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Abstract

Comparison of Spray Freeze Drying and the Solvent
Evaporation Method for Preparing Solid Dispersions of

Baicalein to Improve Dissolution and Oral Bioavailability

By He Xiu Qiong

Thesis Supervisor: Dr.Zheng Ying

Institute of Chinese Medical Sciences

Spray freeze drying (SFD) has been successfully developed to prepare solid
dispersions at ambient temperature, which was developed in the 1990s. SFD
technology involves the atomization of a feed liquid containing poorly water-soluble
or insoluble APIs and excipients directly into a cryogenic liquid at ambient
temperature to produce a frozen micronized powder that is subsequently dried. This
process offers a variety of advantages compared to traditional technologies for solid
dispersions, including amorphous structure and high surface area.

Baicalein (5, 6, 7-trihydroxyflavone), one of the major flavones isolated from the
root of Scutellaria baicalensis, has been demonstrated to have numerous
pharmacological activities including anti-inflammatory, antioxidative, anticancer,
antiallergic, and antiviral effects. It is a Class Il (i.e., poorly water-soluble and highly
permeable, with Py, = 1.7x10° cm- ™) API according to the Biopharmaceutics
Classification System. Its poor water solubility (~0.13 mg-mL™), inadequate
dissolution, and extensive first-pass metabolism result in its low oral bioavailability
and limit its use in the pharmaceutical field.
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The objective of this study was to prepare solid dispersions consisting of baicalein
and a carrier with a low glass transition/melting point (Pluronic F68) by SFD
technology. We compared these powders to those produced from the conventional
solvent-evaporation method. In the SFD process, a feeding solution was atomized
above the surface of liquid nitrogen following lyophilization, which resulted in
instantaneously frozen microparticles. However, solid dispersions prepared by the
solvent-evaporation method formed a sticky layer on the glass flask with crystalline
baicalein separated out from the carrier. The powder samples were characterized by
scanning electron microscopy (SEM), powder X-ray diffraction (PXRD), surface area
measurement, differential scanning calorimetry (DSC), and Fourier transform infrared
spectrometry (FTIR). SEM and PXRD results suggested that the majority of baicalein
in the SFD processed solid dispersion was in the amorphous state, which has a higher
specific surface area than bulk baicalein. However, the majority of baicalein was
recrystallized in the solid dispersion at the same composition prepared by the
solvent-evaporation method, which showed a similar dissolution rate to the physical
mixture. SFD product was physically and chemically stable after being stored at 40°C
with low humidity for six months. After enzyme hydrolysis, baicalein in the SFD
product displayed a significantly shorter Tnax and higher Cnax than bulk baicalein after
oral dosing. The relative bioavailability of the SFD product vs. bulk baicalein
determined by comparing the AUCg1, was 233%, which demonstrated the
significantly improved oral bioavailability of baicalein produced by the SFD

technique.

Keywords: Solid dispersion; Baicalein; Pluronic F68; Spray freeze drying (SFD);

Solvent evaporation; Dissolution; Bioavailability.
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