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Abstract of Thesis

Decades of extensive research in drug discovery have generated a substantial amount of data, prompting a
shift towards literature data mining and machine learning to uncover hidden relationships within individual
studies for predictive purposes. The objective of this dissertation is to apply literature data mining and machine
learning for constructing in silico models as a practical alternative to conventional in vivo and in vitro techniques.
Case studies were presented to showcase the predictive capabilities of the models, focusing on the cellular toxicity
prediction of amorphous silica nanoparticles (SiO2-NPs) and the activity prediction of small molecules targeting
urate transporter 1 (URAT1).

Si02-NPs, extensively used in various industries, are regarded as a safety issue by the Scientific Committee on
Consumer Safety (SCCS) despite their large-scale production. A generic in silico prediction model was developed
to enhance the safety assessment of SiO2-NPs, a type of nanoparticle with a diameter of 100 nm or less. This
involved meticulous data collection from over 100 scientific papers and the application of an advanced machine
learning algorithm (CatBoost) to construct a predictive model. The model highlighted key factors influencing their
safety, including concentration, serum presence, size, exposure time, and surface properties. The results indicated
that modifying the surface of Si02-NPs and using them at low concentrations significantly improves their safety.

URAT1, a protein with an unknown experimental 3D structure, emerges as a promising target for the
development of innovative anti-hyperuricemic drugs due to its crucial role in reabsorbing over 90% of uric acid. A
bespoke ligand-based drug design (LBDD) pipeline was developed to discover novel compound skeletons targeting
URAT1. This involved generating the largest dataset, surpassing the ChEMBL dataset by 4.5 times, to train a
successful predictive model that provided insights into discriminating high from low active URAT1 inhibitors
using key molecular descriptors and counteractively generated compounds. The pipeline, evaluated for attaining
95% precision from two perspectives—the model's probability and the principal component of SHapley Additive
exPlanations values, was applied to screen the massive ZINC database. This led to the identification of 22
promising potential lead compounds with unique structures, all anticipated to exhibit favorable activity and
pharmacokinetics.

In summary, this dissertation underscores a pivotal shift in drug discovery, leveraging extensive research data
through literature data mining and machine learning. This paradigm shift is rooted in the understanding that
relying solely on conventional methods is less humane, efficient, and economical, while the in silico models offer
cost-effective and rapid assessment of the potential toxicity or activity of specific nanoparticles or small

molecules.
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