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Abstract

Music has been proposed for a long time as a treatment for mental disorders. However,
some special types of music or stimulating sounds might induce negative emotions. Herein,
8-week-old male mice were exposed to two specific genres of music, Hip-Hop (HH) and
Heavy Metal (HM) and Construction Noise (CN) and a series of behavioral experiments
were performed to evaluate the impact of these music or sounds on the emotion of mice.
The experiment lasted 1 week in which 8-week-old male mice were used as animal models.
We found that long term exposure HM, HH and CN induced depressive symptoms with a
decrease in dopamine receptor 1 and BDNF protein in the mixture of hippocampus and
frontal cortex of mice. Our results have highly addressed that certain special types of sound
or music might induce negative emotions and loss of dopaminergic neurons in mice and it is
necessary to intervene in adolescences that are exposed to these music or sounds for a long
time. ASEAN Journal of Psychiatry, Vol. 25 (8) October, 2024, 1-14.

Keywords: Adolescence; Depression; Anxiety; Heavy-Metal Music; Hip-Hop; Construction

Noise
Introduction

Music has often been used as an effective
treatment for psychological diseases. The
neuroscientific approach proved music exerted
a strong influence on the complex neurobiology
procedures of the brain, reducing symptoms of
mental disorders including depression, anxiety,
autism, schizophrenia and dementia, etc [1]. It
has been reported that music was able to prevent
depression and anxiety that are induced by chronic
unpredictable mild stress by restoring the levels of
BDNF protein [2]. Notably, music therapy is found
to alleviate both physical pain and psychological
pain for terminally ill patients, while music
therapy combined with standardized treatments
gives better outcomes in improving depression,
anxiety, schizophrenia, Obsessive-Compulsive
Disorder (OCD) in patients [3-7].

Nevertheless, most of the previous studies
specifically focus on producing soothing and
comforting effects by music. However, different
music tracks give different levels of relaxation,
with loud beats of drums detrimental to the level
of relaxation [8]. There are doubts about whether a

different musical composition will have the exact
opposite effects on a human’s emotional state.

Hip-hop music and heavy metal music are two
controversial types of music that appeal to
teenagers more than other age groups [9]. Studies
show a general correlation between antisocial
behaviors and listening to rap, which includes
hip-hop and heavy metal music [10]. Rap music
including hip-hop is found to be associated with
deviant behaviors (violence, theft, street gangs,
mild drug use and hard drug use) in adolescents
[11]. Relationship is found between heavy metal
music and depression, delinquency, risk-taking
and drug-taking behaviors, suicidal thinking and
deliberate self-harm, despite that the underlying
mechanisms is unknown due to influences of other
factors such as family situations [12-14]. Indeed,
heavy metal’s usual hopeless theme might be the
main cause of it usually becoming the victim to
be blamed for teenager’s psychological health
[12]. Still, other studies claim that the miserable
themes prevalent in heavy metal music provide
an emotional outlet for adolescents, improving
their well-being and fans of heavy metal exhibit
no anxiety-like or depressive behaviors [15].
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Therefore, it is reasonable to doubt the validity
of the correlation between heavy metal music and
mental disorders [9].

Moreover, significant associations were found
between noise annoyance and depression, anxiety
disorder and general mental health [16]. 4 weeks
of daily exposure to non-traumatic white noise is
found to have anxiogenic effects through elevating
the lateral amygdala’s neuronal activity [17].
Furthermore, the risk of depression was increased
by exposure to aircraft noises [18]. However, the
chronic effect of construction noise on anxiety or
depression was never deeply investigated in the
previous studies.

Teenage brains are characterized by a variety of
modulations, including a decrease in gray matter
accompanied by an increase in white matter,
a decrease in neuronal density and synaptic
pruning, a shift from diffuse to focal of cortical
activity, an increase in ventral striatum activity,
amygdala hyperactivation with relatively weaker
amygdala-hippocampus connectivity, etc and
most of which show a controversial correlation
with adolescent’s impulsive behaviors [19-24].
Some studies attribute teenage impulsive actions
to an imbalance of development between earlier
maturation of subcortical regions, specifically, the
striatum and less mature prefrontal cortex (one
indication of development is the increase in density
of dopamine receptors D1 and D2, which is said
to account for adolescent’s sensitivity to rewards)
[25]. Other studies explain that the remodeling of
the prefrontal cortex and the dopaminergic system
during adolescence leads to anticipations of more
abstract and distant types of rewards, which is also
more likely to be frustrated, causing adolescents
to be more vulnerable to depression [26,27].

Social stressors (including social instability and
social defeat) applied during adolescence have
been shown to promote anxious and depressive
behaviors in rodent models [28]. Both acute and
chronic stresses act via diverse neuronal circuits
to induce anxiety and depression, while the
early life environment greatly influences stressor
reactivity throughout the life span [29]. 3-weeks
of Chronic Mild Stress (CMS) protocol is shown
to induce depression through the observation of a
decrease in the sucrose preference and an increase
in the immobility time in the forced swim test and
shown to induce anxiety through the observation
of a reduction in open arm exploration in elevated
plus maze test [30-32]. Nonetheless, few studies

have been made concerning acoustic stress during
adolescence.

Thus, heavy metal music, hip-hop music, or
construction noise were applied in our study to
evaluate the effects of those voice on emotional
state (mainly depression and anxiety) on teenage
mice. Therefore, 8-week mice as models for young
teenagers were used to measure how acoustic
stress stimuli may alter the composition and
development of the brain, which is then reflected
in the behavior. Several behavioral tests including
the Sucrose Preference Test (SPT), the Nest
Building (NB), the Open Field Test (OFT), the
Elevated Plus Maze (EPM), the Tail Suspension
Test (TST) and the Forced Swim Test (FST)
were performed to determine the anxiety and
depression level of rodent models. The underlying
mechanisms of those voice regulating depressive
or anxious behaviors were slightly investigated
by measuring the dopamine receptor, serotonin,
brain-derived neurotrophic factors and Trk B’s
(Tropomyosin receptor kinase B) level in the brain
of mice.

Materials and Methods

Experimental design

The study aims to investigate the impact of
long-term exposure to acoustic stimuli over one
week on mice in adolescence (8 weeks old). To
minimize variation in the parameters of interest,
mice were litter-matched, age-matched and sex-
matched in all animal trials. The chosen acoustic
stimuli are intended to focus on intense sounds that
may arouse anxiety-like or depressive emotions
after long and constant exposure. Two groups of
music, hip-hop and heavy metal and construction
noise were applied in the study. There were four
groups of mice, with ten mice per group. Each
of them was placed in identical chambers with
similar treatments except that three groups were
put under three distinct chronic sound stresses
from 9 am to 12 pm and from 2 pm to 5 pm every
day, giving them a total of six hours of acoustic
stimuli each day. The voice box is stuck to the top
of the box about 0.25 m from the mice. Every day,
at around 1 pm, each mouse is weighed and the
Sucrose Preference Test (SPT), the Nest Building
(NB), the Open Field Test (OFT), the Elevated
Plus Maze (EPM), the Tail Suspension Test (TST)
and the Forced Swim Test (FST) are conducted
to evaluate anxiety or depression-like behaviors
in mice. The frontal lobe and hippocampus were
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collected and the levels of protein expression
(dopamine receptor 1-type, (DR1); BDNF; Trk
B) and neurotransmitter (serotonin, 5-HT) were
estimated by Enzyme-Linked Immunosorbent
Assay (ELISA) and western blot assays.

Animal experiment

All animal studies were carried out in strict
conformity with the Nanjing University of
Chinese Medicine’s institutional ethical standards
on animal care. Every Specific Pathogen-Free
(SPF) animal was given sterile SPF pellet rodent
feed and sterile water. They were also kept in
standard environments, with a room temperature
of 22°C and a 12 hour light/dark cycle. Wild-
type C57BL/6 male mice (8 weeks old) were used.
Experimental groups were divided into groups of
WT mice without any intentional acoustic stimuli
(WT, n=10), mice under hip-hop stimuli (HH, n=10),
mice under heavy metal stimuli (HM, n=10) and
mice under construction noise stimuli (CN, n=10).

Sound exposure

The music lists for hip-hop and heavy metal are
below and with an average of 3 min-4 min per
song and a total of about 30 min for all songs in
either hip-hop group or heavy metal group. The
mice were exposed with different sounds from 9
am to 12 pm and from 2 pm to 5 pm every day for
one week.

Body weight

The initial weights of mice were recorded and the
mice were weighted every day at 2 pm for one
week. The averages of the weights of mice were
calculated daily and the trends of the weights over
the week were graphed.

Sucrose Preference Test (SPT)

The sucrose preference test is conducted to
evaluate the sound exposure-induced anhedonia
in mice models [33]. The mice were given two
bottles, with one 100 mL of 5% sucrose solution
and one with an equivalent amount of water,
at the start of the trial. The water and sucrose
solution were provided on a 24 hour basis every
day. The residual volume of each bottle was
measured every day at around 2 pm for estimation
of the total volume of water and sucrose solution
consumed in each group. After the one-week trial,
the sucrose preference (%) for each group of mice
was calculated as the amount of sucrose solution
intake over the total liquid intake each day. Data

consisting of six data corresponding to six days
were obtained for the sucrose preferences for mice
under four different sound exposures.

Nest Building (NB)

The nest-building behavioral test was performed
according to the previously published approach
[34]. Briefly, each mouse was individually placed
in an open chamber of 15 cm % 40 cm % 20 cm and
given available water and two pieces of cotton.
The mice were given a night time to build a nest
with the cotton, the results were photographed and
scored basing on a rudimentary scale of 4 [34].

Open Field Test (OFT)

The open field test was performed according to
the previously published approach [35]. The mice
were placed in an open field chamber (length,
width and height: 25 cm % 25 cm % 40 cm) for 10
min briefly, the mice were initially placed in the
center and their movements were recorded by a
video tracking system. The open field is divided
into a central field and an outer field. The time
mice spent in both fields and the total distances
traveled for each mouse were recorded. After each
trial, the apparatus is cleaned with 70% ethanol
to remove smells that may interfere with the
following mice’s performances.

Elevated Plus Maze (EPM)

The elevated plus-maze and the testing procedure
were performed according to the previously
published approach [36]. The Elevated Plus Maze
(EPM) consisted of two open arms (50 cm x 10 cm)
and two closed arms (50 cm x 10 cm) elevated 50
cm above the ground. Briefly, mice were initially
placed in the center or the conjunction of the four
arms facing a closed arm and allowed to explore
for 5 min freely. A video tracking system tracked
their movements and recorded the time mice
spent in open and closed arms and the number of
entrances made to each arm. After each trial, the
apparatus is cleaned with 70% ethanol to remove
smells that may interfere with the following mice’s
performances.

Tail Suspension Test (TST)

The tail suspension test was performed according
to the previously published approach [37].
Mice were suspended by the tails about 50 cm
above the ground for 6 min. The mouse tail was
secured to the hook at the top by adhesive tape
placed approximately 1 cm below the tail tip.
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The immobility time was recorded with a video
tracking system.

Forced Swim Test (FST)

The forced swim test was performed according to
the previously published approach [38]. Mice were
placed in Plexiglas cylinders (50 cm height X 20 cm
internal diameter) filled with water (23°C-25°C)
to a depth of 15 cm water. The immobility time
was recorded with a video tracking system over
the 6 min session.

Western blot

Western blot was performed to detect the protein
levels of BDNF, TrkB and p-TrkB in the frontal
lobe and the hippocampal region of the mice.
The frontal lobe and the hippocampal region
were homogenized in a RIPA solution containing
a complete protease inhibitor cocktail using an
ultrasound machine. The homogenates were
then centrifuged at 12,000 rpm at 4°C for 30
min and supernatants were collected and the
protein concentrations were determined by a BCA
detection kit (Beyotime, China). Eventually, the
protein samples were combined 1:1 with 2 loading
buffer and boiled with 95°C for 15 min for the
following assay.

Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA assay was performed to detect the level
of dopamine receptor and serotonin in the frontal
lobe and the hippocampal region of the mice by
following the manufacturer’s protocol.

Statistical analysis

GraphPad Prism 8.0.1 was used for statistical
analysis and graph plotting. Student’s t-test was
used for analyzation of significant differences
between two sets of data. The differences in
multiple sets of data were analyzed through one-
way ANOVA. All data are presented as mean
+ SEM. Significance levels were indicated as
*p<0.05, **p<0.01, ***p<0.001.

Results

Long-term exposure of HH, HM, or CN induced
depression-like behaviors in mice

Sucrose preference, TST and FST tests were
performed to evaluate the depression-like
behaviors in mice. For Sucrose preference, the
test was conducted per day for all groups over

six days. The results showed that a significant
reduction in sucrose preferences between Wild-
Type (WT) and Homozygous (HM) mice (p<0.01)
or CN mice (p<0.05), while no difference was
observed in sucrose preference between WT and
HH mice (Figure 1).
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Figure 1. Sucrose preference is calculated per
day for all four groups over six days. There is
a reduction in sucrose preferences between WT
and HM mice or CN mice, while no difference
was observed in sucrose preference between
WT and HH mice. All values were presented as
mean = SEM. *p<0.05, **p<0.01, ***p<0.001.

Furthermore, TST and FST tests were conducted
after sound exposure for one week. Notably,
results of TST also indicated that WT mice
showed a significantly greater mobility time than
HH mice (p<0.01), HM mice (p<0.001) and CN
mice (p<0.001) while in FST, no difference was
observed between the mobility time of WT mice
and the mobility time of the other three groups
(HH mice, HM mice, or CN mice) (Figures 2 and 3).
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Figure 2. Tail Suspension Test (TST) is
performed for all four groups after sound
exposure for one week. WT mice showed longer
mobility time than HH mice, HM mice and

CN mice. All values were presented as mean *
SEM. *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. Forced Swim Test (FST) is performed
for all four groups after sound exposure for one
week. No difference was observed between the
mobility time of WT mice and the mobility time
of the other three groups (HH mice, HM mice,
or CN mice). All values were presented as mean
+ SEM.

All results thus demonstrated that long-term
exposure of HH mice, HM mice, or CN mice
induced depression-like behaviors in mice. Nest
Building (NB) behavioral test is also performed
due to its correlation with the detrimental state
of mice. No difference was observed between the
quality of nest built by WT mice and the nest built
by the other three groups (HH mice, HM mice, or
CN mice) (Figure 4) [39].
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Figure 4. Nest Building (NB) is performed for
all four groups after sound exposure for one
week. No difference in performances evaluated
by the standard rating scale was observed
between WT mice and the other three groups
(HH mice, HM mice, or CN mice). All values
were presented as mean +£ SEM.

Long-term exposure of HH, HM, or CN alleviated
the fear and anxiety-like behaviors of mice

Additionally, Elevated Plus Maze (EPM) the

Open Field Test (OFT) were also performed after
sound exposure for one week to evaluate the
fear and anxiety-like behaviors towards the new
environment. In the EPM, WT mice showed
significantly less time spent in open arms
than HH mice (p<0.05), HM mice (p<0.01)
and CN mice (p<0.05). Correspondingly, the
total distance traveled in the open arm is also
significantly less for WT mice than for HH mice
(p<0.05), HM mice (p<0.01), CN mice (p<0.05)
(Figure 5). Moreover, HM mice showed a non-
significant increase in time spent in the center
and distance traveled compared to the WT mice
(Figure 6).
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Figure 5. Elevated Plus Maze (EPM) is
performed for all four groups after sound
exposure for one week. Note: (A) WT mice
showed shorter time spent in the open arms
compared with the other three groups (HH
mice, HM mice and CN mice); (B) WT mice
showed shorter distance travelled in the open
arms compared with the other three groups
(HH mice, HM mice and CN mice) All values
were presented as mean + SEM. *p<0.05,
*¥*p<0.01, ***p<0.001.
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Figure 6. Open Field Test (OFT) is performed
for all four groups after sound exposure for one
week. Note: (A) WT mice showed no significant
difference in time spent in the centre of the
field compared with the other three groups
(HH mice, HM mice or CN mice); (B) WT mice
showed no significant difference in distance
travelled in the centre of the field compared
with the other three groups (HH mice, HM
mice, or CN mice) All values were presented as
mean + SEM.

All results suggested a prevention of anxiety and
fear induced by a long-term exposure of strong
acoustic stimuli including HH, HM and CN.

Reduction of DRI and BDNF protein might be re-
sponsible for long-term exposure of strong acous-
tic stimuli-induced emotional changes

Dopamine Receptor 1 (DR1) mediates behavior
related to anxiety and depression. Given that, the
protein level of DR1 was detected to explore the
underlying mechanism of long-term exposure

of strong acoustic stimuli-induced emotional
changes. Results of ELISA indicated long-term
exposure of HH (p<0.001) or CN (p<0.001)
reduced the protein level of DRI in brain of
mice, while an insignificant decrease in DRI
concentration between WT mice and HM mice
were observed. (Figure 7).
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Figure 7. DR1 concentration in the mixture
of the frontal lobe and the hippocampus is
measured after sound exposure for one week.
HH mice and CN mice indicated a reduction
in DR1 while HM mice showed no significant
difference in DR1 concentration compared with
WT mice. All values were presented as mean *
SEM. *p<0.05, **p<0.01, ***p<0.001.

Additionally, BDNF, as a key neurotrophic
factor, was also considered to be closely related
to emotional changes in humans. Then, the effect
of long-term exposure of strong acoustic stimuli
on BDNF/Trk B pathway was also detected by
western blot assay. The results showed that long-
term exposure of HH (p<0.05) and CN (p<0.01)
significantly reduced the protein level of BDNF
protein in brain of mice and there was no
difference In BDNF protein level between HM
mice and WT mice (Figure 8). Unexpectedly,
no difference in Tropomyosin receptor kinase B
(Trk B) level between WT mice and all other
three experiment groups (HM mice, HH mice,
CN mice) (Figure 9).

Finally, the effect of long-term exposure of strong
acoustic stimuli on 5-HT level was also detected
due to its involvement in emotional regulation.
However, no significant difference was found in
5-HT concentration between WT mice and HM
mice or HH mice, while a significant decrease in
5-HT concentration for CN mice was observed
(p<0.001) (Figure 10).
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Figure 8. BDNF concentration in the mixture
of the frontal lobe and the hippocampus is
measured after sound exposure for one week.
The results indicate a reduction in BDNF
protein. Note: (A) However, no significant
difference is found in BDNF concentration
between HM mice and WT mice; (B) HH mice;
(C) CN mice compared with WT mice.
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Figure 9. Trk B concentration in the mixture
of the frontal lobe and the hippocampus is
measured after sound exposure for one week.
No difference in Trk B concentration is found
between WT mice and the other. Note: (A) HM
mice; (B) HH mice; (C) CN mice.
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Figure 10. 5-HT concentration in the mixture
of the frontal lobe and the hippocampus is
measured after sound exposure for one week.
No difference in 5-HT concentration is found
between WT mice, HM mice and HH mice. A
significant decrease in 5-HT concentration is
found in CN mice compared with WT mice.

Discussion

The main results of this study were that the
application of long-term acoustic stimulus,
including HH, HM and CN, might induce
depression-like behaviors as proven by a
significant decrease in sucrose preferences in HM
and CN mice, a significant decrease in mobility
time in the tail suspension test for HM, HH, and
CN mice. Notably, long-term exposure of HH,
HM and CN also alleviated the fear and anxiety-
like behaviors of mice as indicated by an increase
in time spent and distance traveled in the open
arm in the elevated plus maze. Furthermore, our
results suggested a significant reduction in DR1
and BDNF protein levels in the hippocampus
and frontal lobe might be responsible for long-
term exposure of strong acoustic stimuli-induced
emotional changes.

The expression level of DIR is related to stress
stimuli. Chronic stress exposure decreases
dopamine levels in the mPFC (medial prefrontal
cortex). Repeated social defeat stress reduces the
mRNA level of DI receptors in mPFC, which
also plays a significant role in suppressing stress
susceptibility [40,41].

BDNF protein is also influenced by stress stimuli.
Early life stress may exert differential alterations
to the expression of BDNF protein and CREB
transcripts in the hippocampus, contributing
to individual differences in hippocampal
vulnerability to stress which influences mood.
Chronic social defeat stress induces lasting down
regulation of BDNF protein which is reversed
by the anti-depressant imipramine [42]. Chronic

stress reduces the expression of BDNF protein in
the dentate gyrus to induce neurogenesis in the
hippocampus, preventing depression, but does not
affect the expression of trkB, which may explain
the reduction in BDNF protein accompanied by
a constant concentration of trkB for HH and CN
mice [43-45].

D1-like receptors, which include DIR and D3R,
are associated with the regulation of depressive
symptoms. It has been proven that D1 but not D2
receptor activation increases protein synthesis
by eEF2 (Eukaryotic elongation factor 2)
dephosphorylation through inhibiting of eEF2K
(eEF2 kinase). Notably, the anti-depressant effects
of ketamine are also attributed to the inhibition of
spontaneous glutamate release-driven N-Methyl-
D-Aspartate (NMDA) receptor activity, following
by a decrease in eEF2K activity, thus increasing
protein synthesis [46]. This implies that DR1’s
involvement in the regulation of depressive
symptoms might be similar to that of ketamine.
Moreover, a strong connection is established
between ketamine and DRI in the sense that
acute ketamine administration is associated with
significantly increased dopamine levels in the
cortex [47]. Therefore, DR1 has been proposed as a
possible target for treatments of depression, which
yields promising results. Similarly, D1-receptor
stimulation by D1 receptor agonists is shown to
relieve pain-related depression [48]. Injections
of 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), which reduces dopaminergic neurons,
impairs the DR1-mediated neurogenesis in v-DG
(ventral dentate gyrus) in the hippocampus,
induced  depression-like ~ symptoms  [49].
Moreover, the addiction to abuse quetiapine (an
effective atypical antipsychotic in the management
of mental disorders including depression and
anxiety) is blocked by pretreatment of D1 receptor
antagonist, suggesting the modulatory role of
D1 receptor in the anti-depressant pathway of
quetiapine [50,51].

BDNF protein level is also related to the mediation
of the depression pathway from previous research.
Studies prove that the up-regulation of BDNF protein
level in the hippocampus produced anti-depressant
effects. Serum BDNF protein is lower in patients
with major depressed patients and anti-depressant
treatments restore BDNF protein level [52-55].
However, the mechanisms of the anti-depressive role
of BDNF protein are still unclear [56].

Nevertheless, the role that BDNF protein plays in
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the depression pathway is ambiguous; it may be
required for activity-dependent plasticity linked
to depression. The simultaneous decreases in
DR1 and BDNF protein for HH and CN mice
suggested a possible relationship between BDNF
protein and DR1. SKF 83959, a D5R and DI1-
D2 receptor heteromer agonist, induces a 70%
increase in the expression of BDNF protein in
the PFC (prefrontal cortex) and elevates Akt
signaling, acting like an anti-depressant [57,58].
Nevertheless, controversial evidence explains
how the activation of dopamine D1-D2 receptor
heteromer by dopamine or agonist SKF 83959
leads to intracellular calcium mobilization,
resulting in CaMKlla activation which leads to
enhanced BDNF protein production in the nucleus
accumbens, while BDNF protein exerts anti-
depressant-like effects in the hippocampus and
pro-depressant effects in the nucleus accumbens
[59]. The interrelation between BDNF protein
and DRI can exert opposite influences on mood
disorders depending on specific regions of the
brain, but the connection between the two is
evident [52].

The reduction of DRI in the mixture of the
hippocampus and frontal lobe can be responsible
for the anxiolytic effects of acoustic stimuli. A
dopaminergic pathway, such as the projection of
the ventral tegmentum area to the interpeduncular
nucleus, is found to mediate anxiety-like
behaviors. Specifically, the excitation of the release
of dopamine in Ventral Tegmental Area (VTA)
to Interpeduncular Nucleus (IPN) increased,
while the inhibition of this pathway reduced, the
anxiety behaviors. Nicotine, a dopamine agonist
that stimulates dopamine neurons of the ventral
tegmentum area, induces anxiety [60,61].

The decrease in anxiety suggested by the
behavioral tests may also be related to the
corresponding decrease in BDNF protein level.
The BDNF protein -TrkB pathway is essential
for the consolidation of fear conditioning in the
amygdala, as BDNF protein deletions greatly
impair the consolidation of fear conditioning. A
Single-Nucleotide Polymorphism (SNP) in the
BDNF gene (BDNF Val66Met) that produces Met/
Met rats demonstrates a decrease in BDNF protein
secretion and a deficit in forming fear memory
[62,63]. Additionally, under a stressful setting,
Met/Met mice exhibited increased anxiety-related
behaviors [64]. These findings suggest that anxiety
is influenced by the status of the BDNF Val/Met
allele [65].

Furthermore, a relationship is found between
BDNF protein and serotonin (5-HT). The decrease
in basal BDNF protein levels in the hippocampus
is not reversed with the administration of
fluoxetine, a Selective Serotonin Reuptake
Inhibitor (SSRI) that normally produce anxiolytic
and anti-depressant effects, suggesting that the
function of SSRIs may depend on BDNF protein
[66]. The reduction in BDNF due to BDNF
gene polymorphism results in increased anxiety
behaviors and decreased 5-HT fiber density. This
may explain the anxiolytic effect of construction
noise, exemplified by a decrease in time spent and
total distance traveled in the open arm during the
EPM and a significant decrease in BDNF protein
level and 5-HT level [67]. However, the anxiolytic
effects of music including heavy metal and hip-
hop show more correlation with the decrease in
BDNF protein concentration and are not related
to 5-HT level.

This study has several limitations. The first
limitation was the time frame. One week of
acoustic stimuli might not be enough to induce
any significant mental disorder or verify the long-
term effects of HH, HM, or CN on adolescents.
Another limitation was the exclusiveness of the
male sex. Female mice may yield completely
different results. For adult ovariectomized female
rats, dopamine agonists produced depressive-
like symptoms while dopamine antagonists
exerted anti-depressive-like effects, implying the
complexity of dopamine receptor’s role in inducing
or reducing depression depending on different
gender [68]. Additionally, female patients were
more depressed and expressed less BDNF. The
disorder of D1-D2 receptor heteromer in females
may significantly promote females’ susceptibility
to depression and anxiety disorders [54]. Lastly,
this study slightly explored the possibility of
inducing anxiety or depression through HH, HM,
or CN and other mental disorders and molecular
changes untested might have taken place [69].

Additionally, dopamine acts at two different
receptor families: D1-like receptors (D1 and
D5) and D2-like receptors (D2, D3 and D4).
This study focused solely on D1-like receptors,
while D2-like receptors are also involved in
depression, especially for D2 and D3. Several
DR2 and DR3 agonists, including 7-Hydroxy-2-
(di-n-propylamino)tetralin (7-OH-DPAT), BP 897
and pramipexole, produced anxiolytic- and anti-
depressant-like effects in the animal model. D3R
deficiency also results in chronic depression and
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anxiety [70,71]. Moreover, the down regulation of
D3R in the nucleus accumbens shifted microglia
to the pro-inflammatory stage and contributes to
the development of depressive-like behaviors
through Akt signaling pathway, marking a shared
pathway that is regulated by both DR1 and DR3
[72,73]. Therefore, further experiments should
be performed to measure different dopamine
receptors, D1-like or D2-like, in different brain
regions, hippocampus or nucleus accumbens, to
determine the role of acoustic stimuli in inducing
depression or anxiety [74].

Conclusion

In conclusion, acoustic stimuli (heavy metal
music, hip-hop music and construction noise)
applied chronically over the course of a week
induces depression while alleviates anxiety in
8 weeks old mice models. The sound stimuli
also reduce the amount of dopamine receptors 1
and BDNF protein in the mixture of the frontal
lobe and hippocampus. Nevertheless, additional
research needs to confirm this finding due to its
limited time period and exclusiveness on males.
Further research waits to be conducted to ascertain
the relationship between the decrease in protein
on a molecular level and the observed behaviors
related to depression and anxiety.
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