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Abstract

Oral administration is an ideal route for small-molecule drugs. However, poor oral bioavailability
caused by low water solubility has become a common challenge in the research and development
and clinical translation of new drugs. Statistical studies indicate that a considerable proportion of
drug candidates suffer from insufficient solubility to varying degrees, most of which are classified
as Class II or Class IV in the biopharmaceutics classification system (BCS). Traditional strategies
such as dose escalation or alternative administration routes can hardly balance efficacy and safety.
To date, various strategies for solubility enhancement and absorption promotion have been devel-
oped, including solid-state engineering, nanoformulations, lipid-based carriers, and cyclodextrin
inclusion complexes. These strategies exert effects on drug dissolution, supersaturation, transmem-
brane transport, and lymphatic absorption. Taking the complete oral absorption cascade as the main
line, this review systematically summarizes the limiting factors of oral absorption for poorly soluble
drugs, integrates the mechanisms, advantages, and limitations of current mainstream formulation
strategies, and proposes an integrated design and evaluation paradigm from the perspective of clin-
ical translation.
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Figure 1. Schematic diagram of key barriers to oral absorption of poorly water-soluble drugs and intervention sites of phar-
maceutical strategies
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Table 1. Summary of mainstream pharmaceutical strategies for solubilization and absorption enhancement of poorly water-
soluble natural active ingredients via oral administration
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