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Editorial on the Research Topic

Women in regulatory toxicology: 2021

Less than 30% of researchers worldwide are women (UNESCO, 2019) and even if

some countries display more promising numbers it remains difficult for women to obtain

senior positions, a phenomenon called the “leaky pipeline” (e.g., Office fédéral de la

statistique 2021). Long-standing biases and gender stereotypes are discouraging women

away from science-related fields, and Science, Technology, Engineering and Math

(STEM) research in particular. Key aspects to reduce the gender gap include

combating stereotypes and biases of what a researcher is and may look like, moving

away from a work environment where discrimination, sexual harassment, and other

illegal behaviours are present, and cultivating a sense of belonging among women

(O’Connell and McKinnon, 2021). The available literature suggests that female role

models can play an important role in women’s STEMmotivation (Herrmann et al., 2016;

O’Brien et al., 2017; Gladstone and Cimpian, 2021; Zhang and Rios, 2022). That, in

combination with that gender equality is essential to ensure sustainable development (UN

Women, 2022), inspired us to support this Research Topic on Women in Regulatory

Toxicology. While the bulk of chemical production was historically emanating from

Europe and the US, and therefore most regulatory models conceptualised in Western

economies, this has now shifted to emerging economies such as China, India and Brazil

(UNEP, 2019). In this context, it is not only important to include the voices of women in

regulatory toxicology, but equally crucial that women from the Global South be

represented.

“Regulatory science consists of an applied version of various scientific disciplines used

in the regulatory process” (Moghissi et al., 2014). Regulatory science in the field of

toxicology is the application of quantitatively and/or qualitatively scientific methods for

the development of new methods, tools, and approaches for the assessment and

management of chemicals, and it is the analysis and evaluation of the outcome of

regulatory processes and policy developments. Thereby, Regulatory science has the
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potential to strengthen the protection of human health and the

environment from hazardous chemicals. We appreciate the

increasing gender awareness in regulatory sciences and risk

assessment (e.g., Holthaus, 2019) and would like to encourage

all regulatory scientists to contribute to ensuring risk assessment

guidance is protective of all genders (e.g., Later et al., 2010). The

contributions to this Research Topic do not address gender issues

in Regulatory Science, instead, it is a celebration of women’s

contribution to STEM: high-quality research of significant

importance to society. The six contributions, written by

23 authors of which 19 are women, include three original

research articles and three perspectives which all explore

different aspects of regulatory toxicology, highlighting the

difficulties and possibilities with the use of new methodologies

in hazard and risk assessment, as well as evaluations of current

and past regulatory initiatives.

The first research article makes an important point about

regulatory foresight in considering how chemical safety can guide

material innovations at the design stage (Harper et al.). In vitro

estrogen, androgen and progestagen reporter gene assays were

coupled with migration testing to inform the development of

safer and sustainable packaging bio-based alternatives to

petroleum-based plastics. The second research article presents

an original take on New Approach Methodologies (NAMs)

(Ponder et al.). The authors capitalised on published clinical

evidence by developing an in litero method to establish a

reference list of respiratory sensitisers, thereby demonstrating

the benefits of thinking beyond disciplinary silos to meet unmet

regulatory needs. In the last research article, the identification of

substances of concern in food is performed by combining

exposure data with the Threshold of Toxicological Concern

(TTC), where new approach methodologies CNAMs) are

encouraged, followed by high-throughput screening (HTS)

approaches (Luijten et al.). This is suggested as a pragmatic

approach to prioritising those substances with the highest risk for

the actual risk assessments.

The first perspective article proposes an Adverse Outcome

Pathway (AOP) describing how interaction by nano-sized

particles with components in the lung resident cell membrane

may be causally linked to the development of lung cancer

(Nymark et al.). The authors also discuss the potential for

using the AOP as a basis for the development of integrated in

silico- and in vitro-based testing strategies using standardized

New Approach Methodologies (NAMs). This work is of high

regulatory relevance given the rise of nanotechnology and

accompanying concern of potential health risks, as well as

demonstrating the potential application of AOP methodology

and NAMs in the regulatory setting. The second perspective

discusses challenges in the regulatory acceptance of NAMs in

Brazilian legislation for the registration of pharmaceuticals,

medical devices, food/supplements, and agrochemical products

(Villela and Machado). While the use of data from NAMs is

generally promoted, regulatory acceptance and uptake are slow.

The authors discuss factors that hamper this process, including

uncertainties regarding data interpretation and their relevance

for risk assessment, as well as perceived limitations in

methodology and reporting. The article highlights the

importance of collaboration and joint efforts between

regulators, industry, CROs, and researchers to build regulatory

confidence in the use of NAMs. In the last perspective, the

implementation of chemical regulation, which has proven to

be challenging for various reasons, is examined (Maffini and

Vandenberg). In the U.S., 25 years have passed since congress

passed a law stating that pesticides used in food should be tested

for endocrine disruption. Still, only a handful of substances have

been tested, none have been identified as endocrine disruptors,

and there have been no regulatory actions to reduce or prevent

exposure. After a thorough analysis of the available documents,

the authors conclude that the U.S. EPA has failed in its

implementation of the law, thereby putting human health and

the environment at risk.

To change traditional mindsets, gender equality in science

must be encouraged. Promoting our fellow women colleagues,

sharing our networks, and being an ally are examples of what can

be done to overcome these barriers.

We wish to offer our gratitude to the authors and reviewers

that contributed to this Research Topic.

Author contributions

MÅ, AB, MJ, and OM equally contributed to the

conceptualization and writing of the manuscript. All the

authors approved the final version of the manuscript.

Acknowledgments

The authors acknowledge the many colleagues that in various

ways, and despite being opposed by institutions as well as

individuals, tirelessly have continued to support fellow female

colleagues and modernise the institutions where they work. We

stand on your shoulders.

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

Frontiers in Toxicology frontiersin.org02

Ågerstrand et al. 10.3389/ftox.2022.1056285

https://www.frontiersin.org/articles/10.3389/ftox.2022.936014/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.916370/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.933197/full
https://www.frontiersin.org/articles/10.3389/ftox.2021.653386/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.903027/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.908439/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.908439/full
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2022.1056285


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.

References

Gladstone, J. R., and Cimpian, A. (2021). Which role models are effective for
which students? A systematic review and four recommendations for maximizing
the effectiveness of role models in STEM. Int. J. STEM Educ. 8, 59. doi:10.1186/
s40594-021-00315-x

Herrmann Sarah, D., Adelman, Robert Mark, Bodford, Jessica E., Graudejus,
Oliver, MorrisKwan, A. Okun & Virginia S. Y., and Kwan, V. S. Y. (2016). The
effects of a female role model on academic performance and persistence of women
in STEM courses. Basic Appl. Soc. Psychol. 38 (5), 258–268. doi:10.1080/01973533.
2016.1209757

Holthaus, A. (2019). Toxic gender? The role of sex and gender in chemicals
management. Blogpost from the Gender&Chemicals project. Berlin, Germany: The
MSP Institute. February 19, . Available at: http://gender-chemicals.org/toxic-
gender-the-role-of-sex-and-gender-in-chemicals-management.

Later, W., Bosy-Westphal, A., Kossel, E., HellerM.and Muller, M. J. (2010). Is the
1975 Reference Man still a suitable reference? Eur. J. Clin. Nutr. 64, 1035–1042.
doi:10.1038/ejcn.2010.125

Moghissi, A. A., Straja, Sorin R., Love, Betty R., McBride, Dennis K., and Stough,
Roger R. (2014). Innovation in regulatory science: Evolution of a new scientific
discipline. Technol. Innov. 16 (2), 155–165. doi:10.3727/
194982414X14096821477027

O’Brien, L. T., Hitti, A., Shaffer, E., Camp, A. R. V., Henry, D., and Gilbert,
P. N. (2017). Improving girls’ sense of fit in science: Increasing the impact of
role models. Soc. Psychol. Personality Sci. 8 (3), 301–309. doi:10.1177/
1948550616671997

O’Connell, C., and McKinnon, M. (2021). Perceptions of barriers to career
progression for academic women in STEM. Societies 11 (2), 27. doi:10.3390/
soc11020027

Un Women (2022). Progress on the sustainable development goals: The gender
snapshot 2022. Available at: https://www.unwomen.org/en/digital-library/
publications/2022/09/progress-on-the-sustainable-development-goals-the-gender-
snapshot-2022.

UNEP (2019). Global chemicals outlook II: From legacies to innovative solutions.
Available at: https://www.unep.org/resources/report/global-chemicals-outlook-ii-
legacies-innovative-solutions.

UNESCO (2019). Women in science. Factsheet. Available at: https://uis.unesco.
org/en/topic/women-science.

Zhang, Y., and Rios, K. (2022). Exploring the effects of promoting feminine
leaders on women’s interest in STEM. Soc. Psychol. Personality Sci. 0 (0),
194855062110698. doi:10.1177/19485506211069808

Frontiers in Toxicology frontiersin.org03

Ågerstrand et al. 10.3389/ftox.2022.1056285

https://doi.org/10.1186/s40594-021-00315-x
https://doi.org/10.1186/s40594-021-00315-x
https://doi.org/10.1080/01973533.2016.1209757
https://doi.org/10.1080/01973533.2016.1209757
http://gender-chemicals.org/toxic-gender-the-role-of-sex-and-gender-in-chemicals-management
http://gender-chemicals.org/toxic-gender-the-role-of-sex-and-gender-in-chemicals-management
https://doi.org/10.1038/ejcn.2010.125
https://doi.org/10.3727/194982414X14096821477027
https://doi.org/10.3727/194982414X14096821477027
https://doi.org/10.1177/1948550616671997
https://doi.org/10.1177/1948550616671997
https://doi.org/10.3390/soc11020027
https://doi.org/10.3390/soc11020027
https://www.unwomen.org/en/digital-library/publications/2022/09/progress-on-the-sustainable-development-goals-the-gender-snapshot-2022
https://www.unwomen.org/en/digital-library/publications/2022/09/progress-on-the-sustainable-development-goals-the-gender-snapshot-2022
https://www.unwomen.org/en/digital-library/publications/2022/09/progress-on-the-sustainable-development-goals-the-gender-snapshot-2022
https://www.unep.org/resources/report/global-chemicals-outlook-ii-legacies-innovative-solutions
https://www.unep.org/resources/report/global-chemicals-outlook-ii-legacies-innovative-solutions
https://uis.unesco.org/en/topic/women-science
https://uis.unesco.org/en/topic/women-science
https://doi.org/10.1177/19485506211069808
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2022.1056285

	Editorial: Women in regulatory toxicology: 2021
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


