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Titlell Formation of composite particles by mixed grinding with surfactant for improving
the dissolution of poorly soluble drug - Dissolution behaviors and mechanism

Kimito Takeuchi/ Banyu PR&D
Summary

Poorly soluble drug, NB-818 (approx. 0.3 mg/ml in water), was co-ground with an
anionic surfactant, sodium lauryl sulfate (SLS), or a nonionic surfactant, sucrose esters
of fatty acids (SEFA), at the various weight ratios by means of a vibration ball mill for 24
hours. Differential scanning calorimetory and powder X-ray diffraction measurements
indicated that the crystallinity of drug was not almost changed through mixed grinding
with surfactants. The resulted ground mixture showed significantly improved
dissolution as compared with physical mixture. A supersaturation phenomenon of NB-
818 was observed although NB-818 in the ground mixture existed in a crystalline
state.

In the ground mixture with SLS, the apparent maximum of dissolution rate was
obtained at the weight ratio of 1:3. An excessive addition of SLS, however, caused the
reduction of dissolution rate. In the ground mixture with SEFA, on the other hand, the
complete drug dissolution was obtained at the weight ratio of 1:2 and above. The
concentration of NB-818 released from the ground mixture with SEFA reached a
maximum in successive procedure of mixed grinding for 6 hours and above. The
scanning electron micrographs of ground mixtures indicated that individual drug
particles were dispersed as primary particles or minor clusters inside surfactant
particles through the mixing process. These results suggested that crystalline NB-
818 powder, which was existed in a agglomerate state, deaggregated by mixed
grinding with surfactant, and composite particles was formed.

To clarify the dissolution mechanism of the composite particles with surfactants, the
solubilization behavior of NB-818 by each surfactant was investigated. The
crystallization behavior of NB-818 from supersaturated solution containing surfactant
was also examined. The increase of drug solubility was not observed unless the
surfactant concentration became remarkably high. At the final concentrations of both
SLS and SEFA after the complete dissolution of composite particles, NB-818 was not
solubilized but its crystallization behavior from supersaturated state was significantly
affected. SLS promoted the crystallization of NB-818. On the contrary, SEFA
inhibited the crystallization.

Considering these circumstances, the dissolution process of drug in the composite
particle with surfactant was postulated as follows. That is, when the composite
particle with surfactant was added to aqueous medium, surfactant concentration
became high immediately in the vicinity of NB-818 drug particles and NB-818 was
solubilized. After that, both solubilized drug and surfactant were diffused toward the
bulk solution through the diffusion layer. The drug concentration in the bulk solution

was, thus, gradually increased and supersaturated. The crystallization of drug from



supersaturated state in the bulk solution also occurred simultaneously. As a result, the
drug dissolution profiles of composite particles were significantly dependent on the

crystallization rate of drug in the bulk solution.



