Astaxanthin prevents environmentally persistent free radical-induced MUC5AC overexpression in paediatric respiratory epithelium
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Introduction. Climate change increases air pollution levels especially particulate matter (PM). Environmentally persistent free radicals (EPFRs) are oxidant components of air pollution resulting from incomplete combustion of organic compounds. They are stabilized by transition metals adsorbed onto PM and persist in the environment for prolonged periods, with half-lives of days to years. The precise mechanism linking air pollution exposure to adverse respiratory outcomes remains unclear, but oxidative stress (OS) in the respiratory epithelium is likely to be involved.
Aims. To determine and compare the mechanisms by which EPFR exposure activates OS-related signalling pathways in adults and children, and test the utility of antioxidant, astaxanthin.
Methods. Primary human nasal epithelial cells from healthy adults and children were grown and differentiated at an air-liquid interface. The selected wells were pre-treated with 20 µM astaxanthin for 24 hours. The well-differentiated epithelia were subsequently exposed to 200 µg/cm2 EPFRs for 4 hrs. Outcomes measured included membrane integrity (trans epithelial electrical resistance, membrane permeability), cell death (LDH), mitochondrial reactive oxygen species generation (mtROS), cytokine secretion, mRNA and protein expression.
Results. EPFR exposure increased mtROS production by 2-fold (p<0.05) but astaxanthin prevented this increase (p<0.05). EPFR exposure caused an increase in CYP1A1 mRNA expression in both adult (p=0.02) and paediatric cells with significantly greater fold change in the paediatric cells; and a decrease in MUC5AC mRNA expression in adult (p=0.02) and an increase in paediatric cells. These effects were prevented by pre-treatment with astaxanthin (p=0.03).
Discussion. Our results demonstrate that EPFR induces OS and causes overexpression of xenobiotic metabolism and mucus production in paediatric respiratory epithelium. Antioxidant, astaxanthin, prevented those negative effects. Astaxanthin may protect children from air pollution exposure who lives in areas with higher air pollution level. 
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