Menthol dose reframes nicotine metabolism under controlled aerosol exposure
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Introduction. Menthol (MEN) is widely added to electronic cigarette liquids to reduce aerosol harshness; however, its effects on nicotine (NIC) uptake and systemic metabolism remain inconsistent. These discrepancies highlight the need for controlled inhalation models to clarify MEN-associated modulation of NIC metabolism.
Aims. This study aimed to determine the concentration-dependent effects of MEN on systemic NIC metabolism under controlled aerosol inhalation using a validated LC–MS/MS platform.
Methods. Rats were exposed via whole-body inhalation to aerosolized nicotine (NIC, 30 mg/mL) alone or with menthol (MEN, 15 or 30 mg/mL). Serial plasma samples were collected up to 12 h post-exposure, and urine was collected cumulatively over 12 h. NIC and its primary metabolites, cotinine (COT) and trans-3’-hydroxycotinine (3HC), were quantified in plasma and urine using validated LC–MS/MS.
Results. Despite identical exposure, the NIC-only group showed marked interindividual variability in plasma NIC levels, prompting post hoc stratification by early systemic exposure. After stratification, differences between NIC-only and MEN 15 mg/mL were attributable to NIC exposure rather than MEN. No MEN-attributable changes were observed in plasma or urinary metabolite ratios at 15 mg/mL. In contrast, MEN 30 mg/mL significantly increased plasma 3HC concentrations and the 3HC/COT ratio over 12 h, without altering plasma NIC or COT levels.
Discussion. These findings indicate a concentration-dependent menthol effect. While MEN 15 mg/mL did not alter nicotine metabolism, MEN 30 mg/mL enhanced downstream biotransformation from COT to 3HC, as reflected by an increased 3HC/COT ratio.
