Formononetin ameliorates chemotherapy-induced neurotoxicity in dorsal root ganglion neurons through Nrf-2/HO-1 pathway
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Introduction. Oxaliplatin and paclitaxel are the most commonly used chemotherapeutic agents causing significant neuropathy. No Food and Drug Administration (FDA)-approved therapy is now available to prevent or ameliorate chemotherapy-induced peripheral neuropathy (CIPN). Formononetin is an isoflavone possessing the antioxidant effect and has previously demonstrated neuroprotective potentials.
Aims. We aimed to research the neuroprotective potential and underlying mechanisms of formononetin against CIPN. 
Methods. ND7/23 dorsal root ganglion (DRG) neurons were treated with or without the formononetin for 24 hours and then co-treated with paclitaxel (50 nmol/L) or oxaliplatin (10 μmol/L) for another 24 hours. Cell viability, intracellular reactive oxygen species (ROS) levels, and apoptotic index were detected by resazurin assay, dihydroethidium (DHE) staining, and Annexin V/ propidium iodide (PI) staining, respectively. Protein expressions of the antioxidant defense mechanism (Nrf-2 and HO-1) and pro-apoptotic (PARP1 cleavage and Bax) and anti-apoptotic (BCL-2) pathways were examined with immunoblotting. Cervical cancer SiHa cells and colorectal cancer HT29 cells were applied to investigate the interaction of formononetin with anticancer activities of oxaliplatin or paclitaxel. 
Results. Formononetin at 20 and 40 μmol/L significantly reduced the viability loss and ameliorated ROS overproduction in oxaliplatin- and paclitaxel-damaged ND7/23 DRG neurons, accompanied by the augmentation of the antioxidant defense Nrf-2/HO-1 pathway. Oxaliplatin induced apoptotic index and increase in Bax/BCL-2 ratio and PARP1 cleavage in ND7/23 DRG neurons, that were inhibited by the pre-treatment of formononetin. Additionally, formononetin did not affect the cytotoxicity of paclitaxel and oxaliplatin in cancer cells.
Discussion. In conclusion, formononetin demonstrated neuroprotective potential for preventing oxaliplatin- and paclitaxel-induced CIPN by alleviating oxidative stress and apoptosis. With its great antioxidant potential, formononetin exhibits stronger neuroprotective activities against oxaliplatin-induced oxidative stress and neurotoxicity than against paclitaxel.
