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Music therapy as a preventive intervention for postpartum
depression: modulation of synaptic plasticity, oxidative stress,
and inflammation in a mouse model
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Postpartum depression (PPD) significantly impacts women’s mental health and social functioning, yet effective therapies remain
limited. This study investigates the preventive effects of music therapy on PPD-like behaviors and the underlying neurobiological
mechanisms in a mouse model subjected to ovarian hormone withdrawal (HW). Mice exposed to daily music sessions exhibited
markedly reduced depression- and anxiety-like behaviors, as evidenced by enhanced performance in behavioral tests such as the
open field test (OFT), forced swim test (FST), elevated plus maze test (EPM), sucrose preference test (SPT), novelty-suppressed
feeding (NSF) test, and tail suspension test (TST). Furthermore, music therapy normalized oxidative stress indicators (NO, MDA, SOD,
CAT, GSH-Px, T-AOC, ATP, and glutamate) in the serum, hippocampus, and prefrontal cortex. Additionally, music exposure reduced
levels of proinflammatory factors (IL-6, IL-1, iNOS, TNF-0, and TGF-B) and the activation of microglia and astrocytes in these brain
regions. Notably, music therapy preserved neuronal integrity, promoted neurogenesis, and maintained synaptic plasticity,
evidenced by the restoration of dendritic spines. Transcriptome sequencing identified differential gene expression in pathways
related to synaptic plasticity, inflammation, and oxidative stress. These findings suggest that music therapy prevents PPD by
modulating oxidative stress, inflammation, and synaptic integrity, providing robust preclinical evidence for its potential as a natural
preventive intervention for PPD. This study underscores the need for further clinical research to validate the therapeutic efficacy of

music in preventing PPD in humans, highlighting its promise as a non-invasive and accessible treatment modality.
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INTRODUCTION

Global economic growth and technological advancements con-
tinue to strengthen, intensifying competition. In modern society,
individuals often face significant psychological pressure due to
multiple conflicting identities and roles, particularly women [1].
During pregnancy, women frequently struggle to balance family
and professional roles, leading to severe psychological stress and
eventual somatization, estrogen imbalance, and increased risk of
postpartum depression.

PPD not only severely impacts women’s psychological and
social functioning but also increases the overall societal health
burden [2]. Clinical manifestations include anxiety, anhedonia,
mood disturbances, and potential suicidal tendencies, which pose
significant challenges for patients and their families [3]. Although
the etiology is complex, numerous studies have highlighted the
pivotal role of neurotrophic factors, inflammatory cytokines, and
hormonal imbalances in its pathogenesis. Current treatments,
including pharmacotherapy and psychotherapy, are ineffective for

approximately one-third of patients [4]. Moreover, due to the
blood-brain barrier, many drugs exhibit poor therapeutic efficacy
and potential adverse effects. Long-term consumption of psycho-
logical therapies further increases life burdens. Therefore, preven-
tion of postpartum depression is crucial, necessitating the
development of more effective, side effect-free prevention
strategies to enhance women'’s quality of life.

Fortunately, our era highly esteems art and its expressive forms.
In a globalized context, art serves not only as a reflection of culture
and history but also as a vital medium connecting diverse social
groups and reflecting individual emotions and resonance.
Throughout history, music has been recognized as a healer of
physiology, emotions, and psyche [5]. In 1947, Edgar Cayce
prophesied and asserted that “music is the medicine of the
future,” having restored many from trance states [6]. As a language
that directly expresses emotions and aesthetics, music offers
noninvasiveness, affordability, and a lack of adverse reactions [7],
making it widely applicable in treating psychiatric disorders,
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particularly as an adjunct therapy for postpartum depression.
Through its unique rhythms, melodies, and tones, music aids
women in enhancing self-control, reducing pain perception,
promoting endorphin secretion, and achieving emotional balance
and release [8, 9]. Research indicates that actively listening to
music for at least 30 min daily significantly reduces stress and
anxiety in pregnant women while improving sleep quality,
demonstrating the pleasant, noninvasive nature of music therapy
in creating a supportive environment for maternal health [10].
Despite the recognized potential of music in preventing and
treating postpartum depression, its mechanism in animal models
remains unclear. By employing biomedical approaches, we
analyzed the effects of music on PPD mice to explore the
potential mechanisms underlying the preventive role of music,
paving the way for novel therapeutic strategies in the future.

MATERIALS AND METHODS

Animal preparation

Female BALB/c mice, aged 11 weeks and weighing 22 + 1.5 g, were acquired
from the Fang Yuanyuan Breeding Farm, located in Beijing, China. These
animals were housed under controlled environmental conditions, maintain-
ing a temperature of 23+ 1°C and a relative humidity of 50 + 1%, within a
regimen that included a 12-h light/dark cycle (lights on from 8 a.m. to 8 p.m.).
The rats had unrestricted access to a standard diet and water ad libitum.

Modeling of postpartum depression and music listening
strategies

HW models are widely used as PPD mouse models for scientific research [11].
A hormone-induced PPD model was developed in female BALB/c mice at
12 weeks of age [12]. These mice were systematically allocated into four
distinct groups, each consisting of ten individuals. To establish the PPD model,
the experimental group of mice first underwent bilateral ovariectomy to
eliminate the endogenous source of hormones, followed by a seven-day
recovery period. After the recovery phase, the mice entered the induction
phase, during which they received daily intraperitoneal injections of -estradiol
(E2, 0.5ug/50g/day) and progesterone (P4, 0.8 mg/50g/day) for 16 con-
secutive days, with E2 and P4 dissolved in a plant-based solution. On day 17,
the dose of E2 was gradually increased to 10 pg/50 g/day, and P4 injection was
discontinued. The E2 escalation phase lasted for 7 days. Following this phase,
E2 injections were stopped, and the mice underwent a two-day hormone
withdrawal period. Behavioral assessments were performed two days after
cessation of E2 injections to confirm the establishment of the PPD model.
During the 23-day model establishment phase, the mice listened to music
prepared by us for 2h per day, with a music volume of approximately 70
decibels. To ensure minimal disturbance during music exposure, the mice were
placed in a sealed room. This process involved moving the mice, which could
have some impact, so we also moved the control groups an equal distance,
despite them not needing to listen to the music.

Regarding music selection, in the research conducted by the music-
focused team, a carefully curated collection of 25 musical pieces was
planned to facilitate auditory stimulation experiments involving murine
subjects (Table S1). This collection showcases a comprehensive range of
musical styles spanning various historical periods, including the Baroque,
Classical, and Romantic eras. For musical genres, the collection presents a
diverse array of instrumental and vocal compositions from both Eastern
and Western traditions, incorporating instruments such as the piano, flute,
harp, violin, guqin, and Cucurbit flute. The vocal repertoire includes
operatic arias, indigenous folk songs, and contemporary popular tunes,
with a particular emphasis on the rich traditional Chinese ethnic music
legacy originating from diverse cultural groups, including Han, Tibetan,
Mongolian, Dai, and Uighur.

The mice were arbitrarily divided into four groups, each containing ten
mice, as follows:

(1) SHAM: Subjects underwent sham surgery without ovariectomy and
were administered 0.1 ml/day of vegetable oil intraperitoneally.

(2) PPD: Bilateral ovariectomy was conducted to establish the PPD
model using E2 and P4.

(3) PPD + Music: This group employed the same PPD model and
listened to music.

(4) Music: Sham surgery group, only listened to music.
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Behavioral assessments

Two days after the final E2 injection, the mice were subjected to a
comprehensive set of behavioral assessments, accompanied by daily music
exposure until euthanasia. These assessments were carefully performed in
a calm environment to minimize potential external stressors that might
influence the results. To prepare for these tests, the mice were moved to
the testing area at least three hours before the test. This acclimatization
period was essential for allowing the animals sufficient time to become
comfortable with the new setting, ensuring that their reactions genuinely
represented their natural behaviors.

Sucrose preference test. The SPT is designed to assess anhedonia by
measuring a mouse’s preference for a sweet solution, reflecting their
pursuit of pleasure [13]. Initially, the mice were acclimated to a 1% sucrose
solution for three days to familiarize them with the taste. Then, they were
given access to both tap water and the sucrose solution for 24h to
determine their baseline preferences. The actual 12-h SPT followed, during
which the mice were provided with both liquids in identical bottles. The
positions of these bottles were alternated every 6 h to guarantee accurate
evaluation. We measured sucrose consumption to calculate sucrose
preference as follows: percentage preference = [(sucrose intake/total
intake) x 100]. All tests were conducted blindly to maintain the integrity
of the data.

Open field test. The OFT is a widely used method to evaluate the locomotor
and exploratory behaviors of mice [14]. The apparatus for this test is divided
into 16 equal squares. Mice were initially placed in the center of the
apparatus and allowed to acclimate for 2 min, which allowed them to adjust
to the new environment and ensured that their responses were natural.
Following this habituation period, key metrics such as the total distance
moved, time spent in the central zone, and the frequency of entries into the
center were meticulously quantified over a 3-min duration. The execution of
the test by an investigator who was unaware of the treatment status of the
subjects ensured the integrity and impartiality of the analysis.

Tail suspension test. The TST is an established method for detecting
despair and depression-like behaviors in mice [15]. In this test, mice are
suspended by their tails using adhesive tape positioned approximately
1cm from the tip of the tail within a designated enclosure. A 1-min
habituation period was provided before the start of the measurement to
allow the mice to adjust to being suspended. The duration of immobility
was then carefully recorded over a 5-min period. To maintain consistency
in the data, durations that exceeded this time were recorded as 5 min. The
procedures were carried out by an investigator who was blinded to the
treatment conditions of the animals, ensuring the objectivity and reliability
of the behavioral assessments.

Novelty-suppressed feeding. The NSF test was designed to assess the
motivational state and response of mice to environmental novelty
following a 24-h fasting period to increase their sensitivity to food cues
[16]. In a 50 x 50 X 45 cm testing apparatus, a piece of white filter paper
with food particles was placed at the center to encourage exploratory
behavior. Mice were individually positioned at a corner grid, allowing them
to freely explore the new surroundings. The latency to initiate feeding
behavior was closely observed and recorded for each mouse, serving as a
measure of their anxiety and motivation levels [17].

Elevated plus maze. The EPM test is a widely recognized method for
evaluating anxiety-like behavior in rodents and was conducted in accordance
with protocols from previous studies [18]. The apparatus consisted of two
open arms (50 10cm) and two enclosed arms (50 x 10 X 40 cm), which
were arranged in a plus shape and elevated 50 cm above the floor. To reduce
stress and allow animals to adjust to the test conditions, a 30-45min
acclimatization period in the testing room was provided before starting the
experiment. Each mouse was gently placed on the central platform facing an
open arm, marking the beginning of the trial. An observer, unaware of the
animals’ treatment groups, accurately recorded the number of entries and
the time spent in each arm over a 5-min period. After each trial, the maze
was cleaned with 30% isopropanol to remove olfactory cues and ensure
unbiased results for subsequent subjects.

Forced swimming test. The FST is a critical method in behavioral research,
particularly for evaluating the efficacy of antidepressant treatments [19]. In
this test, the mice were gently placed into cylindrical containers filled with
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water (40 cm in diameter and 80 cm in height) at a controlled temperature
of 23+1°C. This setting forces mice to swim in an inescapable
environment, tapping into their natural aversion to water. Initially, mice
make vigorous attempts to escape, demonstrating their instincts to avoid
such problems. However, as people recognize the futility of escape, they
exhibit a state of “behavioral despair,” characterized by a significant
reduction in active movements and passive floating behavior. The test
lasted for 6 min, with the first minute dedicated to acclimatization and the
following 5 min focused on observing and recording the duration of
immobility.

Quantitative real-time polymerase chain reaction analysis

To accurately determine gene expression levels in the hippocampus and
prefrontal cortex of mice, we employed quantitative real-time polymerase
chain reaction (qRT-PCR) analysis. Total RNA was extracted from these
brain regions using TRIzol reagent (Invitrogen, Catalog #15596026)
according to the manufacturer’s instructions [20]. The extracted RNA was
then subjected to qRT-PCR analysis using 2xXSYBR Green qPCR Master Mix
(catalog #Q341; Vazyme), which facilitates the precise detection and
quantification of mRNA levels. A StepOnePlus Real-Time PCR System
(Applied Biosystems) was used for the analysis, which offers high accuracy
in measuring gene expression. The specific sequences of primers used for
gPCR are detailed in Table S2, providing a clear guide to the genetic
targets analyzed in this study.

Assessment of oxidative stress markers

The assessment of oxidative stress markers was conducted with precision
using enzymatic colorimetric assays, in strict accordance with the
manufacturer's guidelines. Peripheral serum samples were initially
collected from the retroorbital plexus of mice, yielding approximately
0.8mL per sample. Following centrifugation at 4°C and 4000 rpm for
20 min, 300 uL of serum was isolated from each sample. This serum
preparation was critical for the accurate measurement of oxidative stress
markers.

To assess oxidative stress comprehensively, both blood serum and
hippocampal tissue samples were collected from each mouse. Hippocam-
pal tissues were processed into homogenates, and the levels of key
oxidative stress markers, including malondialdehyde (MDA) (No. A003-1-2),
glutathione peroxidase (GSH-Px) (No. A005-1-2), catalase (CAT) (No. A007-
1-1), nitric oxide (NO) (No. A012-1-2), superoxide dismutase (SOD) (No.
A001-3-2), and total antioxidant capacity (T-AOC) (No. A015-2-1), were
quantified using commercially available assay kits.

For the detection of oxidative stress markers, tissue homogenates were
processed following the manufacturer’s protocols. The specific kits for each
marker provided clear guidelines on the experimental procedure. The
absorbance of each marker was measured using a spectrophotometer, and
the data were processed using the formulas provided in the respective kit
instructions. Detailed protocols can be found on the manufacturer’s
website: http://www.njjcbio.com/.

Immunofluorescence analysis

Following behavioral assessments and euthanasia via intracardial perfusion
with saline, the brains were extracted and preserved in 4% paraformalde-
hyde. The fixed specimens were dehydrated in sucrose solutions (20%
followed by 30%) prepared in phosphate-buffered saline (PBS). Coronal
brain sections of 35 pum thickness were then prepared and washed
with PBS.

To reduce nonspecific binding, the sections were blocked using a solution
containing 1% bovine serum albumin (BSA), 0.3% Triton X-100, and 10% goat
serum in PBS for one hour at room temperature, followed by three PBS
washes. These sections were then incubated with the following primary
antibodies: rabbit anti-doublecortin (DCX, Cell Signaling Technology, #14082,
1:400), rabbit anti-glial fibrillary acidic protein (GFAP, Cell Signaling
Technology, #14082, 1:400), mouse anti-ionized calcium-binding adapter
molecule 1 (IBA-1, Cell Signaling Technology, #14082, 1:400), and rabbit anti-
microtubule-associated protein 2 (MAP2, Cell Signaling Technology, #14082,
1:400). This incubation occurred overnight at 4 °C, followed by an additional
incubation period of two hours at room temperature with fluorophore-
conjugated secondary antibodies: goat anti-rabbit IgG (Alexa Fluor® 594
conjugate, Invitrogen, #A11008, 1:1000) and goat anti-mouse IgG (Alexa
Fluor® 594 conjugate, Invitrogen, #A21422, 1:1000).

After three final washes, the sections were counterstained with 4/,6-
diamidino-2-phenylindole (DAPI) to visualize the nuclei. Imaging was
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performed using a Leica TCS SP8 confocal microscope (Leica Microsystems,
Germany), allowing for the detailed observation and documentation of
labeled cellular and subcellular structures [21].

Golgi-Cox impregnation

Golgi-Cox impregnation, a time-honored histological technique, was
precisely utilized to explore the complex architecture of neuronal
structures and their dendritic trees within the brain [22]. This method
offers unparalleled insights into neuronal morphology and synaptic
connections, which are crucial for understanding the neural foundations
of behavior and disease processes. After euthanasia, the brains were
promptly removed and submerged in Golgi-Cox solution. This process
initiated a critical 14-day impregnation phase, which was conducted in
darkness to ensure comprehensive staining of neural components.

After impregnation, the brain specimens were dehydrated in a 30%
sucrose solution until saturation, a marker of sufficient infiltration. Coronal
sections of 100 um were then prepared using a vibratome, facilitating
intricate morphological analysis. These slices were mounted on gelatin-
coated slides and left to air-dry at room temperature. After drying, the
slides were rinsed in distilled water to eliminate excess potassium
dichromate and silver nitrate, thereby improving the visual contrast of
the stained neurons against the tissue background.

The dehydration of the mounted sections was followed by the addition
of a series of increasing concentrations of alcohol, after which the sections
were cleared in xylene and finally sealed with a coverslip using mounting
medium. Bright-field microscopy, equipped with a high-resolution imaging
system, was employed to visualize the Golgi-stained sections, which
captured detailed images of neuronal and synaptic formations. The use of
Golgi-Cox impregnation sheds light on the complex structural dynamics
and adaptability of neuronal circuits, greatly enriching our understanding
of the structural underpinnings of neural functionality and pathology.

Western blot

Approximately 20 mg of mPFC tissue and 15mg of Hip tissue were
collected. RIPA lysis buffer (Solarbio, Beijing, China, R0020) along with
phosphatase and protease inhibitors (Bimake, Texas, USA, B14001, B15001)
were added for tissue homogenization. Total protein concentrations were
quantified using the BCA assay with a BCA kit (Beyotime, Shanghai, China,
P0009). Proteins were separated using sulfate-polyacrylamide gel electro-
phoresis and incubated overnight with primary antibodies at 4°C. The
membrane was then incubated with a secondary antibody (1:5000, ZB-
2301, Zhongshan Jin Qiao, Beijing) for 1h at room temperature, and
protein bands were detected using an enhanced chemiluminescence
solution. The antibodies used for Western blotting included: inducible
nitric oxide synthase (iNOS, 1:1000, Wanleibio, Shenyang, China, WL0992a),
tumor necrosis factor-alpha (TNF-a, 1:1500, Wanleibio, Shenyang, China,
WL01581), interleukin-1 beta (IL-1B3, 1:1000, Beyotime, Shanghai, China,
AF7209), and GAPDH (1:2000, Abcam, Cambridge, UK, ab8245).

Transcriptome sequencing of hippocampal and prefrontal
cortex tissue

RNA isolation and qualification. To investigate how music influences the
prevention of postpartum depression, we conducted transcriptome
sequencing (RNA-Seq) on hippocampal and prefrontal cortex samples
from mice. Our research involved three distinct groups: a sham-operated
control (SHAM), a model for PPD, and a group treated with music (PPD
+Music), with three biological replicates per group to guarantee data
reliability and reproducibility.

RNA extraction was performed via the TRIzol method (Invitrogen, CA,
USA) with subsequent purification to eliminate DNA contamination by
employing RNase-free DNase | (Takara, Kusatsu, Japan). RNA quality
assessment involved visualization on 1% agarose gels and determination
of RNA concentration and purity using a NanoDrop spectrophotometer
(Thermo Scientific, DE, USA). The integrity of the RNA samples was further
confirmed using an Agilent 2100 Bioanalyzer (Agilent Technologies,
CA, USA).

Library preparation and sequencing. For library preparation, 1.5 ug of RNA
per sample was utilized with the NEBNext® Ultra™ RNA Library Prep Kit for
lllumina® (NEB, USA). Index codes were incorporated into each sample, and
mRNA was isolated from total RNA using poly-T oligo-attached magnetic
beads, fragmented, and subjected to first-strand cDNA synthesis employ-
ing random hexamer primers and M-MulV reverse transcriptase.
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Subsequent steps included second-strand cDNA synthesis utilizing DNA
Polymerase | and RNase H, followed by purification of cDNA fragments to
select for sizes ranging from 200-250bp. PCR am plification was
performed, and the libraries were sequenced on an lllumina NovaSeq
6000 platform, generating paired-end reads of 150 bp.

Data processing and analysis. The raw FASTQ data were preprocessed to
remove adapter-containing, poly-N, and low-quality reads. The quality
assessment included evaluating the Q20 and Q30 scores, GC content, and
sequence duplication levels. Clean reads were aligned to the reference
genome using STAR, focusing on reads with perfect matches or single
mismatches. For SNP calling, Picard tools, SAMtools were used for BAM file
processing, and GATK2 was used for SNP identification and filtering. Gene
expression levels were quantified using HTSeq, with DESeq used for
differential expression analysis in samples with replicates and edgeR and
DEGseq used for those without replicates. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses
identified affected biological processes and molecular functions. Protein—
protein interactions among DEGs were analyzed using STRING and
visualized with Cytoscape to visualize molecular networks.

Statistical analysis was performed with GraphPad Prism (version 5.0).
Data are presented as mean *standard error of the mean (SEM). The
normality of the data was assessed using the Shapiro-Wilk test to
determine if the data followed a normal distribution. For normally
distributed data, a one-way analysis of variance (ANOVA) was performed
to compare differences among multiple groups, followed by Tukey’s post-
hoc test for pairwise comparisons. If the data failed the normality test, non-
parametric tests were applied as appropriate. The homogeneity of
variances between groups was tested using the F test. Differences were
considered statistically significant at p < 0.05.

RESULTS

Music prevents depression and anxiety-like behavior in HW-
treated mice

Behavioral tests are the most effective means of assessing visual
responses to depression- and anxiety-like behavior in mice to
verify whether music can prevent depression- and anxiety-like
behaviors induced by ovarian hormone withdrawal in female
mice. We established the “PPD+music” mouse model in which
mice exposed to ovarian hormone withdrawal listened to music
for 2h daily to explore whether they displayed diminished
postpartum depression-like behaviors.

Figure 1A illustrates the experimental timeline. PPD mice
treated exclusively with HW exhibited reduced exploration time
in the central area during the open field test and shorter total
movement distances (Fig. 1B), indicating heightened anxiety-like
behavior. In contrast, PPD-+Music mice exposed to both HW and
music relaxation demonstrated increased activity.

In enclosed and inescapable water spaces (that is, the FST),
rodents exhibit floating behavior, which is indicative of depression
and anxiety-like behaviors. PPD mice subjected to HW treatment
exhibited longer periods of immobility (Fig. 1C). Conversely, PPD
mice that consistently listen to music attempt to escape adversity by
swimming and struggling, leading to shorter periods of immobility.

The EPM test is utilized to evaluate anxiety responses in rodents.
When mice are exposed to a novel environment (open arm), they
exhibit curiosity and exploration, while being confined to a dark
environment (closed arm) induces anxiety-like behavior. Faced
with adversity, PPD mice subjected to HW tend to curl up in the
dark environment of the closed arm, showing a reluctance to
explore. Fortunately, mice that listened to music appeared braver
and spent more time exploring the open arm (Fig. 1D).

Rodents have a strong innate desire for sweet foods and will
preferentially consume sweetened solutions when given the
choice between sucrose solution and plain water. In this
experiment, all groups except the PPD group subjected to HW
treatment showed a preference for the sucrose solution without
exhibiting depressive-like behavior (Fig. 1E). Notably, mice in the
PPD + Music group, which listened to the music daily,
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demonstrated a preference for the sugar water, suggesting that
music can prevent depressive-like behavior in postpartum mice.

Animals with postpartum depression often exhibit reduced
food intake and appetite. NSF experiments can be utilized to
observe changes in animals devoid of euphoria. Postpartum
depression mice take longer to reach food in the central area.
Conversely, mice that listened to music spent less time
autonomously accessing food and did not exhibit depressive-like
behavior in NSF experiments (Fig. 1F).

In the tail suspension experiment, the animals were suspended
with their heads facing downward. To overcome their abnormal
body position, they initially struggle to escape. When they cannot
break free from this situation, they intermittently cease move-
ment, displaying “BEHAVIORAL DESPAIR". Music stimulation
protected PPD+Music mice from exhibiting despair, while PPD
mice demonstrated severe behavioral despair (Fig. 1G).

Music prevents oxidative stress in the serum and brain tissues
of HW-treated mice

The excessive accumulation of oxidative stress and reactive
oxygen species (ROS) is a primary pathological feature of
postpartum depression, leading to abnormal neuronal signal
transmission and brain dysfunction [23]. To verify whether music
can regulate antioxidant capacity and ROS levels, we measured
the expression levels of NO, MDA, SOD, CAT, GSH-Px, T-AOC, ATP
and glutamate in the serum and in two brain regions, the
hippocampus and prefrontal cortex, of mice [24].

NO is a redox-active molecule with roles in oxidative and
antioxidative pathways and is implicated in neurotransmitter
release, neuronal development, gene expression modulation, and
synaptic plasticity, suggesting its relevance in depressive disorders
[25]. Elevated levels of MDA, the ultimate product of lipid
peroxidation reactions, have been implicated in depression
[26, 27]. The quantification of NO (Fig. 2A, H) and MDA (Fig. 2B, 1)
levels is frequently employed to assess the extent of oxidative
stress-induced damage [28]. We assessed the expression levels of
NO and MDA in the serum, hippocampus, and prefrontal cortex of
the mice. The results revealed that the expression levels of SOD
and CAT were abnormally elevated in PPD mice subjected to HW
treatment. Interestingly, mice receiving long-term music stimula-
tion (PPD-+Music) did not show this abnormal elevation.

SOD and CAT are antioxidant enzymes [29]. SOD catalyzes the
conversion of superoxide anion radicals (0> into hydrogen
peroxide and molecular oxygen, playing a crucial role in
controlling intracellular ROS levels [30]. Several studies have
reported a significant decrease in SOD activity in patients with
depression [31]. CAT’s primary function is to decompose hydrogen
peroxide into water and oxygen, thereby preventing cells from
experiencing oxidative stress [32]. A decrease in CAT leads to
increased oxidative stress, accelerating the progression of
depression [33]. We observed a downward trend in SOD
(Fig. 2C, J) and CAT (Fig. 2D, K) expression in the serum,
hippocampus, and prefrontal cortex of PPD mice subjected to
HW treatment. However, even after prolonged exposure to music
stimulation (PPD+Music), SOD and CAT expression did not
significantly decrease compared to that in the SHAM group but
did significantly differ from that in the PPD group. GSH-Px is also
an antioxidant in the brain that neutralizes excessive ROS and
prevents oxidative damage [34, 35]. Depression has been
associated with decreased levels of GSH [36]. We observed a
decrease in GSH levels in the hippocampus, prefrontal cortex, and
serum of PPD mice subjected to HW. However, mice receiving
music intervention (PPD+Music) did not show a significant
decrease in GSH expression (Fig. 2E, L). The T-AOC represents
the overall antioxidant levels of various substances and enzymes
and serves as a crucial indicator of oxidative stress [36]. In PPD
mice, the T-AOC was significantly reduced, whereas mice in the
music intervention group did not show abnormal T-AOC
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Fig. 1 Music prevents depression and anxiety-like behavior in PPD mice. A Experimental design: schematic representation of music
prevention. B Music prevents the decrease in exploration central area time and total travel distance induced by PPD in the open field test.
C Music prevents the increase in immobility time induced by PPD in the forced swim test. D Music inhibited the decrease in the number of
open arm entries induced by PPD in the elevated plus maze test. E Music prevents the decreased consumption of sucrose solution induced by
PPD in the sucrose preference test. F Music prevents the increase in preparation time to eat the food induced by PPD in the novelty-
suppressed feeding test. G Music prevented the increase in immobility time induced by PPD in the TST. All values are presented as the
means + SEMs. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post-hoc test for multiple comparisons. The
normality of the data was assessed using the Shapiro-Wilk test, and F test was used to compare variances between groups. n = 10 per group.
"#Np < 0,05, TP < 0,01; TTEHMNP L 0.001. (OFT: open field test, FST: forced swim test, NSF: novelty-suppressed feeding test, EPM:
elevated plus maze test, TST: tail suspension test, SPT: sucrose preference test).
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Fig. 2 Music prevents oxidative stress in the serum and brain tissues of mice. A-N Music prevents the abnormal expression of oxidative
stress-related factors such as NO, MDA, GSH, SOD, CAT, T-AOC, ATP and glutamate in the blood, hippocampus and prefrontal cortex of mice
subjected to CUMS. All values are presented as the means + SEMs. Statistical analysis was performed using one-way ANOVA followed by Tukey's
post- -hoc test for multiple comparisons. The normallty of the data was assessed using the Shapiro-Wilk test, and F test was used to compare
variances between groups. n =6 per group. "#"p <0.05; "#*"Vp < 0,01; "T###* VP2 0,001. (NO: nitric oxide, MDA: malondialdehyde, GSH:
glutathione peroxidase, SOD: superoxide dismutase, CAT: catalase, T-AOC: total antioxidant capacity, ATP: adenosine triphosphate).
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(Fig. 2F, M). Patients with depression typically have lower levels of
ATP production in the brain [37]. This may be related to impaired
hippocampal neurogenesis, which is believed to play a role in
depression, as neurogenesis is a metabolically demanding process
[38]. Indeed, we observed a significant decrease in ATP levels in
the hippocampal and prefrontal cortex tissues of PPD mice, while
no abnormalities occurred with music prevention (Fig. 2G).

Glutamate-induced excitotoxicity is linked to oxidative stress,
which promotes ROS generation [39, 40]. In patients with
depression, there is a significant increase in serum glutamate
levels. The accumulation of ROS leads to a reduction in
glutamate-mediated excitatory synaptic transmission in the
brain, resulting in impaired learning and memory efficiency
[41]. The experimental findings demonstrated a marked eleva-
tion in glutamate levels within the blood and cerebral tissues of
the HW-treated PPD mice, which is indicative of a pronounced
surge in ROS. Mice subjected to long-term music stimulation did
not exhibit abnormalities (Fig. 2N).

Overall, compared to those in the SHAM group, the PPD group
showed abnormalities in NO, MDA, SOD, CAT, GSH-Px, T-AOC, ATP,
and glutamate levels in the serum, prefrontal cortex, and
hippocampal tissue, while no abnormalities were observed in
the PPD+Music group.

Music prevents elevated levels of inflammatory factors in the
brain tissues of mice

Neuroinflammation and oxidative stress dysregulation are com-
monly present in PPD, where neuroinflammation can impair
mitochondrial function, weaken antioxidant defenses, and lead to
oxidative stress, thereby promoting the onset and progression of
PPD. Both are considered causal factors and consequences of the
disease. Therefore, we further evaluate the pathological char-
acteristics of neuroinflammation [42, 43]. We examined the RNA
expression levels of TNF-a (Fig. 3A), IL-1(3 (Fig. 3B), iNOS (Fig. 4A),
interleukin 6 (IL-6) (Fig. 4B), interleukin 10 (IL-10) (Fig. 4C) and
transforming growth factor-f (TGF-f) (Fig. 4D) in mouse cortical
and hippocampal tissues. Additionally, we also measured the
protein expression levels of iINOS, TNF-a, and IL-1f in the cortical
and hippocampal tissues of mice(Fig. 3C). The results showed that
PPD mice had abnormal levels of inflammatory factors compared
to SHAM mice, whereas PPD+Music mice had largely similar levels
of inflammatory factors to controls.

Astrocytes release inflammatory mediators during neuroinflam-
mation, promoting the inflammatory response and influencing
synaptic plasticity by modulating the synaptic environment [44].
Microglia, as immune cells in the brain, regulate neuroinflamma-
tory processes, affecting neuronal survival and the synaptic
microenvironment, thereby influencing synaptic plasticity and
neural network function [45]. We examined the number of
microglia and astrocytes in the hippocampus and prefrontal
cortex of mice. The results revealed a significant increase in the
number of microglia in the DG, CA1, CA2, CA3, and mPFC regions
of PPD mice. Additionally, the size of microglial cell bodies relative
to total cell area was increased, and the total length of all
microglial projections was longer (Fig. 3D, E). There was also a
tendency for an increase in the number of astrocytes in the DG,
CA1, CA2, and CA3 regions. However, this abnormality was not
observed in the PPD+Music group (Fig. 4E-F).

Music prevents neuronal death and promotes neurogenesis

PPD patients exhibit significant hippocampal neuronal loss and
degeneration [46]. To investigate whether music is associated with
neuronal death, we immunofluorescently labeled MAP2 to
quantify neurons. Results showed a marked reduction in neuron
count in the DG and mPFC of PPD mice, whereas PPD-+Music mice
showed no significant decrease (Fig. 5A-C). Additionally, Golgi
staining of the hippocampus revealed a notable decrease in
dendritic spine density in the DG of PPD mice, which was absent
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in PPD+Music mice (Fig. 5D, F). Bax, a pro-apoptotic protein,
showed elevated mRNA levels in the cortex and hippocampus of
PPD mice, alongside decreased Bcl-2 mRNA levels (Fig. 5H, I),
findings absent in PPD+Music mice, suggesting that music may
inhibit hippocampal neuronal apoptosis. Immunofluorescence
results also indicated reduced DCX expression in the DG of PPD
mice compared to controls, while PPD+Music mice showed no
significant difference in DCX expression compared to controls
(Fig. 5E, G).

Music prevents synaptic plasticity damage

To investigate how music influences gene regulation, we
conducted transcriptome sequencing of the hippocampus and
prefrontal cortex of three groups of mice, SHAM, PPD, and PPD
+Music, with three mice per group. Differential gene expression
analysis revealed that in the hippocampus, compared to the
SHAM group, the PPD group had 1095 DEGs, with 780
upregulated and 204 downregulated genes. In contrast, the PPD
+Music group exhibited 523 differentially expressed genes
compared to the PPD group, with 406 upregulated and 117
downregulated genes (Fig. 6A). Further analysis of these DEGs
revealed that the PPD and PPD+Music groups shared 50 genes
with the SHAM and PPD groups, as depicted in a Venn diagram
(Fig. 6B). Cluster analysis of these genes was subsequently
conducted to explore their potential functions (Fig. 6C). GO
analysis indicated that these genes may be involved in biological
processes such as “cell communication,” “signal transduction,”
“regulation of cell communication,” “positive regulation of multi-
cellular organismal process,” “cell-cell signaling,” “positive regula-
tion of developmental process,” “positive regulation of neuron
differentiation,” “G protein-coupled receptor signaling pathway,”
and “positive regulation of angiogenesis” (Fig. 6D). KEGG analysis
suggested that these processes and molecular functions could
involve pathways such as the “P53 signaling pathway,” “ECM-
receptor interaction,” “Long-term potentiation,” “Apelin signaling
pathway,” “cAMP signaling pathway,” “Inflammatory mediator
regulation of TRP channels,” “Wnt signaling pathway,” “Neuroac-
tive ligand-receptor interaction,” and “Rap1 signaling pathway”
(Fig. 6E). Four DEGs identified via transcriptome sequencing—
Wnt6 (Fig. 6F), Sele (Fig. 6G), Sfrp5 (Fig. 6H), and Nupr1 (Fig. 61)—
were validated via PCR and found to be consistent with the
transcriptome sequencing results.

In the prefrontal cortex, transcriptome sequencing revealed 430
genes that were differentially expressed between the PPD group
and the SHAM group, with 217 upregulated and 213 down-
regulated genes. Conversely, the PPD+Music group exhibited
3733 DEGs compared to the PPD group, with 1462 upregulated
and 2271 downregulated genes (Fig. 7A). Analysis of these DEGs
revealed that the PPD and PPD+Music groups shared 186 genes
with the SHAM and PPD groups, as illustrated in a Venn diagram
(Fig. 7B). Similarly, cluster analysis of these genes was conducted
(Fig. 7C). KEGG analysis indicated that the affected pathways
might involve “long-term depression,” “cholinergic synapse,”
“oxytocin signaling pathway,” “glutamatergic synapse,” “dopami-
nergic synapse,” “cGMP-PKG signaling pathway,” “calcium signal-
ing pathway,” “long-term potentiation,” “axon guidance,” “HIF-1
signaling pathway,” and “Ras signaling pathway” (Fig. 7E). PCR
validation of two DEGs, Eya4 (Fig. 7F) and Lhx8 (Fig. 7G), revealed
abnormal expression in the PPD group, which was consistent with
the transcriptome sequencing results.

Wnt6, Sele, Sfrp5, Nuprl, Eya4, and Lhx8 are significantly
differentially expressed genes in our RNA sequencing data, and
these genes are closely related to the known pathogenic
mechanisms of postpartum depression (PPD), including inflam-
mation, oxidative stress, and synaptic plasticity. Specifically, Wnt6
is involved in neurodevelopment and synaptic plasticity, and it has
been shown to play a role in neuroinflammation [47]; Sele (E-
selectin) is an important molecule involved in the adhesion of
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Fig. 3 Music prevents abnormal increases in microglia and increases inflam

CA1 CA3
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matory factor levels in mouse brain tissue. A-C Music

intervention protects against the aberrant expression of inflammation-related factors (such as TNF-q, IL-1B, and iNOS) in the Hip and mPFC of
PPD mice. D Representative fluorescence micrographs showing the morphology and density of microglia in the DG, CA1, CA2, CA3, and mPFC
regions. E Morphological data analysis of microglia in the DG region (left) and analysis of microglia numbers in the DG, CA1, CA2, CA3, and
mPFC regions (right). All values are presented as the means + SEMs. Statistical analysis was performed using one-way ANOVA followed by
Tukey's post-hoc test for multiple comparisons. The normality of the data was assessed using the Shapiro-Wilk test, and F test was used to

compare variances between groups. n =6 per group "#Mp < 0.05; T#P < 0,01;

AP < 0.001. (TNF-a: tumor necrosis factor-a, IL-1p:

interleukin 1 beta, DAPI: 2-(4-amidinophenyl)-6-indolecarbamidine dihydrochloride, IBA1: ionized calcium binding adapter molecule 1, DG:
dentate gyrus, CA1: cornu ammonis 1 of the hippocampus, CA2: cornu ammonis 2 of the hippocampus, CA3: cornu ammonis 3 of the

hippocampus, mPFC: medial prefrontal cortex).
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Fig. 4 Music prevents abnormal increases in the number of astrocytes and elevated levels of inflammatory factors in mouse brain tissue.
A-D Music prevents the aberrant expression of inflammation-related factors such as iNOS, TGF-f, IL-6, and IL-10 in the hippocampus and
prefrontal cortex of PPD mice. E Representative fluorescence micrographs showing the morphology and density of astrocytes in the DG, CA1,
CA2, and CA3 regions. F Music prevented the abnormal increase in the number of astrocytes in the DG, CA1, CA2 and CA3 of PPD mice. All
values are presented as the means + SEMs. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post- hoc test for
multiple comparisons. The normallty of the data was assessed using the Shapiro-Wilk test, and F test was used to compare variances between
groups. n = 6 per group ~#"p < 0.05; "##"p < 0,01; "TEH#AMNP < g, 001 iNOS: inducible nitric oxide, IL-6: interleukin 6, IL-10: interleukin 10,
TGF-f: transforming growth factor-f, DAPI: 2 - (4 - amidinophenyl) - 6 - indolecarbamidine dihydrochloride, GFAP: glial fibrillary acidic protein,
DG: dentate gyrus, CA1: cornu ammonis 1 of the hippocampus, CA2: cornu ammonis 2 of the hippocampus, CA3: cornu ammonis 3 of the
hippocampus).
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Fig. 5 Music prevents neuronal death and promotes neurogenesis. A-C Music prevents the loss of MAP2 cells induced by CUMS in the DG
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neurons in the DG region. H, | Music prevents the abnormal expression of apoptosis-related factors such as Bax and Bcl-2 in the hippocampus
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followed by Tukey's post-hoc test for multiple comparisons. The normality of the data was assessed using the Shapiro-Wilk test, and F test was
used to compare variances between groups. n = 6 per group. "#"P < 0.05; “##"Vp < 0,01; "#F# NP < 0,001. (DAPI: 2 - (4 - Amidinophenyl) - 6
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Fig. 6 Music prevents damage to synaptic plasticity in the Hip. A Volcano plot of differentially expressed genes. B Venn diagram of
differentially expressed genes. C Heatmaps of the cluster analysis data. D GO analysis. E KEGG analysis. F-1 Expression levels of Wnt6, Sele,
Sfrp5 and Nupr1 mRNA in the Hip. All values are presented as the means + SEMs. Statistical analysis was performed using one-way ANOVA
followed by Tukey's post-hoc test for multiple comparisons. The normality of the data was assessed using the Shapiro-Wilk test, and F test was
used to compare variances between groups. n=6 per group. All significant differences were compared with those in the PPD group.
"#MNp < 0.05; "# P < 0,01; TTH#RAMNP £ 0,001, (Hip: hippocampus, GO: Gene Ontology, KEGG: Kyoto Encyclopedia of Genes and Genomes).
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Fig. 7 Music prevents damage to synaptic plasticity in the mPFC. A Volcano plot of differentially expressed genes. B Venn diagram of
differentially expressed genes. C Heatmaps of the cluster analysis data. D GO analysis. E KEGG analysis. F, G Expression levels of Eya4 and Lhx8
mRNA in the mPFC. All values are presented as the means + SEMs. Statistical analysis was performed using one-way ANOVA followed by
Tukey's post-hoc test for multiple comparisons. The normality of the data was assessed using the Shapiro-Wilk test, and F test was used to
compare variances between groups. n =6 per group. All significant differences were compared with those in the PPD group. #"p < 0.05;

##2Np £ 0.01; "H#EM P £ 0,001, (MPFC: medial prefrontal cortex, GO: Gene Ontology, KEGG: Kyoto Encyclopedia of Genes and Genomes).
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immune cells to endothelial cells, and it plays a significant role in
neuroinflammation [48]; Sfrp5 is an inhibitor of the Wnt signaling
pathway, which participates in synaptic plasticity and neuronal
repair [49]; Nuprl is a stress-response gene that provides
protective effects against oxidative stress and neuroinflammation
[50]; Eya4 plays an important role in synaptic repair, neurodeve-
lopment, and synaptic plasticity [51]; Lhx8 is a transcription factor
that regulates neurodevelopment and synaptic function, particu-
larly in neuroplasticity and inflammation [52]. PCR verification
confirmed that their differential expression is consistent with the
RNA sequencing results.

DISCUSSION

In recent years, research on music therapy has expanded
significantly. Previous animal studies have demonstrated that
music can alleviate pain and improve social behaviors under
various pathological conditions [14-16, 18]. Zhou et al. reported
that exposure to music at approximately 50 dB can increase the
pain threshold in mice with injured hind limbs [53]. Additionally,
music-assisted therapy has been reported to enhance the efficacy
of antiepileptic drugs in various temporal lobe epilepsy models
[14]. Interestingly, Semyachkina et al. showed that music can
induce the opening of the blood-brain barrier in mice, suggesting
its ability to modulate interactions between the brain and
peripheral systems [54]. Moreover, our previous research indicated
that music prevented depressive and anxiety-like behaviors in
CUMS mice induced by stress [32]. Postpartum depression is a
severe psychiatric disorder that significantly affects women’s
psychological and social functioning, yet there is limited research
on its neural mechanisms at the animal level. Here, we provide in-
depth insights through mouse experiments into how music can
prevent postpartum depression-like behaviors caused by hor-
mone imbalances. Music achieves this by safeguarding and
enhancing synaptic plasticity, as well as regulating oxidative
stress and inflammation levels to protect neurons from damage
and maintain normal homeostasis. While mice communicate using
ultrasonic frequencies, music falls within both mouse and human
ranges (below 20 kHz). Furthermore, despite certain sounds and
vocalizations inducing aversion in rodents, a study by Yan et al.
demonstrated that mice do not exhibit aversion or fear responses
to different types of music, whether fast-paced, slow-paced, or
heavy metal [21]. Hence, these findings contribute to the
translation of these preclinical research outcomes into human
applications.

The use of music therapy for the treatment and prevention of
postpartum depression has gained recognition [55, 56]. Research-
ers have found positive indications of reduced trait anxiety among
pregnant women listening to music during nonstress tests [9, 57].
A meta-analysis involving 392 primiparous women revealed that
music application correlated with alleviated pain and anxiety
compared to controls [58]. Another study highlighted significant
reductions in anxiety indices and increased B-endorphin levels
following music interventions during pregnancy [59]. Obstetric
examinations indicated significantly lower levels of adrenaline,
noradrenaline, and angiotensin Il in the music observation group,
contributing to greater emotional stability [9]. Recommending
therapeutic music as an effective method for alleviating trait
anxiety during pregnancy is thus suggested. Music therapy for
preterm infants in neonatal intensive care units (NICUs) has
proven effective for physiological and psychological outcomes,
including sucking behaviors, behavior regulation, stress reduction,
neurodevelopment, and the fostering of emotional bonds [60].
However, the potential of music for preventing postpartum
depression has not been extensively researched. Here, we
established a mouse model (HW mice) exposed daily to 1.5 h of
music to prevent postpartum depression, simulating how mothers
might prevent postpartum depression by listening to music,

Translational Psychiatry (2025)15:143

Q. Fu et al.

followed by behavioral testing after 28 days. In behavioral
experiments assessing depression-like behaviors, including the
OFT, NSF, EPM, TST and SPT, mice stimulated with and exposed to
music (PPD+Music) did not exhibit depression-like behaviors. This
finding suggested that music can prevent the development of
depression-like behaviors in mice and may enhance their activity
levels.

Hormonal imbalances lead to chronic inflammation and
oxidative stress disorders that impair synaptic plasticity, contribut-
ing to postpartum depression [53, 61]. Haowen Wang et al.
reported that high-decibel noise affects ROS abnormalities in
chickens by disrupting oxidative stress indicators such as SOD,
CAT, and GSH-Px [62]. Our experimental results demonstrated that
melodic music stimuli protect mouse brain tissue and blood ROS
from abnormalities. This maintains oxidative stress indicators such
as SOD, CAT, GSH-Px, NO, MDA, T-AOC, ATP, and glutamate.
Transcriptome sequencing of the mouse hippocampus revealed
that differentially expressed genes, such as NUPR1, are associated
with the regulation of ROS; moreover, knockdown of NUPR1
reduced mitophagy induced by fascaplysin, promoting ROS
production [50]. This finding is consistent with our results, which
were further validated by PCR, suggesting that music protects
mice from oxidative stress disorders caused by hormonal
imbalances. Estrogen disruption not only disrupts oxidative stress
but also elevates inflammatory factor levels. Kari Johnson et al.
reported that music reduces postoperative patient inflammation
[63, 64]. Similarly, our animal-level study revealed that music
prevents increased levels of the proinflammatory factors IL-6,
IL-1B, iNOS, TNF-q, and TGF-f in the hippocampus and prefrontal
cortex of PPD mice. Astrocytes regulate synaptic occurrence, while
microglia function as brain immune cells, reshaping synapses [65].
Moreover, the activation/quantity of microglia and astrocytes
indirectly reflects the level of inflammation in the brain [66]. The
experimental results demonstrated that music prevents abnormal
expression of microglia and astrocytes in the hippocampus and
prefrontal cortex of mice in the PPD group. Elevated inflammation
leads to neuronal death, as observed in the hippocampus and
prefrontal cortex of PPD mice. Importantly, studies have shown
that music promotes neuroplasticity and neurodevelopment
[67-69], protecting neurons from death and promoting the
growth of regenerative neurons in the DG of mice. These results
indicate that music effectively prevents chronic inflammation
caused by hormonal imbalances, oxidative stress disorders, and
abnormal neuronal death.

Wenjie Zhou et al. reported that music alleviates pain related to
Glu in the auditory cortex (ACx) and Glu synaptic transmission in
the medial geniculate body (MGB) [53]. Transcriptome sequencing
of mouse hippocampal tissue revealed that music may exert its
effects through various biological pathways related to synaptic
plasticity, such as cholinergic synapses, glutamatergic synapses,
and dopaminergic synapses, similar to findings by Wenjie Zhou
et al. Moreover, Schmitz et al. reported that long-term enhance-
ment of glutamatergic synapses is reduced in Shisa7 KO mice [70]
and that Shisa7 phosphorylation regulates GABAergic transmis-
sion and neuronal developmental behaviors [71]. Similarly, our
transcriptome sequencing revealed that the expression of
differentially expressed genes, such as Shisa7, was significantly
reduced in the prefrontal cortex of PPD mice, yet music preserved
Shisa7 expression. Sebastian R et al. reported that NRXN1 loss in
multipotent stem cells disrupts selective splicing and synaptic
signaling pathway disorders, impairing synaptic plasticity [72].
Similarly, NRXN1 was differentially expressed; Pdlim4 plays a
critical role in dendritic cell (DC) migration, dendritic formation,
and subsequent functional T-cell responses mediated by CCR7
(C-C chemokine receptor type 7)-JNK. Under Pdlim4 knockout
conditions, mature DC dendritic formation significantly decreased
[73]. Correspondingly, music protects against abnormal reductions
in Pdlim4 in the prefrontal cortex of PPD mice. In conclusion,
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music may prevent PPD by safeguarding/enhancing synaptic
plasticity, thereby preventing disruption caused by hormonal
imbalances and increasing oxidative stress and inflammation
levels, ultimately protecting neurons from damage and maintain-
ing homeostasis. Therefore, we continue to demonstrate the
effectiveness of music in preventing postpartum depression in
animal studies, providing critical evidence for clinical research. In
the future, music should be further explored as a more natural
method for preventing postpartum depression.

Although we provide robust preclinical evidence for the use of
music in preventing postpartum depression, this study has several
limitations. The first limitation is that PPD mice only simulate
human postpartum depression patients, and experimental results
may not translate directly to pregnant mice. The experiment
utilized bilateral ovariectomy plus hormone regulation to establish
a postpartum depression model, but postpartum depression can
also occur during pregnancy [74]. Experiments with pregnant mice
are also needed, but ethical considerations prevent the killing of
many pregnant mice for strong experimental results. This restriction
requires future research for verification. Second, the mice were
nocturnal. Ideally, mice listen to music at night to simulate
relaxation from music during the day. However, it is well known
that most researchers conduct experiments on rodents during the
day, mainly due to the inconvenience of conducting experiments at
night and the need for researchers to rest. PPD establishment and
music intervention experiments require long daily completion,
making it very difficult for researchers to conduct experiments at
night. Nevertheless, under appropriate control conditions, this is
unlikely to affect the soundness of the conclusions of this study.

In summary, the neurogenic mechanism of music in preventing
postpartum depression may be that music prevents synaptic
plasticity from being destroyed by protecting it, protects against
the increase in oxidative stress and inflammation levels caused by
estrogen imbalances, and ultimately protects neurons from
damage and maintains stability. Therefore, we continue to
demonstrate the effectiveness of music in preventing postpartum
depression in animal studies, providing critical evidence for clinical
research. In the future, music should be further explored as a more
natural method for preventing postpartum depression.
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