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Novel dry powder inhalation carrier: drug-carried lactose
microparticleswith flower shape and nanoporous structure
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Abstract: Thiswork was designed to study a novel dry powder inhalation (DPI) carrier for drug loading and
release of tiotropium bromide (asthma medicine). The synthesized lactose drug-carrier with aflower shape was
crystalline. The carrier with a micro-meso-macroporous structure had advantages of high pore surface area,
high capacity of drug loading and fast release of drug. In the study of loading tiotropium bromide, the drug was
distributed at the core of carrier using the solution-based method, while the morphology was changed a little and
the amount of loaded drug was 5% (w/w). Using the crystallization-based method, the drug was distributed
at the shell of carrier, while the morphology was changed a lot and the amount of loaded drug was 49% (w/w).
In addition, with the impact of carrier structure, the drug release rate was increased first and then decreased
thereafter using the solution-based method, while the drug release rate was decreased first and then increased
thereafter using the crystallization-based method. Thus, the lactose microparticles can be used as a novel drug
carrier for dry powder inhalation.
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Figure 1 Scanning electron microscope (SEM) images of
spray-dried particles (a) and the engineered particles (b)
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Figure 2 Fourier transform infrared spectroscopy of spray-
dried particles, lactose monohydrate, flower-particles and boric
acid (from upper to bottom)
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Figure 3 Nitrogen adsorption isotherms (a) with the Horvath-
Kawazoe model (b) and Barrett-Joyner-Halenda model (c)
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Figure4 SEM images of ion-beam cut particles

BT, BHRKAEBREA (K 5a), WASHIZ
YW PR D 5% (wiw [ AR L) . AHEZ TR, R4S
oot W PRV 5 1 WE TR B 0 1 i AR T B R LR RORE,
H R IR AR A, SOk 3R 1 146 T2 S S
UIVE IWEST L 7 7 a5 AR T (&1 Bb), HNfE
I BN 49% (wiw [ A T R L) ol RS AR
ZHEMOCTHEFE IR T AR RN, SRR
WEBRE (B Be) 4 A IMEFE IR L 7 1 5 h 73 A fEAETE
TUORE (KT P9 38, BEAE TR SR (6 T LA 45 K4 1A FE AR A, T
RS ERTE (K 5d) 256 ImEtiRe s 7

(a)

Figure 5 Scanning electron microscope images of the drug-
loaded particles using solution-based method (a) and evapora-
tion-based method (b). The confocal Raman microscope images
showing the drug distribution in the drug-loaded particles using
sol ution-based method (c) and evaporation-based method (d)
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Figure 6 The drug release rate over the dissolution time for
solution-based method and evaporation-based method
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