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INTRODUCTION

The current testing of substances regarding their potential endocrine disrupting properties is
hampered by a lack of validated methods. Indeed only a few endocrine pathways can be
investigated by these methods, leaving many unexplored, and some adverse effects cannot be
detected due to the inappropriateness of the methods, such as long term effects due to early exposure,
or metabolic disruption. Moreover, in vivo methods are mainly based on vertebrate animals. This
calls for the use of Integrated Approaches to Testing and Assessment (IATAs) for regulatory
processes, which requires a comprehensive understanding of endocrine signalling mechanisms, but
also an easy access to standardised methods. The relevance and reliability of newmethods potentially
suitable for regulatory application must be thoroughly assessed, and necessitates significant resource
investment. The action of a new Public-private platform for the pre-validation of endocrine
disruptors characterization methods, PEPPER, is described as well as its results.

CURRENT REGULATORY INFORMATION REQUIREMENTS NEED
TO BE REVISED TO FACILITATE THE REGULATION OF
ENDOCRINE DISRUPTORS

The European Commission is Revising Information Requirements for Regulatory Testing of
Endocrine Disruptors (EDs).

In September 2017 and April 2018, the Plant Protection Products and Biocide Products
Regulations have respectively been amended to include scientific criteria for the determination
of endocrine disrupting properties of chemicals ((EU) 2018/605 and (EU) 2017/2100).

In December 2020, out of the 22 biocidal active substances discussed by the European Chemical
Agency’s (ECHA) Endocrine Disruptor Expert Group, a conclusion could be reached for only 2
(considered endocrine disruptors), while for the remaining 20, more information was needed to
conclude whether the criteria were met (European Commission, 2020c). Regarding pesticides,
additional data were requested by the European Food and Safety Authority (EFSA) to be able to reach
a conclusion on the endocrine disrupting properties for 36% of the substances assessed for human
toxicity, and for 73% of substances assessed for effects on non-target organisms (European
Commission, 2020c). This inability to reach conclusions highlights the inappropriateness of the
current information requirements.

In October 2020, a first step was made by the Commission towards the revision of the information
requirements for identification of endocrine disrupting substances, by amending the Biocidal
Products Regulation (delegated Regulation 2021/525). The amendments take into account the
“need to reduce testing on vertebrate animals and the need of a testing strategy and methods for the
determination of endocrine disrupting properties of substances.” Moreover, testing for endocrine
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disrupting properties has become part of the “core data set” (it
was previously merely an “additional data set”).

Similar Activities are Ongoing Concerning Plant Protection
Products and REACH Regulations.

However, including the most recently adopted OECD Test
Guidelines (TGs) or their updates in the standard information
requirements will not suffice to facilitate the identification of all
EDs. Indeed, the available TGs mainly focus on a few endocrine
pathways (i.e., estrogenic, androgenic, thyroid, as well as
steroidogenesis) leaving many unexplored such as the retinoid
or glucocorticoid pathways.

Another aspect to take into account when considering the
revision of the information requirements is the need of methods
able to fulfil the three aspects of the criteria for the identification
of EDs, as laid out in the Pesticides and Biocides Regulations,
i.e., the demonstration of an endocrine mode of action, an adverse
effect and the biological plausible link between both. In particular
the need of methods facilitating the identification of modes of
action calls for the development of targeted New Approach
Methods not relying on animals.

Bridging the Gap Between Research and
Regulatory Testing
Many methods exist which are relevant to the identification of
EDs. However very often their development was not intended for
regulatory application.

In the recent years, extensive effort has been dedicated to the
identification of gaps in methods that can be readily integrated
into a regulatory framework, leading to various publications
(OECD, 2012; OECD, 2014b; Directorate-General for
Environment European Commission et al., 2018; OECD, 2018;
OECD, 2021a) and are reflected in the Fitness Check on
endocrine disruptors and the Chemical Strategy for
Sustainability (European Commission, 2020a; European
Commission, 2020b).

The first reason for this shortage of regulatory-relevant
methods is a general lack of awareness of regulatory needs
from the developers of methods, so that methods may not
answer the “right question.” Recently, in order to reduce the
gap between research and regulatory testing, the European
Commission has issued research calls asking for methods to be
developed for a regulatory application [e.g., European Cluster to
Improve Identification of Endocrine Disruptors (EURION)
https://eurion-cluster.eu/] and intends to follow this line
[European partnership for the assessment of risks from
chemicals (PARC)].

Another reason is linked to the absence of documentation of
the methods, pre-requisite to their transfer into a “naïve” lab and
validation through a ring trial. This standardisation includes, e.g.,
the establishment of a Standard Operating Procedure clear
enough to allow a new operator/lab to implement the method.
It should describe precisely every step of the method and list
technical requirements, as well as adequate acceptance criteria for
the results obtained when running the method. “Historical data,”
i.e., repetitions of testing of a substance using the same
experimental conditions, need to be established by the

developer. They will be the starting point of the
demonstration of reproducibility of the method, and will
facilitate the establishment of acceptance criteria for the results.

The PEPPER platform (https://ed-pepper.eu/en/) was recently
(2020) created to work on this lack of standardisation. It aims to
fill the gap between outputs of academic research and regulatory
relevant methods, by organising pre-validations.

Doing so, PEPPER focuses on methods that target gaps
identified by regulators on mechanistic or apical endpoints to
improve their regulatory acceptance. For example, in its 2020
campaign, methods dealing with already reasonably covered
subjects such as estrogenic and androgenic actions, or thyroid
disruption were not searched for.

Identifying methods with a potential for validation and use in
regulatory-relevant ED characterisation is a tricky issue for many
reasons. For example, the published literature is mainly
presenting toxicological properties of substances, and rarely
describes methods in an extensive or transparent way. A list of
data collection on methods was compiled by a group developing a
case study within the context of the “Accelerating the Pace for
Risk Assessment” -APCRA: AltTox, Altweb, AOP Knowledge
Base, AOPwiki, BioAssay Ontology, CERAPP, CoMPARA, DB-
ALM, DSSTox, eChemPortal, EU Guidance for the identification
of endocrine disruptors in the context of Regulations, EPA TSCA
List of Alternative Methods, OECD Conceptual Framework for
Testing and Assessment of EDCs, OECDGD 150, OpenFoodTox,
PubChem, QSAR Toolbox, T3DB, Tox21, ToxCast, TSAR, US
EPA EDSP Test Guidelines (Dix et al., 2007; AltTox, 2010;
Whetzel et al., 2011; OECD, 2013; Wishart et al., 2015;
Mansouri et al., 2016; EFSA, 2018; European Chemical
AgencyEuropean Food Safety Authority, 2018; OECD, 2018;
Altweb, 2019; European Commission Joint Research Centre
(JRC), 2019a; European Commission Joint Research Centre
(JRC), 2019b; Mansouri et al., 2020; OECD, 2020; US EPA,
2020; OECD, 2021b; OECD, US EPA, 2021; US EPA, 2021b;
US EPA, 2021a; US EPA, 2021c). Only 15 of these data collections
actually described methods or provided links to their description.
Above all, these data collections have heterogeneous contents,
sizes, structures, and objectives, not to mention maintenance.

One of the main conclusions of this analysis is that there are
very few data sources describing the methods in a complete
enough way, such that the level of maturity of the methods
(i.e; optimisation need, protocol completeness, number of tested
substances) could be fully evaluated. Editors of scientific journals
can require that, as supplemental materials, authors provide basic
method information formatted as described in (OECD, 2014a;
Krebs et al., 2019).

In addition, methods are often referred to by different names
under various circumstances, which is a significant challenge. It is
suggested that methods names be harmonised, and perhaps even
registered and deposited into a repository created by the
community.

In order to overcome the difficulties in finding test methods, a
search has been conducted by PEPPER with a consortium made
up of Altertox, Benaki Phytopathological Intitute, and the
University of Paris. Artificial Intelligence-aided literature
analysis was performed in order to identify methods with a
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potential to be used for regulatory purpose. Out of about 12,000
abstracts identified by the consortium, around 250 methods have
been pre-selected (Zgheib et al., 2021).

Interviews of researchers, regulatory agencies, industry
representatives, both about their feelings on the needs, and
the analysis of expressed needs by the regulatory authorities
were conducted. A side outcome of these interviews was that a
lot of unpublished methods are available in research labs, which
could potentially be used to answer some regulatory-relevant
questions.

PEPPER: Pre-Validation of Methods Able to
Bridge Gaps
Once a list of methods of potential interest was established, a
further analysis including practical considerations for a
validation exercise (complexity, length of the process,
availability of laboratories) reduced the number of methods
to about 75. Quantification of the readiness of the method to
enter pre-validation, based on a “test readiness criteria”
(TRC) approach (Bal-Price et al., 2018) followed. The
criteria are clustered into 13 groups, e.g., concerning the
test system, the description of the exposure scheme, the
availability of an SOP, the biological and toxicological
relevance of the endpoints measured, or the development
of a prediction model.

Eventually, 17 methods were considered mature enough to be
presented to a Relevance Committee composed of various

stakeholders, such as national and international regulatory
authorities, industry, NGOs, researchers, for selection. The
methods were presented along with their computed TRC, their
position within the OECD Conceptual Framework for Testing
and Assessment of Endocrine Disrupting Chemicals (OECD,
2018), their role in the demonstration of an endocrine
disrupting property (i.e., endocrine mode of action, adverse
effect, biological plausible link between both), as well as the
regulatory gap addressed (Figure 1). Although it was not
investigated, the link between these methods and existing
AOPs would bring interesting information.

For example, the first selected method (Rat et al., 2017; Olivier
et al., 2021), based on the use of human placental cells for the
measurement of P2X7 activation, estradiol, progesterone,
hPlacental Lactogen, and hyperglycosylated βhCG secretions,
could be described as.

• having a TRC of 75% of the maximum,
• being on level 2 of the OECD Conceptual Framework,
• addressing early/intermediate Key Events
• addressing a knowledge gap on female reproduction/fertility
via placental function

Another selected method bears on the glucocorticoid receptor
with a transactivation approach, focusing on a very early Key
Event (Chevolleau et al., 2016; Grimaldi et al., 2019).

The third ranked method, using zebrafish and looking at
obesity through adipocyte size, has a 60% TRC, is on level 3

FIGURE 1 | Items for the presentation of methods.
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of the OECD Conceptual Framework, addresses plausibility and
adverse effect (Tingaud-Sequeira et al., 2011; Elemans et al.,
2019).

Once methods are chosen, field work starts with assessment of
transferability, i.e., implementation of the method, following the
SOP, in two or three naïve labs. This step usually leads to
modifications of the SOP, e.g., to clarify some points, or make
it applicable to different pieces of equipment. After successful
implementation of the method, using a few test substances, the
SOP is fixed and more substances are tested to further assess
relevance and reliability of the method, as well as its applicability
domain (OECD, 2005). The time and resource consumption
needed for this work are one of the reasons why few methods
are validated.

Eventually, the most tangible output will be the proposal of the
methods to be included on the workplan of the OECD, to
eventually be adopted as Test Guidelines. A less visible part is
the dissemination of the knowledge of those methods in the
European community, through participating laboratories, and
scientists who help PEPPER in the validation.

DISCUSSION

The need for more (validated) methods in order to identify EDs is
a position shared by many stakeholders, so is the recognition that
(in most cases) the identification of an ED cannot rely on a single

method, but requires results from several methods to be
combined using a weight of evidence approach. Building an
IATA can help this demonstration by providing a framework.

PEPPER is addressing the issue from a specific point of view: it
identifies methods that can fill the various testing gaps, it
improves the description of methods (e.g., endpoints
measured, limitations, complexity) before their validation and
it enhances their regulatory acceptance. The association funds
and organizes the elements for validation.

It has been demonstrated that it is uneasy to find methods in
the literature and in databases, that are both mature enough to
enter (pre)validation and fill recognised testing gaps in ED
characterisation. Moreover, the scarcity of IATAs made it
almost impossible to associate the methods to IATAs.

It is not a common practice for method developers, nor in
research calls, to suggest how a method could fit into a testing
strategy or an IATA however it should be encouraged. Indeed, it
would facilitate the regulatory uptake of the method. It seems
nevertheless possible to enter a virtuous circle, with better
practices in the description of methods in publications, and a
greater use of databases on methods, together with an improved
maintenance of the databases.

AUTHOR CONTRIBUTIONS

EG, KdJ, and PH participated to the drafting of the publication.

REFERENCES

AltTox (2010). Non-animal Methods for Toxicity Testing. Online. Available at:
https://alttox.org/(Accessed Nov 01, 2021).

Altweb (2019). Alternatives to Animal Testing Website. Online. Available at: https://
norecopa.no/3r-guide/altweb-alternatives-to-animal-testing-website (Accessed
Nov 01, 2021).

Bal-Price, A., Hogberg, H. T., Crofton, K. M., Daneshian, M., FitzGerald, R. E.,
Fritsche, E., et al. (2018). Recommendation on Test Readiness Criteria for New
Approach Methods in Toxicology: Exemplified for Developmental
Neurotoxicity. Altex 35 (3), 306–352. doi:10.14573/altex.1712081

Chevolleau, S., Debrauwer, L., Stroheker, T., Viglino, L., Mourahib, I., Meireles, M.
H., et al. (2016). A Consolidated Method for Screening the Endocrine Activity
of Drinking Water. Food Chem. 213, 274–283. doi:10.1016/
j.foodchem.2016.06.089

Directorate-General for Environment European Commission (2018). “Risk & Policy
Analysts Limited, and Wca Environment,” in Setting Priorities for Further
Development and Validation of Test Methods and Testing Approaches for
Evaluating Endocrine Disruptors. https://op.europa.eu/en/publication-detail/-/
publication/6b464845-4833-11e8-be1d-01aa75ed71a1/language-en.

Dix, D. J., Houck, K. A., Martin, M. T., Richard, A. M., Setzer, R. W., and Kavlock,
R. J. (2007). The ToxCast Program for Prioritizing Toxicity Testing of
Environmental Chemicals. Toxicol. Sci. 95 (1), 5–12. doi:10.1093/toxsci/kfl103

EFSA (2018). OpenFoodTox Database [Online]. Available at: https://www.efsa.
europa.eu/en/press/news/180719. [Accessed].

Elemans, L. M. H., Cervera, I. P., Riley, S. E., Wafer, R., Fong, R., Tandon, P., et al.
(2019). Quantitative Analyses of Adiposity Dynamics in Zebrafish. Adipocyte 8
(1), 330–338. doi:10.1080/21623945.2019.1648175

European Chemical Agency, European Food Safety Authority, and Joint Research
Centre (2018). Guidance for the Identification of Endocrine Disruptors in the
Context of Regulations (EU) No 528/2012 and (EC) No 1107/2009. EFSA J. 16
(6). doi:10.2903/j.efsa.2018.5311

European Commission (2020a). Chemicals Strategy for Sustainability towards a
Toxic-free Environment. Available at: https://ec.europa.eu/environment/pdf/
chemicals/2020/10/Strategy.pdf.

European Commission (2020b). Fitness Check on Endocrine Disruptors. Available at:
https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_on_Endocrines_
disruptors.pdf.

European Commission Joint Research Centre (JRC) (2019b). EURL ECVAMDataset
on Alternative Methods to Animal Experimentation. DB-ALM. Available at:
http://data.europa.eu/89h/b7597ada-148d-4560-9079-ab0a5539cad3.

European Commission Joint Research Centre (JRC) (2019a). TSAR - Tracking
System for Alternative Methods towards Regulatory Acceptance. Available at:
https://tsar.jrc.ec.europa.eu/.

European Commission (2020c). Second Annual Forum on Endocrine Disruptors.
doi:10.2779/32496

Grimaldi, M., Boulahtouf, A., Toporova, L., and Balaguer, P. (2019). Functional
Profiling of Bisphenols for Nuclear Receptors. Toxicology 420, 39–45.
doi:10.1016/j.tox.2019.04.003

Krebs, A., Waldmann, T., Wilks, M. F., Van Vugt-Lussenburg, B. M. A., Van der
Burg, B., Terron, A., et al. (2019). Template for the Description of Cell-Based
Toxicological Test Methods to Allow Evaluation and Regulatory Use of the
Data. Altex 36 (4), 682–699. doi:10.14573/altex.1909271

Manibusan, M. K., and Touart, L. W. (2017). A Comprehensive Review of
Regulatory Test Methods for Endocrine Adverse Health Effects. Crit. Rev.
Toxicol. 47 (6), 433–481. doi:10.1080/10408444.2016.1272095

Mansouri, K., Abdelaziz, A., Rybacka, A., Roncaglioni, A., Tropsha, A., Varnek,
A., et al. (2016). CERAPP: Collaborative Estrogen Receptor Activity
Prediction Project. Environ. Health Perspect. 124 (7), 1023–1033.
doi:10.1289/ehp.1510267

Mansouri, K., Kleinstreuer, N., Abdelaziz, A. M., Alberga, D., Alves, V. M.,
Andersson, P. L., et al. (2020). CoMPARA: Collaborative Modeling Project
for Androgen Receptor Activity. Environ. Health Perspect. 128 (2), 27002.
doi:10.1289/ehp5580

OECD (2013). AOP-wiki. Available at: https://aopwiki.org/.

Frontiers in Toxicology | www.frontiersin.org January 2022 | Volume 3 | Article 8217364

Grignard et al. Endocrine Disruptors: Answering Regulatory Needs

https://alttox.org/
https://norecopa.no/3r-guide/altweb-alternatives-to-animal-testing-website
https://norecopa.no/3r-guide/altweb-alternatives-to-animal-testing-website
https://doi.org/10.14573/altex.1712081
https://doi.org/10.1016/j.foodchem.2016.06.089
https://doi.org/10.1016/j.foodchem.2016.06.089
https://op.europa.eu/en/publication-detail/-/publication/6b464845-4833-11e8-be1d-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/6b464845-4833-11e8-be1d-01aa75ed71a1/language-en
https://doi.org/10.1093/toxsci/kfl103
https://www.efsa.europa.eu/en/press/news/180719
https://www.efsa.europa.eu/en/press/news/180719
https://doi.org/10.1080/21623945.2019.1648175
https://doi.org/10.2903/j.efsa.2018.5311
https://ec.europa.eu/environment/pdf/chemicals/2020/10/Strategy.pdf
https://ec.europa.eu/environment/pdf/chemicals/2020/10/Strategy.pdf
https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_on_Endocrines_disruptors.pdf
https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_on_Endocrines_disruptors.pdf
http://data.europa.eu/89h/b7597ada-148d-4560-9079-ab0a5539cad3
https://tsar.jrc.ec.europa.eu/
https://doi.org/10.2779/32496
https://doi.org/10.1016/j.tox.2019.04.003
https://doi.org/10.14573/altex.1909271
https://doi.org/10.1080/10408444.2016.1272095
https://doi.org/10.1289/ehp.1510267
https://doi.org/10.1289/ehp5580
https://aopwiki.org/
https://www.frontiersin.org/journals/toxicology
www.frontiersin.org
https://www.frontiersin.org/journals/toxicology#articles


OECD (2021b). Detailed Review Paper on the Retinoid System. Available at: https://
www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote�ENV-
CBC-MONO(2021)20%20&doclanguage�en.

OECD (2012). Detailed Review Paper on the State of the Science on Novel in Vitro
and in Vivo Screening and Testing Methods and Endpoints for Evaluating
Endocrine Disruptors. Available at: https://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote�env/jm/mono2012)23&doclanguage�en.

OECD eChemPortal. (2020). Available at: https://www.echemportal.org/
echemportal/.

OECD (2014a). Guidance Document for Describing Non-guideline in Vitro
Test Methods. Available at: https://www.oecd.org/officialdocuments/
publicdisplaydocumentpdf/?cote�ENV/JM/MONO(2014)35&doclanguage�
en.

OECD (2005). Guidance Document on the Validation and International Acceptance
of New or Updated Test Methods for Hazard Assessment. Available at: https://
www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote�ENV/JM/
MONO(2005)14&doclanguage�en.

OECD (2014b). New Scoping Document on in Vitro and Ex Vivo Assays for the
Identification ofModulators of Thyroid Hormone Signalling. Available at: https://
www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote�ENV/
JM/MONO(2014)23&doclanguage�en.

OECD (2018). Revised Guidance Document 150 on Standardised Test Guidelines for
Evaluating Chemicals for Endocrine Disruption. doi:10.1787/9789264304741-en

OECD (2021a). The OECD QSAR Toolbox. Online. Available at: https://www.
oecd.org/chemicalsafety/risk-assessment/oecd-qsar-toolbox.htm (Accessed).

OECD, U.S.E.P.A., (2021). European Comission, US Engineer Research and
Development Center, "AOP Knowledge base". Available at: https://aopkb.oecd.org/.

Olivier, E., Wakx, A., Fouyet, S., Dutot, M., and Rat, P. (2021). JEG-3 Placental
Cells in Toxicology Studies: a Promising Tool to Reveal Pregnancy Disorders.
Anat. Cel Biol. 54 (1), 83–92. doi:10.5115/acb.20.234

Rat, P., Olivier, E., Tanter, C., Wakx, A., and Dutot, M. (2017). A Fast and
Reproducible Cell- and 96-well Plate-Based Method for the Evaluation of P2X7
Receptor Activation Using YO-PRO-1 Fluorescent Dye. J. Biol. Methods 4 (1),
e64. doi:10.14440/jbm.2017.136

Tingaud-Sequeira, A., Ouadah, N., and Babin, P. J. (2011). Zebrafish Obesogenic
Test: a Tool for Screening Molecules that Target Adiposity. J. Lipid Res. 52 (9),
1765–1772. doi:10.1194/jlr.D017012

US EPA (2021b). Distributed Structure-Searchable Toxicity (DSSTox) Database.
Available at: https://www.epa.gov/chemical-research/distributed-structure-
searchable-toxicity-dsstox-database.

US EPA (2021c). Endocrine Disruptor Screening Program Test Guidelines. Online.
Available at: https://www.epa.gov/test-guidelines-pesticides-and-toxic-
substances/series-890-endocrine-disruptor-screening-program [Accessed].

US EPA (2021a). List of Alternative Test Methods and Strategies. (or New
Approach Methodologies [NAMs])". Available at: https://www.epa.gov/sites/
default/files/2021-02/documents/nams_list_second_update_2-4-21_
final.pdf.

US EPA (2020). Tox21 [Online]. Available at: https://ntp.niehs.nih.gov/
whatwestudy/tox21/index.html. [Accessed].

Whetzel, P. L., Noy, N. F., Shah, N. H., Alexander, P. R., Nyulas, C., Tudorache, T.,
et al. (2011). BioPortal: Enhanced Functionality via NewWeb Services from the
National Center for Biomedical Ontology to Access and Use Ontologies in
Software Applications. Nucleic Acids Res. 39, W541–W545. Web Server issue.
doi:10.1093/nar/gkr469

Wishart, D., Arndt, D., Pon, A., Sajed, T., Guo, A. C., Djoumbou, Y., et al. (2015).
T3DB: the Toxic Exposome Database. Nucleic Acids Res. 43, D928–D934.
Database issue. doi:10.1093/nar/gku1004

Zgheib, E., Kim, M. J., Jornod, F., Bernal, K., Tomkiewicz, C., Bortoli, S., et al.
(2021). Identification of Non-validated Endocrine Disrupting Chemical
Characterization Methods by Screening of the Literature Using Artificial
Intelligence and by Database Exploration. Environ. Int. 154, 106574.
doi:10.1016/j.envint.2021.106574

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.

Copyright © 2022 Grignard, de Jesus and Hubert. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Toxicology | www.frontiersin.org January 2022 | Volume 3 | Article 8217365

Grignard et al. Endocrine Disruptors: Answering Regulatory Needs

https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-CBC-MONO(2021)20%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-CBC-MONO(2021)20%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-CBC-MONO(2021)20%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-CBC-MONO(2021)20%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-CBC-MONO(2021)20%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono2012)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono2012)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono2012)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono2012)23&doclanguage=en
https://www.echemportal.org/echemportal/
https://www.echemportal.org/echemportal/
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)35&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)35&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)35&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)35&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2005)14&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2005)14&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2005)14&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2005)14&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2005)14&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)23&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2014)23&doclanguage=en
https://doi.org/10.1787/9789264304741-en
https://www.oecd.org/chemicalsafety/risk-assessment/oecd-qsar-toolbox.htm
https://www.oecd.org/chemicalsafety/risk-assessment/oecd-qsar-toolbox.htm
https://aopkb.oecd.org/
https://doi.org/10.5115/acb.20.234
https://doi.org/10.14440/jbm.2017.136
https://doi.org/10.1194/jlr.D017012
https://www.epa.gov/chemical-research/distributed-structure-searchable-toxicity-dsstox-database
https://www.epa.gov/chemical-research/distributed-structure-searchable-toxicity-dsstox-database
https://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-890-endocrine-disruptor-screening-program
https://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-890-endocrine-disruptor-screening-program
https://www.epa.gov/sites/default/files/2021-02/documents/nams_list_second_update_2-4-21_final.pdf
https://www.epa.gov/sites/default/files/2021-02/documents/nams_list_second_update_2-4-21_final.pdf
https://www.epa.gov/sites/default/files/2021-02/documents/nams_list_second_update_2-4-21_final.pdf
https://ntp.niehs.nih.gov/whatwestudy/tox21/index.html
https://ntp.niehs.nih.gov/whatwestudy/tox21/index.html
https://doi.org/10.1093/nar/gkr469
https://doi.org/10.1093/nar/gku1004
https://doi.org/10.1016/j.envint.2021.106574
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/toxicology
www.frontiersin.org
https://www.frontiersin.org/journals/toxicology#articles

	Regulatory Testing for Endocrine Disruptors; Need for Validated Methods and Integrated Approaches
	Introduction
	Current Regulatory Information Requirements Need to be Revised to Facilitate the Regulation of Endocrine Disruptors
	Bridging the Gap Between Research and Regulatory Testing
	PEPPER: Pre-Validation of Methods Able to Bridge Gaps

	Discussion
	Author Contributions
	References


