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Abstract: Nanoparticles have been widely used in industry, agriculture, and medicine due to their unique physico-
chemical properties. However, their environmental exposure and toxic effects on organisms have also caused wide-
spread concern. Nanoparticles can enter organisms through a variety of ways, which may pose health risks. There-

fore, it is crucial to accurately predict their biodistribution and toxicokinetics. Physiologically based toxicokinetic
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(PBTK) models provide a systematic description of the absorption, distribution, metabolism, and excretion (ADME)

and the toxic effects of nanoparticles in organisms. This review summarizes the latest research progress in nanopar-

ticle PBTK models, and discusses the quantitative description of ADME characteristics in model construction,

model frameworks, parameter determination, and validation methods. It also analyzes the current key challenges,

including the limitations of research subjects, limited the inclusion of the physicochemical characteristics of

nanoparticles, the lack of environmental factor-related parameters, and the fact that generalized models are still in

the early stages. Finally, the article presents prospects for the development of nanoparticle PBTK models.

Keywords : nanoparticles; physiologically based toxicokinetic modeling; ADME characteristics; toxicity assessment
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Fig. 1  Statistics of research papers on nanoparticle
PBTK models from 2008 to 2024
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nanoparticles in rats (Reproduced from reference [29])
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