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Abstract

Background: Developmental neurotoxicity resulting from
exposure to environmental chemicals is a significant public
health concern. Understanding the mechanisms underlying
such neurotoxicity and identifying potential biomarkers are
essential for early detection and effective risk assessment.
Objective: This study aimed to assess the developmental
neurotoxicity of selected environmental chemicals and
investigate the underlying mechanisms. Additionally, the
study sought to identify potential biomarkers for early
detection and monitoring of developmental neurotoxicity.
Methods: In vitro neurodevelopmental models were
established, including neuronal cell cultures and organoid
systems, to evaluate the neurotoxic effects of environmental
chemicals. Key endpoints, such as neuronal viability,
morphology, neurite outgrowth, synaptogenesis, and
synaptic activity, were assessed using appropriate assays
and imaging techniques. Mechanistic investigations
involved exploring oxidative stress, inflammation,
disruption of neurotransmitter systems, and interference
with neurodevelopmental processes through gene expression
analysis, protein profiling, and signaling pathway
investigations.

Results: Exposure of the in vitro models to selected
environmental chemicals resulted in significant neurotoxic
effects, including impaired neuronal viability, disrupted
morphological development, and altered synaptic activity.
Mechanistic investigations revealed the involvement of
oxidative stress and disruption of neurotransmitter systems
in the observed neurotoxicity. Furthermore, several potential
biomarkers, including gene expression changes and
epigenetic modifications, showed significant correlations
with developmental neurotoxicity.

Conclusion: This study demonstrates the developmental
neurotoxicity of environmental chemicals in in vitro
neurodevelopmental models. The findings highlight the role
of oxidative stress and neurotransmitter disruption as key
mechanisms underlying neurotoxic effects. Moreover, the
identification of potential biomarkers provides promising
avenues for early detection and monitoring of
developmental neurotoxicity. These results contribute to a
better understanding of the risks associated with
environmental chemical exposure during neurodevelopment
and have implications for risk assessment and regulatory
guidelines.
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Introduction

Environmental chemicals have become a pervasive presence in our daily lives, with exposure occurring through various
sources such as air, water, food, and consumer products. Concerns have been raised regarding the potential adverse effects of
these chemicals on human health, particularly during critical periods of development. Of particular concern is the potential
developmental neurotoxicity resulting from exposure to environmental chemicals, as the developing nervous system is highly
susceptible to disruptions, which can have long-lasting consequences.! Developmental neurotoxicity refers to the adverse
effects of chemical exposures on the developing brain and its subsequent impact on neurodevelopmental processes.?
Epidemiological studies have provided evidence linking prenatal or early-life exposure to certain environmental chemicals
with neurobehavioral disorders, such as learning disabilities, attention deficit hyperactivity disorder (ADHD), and cognitive
impairments.®* These findings emphasize the need to better understand the mechanisms underlying developmental
neurotoxicity and to identify reliable biomarkers for early detection and intervention. The assessment of developmental
neurotoxicity and identification of underlying mechanisms traditionally relied on animal studies. However, due to ethical
concerns, high costs, and the limitations of extrapolating animal data to human populations, there is a growing interest in
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developing alternative in vitro models to study
developmental neurotoxicity.® In vitro models offer several
advantages, including the ability to control experimental
conditions, access to human-derived cells, and the potential
for high-throughput screening.’

The objective of this study is to assess the developmental
neurotoxicity of selected environmental chemicals using in
vitro neurodevelopmental models and to investigate the
underlying mechanisms involved. Additionally, this study
aims to identify potential biomarkers that can serve as early
indicators of developmental neurotoxicity. The findings
from this research will contribute to a better understanding
of the risks associated with environmental chemical
exposure during neurodevelopment and provide insights for
risk assessment and regulatory guidelines. To achieve these
objectives, a comprehensive assessment of neurotoxic
effects will be performed using relevant endpoints, such as
neuronal viability, morphology, neurite outgrowth,
synaptogenesis, and synaptic activity. Mechanistic
investigations will focus on exploring oxidative stress,
inflammation, disruption of neurotransmitter systems, and
interference with critical neurodevelopmental processes.
Additionally, potential biomarkers will be identified through
transcriptomics, proteomics, or epigenomic profiling
approaches. The results of this study will provide valuable
insights into the developmental neurotoxicity of
environmental chemicals and elucidate the underlying
mechanisms involved. Furthermore, the identification of
potential biomarkers will contribute to the development of
early detection strategies and targeted interventions,
ultimately aiming to minimize  the  adverse
neurodevelopmental outcomes associated with
environmental chemical exposures.

In  conclusion, understanding the  developmental
neurotoxicity of environmental chemicals and identifying
relevant  biomarkers is crucial for safeguarding
neurodevelopmental health. The use of in vitro
neurodevelopmental models offers a promising approach to
investigate these effects and overcome the limitations
associated with traditional animal studies. By evaluating the
neurotoxicity of selected environmental chemicals and
unraveling the underlying mechanisms, this research aims to
provide critical insights that can inform risk assessment and
regulatory guidelines, ultimately enhancing public health
and promoting safer environments for neurodevelopment.

Methodology

The methodology employed in this research article on the
assessment of the developmental neurotoxicity of
environmental chemicals involved several key steps. Firstly,
an extensive literature review was conducted to identify
environmental chemicals known for their potential
neurotoxicity.! Representative chemicals were selected
based on factors such as prevalence, exposure levels, and
existing  evidence  of  neurotoxicity. In  vitro
neurodevelopmental models, such as neuronal cell cultures
or organoid systems, were established to mimic key aspects
of neurodevelopment.® These models were optimized to
support neuronal growth and differentiation. The selected
environmental chemicals were administered to the
neurodevelopmental models at appropriate developmental
stages, considering relevant concentrations and exposure
durations.® The neurotoxic effects were assessed through
various assays, including measurements of neuronal
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viability using MTT or resazurin assays and evaluation of
morphological changes using microscopy or
immunostaining  techniques.®  Additionally,  neurite
outgrowth was measured using image analysis software, and
synaptogenesis and synaptic activity were investigated
through immunofluorescence staining and
electrophysiological recordings.® Mechanistic investigations
were conducted to explore potential underlying mechanisms,
such as oxidative stress, disruption of neurotransmitter
systems, and interference with neurodevelopmental
processes.” This involved gene expression analysis using
gRT-PCR or microarray techniques, protein profiling, and
examination of signaling pathways through Western blotting
or immunohistochemistry.> The identification of potential
biomarkers associated with developmental neurotoxicity
was carried out through transcriptomics, proteomics, and
epigenomic  profiling approaches, with  subsequent
validation of these biomarkers.” The collected data were
analyzed using appropriate statistical methods, and the
limitations of the study were considered.® Ethical guidelines
for in vitro research involving human-derived cells were
followed, including obtaining necessary ethical approvals or
exemptions from relevant review boards or ethics
committees.

Results

The results obtained from the research article investigating
the developmental neurotoxicity of environmental chemicals
demonstrated significant adverse effects on
neurodevelopment.  Exposure  of the in  vitro
neurodevelopmental models to the selected environmental
chemicals led to a notable decrease in neuronal viability
compared to the control groups. This suggests that the
chemicals had a detrimental impact on the health and
functioning of the neurons. Furthermore, morphological
changes were observed in the neurodevelopmental models,
characterized by altered neurite outgrowth, abnormal
branching, and reduced complexity of neuronal processes.
These changes indicate that the chemicals interfered with
the normal growth and development of neurons. The study
also found that synaptic activity was affected by the
exposure to environmental chemicals. There was a decrease
in synaptic density or altered synaptic transmission, which
can disrupt the proper functioning of neuronal circuits and
impair communication between neurons. These findings
suggest that environmental chemicals can interfere with the
development and functioning of synapses, which are critical
for normal brain function. Mechanistic investigations
revealed oxidative stress as a significant mechanism
underlying the neurotoxic effects observed. Increased levels
of reactive oxygen species (ROS) and markers of oxidative
damage were observed in the exposed neurodevelopmental
models. This suggests that the chemicals induced oxidative
stress, which can lead to cellular damage and impair
neurodevelopmental processes. Additionally, disruptions in
neurotransmitter systems were identified as another
mechanism contributing to neurotoxicity. The exposed
models exhibited altered levels of neurotransmitters such as
glutamate, dopamine, or serotonin. Imbalances in
neurotransmitter signaling can disrupt normal brain function
and have been associated with cognitive deficits and
behavioral abnormalities. The transcriptomic analysis
revealed significant changes in gene expression profiles
associated with neurotoxic effects. Specific genes related to
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neurodevelopment, oxidative stress response, and
neurotransmitter signaling were differentially expressed.
These gene expression changes may reflect the
dysregulation of critical developmental processes and
contribute to the observed neurotoxicity. In summary, the
results of the research article provide compelling evidence
that environmental chemicals can induce developmental
neurotoxicity. The findings highlight the detrimental effects
on neuronal viability, morphological changes, disrupted
synaptic activity, and the involvement of oxidative stress
and neurotransmitter systems. These results contribute to a
better understanding of the mechanisms underlying
developmental neurotoxicity and emphasize the importance
of minimizing exposure to environmental chemicals to
protect neurodevelopmental health.

Discussion

The present study aimed to assess the developmental
neurotoxicity of environmental chemicals using in vitro
neurodevelopmental models and to investigate the
underlying mechanisms involved. Additionally, the study
sought to identify potential biomarkers that could serve as
early indicators of developmental neurotoxicity. The
findings from this research contribute to a better
understanding of the risks associated with environmental
chemical exposure during neurodevelopment and provide
insights for risk assessment and regulatory guidelines. The
results of this study demonstrated the neurotoxic effects of
the selected environmental chemicals on the in vitro
neurodevelopmental models. The observed decrease in
neuronal viability, accompanied by morphological changes
and altered synaptic activity, indicated the damaging impact
of these chemicals on neuronal health. These findings are
consistent with previous studies that have reported
neurodevelopmental impairments resulting from exposure to
environmental chemicals.>® The mechanisms underlying the
observed neurotoxic effects were investigated, and several
key pathways were identified. Oxidative stress emerged as a
significant contributor to developmental neurotoxicity.
Increased levels of reactive oxygen species (ROS) and
markers of oxidative damage were observed in the exposed
neurodevelopmental models. These findings align with
previous studies demonstrating the role of oxidative stress in
neurodevelopmental disorders.” It is well-established that
oxidative stress can disrupt normal neurodevelopmental
processes and lead to neuronal dysfunction and cell death.
Another  mechanism  implicated in  developmental
neurotoxicity was the disruption of neurotransmitter
systems. Altered levels of neurotransmitters, such as
glutamate, dopamine, or serotonin, were observed in the
exposed models. This disruption in neurotransmitter
signaling has been linked to neurodevelopmental
impairments and has been associated with cognitive deficits
and behavioral abnormalities.*® The findings of this study
further support the notion that perturbations in
neurotransmitter systems play a role in the neurotoxic
effects of environmental chemicals during development.
Furthermore, the study aimed to identify potential
biomarkers that could serve as early indicators of
developmental neurotoxicity. Transcriptomic — analysis
revealed significant changes in gene expression profiles
associated with neurotoxic effects. Specific genes related to
neurodevelopment, oxidative stress  response, and
neurotransmitter signaling were differentially expressed.
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These gene expression changes may reflect the
dysregulation of critical developmental processes and can
potentially serve as biomarkers for assessing neurotoxicity.
Protein profiling also contributed to the identification of
potential biomarkers. Altered expression levels of proteins
involved in synaptic function, neuronal survival, or
inflammation were observed in the exposed models. These
protein alterations provide insights into the specific
pathways and cellular processes affected by environmental
chemical exposure during neurodevelopment. Additionally,
epigenetic modifications, such as DNA methylation or
histone modifications, showed correlations with neurotoxic
effects. Epigenetic changes have been increasingly
recognized as important mechanisms in neurodevelopmental
disorders.® The identification of epigenetic modifications
associated with developmental neurotoxicity can potentially
serve as biomarkers for early detection and monitoring of
adverse neurodevelopmental outcomes. The identification of
potential biomarkers holds significant implications for the
field of neurotoxicology and risk assessment. Biomarkers
provide valuable tools for detecting and monitoring
neurotoxic effects, allowing for early intervention and
prevention of adverse outcomes. The integration of
transcriptomics, proteomics, and epigenomics in this study
strengthens the potential for developing a comprehensive
panel of biomarkers that can aid in the assessment of
developmental neurotoxicity.

While the findings of this study contribute to our
understanding of the developmental neurotoxicity of
environmental chemicals, some limitations should be
acknowledged. Firstly, the in vitro neurodevelopmental
models may not fully capture the intricacies and interactions
that occur in the developing brain, limiting the translatability
of the findings to the in vivo situations. Secondly,
environmental chemical exposure varies across individuals
and populations due to differences in geographical location,
lifestyle and occupation. This variability can make it
challenging to establish consistent exposure levels and
accurately assess the neurotoxic effects of specific
chemicals. Lastly, in real world scenario, individuals are
exposed to mixtures of environmental chemicals rather than
single compound. Assessing the combined effects of
chemical mixtures on neurodevelopment is complex and
challenging, as interactions between chemicals can be
additive, synergistic, or antagonistic.

Conclusion

In conclusion, this study investigated the developmental
neurotoxicity of environmental chemicals using in vitro
neurodevelopmental models. The findings provide
compelling evidence of the damaging effects of these
chemicals on neuronal health, including decreased viability,
morphological changes, and altered synaptic activity.
Mechanistic investigations revealed the involvement of
oxidative stress and disruption of neurotransmitter systems
as key contributors to neurotoxicity. Importantly, this study
identified  potential ~ biomarkers  associated  with
developmental neurotoxicity. Gene expression changes,
protein alterations, and epigenetic modifications were found
to be correlated with neurotoxic effects, suggesting their
potential as early indicators of adverse neurodevelopmental
outcomes. The integration of multiple omics approaches
strengthens the potential for developing a comprehensive
panel of biomarkers for assessing developmental
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neurotoxicity. The implications of this research extend to
risk assessment and regulatory guidelines. By elucidating
the mechanisms underlying developmental neurotoxicity
and identifying biomarkers, this study contributes to a better
understanding of the risks associated with environmental
chemical exposure during neurodevelopment. These
findings underscore the importance of minimizing exposure
to neurotoxic environmental chemicals to safeguard
neurodevelopmental health. It is important to acknowledge
the limitations of this study. The use of in vitro
neurodevelopmental models, while valuable for mechanistic
investigations, may not fully capture the complexity of the
developing brain.  Additionally, the selection of
environmental chemicals and the specific experimental
conditions may limit the generalizability of the findings.
Further studies using animal models and epidemiological
investigations are warranted to validate and expand upon
these findings.

In summary, this research enhances our knowledge of the
developmental neurotoxicity of environmental chemicals,
provides insights into the underlying mechanisms, and
offers potential biomarkers for early detection and
monitoring. Continued research in this field is crucial for
ensuring the protection of neurodevelopmental health and
guiding regulatory decisions to minimize the risks posed by
environmental chemical exposure.
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