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A Bipolar Disorder-Prone Animal Model?
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Objective Disruption of the circadian rhythm is known as a provoking factor for manic episodes. Individual differences exist in the
recovery rate from disruption in the general population. To develop a screening method to detect individuals vulnerable to bipolar dis-
order, the authors observed the relationship between the recovery of the normal sleep-wake cycle after switching the light-dark (LD) cy-
cle and quinpirole-induced hyperactivity in mice.

Methods Sixteen male mice (age of 5 weeks, weight 28—29 gm) were subjected to a circadian rhythm disruption protocol. Sleep-wake
behaviors were checked every 5 min for a total duration of 15 days, i.e., 2 days of baseline observations, 3 days of LD cycle changes, and
10 days of recovery. During the dark cycle on the 16th experimental day, their general locomotor activities were measured in an open
field for 120 minutes after an injection of quinpirole (0.5 mg/kg, s.c.).

Results The individual differences in the recovery rate of the baseline sleep-wake cycle were noted after 3 days of switching the LD
cycle. Fifty percent (n=8) of the mice returned to the baseline cycle within 6 days after normalizing the LD cycle (early recovery group).
The locomotor activities of mice that failed to recover within 6 days (delayed recovery group) were significantly higher (mean rank=
12.25) than those of the early recovery group (mean rank=4.75, u=62.0, p=0.001, Mann-Whitney U test).

Conclusion  Given that the quinpirole-induced hyperactivity is an animal model of bipolar disorder, our results suggest individuals who have
difficulties in recovery from circadian rhythm disruption may be vulnerable to bipolar disorder. Psychiatry Investig 2014;11(4):487-491
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INTRODUCTION

Bipolar disorder, characterized by manic and depressive
episodes, is known as a chronic and recurrent disease.' Bipo-
lar disorder can be triggered by a variety of biological, psy-
chosocial, and genetic factors. Sleep disruption caused by
transmeridian travel and sleep loss have been demonstrated
as one of the important factors associated with the pathogen-
esis of bipolar disorder.** In addition, bipolar patients have
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reported abnormal sleep patterns such as phase advance,
phase delay and altered total sleep duration during remitted
state as well as symptomatic periods.**

Individual differences exist in the recovery rate after dis-
ruption of the circadian rhythm.” " Life events such as travel-
ing across several time zones and shift work schedules can
disturb the circadian clock and lead to fatigue, insomnia and
irritability. These symptoms such as jet lag are provoked by
transients generated during the resetting of the internal pace-
maker to re-synchronize with the external time. The individ-
ual differences in tolerance to the sleep deprivation from jet
lag’ and in adaptation to shift work schedules have been re-
ported in the general population.® In rodents, these differ-
ences could be observed by an abrupt change in the lighting
schedule. Mice needed about 4-6 days to recover to their
normal sleep-wake cycle after the light-dark cycle disrup-
tion.”
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Bipolar patients may have genetic vulnerability in the reg-
ulation of circadian rhythms and the sleep-wake cycle. There
has been a considerable amount of evidence on circadian
rhythm dysfunction among patients with bipolar disor-
der.5'®!" Circadian activity patterns of the bipolar patients
were reported to have less stable and more variable than their
control counterparts.® Seventy percent of the bipolar disorder
patients in euthymic state exhibited clinically significant
sleep disturbance compared to patients with insomnia or
normal controls." Clock gene polymorphism may contribute
to instability of sleep-wake cycle and vulnerabilities to bipo-
lar disorder." However, it is undetermined yet if individuals
who have difficulties in adapting to circadian rhythm disrup-
tion would be vulnerable to bipolar disorder.

Behavioral changes in the animal models of mania can
present two basic and distinct dimensions: subjective and
objective aspects. Subjective changes include modulation of
emotions such as fear, aggressiveness, irritability, euphoria
and dysphoria. Objective changes basically include aspects
related to the locomotor activities which can be measured by
the open field test.'” Meanwhile, amphetamines and other
psychostimulants, including cocaine and some dopaminer-
gic agonists, such as quinpirole, can induce locomotor hy-
peractivity in animals and are used as pharmacological ani-
mal models of bipolar disorder."”” To develop a screening
method to detect individuals vulnerable to bipolar disorder,
the authors observed the relationship between the recovery
of the normal sleep-wake cycle after switching the light-dark
cycle and quinpirole-induced hyperactivity in mice.

METHODS

Animals

Sixteen male mice (age of 5 weeks, weight 28-29 gm) from
ICR (Institute of Cancer Research, Pusan National University
Hospital, Republic of Korea) were used in this study. All mice
were housed in individual cages under a 12 hour artificial
light-dark (LD) cycle at a constant temperature of 20+1°C
and relative humidity of 40-60%. Food and water were pro-
vided ad libitum. Mice were entrained to a standard LD cycle
for at least one week prior to the start of the experiments.
The experimental procedures and protocols used in this
study were reviewed and approved by the Ethics Committee
on Animal Research at Pusan National University.

Circadian rhythm disruption procedure and
sleep-wake measurements

Circadian rhythm disruption was done by shifting the 12
hour lighting condition. After one week of entrainment to
LD conditions, mice were under the standard LD cycle for
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two more days to record their baseline sleep-wake cycles. On
the 3rd experimental day, the LD cycle was abruptly shifted
to the dark-light cycle (DL, lights on from 8 PM. to 8 A.M,,
disruption phase). On the 6th experimental day, mice were
re-entrained to the standard LD cycle (recovery phase).

Sleep-wake behaviors were videotaped for a total of 15
days, i.e. 2 days of baseline, 3 days of changed light-dark cy-
cle, and 10 days of recovery. Mice were visually scored for
their sleep-wake activities at 5 minute intervals (sleep: 1,
wake: 0). These values were summed and hourly percentages
of sleep-wake were determined. The sleep state is marked by
several easily observed behaviors, including adoption of spe-
cies-specific sleep postures with the eye closed.”” Thus we
scored an animal as having been behaviorally asleep only if
its eyes were closed and either laying on its side or sitting
curled up with the head tucked into the body without any
movement other than very light and brief transitional chang-
es in posture. This type of strategy has been previously used
to assess the basic temporal distribution of behavioral sleep
across the 24 hr period."

The normalization of sleep-wake pattern was defined by
the time that sleep duration in light phase was higher than
that in dark phase, similar pattern of first 2 days (baseline cy-
cle), and the recovered pattern was consecutively continued,
based on the comparison between the behavioral activity
levels in dark and light phases.

Quinpirole-induced locomotor activity
measurements

Quinpirole was diluted in deionized water and injected
(5.C., 0.5 mg/kg) under the nape of the neck during the dark
period (from 8:00 PM. to 9:00 PM.) on the 16th experimen-
tal day. Their general locomotor activities were measured in
an open field for 120 minutes after injection of quinpirole.
The open field consisted of a square arena (50x50%30 cm,
IXwxh) made of an acrylic board. The arena was divided
into 25 squares (10%10 cm). Immediately after injection, a
mouse was placed at the center of the arena and videotaped
for 120 minutes. We counted the number of lines crossed by
its front leg as a measurement of locomotor activity.

Statistical analysis

The sleep patterns of the light-dark cycle for 15 days are
shown in Figure 1. Every sleep-wake pattern was compared
to reveal the moment at which fifty percent of the mice re-
turned to the baseline cycle. Fifty percent (n=8) of the mice
returned to the baseline cycle in 6 days after normalization of
the light-dark cycle, and they were divided into two groups
according to the total sleep duration of dark period on the
6th day after normalizing the light-dark cycle. Considering
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Figure 1. Sleep-wake patterns observed by a circadian rhythm disruption protocol. White bar: light cycle, Black bar: dark cycle, Gray bar: dark
cycle during disruption phase. A: from 8:00 A.M. to 8:00 P.M., P: from 8:00 P.M. to 8:00 A.M. of the day after. Blue line: early recovery group,

Red line: delayed recovery group.

that mice are nocturnal animals, we named the lower 50%
group as the early recovery group (n=8) and the upper 50%
group as the delayed recovery group (n=8). Mann-Whitney
U test was used to compare the distribution of locomotor ac-
tivities for 120 minutes. All statistical analyses were per-
formed using the Statistical Package for Social Science for
Windows, version 18.0 and the level of statistical significance
was set at p<0.05.

RESULTS

Figure 1 shows individual total sleep durations of the light-
dark period for 15 days, i.e. baseline phase, circadian rhythm
disruption phase, and recovery phase. Table 1 shows total
sleep duration (minutes/half day) of each mouse during
light-dark period. There were individual differences in the
recovery rate of baseline sleep-wake cycle after 3 days of
light-dark cycle switching.

Fifty percent (n=8) of the mice returned to the baseline
cycle in 6 days after normalizing the light-dark cycle (early
recovery group). Locomotor activities of mice that failed to
recover in 6 days (delayed recovery group) were significantly
higher (meantSD=846.91335.1, mean rank=12.25) than
those of the early recovery group (mean+SD=265.5144.8,
mean rank=4.75; Mann-Whitney U test, u=62.0, p=0.001)
(Figure 2).

DISCUSSION

In this study, we found that fifty percent of the mice re-
turned to the baseline cycle in 6 days after normalizing the
light-dark cycle, and this result is consistent with the results

of previous studies. One report demonstrated that mice need
around 4-6 days to recover their normal sleep-wake cycle af-
ter light-dark cycle disruption.” Another study noted that 5-6
days were required to recover the normal sleep-wake cycle in
mice after a 6 hr advance in the lighting schedule.”” In the
present study, there were some mice which could not recover
their normal sleep-wake cycle during 10 days of recovery.
Several studies have also suggested that there would be indi-
vidual differences in the recovery rate from disruption.”® Fu-
ture research is expected to improve insight into the patho-
physiology of mice showing delayed recovery.

We observed a relation between the recovery of the nor-
mal sleep-wake cycle after switching the light-dark cycle and
quinpirole-induced hyperactivity in mice. We were able to
demonstrate that locomotor activities of mice that failed to
recover in 6 days (delayed recovery group) were significantly
higher than those of the early recovery group. Several studies
have suggested that circadian rhythm dysfunction can trig-
ger mood episodes in bipolar disorder. There has been a con-
siderable amount of evidence that sleep disturbance is by far
the most commonly reported prodromal symptom prior to a
manic episode.' An improvement in mood was observed in
60% of depressed bipolar patients after total or partial sleep
deprivation.”” Twenty nine percent of bipolar depressed pa-
tients became hypomanic or manic after one night of total
sleep deprivation.” In addition, obstructive sleep apnea, in
which sleep is disrupted by intermittent obstruction of the
upper airway during which leads to repetitive brief arousals,
may contribute to mania or treatment resistance."” All trig-
gers of mania, including biological causes (drug, hormones,
etc.), psychic effects (separation, bereavement, etc.), and di-
rect disturbance of sleep schedules (shift work, travel, etc.),
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Figure 2. Locomotor activities in the open field test after quinpirole
injection. Locomotor activities of mice failed to recover in 6 days
(delayed recovery group) were significantly higher (mean+
SD=846.9+335.1, mean rank=12.25) than those of the early re-
covery group (meantSD=265.5+44.8, mean rank=4.75). *Mann-
Whitney U test, u=62.0, p=0.001, two-tailed.

could be related to the genesis of mania through sleep reduc-
tion.”

It was difficult to find out the objective screening method
to detect the exact recovery timing of the normal sleep-wake
cycle after switching the light-dark cycle. Moreover, we
found little research which observed the sleep recovery
phase. Loh et al.”! used a protocol similar to this study to es-
timate the distribution of behavioral sleep-wake before and
after a 6 hr advance. They assessed the basic temporal distri-
bution of sleep across the 24 hr period but did not assessed
the sleep recovery phase.

Quinpirole, a D (dopamine)2/D3 agonist, induces a bipha-
sic locomotor response by starting with inhibition followed
by excitation, resembling the oscillating nature of bipolar
disorder and showing face validity as an animal model of bi-
polar behavior."” In particular, an acute injection of quin-
pirole induces locomotor excitation at higher doses above 0.5
mg/kg.”” In mice, injection of amphetamine, cocaine, and
dopamine agonists causes motor hyperactivity, as a manic-
like symptom, which has been associated with the activation
of the mesolimbic dopaminergic system originating from the
ventral tegmental area to the nucleus accumbens.”

Considering that bipolar patients exhibit significantly
more exploratory behaviors than healthy comparison sub-
jects,” and that dopamine is involved in the pathophysiology
of mania,” we presumed that individuals vulnerable to bipo-
lar disorder would show an increase of quinpirole-induced
hyperactivity. Fifty percent (n=8) of the mice returned to the
baseline cycle in 6 days after normalizing the light-dark cycle
(early recovery group). Locomotor activities of mice that
failed to recover in 6 days (delayed recovery group) were sig-



nificantly higher than those of the early recovery group. The
results showed that the delayed recovery group could be
more vulnerable to bipolar disorder.

Given that quinpirole-induced hyperactivity is an animal
model of bipolar disorder, our results suggest that individuals
who have difficulties in adaptation to circadian rhythm dis-
ruption may be vulnerable to bipolar disorder. Further clini-
cal research is needed to validate our results.
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