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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Nicotinic Acetylcholine Receptor Binding Affinity Evaluation and Environmental

Monitoring of Pesticides and Their Transformation Products

Name: Oba, Sayoko

This thesis mainly discusses the need of ecological risk assessments of pesticide transformation
products (TPs) as well as their intact pesticides due to their possible ecological risks.

Chapter 1 marshaled previous studies on pesticides’ TPs. As a result, there are pesticides that are
expected to have a number of unknown TPs. Additionally, there are some reports that their
pharmacological activities are comparable to that of a parent pesticide. Thus, it was hypothesized
that unknown TPs would exhibit high binding affinity for nicotinic acetylcholine receptor. The
objective of this study is to corroborate the hypothesis shown above. Inspection into the following
four subjects were performed to achieve this: 1) to develop a simultaneous analytical method for
determining their trace concentrations using highly sensitive LC/MS/MS, 2) to explore unknown
TPs using high-resolution LC/MS, 3) to screen TPs having high toxicity by docking simulation, 4)
to confirm their presence in actual river waters by using synthesized toxic TPs.

Chapter 2 described the development of a simultaneous analytical method for determining
etofenprox and its TPs in actual river water, and discussed their ecological risk assessments.
Etofenprox is a very hydrophobic pyrethroid (LogPow = 7.0). Simultaneously recovering
etofenprox and its TPs (etofenprox-alcohol, LogPow = 2.7; etofenprox-ester, LogPow = 6.5;
etofenprox-carboxylic acid, LogPow = 3.9) from river water will be difficult. In this study, the
problem was overcome using two hydrophobic resin. First, the synthesis of the ester was conducted
because it was not available in the market. Second, a simultaneous analytical method for these
analytes was developed using highly sensitive LC/MS/MS. Recovery tests of these analytes were
performed with the optimized procedure and showed sufficient recoveries (70~100%) and
repeatabilities (CV = 2.2~4.5%). The procedure was applied to the analyses of actual river water
taken from a basin into which etofenprox had been sprayed. The LOQ values obtained by the
analyses of these analytes were in the range of 0.18-0.68 ng/L, indicating that a sensitive analytical
method to detect them were developed. They did not pose ecological risks to Chironomus
yoshimatsui or Daphnia magna in this study.

Chapter 3 discussed the binding affinity evaluation of unknown dinotefuran’s TPs and its isomers
to a nicotinic acetylcholine receptor. Dinotefuran’s TPs were explored using high-resolution
LC/MS. This resulted in the discovery of two unknown TPs. Structural elucidations of these two



compounds suggested 28 and 82 chemical structures in terms of structural isomers and steric
isomers, respectively. Their binding affinities for a glia-derived acetylcholine-binding protein of
Lymnaea stagnalis were simulated to estimate their insecticidal activities. Out of 28 candidates, 20
were judged to have significant insecticidal activities. It can be concluded that to evaluate binding
affinities of multiple substances, the so-called docking simulation, is a promising way to screen a
large number of candidate substances; a substance with high binding affinity probably should be
monitored preferentially.

Chapter 4 focused on TPs A among the 20 candidates determined in Chapter 3. It was
synthesized in our laboratory because it was not available in the market. Its selected reaction
monitoring (SRM) transitions were optimized. LC/MS/MS analyses performed with the optimized
method detected it in actual river water.

Chapter 5 summarized the remarkable points in this study.



