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Development of a newly treatment modality for lung diseases that uses innovative
Fine Droplet Drying (FDD) technology offering inhalable nano/microparticles—

incorporated therapeutic agents
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This project was designed to develop an innovative treatment modality by generating small/medium-sized

molecules, or antibody drugs, embedded in microparticles using “fine droplet drying (FDD)” technology.

This technology was developed by Ricoh Co., Ltd. (Tokyo, Japan) using a piezoelectric device for ink-jet

printing. This device enables the production of highly functional particles with the following

characteristics: 1) an amorphous, spherical, solid dispersion formulation with a narrow particle size
distribution, ii) good stability under conditions up to 40°C/75% relative humidity, iii) constant/prolonged
drug release and improved dissolution behavior, and iv) a respirable powder formulation. We used this
technology to develop high performance nano/microparticles as next generation therapeutics with improved
absorption/distribution/metabolism/excretion (ADME) properties. These therapeutics were especially
suitable for treating lung diseases because of their respirability. The results obtained are summarized as
follows:

1) Development of FDD particles containing poorly soluble small molecule (molecularly targeted) drugs
FDD particles containing the poorly soluble drug Z (Z-FDD) were created. These particles were uniform
with a narrow size distribution range between 1 and 5 um (average 2.2 um) and were immediately
soluble in saline. We made Z-FDD particles containing 1-20 weight percent of Z; the Z contents were 91-
95% of the theoretical values. X-ray diffraction analysis of the Z-FDD particles showed a halo pattern,
indicating that the amorphous property of Z-FDD could be a key to its high water solubility. Time-
course monitoring of the dissolution of these particles in saline showed up to a 70-fold improvement
with Z-FDD compared to Z alone. These FDD properties were reproduced when using Y, another small
molecule (molecularly targeted) drug.

2) Successful drug efficacy verification in an animal model using Z-FDD
We used an established animal model of pulmonary fibrosis (intratracheal bleomycin) for evaluating the
effect of Z-FDD. The effect of Z-FDD administered either intratracheally or intraperitoneally in this
model was assessed by pulmonary function tests. Animals administered Z-FDD intratracheally showed
significant and dose-dependent improvements in many parameters including inspiratory capacity,
compliance, and tissue elasticity, compared to those administered Z-FDD intraperitoneally at a dose
equivalent to the single daily dosage in human. These results show that the active ingredient in Z was
able to attenuate progressive lung disease by systemic (oral) administration.

3) Development of FDD particles containing a synthetic oligodeoxynucleotide (ODN)

We showed previously that polymer/chemical microparticles containing a synthetic ODN could be useful
when delivered directly to lung/bronchus-associated lymphoid tissues in a model of lung cancer (Mol
Cancer Ther 2015;14:2198) and to gut-associated lymphoid tissues for inflammatory bowel diseases
(Mol Ther 2015;23:297). However, to maximize the effect of particles containing ODN, the particles
should be made more sophisticated in shape and with a uniform, narrow size distribution. In this
regard, ODN-FDD was used to successfully create particles with a uniform size between 3 and 4 um. We
then created a suspension of ODN-FDD particles for clinical use in an aerosol device.

Our strategy using FDD technology could improve the ADME properties of small/medium-sized molecules

or antibody drugs by creating uniform spheres with suitable particle sizes. These properties could be

beneficial when the particles are used for inhalation by avoiding the first-pass effect, and in terms of
absorption and distribution. Therefore, our project may lead to an innovative drug delivery system, not

limited to respiratory diseases, with improved efficacy, tolerability, and safety. This, in turn, may lead to a

reduction of medical expenses in Japan. Based on the results of the current project, we will now proceed to

an international collaborative study using particles-containing bioactive single chain antibodies for treating

lung cancer (funded by the Japan Society for Promotion of Science, project number 19KK0208).

4



