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ABSTRACT

Introduction: With the rapid development of new chemicals across various industries and the growing
need for efficient and accurate toxicity assessments, in silico methods have emerged as a screening tool
due to their cost-effectiveness, time efficiency, and reduction in animal testing. The aim of this review is to
examine the existing studies on the application of in silico methods in predicting the toxicity of chemical
compounds in occupational and industrial settings.

Material and Methods: This systematic review follows established protocols and is based on data
extracted from reputable scientific databases such as PubMed, Scopus, and Web of Science. The review
analyzes articles published between 2000 and 2024 that utilized in silico methods for toxicity prediction
in occupational toxicology. Inclusion criteria focused on studies that applied modeling, simulation, and
prediction methods primarily to chemical toxicity in workplace environments. Also, the quality assessment
of the articles was done using the STROBE form.

Results: This study surveyed 13 articles on computer simulation of chemical compounds from 2000 to
2024. The majority of research was conducted between 2020 and 2024. The reviewed articles, based
on the STROBE form, had a moderate to high quality. Various methods, including Quantitative Structure-
Activity Relationship (QSAR), machine learning, and molecular dynamics, were widely used to predict the
toxicity of chemical compounds, with the predictive accuracy of these models generally being high. The
results also indicated that QSAR methods had the most application in studies predicting the toxicity of
chemical compounds used in industries.

Conclusion: In silico methods, using molecular descriptors and structural data, have shown high accuracy
in predicting toxicity. However, challenges such as limitations in reliable data, the need for model
improvement, lack of experimental data, and the complexity of chemical interactions exist. The results
indicated that the use of computational methods can significantly reduce the need for animal testing
and improve risk assessment. These studies also emphasize the importance of improving and developing
predictive models to enhance their accuracy and applicability. Overall, it can be said that modeling can
serve as an effective tool in reducing costs and improving safety in workplace environments.
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1. INTRODUCTION

The rapid introduction of novel chemicals in
industrial and occupational environments has
escalated concerns regarding their potential toxic
effects on human health . Traditional toxicity testing
methods, including in vivo animal assays and in
vitro cell-based assays, have been the main standard
for toxicity assessment. With the rapid development
of new chemicals across various industries and the
growing need for efficient and accurate toxicity
assessments, in silico methods have emerged as a
screening tool due to their cost-effectiveness, time
efficiency, and reduction in animal testing. The aim
of this review is to examine the existing studies on
the application of in silico methods in predicting
the toxicity of chemical compounds, especially in
occupational and industrial settings.

2. MATERIAL AND METHODS

In this study, research conducted in the field
of application of computer simulation methods
in occupational toxicology was reviewed. In the
process of searching for articles, the authors used
three databases: Web of Science, PubMed, and
Scopus to review articles related to the study topic.
Articles published in English with full text access in
these databases from 2000 to 2024 were extracted.
Articles were searched using the keywords:
modeling, software, simulation, in silico, toxicity,
prediction, chemical, industrial, and occupational
workplace, as well as using combinations of these
terms. In order for an article to be included in the
review, the selected keywords had to be present in
the title, keyword set, or abstract of the article. To
select studies, the authors independently reviewed

2020-2024
2015-2019

2010-2014

2005-2009

2000-2004

p

the search results and screened eligible articles
for full text review. Non-research articles such as
author notes, editorials, common texts, letters to
the editor, and articles in languages other than
English were excluded. The initial search yielded
259 studies. Duplicate studies were included only
once. After reviewing the titles and abstracts of the
studies, 18 articles had utilized computer simulation
of chemicals in their methodology. After reviewing
the full text of the articles, 13 of them had studied
computer simulation of compounds in the context
of industry.

Once the main articles were identified, the
authors extracted the required information from
the articles individually. To extract the data, the
authors used tables that contained information such
as title, author names, year of publication, journal
and DOI, country of study, computer simulation
method used, chemical examined, summary and
conclusion. This study was conducted according to
the Cochrane model for review studies. The quality
assessment of the articles in the study was carried
out separately by the study authors using the
STROBE checklist, and the results were averaged
for each article.

3. RESULTS AND DISCUSSION

This study surveyed 13 articles on computer
simulation of chemical compounds from 2000 to
2024. The majority of research were conducted
between 2020 and 2024 (figure 1). Various
methods, including Quantitative Structure-
Activity Relationship (QSAR), machine learning,
and molecular dynamics, have been widely used to
predict the toxicity of chemical compounds, with
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Fig. 1: Number of studies per year
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Table 1: Some of Findings on the Application of In Silico Methods in Chemical Toxicity Prediction

InSilico  Application Chemical

Method Type Compound

Tox.1c1'ty Summary / Key
Prediction Findings REEE I
Tool
DFT descriptors
explain 50% of

variations in toxicity,

Structure-Activity . showing that higher
. . ) Density A
Relationships for Polychlorinated i chemical softness
L. DFT-based . Functional )
the Toxicity of Research QSAR X Dibenzofurans correlates with 5
| descriptors Theory . i
Polychlorinated (PCDFs) toxicity. Electronic,
(DFT) .
Dibenzofurans hydrophobic, and
steric properties
impact biological
activity.
Nickel is the main
Systematic toxicity determinant.
Proteomic . Protein changes
i X X Proteomics i
Approach to Systemic Proteomic Ni, Cd, Cr . correlate with
A Research i Systematic - K 6
Characterize the Model approach mixtures PA cytotoxic responses,
Impacts of Metal helping identify key
Mixture Exposures proteins for toxicity
responses.
In silico methods like
QSAR and structural
In Silico Toxicity alerts accelerate
Pred'icti.on and . QSAR, Overview of Various de'cisio?—making'and
Applications for Review L software identify potential 1
SA applications R
Workplace and tools toxicity risks,
Chemicals supporting safer
chemical use in
industries.
Hydroxyl groups at
positions 3 and 17
Toxicity Prediction are crmc.al ff)r
of Estrogenic receptor binding.
g. Receptor 188 Chemical CPANN Identified structural
Endocrine Research QSAR L i X 7
. . binding Compounds Algorithm features affecting
Disruptors Using . .
estrogenic activity,
Neural Networks

the predictive accuracy of these models generally
being high.

In thereview of research based on the STROBE
form, the quality score of the articles varied from
19 to 22. Based on the received quality score (Q),
it was grouped into three categories: low-quality
studies (Q < 18), medium quality studies (20 >
Q = 18) and high-quality articles (Q > 20). The
reviewed articles, based on the STROBE form,
had a moderate to high quality. Therefore, it
seems that although the studies conducted in
this field are limited, the output of the studies
has been acceptably credible. The results also
indicated that QSAR methods have the most
application in studies predicting the toxicity
of chemical compounds used in industries.

[ DOW!

providing molecular-
level interaction
insights.

Also, a summary of the findings of a number of
reviewed studies on the application of in silico
methods in the field of predicting the toxicity of
chemical compounds in occupational toxicology
is presented in Table 1.

4. CONCLUSIONS

These methods, using molecular descriptors
and structural data, have shown high accuracy
in predicting toxicity. However, challenges such
as limitations in reliable data, the need for model
improvement, lack of experimental data, and the
complexity of chemical interactions exist. The
results indicate that the use of computational
methods can significantly reduce the need for
animal testing and improve risk assessment.
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In silico methods have transformed the
field of toxicology, offering rapid, cost-
effective, and ethical alternatives to traditional
testing methods. The integration of advanced
computational techniques, such as machine
learning and molecular simulations, is poised
to further enhance the predictive accuracy of
these models, driving innovation in toxicological
research and risk management. These studies
also emphasize the importance of improving
and developing predictive models to enhance
their accuracy and applicability. Overall, it can
be said that modeling can serve as an effective

Journal of Health and Safety at Work 2025; 15(2)

tool in reducing costs and improving safety in
workplace environments.
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1. Multiple linear regression
2. Support vector machines
3. Molecular dynamics
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