Inhibition of glutathione S-transferase enzymes by Nrf2 activators
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Introduction: The Nrf2 signalling pathway regulates antioxidant defence by inducing detoxifying enzymes such as glutathione S-transferases (GSTs). Although Nrf2 activators typically enhance GST expression at the mRNA level, several compounds paradoxically exhibit transient inhibition of GST enzymatic activity during acute exposure.
Objectives: This study investigates this dual behaviour by examining the molecular interactions between selected Nrf2 activators and major predominantly expressed GST isoforms.

Methods: A structured text-mining workflow identified 52 Nrf2 activators with potential GST-inhibitory properties. Molecular docking was performed against seven GST isoforms (GSTA1, GSTA2, GSTM1, GSTM2, GSTM5, GSTP1, GSTT1). Silymarin, hesperidin and thonningianin A were prioritised for further study. Known inhibitors and a negative control were incorporated in this study. Top complexes underwent 100-ns molecular dynamics simulations followed by MM/PBSA end point binding free analysis.

Results: GSTA2 showed the strongest affinity, particularly with hesperidin (–10.6 kcal/mol). MD analyses (RMSD, RMSF, radius of gyration and SASA) demonstrated that silymarin, hesperidin and thonningianin A exerted a stabilising effect on GSTA1 and GSTA2. Silymarin and hesperidin produced the most stable complexes and improved protein structural integrity and compactness. Thonningianin A performed well with GSTA1 but was less effective with GSTA2. Hydrogen-bond analysis confirmed strong and frequent interactions. Linear essential dynamics analysis using PCA indicated reduced global motions and high conformational stability, particularly in complexes with silymarin and hesperidin.
Conclusion: The combined molecular docking and MD along with end-point MM/PBSA based binding free energy findings suggest that certain Nrf2 activators can transiently inhibit GST enzymatic activity despite their long-term induction of GST gene expression.
Implications: These results highlight a significant off-target effect that may limit the therapeutic potential of some Nrf2 activators. Screening for GST interactions is essential when developing redox-modulating therapeutics.
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