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Overview of the Research and Development

Pharmaceutical excipients in oral solid dosage forms are used to improve manufacturing processes, drug stability, and
formulation properties, such as dissolution. In the gastrointestinal tract, they coexist with dissolved active ingredients at
relatively high concentrations. Although traditionally considered pharmacokinetically inert, some excipients may alter drug
absorption by affecting transporters, metabolizing enzymes, or gastrointestinal transit. This issue is particularly important
in generic drug development, where bioequivalence (BE) is required. Under the BCS-based biowaiver framework in ICH
M9, excipients with potential effects on absorption must be risk-assessed, but mechanistic and quantitative data remain
limited.

This study aimed to provide basic data for excipient risk assessment and future guideline development by evaluating the
effects of excipients on drug absorption. Specifically, we sought to: (1) establish experimental systems to quantify effects
on membrane and mucosal permeability, (2) assess clinical relevance based on published evidence, and (3) predict
excipient-related BE risk using physiologically based biopharmaceutics modeling (PBBM).

(1) Effects of Pharmaceutical Excipients on Gastrointestinal Membrane and Mucosal Permeability

We evaluated the effects of common pharmaceutical excipients on drug permeability using PAMPA, PermeaPad, and
Caco-2 monolayers. PAMPA was not sufficiently robust for many excipients, whereas PermeaPad and Caco-2 allowed
testing at clinically relevant concentrations. Sodium lauryl sulfate (SLS) reduced the permeability of highly lipophilic and
highly permeable drugs such as propranolol and risperidone, likely through micellar incorporation. In contrast, polysorbate
80 did not show the same effect, indicating that the impact depends on the specific drug-excipient combination. Most other
excipients showed little effect unless they directly disrupted membranes or opened tight junctions.

We also examined mucin-related effects using mucus-Caco-2, HT29-MTX-E12, and the small-intestinal organoid-
derived epithelial-like cell line Ryu. Thick mucus layers attenuated permeability enhancement by permeation-enhancing
excipients, whereas the effect was limited in models with thin endogenous mucus layers. These findings suggest that
excipient-mucin interactions generally have only modest effects under physiologically relevant conditions.

(2) Clinical Relevance of Excipient Effects on Drug Absorption

We assessed the clinical relevance of excipient effects through a systematic literature review. A PubMed search identified
867 articles, of which 183 discussed possible effects of pharmaceutical excipients on drug absorption; however, only 17
included human clinical studies. Reported mechanisms included solubility-permeability interplay, P-gp inhibition, and
altered gastrointestinal transit, although several reports found no clinical impact.

Overall, most excipients appeared unlikely to cause clinically meaningful interactions under usual conditions of use.
However, formulations containing high amounts of specific excipients, such as pediatric liquid formulations, may pose a
greater risk. These results provide useful evidence for excipient selection and risk assessment in formulation development.
(3) PBPK-Based Prediction of BE Risk Associated with Excipient Changes

We developed a PBPK model to predict the impact of excipient changes on bioequivalence (BE), using ranitidine as a
model BCS class 3 drug and PEG400 as an interacting excipient. The model incorporated two major mechanisms of
PEG400 action: inhibition of P-gp and shortening of small-intestinal transit time.

Taken together, these findings indicate that most excipients are unlikely to cause major clinical changes in drug
absorption, whereas certain excipient-drug combinations may still introduce a risk of non-bioequivalence. This study
provides practical experimental methods, literature-based evidence, and modeling strategies to support rational excipient
selection, reduce unnecessary regulatory conservatism, and facilitate the development of scientifically justified generic

formulations.



