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Abstract 
Emerging evidence suggests that Mozart music can positively impact neurodevelopment, but whether the timing of exposure 
during light or dark periods affects its efficacy remains unexplored. This experimental study aimed to identify the optimal 
timing for Mozart music exposure—either 1 hour during the dark or 1 hour during the light period—starting from the 10th day 
of gestation in Rattus norvegicus, and its effect on neuronal apoptosis in newborn brain cells. Using a randomized post-test 
only control group design, Rattus norvegicus was employed as the model for Mozart music stimulation. A total of 24 pregnant 
rats were randomly divided into three groups: a control group (no music exposure), treatment group 1 (1 hour of Mozart music 
during the dark period), and treatment group 2 (1 hour of Mozart music during the light period), with 8 mother rats per group. 
After birth, the two heaviest female pups from each litter were selected, resulting in 15 pups per group. These pups were 
sacrificed, and their brain tissues were analyzed using the TUNEL assay under 1000x magnification to determine the 
neuronal apoptosis index. The study reported no miscarriages or maternal deaths across all groups. The mean apoptosis 
index was significantly lower in treatment group 1 (24.87 ± 3.45) and treatment group 2 (23.82 ± 3.89) compared to the control 
group (55.98 ± 4.12) (p = 0.002 and p = 0.009, respectively). However, no significant difference was observed between 
treatment group 1 and treatment group 2 (p = 0.836). The findings suggest that exposure to Mozart music significantly 
reduces neuronal apoptosis in the brains of newborn Rattus norvegicus, regardless of whether it is played during light or dark 
periods. This indicates that Mozart music can be utilized flexibly, offering potential implications for neurodevelopmental 
interventions. 
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Introduction 
The pursuit of optimizing children's cognitive potential is a common priority among parents. To achieve this goal, they often 
focus on providing nutritious food, stimulating environments, and appropriate educational opportunities (Puri et al., 2023; 
Taylor et al., 2016; Rehnberg et al., 2024). Intelligenceis the biopsychosocial potential to process information, which can be 
activated within a cultural context to solve problems or create beneficial products for society (Colom et al., 2010). This 
suggests that intelligence is not merely an innate ability but rather a dynamic trait shaped by genetic, biological, and 
environmental factors (Da Silveira et al., 2023). From a psycho neuroscientific and pre- and perinatal psychological 
perspective, intelligence is influenced by cognitive stimulation and the number of neurons, glial cells, dendrites, synapses, 
and the glia-to-neuron ratio (Goriounova et al., 2019). These components form the structural basis for optimal brain function 
and cognitive abilities, which can be influenced by various prenatal and postnatal interventions. One key strategy to enhance 
neuronal development is through nutritional intake, particularly DHA (docosahexaenoic acid), an essential omega-3 fatty 
acid that plays a critical role in brain development (Cusick et al., 2022). Another effective approach is stimulation, with 
auditory stimulation being one of the simplest yet most powerful methods. Studies emphasized that prenatal auditory 
stimulation (such as exposure to classical music) may promote synaptogenesis and enhance the connectivity between 
neurons and cognitive growth (Zaatar et al., 2023).  
 Given the rapid advancement of neuroscientific research, there is growing interest in identifying the specific 
mechanisms by which prenatal stimulation can enhance brain function and improve cognitive outcomes in children 
(Gualtieri et al., 2022). The human central nervous system (CNS) develops rapidly during pregnancy, with neuronal 
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proliferation and apoptosis (Leibovitz et al., 2022). The first two years of life represent a critical period for brain development, 
during which extensive neural connections are formed (Thomason et al., 2020). During the third trimester, the human brain 
undergoes an exponential increase in size, expanding five to six times compared to early pregnancy (Bouyssi-Kobar et al., 
2016). Approximately the sixth month of gestation, the formation of new neurons in the fetal brain reaches completion, 
marking the transition from neuronal proliferation to functional maturation, myelination, and synaptic pruning (Figure 1). 
These processes continue well into postnatal development, shaping an individual’s cognitive abilities and neurological 
health (van Dyck et al., 2017). Once neuronal proliferation ceases, the remaining processes—neuronal maturation, synapse 
formation, and apoptosis regulation—become crucial in determining brain capacity. Apoptosis, or programmed cell death, 
is a natural mechanism that eliminates excess neurons and ensure efficient neural networks (Elmore, 2007). However, 
inhibiting excessive apoptosis become an attractive and often necessary therapeutic approach (Li et al., 2021). This 
underscores the importance of early interventions that regulate neuronal survival which could improve long-term brain 
function.   
 

 
Figure 1. Illustration of human brain (Courtesy of www.neurospinesurgical.com). 
  
 A study further explained that the survival of neurons depends on the number of synapses (Bell & Hardingham, 2011). 
A greater number of dendritic connections allows for increased synaptic activity, which in turn reduces apoptosis and 
promotes neural plasticity. An investigation also highlighted the significant impact of environmental factors on neuronal 
survival as it demonstrates the stimulation of environments encourage synapse formation and reduce neuronal loss. Since 
the prenatal stage represents a critical window for neurodevelopment, providing sensory stimulation, particularly through 
auditory inputs, may serve as an effective intervention to enhance fetal brain development (Pino et al., 2023). Pregnancy, 
therefore, is a unique opportunity for parents to optimize brain development before birth. The potential for prenatal 
interventions, such as music therapy, to enhance neuronal survival and cognitive outcomes, has been a topic of increasing 
scientific interest (Partanen et al., 2013). A study emphasized that environmental stimulation during pregnancy not only 
influences brain growth but may also shape behavioral and cognitive traits later in life (Lubrano et al., 2024). With growing 
evidence supporting the role of auditory stimulation in neurodevelopment, researchers are now focusing on identifying the 
most effective condition for implementing such interventions. Previous study on prenatal Mozart music stimulation have 
shown promising results in promoting brain-derived neurotrophic factor (BDNF) production (Jenkins, 2001). BDNF is a key 
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protein that supports neuronal growth, differentiation, and survival. However, despite these findings, there is currently no 
standardized protocol to determine the optimal duration or conditions for prenatal music exposure. The effectiveness of 
light versus dark exposure in modulating neuronal apoptosis remains an area requiring further investigation.   
 To address this gap, the present study seeks to determine the optimal exposure duration of Mozart music by 
comparing 1-hour exposures in light and dark conditions. Using Rattus norvegicus as an experimental model, this research 
investigates the effects of prenatal Mozart music exposure starting from the 10th day of gestation on the neuronal apoptosis 
index in newborn rats. Assessing whether lighting conditions influence neuronal survival contribute to the development of 
evidence-based recommendations for prenatal music therapy. The experimental approach focuses on understanding the 
relationship between auditory stimulation and apoptosis regulation, which may have important implications for fetal brain 
development. If Mozart music exposure under specific lighting conditions is found to be significantly more effective in 
reducing apoptosis, it could provide valuable insights for designing prenatal stimulation programs for pregnant women. 
Furthermore, this research may serve as a foundation for future studies exploring music-based neurodevelopmental 
interventions for at-risk pregnancies and preterm infants.  Investigating the timing and environmental conditions of prenatal 
music exposure support to the growing body of knowledge on fetal brain development. The findings may provide the 
integration of music-based interventions into prenatal care practices which generate non-invasive strategies to enhance 
cognitive potential before birth.  
 
Method 
This study was conducted at the Experimental Laboratory, Faculty of Medicine, Universitas Wijaya Kusuma Surabaya and 
Universitas Airlangga, from April to July 2024. The research employed an analytic experimental design using a randomized 
post-test-only control group design, with Rattus norvegicus serving as the experimental model for Mozart music stimulation. 
The study aimed to evaluate the effects of Mozart music exposure under different lighting conditions on neuronal apoptosis 
in newborn Rattus norvegicus. To ensure a systematic approach, the subjects were randomly divided into three groups, each 
consisting of fifteen Rattus norvegicus. These groups were subjected to different experimental conditions: one group was 
exposed to Mozart music for one hour under light conditions, another for one hour under dark conditions, and the control 
group received no music exposure.  To facilitate the experimental process, superovulation was induced in the female Rattus 
norvegicus through hormonal stimulation (Figure 2). Each subject received a 10 IU injection of Pregnant Mare Serum 
Gonadotropin (PMSG), followed by a 10 IU injection of Human Chorionic Gonadotropin (hCG) after 48 hours. This hormonal 
induction enhanced ovulation, increasing the likelihood of successful fertilization. Following hormone administration, 
monomating was performed to ensure controlled breeding. Once pregnancy was confirmed, musical exposure began on the 
10th day of gestation, during which 14 compositions of Mozart music were played nightly at a consistent volume for the 
experimental groups.   
 After birth, offspring selection was carried out to maintain consistency in the experimental samples. To ensure 
comparable physical development, the two heaviest female offspring from each mother were selected for the study. This 
selection process resulted in a total of 15 offspring per group, providing a controlled sample size for apoptosis analysis. 
Once selected, these offspring underwent euthanasia by decapitation following ethical guidelines for experimental 
research. The collected brain tissues were then processed for histological examination to assess neuronal apoptosis levels. 
To quantify neuronal apoptosis, the TUNEL (Terminal deoxynucleotidyl transferase dUTP Nick End Labeling) assay was used, 
a widely recognized method for detecting DNA fragmentation in apoptotic cells. Brain tissue samples from the newborn 
Rattus norvegicus were prepared and stained using the TUNEL technique, allowing precise identification of apoptotic 
neurons. These stained samples were then analyzed under a microscope with 1000x magnification to determine the 
apoptosis index. The apoptosis index was used as a key measurement parameter, providing insights into the potential 
neuroprotective effects of Mozart music stimulation under varying lighting conditions. Employing a systematic and 
controlled experimental design provide robust evidence on the role of auditory stimulation in neuronal survival. The 
statistical testing used were descriptive statistic, normality testing, ANCOVA, and post hoc comparison test. The ethical 
clearance was obtained from Institutional Review Board, Faculty of Medicine, Universitas Wijaya Kusuma Surabaya (No. 16 
/SLE/FK/UWKS/2024). 
 
Results 
All Rattus norvegicus mothers in this study experienced full-term pregnancies, with gestational durations ranging from 19 to 
21 days. Table 1 reveals that the most common gestational age in the control group was 19 days, while in the dark treatment 
group, it was 20 days, and in the light treatment group, it was 19 days. The shortest gestational period of 19 days was most 
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frequently observed in the 1-hour light treatment group, whereas the longest gestational period of 21 days was primarily 
recorded in the control group. These findings indicate minor variations in gestational age across the groups (Table 1). The 
characteristics of Rattus norvegicus offspring based on body weight are summarized. The most common body weight range 
for the control group, the 1-hour dark treatment group, and the 1-hour light treatment group was 4.00–4.49 grams. This range 
was observed in 12 individuals (80%) from the control group, 13 individuals (86.67%) from the dark treatment group, and 10 
individuals (66.67%) from the light treatment group. The smallest body weight category was observed in the 1-hour light 
treatment group, with 5 individuals (33.33%), while the largest body weight was found in both the control group, with 3 
individuals (20%), and the dark treatment group, with 2 individuals (13.33%) (Table 2). The table highlights the head weight 
characteristics of Rattus norvegicus offspring. In the control group, the most common head weight range was between 1.20–
1.29 grams, observed in 9 individuals (60%). In the 1-hour light treatment group, the most common head weight was between 
1.40–1.49 grams, also seen in 9 individuals (60%). Interestingly, the smallest head weight was recorded in the 1-hour dark 
treatment group, between 1.00–1.09 grams, in 1 individual (6.67%), while the largest head weight, between 1.60–1.69 grams, 
was also found in the dark treatment group, in 1 individual (6.67%) (Table 3). The characteristics of Rattus norvegicus 
offspring based on the apoptosis index are also presented in the table, which indicates that a score of 50–59 (apoptosis 
index) was observed in 7 samples from the control group and 2 samples from the 1-hour dark treatment group (Table 4) 
 

 
Figure 2. Laboratory research processes. 
 
 Prior to comparing the neuronal apoptosis index across the groups, a Shapiro-Wilk normality test was conducted. 
This test was necessary because each group had a sample size below 50, requiring an evaluation of data distribution to 
select the appropriate statistical method. The normality test results showed that most variables were not normally 
distributed, except for head weight. As a result, the Kruskal-Walli’s test was employed for the analysis.  The study used a 
significance threshold of p < 0.05 to determine statistical significance. Results with p-values below this threshold were 
considered significant, while those above were deemed non-significant. The analysis indicated that neither body weight nor 
gestational age influenced the neuronal apoptosis index, ruling them out as confounding variables. In contrast, head weight 
significantly affected the apoptosis index and was thus controlled as a confounding variable using an ANCOVA test. The 
neuronal apoptosis index was then compared among the control group, the dark treatment group (exposure to Mozart music 
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for 1 hour in dark conditions), and the light treatment group (exposure to Mozart music for 1 hour in light conditions) (Table 
5). The table provides the calculated apoptosis index for each group (Table 6). These comparisons were adjusted for the 
confounding effect of head weight. Statistical analysis revealed no significant difference in the neuronal apoptosis index 
between the dark treatment group and the light treatment group, with a p-value of 0.836 (p > 0.05). This finding suggests that 
exposure to Mozart music for 1 hour under light or dark conditions produces a similar effect on neuronal apoptosis in 
newborn Rattus norvegicus. However, significant differences in the apoptosis index were observed when comparing the 
control group to the treatment groups. The control group differed significantly from the dark treatment group, with a p-value 
of 0.002 (p < 0.05), and from the light treatment group, with a p-value of 0.009 (p < 0.05). These results indicate that exposure 
to Mozart music, regardless of lighting conditions, significantly reduces neuronal apoptosis compared to the absence of 
music exposure (Table 7). This finding highlights the potential neuroprotective effects of auditory stimulation, specifically 
with classical music, on brain cell survival during early development. The absence of significant differences in apoptosis 
index between the light and dark treatment groups suggests that the beneficial impact of Mozart music on neuronal health 
is not influenced by environmental lighting conditions.  
 
Table 1. Characteristics of Rattus norvegicus mothers based on gestational age. 

Gestational Age 
(Days) 

Group 
Total 

Control 1-Hour Dark Treatment 1-Hour Light Treatment 
f % f % f % f % 

19 6 40 4 26.67 8 53.33 18 40 

20 5 33.33 8 53.33 7 46.67 20 44.44 
21 4 26.67 3 20 0 0 7 15.56 

 
Table 2. Characteristics of Rattus norvegicus mothers based on body weight. 

Body Weight 
(gram) 

Group 
Total 

Control 1-Hour Dark Treatment 1-Hour Light Treatment 
f % f % f % f % 

3.00 – 3.49 - - - - - - - - 
3.51 – 3.99 - - - - 5 33.33 5 11.1 
4.00 – 4.49 12 80 13 86.67 10 66.67 35 77.8 
4.50 – 4.99 3 20 2 13.33 - - 5 11.1 

 
Table 3. Characteristics of Rattus norvegicus mothers based on head weight. 

Head Weight 
(Gram) 

Group 
Total 

Control 1-Hour Dark Treatment 1-Hour Light Treatment 
f % f % f % f % 

1.00 – 1.09 - - 1 6.67 - - 1 2.22 
1.10 – 1.19 3 20 2 13.33 - - 5 11.11 
1.20 – 1.29 9 60 3 20 - - 12 26.67 
1.30 – 1.39 3 20 3 20 6 40 12 26.67 
1.40 – 1.49 - - 2 13.33 9 60 11 24.44 
1.50 – 1.59 - - 3 20 - - 3 6.67 
1.60 – 1.69 - - 1 6.67 - - 1 2.22 
1.70 – 1.79 - - - - - - - - 

   
Discussion 
This study was conducted to determine the optimal exposure time to Mozart music under different conditions—specifically, 
for 1 hour in dark and light environments. The hypothesis proposed was that the apoptosis index would be lower when music 
exposure occurred in the dark compared to the light condition. Understanding how auditory stimuli, particularly music, 
affect cellular processes such as apoptosis in developing brains is crucial for advancing knowledge in neurodevelopmental 
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research. Thus, it can be concluded that there is a significant effect between the control and treatment groups on the 
apoptosis index, independent of the influence of head weight. This finding underscores the importance of the treatment 
conditions in modulating neuronal health. This study utilized a control group with no exposure to Mozart music. 
   
Table 4. Characteristics of Rattus norvegicus mothers based on apoptosis index. 

Apoptosis Index 

Group 
Total 

Control 1-Hour Dark Treatment 1-Hour Light Treatment 

f % f % f % f % 

10 – 19 - - 11 73.33 3 20 14 31.11 

20 – 29 - - - - 7 46.67 7 15.55 

30 – 39 2 13.33 1 6.67 3 20 5 11.11 

40 – 49 6 40 - - 1 6.67 7 15.55 

50 – 59 7 46.67 2 13.33 - - 9 20 

60 – 69 - - - - - - - - 

70 – 79 - - - - - - - - 

80 – 89 - - 1 6.67 1 6.67 2 4.44 

90 – 99 - - - - - - - - 
 
Table 5. Analysis of Rattus norvegicus mothers based on apoptosis index. 

Variables 
Group 

p 
Control (X±SD) Treatment 1 (X±SD) Treatment 2 (X±SD) 

Body Weight (grams) 4.38 ± 0.20 4.31 ± 0.15 4.47 ± 0.22 0.314 
Head Weight (grams) 1.23 ± 0.42 1.34 ± 0.12 1.39 ± 0.26 0.003 

Gestational Age (days) 19.94 ± 0.67 20.00 ± 0.75 19.50 ± 0.53 0.280 
 
Table 6. ANCOVA test on neuronal apoptosis index with dependent variables. 

Variables p 

Corrected Model 0.000 
Head Weight 0.005 

Group 0.000 
 
Table 7. Post Hoc comparison test between control group, treatment group 1, and treatment group 2. 

Group Group p 
Control 1-Hour Dark 0.002 

1-Hour Light 0.009 
1-Hour Dark Control 0.002 

1-Hour Light 0.836 
1-Hour Light Control 0.009 

1-Hour Dark 0.836 
 
 Statistical tests revealed significant differences in the apoptosis index between the control group and both treatment 
groups, regardless of whether the exposure occurred for 1 hour in the dark or in light conditions. A study noted that brains 
developed in a stimulus-rich environment exhibit thicker cortices, larger neuron cell nuclei, and an increased number of glial 
cells (Han et al., 2022). Furthermore, neurons in such environments have more dendritic sites which facilitating the 
formation of additional synapses (Nguyen et al., 2021). The number of cells undergoing apoptosis is inversely related to the 
number of synapses—more synapses correlate with less apoptosis. As dendritic sites increase, synapse formation rises, 
thereby reducing the incidence of apoptosis (Chen & Wang, 2010). Consequently, brains nurtured in a stimulus-rich 
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environment experience less apoptosis and it enhance overall brain capacity. Numerous studies have examined the effect 
of music stimulation during pregnancy on the apoptosis index (Nadila et al., 2021); however, the exact mechanisms by which 
this stimulation inhibits apoptosis remain unclear. It is likely that this process involves neurotrophic factors known as 
neurotrophins, including Nerve Growth Factor (NGF), BDNF, and neurotrophins 3/4/5. BDNF, in particular, plays a critical 
role in cell proliferation and differentiation (Pansri et al., 2021). Music stimulation may enhance the production of various 
growth factors, including BDNF, CREB (which influences learning and memory), and synapsin 1 (a synaptic protein that 
supports synapse growth) (Figure 3). 
 

 
Figure 3. Illustration of baby listening music (www.bbc.co.uk). 
 
 Target cells produce neurotrophins, and neurons compete for these essential factors to sustain their survival. If 
neurons do not receive sufficient neurotrophins, they undergo death and apoptosis (Friedman, 2010). Target cells have a 
limited capacity to produce the necessary neurotrophins to support neuron survival and function. When the ability of target 
cells to produce neurotrophins increases, the number of cells undergoing apoptosis tends to decrease (Putra, 2019). This 
suggests that neurotrophins are pivotal in maintaining neuron survival, particularly in preventing programmed cell death. 
However, the precise mechanisms by which external stimuli enhance the ability of target cells—specifically other neurons—
to produce and release neurotrophins remain to be fully elucidated. Further research is necessary to uncover the underlying 
mechanisms of this process. Campbell (2001) conducted a study comparing rats exposed to Mozart music with those 
subjected to noisy sounds which finding that the former group exhibited higher intelligence levels. Examination of the rats’ 
brains revealed increased expression of BDNF, CREB, and synapsin I in the Mozart-exposed group compared to the control 
rats. In our study, the average apoptosis index between treatment group 1 (Mozart music exposure for 1 hour in the dark) and 
treatment group 2 (Mozart music exposure for 1 hour in the light) was relatively similar, with values of 24.875 ± SE 3.45 and 
23.825 ± SE 3.89, respectively. Statistical testing yielded a p-value of 0.836 (p > 0.05), which indicating no significant 
difference. This finding does not align with the initial hypothesis that the apoptosis index of newborn Rattus norvegicus brain 
cells exposed to Mozart music for 1 hour in the dark would be lower than in the light condition. 
 Almost all living organisms exhibit circadian rhythms, which in adults are controlled by the biological clock located in 
the suprachiasmatic nucleus (SCN) (Farhud & Aryan, 2018). The SCN influences heart rate through the sympathetic nervous 

http://www.bbc.co.uk/
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system. However, whether the SCN in the fetus plays a similar role to that in adults remains unclear. Evidence suggests the 
presence of numerous glucocorticoid receptors in the fetal SCN which indicating that the fetal brain may be involved in 
circadian rhythm regulation (Kundarti et al., 2024). The mechanisms governing the daily cycles of fetal movements, 
breathing, and heart rate patterns are not yet fully understood. Factors such as maternal melatonin and adrenal 
corticosteroids may influence these patterns. The regulation of circadian rhythms in the fetus requires further investigation. 
The findings of this study present opportunities for innovation in clinical research involving humans, particularly in exploring 
the benefits of Mozart music exposure for enhancing fetal development. The discovery that Mozart music can reduce the 
apoptosis index in animal models provides a strong foundation for studying similar applications in humans, especially for 
pregnant women and their unborn babies. Potential benefits of music exposure include improved neuroplasticity, reduced 
risk of neurodevelopmental disorders, and enhanced cognitive functions in newborns. Well-designed clinical studies are 
essential to establish optimal protocols—such as duration, timing, and intensity of Mozart music exposure—to effectively 
support fetal brain development. Thus, this research holds significant implications not only for scientific advancement but 
also for public health, particularly in utilizing music therapy as a non-invasive intervention during pregnancy. 
 Despite the promising findings, there are several limitations to this study. First, while the results indicate that Mozart 
music can reduce the neuron apoptosis index in Rattus norvegicus, further clinical studies are necessary to explore these 
benefits in humans, particularly concerning the most effective duration and type of music exposure during pregnancy. 
Second, although Mozart's music showed positive effects, this study only employed one type of auditory stimulus. Exploring 
other music genres is crucial to determine whether these benefits are unique to Mozart or if they can be replicated with other 
structured auditory stimuli. Third, the study does not elucidate how Mozart music affects specific brain areas. Future 
research utilizing neuroimaging techniques could help identify which brain regions are most influenced by music exposure. 
Lastly, while Rattus norvegicus serves as a valuable model for studying brain development, significant differences exist in 
sensory processing and environmental interactions between rodents and humans. Therefore, translational studies are 
needed to confirm whether the same benefits apply to human populations. The findings suggest that Mozart music exposure 
has a protective effect against neuronal apoptosis in newborn rats, irrespective of environmental lighting conditions. This 
could have implications for using music therapy in prenatal and neonatal care. The flexibility of applying music stimulation 
during either light or dark conditions could make such interventions more practical and accessible. This flexibility offers 
practical implications for implementing music-based interventions in real-world settings, where factors such as time of day 
or lighting conditions may vary. These results are particularly relevant for prenatal and neonatal care, where such 
interventions could be employed to support healthy brain development during critical periods of growth.  
 
Conclusion 
There was no significant difference in the apoptosis index of neuronal brain cells in newborn Rattus norvegicus exposed to 
Mozart music for 1 hour under light conditions compared to those exposed for 1 hour under dark conditions. This absence 
of difference suggests that, when applied to humans, Mozart music stimulation can be provided at any time, whether in the 
morning or at night. This flexibility is expected to improve the compliance of pregnant women in using Mozart music as fetal 
stimulation during pregnancy, facilitating the broader implementation of this stimulation program. Consequently, babies 
born under such a program may have a relatively higher number of brain cells which potentially supporting better brain 
development. For future research, it is recommended to investigate the long-term effects of prenatal Mozart music 
stimulation on cognitive and neurological development in humans. Studies could also explore the integration of music 
stimulation into prenatal healthcare practices, evaluating its acceptability, feasibility, and impact on maternal and fetal 
well-being. Additionally, further research should assess the effects of different types of music and varying exposure 
durations to optimize the stimulation program for practical application in diverse healthcare settings. Additionally, 
investigating different genres or durations of music exposure could help optimize the intervention. 
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Authors’ perspective 
 
Innovation points 

• The study examines how exposure to Mozart music influences neuronal apoptosis. 
• After receiving Mozart music, the finding provided insights into the potential developmental and neurological 

impacts of auditory stimulation during early life stages. 
• The research compares the effects of Mozart music under two environmental conditions (light and dark) to 

determine how these factors interact. 
 

Potential areas of interest 
• How does exposure to Mozart music influence neuronal apoptosis in newborn Rattus norvegicus? 
• What are the differences in the effects of Mozart music on neuronal apoptosis between light and dark conditions? 
• Why were newborn Rattus norvegicus chosen as the subject for studying the impact of auditory stimulation on 

neuronal development? 
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