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Figure 1 Appearance and particle size distribution. (A) SEM observations of CsA samples. (A-) SD/CsA and (A-Il) tSD/CsA.
(A-I11) and (A-1V) after storage at 40/75%RH for 1 week. White bars represent 15 um. (B) Laser diffraction analysis of CsA
samples to measure the particle size distribution. (B-) SD/CsA and (B-Il) tSD/CsA; Solid line, particle size distribution before
storage; and dotted line, particle size distribution after storage at 40/75%RH for 1 week.
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Figure 2 Dissolution behavior of CsA samples under (A) pH 1.2 and (B) pH 6.8 solutions.
X, amorphous CsA; O, tSD/CsA; A\, SD/CsA. Each bar represents mean=S.E. of 3 independent
experiments. distribution after storage at 40/75%RH for 1 week.
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Figure 3 Mucoadhesive properties of CsA samples evaluated by mucin disc method.
Each bar represents mean £ S.E. of 3 independent experiments (n =3).
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Figure 4 Oral absorption profile of CsA samples after oral administration (10 mg-CsA/kg, p.o.) in rats.
X, amorphous CsA; O, tSD/CsA; /\, SD/CsA. Each bar represents mean = S.E. of 5-6 independent experiments.
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Table 1 Pharmacokinetic parameters of CsA in rats after oral administration of CsA samples.

AUCq . (pg.h/mL) BA (%) MRT (h)
Amorphous CsA
+ +
(10 mg/kg) 05+0.2 0.7 59=+05
tSD/CsA
+ +
(10 mg/kg) 145+ 13 19 8703
ASD/CsA
+ +
(10 mg/kg) 103+1.9 13 75+£08
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LUE. tSD/CsA i& a7 HAITdH % HPC I X % [E{A
s 7 S U 7o AL SV OS5 72 5 O
IZ Y 2 VT & % HPMCAS-HG O FEFIIREE 2 f B
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Data represent mean = S.E. of 5 independent experiments. (n=5).
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Abstract

The present study aimed to clarify the applicability of the fine droplet
drying (FDD) process, a novel powderization technology using an inkjet head,
to strategic application for designing functional core-shell particles to control
and improve the pharmacokinetic behavior of poorly water-soluble compounds.
Hydroxypropyl cellulose (HPC) and hydroxypropyl methylcellulose acetate
succinate (HPMCAS) were selected as carrier materials for ternary solid
dispersion (tSD). (R)- a -lipoic acid (RLA) and cyclosporine A (CsA) were selected
as model compounds with poor water solubility. The physicochemical and
pharmacokinetic properties of the prepared formulations were evaluated. Based
on the results, it was found to be difficult to control the release kinetics of RLA
using the present strategy. Accordingly, we focused primarily on an evaluation
of tSD/CsA. The tSD/CsA comprised uniform shriveled particles with a mean
diameter of 3.4 pm and span factor of 0.4, which are parameters for estimating
the particle size distribution. Although HPC-based SD showed a severe
aggregation of the particles after storage under 40°C/75% relative humidity for
1 week, there were no significant aggregation of tSD/CsA, possibly due to the
relatively low hygroscopic property of HPMCAS. In the dissolution test, tSD/
CsA could suppress drug release under pH 1.2, and gradually release the drug
under pH 6.8, with an improved dissolution of CsA. In an in vitro mucoadhesive
evaluation using a mucin disk, tSD/CsA exhibited a higher mucoadhesive
property than HPC-based SD. Orally-dosed tSD/CsA in rats resulted in a
significantly improved oral absorption of CsA, as evidenced by a 27-fold
higher bioavailability relative to that of amorphous CsA, due to the improved
dissolution and mucoadhesive properties of tSD/CsA. The FDD process could
serve a promising strategy for the fine particle design of functional particles, to
improve the biopharmaceutical properties of poorly water-soluble compounds.



