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Neonicotinoids-The Impact on Human Health and Our Future

Kumiko Taira!
'Department of Anesthesiology, Adachi Medical Center, Tokyo Women’s Medical University

Neonicotinoid insecticides (neonicotinoids) are widely used in agriculture, forestry and public health in the
world. Neonicotinoids (imidacloprid, acetamiprid, thiacloprid, nitenpyram, thiamethoxam, and dinotefuran)
and other insecticides categorized into IARC Category 4 (flupyradifurone, sulfoxaflor, triflumezopyrim, and
flupyrimin) are agonists/antagonists/modulators of acetylcholine receptors and have adverse effects on
non-target species, such as invertebrates, amphibians, reptiles, birds, microbes and mammals.

Recent evidence suggested some neonicotinoids i.e. imidacloprid, acetamiprid, thiacloprid,
clothianidin (an active metabolite of thiamethoxam) were true agonists for human o7 and non-a7 nicotinic
receptors, and might have negative effects on CNS as well as autonomic ganglion, adrenal medulla,
neuromuscular junctions, skin arrector pili muscles, sweat glands, immunes cells, epidermal keratinocytes,
atrial endocardium, bladder, hepatocytes, pancreatic B cells, renal tubules, testis, sperms, follicles, amnion,
and placenta. Use of the five toxic neonicotinoids is still continuing in Japan, 230 tons or more every year.
The elimination from human body is not always rapid. Neonicotinoids and metabolites with modest
lipophilicity could accumulate not only in hair but also in nervous systems by their protein binding ability.
Population level accumulation seems to have occurred already. We should continue every action to protect
next generation from the negative effect of neonicotinoids.
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Regulation of chromatin modification, gene expression, and neuronal
development by the autism spectrum disorder-related gene AUTS2

Mikio Hoshino', Kazumi Shimaoka?

'Department of Biochemistry and Cellular Biology, National Institute of Neuroscience, NCNP

Brain development occurs in a step-by-step process. First, neurons are generated from progenitor cells and
migrate to their final destination. If this process goes wrong, it can lead to a variety of psychiatric disorders,
epilepsy, etc. AUTS2 syndrome, caused by dysfunction of the AUTS2 gene, often results in microcephaly. In
addition, autism spectrum disorders (ASD), schizophrenia, and epilepsy are also observed. In this
symposium, | will assess the mechanisms by which AUTS2 is involved in the step-by-step development of
neurons and that various disease pathologies are caused by functional abnormalities of AUTS2. In particular,
we will discuss in detail how AUTS2, together with the PRC2 complex, regulates gene expression via
chromatin modification in the cell nucleus, and how it is involved in the production of neurons in the shallow
layers of the cerebral cortex, and how a functional abnormality in this process can cause microcephaly. We
will also consider the effects of exogenous chemical substances on the expression of AUTS2.
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Disturbance of brain function and developmental neurotoxicity caused by
pesticide exposure at NOAEL level

Tetsushi Hirano'?

ILife Science Research Center, University of Toyama,
2 Faculty of Pharmaceutical Sciences, University of Toyama

In the current risk assessment of chemicals, the No Observed Adverse Effect Level (NOAEL), which is
determined from multiple toxicity tests using animals, plays the most important role in the calculation of the
daily intake tolerance and residue limits for humans. However, neurotoxicity testing has long been
problematic due to low throughput and detection sensitivity, which raises concerns about whether current
NOAEL doses could be efficient to protect the higher brain functions of future generations. Our data showed
that acute exposure of mice to clothianidin (CLO), a neonicotinoid pesticide, resulted in anxiety-like
behavior and activation of stress responses in a novel environment. Furthermore, we found that susceptibility
differences exist between ageing (older > adult animals) and sex (male > female) in the behavioral effects of
acute exposure to CLO. The blood concentrations of CLO and its metabolites administered to the mother
during gestation were similar in the mother and fetus, while during lactation, the concentrations in milk were
higher than those in maternal blood. The littermates exposed to CLO during the fetal and lactation periods
showed behavioral effects in adulthood that were different from those of acute exposures. Taken together, it
is important to develop new endpoints and testing methods based on an understanding of mechanisms based
on the Adverse Outcome Pathway (AOP) framework, in addition to the concept of signal toxicity.
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Developmental neurotoxicity caused by perinatal disruption of thyroid hormone
function
Izuki Amano
Department of Integrative Physiology, Gunma University Graduate School of Medicine

As evidenced by congenital hypothyroidism, thyroid hormones (TH) are essential for the development of the
central nervous system (CNS). TH plays a crucial role in neurogenesis, neuronal growth, and the formation
of neural circuits through the regulation of gene expression. TH deficiency led to irreversible
neurodevelopmental disorders. Therefore, disruption of the TH system by environmental chemicals during
the perinatal period raises concerns regarding the normal growth and development of children.

However, it is unlikely that exposure to environmental chemicals at concentrations encountered in daily life
would significantly disrupt thyroid function, which is regulated by the hypothalamic-pituitary-thyroid (HPT)
axis. Of greater concern is the inhibition of TH metabolism, transport, or receptor binding at target organs,
where TH functions are regulated by enzymes such as deiodinases and transporters necessary for
intracellular uptake. In fact, abnormalities in these pathways have been linked not only to previously
recognized TH resistance syndromes, such as resistance to thyroid hormone beta (RTHP), but also to newer
conditions like RTHa and transporter defects. These abnormalities can result in various disorders, including
neurodevelopmental impairments.

Our research group recently reported that perfluorooctane sulfonate (PFOS), a type of perfluoroalkyl
substance (PFAS) that has become a societal concern, inhibits the activity of deiodinase enzymes. This
inhibition impairs the conversion of the inactive TH (T4) into its active form (T3), thereby weakening the
effects of TH on neuronal cells. In this presentation, we aim to provide an overview of the role of TH in the
CNS and discuss the potential impacts of environmental chemical disruptions on TH functions.
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Detection of delayed emotional and cognitive behavioral toxicity due to chemical
exposure in perinatal mice

Hirokatsu Saito

Division of Cellular and Molecular Toxicology, Center for Biological Safety and Research, National Institute
of Health Sciences

The developing brain is susceptible to the effect of environmental factors, including exogenous neuroactive
chemicals, which can hinder the formation of the normal neural circuit and potentially have adverse effects
on higher brain functions in adulthood. Therefore, it is important to consider the characteristics of the
developing brain, which is highly sensitive to neuroactive chemicals, and carefully examine late effects on
higher brain functions that are difficult to detect by conventional neurotoxicity tests. To analyze the effects
of neuroactive chemicals on higher brain functions objectively and quantitatively using mice, we develop a
behavioral test battery and collect neuroscientific evidence.

In this symposium, we mainly report the results using neonicotinoid pesticides as a model chemical
substance. Neonicotinoid pesticides were administered to female mice during the gestation and lactation
periods. Male pups were conducted behavioral tests after maturation and mainly observed learning and
memory abnormalities. In addition, histological analysis showed that the differentiation pattern of neural
stem cells was disturbed. Based on the above results, we would like to provide our current experimental
efforts to detect delayed neurobehavioral toxicity, especially effects on higher brain functions such as
emotion and cognition, and discuss the significance and challenges of these efforts.



