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sciences, Volume I

The scarcity of human data, the limitation of time and resources for experimental
testing, and societal pressure to develop animal-free testing strategies are driving the field
of toxicology toward new methods to generate and interpret data for chemical risk
assessment (Luechtefeld and Hartung, 2017). Computational toxicology is an emerging
multi-disciplinary research field that incorporates diverse disciplines such as
computational sciences, bioinformatics, machine learning, chemo-informatics, systems
biology, toxicogenomics, and toxicokinetics (Baskin, 2018; Ciallella and Zhu, 2019).

The ability to rapidly screen chemicals for biological activity and reduce the use of
animals in toxicity testing has been the goal of regulatory toxicology for several decades.
With current technological and scientific advances, scientists seek to apply high
throughput screening assays and computational toxicology techniques to evaluate and
screen large numbers of chemicals and drug data sets for biological activity (Ciallella and
Zhu, 2019; Chang et al., 2022; Tetko et al., 2022).

The availability of in vitro toxicokinetic data is essential to meet the growing
regulatory need to improve chemical safety assessments (Punt et al., 2020; Najjar
et al, 2022). With the availability of a growing number of commercial and open-
source computational tools and databases for quantitative structure-activity
relationship (QSAR) and physiologically-based pharmacokinetic (PBPK) modeling,
scientists are developing workflows that integrate new approach methodologies
(NAMs), in silico techniques and in vitro data to predict biological activity in humans
(Loizou et al., 2008; Ruiz et al., 2020).

This research topic on applying computational tools to health and environmental
sciences brings together exemplars of current modeling efforts that seek to play an
important role in next-generation risk assessment, such as:
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» Understanding toxicokinetics of xenobiotics based on
omics approaches
o Development and

acceptance of high-throughput

computational tools

Building data-driven models to identify chemicals
associated with adverse outcome pathways (AOPs) and
toxicity

« Development and application of a computational workflow
for probabilistic quantitative in vitro to in vivo

extrapolation (QIVIVE) in environmental risk assessment

o Data harmonization and curation from human studies

The overall aim is to develop and engage model developers
and users to promote and maximize benefits from basic and
applied research that is being undertaken to protect public and
environmental health.

Nicolas et al. presented a case study demonstrating the utility
of exploiting existing computational methods (ratio of surrogate
hazard and exposure data, called margins of exposure) at the pre-
assessment phase of a tiered risk-based approach to prioritize
thousands of untested chemicals quickly and conservatively for
further research.

Pierro et al. developed a data-driven model to identify
chemicals associated with all-trans retinoic acid (ATRA)
pathway bioactivity and prenatal skeletal defects. The model
provides potential avenues for new mechanistic discoveries
related to ATRA pathway disruption and associated skeletal
dysmorphogenesis due to environmental exposures.

Khalidi et al. presented an R-based workflow for automated
high-throughput PBK simulation with the Simcyp ° simulator
called “SimRFlow.” It is a time-efficient tool for simulating the
biokinetics of many compounds without the manual curation of
physicochemical or experimental data necessary to run Simcyp”
simulations.

Mandal et al. performed a correlation analysis of variables
from the Atherosclerosis Risk in Communities (ARIC) Study.
The developed workflow could be incorporated into data
harmonization efforts to reduce the human effort required for
initial variable mapping and provide crucial quantitative
information to assist with the harmonization.

Zhao et al. provided a basis for exploring toxicokinetics,
toxicity, and valuable mechanistic insight. Integrating
toxicokinetics of arenobufagin (ArBu) with lipidomics and
proteomics approaches based on liquid chromatography-
(LC-MS/MS)

identify and quantitatively compare proteins, which is of great

tandem mass spectrometry can accurately
significance in the determination of ArBu cardiotoxicity and
efficacy mechanisms.

Tan et al. developed a physiologically-based
pharmacokinetic (PBPK) model capable of simulating
cefadroxil concentrations in plasma and tissues in mice,
rats, and humans. The model is helpful for dose selection

and informative decision-making during clinical trials and
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dosage form design of cefadroxil and provides a reference for
the PBK studies of hPEPT1 substrate.

Loizou et al. provided a state-of-the-art computational
workflow that integrates PBK modeling, global sensitivity
analysis (GSA), approximate Bayesian computation (ABC),
Markov Chain Monte Carlo (MCMC) simulation, and the
Virtual Cell Based Assay (VCBA) for the estimation of the
active, free in vitro concentration of a chemical in the reaction
medium were developed to facilitate quantitative in vitro to in
vivo extrapolation (QIVIVE).

In summary, this research topic presents some recent
developments and perspectives on the challenges in computational
toxicological modeling, their applications, integration of data and
tools, and their potential to meet different case scenarios within
environmental and human health risk assessment. The development
of computational toxicology tools and approaches should accelerate
with the availability of open-source toxicological databases to provide
a more quantitative, biologically based assessment of the risk of
chemicals in the environment.

Author contributions

PR took the lead in writing the editorial first draft. GL
provided critical feedback and helped shape the editorial. GL
and PR led the research topic and were in charge of the overall
direction, review, and planning.

Acknowledgments

The findings and conclusions in this report are those of the
author(s) and do not necessarilyrepresent the official position of
[the Centers for Disease Control and Prevention/the Agency
forToxic Substances and Disease Registry or the Health and
Safety Executive.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2022.980747/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.971296/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.929200/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.883433/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.780016/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.692741/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.754408/full
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1102431

Ruiz and Loizou

References

Baskin, II (2018). Machine learning methods in computational toxicology.
Methods Mol. Biol. 1800, 119-139. doi:10.1007/978-1-4939-7899-1_5

Chang, X, Tan, Y. M., Allen, D. G,, Bell, S., Brown, P. C., Browning, L., et al.
(2022). Ivive: Facilitating the use of in vitro toxicity data in risk assessment and
decision making. Toxics 10 (5), 232. doi:10.3390/toxics10050232

Ciallella, H. L., and Zhu, H. (2019). Advancing computational toxicology in the
big data era by artificial intelligence: Data-driven and mechanism-driven modeling
for chemical toxicity. Chem. Res. Toxicol. 32 (4), 536-547. doi:10.1021/acs.
chemrestox.8b00393

Loizou, G., Spendiff, M., Barton, H. A., Bessems, J., Bois, F. Y., d'Yvoire, M. B.,
et al. (2008). Development of good modelling practice for physiologically based
pharmacokinetic models for use in risk assessment: The first steps. Regul. Toxicol.
Pharmacol. 50 (3), 400-411. doi:10.1016/j.yrtph.2008.01.011

Luechtefeld, T., and Hartung, T. (2017). Computational approaches to chemical
hazard assessment. Altex 34 (4), 459-478. doi:10.14573/altex.1710141

Frontiers in Pharmacology

03

10.3389/fphar.2022.1102431

Najjar, A., Punt, A., Wambaugh, J., Paini, A., Ellison, C., Fragki, S., et al. (2022).
Towards best use and regulatory acceptance of generic physiologically based kinetic
(PBK) models for in vitro-to-in vivo extrapolation (IVIVE) in chemical risk
assessment. Arch. Toxicol. 96 (12), 3407-3419. doi:10.1007/s00204-022-03356-5

Punt, A., Bouwmeester, H., Blaauboer, B. J., Coecke, S., Hakkert, B., Hendriks, D.
F. G, et al. (2020). New approach methodologies (NAMs) for human-relevant
biokinetics predictions. Meeting the paradigm shift in toxicology towards an
animal-free chemical risk assessment. Altex 37 (4), 607-622. doi:10.14573/altex.
2003242

Ruiz, P., Emond, C., McLanahan, E. D., Joshi-Barr, S., and Mumtaz, M. (2020).
Exploring mechanistic toxicity of mixtures using PBPK modeling and
computational systems biology. Toxicol. Sci. 174 (1), 38-50. doi:10.1093/toxsci/
kfz243

Tetko, I. V., Klambauer, G., Clevert, D. A., Shah, 1., and Benfenati, E. (2022).
Artificial intelligence meets toxicology. Chem. Res. Toxicol. 35 (8), 1289-1290.
doi:10.1021/acs.chemrestox.2c00196

frontiersin.org


https://doi.org/10.1007/978-1-4939-7899-1_5
https://doi.org/10.3390/toxics10050232
https://doi.org/10.1021/acs.chemrestox.8b00393
https://doi.org/10.1021/acs.chemrestox.8b00393
https://doi.org/10.1016/j.yrtph.2008.01.011
https://doi.org/10.14573/altex.1710141
https://doi.org/10.1007/s00204-022-03356-5
https://doi.org/10.14573/altex.2003242
https://doi.org/10.14573/altex.2003242
https://doi.org/10.1093/toxsci/kfz243
https://doi.org/10.1093/toxsci/kfz243
https://doi.org/10.1021/acs.chemrestox.2c00196
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1102431

	Editorial: Application of computational tools to health and environmental sciences, Volume II
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


