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New approach methodologies (NAMs) for assessing killer whale (Orcinus orca)
estrogen receptor activation by environmental pollutants

Dave Arthur R. Robledo, Takahito Kumagawa, Mari Ochiai, Hisato Iwata
(Laboratory of Environmental Toxicology, Center for Marine Environmental
Studies (CMES), FEhime University, Matsuyama, Ehime, Japan)
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(1996, 1997) 723BAfE S 4. 451EF L TOVWHO, UNEP, OECD THH W #HA NG E - 7-, FESEICIL, iF
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33 Years of Endocrine Disruption Research:
Historical Background and Future Directions

Taisen lguchi
Graduate School of Nonobioscience, Yokohama City University

Following the Wingspread Conference (1991) organized by Colborn, conferences were held (1996, 1997) to
discuss how to deal with endocrine disruptors (EDs), and efforts were started in various countries, WHO,
UNEP, and OECD. Historically, some well-known events include the discoveries of estrogen in pregnant
mares' urine (1928), estrone (E1) (1929), the synthesis of DES (1938), livestock infertility by ‘mycoestrogen’
(1928) and phytoestrogen from clover (1946), mouse infertility by DES-contaminated feed and DES
contamination in vitamins (1950), the discovery of vaginal cancer in women by transplacental exposure to
DES (1971). The “Estrogens in the Environment” Conferences (1979, 1985, 1994) were held by McLachlan.
In 1998, the Environment Agency/MOE measured suspected “EDs” in the environment, and started to
establish test methods for EDs using Oryzias latipes, Xenopus laevis, and Daphnia magna as OECD test
methods. The MOE is selecting substances detected in the environmental surveys using the information from
the reliable literatures concerning hormonal actions (estrogen, androgen, thyroid hormone, molting hormone,
juvenile hormone), and effects on hormone synthesis, and performing long-term in vivo definitive tests based
on a comprehensive judgment of the results of in vitro screening and short-term in vivo tests. This is a brief
overview of the trends and problems in EDs research over the past 33 years.
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The Plastic Treaty and Plastic Chemicals

Hideshige Takada!, Kaoruko Mizukawa?!

!Laboratory of Organic Geochemistry (LOG), Faculty of Agriculture,
Tokyo University of Agriculture and Technology

Because of wide-spread pollution with plastics and associated chemicals (monomer, additives, processing
aids, and non-intentionally added substances) in the environments, wild life and human being have been
impacted by plastics and plastic chemicals. To mitigate and reduce their pollution, the Plastic Treaty was
proposed in 2022 and has been under international negotiation processes. Plastic issue has been discussed in
terms of impacts of plastic chemicals on organisms, especially on human health as well as
resource-circularity, waste-management and climate change. Bioaccumulation of micro-/nano-plastics
through food-web might be limited due to their less movability withinfamong biological tissues because of
their higher molecular weight. On the other hand, bioaccumulation of plastic chemicals has been widely
demonstrated and most recent review (An Umbrella Review of Meta-Analyses Evaluating Associations
between Human Health and Exposure to Major Classes of Plastic-Associated Chemicals by Symeonides et al.
(2024) concluded that exposure to plastic-associated chemicals (i.e., phthalates, bisphenol A, and
polybrominated-diphenyl ethers : PBDES) is associated with adverse outcomes across a wide range of human
health domains. Mechanistical approach to integrate adverse outcomes of different classes of chemicals (e.g.,
chemicals with different binding affinity to different hormone receptors) should be developed in future
studies.
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A Current Perspective on Endocrine Disruption

Tohru Kobayashi
Institute for Environmental Sciences, University of Shizuoka

Endocrine disruption broadly refers to the following effects of chemical substances: hormone-like
effects (agonists), hormone-disrupting effects (antagonists), promoting or inhibiting hormone biosynthesis
and metabolism, affecting the number of receptors, and affecting the regulation of hormone levels (feedback).
The potential of chemicals has been evaluated based on their correlation with the amount (concentration) of
the chemical substance, hormone levels, hormone-dependent phenotype, mMRNA and protein activity of the
gene involved in the synthesis and metabolism system, and receptor gene and protein levels as indicators
(endpoints). In addition, adverse effects have been evaluated based on the correlation between the potential
and phenotype caused by the chemical.

Since a quarter of a century has passed since endocrine disruption was first recognized, information,
including new evidence, has accumulated, for example, a chemical substance affects multiple hormonal
action endpoints and the existence of other receptors in addition to receptor subtypes. Therefore, it is
necessary to reconsider the evaluation methods for endocrine disruption. Additionally, genome editing has
made it possible to easily analyze non-mammalian animals, including aquatic vertebrates. Consequently, it is
possible to clarify the effects of hormone signaling from defects and to reconstruct an evaluation system
based on these findings. Here, | talk about some recent examples that are becoming clear from this
perspective.
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The Japan Environment and Children’s Study (JECS) — Background, Updates,
and Future Perspectives
Midori Yamamoto

Center for Preventive Medical Sciences, Chiba University, Japan

Led by the Ministry of the Environment, the Japan Environment and Children’s Study (JECS) is a birth
cohort study, aiming to elucidate environmental factors, particularly early-life chemical exposures, and their
impact on children’s health and development. JECS boasts over 100,000 mother-child dyads and about half
of their fathers registered in its Main Study between 2011 and 2014. The children are now aged 9-13, and the
retention rate exceeds 90%. The Ministry now extended the follow-up period from age 13 to around 40 years
old. The Program Office and the Medical Support Center collaboratively oversee 15 Regional Centers
throughout Japan, conducting the study in their respective region. The Main Study involves biospecimen
collection (blood/urine/cord blood/hair/breast milk/baby teeth), medical records, and questionnaires to
collect environmental, genetic, social, and lifestyle information. Medical examination, developmental
assessments, and blood/urine collection are conducted in the face-to-face check-ups at age 6 and 12 years.
The Sub-Cohort Study, comprising 5% of the Main Study participants, involves environmental sampling and
medical and developmental assessments. The JECS Group has contributed to the publication of over 400
papers, investigating various topics including the association between maternal/child health and chemical
exposures and other environmental factors. This presentation will introduce an overview and some findings
of JECS.
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Prenatal exposure to PFAS and health outcomes among Japanese children

Yu Ait Bamai !

! Center for Environmental Health Sciences, Hokkaido University

Per- and polyfluoroalkyl substances (PFAS) are synthetic chemicals that are widely used in many
industrial and household products. Several epidemiological studies have reported that exposure to PFAS was
associated with the immune system, such as the prevalence of asthma, allergies, infectious diseases, and
levels of cytokines and vaccine antibodies. However, the current evidence was considered insufficient to
conclude immuno-suppressive effects of PFAS due to very high exposure levels in in vitro experiments and
unclear findings as endpoints for the risk assessment. Japan Environment and Children’s Study (JECS) is the
largest nationwide birth cohort study in Japan, that was established in 2011. Very limited scientific evidence
on PFAS in the Japanese population has been reported, despite PFAS being a chemical of emerging concern.
In JECS, we investigated exposure levels of PFAS among approximately 25,000 pregnant women. Total 28
PFAS were measured from maternal plasma collected from 2011 to 2014. Prenatal exposure to PFAS was
investigated in association with birth outcomes, child growth, neurodevelopment, asthma and allergies, and
infectious diseases up to 4 years old. Information on children including health outcomes were mainly
collected by guardian-self-reported questionnaires from 1 year to 4 years old. Some specific diseases such as
Kawasaki Disease (KD) was further evaluated by confirming diagnoses with physicians.
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The association between Paternal Origin of Health and Disease (POHaD) and
exposure to environmental chemicals.

Kou Sakabe

!Department of Environmental Preventive Medicine (Yamada Bee Company, Inc.),
Center for Preventive Medical Sciences, Chiba University, Japan

The association between paternal health and exposure to environmental chemicals (POHaD) has received
less attention compared to maternal factors, which are extensively studied in the Developmental Origins of
Health and Disease (DOHaD) framework. Recent studies suggest that advanced paternal age is linked to
developmental delays and autism spectrum disorder (ASD), primarily through epigenetic changes such as
altered sperm DNA methylation. However, the effects of paternal exposure to environmental chemicals,
particularly those encountered in everyday life, remain largely unclear.

While some research has connected paternal occupational exposures to an increased risk of congenital
abnormalities and childhood cancers, these studies mostly focus on toxicological effects. Our current
investigation centers on neonicotinoid pesticides, given that previous studies have shown that even low-dose
exposure can affect sperm function and testosterone levels. As part of a JECS adjunct study, we measured
neonicotinoid concentrations in the blood of about 100 fathers to explore their potential impact on the health
of the next generation.
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“US Children’s Environmental Health Cohort Studies and their Contributions”

by Professor Rebecca J. Schmidt
Dept of Public Health Sciences, MIND Institute, School of Medicine, University of California Davis

The MARBLES (Markers of Autism Risk in Babies: Learning Early Signs) Study was launched in 2006 as
the first epidemiologic prospective cohort of younger siblings of children with autism spectrum disorders
(ASD) to enroll during (and before) pregnancy when ASD and other neurodevelopmental conditions are
likely to originate. Given increasing prevalence of ASD, studies identifying factors responsible for increasing
ASD risk and the mechanisms underlying their etiology, are critical. The MARBLES study has enrolled over
550 pregnancies in sociodemographically diverse families of Northern California, collected over 28,000
biological and environmental specimens periodically throughout pregnancy, at delivery, and during postnatal
follow-up, obtained comprehensive data on exposures, medical history, diet, and lifestyle, measured
methylation, expression, immune, nutrient, and contaminant markers, and conducted rich characterization of
neurodevelopmental outcomes of children at 3 years of age using gold-standard clinical assessments.
MARBLES children are now being followed at older ages as part of the US National ECHO Program.

US National ECHO (Environmental influences on Children’s Health Outcomes) Program is a large US
cohort study funded by the National Institutes of Health that plans to enroll over 50,000 children, including
new pregnancies, that follow a common research data and biospecimen collection protocol, with a focus on
perinatal, respiratory, obesity, neurodevelopment and positive health outcomes of children. Highlighted
findings will be presented from both studies.
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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.
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Medaka Extended One-Generation Reproduction Test (MEOGRT)
Evaluating the Endocrine Disrupting Effects of Triphenyl Phosphate

Choji Kawai *, Midori Mino %, Jumpei Morita *, Yumi Satou !, Saaya Umekita *, Akiho Takahashi ?,
Yoshiyuki Niikura *, Hiromitsu Okubo *, Tatsuhiro Niino 2
! Mitsubishi Chemical Research Corporation, 2 Mitsubishi Chemical Corporation

Triphenyl phosphate (TPP), commonly used as a flame retardant and plasticizer in polymers and cosmetics,
has been suggested to exhibit estrogenic, anti-estrogenic, and steroid synthesis inhibition effects based on
results from medaka estrogen receptor o reporter gene assay and Fish Short-Term Reproduction Assay
(OECD TG229) (MOE, 2012). In this study, in accordance with the Medaka Extended One-Generation
Reproduction Test (OECD TG240), Japanese medaka (Oryzias latipes) was exposed to TPP at actual
concentrations of 0.501, 1.62, 4.54, 15.2, and 48.4 ug/L over 19 weeks across three generations to evaluate
its endocrine disrupting effects. Significant decreases in vitellogenin levels in female livers were observed at
concentrations below 4.54 pg/L, without a significant reduction in hatching rates of F1 embryos, suggesting
potential anti-estrogenic effects or steroid synthesis inhibition. At 48.4 pg/L, significant reductions in the
total number of eggs, fertilized eggs, and survival rates of F1 adult males at four weeks were observed, indicating
reproductive toxicity. The 48.4 pug/L concentration, which showed harmful effects on medaka reproduction,
and the 15.2 pg/L concentration, which did not, were approximately 2,017 times and 630 times higher,
respectively, than the highest concentration of 0.024 ug/L detected in the Results of the Environmental
Survey and Monitoring of Chemicals in FY2017. These results suggest that TPP exhibits endocrine
disrupting effects on medaka, but it is considered unlikely that TPP influence the reproduction of medaka in
the aquatic environment.
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Evaluation for the Endocrine Disrupting Effects of Chemicals
by Fish Short-term Reproduction Assay (FSTRA) Using Japanese Medaka

Fumika Mitani*, Midori Mino!, Jumpei Morita!, Yumi Satou?, Choji Kawai?, Yusaku Minagawa,
Akiho Takahashi?, Yoshiyuki Niikura?, Hiromitsu Okubo?, Tatsuhiro Niino* 2
Mitsubishi Chemical Research Corporation, 2Mitsubishi Chemical Corporation

The Ministry of the Environment of Japan has been conducting action and effect assessments under the
"Further Actions to Endocrine Disrupting Effects of Chemical Substances" (EXTEND2016, 2022). We
report the results of in vivo screening conducted as part of the program, Fish Short Term Reproduction
Assay (FSTRA, OECD TG229) using Japanese medaka (Oryzias latipes). The test substances were tricresyl
phosphate, 4-t-butylphenol (BP), chlorpyrifos, permethrin (PM), and 2,4-dichlorophenol (2,4-DCP), all of
which have been implicated in endocrine disrupting effects. Three test concentrations were set at a spacing
factor ranging between 3.2 and 7.0, depending on the presence or absence of toxicity signs observed in acute
or sub-acute toxicity tests using Japanese medaka. 12 pairs of reproductive adult male and female fish were
prepared for each concentration. The exposures were conducted for 21 days using a continuous flow-
through system. The fish were fed a satiating amount of live brine shrimp nauplii (newly hatched
Artemia sp.) 2-3 times a day under 16-h light and 8-h dark conditions at a water temperature of 25+2°C.
Observations were the total number of eggs and fertility rate during the exposure period, vitellogenin (VTG),
and secondary sex characteristics (anal fin papillary processes) at the end of the exposure. The results
showed that in BP, liver VTG were high, suggesting that it has estrogenic effects. PM showed statistically
significant low levels of liver VTG and total number of eggs in females, suggesting an anti-estrogenic effect.
Additionally, 2,4-DCP showed a significant decrease in fertility rate and a significant increase in female
gonadosomatic index, suggesting an effect on reproduction. It was suggested that these substances have
endocrine disrupting or reproductive effects, but none had effects at concentrations lower than those detected
in the aquatic environment.
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In vitro and in vivo Evaluation of the Thyroid Hormone Disrupting Activity of TRIAC
in Medaka

Taijun Myosho*?, Thoru Kobayashi'-2

! Graduate School of Pharmaceutical and Nutritional Sciences, University of Shizuoka, Shizuoka, Japan, ?
Laboratory of Molecular Reproductive Biology, Institute for Environmental Sciences, University of

Shizuoka, Shizuoka, Japan

The Organization for Economic Co-operation and Development (OECD) evaluates the thyroid hormone
(TH)-disrupting activity of chemicals using in vitro and in vivo tests in the anuran amphibian, Xenopus laevis.
However, the sensitivity of these conventional in vivo methods is not sufficient, because the estimation has
been determined mainly by the measurement of the body parts. Recently, we developed a high-sensitive
method for detecting TH-disrupting activity by using eleutheroembryos of medaka (Oryzias latipes), based
on the evidence that estrogen (E)-induced vitellogenin (vtg) expression is TH-dependent (in vivo vtg assay) 1.

In this study, we assessed the TH-disrupting activity of triiodothyroacetic acid (TRIAC), a TH analog,
which was reported to be produced during wastewater treatment and posing a concern for ecological impact.
We evaluated TRIAC using an in vitro thyroid hormone receptor transcription assay and an in vivo vtg assay.
In both tests, TRIAC was confirmed to exhibit TH-disrupting activity as a TH agonist.

Additionally, as a candidate for a new adverse effect test of TH-disrupting activity, we examined the
effects of co-exposure to TH-disrupting chemicals and estrogen on sex differentiation in medaka. The results
indicated that all chemicals tested, including TU, PFOA, T4, and T3, significantly increased the rate of XY
females, suggesting that co-exposure to TH-disrupting chemicals with estrogen accelrates XY sex reversal,
feminization. 1) Myosho et al. ES &T, 56, 6479-6490. (2022)
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Comparison of male secondary sexual characteristics expression
between two Japanese medaka

Masaki Nagae?, Ruji Hada?, Tohru Kobayashi®, Kiyoshi Soyano 4, Norihisa Tatarazako®, Taisen Iguchi®

'Graduate School of Integrated Science and Technology, Nagasaki University, 2Faculty of Environmental
Science, Nagasaki University, 3School of Food and Nutritional Sciences, University of Shizuoka,
*Organization for Marine Science and Technology, Nagasaki University, °Faculty of Agriculture, Ehime
University, ®Yokohama City University

Japanese medaka is a useful standard organism that is also listed in OECD test guidelines for assessing the
effects of chemical substances. On the other hand, about 10 years ago it was classified into two species,
Oryzias latipes and Oryzias sakaizumii. This raises the question, “Which species are suitable as test
organisms?” In order to resolve such questions, it is necessary not only to compare the sensitivity of the two
species to chemicals, but also to accumulate basic knowledge about both species. Therefore, in this study, we
compared the formation process associated with the growth of papillary processes, which are male secondary
sexual characteristics that are formed on the anal fin by androgen stimulation.

As a result, the formation of papillary processes was first observed in male Oryzias latipes when the total
length was about 23 mm, and their number increased with growth. On the other hand, in the male Oryzias
sakaizumii, no formation was observed at all at about 23 mm in total length, and its formation was first
observed at about 27 mm in total length. No significant differences were observed in testicular development
during the growth of males of both species. Therefore, it was speculated that the difference in the expression
of secondary sexual characteristics (papillary processes) in the anal fin of the two male medaka species was
due to differences in the responsiveness of the anal fin to androgens.
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Identification of ESR subtypes associated with testis-ova in male medaka

Kiwako Sato?, Shuhei Murotal* Hiraku Nakashima?, Suika Shimizu?, Yukiko Ogino?, Taisen Iguchi?®,
Shinichi Miyagawa®

!Department of Biological Science and Technology, Tokyo University of Science, 2 Attached Promotive
Centre for International Education and Research of Agriculture, Faculty of Agriculture, ® Graduate School
of Nano bioscience, Yokohama City University

Disruption of the endocrine system is of concern globally for wildlife. Exposure to estrogenic endocrine
disrupting chemicals (EDCs) induces a range of adverse effects including reproductive and developmental
disorders such as the prevalence of development of oocytes in the testis (testis-ova), however, induction
mechanisms of the testis-ova are not elucidated. Estrogens and EDCs act through estrogen receptors (ESRS),
members of the nuclear receptor superfamily, and regulate reproduction and sexual differentiation. Three
ESR subtypes (esrl, esr2a, and esr2b) have been identified in teleosts, but the functions of each subtype are
still largely unknown. To investigate which ESR subtypes mediate testis-ova induction, each esrl, esr2a and
esr2b knock out (KO) medaka were exposed to nominal concentration of 250 ng/L 17b-estradiol (E2) for 6
weeks. Estrogen exposure induces testis-ova in control medaka, but not in either esrl or esr2a KO testis.
Esr2b KO male medaka exhibited testis-ova in 2 of 6 medaka. Thus, we provide an evidence for the
functionalization of ESR subtypes in terms of testis-ova induction. Our findings will also benefit to
understand the mechanism of molecular initiating events of adverse effects induced by estrogenic EDCs.
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Risk assessment of killer whale (Orcinus orca) estrogen receptor signaling
disruption by environmental pollutants: Application of in vitro approach

Dave Arthur R. Robledo?, Takahito Kumagawa?, Mari Ochiail, Hisato Ilwata®

!L_aboratory of Environmental Toxicology, Center for Marine Environmental Studies (CMES),
Ehime University, Matsuyama, Ehime, Japan

Killer whales (Orcinus orca), as long-lived apex predators, are highly susceptible to the bioaccumulation of
environmental pollutants such as dichlorodiphenyltrichloroethane and its analogs (DDTSs), as well as
polychlorinated biphenyls (PCBs) and their hydroxylated forms (OH-PCBs). These compounds are known
endocrine disruptors that act through the estrogen receptor alpha (ERa), which regulates key reproductive
and physiological processes. Sampling large whales remains an ethical and logistical challenge. However, by
investigating the transactivation of killer whale ERo. (kwERa) by contaminants in vitro, we can assess
species-specific sensitivities and risks. Thus, this study aimed to assess the transactivation potency of kWERa
in response to seven DDTs (p,p'-DDT, o,p'-DDT, p,p'-DDD, o,p'-DDD, p,p'-DDE, o,p'-DDE, and
p,p'-DDOH), three PCBs (PCB77, PCB153, and PCB180), and 18 OH-PCBs using an in vitro approach. We
constructed an in vitro kwERa-expressed reporter gene assay and measured the transactivation potencies of
test chemicals as the 10% effective concentration (RECyo) relative to the maximum response to 17p3-estradiol
exposure. Risk assessment was performed by calculating the total estrogenic equivalency gquantity
(o,p'-DDT-Y EEQ) based on the estrogenic equivalency factor (EEF) of each compound relative to o,p’-DDT,
using the blubber and blood serum concentrations from Irish and Canadian Arctic killer whales. The
0,p'-DDT-YEEQ was then compared to the o,p'-DDT-RECy, to evaluate the potential estrogenic risks. In
vitro results revealed that o,p’-DDT was the most potent among the tested chemicals, with RECyo = 0.022
puM, followed by o,p’-DDE (0.043 pM) and o,p’-DDD (0.14 pM). Moreover, OH-PCBs with hydroxyl
groups in the para position and fewer adjacent chlorine atoms showed higher transactivation potency.
Conversely, p,p'-DDE and PCBs exhibited no estrogenic activities. The risk assessment revealed that the
body concentrations of o,p-DDT, o,p’-DDE, and p,p-DDD detected or extrapolated in Irish and Canadian
Acrctic Killer whales were equal to or exceeded their in vitro transactivation thresholds (RECio). This finding
suggests a significant risk of disrupting kwERa-mediated estrogenic signaling in these populations. Notably,
0,p'-DDT- X EEQs in the blubber of both populations surpassed the REC, for in vitro kwERa transactivation
by o,p'-DDT, indicating amplified estrogenic risks from combined effects of DDTs, greater than individual
compounds. This study highlights the potential endocrine-disrupting effects of pollutants on killer whales
and the urgent need for conservation efforts to protect their endocrine and reproductive health.
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Lactational exposure to perfluorooctane sulfonate remains
a potential risk in brain function of middle-aged male mice

Ayane Ninomiya?, 1zuki Amano?, Hiraku Suzuki®, Yuki Fujiwara!, Asahi Haijima?, Noriyuki Koibuchi!

!Department of Integrative Physiology, Gunma University Graduate School of Medicine, ? Institute of
Laboratory Animals, Graduate School of Medicine, Kyoto University

Perfluorooctane sulfonate (PFOS) exerts adverse effects on neuronal development in young population.
Limited evidences have shown that early-life PFOS exposure holds a potential risk for developing
age-related neurodegenerative diseases such as Alzheimer's disease later in life. The present study
investigated the effects of lactational PFOS exposure on cognitive function using one-year-old mice. Dams
were exposed to PFOS (1 mg/kg body weight) through lactation by gavage. Male offspring were used for the
behavior test battery to assess cognitive function. Western blot analysis was conducted to measure the levels
of proteins related to the pathogenesis of Alzheimer's disease. PFOS-exposed mice displayed a mild
deficiency in social recognition. In the hippocampus, the expression of tau protein was significantly
increased. These results underline a mild effect of developing PFOS exposure on cognitive function and

neurodegeneration. The present study presents the long-lasting effects of PFOS in middle-aged period and
warrants a potential aftermath.
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Effects of PFOS and PFOA on Neurite Outgrowth in Neuro-2a Cells

Ririka Ota', Yuki Fujiwara?, Ayane Ninomiya?, Michisaburou Tesigawara’,
Izuki Amano?, Noriyki Koibuchi?

'Gunma University Faculty of Medicine School of Medicine ,
2 Gunma University Graduate School of Medicine

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are fluorinated compounds formerly
used in various industrial products. Due to their high chemical stability, they persist in the environment for
extended periods. PFQOS, in particular, has been suggested to impact the development of the human central
nervous system during the perinatal period, but the mechanisms remain unclear. This research aimed to
investigate the effects of PFOS and PFOA on neurite outgrowth using mouse neuroblastoma-derived
Neuro-2a cells. Cells were differentiated with all-trans retinoic acid and exposed to PFOS and PFOA at
concentrations ranging from 10*2 M to 10“* M for 3 days. A cell proliferation assay was conducted, and
BIII-tubulin and MAP2 expression were analyzed using RT-PCR and immunostaining. The results showed
that both PFOS and PFOA significantly reduced cell proliferation at a concentration of 10* M. In the
PFOS-exposed group, RT-PCR revealed a dose-dependent decrease in BIII-tubulin expression, although no
significant changes were observed in immunostaining. No significant changes were observed for PFOA.
These findings suggest that PFOS may affect neurite outgrowth.
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PFOS Inhibits Neurite Formation via D102

Yuki Fujiwara®, Yuhei Miyasaka?, Ayane Ninomiya!, Izuki Amano?!, Wataru Miyazaki®, Noriyuki Koibuchi*

! Department of Integrative Physiology, Gunma University Graduate School of Medicine,
2 Gunma University Heavy lon Medical Center, *Department of Bioscience and Laboratory Medicine,
Hirosaki University Graduate School of Health Science

Perfluorooctane sulfonate (PFOS) is widely used in various industrial and commercial products and has been
reported to accumulate in the environment due to its chemical stability, leading to human exposure. The
neurotoxic effects of PFOS on the developing brain are of significant concern, yet the mechanisms by which
PFOS affects neural development remain unclear. Therefore, this study aimed to elucidate the effects of
early-life PFOS exposure on neural development and its underlying mechanisms. Primary cultures of
neonatal rat cerebellum were used to evaluate the effects of PFOS on thyroid hormone (TH)-induced neurite
outgrowth in Purkinje cells, and thyroid hormone receptor reporter gene assays as well as DIO2 enzyme
activity assays were conducted.

Our results showed that PFOS exposure inhibited neurite outgrowth in Purkinje cells in the presence of
thyroxine (T4), but no inhibitory effect was observed in the presence of triiodothyronine (T3). Reporter gene
assays indicated that PFOS did not affect hTRal or hTRp1 transcriptional activity in CV-1 cells.
Additionally, RT-PCR revealed that PFOS suppressed DIO2 mRNA expression in primary cerebellar cells
regardless of T4 presence, and D102 activity was similarly inhibited by PFOS in C6 glioma cells.

These findings suggest that early-life PFOS exposure impairs thyroid hormone-dependent cerebellar
development through DIO2 activity and mRNA expression inhibition, potentially leading to cerebellar
dysfunction.
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In silico and in vivo evaluations of estrogenic potentials of PFAS to medaka
estrogen receptor alpha

Hiroshi Ishibashi®, Kenta Matsubara!, Takuto Hasegawa®, Masaya Uchida?, Nobuyuki Tominaga?,
Koji Arizono®, Masashi Hirano*

! Faculty of Agriculture, Ehime University, 2 Department of Creative Engineering, National Institute of
Technology, Ariake College, ® Graduate School of Pharmaceutical Sciences, Kumamoto University,
4 School of Agriculture, Tokai University

Per- and polyfluoroalkyl compounds (PFAS) have been used in many industrial applications and consumer
products owing to their oil and water repellency, heat resistance, and chemical reaction resistance. However,
because of their persistent and toxic properties, several species, such as PFOS and PFOA, are regulated
worldwide under the Stockholm Convention on Persistent Organic Pollutants (POPs). Since more than
10,000 existing, alternative, and new PFASs have been identified, which are used in various applications and
ultimately enter the aquatic environment, evaluation of their effects on aquatic organisms is an urgent issue.
However, the effects of PFAS, other than PFOS and PFOA, on aquatic organisms remain unclear. In this
study, we conducted an in silico docking simulation analysis to screen the estrogenic potentials of
approximately 7,000 USEPA-listed PFAS on the medaka estrogen receptor (ERa). The results revealed a
group of PFAS with high affinity for medaka ERa. To evaluate the effects of the PFOA precursors, FTOHs
and PFOA substitutes HFPOs in vivo, we analyzed the expression of estrogen-responsive genes (vitellogenin
and choriogenin) in medaka embryos and larvae exposed to these substances. Our result suggested the
estrogenic effects of FTOHs and anti-estrogenic effects of HFPOs in medaka.
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Effects of environmental pharmaceuticals on swimming behavior in ayu

Sakura Nakai', Saho Oda', Yuji Mushirobira?, Masaru Thara?, Norihide Nakada?, Shinichi Miyagawa®,
Ryosuke Muratal*, Masaki Nagae', Takafumi Amagai® and Kiyoshi Soyano'*
1Graduate School of Fisheries and Environmental Sciences, Nagasaki University, 2Faculty of Agriculture and
Marine Science, Kochi University, *Faculty of Chemistry and Biotechnology, Kanagawa University, “Faculty of
Advanced Engineering, Tokyo University of Science, * Organization for Marine Science and Technology,
Nagasaki University

[Purpose] Environmental pharmaceuticals (EPs) inhibit normal behavior and physiological functions by
acting on the nervous system of fish. The effect of such EPs may affect next generation production, resulting
in decrease in population and disruption of ecosystem. The aim of this study was to clarify the effects of EPs
on the behavior of the ayu Plecoglossus altivelis, an important target species of fisheries. In this study, the
exposure tests were conducted using Mirtazapine (Mir) Chlorpromazine Hydrochloride (Chp), fexofenadine
hydrochloride (Fex), bisoprolol fumarate (Bis).

[Methods] Mir, Chp, Fex, and Bis dissolved in dimethyl sulfoxide as a solvent were added to the rearing
water of ayu. The exposure tests were conducted for 4 days, replacing the water in half while maintaining the
exposure concentration. The exposure concentrations were 5, 50, 500, and 1000 pg/L for Mir; 5, 50, and 250
pg/L for Chp; and 100 and 1000 pg/L for Fex and Bis. The group that only added the solvent was used as the
control group. Each tank was videotaped for 15 minutes in the morning and evening during the exposure
period, and the behavior was analyzed during the 1-minute period from 7 to 8 minutes after the start of the
recording. The abnormal swimming was divided into the following categories: upper layer swimming,
stagnation at the bottom, vertical swimming, and lying at the bottom overturning, and the time each behavior
was measured. The normal swimming time was calculated by subtracting the time when the abnormal
swimming was observed.

[Results] Abnormal swimming such as upper layer swimming and stagnation at the bottom were observed
at 500 and 1000 ug/L of Mir and 250 pg/L of Chp, and normal swimming time was significantly reduced. In
the Fex and Bis exposure groups, abnormal swimming was rarely observed, and no significant decrease in
normal swimming time was found.
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Fipronil metabolite-induced microglial activation
and disturbance mechanisms of its interaction with neurons

Tetsushi Hirano?, Yoshinori Ikenaka, Nobuhiko Hoshi®, Yoshiaki Tabuchi?

!Life Science Research Center, University of Toyama,
20ne health research center, Hokkaido University,
3Laboratory of Animal Molecular Morphology, Department of Animal Science,
Graduate School of Agricultural Science, Kobe University

The inflammatory response in the brain that occurs with glial activation, neuroinflammation, has attracted
attention as a pathogenic factor in various neurological diseases. At the last congress, we showed that fipronil
sulphone (FipS), a major metabolite of the phenylpyrazole pesticide fipronil (Fip), induces microglial
activation and that the secreted exosomes exert neuroprotective effects on differentiating neurons. In the
present study, we aimed to elucidate a new mechanism for the disturbance of the interaction between activated
microglia and neurons. Mitochondrial membrane potential was reduced in a concentration-dependent manner
by exposure to Fip and FipS, with stronger effects in FipS than in the original. Furthermore, FipS exposure
caused an increase in proton leakage with a decrease in mitochondrial maximal respiration and pre-respiratory
capacity. In addition to the microRNAs up-regulated by FipS exposure, miR-106a-5p and miR-665 were
identified as their targets, playing a regulatory role in the functional network related to neuronal differentiation,
consisting of mRNAs that are expected to be down-regulated. This study reveals a novel interaction
mechanism whereby microglia activated by chemicals influence neuronal differentiation via exosome

secretion.
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The Challenge of Evaluating Neurotoxicity Using High-Resolution Mass
Spectrometry

Yoshinori IKENAKA 2, Tomoya KOIKE 2, Akifumi EGUCHI 3, Kei NOMIYAMA 4, Collins NIMAKO %2,
Yared BEYENE * 2, Shouta M.M. NAKAYAMA 2, Mayumi Ishizuka 2
'One Health Research Center Hokkaido University, 2Faculty of Veterinary Medicine, Hokkaido University,
® Division of Environmental Preventive Medical Sciences Chiba University, * Center for Marine
Environmental Studies Ehime University

Background: In recent years, mental disorders are thought to be caused in part by disturbances in higher
brain functions due to exposure to certain chemicals. Current neurotoxicity testing is evaluated primarily on
the basis of gross findings , but there may be toxic effects that do not appear in the gross findings. Therefore,
it is necessary to establish new methods that can detect them. Quantifying biomarkers using mass
spectrometry is more sensitive, specific, objective, and high-throughput testing methods. In this study,
Neonicotinoid insecticide (NN), which has been reported to cause neurological symptoms, was used as a
neurotoxicant. This study was to discover potential biomarkers of neurotoxicity by lipidomics analysis of the
cerebral cortex of mice after NN administration.

Method: Acetamiprid (ACE), an NN, was administered orally to C57BL/6 mice at 65 mg/kg and 130 mg/kg,
respectively, while mice in the control group received distilled water containing 5 % DMSO orally. After 30
minutes, brain samples were collected and non-targeted lipidomics analysis of the cerebral cortex was
performed using LC/Q-TOF/MS(Agilent 6546).

Result: A total of 321 compounds were annotated; although PCA analysis did not show a clear separation,
46 compounds exhibited a p-value of less than 0.05 and a fold change greater than 2.0. Correlation analysis
revealed a strong association between 7 of the 46 lipids and ACE, with an absolute correlation coefficient
greater than 0.7. Among these 7 compounds were ACar, FAHFA, LPE, and TG, all of which demonstrated
an area under the curve (AUC) greater than 0.8 in the receiver operating characteristic (ROC) analysis.
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BPA enhanced RA signaling in iPSC and zebrafish embryo

Tatsuyuki Takada®, Tomomi Nishie!, Tomoki Taya?, Syunichi Omori, Misaki Sawabe!, Miu Takahashi?,
Masahiko Hibi?, Kenya Ueno®, Akira Hirasawa®
! Department of Pharmaceutical Sciences, Ritsumeikan University, 2 Graduate School of Science, Nagoya
University, ® Department of Genomic Drug Discovery Science, Graduate School of Pharmaceutical Sciences,
Kyoto University

Chemicals, including plastics, have been reported to have various effects on animal development. However,
the causal link and the mechanism are not fully understood. One of the reasons is that the developmental
process is complicated involving multiple receptors and signaling pathways. In addition, experimental
conditions and analytical methods vary widely, making it difficult to integrate experimental results to deduce
the mechanisms of their action. Various effects of chemical exposure seem to imply the disruption of the
signaling which plays a key role in fundamental biological processes. We found that co-exposure of
bisphenol A (BPA) and RA stimulates retinoic acid (RA) signaling in ES cells and have been investigating
its effect on cell differentiation and development. In this study, we analyzed the effect of BPA on gene
expression using human induced pluripotent cells (iPSC) and zebrafish embryos, focusing on RA signaling.
Co-exposure of BPA and RA enhanced the expression of genes regulated by RA signaling such as HOX
genes. Impairment of neurogenesis and craniofacial development was observed in zebrafish embryos. Since
RA signaling is involved in cell proliferation, differentiation, neurogenesis, body axis formation,
reproduction, immunity, vision, and homeostasis, this finding may explain the diverse effects of chemicals.
This study also suggests that human iPSC is a useful tool for evaluating chemicals on RA signaling.
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Seminiferous epithelium cycle regulation via retinoic acid signal as an index of
testicular toxicity evaluation

Satoshi Yokota', Hirokatsu Saito!, Tomohiko Wakayama?, Satoshi Kitajima®
!National Institute of Health Sciences, 2Kumamoto University

In mice, spermatogenesis takes place in the seminiferous epithelium which cycle is regulated by retinoid
signal. It is well known that vitamin A deficiency arrest spermatogenesis, however it is unknown that the
effects of vitamin A excess (VAE) on spermatogenesis. The aim of the present study was to develop a novel
method of testicular toxicity evaluation focusing on seminiferous epithelium cycle. To the best of our
knowledge, few studies after that by Oakberg have performed a quantitative analysis of the cellular
composition in mouse seminiferous tubules. We succeeded in demonstrating that lectin histochemistry and
immunohistochemistry using fluorescent dye-conjugated molecules appears to achieve a rapid and
guantitative evaluation of testicular toxicity. As a results, the percentage of seminiferous tubules in stages
VII and VIII was significantly lower in the VAE mice than in the control using PNA-lectin histochemistry.
We also showed that chronic VAE exposure influenced preleptotene spermatocyte initiating meiosis. In
addition, retinoid signal was disrupted as confirmed by quantitative gene expression analysis. These results
suggest that this evaluation method of testicular toxicity is usefulness to predict retinoid signal disruption.
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Epigenetic Mechanisms of Developmental Toxicity: Comparative Analysis of
Bisphenol A and Thalidomide in Human Pluripotent Stem Cells

Satoshi Otsuka?, Hideko Sone?

!Graduate School of Medicine, The University of Tokyo, Graduate School of Pharmacy, Yokohama
University of Pharmacy

Epigenetic regulations of gene expression, such as DNA methylation and histone modifications, play an
important role during the embryonic period, when gene expression profiles change substantially. Exposure to
external factors like drugs or environmental chemicals during this period has been reported to lead
reproductive and developmental abnormalities through epigenetic mechanisms. Therefore, there is a pressing
need to evaluate the epigenetic toxicity of chemicals during early development and to elucidate their
mechanisms of action.

In this study, we used bisphenol A and thalidomide as model substances due to their extensive
documentation in animal and epidemiological studies and analyzed their effects on cellular differentiation,
gene expression, and epigenetic modification. Thalidomide notably shifted differentiation toward ectodermal
lineages at the expense of endodermal and mesodermal ones, while bisphenol A had milder effects.
Transcriptome analysis revealed distinct gene expression profiles for each chemical, with thalidomide
inducing more pronounced changes. Enhanceosome analysis revealed increased H3K27ac modifications at
enhancer regions of genes upregulated by bisphenol A or thalidomide, indicating epigenetic alterations as a
key mechanism.

These findings offer novel insights into the epigenetic mechanisms by which bisphenol A and thalidomide
influence developmental processes. Our study enhances the understanding of developmental toxicity
mechanisms and may inform improved risk assessment strategies for medicinal and environmental
chemicals.
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Progress in Re-evaluation of Neonicotinoids and Other Pesticides

Junko Kimura-Kuroda

Environmental Neuroscience Information Center

With the revision of the Pesticide Control Law (2018), the re-evaluation of pesticides has begun. Article
8(4) of the law states, "In the re-evaluation, ... the safety and other characteristics of the pesticide shall be
evaluated based on the latest scientific knowledge." This means that published literature and test results
submitted by the applicant company will be used in the safety evaluation. Previously, pesticide registration in
Japan included a formal re-registration process every three years after registration, but published literature
was not used for risk assessment. In re-evaluation, published literature that provides the latest scientific
information must be collected, selected, evaluated, and provided by a third party with expertise in an
impartial and transparent manner. According to the "Guidelines for Collection and Selection of Published
Literature™ (hereinafter referred to as the "Guidelines") issued by the Agricultural Chemicals Subcommittee
of the Agricultural Materials Council of the Ministry of Agriculture, Forestry and Fisheries (dated September
22, 2021, partially revised on July 27, 2023), the entity responsible for the collection and selection of
published literature is the agricultural chemical company that is the subject of the re-evaluation. The
Guidelines also state that the collection and selection of published literature should be conducted by the
agrochemical companies that are parties to the reevaluation. In addition, a system for soliciting information
on published literature was established on November 1, 2023, to allow the public to provide information as
well. Under this system, the re-evaluation of pesticides at MAFF, the Food Safety Commission and the
Ministry of the Environment is currently proceeding, but is it proceeding properly, with fairness and
transparency? The following is a report on the progress of pesticide re-evaluation.
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Paternal exposure to clothianidin alters sperm miRNA expression and induces
neurobehavioral changes in male offspring mice

Makiko Ito?, Sarika Nunobiki!, Ayano Yoshimoto?, Youhei Mantani?, Toshifumi Yokoyama?,
Tetsushi Hirano?, Yoshinori Ikenaka®, Nobuhiko Hoshi®

!Lab. Anim. Mol. Morphol., Dept. Anim. Sci., Grad. Sch. Agri. Sci., Kobe Univ.;
2Life Sci. Res. Center, Univ. Toyama; *One Health Res. Center, Hokkaido Univ.

Accumulating evidence suggests that paternal environmental factors have epigenetic effects on sperm and
influence offspring. Neonicotinoid pesticides, which are widely used around the world, are known to affect
offspring phenotypes through maternal exposure in mice, but the effects of paternal exposure remain unknown.
We examined the neurobehavioral effects on offspring mice resulting from paternal exposure to the neonicotinoid
pesticide clothianidin (CLO) and explored microRNA (miRNA) expression in sperm—an epigenetic aspect—to
elucidate the relationships between sperm miRNA and intergenerational effects. Male mice (C57BL/6N, 9 weeks
old) were exposed to a no-observed-adverse-effect-level (NOAEL) dose of CLO (50 mg/kg/day) for 6 weeks.
Male offspring from CLO-exposed fathers showed decreased levels of spontaneous locomotor activity,
accompanied by changes in monoamine levels in the hippocampus and striatum. Hippocampal RNA sequence
data revealed that paternal CLO exposure altered the expression of genes related to the nervous system in male
offspring, affecting pathways such as those for axonal guidance signaling, synaptogenesis signaling, and calcium
signaling. Sequence analysis of sperm miRNA revealed 22 upregulated and 28 downregulated miRNAs in the
exposed group, with the target genes were involved in annotations such as axon guidance and nervous system
development. These results suggest that perturbations in sperm miRNA content due to CLO exposure disrupt the
expression of genes that regulate neurodevelopment, leading to behavioral abnormalities in the offspring. This
study provides novel insights into the impact of paternal exposure to NNs on offspring via sperm.
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Transgenerational effects of exposure to a no-observed-adverse-effect-level
(NOAEL) dose of neonicotinoid pesticide clothianidin on maternal behavior

Sarika Nunobiki?, Ayano Yoshimoto?!, Makiko Ito?, Rinako Morishita!, Youhei Mantani?,
Toshifumi Yokoyama?, Tetsushi Hirano?, Yoshinori Ikenaka®, Nobuhiko Hoshi*

Lab. Anim. Mol. Morphol., Dept. Anim. Sci., Grad. Sch. Agri. Sci., Kobe Univ.;
“Life Sci. Res. Center, Univ. Toyama; *One Health Res. Center, Hokkaido Univ.

Our previous reports showed that exposure to the neonicotinoid pesticide clothianidin (CLO) during fetal
development and lactation in mice led to higher rates of maternal neglect and infanticide. Although the
demonstrated association between reduced oxytocin secretion and diminished maternal parenting behavior
implies a correlation with declining oxytocin levels, concrete evidence linking this association to CLO
exposure has not yet emerged. This study investigated CLO’s effects on maternal behavior and oxytocin in
C57BL/6N mice exposed during pregnancy and lactation (FO mothers) as well as in the adult female
offspring exposed while they themselves were pregnant and lactating (F1, F2 & F3 mothers). The results
showed a decrease in oxytocin secretion and a marked decrease in pup retrieval behavior among the FO
mothers in the CLO exposure group compared to those in the control group. Their offspring, the F1 mothers,
showed significantly lower nest-building scores during pregnancy. In the F2 mothers, only 5 of 9 mothers
retrieved all 4 pups, with a significantly shorter latency to retrieve the second pup. The F3 mothers showed a
decrease in plasma aldosterone levels and an increase in plasma testosterone levels. These findings suggest
that CLO affects the maternal behavior of the next generation. In other words, CLO exhibits epigenetic
toxicity, but these effects were suggested to weaken with each passing generation.
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Next-generation effects of fetal and neonatal exposure to the

phenylpyrazole pesticide fipronil in mice

Avyano Yoshimoto?, Makiko Ito?, Sarika Nunobiki!, Youhei Mantani?,
Toshifumi Yokoyama?, Tetsushi Hirano?, Yoshinori Ikenaka®, Nobuhiko Hoshi?

Lab. Anim. Mol. Morphol, Dept. Anim. Sci., Grad. Sch. Agri. Sci., Kobe Univ.,
%Life Sci. Res. Center, Univ. Toyama, *One Health Res. Center, Hokkaido Univ.

Gamma-aminobutyric acid (GABA) is an inhibitory neurotransmitter with stimulant and tranquilizing
effects, with receptors distributed widely in the central nervous system. The phenylpyrazole insecticide
fipronil (FPN) and its metabolite fipronil sulfone (FPNS) inhibit GABA-CI channels, leading to nerve
overexcitation. Recently, the safety of FPN and FPNS in mammals has been called into question. In
Experiment 1 of this study, FPN was administered to mothers to determine the amount transferred to fetuses.
The concentrations of FPN and FPNS were found to be higher in fetuses than in mothers. Experiment 2
involved behavioral tests and blood sampling of male mice administered FPN at 4 to 10 weeks of age,
revealing heightened locomotor activity and histamine levels in the fipronil group. In Experiment 3, we
conducted a behavioral test and blood sampling in male litters of pregnant mice treated from day 1.5 until
weaning. The results showed increased locomotor activity, decreased anxiety-like behavior, and decreased
short-term memory in the fipronil group. Histamine levels increased at 3 weeks of age and steroid hormone
levels changed inversely between 3 and 10 weeks of age. FPN and FPNS are transferred at high
concentrations from mother mice to the fetus and neonates, potentially leading to endocrine disrupting and
neurobehavioral effects even after the cessation of exposure.
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Comparison of Analytical Methods for Assessing the Combined Exposure
Effects of Chemical Mixtures

Akifumi Eguchi?, Kohki Takaguchi !, Takayuki Kawashima?, Hiroko Nakaoka?, Kayo Yoda-Tsumura %,
Keiichi Shimatani, Yoshitake Nakayama?!, Chisato Mori!, Norimichi Suzuki?

! Center for Preventive Medical Sciences, Chiba University, Chiba, Japan. 2 School of Computing, Institute
of Science Tokyo, Tokyo, Japan

There are various chemical substances in the environment, some of which can have detrimental effects on
human health. While epidemiological studies primarily focus on assessing the impacts of exposure to
individual chemical substances, the reality is that numerous chemicals coexist in the environment.
Consequently, there is a growing demand for methodologies capable of evaluating the complex, combined
health effects of these substances. In this study, we used Volatile Organic Compounds (VOCs) as a model to
compare multiple analytical approaches.

Comprehensive screening of VOCs identified 1701 chromatographic peaks, which after data, yielded 160
peaks for data analysis (annotated 102, unknown 58). Clustering of BRSs resulted in the classification of
subjects into four groups (Group 1: control, Group 2: various symptoms, Group 3: nasal congestion and
cough, and Group 4: fatigue).

In the gWQS, the association between chemical exposure and outcomes was not significant in any of the
clusters, and ggcomp did not converge with the algorithm. The AUC values for each model ranged from 0.6
to 0.7 for Feature-Weighted Elastic Net and 0.5 to 0.6 for ecpc, indicating that the accuracy of the predictive
models was not sufficient. Hexanal was associated with Group 2 outcomes, 2-butoxyethanol with Group 3,
and 36 peaks (including 21 unknowns) with Group 4. However, VOC effect sizes were three orders of
magnitudes were significantly less pronounced compared to sociodemographic variables such as age and
tobacco consumption.
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The Induction of Liver Fibrosis by PFASs

Wataru Miyazaki® 2, Shiori Satoh®, Haruka Takeuchi®, Honoka Ohmi®, Joh Sakuragi®, Mitsue Miyazaki® 2,

! Hirosaki University Graduate School of Health Sciences
2 Hirosaki University Research Center for Biomedical Science
3 Hirosaki University School of Health Sciences

Perfluorooctanesulfonate (PFOS) and perfluorooctane acid (PFOA) are widely used in several
products. The exposure and accumulation of these compounds induce several toxic effects in
humans. PFOS and PFOA may affect hepatic cells, such as hepatocytes and satellite cells, resulting
in hepatic dysfunction and several diseases, including cancer and fibrosis. Understanding how to
induce the toxicities is essential, but the mechanisms are still unknown. In this study, to clarify the
mechanism of the toxicities in the liver, we investigated the effects of PFOS wusing a
hepatocarcinoma cell line, HepG2, and an immortalized hepatic satellite cell line, TWNT-1.
TGF-beta activates the TGF-beta-Smad cellular signaling pathway and induces liver fibrosis in the
hepatic satellite cells. First, we exposed PFOS and measured the expression levels of liver fibrosis
markers and the transcriptional activities in TWNT-1. The levels and activities were up-regulated
partially. Moreover, the supernatant from PFOS-exposed HepG2 also augmented the
transcriptional activities through the TGF-beta-Smad pathway. These results suggest that PFOS
may induce liver fibrosis by disrupting the TGF-beta-Smad signaling pathway.
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By applying The New Science of Cause and Effect, we attempt to show that
neonicotinoid pesticides are a major factor in the occurrence of violent behavior
among elementary, middle, and high school students.

Masanori Hashimoto?,

MS Performance Lab.

It has been reported that administration of neonicotinoid pesticides below the non-toxic dose to mice causes
fear. Lorenz has reported that animals without strong weapons cannot control their aggression. Therefore, it
is feared that even low concentrations of neonicotinoid pesticides may cause frightened animals to become
violent.

We therefore used a causal diagram to examine the relationship between the shipping amount of
neonicotinoid pesticides and the incidence of violent acts in the "Trends in the incidence of violent acts
under school supervision™ in the "Survey results on various problems in student guidance such as problem
behavior and school absenteeism among children and students,” which has been compiled by the Ministry of
Education, Culture, Sports, Science and Technology over the years.

We calculated the internal intake concentration of neonicotinoid pesticides, and also determined the toxicity
intensity ratio of each pesticide with reference to the acceptable daily intake (ADI) and acute reference dose
(ARTD), and calculated the equivalent intake concentration of the ingested pesticide.

As a result of the analysis, a high correlation coefficient was obtained between the two. Considering that the
sharp increase in the incidence of violent acts has occurred since 1993, the year neonicotinoid pesticides
began to be used in Japan, it seems reasonable to conclude that neonicotinoid pesticides are the main cause
of violent acts among elementary, junior high, and high school students.

Furthermore, using counterfactual methods, we estimate the inhibitory effect of legal regulations on reducing
the incidence of violent acts.

52



— R &[RRI (L]
05-2
TEVRT 4 v 7 BEFEORSERELT

Ot fi', Wa=n', Y fL°
VBREET UV = RT 7 ARERT, P RERE LI

HE DX, ZNETHOWNA L EWE (EDCs) DIFEAEN, AEROZ Y = 2T 7 A%<
BLTazbickoT, T2 =x7 4 v 78 BpiTox] 2RBBT L5 L2 3 EIF 0L
WX > CTHER L C& 72, F72EDCs < IE, B FERICBW T, ARz E&m3 5 THkR=
EYarxT 4 v 78R TEL] BT LI ENMLNATETND,

TEL 13 & HARO AR O = AR A2 N LT, MRINREEL 5252 L bEIESN->OH
Do —MRICHEMETFTIX, Y ROLZZOMRETH T ENZ VN, [Epi-Tox) TIIfkfRIC
OWTHHEET DI ENAEETH Y, 51T, TNOLOMERE B N OMICAICAMET S Z & b
A[EECH D,

BalTZnE T, AR IMEN, [EpiTox) IZX->THEREINTWHLZE, BLUED
TATIMARTEIE, TELICE D b DL DERFH AN T TEREITHTE I, &5 KK Oo—KA
IZ%H MeHg 12 L% [EpiTox| WG LTWHZ L EREBELTET,

IHIZ, TNETCHARATEEZIESEFRAE - IEEMETH S, WHTHEAEHE, FHkt
FINTFEM, A ZAAZA, VU F~vA FEHFREICBNTH, ZOFMEEMICIE TEpiTox]
MBEG- L TWAAMREENRE X LN TEY . ORI YW THiEm L7z,

T, SREEE 2D FREMENRH D PRAS o~ A 71 - 2707 T A7 4 712X e MEREICE
WTCTH, [EpiTox) 23845 L CrIBEMENHERI STV D,

DEOSESERBANL, 2L OEMEFAIZBWTIE, [EpiTox] : TV RXT 4 v 7 5
PR ORESIINEB CTHDH Z EERB LIV,

Establishing of Epigenetic Toxicology: Implications for environmental health

Tohru shibuya?, Yukiharu Horiya?, and Tadashi Fujino 2
! Laboratory of Environmental Epigenetics, 2 Minamata Kyoritsu Hospital

It is well establishing that most of endocrine disrupting chemicals (EDCs) exhibit epigenetic toxicity, which
can alter the epigenetic profiles of exposed cells of organisms. Furthermore, EDCs have the potential to
induce transgenerational epigenic inheritance (TEI) in animals by the epigenetic modifications of germ cells
treated.

This TEI could lead to transgenerational effects on future human generations due to exposure to various
environmental substances. In our study, we investigated the toxicity in “Kanemi Yusho” particularly on its
generational effects.

We hypothesize that these issues may be linked to the epigenetic toxicity: EpiTox of polychlorinated
dibenzofurans. additionally we speculated that “Minamata Disease” also in part may be attributed to effects
of EpiTox from methylmercury.

We further suggest that various environmental pollution-related problems in Japan, such as Yokkaichi
asthma, arsenic-containing milk of Morinaga,“Ttaiitai disease” in Toyama, and congenital anomalies induce
by thalidomide might be the result of EpiTox. Current toxicological concerns, inducing per- and
polyfluoroalkyl substances and microplastic are also thought to be induced by EpiTox.

Therefore, establishing “EpiTox” in toxicology is an urgent necessary for the near future.
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Transgenerational epigenetic inheritance
and CCCTC-binding factor

Yukiharu Horiya , Tohru Shibuya
Laboratory of nvironmentslEpigeneticcs,

There are many reports (Anway et al. 2005, Manikken et al. 2012, etc.) that dioxins such as TCDD cause
transgenerational epigenetic inheritance (TEI) in animal experiments, in which exposure of the parental
generation has toxic effects on offspring generations not directly exposed via germline epigenomic mutations.
The possibility of TEI in humans has also been pointed out in cases such as “Kanemi Yusho”(Shibuya &
Horiya, 2023) and defoliant spraying during the Vietnam War (Kelsey et al., 2019). Although the mechanism
is not yet understood, it was reported that Bisiphenol A induces TEI in mice via the CCCTC binding factor
(CTCF) in the Fto gene region involved in the appetite center (Jung et al., 2022), and we hypothesized that
aryl hydrocarbon receptors (AhR) ligands such as dioxins may also disrupt the epigenetic regulation by
CCCTC binding factor (CTCF) of the germline genomic imprinted gene IGF2/H19 via AhR activation,
thereby inducing TEI, is our working hypothesis.

54



— I 5 [ AR R
05-4
RESFVEVFER (ERF : AANDUWHEDEFR) OFEN : BLH» O ORE

RHEE—HL
BRBEI AR A e v 2 —

BREERVE AT, 1998 4E 6 HITHE L 26 F2 il E T, FRR L ZO%OBEEIL, AR
S LDOERT WG L Th o7, R TIL, 1996 F 3 A BrERLE VIR L-&L LT,
KETY—7 « a/Lh—2%0 [O0ur Stolen Future] MR THAIZ/R Y, HRIZHIEb -T2, T8
BALEY] EWVWHIFRBUT 199745 HADO NHK A [H A = AT A | T, BETNLK - HFORR
HEZL BT 4 L7 Z =0, I b0 TWHEE L LClibhv-, X1 4% /PCB [
% [ENCEREEAFCOFSE S0 T & T lGR H B EGREEITCE S I B B o Tz 7e | BRIR(LTE S
MNHHEFEDANLNEE BRERNVEVFEE ] WA FRIIETFANTHE -7z, BRERLVE CME
%, R TIIRE SR EATDR, BARTITRFEN., BELEZ P OICED M, 72T [l
ROOORETTA ) AT a 7B RED, MRAOESLZmo T FHICK L, FERFNR T8
BEARNLE AT FENEN ] 2 EOFERDNIAEY . Ry MEETIEHEH—E= LGS L BEx -, #i)
WZ I, I T RERLVECIBEIIERH RS EnoTo, BARO—EOREINA T, Bk
RVEVFERIIZEE LD Lz, ZO®REGRTES L OIMESC, BRRCEBEROERLSM LS
IZE -S> TS, R TIHRERLVE ANTOW TR LR, EERO T &b~ ER )
HMNITI > TWD, WS EIZ DWW TIL, [EER - A EBUMHEEIIC X 0 IERZR#H b isE - T
WABMN, BARENTIEEBINEAL TOZRW, BN TORBIERIEALELEE XD, FaFH [ERICT

N E TV D0y BREEAR/VE 755 NHK Hiflt, 1998 4 4 2,

History of the Japanese Society of Environmental Hormone Research (formally
known as the Japanese Society of Endocrine Disruptors): A Memorandum from
the Founding Years

Yoichiro Kuroda
Environmental Neuroscience Information Center

The Society of Environmental Hormone Research, Japan was founded in June 1998 and has passed 26 years
since its foundation. The history of the society at the time of its founding and thereafter has been checked in
relation to Japanese society. In 1996, “Our Stolen Future” became famous in the United States as a book that
enlightened the world about the environmental hormone problem and was also introduced to Japan. The term
“environmental hormone” was used by Professor Taisen Iguchi of Yokohama City University and Director
Shu Muramatsu in NHK broadcast in May 1997 to make the term easier to understand. Dr. Masatoshi Morita,
who had studied the dioxin/PCB problem at the National Institute for Environmental Studies, was involved
from the beginning, and many people from the Society of Environmental Chemistry, as well as from
companies, joined the Environmental Hormone Society, which started with several thousand members.
While research on the environmental hormone issue made great progress worldwide, there was opposition in
Japan, particularly from the business community and the Ministry of Economy, Trade, and Industry. The
member’s number of the Society for Environmental Hormone Research declined. The Society has since
co-sponsored the conference with related academic societies. Scientific research on environmental hormones
is advancing, and their adverse effects on ecosystems and children are becoming clearer. International and
national government agencies have begun to legally regulate environmental hormone substances, but
regulations have not progressed in Japan. We believe that regulations need to be strengthened in Japan.
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pGL4.23 can function as a reporter vector for androgen receptor

Takeru Kajiyama, Kohei Kanazaki, Keita Nakamura, Joichiro Kozai, Ayami Matsushima
Department of Chemistry, Faculty of Sciences, Kyushu University

Estrogen receptors and an androgen receptor (AR) are nuclear receptors that bind to sex hormones and are
involved in physiological processes such as the reproductive, skeletal, and nervous systems. Nuclear
receptors are transcription factors that directly bind to DNA and regulate gene transcription. Nuclear
receptors bind to two types of response sequences: direct repeat sequences, linked in tandem, and inverse
repeat sequences, linked in the opposite direction. In analyzing the effects of toxic environmental chemicals
on AR transcriptional activity, we found that AR activity was strongly detected even in the pGL4.23 reporter
vector, which lacks known AR response sequences. Incidentally, the restriction enzyme recognition sites in
the multicloning sites of the vector are palindromic sequences. The typical AR response sequence is
GGTACANnNnTGTTCT, which is similar to the inverse repeat-type response sequence of nuclear receptors
and may function as a nuclear receptor response sequence. We hypothesized that a sequence around the
multicloning site in pGL4.23 could function as an AR response sequence. By analyzing the transcription
factor binding sequence database JASPER, we identified several sites that could function as
androgen-responsive sequences. When constructing a test system for reporter gene assays of various nuclear
receptors, it is necessary to consider the restriction sites in the vectors.
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Does an AhR antagonist cause changes in maternal behavior?

ONobuki Murata?, Kazutoshi Sugita® Wataru Yoshioka!
'Department of Veterinary Medicine, Azabu University,

[Preface] The aryl hydrocarbon receptor (AhR) is a ligand-dependent transcription factor. Upon ligand
binding, AhR is activated to increase the expression of target genes including those encoding
drug-metabolizing enzymes. Recently, we found that a-naphthoflavone (ANF), an antagonist of AhR, causes
alterations in the behavior of pregnant mice. In this study, we developed guantitative methods for assessing
the nest height and movement of the pregnant mice to characterize the altered behavior by ANF-exposure.

[ Methods] Pregnant mice of the C57BL/6J strain were housed and habituated from gestational day 7 (GD
7) and were fed an ANF-containing diet (0%: CNT, 1%: A10 group[A10], or 2%: A20 group[A20]) from
GD 12. The height of the bedding was measured and used as an index for the nest height. The observed
behaviors were classified into four levels depending on the intensity of the movement. The location of the
mice (inside or outside of the nest) was recorded. On day 21, parturition was confirmed, and blood was
collected for the analysis of plasma ANF concentration by LC-MS/MS.

[Results] The A20 had significantly lower nest height than the CNT on GD13-15. In contrast, the A10 had
significantly lower nest height only on GD13. A20 exhibited significantly more hanging and climbing
behavior on G13-15, which was not observed in the CNT or A10. A20 but not A10 had a significantly higher
frequency of being outside the nest from GD14. No pups survived in A10 and A20, although evidence of
birth was observed in day 21. ANF in plasma is currently being measured.

[Discussion] The pregnant mice exposed to ANF exhibited altered behaviors in that the nest height was
decreased and intense movement was increased, suggesting that ANF exposure alters maternal behavior
Since ANF is an antagonist of the AhR, this effect of ANF may be involved in the inhibition of the AhR.
These findings suggest that AhR activation is involved in the regulation of maternal behavior.
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The effects of hormonal environment on mouse external genitalia development

Yuki Korenaga®, Mako Ishikawa?, Hikari Mizoguchi?, Kosei Tanaka!, Kenji Toyota?

Shinichi Miyagawa®

'Graduate School of Advanced Engineering, Tokyo University of Science, Department of Integrated Science
for Life, Hiroshima University

Masculinization of external genitalia (ExG) depends on androgens secreted from testes during
development. Hence, defects of the hormonal environment caused by endocrine disrupting chemicals impair
sexually dimorphic development of mouse ExG. However, evaluation methods to quantitatively assess the
degree of defects of sexual differentiation of EXG have not been established. In this study, we identified that
several parameters that prescribe hormone-dependent development of EXG by computed tomography (CT)
scan analysis, in order to quantitatively evaluate the phenotype of the mouse ExG. We showed that synthetic
androgen exposure during the embryonic period induced male-like morphology in the female ExG. In
addition, the male ExG that was castrated at birth showed a small penile bone. In this presentation, we
provide several parameters that depend on the hormonal environment during prenatal and postnatal
development.
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Toxics of sulfoxaflor to testis in mice

Hayato Terayama® 2, Kou Sakabe?!, Daisuke Kiyoshima?, Kenta Nagahori?, Tsutomu Sato® 3, Akifumi
Eguchi*, Midori Yamamoto*, Miyuki Tonna!, Emiko Todaka*®°, Kenichi Sakurai*, Chisato Mori* ®

!Department of Environmental Preventive Medicine, Yamada Bee Company, Inc., Centre for Preventive
Medical Sciences, Chiba University, 2Department of Anatomy, Division of Basic Medical Science, Tokai
University School of Medicine, 3Louis Pasteur Center for Medical Research, “Centre for Preventive Medical
Sciences, Chiba University, >Department of Bioenvironmental Medicine, Graduate School of Medicine,
Chiba University

Sulfoxaflor is an insecticide that acts on nicotinic acetylcholine receptors. It has a similar functional group to
neonicotinoid insecticides, which are feared to be testicular toxicants, but bind to a different site of action.
Recently, sulfoxaflor has been reported to have adverse effects on the testes when administered to rats.
However, because there are no reports of sulfoxaflor administration to mice and its effects on the testes, the
present study was conducted. 10-week-old ICR mice were treated ad libitum with four different
concentrations of sulfoxaflor for 4 and 8 weeks, and histological analysis and real-time RT-PCR were
performed. Testis weight relative to body weight was increased in the high concentration treated of
sulfoxaflor group compared to the normal group. Furthermore, more interstitial edema of testes was observed
in the high concentration treated of sulfoxaflor group than in the normal group. However, expression of
MRNA levels was no significant difference in pituitary gonadotropin markers, Leydig cell marker,
testosterone synthesis markers, Sertoli cell markers, proliferating cell marker, meiotic cell marker, pachytene
spermatocyte markers, round spermatid markers, apoptotic cell markers, antioxidant enzyme markers,
oxidative factor marker, mitochondrial factor markers compared to the normal group. Sulfoxaflor
administration may not adversely affect intratesticular cells, although interstitial edema increases testicular
weight. The present results may not affect the testes of the same mammal, the human.
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Neonatal Exposure to 3-Methyl-4-Nitrophenol Disrupts Sexual Preference in
Female Rats Without Affecting Reproductive function

Yudai Nakamura?, Shio Iwata?, Yukihiro Maeda?, Minori Hayashi?, Hayato Kanamaru?, Rikako
Muto?, Rei Tsutsumi?, Gen Watanabe® 3, Yasuhiko Kondo®, Rie Yanagisawa®, Maiko Kawaguchi'-?
!Graduate School of Agriculture, Meiji University, 2School of Agriculture, Meiji university,
30SRI, Meiji University, “Faculty of Life & Environmental Sciences, Teikyo University of Science,
SHealth and Environmental Risk Division, National Institute for Environmental Studies

It has been reported that 3-methyl-4-nitrophenol (MNP), a degradation product of the pesticide Fenitrothion,
which is also found in diesel exhaust, exhibits estrogenic and anti-androgenic effects, such as influencing the
avian gonads. However, little is known about its impact on mammalian reproduction. In this study, we
investigated the effects of neonatal exposure to MNP on the sexual preference and reproductive ability of
female rats. Neonatal female rats were orally administered MNP (0, 0.01 or 1.0 mg/kg/day) dissolved in corn
oil for five consecutive days. Sexual preference, measured by comparing the time spent with sexually active
males versus estrous females, was assessed at 8 weeks old. The females were then mated with males who
had undergone the same MNP exposure to evaluate their reproductive capacity. Control females (0 mg
MNP) exhibited a normal preference, spending significantly more time exploring stimulus males than
stimulus females, whereas females exposed to both doses of MNP showed no preference. No significant
differences in reproductive ability or organ weights were observed among the groups. These results
demonstrate that neonatal exposure to MNP, at least in these doses, disrupts normal sexual differentiation of
the brain, resulting in the loss of sexual preference without any apparent effects on reproductive organs.
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Systematic study of uterotrophic bioassay in screening evaluation of endocrine
disrupting chemicals

Toshime Igarashi®, Asako Aidal, Satoshi Yokota, Takuya Nishimura, Yuhji Taquahashi?,
Makiko Kuwagata® 2, Satoshi Kitajima®

! Division of Cellular & Molecular Toxicology, Center for Biological Safety & Research, National Institute
of Health Sciences, 2 Faculty of Health Care and Medical Sports, Teikyo Heisei University

As a support project for the Health, Labour and Welfare, the Division of Cellular & Molecular Toxicology in
our institute has been continuously conducting in vivo short-term screening studies to investigate endocrine
disrupting effects. From 2001 to 2023, in vivo studies were conducted on approximately 140 substances. Of
these, estrogenic effects were examined in the uterotrophic bioassay (OECD TG440) using ovariectomized
mice by subcutaneous (sc) and oral administration (po), and some of the results are introduced here. In the
uterotrophic bioassay of 91 substances that were found to have estrogenic activity in a reporter gene assay
for hERa, estrogenic effects were observed in 35 substances by sc, in 19 substances by po, and in 37
substances (40%) by sc and/or po. Among these, 13 substances by sc and 9 substances by po had both
estrogenic and anti-estrogenic effects. The fact that some substances had different results between sc and po
indicated the utility of conducting in vivo studies with two different routes of administration. This project
obtained a valuable dataset of 91 substance uterotrophic studies that meet certain quality and reliability
standards using the same protocol. In the future, these results will contribute to the development of a
"priority list of chemical substances" that can be referred to when conducting higher-level definitive studies.
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The effects of UV stabilizers on gene expression in human breast cancer cells

Ryoko Kuruto?, Asahi Tamai!, Ryota Kuwabara?, Kenta Yamada®, and Takeshi Ohura*

'Faculty of Education, Tokoha University, 2Shinmei Junior High School, *Faculty of Social and
Environmental Studies, Tokoha University, 3Faculty of Agriculture, Meijo University

UV stabilizers (UVSs) are widely used in cosmetic products and plastic materials to prevent UV light
damage. They are detected in the environment and have been reported to show estrogenic effects. We
focused on four UVSs, that is UV-326, UV-328, UV-P, and BP-1. The effects of four UVSs on cell
proliferation and gene expression of pS2, CYP1AL, and IL-6 have been investigated using human breast
carcinoma MCEF-7 cells. In this study, we conducted a comprehensive gene expression analysis using PCR
arrays to investigate how UVSs affect gene expression. In the PCR array of Estrogen Receptor Signaling
conducted on E, (10*° M) and four UVSs (10° M), BP-1, which was shown to enhance cell proliferation,
exhibited gene expression changes similar to those of E,. In both E, and BP-1, 17 genes, including
estrogen-responsive genes such as CTSD, PGR, and TFF1 (pS2), showed increased expression. Similar
trends were observed in UV-326, UV-328, and UV-P, and few genes showed variation. In UV-326, UV-328,
and UV-P, the PCR array of Cancer Drug Resistance was also conducted. The number of genes that showed
variation in them was smaller than that in BaA previously reported. In UV-326, CYP1A2 expression
increased similarly to CYP1ALl, while in UV-328 and UV-P, it decreased.
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Ecological impact assessment of encapsulated endocrine disruptors
Kanefuji Ryotaro*, Okazaki Yukiyo®, Tatarazako Norihisa®

Faculty of Agriculture, Ehime University, Graduate School of Agriculture, Ehime University

Microcapsules (MCs) are a technology that can be used to add new properties to core chemicals, such as improved
antioxidant properties, water dispersibility and stability in water, by enclosing them in a wall material. MC technology
is already being used in a wide range of fields, including pharmaceuticals, agricultural chemicals and fragrances, and is
well known for its use in encapsulating fragrances to make them last for several weeks, for example in air fresheners.
However, the impact on the ecosystem when the capsule agent is released into the environment has not yet been
clarified. Therefore, the aim of this study was to investigate the presence or absence of the impact of MC on living
organisms and its dynamics in the environment. Since it is difficult to obtain commercially available MC, we
synthesized MC ourselves. The synthesis method followed the previously reported synthesis method (Ueta et al.,
presented at the 2024 Environmental Chemistry Society). We used biodegradable PLGA (polylactic acid), which is
often used as a wall material and as a drug delivery material and is considered to be harmless, and selected an endocrine
disruptor (insect juvenile hormone-like substance) from crustaceans as the core material. We observed the development
of male Daphnia larvae due to juvenile hormone usingDaphnia magna as the test organism. We selected pyriproxyfen
as the juvenile hormone to be used as the core material. First, we conducted a standard acute toxicity test (OECD
TG202) to confirm the concentration at which the parent individuals would not die within 48 hours. Next, we conducted
a simplified screening test for juvenile hormone in Daphnia (JHASA, Daphnia male development test) and observed the
sex ratio of the newly born Daphnia larvae. We then conducted a similar test using encapsulated pyriproxyfen, and

compared the differences in the effects of the encapsulating agent.
We report on our findings, which provide new insights into the environmental impact of encapsulating
agents.
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Field survey on Endocrine-Disrupting Chemicals in Rivers of Ehime Prefecture
using the Caging method

Manaya Kotaki?, Yukiyo Okazaki? , Hiroshi Ishibashi 2, Shin Takahashi? , Norihisa Tatarazako?
!Department of Agriculture, Ehime University, Graduate School of Agriculture, Ehime University

To assess the impact of adverse chemicals on aquatic organisms is challenging. For instance,
endocrine-disrupting chemicals (EDCs) can have effects even at very low concentrations, sometimes
manifesting in future generations. Traditional methods, such as instrumental analysis, are effective for
measuring individual chemicals, but bioassays are more effective for understanding the combined effects of
multiple substances. While Whole Effluent Toxicity (WET) can evaluate the combined effects of chemicals
on aquatic organisms, it often reflects only the conditions at the time of sampling and may not accurately
assess the variety of effluent conditions, such as time and day, season.

To address these issues, we conducted Caging method, an intermediate method between laboratory method
and field study, in rivers of Ehime Prefecture. In this method, caged organisms are exposed to environmental
water for a certain period and are observed the abnormalities. In our experiment, we used juvenile Japanese
medaka (Oryzias latipes), were kept in clean laboratory water. Six test organisms were released in a cage of
about 5 L, and after one week, they were measured survival and death, external abnormalities, and various
marker genes. The survey places were chosen irrigation channels receiving domestic wastewater and sewage
treatment plants, and the surrounding aquatic insects, fish, vegetation, etc. were visually observed. In this
study, we measured the mRNA expression levels of vitellogenin and choriogenin, which are known as
indicators of female hormone-like endocrine disruption.

As this method is highly original, we report a pilot study to examine its feasibility.
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Occurrence of phase | estrogen metabolites in the Tsurumi River basin

Raiki Amano?, Daisuke Nomoto?, Wataru Murase®, Hiroyuki Kojima®, Hideshige Takada*,
Norihide Nakada®

Grad. Sch. Eng., Kanagawa Univ. (KU), *Fac. Eng., KU, *Dep. Pharm. Sci., Health Sci. Univ. Hokkaido, *
Fac. Agr., Tokyo Univ. Agri. Tech., °Fac. Chem. Biochem., KU

Abstract

Estrogen is an endocrine disrupting chemical that affects aquatic organisms at several ng/L. Recently,
160-hydroxy estrone (16aOHE1), a phase I metabolite of estrogen, was reported to be present in rivers in
China and England at up to 14.4 ng/L and 5.8 ng/L, contributing 31 % and 4.8 % to theoretical estrogenic
activity, respectively. However, environmental monitoring of the metabolites has not been conducted in
Japan until now. We therefore investigated the occurrence of estrogens and their phase | metabolites in the
Tsurumi River basin. Surface water samples were collected form the river and raw and treated wastewaters
were collected form four wastewater treatment plants in the basin. The analytes in the water samples were
analyzed by LC-MS/MS. The results showed that a maximum of 16aOHE1 was detected at 0.93 ng/L in
river water and 18.8 ng/L in influent, but below the quantification limit (<0.80 ng/L) in the final effluent. On
the other hand, estrone and E2 were detected in river water at a maximum of 24.4 ng/L and 1.53 ng/L,
respectively, which are comparable to the concentrations detected over the past 20 years, implying the
continuous discharge of these compounds into the aquatic environment.
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Effects of thyroid hormone disrupting chemicals on sex differentiation
In an anuran amphibian, Xenopus laevis

Masahiko Kumakura?, Taijun Myosho?, Tohru Kobayashi?

!Department of Histology, School of Life Dentistry at Niigata, The Nippon Dental University, 2Laboratory of
Molecular Reproductive Biology, Institute for Environmental Sciences, University of Shizuoka

The Organization for Economic Cooperation and Development (OECD) has developed test guidelines (TGs)
for the evaluation of thyroid hormone (TH)-disrupting activity of chemical substances and their adverse
effects on the development of TH, such as in vitro frog thyroid hormone receptor (TR) transcription and in
vivo amphibian metamorphosis tests (TG231, AMA) and TH disrupting effects in the larval amphibian
growth and development Although the TR transcription test is highly sensitive to chemicals that directly
interact with the receptor, TH-disrupting chemicals can be not evaluated only by in vitro tests because in vivo
TH-disrupting chemicals have the possibility that their metabolic/degradant activity and TH synthesis
systems. Therefore, in vivo evaluation of the activity is essential. In AMA and LAGDA, the external
morphological changes observed during metamorphosis are used as an indicator, making it difficult to
distinguish between the effects of delayed development independent of TH disturbance. Recently, we have
obtained preliminary findings that co-exposure to TH-disrupting chemicals and estrogens affects sex ratios.
In the present study, we examined the effects of co-exposure to TH (T4) and 17a-ethinylestradiol (EE2) as
TH disrupting chemicals in the African clawed frog (Xenopus laevis) NF St. 45/46 to St. 57/58 and their
effects on the sex ratio, and found no effects when exposed to TH alone but the results indicated that
co-exposure to T4 and EE2 as TH alone had no effect, but co-exposure to EE2 enhanced feminization in a
dose-dependent manner.
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1) Myosho et al.: ES&T, 56, 6479-6490. (2022)

Estrogen-induced vitellogenin expression depends on thyroid hormone (TH), and
is available for estimation of TH disrupting potential
— Oryzias latipes and Xenopus laevis —

Tohru Kobayashi, Tomomi Sugishima, Taijun Myosho
Laboratory of Molecular Reproductive Biology, Institute for Environmental Sciences, University of Shizuoka

The Organization for Economic Cooperation and Development (OECD) has developed test guidelines (TGs)
for the evaluation of thyroid hormone (TH)-disrupting activity of chemical substances and their adverse
effects on the development of TH, such as in vitro frog thyroid hormone receptor (TR) transcription and in
vivo amphibian metamorphosis tests (TG231, AMA) and TH disrupting effects in the larval amphibian
growth and development. Although the TR transcription test is highly sensitive to chemicals that directly
interact with the receptor, TH-disrupting chemicals can be not evaluated only by in vitro tests because in vivo
TH-disrupting chemicals have the possibility that their metabolic/degradant activity and TH synthesis
systems. Therefore, in vivo evaluation of this activity is essential. In AMA and LAGDA, the external
morphological changes observed during metamorphosis are used as an indicator, making it difficult to
distinguish between the effects of delayed development independent of TH disturbance. Although the effects
of TH disruption have been studied in fish, it is not demonstrated whether these effects are really
TH-dependent. Recently, we reported for the first time that estrogen induction of vitellogenin in medaka
hatched fry, the eleutheroembryonic stage, is TH-dependent and that the TH-disrupting activity of chemical
substances can be detected with high sensitivity in this system?. In this study, we will report here about our
findings on the characteristics of medaka (Oryzias latipes) vtg induction system. Additionally, we will report
here the characteristics of the Xenopus vtg induction system, as we recently found a similar phenomenon in
the African clawed frog (Xenopus laevis) during the early phase of metamorphosis.

1) Myosho et al.: ES&T, 56, 6479-6490. (2022)
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Both TRIAC and estrogen exposed to medaka embryos causes abnormal vertebral
bone formation

Taijun Myosho'?, Yuzuki Kato?, Thoru Kobayashi?

! Graduate School of Pharmaceutical and Nutritional Sciences, University of Shizuoka, Shizuoka, Japan, 2
Laboratory of Molecular Reproductive Biology, Institute for Environmental Sciences, University of
Shizuoka, Shizuoka, Japan

The Organisation for Economic Co-operation and Development (OECD) evaluates the thyroid hormone
(TH) disrupting activity of chemicals using in vitro and in vivo tests in an anuran amphibian, Xenopus laevis
However, the sensitivity of conventional in vivo methods is not sufficient, because the estimation has been
determined mainly by measurement of the body parts.

The aim of this study was to find the new incidence of adverse effect for TH disruption. In the present
study, we focused on clarifying the in vivo TH-disrupting potential of triiodothyroacetic acid (TRIAC), a
thyroid hormone analog reported to potentially be produced during wastewater treatment and poses a
concern for its ecological impact. The effects of co-exposure of medaka embryos to TRIAC and estrogen on
development were examined. As a result, exposure to TRIAC alone during the eleutheroembryo stage caused
deformities resembling "Daruma Medaka," characterized by extremely short total body length relative to
body height, were observed at a low frequency in some mature fish. Co-exposure to estrogen significantly
increased the frequency of these deformities, with similar effects observed for T3 and T4. The vertebrae of
the deformed medaka were stained and transparent, indicating that each vertebra was smaller in size.

Together, the present findings suggest that TH agonist causes inhibition of vertebral bone development,
and it is a possible indicator of new adverse effects.
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Evaluation of oral exposure to Oryzias latipes using microcapsules.

Soramu Komeyama?, Yukiyo Okazaki?, Norihisa Tatarazako?
!Department of agriculture, Ehime University, 2 Ehime University, Graduate School of Agriculture

Mammals such as mice used to be used for safety testing of chemical substances, but recently, mammals
tend not to be used due to the principle of 3Rs of animal welfare. However, fish are difficult to expose to
certain chemical substances because of their water insolubility, and their gill absorption is the route of
exposure rather than oral exposure, which is different from that of mammals.

Therefore, there is a possibility that fish can be exposed orally in the same way as mammals by
microencapsulating chemical substances and exposing them to fish. Encapsulation also makes it possible to
expose fish to water-insoluble, volatile, and easily hydrolyzed substances. However, since we do not know
how much of the chemical substance was exposed to the capsule formulation (how many capsules were
eaten), it is difficult to make quantitative judgments at this time, and we can only investigate toxicological
effects qualitatively. For this reason, this study examines the efficacy and evaluation methods of a new oral
exposure method using fish as an alternative to oral exposure in mice. In this experiment, three chemicals,
estradiol, nonylphenol, and bisphenol A, which have different toxicity values for vitellogenin, were exposed
to juvenile medaka fish by two different methods, concentration exposure and microcapsule exposure, and
their induction to vitellogenin was confirmed by the expression level of mRNA. In this report, by comparing
concentration exposure and oral exposure of microcapsules, we confirmed whether oral exposure of fish to
microcapsules actually takes place and whether the effects appear differently depending on the exposure
route. In the future, we would like to discuss the relationship between the amount of chemicals exposed to
the capsules and the effect values.
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Highly sensitive evaluation method for the estrogenic action by medaka embryo
Yu Iwakiri !, Masaya Uchida?, Koji Arizono?, Nobuaki Tominaga®

!Department of Creative Engineering, National Institute of Technology, Ariake College
2Faculty of Pharmaceutical Sciences, Kumamoto University

Many chemicals have been found to exert various effects on living organisms. Therefore, there is an
increasing need for simple methods to evaluate these effects. Estrogenic activity has been shown to cause sex
changes from male to female in fish, and this effect is due to the increased expression of responsive genes
through nuclear estrogen receptors (ESRs). Thus, in vitro studies, such as yeast two-hybrid assay and
receptor assay using ESRs, have been conducted instead of in vivo studies. However, these are not sufficient
methods for evaluation. We are developing a technique to introduce chemical substances into medaka
embryos in a narrow window using a high electric field electroporation method. In this study, we
investigated the expression levels of ESR molecular species in developing medaka embryos and examined
the relationship between the expression levels of ESR molecular species and induction of response genes.

The expression levels of ERa and ERS1 were highest on day 4 and decreased on days 6 and 8, respectively.
In contrast, the expression level of ERS2 increased as development progressed, and was approximately
10-fold higher on day 8 than on day 2. Exposure to E2 on day 6, when the expression of all ESR molecular
species increased, the expression levels of response genes increased in a concentration-dependent manner. In
particular, the expression levels of chgh and I significantly increased at 10 nM. Compared with day O
exposure, induction occurred at sufficiently low concentrations, suggesting that the response to E2 increased
with the level of expression of the ESRs. This method is an in vivo study using the response of an individual
organism but is as close as possible to an in vitro study using embryos.

71



RAF—F v g
P-16
BRIEEIKMD A X DR 5 500 FISBIENT

Ok #\E", =) F—!
VORI R R R JoitE T se Rl

BRRAESICB O CTERGFOEER IS HFTHY . ZHUEVVERELE KL TS, B MR
R U782 REIEO—EIL, FTALSZ BN TR TITAER T FIT)IE I LT 5,
ZO XD RBREPICEET DIERL B RO FEWE ZBREEE ML VD, BARTUS S5 EEH
1%, HUO DERPUEMHRIE R L, £/ T IV TV AR—FZ =06 X 30 4t ”ﬂ%ﬁw%ﬁm&
L CHIfERL Wﬁﬁéﬁwﬁgwo%@t@ BRI KAE A DI TENSC AR BRI B 2 K
T AREMEDN B B Y, KA KT %@®ﬁﬁ%¢%i%%# ENTWRY, 2T, AR
@fﬁf}ll’f<$§ﬁ“é)‘77] (Oryzias latipes) \ZFT HERBEEIRLICKT D0 FISEA =X
LEfRIAT 5720 #OO%kaﬁ%Tkéﬁm% VY70 i S4BV R VAINIVE -
T AR—H JJK% IOWTCHRT, it b b7 I VEBRESIZ I LTI 2 A, R T AR
— X —IEMRICEE L SNDT R BIMEESNL TV, S5, MRNICBITS 26D T v AR
— X —DJR{E% . in situ hybridization i EIZ L > THLMNZ L, THHDORERNS, A X HIT
BWTERLOERERDE )T IV TV AR—F —BIa X B FESNTERBY  #E
BRICEIMITINET D Z EAURIB I T,

Analysis of target molecules and their downstream events of environmental
pharmaceuticals in medaka

Yuka Nishimura®, Shinichi Miyagawa *

!Department of Biological Science and Technology, Graduate School of Advanced Engineering, Tokyo
University of Science

Large amount of pharmaceuticals are consumed and they are processed in sewage treatment plants after
being discharged into the sewerage system. However, due to their diverse molecular properties, not all of
them can be effectively removed during treatment processes, resulting their discharge into the aquatic
environment. Consequently, pharmaceutical residues have been detected in environmental water samples,
raising concerns about their potential impacts on aquatic organisms inhabiting rivers. Of those environmental
pharmaceuticals, antidepressants and antipsychotics, which act on the central nervous system are of great
concern. In this presentation, we report the molecular basis on potential targets of environmental
pharmaceuticals such as antidepressants and antipsychotics in fish, with a particular focus on monoamine
transporters. We cloned serotonin, norepinephrine and dopamine transporter genes from several fish.
Comparative analysis of amino acid sequences between fish and human revealed that amino acids considered
important for transporter activity were well conserved. We also identify gene expression analysis for these
transporters in medaka brain Our results suggest that environmental pharmaceuticals are possibly act on fish
monoamine transporters and induce adverse effects in aquatic organisms.
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Evaluation of Thyroid Hormone Disruption in Medaka TRs

Ayane Nakamura®, Aki Kuniyuki®, Shion Suzuki?, Kenji Toyota®, Taisen Iguchi*, Shinichi Miyagawa'2

Graduate School of Advanced Engineering, Tokyo University of Science, 2Faculty of Advanced
Engineering, Tokyo University of Science,?Graduate School of Integrated Sciences for Life, Hiroshima
University, “Graduate School of Nanoscience, Yokohama City University

Recent studies have reported that pharmaceuticals and personal care products (PPCPs) released into the
environment have adverse effects on endocrine systems of animals. Many of these chemicals have been
shown to disrupt the thyroid hormone system, affecting animal development, metamorphosis, metabolism,
and homeostasis. However, the mechanisms of thyroid hormone disruption in medaka (Oryzias latipes), a
widely used model organism for bioassessment, remain largely unknown. In this presentation, we elucidate
the molecular mechanisms underlying thyroid hormone disruption in medaka and establish an evaluation
system for the thyroid hormone-disrupting effects of PPCPs. In this study, we focused on transcriptional
activities of thyroid hormone receptors (TRs) in medaka, and evaluated the effects of several chemicals using
a reporter gene assay. Our results will contribute to the understanding the mechanisms of endocrine
disruption in aquatic organisms.
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Analysis of the effects of environmental pharmaceuticals
on aquatic organisms

Renji Kaneko, Ayaka Morinaga, Yuka Nishimura, Honda Kikuko, Shinichi Miyagawa

Graduate School of Advanced Engineering, Tokyo University of Science

A large amount of pharmaceuticals are prescribed and consumed by humans and domestic animals.
Most of them are processed in sewage treatment plants, but not all of them can be effectively removed during
the treatment processes due to their diverse properties. As a result, some pharmaceuticals including
antidepressants and antipsychotics, which are prescribed in large amounts worldwide, are proportionally
detected in the environment. These pharmaceuticals have been reported to induce behavioral abnormalities in
aquatic organisms, raising concerns about their adverse effects on the ecosystem.

In order to investigate the mechanisms of pharmaceuticals-induced behavioral abnormalities, we
have conducted gene expression analysis in the brain of medaka exposed to mirtazapine, chlorpromazine and
amitriptyline (antidepressants and antipsychotics). We found that several genes related to circadian rhythms
were differentially expressed by these pharmaceutical exposure. It has been therefore suggested that
antidepressants and antipsychotics may disturb circadian rhythms in aquatic organisms, resulting in
behavioral abnormalities.
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Effects of the psychotropic drugs mirtazapine and chlorpromazine
hydrochloride on behavior and gene expression in grey mullet

Shion Takayamai®, Kouhei Kamegai2, Masaki Nagae !, Kiyoshi Soyano 2

'Graduate School of Fisheries and Environmental Sciences, Nagasaki University,? Organization for Marine
Science and Technology, Nagasaki University

[Introduction] : The effects of pharmaceuticals that act on the nervous system of fish are not well
understood. In order to investigate these effects, exposure experiments were conducted using the
psychotropic drugs mirtazapine (Mir) and chlorpromazine hydrochloride (Chp) on the grey mullet (Mugil
cephalus). In this experiment, changes in swimming behavior due to exposure were analyzed. In addition, the
expression of abcg2, a transporter that is responsible for drug efflux across the blood-brain barrier, was
analyzed.

[ Methods] : Experiment 1: Prior to the experiment, juvenile mullets were acclimated in 10 L tanks for 3
days. They were exposed to 0, 200, 400, and 600 pg/L of Mir for 72 hours. The rearing water was replaced
half every day while maintaining the exposure concentration. Experiment 2: The mullet were exposed to 0, 5,
50, and 250 pg/L of Chp by the same method. Behavioral analysis was conducted for 60 minutes at 10:00
and 16:00 daily, and swimming between 30 and 31 minutes was recorded. Brain tissue was collected after
exposure to measure abcg2 expression.

[Results] : Surface swimming increased in all exposed groups, however, in the group exposed to high
concentrations of Mir, a gathering of fish at the bottom were observed. Expression of abcg2 was significantly
increased in the mullet exposed 200 pg/L Mir. On the other hand, no significant changes were observed in
fish exposed Chp.
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Effects of 17-alpha methyltestosterone on melanophores in immature ayu

Ryo Kunioka, Yuji Mushirobira

YFaculty of Agriculture and Marine Science, Kochi University

Body coloration of fish is regulated by chromatophores on the body surface, and ayu (Plecoglossus
altivelis) males change their body color to black during the breeding season. This is thought to be induced by
androgens acting on the melanophores. During the non-breeding season, the melanophores regulate body
color by contraction and diffusion of melanin pigment in response to background, and exogenous androgens
may affect the body color response of the ayu. The aim of this study was to clarify the effects of an artificial
androgen, 17-alpha methyltestosterone (MT), on the melanophores in immature ayu.

Immature males and females were kept in four 500 L tanks with 40 fish each, exposed to MT via food at 0,
0.1, 1, and 10 pg/g body weight/day (control, low, middle, and high concentration groups) and sampled four
times at 0, 5, 15, and 30 days after exposure. Standard length, body weight, and gonad weight were measured,
and gonad somatic index (GSI) was calculated. Scales were measured for androgen receptor (ar) expression
by real-time quantitative PCR and for exclusive area of melanophores by image analysis.

GSI was significantly increased in both sexes in the MT groups at 30 days after exposure, but the gonads
remained immature. In terms of exclusive area of melanophores, both males and females were significantly
increased in the middle and high concentration groups at 15 days after exposure. However, no significant
increase was observed in the exposed group in terms of ar expression, suggesting that MT induced the
diffusion of melanophores via AR that was already expressed on the scales. These results suggest that
exogenous androgen-like substances affect body color in ayu.
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Evaluation of the Effects of Neonicotinoid Pesticides on the Reproduction of the
in Mysid Crustacean, Americamysis bahia

Ayano Inoue!, Masaya Uchida!, Masashi Hirano?, Nobuaki Tominaga!, Koji Arizono®, Hiroshi Ishibashi*

!Department of Creative Engineering, National Institute of Technology, Ariake College, 2School of
Agriculture, Tokai University, *Graduate School of Pharmaceutical Sciences, Kumamoto University,
“Graduate School of Agriculture, Ehime University

Neonicotinoid pesticides have penetrating and residual effects, binding to neurotransmitters and disrupting
the nervous system to produce insecticidal effects. Other residual and persistent pesticides are used in many
cases, leading to the introduction of pesticide reevaluation systems. However, most of these evaluations are
acute effect evaluations, and because there is a lack of knowledge of chronic effect evaluations, they are
being conducted in Japan. The crustacean species used in this study are limited to Daphnia magna, but it is
important to evaluate the effects of pesticides on marine organisms because they are less sensitive to
insecticides that act on acetylcholine receptors and because pesticides may be released into the ocean. In this
study, a 21-days exposure test of dinotefuran and imidacloprid to the mysid (Americamysis bahia) was
conducted as a reproductive inhibition test. The results of the reproductive inhibition test showed a
concentration-dependent decrease in the average total number of offspring. The lowest observed effect
concentration (LOEC) for dinotefuran was estimated to be 0.5 ug/L. Comparing the obtained LOEC with the
environmental concentration, it was clear that reproductive inhibition occurred at lower values than the
environmental concentration, raising concerns about the environmental risk posed by dinotefuran to mysid
reproduction.
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Development of screening assay using Daphnia magna
for detecting anti-juvenile hormone activity

Yusuke Oda!, Haruna Watanabe?, Hiroshi Yamamoto*
'Health and Environmental risk division, National Institute for Environmental Studies

Juvenile hormone (JH) plays a crucial role in regulating the growth, metamorphosis, and sex determination
of arthropods. JH agonists (JHAS), which have a similar structure to JH and inhibit insect growth and
metamorphosis, have been widely developed as insecticides. These JHAs also affect sex determination in
Daphnia, inducing the production of male offspring. Using this response, short-term juvenile hormone (JH)
activity screening assay using Daphnia magna (JHASA), was developed and newly approved as OECD Test
Guideline No. 253 in April 2024,

In contrast, although insecticides with anti-JH activity (JH antagonists: JHANSs) that inhibit JH
receptors or biosynthesis are also under development, no standardized assay currently established to detect
JHANSs. In the case of JH receptor antagonists, co-exposure with JHAs (JH receptor agonist) is expected to
suppress male offspring production induced by JHAs in Daphnia. In the case of JH biosynthesis inhibitors,
co-exposure with a substance that induce JH biosynthesis could suppress male offspring production, however,
dependent on which pathway of JH biosynthesis is disrupted by JH biosynthesis inducer and a test substance,
it may fail to detect decrease in male offspring production. This presentation will report the progress of
development of a screening assay for detecting both types of JHAN. JHANs candidate substances were
selected based on the previous study that suggested JH receptor inhibitors in insect and findings from
previously conducted JHASA and Daphnia JH reporter gene assays. Then, each candidate substances was
co-exposed with the appropriate JH activity positive control substance to examine whether inhibition of male
offspring production could be detected.
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Detection of ecdysone activity using the number of molts and chitobiase activity in
Daphnia magna

Haruna Watanabe!, Ryoko Abe, Yusuke Odal, Hiroshi Yamamoto®
'Health and Environmental Risk Division, National Institute for Environmental Studies

Under the two-tiered framework on testing and assessment of endocrine disrupting effects of substances
implemented by the Ministry of Environment, development of a Tier 1 in vivo assay for ecdysone activity
using Daphnia is required. Ecdysone regulates embryo development and molting in Daphnia; however,
reproductive cycle also affects molting in matured daphnids so that we should carefully use the number of
molts as an endpoint specific to ecdysone activity. When secreted ecdysone activates ecdysone receptor,
enzymes involved in molting, such as chitin synthesis enzymes producing a new exoskeleton and chitin
degrading enzymes (chitinase and chitobiase) breaking down the old exoskeleton, are induced to cause
molting. Therefore, chitin degrading enzymes could be used as biomarkers specific to molting inhibition and
especially chitibase has the advantage that it can be noninvasively measured as it is released with the molting
fluid into the water. The objective of this study is to develop a Daphnia magna short-term ecdysone activity
screening assay using the number of molts before reproduction and chitobiase activity in the water as
endpoints. In addition to ecdysone receptor agonists and antagonists as positive control substances, chitin
synthesis inhibitors, juvenile hormone analog, and general toxicants such as 3,5-dichlorophenol were
investigated and the effects on the two endpoints and the correlation between them were evaluated for
differences among the substances with different mode of action.
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Toxic effects of organohalogen compounds in mysids
and toxicity assessment by QSAR model

Masashi Hirano®, Masaya Uchida?, Koji Arizono®, Hiroshi Ishibashi*

1 School of Agriculture, Tokai University, 2 Department of Creative Engineering, National Institute of
Technology, Ariake College, ® Graduate School of Pharmaceutical Sciences, Kumamoto University,
4 Graduate School of Agriculture, Ehime University

This study investigated the potential toxic effects of organohalogen compounds on estuarine mysids
(Americamysis bahia). Acute toxicity tests were conducted for halogenated pesticides, including
p-chloroaniline, isoxaflutole, and tembotrione, and the LC50 values were calculated to be 1,690, 24, and 81
pg/L, respectively. Growth and fecundity tests showed that p-chloroaniline inhibited growth with an
estimated LOEC of 3 pg/L. In contrast, growth and maturation tests with buprofezin, a non-halogen
insecticide but an insect growth regulator via molting abnormalities, showed no effect on growth or
maturation up to concentrations of 150 pg/L. In addition, QSAR analysis was performed on 45 compounds
for which LC50 values were obtained from the results of acute toxicity studies with mysids conducted by our
group to predict physicochemical properties that contribute to toxicity. For these target substances, 209
descriptors were calculated, and AutoQSAR analysis using the LC50 value as the activity value resulted in a
good QSAR equation (R2=0.99). The correlation matrix indicated that the electronic properties of the
structures and higher XlogP tended to be more toxic, whereas structures with fewer hydrogen bond donor

atoms tended to be less toxic.
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New approach methodologies (NAMs) for assessing Killer whale (Orcinus orca)
estrogen receptor activation by environmental pollutants

Dave Arthur R. Robledo, Takahito Kumagawa, Mari Ochiai, Hisato Iwata

Laboratory of Environmental Toxicology, Center for Marine Environmental Studies (CMES),
Ehime University, Matsuyama, Ehime, Japan

New approach methodologies (NAMSs), such as in vitro assays and in silico approaches, offer significant
tools for evaluating biological processes in a species-specific and non-invasive manner. Killer whales
(Orcinus orca), as marine apex predators with high fat reserves, are susceptible to the bioaccumulation of
environmental contaminants such as dichlorodiphenyltrichloroethane and its analogs (DDTs) and
polychlorinated biphenyls (PCBs), and their hydroxylated metabolites (OH-PCBs) have been also detected.
These chemicals disrupt the endocrine system by activating the estrogen receptor alpha (ERa), which
governs reproductive and physiological functions. This study aimed to assess the transactivation potency of
killer whale ERa (kwERa) in response to seven DDTs (p,p'-DDT, o,p'-DDT, p,p'-DDD, o0,p'-DDD,
p,p'-DDE, o,p’-DDE, and p,p'-DDOH), three PCBs (PCB77, PCB153, and PCB180), and 18 OH-PCBs by
employing NAMs. We constructed an in vitro kwERa-expressed reporter gene assay and assessed the
transactivation potencies of test compounds using the 10% effective concentration (REC1o) relative to the
maximal response from 17p-estradiol. To further explore the molecular mechanisms of kwERa
transactivation, in silico analyses were performed, including molecular docking, electrostatic potential (ESP)
analysis, protein-ligand network analysis (PLNA), rotamer analysis, and molecular dynamics (MD)
simulation. In vitro results revealed that o,p’-DDT was the most potent among the tested chemicals, with
REC1o = 0.022 puM, followed by o,p’-DDE (0.043 uM) and o,p-DDD (0.14 uM). Furthermore, OH-PCBs
with hydroxyl groups in the para position and fewer adjacent chlorine atoms showed higher transactivation
potency. p,p'-DDE and PCBs exhibited no estrogenic activity. These findings may be explained by the strong
negative charge around the chlorine atoms in DDTs and hydroxyl groups in OH-PCBs, as identified through
ESP analysis. MD simulations and PLNA revealed agonist-induced conformational changes in kwERa's
Helix-12, with Glu®**® and Phe*®* playing critical roles in ligand interaction. Rotamer analysis highlighted
Glu®? as the most flexible and Phe*** as the most rigid residue within the binding pocket. There was a
significant correlation between in vitro RECyo levels and docking scores (r? = 0.54, p = 0.007), suggesting a
structure-activity relationship among the test chemicals. Overall, these findings demonstrate that NAMSs can
effectively assess species-specific endocrine disruption risks in killer whales and highlight the necessity to
strengthen conservation strategies and pollutant regulations for vulnerable species.
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Assessment of species differences in CYP1A1 induction potency by
dioxin exposure using cetacean fibroblasts

HAMAMOTO Akari!, OCHIAI Mari!, MORITA Kohei', YAMANAKA Hinata!, IWATA Hisato*

1Center for Marine Environmental Studies (CMES), Ehime University

Cetaceans, as apex predators in the marine food chain, accumulate high concentrations of persistent organic
pollutants (POPs), such as dioxins. These dioxins activate the aryl hydrocarbon receptor (AHR), thereby
inducing the expression of xenobiotic-metabolizing enzymes such as cytochrome P450 1Al (CYP1Al),
leading to developmental toxicity and immunosuppression. AHR activation and CYP1A1 induction are key
toxicity indicators, though sensitivity to dioxins varies significantly among species. Investigating AHR
activation and CYP1ALl induction in wildlife is therefore essential for understanding the risks associated with
dioxin exposure. Despite its importance, research on wild animals like cetaceans poses significant ethical and
legal challenges. Consequently, there are still limited studies on the dose-response relationships of chemicals
in cetaceans, and even fewer comparing these responses among different whale species. To address this gap,
we developed an in vitro fibroblast model using stranded cetaceans. This study evaluated the induction
potency of CYP1A1 following exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in fibroblasts
obtained from 15 individuals representing five cetacean species as well as from two human individuals. The
results revealed that cetacean fibroblasts had lower ECso values compared to human cells, indicating high
sensitivity to dioxins in cetacean cells. Furthermore, ECso values differed among the cetacean species,
suggesting that there are species-specific differences in dioxin sensitivity even within cetaceans. Further
analysis of the amino acid sequences of the ligand-binding domain of the AHR, using RNA extracted from
the fibroblast cells, revealed unigue sequences in some cetacean species. These findings suggest that the
observed differences in dioxin sensitivity among cetacean species may be attributed to variations in the
amino acid sequence of AHR.
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Toxics (ISSN 2305-6304) is an international, peer-reviewed, open
access journal, which provides an advanced forum for studies
related to all aspects of toxic chemicals and materials. It publishes
reviews, regular research papers, and short communications. Our
aim is to encourage scientists to publish their experimental and
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ecotoxicological risks of chemicals and materials. Toxics accepts
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- Exposure of humans and the environment to toxic chemicals
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the environment to toxic chemicals and materials.

mdpi.com/
journal/toxics

85

an Open Access Journal
by MDPI

Impact Factor 3.9
CiteScore 4.5
Indexed in PubMed

Editor-in-Chief
Dr. Demetrio Raldua

Editorial Office
toxics@mdpi.com

MDPI

Grosspeteranlage 5
4052 Basel, Switzerland
Tel: +41 61683 77 34
mdpi.com

ml\DPI

F




an Open Access Journal
by MDPI

Impact Factor 3.9
CiteScore 5.2
Indexed in PubMed

AImS and Scope Editor-in-Chief
Of Biomedicines Prof. Dr. Felipe Fregni

Biomedicines (ISSN 2227-9059) is an open access journal devoted
to all aspects of research on human health and disease, the
discovery and characterization of new therapeutic targets,
therapeutic strategies, and research of naturally driven
biomedicines, pharmaceuticals, and biopharmaceutical products.
Topics include pathogenesis mechanisms of diseases, translational
medical research, clinical studies and applications, biomaterial in
biomedical research, natural bioactive molecules, biologics,
biosimilar, vaccines, gene therapies, cell-based therapies, targeted
specific antibodies, recombinant therapeutic proteins,
nanobiotechnology-driven products, targeted therapy, bioimaging,
biosensors, biomarkers, biosimilars, and nano-biosimilars.

Biomedicines publishes high-quality papers that address the
challenges in bringing biological agents or novel targeted strategies
through identification, development, and, ultimately, to clinical

use. Therefore, laboratory medicine research, translation medical
research, comprehensive preclinical studies, and most clinical
studies focused on development and early phase clinical trials are all
within the scope of the journal. Some topics include the following:

- Pathogenesis and mechanisms of diseases

- Cardiovascular diseases

- Biomaterial in biomedical research

- Novel targets in various therapeutic areas: cardiovascular, vascular,
hematology, oncology, neurology, orthopedics, dermatology,
ophthalmology
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