18-β-glycyrrhetinic acid attenuates TDF-induced nephrotoxicity through modulation of mitochondrial apoptotic signalling
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Introduction. Tenofovir disoproxil fumarate (TDF) is a first-line antiviral agent; however, prolonged exposure has been associated with renal proximal tubular injury. Accumulating evidence indicates that mitochondrial dysfunction and activation of intrinsic apoptotic pathways play central roles in TDF-induced nephrotoxicity. 18-β-glycyrrhetinic acid (18-β-GA), a bioactive metabolite of licorice, exhibits potent antioxidant and cytoprotective properties; however, its mechanistic effects in TDF-induced renal injury remain incompletely defined.
Aims. This study evaluated the renoprotective effects of 18-β-GA in a TDF-induced nephrotoxicity model and elucidated its molecular mechanisms with emphasis on mitochondrial homeostasis and intrinsic apoptotic signalling.
Methods. Nephrotoxicity was induced in SD rats by oral TDF administration for 35 days. 18-β-GA (300 mg/kg) was administered as intervention, with probenecid as a positive control. Renal function was assessed using serum creatinine, urea, urinary albumin, and KIM-1. Mitochondrial ultrastructure was evaluated by transmission electron microscopy. ROS, ATP, and TNF-α levels were quantified. Apoptotic signalling components (Apaf-1, cytochrome c, Bax, Bcl-2, Caspase-9/3) were analysed by Western blotting and TUNEL staining.
Results. TDF induced significant renal dysfunction and tubular necrosis, accompanied by mitochondrial swelling, cristae disruption, elevated ROS and TNF-α, ATP depletion, and activation of Apaf-1-mediated apoptotic signalling. 18-β-GA markedly attenuated these alterations, demonstrating efficacy comparable to probenecid. Specifically, 18-β-GA restored mitochondrial integrity and ATP levels, reduced oxidative stress and inflammatory responses, inhibited cytochrome c release, downregulated Bax and cleaved Caspase-9/3, and increased Bcl-2 expression.
Discussion. 18-β-GA alleviates TDF-induced nephrotoxicity by preserving mitochondrial integrity and suppressing ROS/TNF-α-driven intrinsic apoptotic signalling. These findings suggest that preservation of mitochondrial homeostasis represents a key mechanism underlying its protective effect, supporting its potential as a therapeutic strategy against drug-induced renal injury.
