digitized
signals are collected by the detectors and this information
can be translated into some variables such as sleep-wake
states and locomotor activities [19,20]. For instance, an
infrared detector is attached on each cage and detects the
infrared signal of animals due to their body temperature,
then the signal is converted to numerical values for further
analysis [21]. This system allows the researchers to obtain
the longitudinal data of locomotor activities of animals
conveniently that many studies are using it recently. Some
genetic studies to validate neuropsychiatric disorder mod-
els used a home-cage system to observe the locomotor ac-
tivity of the tested animal for one week with a 12 h:12 h
light-dark cycle [22,23]. Despite the importance of a lon-
gitudinal study, there is a lack of studies that explored the
effect of dopaminergic agents on the locomotor activities
of mice using a home-cage system. Therefore, this study
aimed to observe the longitudinal effect of a dopamine
D2, D3 agonist quinpirole on locomotor activity using a
home-cage monitoring system. When observing the ef-
fects of quinpirole longitudinally, the effects of quinpirole
could be different according to dark and light phases.

METHODS

Subjects

A total of 10 male Institution Cancer Research male
mice were used in the experiment (weight 34 —38 g, age
5—6 weeks). The animals were placed individually in
cages under constant conditions with constant temper-
ature (20 —25°C) and humidity (40 —60%). Food and wa-
ter were provided ad /ibitum. The light-dark cycle was
controlled with a 12 h:12 h light-dark cycle (light phases:
lights on from 5 PM to 5 AM, dark phases: lights off from
5 AMto 5 PM) by Light Control System (iW Blast Powercore/
Colorplay 3/Data Enabler Pro; Philips). This study was ap-
proved by Institutional Animal Care and Use Committee
at Pusan National University Hospital (PNUH-2017-018).

Experimental Procedure and Measurements
Infrared motion detector Mlog system (Biobserve Inc.)
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was used to measure the locomotor activities of the
animals. Mlog system comprises infrared detectors that
each detector is placed on each home-cage and detects
the movements of the animal. If the animal moves, its mo-
tion is detected and measured every second. This ob-
served data is transformed into numerical values and
recorded. This system allowed to observe the locomotor
activities of the animals 24 hours continuously.

The mice were individually placed in cages for one
week as an accommodation period to adapt to the new
environment. After this accommodation, the locomotor
activities of each animal were measured by the infrared
motion detectors. During the dark phase, at 5 PM, quinpir-
ole 0.5 mg/kg was administrated intraperitoneally (mice
weight: 38—43 g, total doses: 0.019—0.022 mg). After
the injection, the animals were placed back into the cages
and their locomotor activity data were collected for three
days.

Data Analysis

The raw locomotor activities data was collected in ev-
ery second. To handle data effectively, the data was ag-
gregated into 12 hours and 24 hours, then visualization
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Fig. 1. The locomotor activities of animals. The locomotor activities
of the animals at baseline before the quinpirole administration and for
three days (day 1—3) after the quinpirole administration are pre-
sented by using infrared detectors on home-cages. The timing of

and possible trends were searched using following five
factors. The 24-hour sum, which is the summation of the
locomotor activities during 24 hours, the dark phase sum,
which is the summation of the locomotor activities during
the dark phase, the light phase sum, which is the summa-
tion of the locomotor activities during the light phase, the
dark-light difference, which is the difference in the loco-
motor activities between the dark and light phases that
was calculated by subtracting the locomotor activities in
the light phase from that of the dark phase and the
dark-light ratio, which is the ratio in the locomotor activ-
ities between the dark and light phases that was calcu-
lated by dividing the locomotor activities in the light
phase from that of the dark phase. Manipulations of the
numerical Mlog data were done by MATLAB R2021b
(MathWorks). To find statistical significance, Wilcoxon
signed-ranked test and one-way repeated measures
ANOVA Statistics was performed using IBM SPSS version
22.0 (IBM Co.).

RESULTS

The Changes of the Locomotor Activities Before and
After the Quinpirole Administration

The locomotor activities observed for the baseline and
three days after the quinpirole administration are shown
in Figure 1. When comparing the locomotor activities be-
fore and after quinpirole administration, which is pre-
sented in Table 1, the 24-hour sum, which is the parame-
ter for the sum of the locomotor activities from each day
did not show significant change after the quinpirole in-
jection (Z = —1.376, p=0.169). The 12-hour dark phase
sum which is the sum of locomotor activities during dark
phase, was significantly increased after quinpirole admin-
istration (Z = —2.497, p=0.013). The 12-hour light phase
sum, which is the sum of locomotor activities during light

quinpirole administration is indicated with an arrow. phase, was significantly decreased (Z = —2.599, p =
Table 1. Comparison of the locomotor activities between before and after the quinpirole administration
Parameters Before injection After injection Z-score p value
24 hr sum 5.406 x 10° £ 1,922 x 10° 5.853 x 10° + 2.480 x 10° —1.376 0.169
Dark phase sum 3.561 x 10°+ 1.536 x 10° 4.530x10° + 1.935 x 10° —2.497 0.013
Light phase sum 1.682 x 10° + 4.367 x 10° 1.362 x 10° + 5.824 x 10* —2.599 0.009
Dark-light difference 1.879 x 10° £ 1.211 x 10° 3.088 x 10° £ 1.340 x 10° —2.803 0.005
Dark-light ratio 2.113 + 0.566 3.579 + 0.898 —2.803 0.005

Locomotor activity values of before and after injections are presented as mean =+ standard deviation.
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0.009). The dark-light phase difference, the difference of
the locomotor activities between dark and light phase,
and ratio, which is the parameter that represents the ratio
of the locomotor activities between dark and light phases,
were significantly increased after quinpirole injection
(dark-light difference: Z = —2.803, p=0.005; ratio: Z =
—2.803, p=0.005).

The Changes of the Locomotor Activities Induced by
Quinpirole According to Time

The changes of the locomotor activities induced by
quinpirole according to time are analyzed by one-way re-
peated measures analysis of variance as shown in Figure
2. There was no significant difference in the 24-hour total
locomotor activities, however, all other parameters showed
statistical significance. The 12-hour dark phase sum in-
creased significantly after quinpirole administration (F =
14.618, p = 0.004). The 12-hour light phase sum sig-
nificantly decreased after the injection (£ = 2.980, p =
0.049). The dark-light phase difference increased after the
injection (F = 12.379, p = 0.007). Also, the dark-light
phase ratio showed significant increase in the locomotor
activities according to the quinpirole administration time
(F=9.772, p=0.012).

When the locomotor activities after the quinpirole ad-
ministration was compared to that of the baseline using
Wilcoxon signed-ranked test (Fig. 2), locomotor activities
in the 24-hour sum showed an increasing trend and a sig-
nificant increase in Day 2 compared to the baseline activ-
ity (Z = —1.988, p=0.047). In the 12-hour dark phase
sum, locomotor activities increased significantly in Day 1,
2,3 (Day1: Z = —1.988, p=0.047; Day 2: Z = —2.599,
p=0.009; Day 3: Z = —2.497, p=0.013) after the quin-
pirole administration. The locomotor activities of the
12-hour light phase sum decreased significantly by the
quinpirole injection in all three days (Day 1: Z = —2.191,
p=0.028; Day 2: 7 =—2.090, p=0.037; Day 3: £ =
—2.293, p=0.022). The dark-light phase difference result
showed that the locomotor activities were increased sig-
nificantly in all three days compared to the baseline (Day
1: Z =-—2.599, p=0.009; Day 2: 7 = —2.191, p=0.028;
Day 3: Z = —2.701, p = 0.007). Lastly, the dark-light
phase ratio also showed a significant increase after the
drug administration in all three days (Day 1: Z = —2.497,
p=0.013; Day 2: Z = —2.191, p=0.028; Day 3: Z =
—2.701, p=0.007).
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Fig. 2. The effect of the quinpirole injection over time. Each index of the locomotor activities was seen at baseline before the quinpirole
administration, the first day (D1), the second day (D2), the third day (D3) after the quinpirole administration. (A) 24 hr sum. (B) Dark phsse sum. (C)
Light phase sum. (D) Dark light difference. (E) Dark light ratio. The asterisks indicate the statistical significance when the data is compared to the

baseline values by one-way repeated measures ANOVA.
*p < 0.05, *p < 0.01.
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DISCUSSION

In this study, dopamine D2, D3 receptor agonist quin-
pirole showed an increase of locomotor activity during
the dark phase in mice, which corresponds to the active
daytime for humans. Previous studies indicated that quin-
pirole showed a biphasic pattern that signifies an initial
suppression and late activation of locomotor activities af-
ter a quinpirole administration [24]. These studies ob-
served locomotor activities for short-terms within 2 hours
[25,26]. As there was a biphasic transition in the locomo-
tor activities between 30 to 50 minutes after the quinpir-
ole injection, the total locomotor activities during a
short-term induced by quinpirole could be inconsistently
increased or decreased [26]. Considering the biphasic
transition and the increasing trend in the locomotor activ-
ity, there might be a possibility of an increase in the total
locomotor activities after initial suppression if a long-term
observation was made. In this study, the locomotor activ-
ities were longitudinally observed for three days after the
entrainment using infrared motion detectors on home-
cages. As expected, the locomotor activities of the mice
were increased after an administration of quinpirole.

Meanwhile, in this study, the locomotor activities were
increased in the 12-hour dark phase after the quinpirole
administration but decreased in the locomotor activities
during the 12-hour light phase. To our knowledge, there
was no evidence on long-term effects of quinpirole on the
locomotor activities during the dark and light phase. A
study examined the diurnal rhythms of the locomotor ac-
tivities by quinpirole 1 mg in C3H/HeJ mice [27]. How-
ever, this study only reported the patterns of a short-term
locomotor activities for 90 minutes after daytime and
nighttime injections [27], which was different from our
study that we observed longitudinally during 12 hours
and 24 hours. The results of our long-term study imply
that quinpirole could enhance the circadian rest-activity
patterns. Considering a single administration of quinpir-
ole during the dark phase and the half-life of around
1.8-hour [28], the decrease of the locomotor activities
during the light phase might be caused by a dampening
effect the effect diminished the increased total locomotor
activities during dark phase due to the decrease of loco-
motor activities during light phase. These findings in the
light phase needs to be confirmed whether a single quin-
pirole administration can enhance the circadian rest-ac-

tivity rhythms or activity decrease by the dampening ef-
fect in a future study using a repeated administration
design. However, other indices such as the difference and
ratio of the locomotor activities in the 12-hour dark and
light phases also suggested that the entrainment of the cir-
cadian rest-activity rhythms were augmented. Given that
the locomotor activities after the quinpirole administration
was increased during the dark phase and decrease during
the light phase, the 24-hour total locomotor activities were
expected to be unchanged. Taken together, quinpirole
might have a potential to be a modulator for enhancing
the circadian rest-activity rhythms.

The circadian rest-activity rhythms can be influenced
by dopaminergic neurotransmissions [16]. Dopamine shows
high levels in dark phase which is related to active loco-
motor activities and in contrast, low levels in light phase
[29]. This study showed an enhancement of the circadian
rest-activity rhythms as well as an increase of the locomo-
tor activities in the dark phase. Considering that the dop-
amine D2, D3 agonist quinpirole injection was done at
the dark phase when the dopamine neurotransmission
level is high, the intrinsic circadian dopaminergic oscil-
lation might be augmented by the injection. A study using
methylphenidate similarly reported that an increase of
dopamine induced by methylphenidate in dark phase was
related to an increase in locomotion [30]. Given that the
results of previous study and our study, extrinsic dop-
amine agonists in dark phase can enhance intrinsic circa-
dian rest-activity rhythms when the circadian timing was
synchronized.

However, there are some limitations in this study.
Firstly, this study was a single arm study without a control
group to observe the effect of dopamine D2, D3 agonist
quinpirole on locomotor activities and only compared the
changes in locomotor activities before and after a quinpir-
ole injection. In future studies, to confirm the accurate ef-
fect of quinpirole, it is necessary to use a placebo and con-
duct randomized controlled trials. Secondly, quinpirole
was only injected once in this study. It might be possible
that the result may change if multiple administrations
were given. Thirdly, in this study, only one type of quin-
pirole dosage, 0.5 mg/kg was used. This concentration
was selected because it is commonly used [31], but as the
result might alter depending on the concentration of ad-
ministrated quinpirole, it is necessary to investigate the ef-
fects of different quinpirole dosages in future studies.
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Fourthly, we only conducted experiments at dark phase
when mice were active. Considering mice have circadian
rhythms, it is possible that the results might change if
quinpirole was injected at light phase, therefore it is rec-
ommended to examine the effect of quinpirole on loco-
motor activities from dark and light phase administrations.

In this study, the effect of dopamine D2, D3 agonist
quinpirole on locomotor activities were observed longi-
tudinally through the home-cage monitoring system.
These longitudinal observations suggest that the effects of
dopamine D2, D3 agonist during the dark and light phas-
es of the circadian rhythm may be different. These results
can be clinically important information on how dop-
amine D2, D3 agonist affect rest-activity rhythm. Further-
more, it can be said that this agent may be used as modu-
lators of rest-activity rhythm on subjects with disrupted
rhythms. When considering frequent prescriptions on
dopamine-related psychiatric agents, these agents should
be considered to have an influence on rest-activity rhythm.
In this respect, the results of this study provide important
clinical information on the relationship between dop-
amine and rest-activity rhythm. In future studies, it is re-
quired to confirm these circadian effects of quinpirole on
locomotor activities and examine the differential effects
by various conditions, such as different dosages, repeated
administration, and circadian timing. That is, the effect of
an agonist could be different depending on its dosage.
Therefore, it is necessary to investigate the moderating ef-
fect of dopamine agonists. Also, this study observed the
effect of single administration that it is possible that the
overall locomotor activity could change with repeated
administrations. In particular, it is needed to research on
the modulating effect for rest-activity by repeated admin-
istration using a disruption animal model as a chrono-
therapeutic. Furthermore, a study on observing the circa-
dian timing effect, that reflects the differential effects ac-
cording to administration time based on individual circa-
dian rhythm, are necessary.
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