Investigating plastic pollutant interactions with the adenosine A1 receptor
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Introduction. Plastic-derived pollutants such as bisphenol A (BPA) and phthalates are widely used in consumer products and increasingly detected in ecosystems and human tissues. These chemicals can leach into biological systems, raising concerns about their capacity to disrupt cellular signalling. G protein-coupled receptors (GPCRs) represent critical molecular targets, given their essential role in transducing external stimuli into intracellular responses. Within this family, the adenosine A1 receptor (A1R) regulates neurotransmission, cardiovascular function and energy metabolism, yet its modulation by plastic-derived pollutants remains poorly understood. Defining these interactions is critical to understanding pollutant-induced health risks and identifying potential therapeutic strategies.
Aim. To assess whether BPA, its derivatives (BPAF, BPB, BPF, BPS, BPZ), and phthalates (DBP, DEP, TPP) modulate A1R binding and function.
Methods. [3H]-DPCPX whole-cell radioligand binding, cAMP accumulation, and calcium mobilisation assays in Flp-IN CHO cells stably expressing human A1R were performed to assess ligand binding affinity and functional potency. Cell viability was measured by MTT assay. 
Results. BPA and related pollutants showed low micromolar affinity at the A1R, with BPAF, BPB, and BPZ displaying the highest binding affinity (pKi BPAF= 5.14 ( 0.14; n=6). In calcium mobilisation assays, BPAF produced the largest increase in intracellular Ca²⁺. Inhibition of cAMP accumulation was most evident with BPB, BPZ, and BPAF. Notably, BPA acted as a negative allosteric modulator of the A1R in cAMP assays. MTT assays confirmed that all compounds tested at 10 μM did not induce cytotoxicity.
Discussion. These findings demonstrate that plastic-derived pollutants can modulate A1R pharmacology, with BPAF, BPB, and BPZ showing the strongest effects. This illustrates the phenomenon of “regrettable substitution”, where BPA analogues introduced as replacements still exhibit potent receptor activity, raising toxicological concerns. Such receptor-mediated activity underscores the potential health risks of BPA analogues, linking environmental substitution practices to unanticipated cardiovascular and neurological effects.
