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The objective of this studﬁ was to investigate the adverse outcome pathwa
(AOP) of equine estrogens (EQs) on developing medaka (Oryzias latipes) and zebrafish (Danio rerio
using in silico and in vivo assays. In silico docking simulation analysis revealed that six EQs
interact with the ligand-binding domains of medaka and zebrafish estrogen receptor (ER) subtypes.
Our quantitative real-time RT-PCR analyses documented that the mRNA expression levels of CYP19Alb
and ChgL in developing zebrafish and medaka responded to various types and concentrations of EQs in
a dose response manner. Furthermore, the transcriptome and bioinformatics analyses were performed to

investigate the molecular mechanism of developmental toxicity caused by Eq and Egn. Results
revealed that the disruption of several KEGG pathways are involved in the developmental toxicity of
EQs in Ffish embryos. These findings provide insights into the AOP concept elucidating the
developmental effects of EQs on fish species.
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G0:0042391: regulation of membrane potential

G0:0038061: NIK/NF-kappaB signaling

R-DRE-159740: Gamma-carboxylation of protein precursors

G0:0009074: aromatic amino acid family catabolic process

R-DRE-71384: Ethanol oxidation

G0:0030195: negative regulation of blood coagulation

G0:0055010: ventricular cardiac muscle tissue morphogenesis

G0:0010951: negative regulation of endopeptidase activity
] G0:0007596: blood coagulation

G0:0055090: acylglycerol homeostasis

R-DRE-977606: Regulation of Complement cascade

G0:0055114: oxidation-reduction process

G0:0010876: lipid localization

R-DRE-381426: Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Bi

GO0:0071466: cellular response to xenobiotic stimulus

G0:2000766: negative regulation of cytoplasmic translation

G0:0034762: regulation of transmembrane transport

G0:1901605: alpha-amino acid metabolic process

G0:0006333: chromatin assembly or disassembly

G0:0034763: negative regulation of transmembrane transport
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