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This research work on optimization of pharmaceutical freeze-drying process was to
investigate solid structural properties that form in the cryo-concentrated phase during
freezing. The results from mannitol freeze-drying test concluded that the crystalline
structures (polymorphs) were heterogeneously distributed in the dried bulk dependent to
its freezing condition. When we add a model protein (enzyme, lactic acid dehydrogenase
was employed) in the starting formulation, the enzymatic activity in the freeze-dried bulk
was also heterogeneously distributed. It was clearly suggested that the activity variances
were due to the structural property variances of the lyoprotectant. We thus had an attempt
to stabilize the freeze-dried enzyme activity simply by the process operation, that is,
freezing process. It was found that the ultrasound device that can control the ice nucleation
event was useful to control thermal history of the solution during freezing, and to control
the solid structure of crystalline substances. However, it was not so much effective to
control the solid structure in the solution with lyoprotectant. Nevertheless, kinetics of the
structural change (such as sol-gel transition) of the lyoprotectant was supposed to be a
crucial factor to stabilize protein. A substance that exhibits gelling feature was thus



employed as a lyoprotectant. As a matter of fact, we found that the cooling protocol and the
sol-gel transition kinetics were strongly correlated to the protein activities. These results
indicate that the stability (or activity) of freeze-dried protein pharmaceutics is to be
controlled simply by thermal protocols that controls structural characteristics of solid

substances during freezing.
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