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Cystic fibrosis is a genetic disease that affects the lungs, and decrease fluidity of 

mucus on the lung surface. This condition causes proliferation of microorganisms in the 
dehydrated and viscous mucus layer. Infections especially induced by Pseudomonas 
aeruginosa are observed in this environment. Therefore, this study was designed to develop 
dry powder inhalers (DPI) containing ciprofloxacin HCl monohydrate (CP) only, CP-N-
acetylcysteine (CP-NAC), and CP-dornase alfa (DNase) (Pulmozyme) by using combination 
of ball milling, homogenization and spray drying methods, and then determine the 
aerodynamic parameters.  Aerodynamic parameters of DPIs were determined using the 
Andersen Cascade Impactor (ACI). DPI powders containing the same amount of CP were 
filled in same size HPMC capsules. RS01 device (Plastiape SpA, IT) was used for analysis. 
Proper flow rate and time were chosen to make 4 L of air passing through the device. ACI 
plates were coated by an appropriate surfactant solution. All parts of ACI and device were 
washed separately after application of a DPI, and samples were analyzed using an HPLC 
method. The Emitted Dose (ED), The Mass Median Aerodynamic Diameter (MMAD), The 
Fine Particle Dose (FPD) and The Fine Particle Fraction (FPF) were determined for each DPI 
formulation. Although all MMADs were below 3 µm, the highest ED was obtained for the CP-
NAC combination. However, no significant difference was obtained between formulations in 
regard to FPD and FPF values. Collectively, these results showed that all DPI formulations 
have appropriate MMADs to reach deep into the lung, and presence of mucolytics does not 
affect ED, FPD and FDF values.  


