Highly porous inhalable N-acetyl-L-cysteine microparticles developed using spray freeze drying for COPD
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Introduction: Chronic obstructive pulmonary disease (CODP) is a global health issue. N-acetyl-L-cysteine (NAC) is used as a mucolytic agent that helps individuals with chronic lung diseases including CODP. However, NAC has poor clinical efficacy with the current high oral doses because of limited bioavailability caused by first-pass hepatic metabolism. To overcome this limitation and to provide a rapid onset of action, the direct administration of NAC to the lungs through inhalation would be a rational approach. However, the production of microparticles of NAC is challenging as it is thermosensitive. Spray freeze drying (SFD) is an emerging technique to develop microparticles of thermosensitive compounds for inhalation. Formulation components can influence the particle structure and aerosolization properties.
Aim: To develop highly porous inhaled NAC dry powder using the spray freeze drying method and investigating the influence of inulin on particle structure integrity and of leucine on aerosolization of resultant powders.  
Methods: A 9-run experimental design was produced to construct a linear model using a custom design function in Design-Expert® v13 software, with NAC and inulin proportions at 30-70% w/w and leucine at 0-10% w/w proportion. The physicochemical and aerosolization performances of the prepared SFD powders were assessed. and characterise for their physicochemical and aerosolisation performance using the Next Generation Impactor.
Results: All the SFD powders appeared as white fluffy powders that were highly porous, spherical in morphology and had irregular protrusions on the surface. The SFD powders also had geometric particle size of 37–50 μm, total yield of 20–38% w/w, water content <5% w/w and were crystalline in nature. In addition, the emitted dose was >93% and fine particle fraction (FPF) was >45% for all SFD powders. The SFD powder formulation containing leucine showed better aerosol performance (FPF >57%) compared to those without leucine. All SFD powders had mass median aerodynamic diameter ≤4.5 μm suggesting their suitability for inhalation and a low GSD ≤1.6 μm suggesting a narrow particle size distribution.
Conclusion: Highly porous NAC dry powder, suitable for inhaled delivery was successfully developed using SFD method. In addition, inulin provided structural integrity to the prepared NAC SFD microparticles, and leucine improved the aerosolization performance.
