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Exposure to Mozart music reduces cognitive impairment
in pilocarpine-induced status epilepticus rats
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Abstract Patients with temporal lobe epilepsy (TLE)
often display cognitive deficits. However, current epilepsy
therapeutic interventions mainly aim at how to reduce the
frequency and degree of epileptic seizures. Recovery of
cognitive impairment is not attended enough, resulting in
the lack of effective approaches in this respect. In the
pilocarpine-induced temporal lobe epilepsy rat model,
memory impairment has been classically reported. Here we
evaluated spatial cognition changes at different epilepto-
genesis stages in rats of this model and explored the effects
of long-term Mozart music exposure on the recovery of
cognitive ability. Our results showed that pilocarpine rats
suffered persisting cognitive impairment during epilepto-
genesis. Interestingly, we found that Mozart music expo-
sure can significantly enhance cognitive ability in epileptic
rats, and music intervention may be more effective for
improving cognitive function during the early stages after
Status epilepticus. These findings strongly suggest that
Mozart music may help to promote the recovery of cog-
nitive damage due to seizure activities, which provides a
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novel intervention strategy to diminish cognitive deficits in
TLE patients.
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Introduction

Temporal lobe epilepsy (TLE), the most common type of
epilepsy in adult humans, is characterized by spontaneous
recurrent seizures and pathologically changes of hip-
pocampal neuronal loss (Tellez-Zenteno and Hernandez-
Ronquillo 2012). Because of the hippocampus is involved
in processing of spatial-temporal information (Wagatsuma
and Yamaguchi 2007; Howe and Levy 2007), in addition to
typical seizure activities, TLE affects significantly learning
and memory capabilities due to hippocampal damage,
which can reduce life quality of epilepsy patients (Jokeit
et al. 2000). So far, the origin of cognitive deficits of TLE
still remains unknown. Theoretically, many factors may
affect cognitive ability, including seizures themselves
(Marques et al. 2007), interictal epileptiform discharges
(Aldenkamp and Arends 2004), and the reorganization of
the underlying neuronal circuitry (Morimoto et al. 2004;
Seth 2008; Brown 2013). Although antiepileptic drugs can
relieve epileptic seizures, some studies have revealed that
these drugs also have some adverse effects on cognition
(Meador 2006). It is thus of importance to identify novel
intervention strategies to diminish cognitive deficits in TLE
patients.

Previous studies suggested that certain types of music
are able to improve mental function (Sack 2006) and
alleviate brain diseases (Kuester et al. 2010). For instance,
it have been confirmed that the exposure to Mozart Sonata
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can improve spatial cognitive ability inducing in both
humans and animals (Rauscher 1993; Ivanov and Geake
2003; Rauscher et al. 1998). Listening to music during the
early post-stroke period enhanced cognitive recovery and
prevent negative moods (Sdrkdmd et al. 2008). Music
therapy had benefits for improved cognitive impairment in
Parkinsonism’s disease with dementia (Zhang 2015). Quite
interestingly, recent studies have also indicated that music
exposure might play a positive role in the treatment of
epilepsy. Specifically, it has been found that listening to the
Mozart sonata K.448 decreased epileptiform discharges in
children with various types of epilepsy (Lin et al. 2011a,
b). Nevertheless, relevant studies were primarily focused
on the suppression of seizure activities through music
intervention. And music effect in epilepsy intervention was
confined only to the period during which the music was
playing (Hughes et al. 1998). But whether appropriate
music exposure can improve cognitive function in epileptic
patients, and the possibility of long-term music exposure to
cognitive improvement, still remain unclear.

In rodents, pilocarpine-induced experimental epilepsy
reproduces both the clinical and neuropathological features
of human TLE. Such epileptic animal model thus has been
widely used to explore the mechanisms of TLE (Turski
et al. 1983). After 1-2 days of pilocarpine-induced status
epilepticus (SE), the rats enter a seizure-free period, known
as the latent period, and then progressively develop a
chronic epileptic condition after weeks (Curia et al. 2008).
Classical tests have demonstrated hippocampus-dependent
spatial memory deficits during the latent period in pilo-
carpine-treated rats (Faure et al. 2013; Chauviere et al.
2009).

The Morris water maze (MWM) task testing was widely
used to evaluate the hippocampus-dependent spatial
memory ability. In the present study, using MWM, we
employed the pilocarpine-induced rats to determine the
time course of cognitive deficits during epileptogenesis and
explore the effects of longer-term Mozart music exposure
on cognitive recovery in SE rats. Our results showed a
persistent deficit of spatial memory during epileptogenesis.
In addition, appropriate music exposure indeed attenuated
spatial cognitive deterioration correlated with hippocampus
and, remarkably, music intervention was found to be more
effective for improving cognitive function during the early
stages after SE.

Materials and methods
Animals preparation

All experiments were performed according to the experi-
mental guidelines of the University of Electronic Science
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and Technology of China, and the experimental protocol
was approved by the ethics committee of the University of
Electronic Science and Technology of China. Adult male
Sprague-Dawley rats (250 £ 30 g) were obtained from the
Animal Research Institute of Sichuan Province, maintained
on a 12-h light/12-h dark cycle (light on at 08:00 h) at a
controlled ambient temperature (22 + 2 °C). Food and
water were made available ad libitum.

Seventy rats were used in this experiment. The rats were
injected intraperitoneally with pilocarpine (60 mg/kg,
Sigma) 18-20 h after the injection of lithium chloride
(127 mg/kg, Sigma). Scopolamine methyl-nitrate (1 mg/
kg, Sigma) was injected to limit peripheral cholinergic
effects 30 min before the injection of pilocarpine. SE was
stopped or reduced by diazepam (10 mg/kg) after 120 min.
Sixty of the rats underwent lithium—pilocarpine treatment
and they, with seizure severity scores of 3, 4 or 5 according
to Racine (1972), were used in the following experiments.
For comparison, the other 10 rats received saline injections
instead of pilocarpine as a control group. Among the 60
rats that underwent lithium—pilocarpine treatment, 20 rats
induced successfully SE were randomly assigned to the
epilepsy group (SE rats without any additional musical
exposure, n = 10) and the Mozart-epilepsy group (SE rats
exposure to Mozart music, n = 10). The rest of 60 rats,
including 14 rats whose seizure severity did not reach the
above criteria and 26 rats died during or shortly after the
SE, were excluded from our study. Control group rats did
not been operated both pilocarpine injection and additional
musical exposure.

Music exposure

Mozart’s piano sonata K.448, often used in studies on the
“Mozart effect,” was employed in this experiment (Aoun
et al. 2005; Hughes 2001). The Mozart music stimulus
intensity was 65-75 dB. The musical material was pre-
sented on the day after SE consecutively for 34 days (First
day after SE is denoted as SED1), and played repeatedly
for 2 h per day from 8.00 p.m. to 10.00 p.m. The control
group and epilepsy group rats were not exposed to any
additional music and kept approximately 70 dB ambient
noise intensity of feeding condition.

Morris water maze task testing

All rats were tested in a standard version of the hidden
platform Morris water maze (MWM), which is usually
used to measure hippocampus-dependent spatial memory
ability (Ozdemir et al. 2014). Before the experiment, the
exercise capacity of all rats in MWM task testing was
assessed to ensure their equal status. The testing was
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carried out three times, each time for 5 days beginning 10,
20, 30 days after SE (denoted as SED10, SED20, and
SED30).

The MWM (WMT-200, Taimeng, China) was placed in
a sound-isolated testing room, illuminated by normal
housing lights and surrounded by a number of fixed
extramaze visual cues. The cues remained constant during
testing. The MWM consists of a black circular pool
(130 cm diameter, 50 cm high) filled with water (27 cm
depth) at 26 £ 1 °C and virtually divided into four
equivalent quadrants: target quadrant, left quadrant, right
quadrant and opposite quadrant. The water was made
opaque with a mixture of white, thick, non-toxic milk. A
2 cm circular submerged escape platform (10 cm diameter)
was positioned in the centre of target quadrant. The rats
behavior (including latency to escape, time spent in each
quadrant, swimming speed and distance) was monitored by
a video camera and quantified using WMT-200 software.

The rats were trained with the standard MWM learning
protocol during the 5-day testing. One day before each
testing period, each rat was placed in the pool for 2 min,
and then allowed to climb onto the platform where it could
rest for 20 s and the procedure was repeated three times in
order to habituate the rat to the training environment. On
days 1-4 of testing, each rat performed four trials respec-
tively and each trial began with the rat being placed in the
pool and released facing the sidewall at one of the four
quadrants. The latency time from immersion into the pool
to escape onto the platform was recorded by software to
provide a measure of spatial reference memory for each
trail. The rat was guided to the platform if it failed to
escape within 60 s and was allowed to stay in the platform
for 20 s. The testing consisted of four trails a day, so there
were totally 16 trials for each rat. On day 5, a probe trial
was conducted, in which the platform was removed and the
rats were placed in the opposite side of the target quadrant
and then allowed to explore the pool for 60 s and the time
spent in each quadrant was recorded.

The acquisition learning phase lasting 4 days provided a
measure of spatial learning and reference memory, and the
probe trial on the 5th day measured spatial memory and
retrieval capabilities. Spatial memory ability was measured
as the duration of time spent in the target quadrant (% total
time, chance level = 25 %). In addition, we evaluated the
swimming speed and distance of all rats in the probe trial in
order to evaluate the motor ability after SE. All the
behavior variables were analyzed by the software.

Statistical analysis
Differences between the groups with respect to the escape

latency of the hidden platform acquisition training were
assessed using repeated measures analysis of variance

(ANOVA) with the general linear model. Differences in the
duration of time spent in each quadrant for the different
groups were analyzed using one-way ANOVA. Statistical
analyses were performed using SPSS 16.0. The post hoc
comparison with the Least-significant difference (LSD)
method was used to provide more details about the dif-
ferences among groups. The level of statistical significance
was set at P < 0.05.

Results
Spatial memory impairment in MWM task

In the MWM task, the rats learn to locate a submerged
platform in a pool by orienting themselves using distal visual
cues. As shown in Fig. 1, there were significant differences
in MWM performance between the control and epilepsy
groups at three testing stages (P < 0.05). The control group
rats showed better task acquisition and searched accurately
for the platform, whereas the epilepsy group rats were less
capable of finding the platform. Although both the control
and epilepsy groups showed gradually decrease in escape
latency with the acquisition trial training, the epilepsy group
rats performed significantly worse than the control. In the
probe trial, the epilepsy group rats spent less time in the
target quadrant compared with the control during all three
testing stages. These results demonstrated that SE rats had
persistent spatial cognitive capability impairment following
epileptogenesis.

On the other hand, although the rats showed improve-
ments in escape latency across the three testing periods
(P < 0.01), there were marked differences between the
Mozart-epilepsy and epilepsy groups (P < 0.01; Fig. 2).
The Mozart-epilepsy group rats performed better than
epilepsy group in water maze task (P < 0.01). During the
probe trial, there was a substantial difference between the
Mozart-epilepsy and epilepsy groups (P < 0.05). The epi-
lepsy group rats spent less time in the target quadrant than
the Mozart-epilepsy group rats. Taken together, these
findings indicated that water maze performance was sig-
nificantly enhanced in the Mozart-epilepsy as compared to

epilepsy group.
Mobility ability assessment after SE

Seizure activity can lead to abnormal mobility ability in
rats, which may influence performance of the rats in the
MWM. During the water maze testing, experimental rats
did not show any seizure activity by video recording. In
order to examine whether SE or seizure activity affected
the mobility ability of the rats and then led to a decrease of
their performance in the MWM, we further assessed their
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motion ability in terms of swimming speed and distance in
the probe task. The results in Table 1 showed that there
were no significant differences among the three groups
across different testing times (P > 0.05). This finding
implied that cognitive impairment of SE rats in MWM task
was not due to abnormal movements in our experiment.

Assessment of learning rates after music exposure

To analyze the influence of long-term music intervention
on cognitive recovery, we further assessed the learning
rates of the rats in the MWM. The learning rate was cal-
culated as follows: (Mean latency of the first day—Mean
latency of the second, third, or fourth day)/Mean latency of
the first day.

As shown in Fig. 3, the linear slopes of the learning rates
in the control group were nearly equal in three testing
periods (Fig. 3c) and much higher than the epilepsy and
Mozart-epilepsy groups (Fig. 3a, b). In contrast, the linear
slopes of the learning rates in SE rats reduced gradually over
the three periods following epileptogenesis. In addition, we
also observed that the learning rates were different at the
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various testing periods between the epilepsy (Fig. 3a) and
Mozart-epilepsy (Fig. 3b) groups. Compared with Mozart-
epilepsy group, the epilepsy group showed relatively lower
learning rates for all three testing periods. However, further
statistical analysis revealed that there was only a significant
difference at SED10 testing between these two groups
(Fig. 3d; P < 0.05). Our above finding indicated that music
intervention might be more effective for improving cogni-
tive function during the early stages after SE.

Discussion

Using a classical MWM task, we have demonstrated that
pilocarpine experimental rats exhibit spatial memory defi-
cits soon after the initial insult and such deficit persists
during epileptogenesis. Music intervention is able to
enhance the spatial memory capability and exerts a stronger
effect on cognitive recovery during the early period after SE.

Cognitive deficits remain a major complaint in TLE.
Although the majority of patients with TEL have normal
intelligence, overall, they are more likely to suffer from
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Table 1 .Sw1mm1ng speed and Stage Group Average swimming Distance (cm) P
distance in the water maze speed (cm/s)
probe trial (Mean + SEM) P
SED10 Epilepsy 12.46 + 0.32 745.45 + 10.83
Mozart-epilepsy 13.21 £0.18 791.19 £ 11.28 >0.05
Control 12.94 £ 0.52 774.72 £ 9.87
SED20 Epilepsy 13.43 £ 0.42 802.52 £+ 12.34
Mozart-epilepsy 12.71 £ 0.19 760.82 £ 11.43 >0.05
Control 12.62 £ 0.36 755.43 + 15.69
SED30 Epilepsy 11.97 £ 0.20 716.88 + 13.10
Mozart-epilepsy 11.85 £ 0.72 709.34 + 12.87 >0.05
Control 12.45 £ 0.61 745.25 + 10.22

impaired cognitive performance when compared with
healthy controls (Meador 2002). Annemarieke Rutten et al.
(2002) reported that impairments in visual-spatial memory
were present shortly after SE in immature rats and persisted
until adulthood. Impairment of a variety of memory types
has been extensively described in TLE patients, including
verbal, episodic and spatial working memory (Wieser
2004).

A wide range of variables may underlie cognitive
impairment in epilepsy including biologic, psychosocial,

and treatment-induced factors (Meador et al. 2001). There
is convincing evidence showing that higher frequency and
duration of TLE are associated with more severe hip-
pocampal atrophy and cognitive deficiency (Eichenbaum
1999). However, few studies have addressed whether the
degree of cognitive impairment is stable following the
epileptogenesis process. In this study, our results showed
that cognitive impairment was persistent and the degree
was varied during the different epileptogenesis periods in
the MWM testing. We didn’t find the presence of seizure
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Control group

activity or the change of motor ability indexed by both
swimming speed and path distance at water maze task
testing, which may suggest that cognitive impairment of SE
rats in MWM task was not due to abnormal movements in
our experiment. In future studies, further experiments and
evaluations are required to investigate the detailed neural
mechanisms of cognitive impairment in model rats.

Although there have been putative effects of music on
learning and memory, accumulating evidence has demon-
strated that spatial learning and working memory acquisi-
tion and retention in mouse, rat or human are improved by
appropriately exposure to music. Rauscher (1993) observed
an immediate enhancement in spatial-temporal reasoning
in college students exposed to 10 min of the Mozart Sonata
K.448. In addition to Mozart’s music, other musical pieces,
including Schubert and Bach music, have been found to
have the similar effect (Ivanov and Geake 2003; Caldwell
and Riby 2006).

At present music has been used to ameliorate memory
loss in Parkinson’s disease (Pacchetti et al. 2000) and
demented patients (Foster and Valentine 2001), to assist
language acquisition in learning-impaired children, to
enhance student academic performance on examinations
(Bridgett and Cuevas 2000) and attention-deficit/hyperac-
tivity disorder (Maguire 2012). Particllarly, Mozart music
is used to cure children with generalized seizures in clini-
cal. Lin et al. (2010, 201 1a, b) reported the effect of Mozart
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K.448 on epileptiform discharges and seizure frequencies
in Taiwanese children with generalized seizures. By con-
tinuous EEG monitoring occurred before, during, and after
8 min of exposure to the Mozart sonata, in 81 % of the
patients there was a reduction in interictal discharges.
Similar reduction was also reported when patients with
rolandic types of seizures were exposed to Mozart K.448
(Turner 2004). Hughes (2001) observed that exposure to a
Mozart sonata dramatically reduced pathological ictal
spiking activity in epilepsy subjects. Animal experiments
also found long-term enhancement of maze learning in
mice via a generalized Mozart effect (Aoun et al. 2005).
Mozart K.448 attenuates spontaneous absence seizure and
related high-voltage rhythmic spike discharges in Long
Evans rats (Lin et al. 2013).

The therapeutic potential of music has largely been
explored in cognitive science (Raglio et al. 2014). How-
ever, the effect of music on patients or animals with
epileptic seizures is complicated and at present poorly
understood. Previous studies paid more attention to effects
of music therapy on epilepsy activity, such as the sustained
time and frequency of seizures. In this study, we investi-
gated mainly the effects of music on cognition improve-
ment following epileptogenesis. Our results indicated that
epilepsy rats had poorer learning and memory capability
compared with normal rats, validating that there are dra-
matic and persistent impairments in spatial learning and
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memory following SE. Exposure to Mozart music signifi-
cantly attenuated cognitive impairments in SE rats. Fur-
thermore, we found that the learning rate was significantly
different only at SED10 between the epilepsy rats exposed
to music and the epilepsy rats without music exposure,
indicating that early music intervention may be more
helpful to the recovery of cognitive impairment.

Deficits in cognitive ability with TEL are often associ-
ated with cell loss in the hippocampus, and repeated sei-
zures can aggravate neuronal loss and cell death, thereby
exacerbating cognitive impairment (Eichenbaum 1999).
Recent experimental evidence has shown that some
specific music (such as Mozart music) can decrease spon-
taneous apoptotic cell death, increase neurotrophic factors,
neurogenesis, synaptogenesis, dendritic spine number,
dendritic arborization, and change the levels of neuro-
transmitters or receptors in rodents (Kim et al. 2006; Van
Praag et al. 2000; Chikahisa et al. 2006). Exposure to
music in the perinatal period enhances learning perfor-
mance and alters BDNF/TrkB signaling in mice as adults
(Castren et al. 1992). Lin et al. (2014) found that listening
to Mozart K.448 significantly reduced the EEG oscillatory
power and affected brain cortical function in healthy
adults. Previous fMRI studies also revealed a correlation
between cortical activity and increased spatial-temporal
task performance during exposure to Mozart K.448 (Bod-
ner et al. 2001).

However, it should be noted that in this study we didn’t
estimate music effects on the number of spontaneous sei-
zures and epileptiform discharges. Accordingly, our current
results cannot rule out the possibility that cognitive
improvement is associated with music decreased seizure
activity or epileptiform discharges. It is of importance and
deserves to be further examined the correlations between
anticonvulsant effects and improved cognitive performance
in our future studies.

Conclusions

In conclusion, our research revealed that the rats undergo
progressive cognitive impairment following epileptogene-
sis. Music intervention significantly improves cognitive
ability and plays a stronger effect on cognitive recovery
during the early period after SE. Although it is still unclear
how specifically music improves cognitive ability, it is
likely that music can be used as an auxiliary tool for the
treatment of clinical brain damage. Further experiments are
needed to clarify both intervention strategies and the neural
mechanisms underlying music therapy.
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