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Advances in nanocrystal drug: technological innovations,
stabilization mechanisms, and applications
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Abstract Nanocrystal technology is a key strategy to overcome the delivery limitations of poorly soluble
drug delivery. Leveraging the complementary strengths of “Top-down”, “Bottom-up”, and combined
methodologies permits the tailored control of nanocrystal size and morphology. In recent years, the inte-
gration of artificial intelligence (Al) and machine learning (ML) has driven a paradigm shift in this field by
shifting the approach away from traditional empirical trial-and-error toward data-driven rational design,
thereby significantly enhancing formulation screening and process development efficiency. This review pro-
vides a systematic examination of preparation methods, stabilization strategies, and delivery systems for

nanocrystal-based drugs. It incorporates recent advances in particle size and morphology control, stability
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mechanism analysis, novel solidification technologies, and multi-route delivery applications. The work
aims to offer a coherent framework for researchers to fully understand the current landscape and challenges
in nanocrystal technology, serving as a comprehensive academic reference for future studies.

Keywords nanocrystal; preparation technology innovation; stability mechanism; Al-assisted optimiza-

tion; multi-route of administration; industrialization challenges
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Fig. 1 The process of preparing nanosuspensions using “Top-down” technology
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Fig. 2 The process of preparing nanosuspensions using “Bottom-up” technology
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Fig. 3 Schematic illustration for the preparation of drug nanocrystals via solid dispersion-mediated

precipitation followed by high-pressure homogenization
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Fig. 4 Scheme of the formulation process of nanocrystal-based 3D-printed tablets using the Melting Solidification Printing Process
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Fig. 6 Mechanism of interaction between nanocrystals and stabilizers
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Fig.7 Computer-aided design of nanosuspension stabilizer screening
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Fig. 8 Schematic diagram of different routes of administration of nanocrystalline drugs
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