
David Cline, Ph.D. 

Thesis Abstract 

OPTIMIZING DRY POWDER INHALER FORMULATION PERFORMANCE USING  
SURFACE ENERGY AND AREA 

Pulmonary delivery of active pharmaceutical agents via Dry Powder Inhalers (DPI's) has attracted much 
attention in recent years as an alternative to pressurized metered dose inhalers (pMDI's). DPI 
formulations typically consist of either drug alone or drug blended with an inert carrier as an ordered mix. 
Upon aerosolization the powder formulation must de-aggregate into drug particles in the 1-5 mm range 
for effective pulmonary delivery. This work estimates the surface energy and specific surface area of the 
individual powders in the formulation, proposes a model that correlates these formulation parameters to 
DPI/formulation performance, demonstrates the effect of jet milling and spray drying on powder surface 
energies, shows the influence of surface energy alterations on aerosol performance and modifies the 
surface energy of micronized material by coating with surfactants. Surface energy and specific surface 
area values were determined using Inverse Gas Chromatography (IGC). IGC is a technique that uses 
retention time and surface tension data of non-polar and polar probes (injected onto a packed column of 
the powder of interest and analyzed using a standard Gas Chromatograph) to estimate the surface 
energy of the powder. DPI formulation performance was examined by cascade impaction using a Multi 
Stage Liquid Impinger (MSLI). MSLI data from eight formulations, consisting of combinations of drug 
(albuterol base, ipratropium bromide) and carrier (trehalose dihydrate, lactose monohydrate, mannitol), 
correlated well (R2 > 0.9) with a model of particle interaction based on surface energy and specific 
surface area data from IGC experiments. Jet milling of albuterol sulfate caused a dramatic increase in the 
surface energy, which could then be reduced by spray drying a suspension of the jet-milled material in an 
organic solvent. A formulation containing jet milled albuterol sulfate, with a high surface energy, exhibited 
a lower fine particle fraction than a similar formulation containing spray dried albuterol sulfate with a low 
surface energy. Additionally, coating micronized drug with cholesterol or phosphatidylcholine reduced the 
surface energy of jet-milled albuterol sulfate. This work provides a researcher with methodology to 
estimate and optimize particle interactions in a DPI formulation and may potentially be expanded to other 
powder systems. 
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