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Advances in crystal nucleation for amorphous drugs

ZHANG lie, LI Kang, YANG Zi-qing, DING Zi-han, XIAO Sai-jun, YUE Zhi-ming, CAI Li-mei,
LI Jia-wen, KUANG Ding, LIU Min-zhuo', ZENG Zhi-hong

(College of Biological and Chemical Engineering, Changsha University, Changsha 410022, China)

Abstract: Amorphous solid dispersion (ASD) is one of the most effective formulation approaches to enhance
the water solubility and oral bioavailability of poorly water-soluble drugs. However, maintenance of physical
stability of amorphous drug is one of the main challenges in the development of ASD. Crystallization is a process
of nucleation and crystal growth. The nucleation is the key factor that influences the physical stability of the ASD.
However, a theoretical framework to describe the way to inhibit the nucleation of amorphous drug is not yet
available. We reviewed the methods and theories of nucleation for amorphous drug. Meanwhile, we also
summarized the research progress on the mechanism of additives influence on nucleation and environmental
factors on nucleation. This review aims to enhance the better understanding mechanism of nucleation of amorphous
drug and controlling over the crystal nucleation during the ASD formulation development.
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Figure 1 The transformation from amorphous drugs to crystalline structures involves two critical phases: nucleation and crystal growth
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Figure 2 The effect of nucleation on dissolution of amorphous drug. A: Diagram of the effect of nuclei on dissolution of amorphous

nifedipine; B: Real-time dissolution of nuclei-free amorphous, nucleated amorphous, and ' crystalline nifedipine films. Adapted from Ref.

15 with permission. Copyright © 2023, American Chemical Society
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Figure 3 The impact of polymers on nucleation kinetics of fluconazole. A: Chemical structures of fluconazole and different polymers
(HPMCAS, PVP K30 and PEO); B: Nucleation kinetics of fluconazole Form II with or without 10% w/w polymers. PEO: Polyethylene
oxide. Adapted from Ref. 33 with permission. Copyright © 2023 Royal Society of Chemistry
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