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Many studies on lung deposition have failed to include surface energy calculations to help explain the poor 
performance and efficacy of current market formulations. Surface energetics play a key role in the delivery of a dry 
powder inhaler formulation into the lungs, as there must be a sufficient balance of adhesive and cohesive forces to 
allow optimal lung delivery. In this study, the surface energies of a set of drug and carrier (budesonide with either 
mannitol or lactose) in different ratios were measured using Inverse Gas Chromatography. The surface energies of 
the examined formulations were then compared to their lung deposition performance using a Next Generation 
Impactor to establish the correlation between them and determine whether it could be used for the estimation of in 
vitro drug delivery for dry powder inhalers. Different ratios were chosen as current market formulations all have 
different amounts of carrier. A higher ratio of [work of adhesion/work of cohesion] was associated with a higher FPF 
for each set of drug and carrier. For example, the 1:10 ratio of budesonide and lactose showed the highest FPF as 
well as the highest [work of adhesion/work of cohesion] compared to other mixing ratios for this set. The results 
indicate that by measuring the surface energies of a set of formulations using IGC, and comparing these to their 
lung deposition performance using an NGI, it is possible to identify best ratio of drug to carrier that will provide the 
most efficient aerosol performance and lung deposition. 


