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Introduction: Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide. Alongside the overexuberant pulmonary inflammation and oxidative stress, people with COPD have impaired learning and memory as well as anxiety disorders compared to healthy aged, matched individuals. We hypothesise that exposure to cigarette smoke (CS) causes lung inflammation and oxidative stress that “spills over" into the central nervous system driving dysfunction in neurons and microglia; the brains immune cells, leading to learning and memory deficits.
Aim: To investigate if prophylactic treatment with the NADPH oxidase 2 (NOX2) inhibitor; apocynin, can alleviate CS-induced inflammation and oxidative stress in the lungs and brain. 
Methods: Male BALB/c mice were exposed to room air or CS for 24 weeks and co-administered with either apocynin (5 mg/kg, i.p.) or vehicle (0.01% DMSO/sterile PBS) treatments daily. Mice were euthanised and lung inflammation and oxidative stress was assessed (bronchoalveolar lavage fluid [BALF] cellularity and qRT-PCR). Brains were collected to assess neuroinflammation (microglial morphology), synaptogenesis, and neurogenesis.
Results: CS exposure caused an increase in BALF macrophages, neutrophils and lymphocytes (p<0.0001).  Apocynin reduced CS-induced increases in BALF macrophages and the expression of lung Nox1 (p<0.005), and Nox2/Cybb (p<0.005). Exposure to CS reduced the area per cell of microglia in the CA1 of the hippocampus suggesting an amoeboid morphology (p<0.001) and apocynin restored the profile to a ramified morphology similar to sham mice (p<0.0001). CS exposure reduced the expression of synaptophysin in the hippocampus (p<0.0001) and apocynin treatment prevented this impairment (p<0.001).
Discussion: CS exposure caused BALF inflammation and increased oxidative stress in the lungs. Apocynin reduced CS-induced BALF inflammation, lung tissue oxidative stress and improved microglial and synaptogenesis profiles in the CA1 of the hippocampus. Thus, targeting NOX2 could be a novel therapeutic avenue to improve COPD and its extra-pulmonary comorbidities. 
