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Determining the tipping-point when homeostatic regulatory mechanisms become saturated and shift from an adaptive to an 
adverse state is critical to define regions of safety for chemical exposure. Oxidative stress is used as a case study to develop
these approaches to enable the progression of risk assessment through mechanistic understanding of human relevant 
systems. A range of high content in vitro assays including redox status, Nrf2 translocation, GSH levels & macromolecule 
damage were used to understand the dynamic alterations in molecular responses to oxidative stress. Time- and dose-
response data was generated in both hepatocyte & keratinocyte cell lines utilising 4 oxidative stress-inducing compounds 
(H2O2, tBHQ, Curcumin & Quercetin) with different mechanisms of action. The data highlights a temporal alteration in Nrf2 
signaling response, moving from a low dose transient perturbation to a longer lasting activation state at higher doses. Similar 
dose-dependent transient responses for other biomarker responses are also observed, suggesting that a biological pathway 
altering dose (BPAD) can be defined based on the dose-dependent dynamics of cellular repair and recovery. As part of this 
case study a dynamic systems biology model covering the core components of the Nrf2 signalling network with GSH 
quenching has been developed using activation and deactivation in Nrf2 signalling as an indicator of the capacity of the cell
to recover (adapt) from an oxidative stress insult. In order to enable the translation of the in vitro data to in vivo relevance, 
distributions in the levels of relevant biomarkers (such as GSH & MDA) under both normal physiological & adverse conditions 
have been taken from the literature and analyzed.


