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The main formulation requirement in pulmonary drug delivery for effective deep lung 
deposition is to have particles with aerodynamic particle size in the range 1-3 µm. However, 
to evade phagocytic clearance by alveolar macrophages, the geometric particle size should 
exceed 3 µm. To fulfil these requirements particle density has to be smaller than 1 g/cm3. 
Phagocytic evasion can further be ensured by fast drug dissolution, which, however, can be 
challenging especially for poorly water-soluble drugs given the small liquid amount in the 
lungs. In this work nanomilling of budesonide, a drug used in pulmonary delivery, in a stirred 
media mill was employed to reduce particle size and improve dissolution rate. The resulting 
nanosuspension was spray dried to engineer low-density particles using ammonium 
carbonate, albumin, or leucine as additives. The final powders were assessed in terms of 
their aerodynamic performance in a next generation impactor (NGI), geometric particle size, 
specific surface area, and flow behavior. Moreover, dissolution kinetics of aerodynamically 
classified powder fractions was measured. Wet nanomilling produced particles with median 
particle size of 320 nm. Depending on the additive used in spray drying, moderately to highly 
porous particles with specific surface area from 1.8 to 19.0 m2/g were produced. While the 
median geometric particle size of the formulations varied only between 4.4 and 5.3 µm, the 
fine particle fraction ranged between 18.3 and 61.1%. One week after preparation, the 
products showed fast dissolution kinetics owing to the small particle size and probably also 
due to a partial amorphization of the drug. The investigated approach, which combined 
nanomilling and spray drying of an aqueous formulation, provides the possibility to prepare 
low-density particles with fast dissolution, good aerodynamic performance and geometric 
size favorable for phagocytic evasion. 


