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Abstract/Summary

It is desired to establish the in silico prediction methods that predict the toxicity of chem-
ical substances using open database of the toxicity test information. However, the predic-
tion of the repeated-dose toxicity (RDT) has difficulties because of the complexity of mech-
anism, the diversity of chemical structure, and the lack of information on toxicity test.
Therefore, the practical application of in silico prediction has not been achieved. The aims
of this study were to examine the optimal toxicity findings and necessary data for in silico
prediction in the RDT studies, and to clarify the necessary information to be added to the
toxicity database and the characteristics of the prediction tools. First, we extracted toxico-
logical findings from the toxicity database for the in silico prediction model construction.
Next, we conducted a case study of the (Q) SAR prediction model and the category ap-
proach prediction model using the extracted toxicological findings from the toxicity data-
base. Finally, we verified the toxicity database and evaluation support tools suitable for in
silico evaluation.

We extracted toxicological findings from rat hepatotoxicity, nephrotoxicity, and hemato-
logic toxicity using the RDT study database of HESS. For each toxicological finding, we
created a data set for in silico evaluation, which included the presence or absence of
toxicity and the structural information of chemical substances. This dataset has been or-
ganized using FileMaker and will be useful as a database basis for in silico evaluation.

Next, we conducted a case study of the prediction of hepatotoxicity, nephrotoxicity, and
hematologic toxicity from molecular descriptors using (Q) SAR model based on machine
learning. For the hepatotoxicity, we constructed the prediction model by random forest
(RF) for "increased liver weight and histopathological findings", and obtained the high pre-
diction performance with MCC 0.56 and AUC 0.84. In the case of nephrotoxicity, the model
of "increased kidney weight and histopathological findings" showed high predictive perfor-
mance of MCC 0.63 and AUC 0.89. It was suggested that a high-performance model could
be constructed by properly combining toxicological findings. In addition, the prediction
performance was significantly improved in the models of "ALT rise or AST rise" and "Cre
rise or BUN rise" due to the elimination of data imbalance by SMOTE. Furthermore, by



setting the applicability domain, we have constructed a model with high generalization
ability that can maintain prediction performance even with external data.

Using the HESS RDT study database, we evaluated a novel statistical read-across
method, in which the similarity among chemicals were calculated using various sets of
molecular descriptors. In this evaluation, we selected major RDT endpoints related to liver
and kidney toxicity and anemia. The number of the compounds evaluated were limited
because of the introduction of thresholds for the similarity judgement. The results indicate
that the dataset and descriptors used might be applicable to the evaluation of anemia-
related endpoints. This is partly because the dataset contains a number of compounds
related to known anemia-inducing anilines and phenols. The results also indicate that even
for a given endpoint the accuracy of toxicity evaluation depended on the set of molecular
descriptors and that even when the same descriptor set was used, the evaluation accuracy
varied depending on the target endpoint. Taken together, we have demonstrated that it is
important to select appropriate descriptors and to set an appropriate threshold for similar-
ity judgement depending on datasets and target endpoints in our statistical read-across
approaches.

Finally, we verified the toxicity database and evaluation support tools suitable for in silico
evaluation from the results of the case study. Regarding the toxicity database for in silico
evaluation, it is important to obtain the data on substances that have toxic effects (positive
substances). In addition, it is necessary to prepare a database that contains as many
substances as possible, and structure-limited database that contains many substance
groups with specific partial structures in order to carry out highly objective read-across.
With regard to the evaluation support tools, the prediction model by (Q) SAR using RF as
machine learning enabled high-performance prediction by devising to properly process
the data. In addition, it was shown that the HESS database and specific molecular de-
scriptors may be useful for the read-across of hematologic toxicity associated with anemia
in the novel in silico read-across method using statistical methods.

The results of this research provides the criteria for the indispensable toxicity dataset
and the evaluation support tools in the food safety risk assessment, and these information
are very important information for in silico evaluation method.
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