
Paule Hjertaas’s Comment: the US EPA toxcast reference below is complicated and would require more knowledge than I have to use. ( Meg?) Seems to me from this article that the ‘regulatory’ studies pesticide toxicity are based on are old-fashioned because we didn’t have the ability to test all the metabolic stuff when they were enshrined in law as what needed to be used. I believe the studies required by the PMRA are still the ones determined in 1984… (Correct me if I am wrong.) In any case, it illustrates to me that only relying on crude studies with LD50 as end point is definitely ignoring new science rather purposefully. 
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Abstract Arguably the most famous principle of toxicology is “The dose makes the poison” formulated by Paracelsus in the 16th century. Application of the Paracelsus’s principle to mechanistic toxicology may be challenging as one compound may affect many molecular pathways at different doses with different and often nonlinear dose-response relationships. As a result, many mechanistic studies of environmental and occupational compounds use high doses of xenobiotics motivated by the need to see a clear signal indicating disruption of a particular molecular pathway. This approach ignores the possibility that the same xenobiotic may affect different molecular mechanism(s) at much lower doses relevant to human exposures. To amend mechanistic toxicology with a simple and concise guiding principle, I suggest recontextualization of Paracelsus’s following its letter and spirit: “The dose disrupts the pathway”. Justification of this statement includes observations that many environmental and occupational xenobiotics affect a broad range of molecular cascades, that most molecular pathways are sensitive to chemical exposures, and that different molecular pathways are sensitive to different doses of a chemical compound. I suggest that this statement may become a useful guidance and educational tool in a range of toxicological applications, including experimental design, comparative analysis of mechanistic hypotheses, evaluation of the quality of toxicological studies, and risk assessment
Highlight quotes:
For example, the US EPA ToxCast/Tox21 program/database (https://www.epa.gov/chemical-research/toxicology-testing-21st-century-tox21 ) employees robotized highthroughput screening for mechanism-based toxicity prediction and provides data from over 1400 in vitro assays measuring changes in biological targets in response to around 10 000 chemicals (Jeong et al., 2022). Additionally, a broad range of new in vitro human-cell-based models including, cell co-culturing, 3D cell cultures, organoids, and organs-on-chip are being developed and incorporated in toxicity testing (Vashishat et al., 2024).
Additionally, new high-throughput -omics methods allowed the development of toxicological tools for the screening of all in a class (gene expression, protein expression and phosphorylation, DNA methylation, etc.) molecular perturbations in the target tissue in one experiment. In recent decades, these approaches, along with the development of modeling instruments provided an opportunity for dose-response analyses at the level of molecular pathway/biological category (Lobenhofer et al., 2004; Thomas et al., 2007; Tsai et al., 2024).
The shift of the focus of toxicology from crude toxicity endpoints measured at the level of organs/organisms to molecular mechanisms with different DRR complicates application of the Paracelsus’s principle. This complexity is still often ignored in the design and interpretation of toxicological experiments, and today many toxicological studies of environmental and occupational compounds use high doses of xenobiotics motivated by the need to see a clear effect on a molecular mechanism (Suvorov and Takser, 2008). This approach ignores the possibility that the same xenobiotic may affect completely different molecular mechanism(s) at much lower doses relevant to human exposures. Such studies may generate a false belief that the molecular mechanisms of toxicity of a specific compound have been discovered, whereas in the human population, toxicities at much lower doses are induced via different pathway(s).
almost every known molecular pathway may be affected by chemical exposures
Although many xenobiotics may affect multiple molecular mechanisms, the dose triggering these changes may be different for each pathway.
The proposed principle generally guides us that to establish the specific molecular mechanism(s) responsible for human health effects, experiments should be designed to achieve concentrations of the compound at the target tissue/cells or in blood as close as possible to the concentrations in these sites in exposed humans
For a better understanding of the role of each mechanism, I suggest using exposure doses as a criterion that may help prioritize mechanisms by their relevance. Indeed, the ability of a chemical to affect some molecular mechanism at a dose corresponding to exposures of the general population is an indicator that these mechanisms may be causatively involved in the development of observed adverse health outcomes
 if only a high dose was shown to induce toxicity via the pathway, it is impossible to infer without additional experiments that the same pathway mediates adverse effects in the population exposed to lower doses. Additionally, high-dose studies may mislead our understanding of the chain of causative events linking exposures with health outcomes via wrong pathways.
Risk assessment
 To overcome the significant challenge of a rapidly growing number of chemicals requiring toxicity testing (Escher et al., 2020), in recent decades, regulatory toxicology has begun a rapid transformation outlined in a strategic vision of the National Research Council (NRC, 2007). Among other components, these changes include a transition from animal-based tests to in vitro tests, targeting individual molecular mechanisms (Ankley et al., 2010; Haynes, 2010; OECD, 2017; Vinken, 2013). This shift from the testing of health endpoints to the analysis of molecular mechanisms inducing toxicity makes the “the dose disrupts the pathway” principle specifically important for risk assessment
