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Application Progress of Scanning Electron Microscopy and Energy Dispersive Spectroscopy in the
Characterization of Inhaled Dry Powder Inhaler Formulations

ZHANG Chuanjie!, XIA Xinghui?>, GUO Bingru!, CHEN Chao’"[1.LANBO(Suzhou) Intelligent Technology Co., Ltd.,
Suzhou 215100, China; 2.Ningbo Renjian Pharmaceutical Group Co., Ltd., Ningbo 315300, China; 3.Zhejiang Institute for Food
and Drug Control, Hangzhou 310052, China]

ABSTRACT: OBJECTIVE To review the main applications of scanning electron microscopy(SEM) and energy dispersive
spectroscopy(EDS) in the characterization of dry powder inhaler formulations(DPI). METHODS Through literature research
and induction, using SEM-EDS method to characterize the dry powder inhaler formulation, using SEM based automatic particle
shape and size analysis software to perform statistical analysis of carrier particles, to summarize the key application scenarios of
SEM-EDS in the scientific research or development of DPI formulations. RESULTS DPI was a preparation type highly
dependent on particle engineering. Its performance and therapeutic efficacy largely depended on the micro characteristics of
active pharmaceutical ingredient(API) and carrier. The size and shape of carrier particles played a decisive role in efficient lung
transport. The surface roughness of carrier particles directly affected the adhesion-desorption balance between API and carrier
particles, and finally directly affected the atomization performance of the preparation. SEM could quickly evaluate the particle
size, particle shape and surface roughness. In addition, the loading of API on carrier particles and the desorption capacity of
API-carrier system could also be judged by SEM-EDS analysis. CONCLUSION SEM-EDS has extensive application
significance in the research and development of DPI preparations, it provides an advanced characterization method for the
research and development of this type of preparations.

KEYWORDS: scanning electron microscopy; energy dispersive spectroscopy; dry powder inhaler; API; carrier; aspect ratio
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Fig. 1 Schematic diagram of the human respiratory tract, particle size and their deposition mechanism>*
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Fig. 3 Automatic analysis results of particle carrier aspect ratio on Phenom ParticleMetric, with permission of Phenom

Scientific Instruments

A-1-SEM image of carrier A particles; A-2—analysis resuit of crer A prticle; A-3—aspet ratio column disribution map of carrier A; A-4—aspect ratio of crrer
A prticle obtained by software analysis: average, D50, D10, D90. B-1-SEM image of carrier B particles; B-2—analysis result of carrier B particles,
B-3—aspect ratio column distribution map of carrier B; B-4—aspect ratio of carrier B particle obtained by software analysis: average, D50, D10, D90.
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Fig. 4 Influence of the morphology of mannitol carrier

particles on API loading capacity[®!]
A—API loading on smooth particles; B-API loading on rough particles.
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Fig. 5 Influence of the roughness of lactose carrier particles
on API loading capacity

A-API loading on rough particles; B-API loading on smooth particles.
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Fig. 6 API distribution on carrier particles

A-EDS mapping result; B-SEM image of higher magnification.
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Fig. 7 EDS mapping of API distribution on carrier
particles34]

H-optical image; I-oxygen spectra; J-sulfur spectra; K—merged image.
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Fig. 8 SEM images of before and after flowing desorption

A-SEM morphology of API-carrier particle without air purging; B-SEM
morphology of API-carrier particle after air-purging.
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