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Summary of Research: 
Various attempts have been made to use zebrafish as a novel approach to current developmental 
toxicity testing. However, a standardized test protocol has not yet been established, and concerns 
remain regarding reproducibility and reliability, such as trial variability, strain differences, and 
inter-laboratory inconsistencies. This study aims to develop an alternative method for 
teratogenicity assessment using zebrafish and to utilize it for identifying adverse outcome 
pathways (AOPs). Initially, the principal investigator established a developmental toxicity testing 
protocol using zebrafish and then addressed the issue of strain differences. By decoding the whole 
genome sequences of zebrafish strains, their genetic relationships were clarified, and the 
strain-specific differences in toxic responses were investigated. The results revealed no significant 
strain differences in teratogenicity based on malformation observations following exposure to six 
compounds or in gene expression responses analyzed through RNA-Seq across low to high 
concentrations of three compounds, even among genetically distinct strains. Based on these 
findings, it was concluded that teratogenicity assessmentusing zebrafish provides reproducible 
and reliable test results, irrespective of the strain utilized. One of the key advantages of 
zebrafish-based developmental toxicity testing is the simplicity of conducting AOP analysis. By 
leveraging the whole-organism RNA-Seq technique developed during the strain difference 
analysis, AOP analyses focusing on gene expression were conducted. Multiple universal toxicity 
response genes, whose expression consistently decreased across exposures to several 
compounds, were identified. Moreover, a detailed time-course analysis following valproic acid 
exposure revealed early gene expression changes, including the downregulation of genes related 
to erythrocyte function and reactive oxygen species (ROS) elimination. These findings led to the 
hypothesis that key events in valproic acid-induced developmental teratogenicity include 
early-stage anemia and oxidative stress, ultimately resulting in energy deficits and oxidative 
damage. These mechanisms affect specific tissue development, culminating in teratogenicity. 
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