
 

Abstract 

The ever-increasing application of nanoparticles (NPs) in the food industry was not potential adverse effects of these NPs 

on the human gastrointestinal (GI) system are not fully understood despite their distinct properties from their bulk 

counterparts (microparticles, MPs). Traditional in vivo toxicity testing using whole animals is resource-intensive and 

controversial in ethical concerns. As a result, regulatory agencies are calling for a paradigm shift in toxicity assessment from 

in vivo apical tests to alternative, mechanism-based methods using in vitro (cell line) models. Adverse Outcome Pathway 

(AOP) is a framework that organizes key perturbations at different biological levels in a causal manner to support risk 

assessment, and thus can be used to design integrated toxicity screening platforms. This thesis used an AOP approach to 

organize the measured responses at the molecular, cellular, and higher biological levels with in vitro models of the intestinal 

epithelium (Caco-2 and HIEC-6). The cells were exposed to a reference library of the food sector's top three most popular 

particles, including different forms of SiO2, TiO2, and AgNPs. Transcriptomic and phenotypic changes identified chemical-

specific and size-dependent responses in key affected pathways of oxidative stress, inflammation, epithelial barrier function, 

and immune responses in cow milk allergy. This hazard profiling platform consisting of various high throughput assays 

demonstrated the potential adverse effects of NPs in the GI disease progression and suggested the potential use for toxicity 

screening of other NPs likely to enter the human body through the oral route. In summary, this thesis advanced our 

knowledge of the molecular and cellular mechanisms of the toxicity of ingested NPs and established a high-throughput 

platform for hazard profiling of ingested NPs. 
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