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Mitochondrial toxicity is increasingly implicated in the adverse effects of many failed drugs and chemicals. Pathway-based 
safety assessments for chemicals with mitochondrial toxicity require two critical steps: to identify relevant biochemical 
(toxicity) pathways mediating mitochondrial homeostasis and then to derive biological pathway altering doses (BPADs) based 
on pathway perturbations. In this work, we identified that peroxisome proliferator-activated receptor γ coactivator-1α (PGC-
1α)-mediated transcriptional network plays central roles in the regulation of mitochondrial oxidative stress and biogenesis. 
As a case study, we conducted in vitro studies to measure redox, gene and mitochondrial functional biomarkers in the human 
myocardial cell line AC16, exposed to a drug, doxorubicin (Dox) with known cardiac side effects in vivo. Our biomarker 
profiles collectively indicate a well-defined tipping point, suggesting that a BPAD for Dox for mitochondria stress can be 
determined. In vitro data demonstrates adaptive induction of PGC-1α regulated downstream genes, including NRF-1, MnSOD, 
UCP2 and COX1, concurrent with negligible changes in superoxide, ATP and cytotoxicity; whilst above the tipping point, at 
doses resulting in saturation of the PGC-1α pathway, cellular adversity is evident in elevated superoxide and suppressed ATP 
levels. Finally, we developed a computational model to simulate the PGC-1α-mediated pathway network comprising multiple 
negative feedback loops that underlie redox and bioenergetics homeostasis. The model recapitulated our experimental 
outcomes, suggesting that saturated induction of the PGC-1α-mediated gene network underpins this BPAD. It further 
predicted that silencing PGC-1α compromises the adaptive function of the pathway, leading to disruption of mitochondria 
and cytotoxicity at lower Dox doses, which was verified by our study. This study illustrates that combining computational 
simulation and in vitro assays anchored to pathway information offers a sound approach to identify BPADs with increased 
confidence


