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One Toxicology
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(Birmingham University) and Joseph Shaw (Indiana University).

You've probably heard of ‘One Health’, which is based on the idea that humans, wildlife,
domesticated animals, and the environment are all interconnected. It may not sound like a
revolutionary idea, and to us it seems quite logical: we all share one planet and rely on its finite
resources. Therefore, it's unlikely that organisms can survive and flourish in complete isolation
from the environment and each other.

Nevertheless, there has been a tendency to view health management within separate regulatory
and scientific silos, and even to avoid adopting eco-centric perspectives for fear of hindering
innovation, development, and economic progress. Instead, natural landscapes are cleared to
build houses or intensive farms, threatening numerous ecosystem services, and covering soil with
concrete or monocultures; countries adhere to their jurisdictional boundaries with little regard for
cross-border pollution effects from their emissions into the air, land, or water; and chemical
solvents, dyes, and corrosives are permitted to be discharged into waterways in the misguided
belief that 'the solution to pollution is dilution’, with little awareness of the impacts on species,
communities, and ecosystems, of individual substances, let alone the mixtures resulting from all
these separate releases. These complex problems can seem too vast to grasp, so regulations
and science have tended to break them down into smaller, more manageable pieces. Sometimes,
though, both fall short of providing comprehensive answers and can even lead to unintended
negative consequences.

Just as control over defining New Approach Methodologies (NAMs) in toxicology has been lost to
the crowd, the meaning of ‘One Health’ has also become unclear in its practical applications,
including protecting health from hazardous chemicals. Today, especially after worldwide
shutdowns caused by animal-borne infectious diseases, ‘One Health’ is often primarily associated
with communicable disease management and agriculture, its original scope. However, according
to the Lancet Commission on Pollution and Health, pollution is the world’s leading environmental
risk factor for disease and early death, responsible for an estimated 9 million fatalities annually.
While pollution originates from many sources, the fastest-growing is synthetic chemicals.

* N . )
* * * This project has received fundi
the European Union's Horizon
research and innovation progre

** o * under Grant Agreement No. 96

*
* *
*




PRECISION

If these chemicals pose a significant threat to human health, then, based on ‘One Health’
principles, their environmental impact must also be substantial, potentially leading to an
uncontrollable downward spiral. Current strategies falter because they need to address the entire
interconnected cycle, not just the human aspect or the environment individually. So, can we
broaden One Health to genuinely provide comprehensive protection?

This is where the ambition of PrecisionTox comes into play. Instead of treating the impacts of
toxic chemicals on human health and the environment separately, evolutionary theory recognises
the shared biology of species based on common ancestry. PrecisionTox applies evolutionary
principles to toxicology to enhance cross-species extrapolation of exposure-related hazards,
informed by knowledge of chemical modes of action. When sufficiently validated, some degree of
integration between human and environmental hazard assessment should be achievable and
used to inform a ‘One Toxicology’ safety exposure limit, depending on the context of use.

That is because PrecisionTox data are uniquely generated to allow accurate toxicological
comparisons among species, including vertebrate embryos, invertebrates, and human cells. For
example, after standardising multi-species toxicity testing, we have applied Bayesian benchmark
dose (BMD) modelling to quantify biological uncertainty in BMD estimates and to evaluate
concordance in species sensitivity rankings.

We observed that invertebrates, particularly Caenorhabditis (nematode) and Daphnia (water flea),
exhibit lower uncertainty in BMD estimates than human cells. Additionally, Caenorhabditis, Danio
(fish), and Xenopus (frog) share the same median sensitivity ranking across species, suggesting
a potential for “phylogenetic replacement’ of vertebrate species with invertebrates. For
toxicological endpoints, Caenorhabditis and Daphnia are the most reliable in their estimates, with
Daphnia being the most sensitive and protective among the tested animals. So far, Daphnia
appears to be a promising candidate for One Toxicology. Other findings of PrecisionTox indicate
the potential to improve the 3Rs in animal testing by encouraging broader regulatory acceptance
of alternative species in chemical hazard assessment.

As our understanding of omics data for mechanistic toxicological information develops, grouping
substances by their modes of action may not only facilitate reading across chemical hazards from
one substance to another but also from one species to another. PrecisionTox results support
expanding the “taxonomic domains of applicability” for NAMs data when assessing chemical risks.
However, this is just the start of a comprehensive perspective on toxicology. Ultimately, by
applying evolutionary principles through model organisms, omics, and bioinformatics, we can
better evaluate chemical hazards relevant to One Toxicology, including combined exposures,
antimicrobial resistance, trophic-level interactions, and threats to biodiversity.

Since 2023, the cross-agency One Health task force of the European Commission has been
exploring ways to look beyond current policy silos and immediate priorities, just as we recognise
commendable progress in roadmaps to eliminate animal testing. Arguably, ‘One Toxicology for
One Health’ is a natural future outcome of implementing and transitioning to such a roadmap. By
establishing protection levels for chemical exposures based on a mechanistic understanding of
disrupted pathways relevant to health, we can achieve a standard of health protection that
considers our shared biology (and dependence) with the rest of the animal kingdom.
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