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Dry powder inhalation (DPI) products commonly consist of a mixture of coarse carrier material, 
e. g. alpha-lactose monohydrate, with an active pharmaceutical ingredient (API) with a particle 
size below 6 μm. Adding a ternary force control agent (FCA) to the formulation has been shown 
previously to modify the inhalable fraction of DPIs. This study examines the influence of different 
mixing methods of lactose and MgSt on the aerosol performance of Fluticasone Propionate (FP) 
DPI. The excipients were blended either by high-shear mixing in a Collette MicroGral or by low-
shear mixing in a Turbula mixer. FP was then blended with the excipient mixture using a Turbula 
mixer. The capsules were analyzed by cascade impaction (Next Generation Impactor, NGI) 
using a Breezhaler® device for actuation. FP deposition was quantified with high performance 
liquid chromatography (HPLC) to characterize the aerodynamic particle size distribution (APSD) 
and fine particle fraction (FPF) of the formulations. A formulation of FP with lactose was used as 
a reference. The FPF for the reference formulation was 18% of the nominal dose. FPF increased 
to 25% for the high-shear mixed formulation with higher deposition in NGI cups 2-5, suggesting 
a more efficient detachment of API from the lactose carrier. Secondary ion mass spectrometry 
(ToF-SIMS) images for high-shear blending showed MgSt evenly distributed on the lactose 
surface in contrast to low-shear blending, which had MgSt agglomerates. The blending method 
applied to the pre-blend strongly impacts the APSD and FPF of FP. ToF-SIMS confirms that the 
distribution of MgSt in the blend strongly depends on the blending method. The presence of 
MgSt as a thin layer on the lactose surface, in the high-shear blend, changes the interaction 
forces between API and lactose carrier. The altered surface properties lead to easier 
detachment of FP from the lactose carrier.  


