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Establishment of analytical method for PFAS applicable to several tissues
of finless porpoises and analysis of tissue distribution

Saki Nishioka', Rumi Tanoue', Tomoya Sunouchi', Kei Nomiyama',
Mari Ochiai?, Yuko Tajima®, Tatsuya Kunisue'

! Center for Marine Environmental Studies, Premier Institute for Advanced Studies, Ehime University,
2Azabu University, * National Museum of Nature and Science

Per- and polyfluoroalkyl substances (PFASs) are used in various applications such as semiconductors and
Aqueous film-forming foam because of their oil-, water-repellant, and heat-resistant properties. Some PFASs
have been listed as persistent organic pollutants (POPs) due to their persistence, bioaccumulation, and toxicity.
Although newer alternative PFASs are expected to have lower toxicity and bioaccumulation potential, their
detection in environmental media has been reported in recent studies. Research on PFASs contamination in
Japanese wild animals remains limited. In this study, we studied PFAS accumulation in the finless porpoise
(Neophocaena asiaeorientalis), a coastal species sensitive to human activities and known to accumulate high
levels of chlorinated and brominated POPs due to its long lifespan and low metabolic capacity. In this study,
we established an analytical method for PFASs in multiple tissues (liver, kidney, brain, and muscle) of finless
porpoises. Tissue samples were processed through alkaline digestion, filtration, liquid—liquid extraction, and
solid-phase extraction using Captiva EMR and Strata PFAS cartridges, followed by LC-MS/MS analysis. The
method showed good recoveries (70—136%) for all PFASs. The analysis of finless porpoise tissues revealed
the highest PFAS concentrations in the liver. Interestingly, emerging PFASs, such as FASAs and PFESs,
accumulated also in the brain.
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Estrogen-induced vitellogenin expression depends on thyroid hormone (TH) in
Xenopus laevis tadpoles, contributing the estimation of TH disrupting potential

Tohru Kobayashi, Tomomi Sugishima, Masahiko Kumakura?, Taijun Myosho

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

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.

We previously 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!. Recently, we demonstrated that estrogen-induced vtg
expression depended on TH specically in Xenopus tadpoles before metamorphosis climax. In this study, we
will report here the characteristics of the Xenopus tadpole vtg induction system.

1) Myosho et al.: ES&T, 56, 6479-6490. (2022)
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Development of Anti-Juvenile Hormone (JH) Screening Assay using Daphnia
magna: Investigation for detecting JH receptor binding and biosynthesis inhibitors

(OYusuke Oda', Haruna Watanabe', Kotowa Sakai?, Hidenori Ishikawa?, Hiroshi Yamamoto'
"Health and Environmental risk division, National Institute for Environmental Studies
2IDEA Consultants, Inc.

Juvenile hormone (JH) regulates growth, metamorphosis, and sex determination in arthropods, and its
analogs (juvenile hormone agonists: JHAs) are widely used as insecticides. In Daphnia, JHAs induce the
production of male offspring, and this response has been utilized to develop a short-term screening assay for
JH activity (JHASA), which has been adopted as OECD Test Guideline No. 253. Meanwhile, insecticides with
anti-JH activity (juvenile hormone antagonists: JHANs) have also been developed; however, no assay for
detecting JHANS has yet been established.

JHANS are assumed to include compounds that inhibit either JH receptor binding or JH biosynthesis, and
detection methods corresponding to these effects are required. In this study, we report two approaches for
developing JHAN detection assays using D. magna:

(1) JH receptor binding inhibitors: Co-exposure with JHAs is expected to suppress male offspring induction,
which can be used as an endpoint for detecting JH receptor binding inhibitors. To verify this approach, the
co-exposure tests for candidate compounds were conducted using both in vivo (JHASA) and in vitro (JH
reporter gene assay) systems.

(2) JH biosynthesis inhibitors: Inhibition of JH biosynthesis is expected to reduce offspring production,
which can serve as an endpoint to detect JH biosynthesis inhibitors. Such effects may be delayed due to the
presence of internal pool of innate JH and its biosynthetic intermediates, making them difficult to detect
under standard exposure duration of the JHASA. Therefore, we evaluated the effect of candidate compounds
on offspring production by extending the exposure period in the JHASA.
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The Effects of PFOA Alternatives (HFPO-DA, HFPO-TA, and HFPO-TeA) on Thyroid

Hormone Homeostasis in Zebrafish Embryos

Mei Yamamoto', Rumi Tanoue', Akira Kubota?, Tatsuya Kunisue!, Kei Nomiyama'

!Center for Marine Environmental Studies (CMES) Premier Institute for Advanced Studies Ehime University;
2 Department of Veterinary Medicine, Obihiro University of Agriculture and Veterinary Medicine

Perfluorooctanoic acid (PFOA), a type of per- and polyfluoroalkyl substance (PFAS), was designated under
the POPs in 2019, leading to a general ban on its manufacture, use, and import/export. This regulation has led
to an increase in the use of alternative substances, such as HFPO-DA, HFPO-TA and HFPO-TeA. In this study,
zebrafish embryos were exposed to PFOA, HFPO-DA, HFPO-TA, and HFPO-TeA via waterborne exposure,
and the concentrations of thyroid hormones (T4, T3, T3, 3,3’-T2, 3,5-T2, 3-T1) in the embryos were measured
using LC-MS/MS to analyze the effects of PFOA and its alternatives on TH homeostasis. In the PFOA-exposed
group, T4 levels significantly increased at 3 pM, rT3 levels at 0.3 uM and 30 pM, and 3,3°-T2 levels at 0.3
puM and 3 pM compared to the control group. In contrast, no significant changes were observed in T3 levels.
Additionally, the T3/rT3 ratio significantly decreased at 30 uM, suggesting an increase in DIO3 activity. In
the HFPO-TeA exposure group, T4 levels significantly increased in the 0.03—1 pM concentration range, while
rT3 and 3,3°-T2 levels significantly increased at concentrations of 0.4 uM and above. These results suggest
that HFPO-TeA may have a stronger disruptive effect on thyroid hormone homeostasis than PFOA.
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Establishment of multi-screening assay for endocrine-disrupting potentials using
zebrafish embryos

Akira Kubota', Tasuku Nawaji’

"Department of Veterinary Medicine, Obihiro University of Agriculture and Veterinary Medicine,
>Chemicals Evaluation and Research Institute (CERI)

In recent years, growing public concern over chemical safety has led to increasingly stringent global
regulations on endocrine-disrupting chemicals (EDCs), and the presence or absence of endocrine-disrupting
potential has become an important factor in pesticide risk assessment. In addition, from the standpoint of
animal welfare, research and development of alternative testing methods aimed at reducing or eliminating
animal use have been actively promoted. Under these circumstances, in 2021, the Estrogenic Activity
Screening assay using transgenic zebrafish embryos (EASZY assay) was adopted as OECD Test Guideline
250 (TG250), providing an in vivo screening method to detect EDCs with estrogenic activity. However, TG250
cannot detect other major endocrine-disrupting activities. This study aimed to establish a multi-screening assay
for estrogenic, (anti-)androgenic, and (anti-)thyroid activities using wild-type zebrafish. Concentration-
dependent changes and maximal induction or inhibition rates of cypl9alb, sult2st3, and tra mRNA expression
were evaluated following exposure to five test chemicals, alone or in combination with hormones (E2, TES,
T3). cypl9alb expression increased dose-dependently with BPA, BPAF, and 4-t-OP, though plateauing or
declining at the highest concentrations. Co-exposure to TES and these three compounds or linuron caused a
dose-dependent decrease in sult2st3 expression. Thus, BPA, BPAF, and 4--OP exhibited both estrogenic and
anti-androgenic properties, while linuron showed anti-androgenic activity. DEHP produced no clear
transcriptional responses, suggesting a negative result in this system. These findings demonstrate that this
assay enables simultaneous screening of estrogenic and anti-androgenic effects.
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Effects of color developers and sensitizers from thermal papers
on human breast cancer cells

Ryoko Kuruto', Mahiro Abe!, and Kenta Yamada®
'Faculty of Education, Tokoha University, *Faculty of Social and Environmental Studies, Tokoha University

Thermal papers such as receipts contain various color developers and sensitizers, including bisphenol S (BPS),
a substitute for bisphenol A (BPA). These compounds have been detected in river water and wastewater
treatment plant effluents, and potential dermal exposure has also been suggested. Some of these chemicals
have been reported to show endocrine-disrupting effects, raising concerns about their potential impacts on
humans and ecosystems. In this study, the effects of the color developers BPS, D-8, BPS-MAE, TGSA, and
PF201, as well as the sensitizer DPS, were investigated using human breast cancer MCF-7 cells through cell
proliferation assays and gene expression analyses. In the proliferation assays, BPS enhanced cell proliferation
up to 10* M, with peak activity exceeding that of estrogen (E»). D-8 and BPS-MAE exhibited weaker but
notable proliferative effects up to 10> M. TGSA promoted proliferation up to 10 M, but induced
morphological alterations at 10™* M. PF201 and DPS showed little proliferative effect. Gene expression
analysis revealed that BPS induced pS2 expression at levels comparable to E», and D-8, BPS-MAE, TGSA,
and PF201 also upregulated pS2. In contrast, CYP1A1 and IL-6 were not induced. These findings suggest that
BPS, D-8, BPS-MAE, and TGSA exhibit estrogenic activity with varying potency.
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Inhibition of aryl hydrocarbon receptor (AhR) activation
by the citrus flavonoid tangeretin

Masashi Hirano', Nanami Noguchi', Takeki Miyasaka?®, Hibiki Furumura®, Hiroshi Ishibashi?
'School of Agriculture, 2 Graduate School of Agriculture, Tokai University, * Graduate School of

Agriculture, Ehime University

In this study, we searched for citrus polyphenols that bind to AhR and evaluated their antagonistic effects.
First, we constructed the three-dimensional structure of the human AhR protein using homology modelling,
with the AhR PAS-B domain (PDB ID: 7VNH), which is bound to the AhR antagonist a-naphthoflavone,
acting as a template. We then performed docking simulations for 16 polyphenols against this PAS-B domain
to predict compounds with a high binding affinity based on interaction energy. Consequently, tangeretin, a
polymethoxyflavonoid present in citrus fruits, demonstrated the lowest value, indicating its high binding
affinity. Transient transfection assays using the luciferase reporter gene driven by XRE in Caco-2 cell lines
showed that treatment with B[a]P, induced AhR-mediated transcriptional activity in a dose-dependent manner.
The induction of AhR transcriptional activity by B[a]P was effectively inhibited by co-treatment with
tangeretin. Furthermore, the cellular localization of AhR was evaluated. It was found that tangeretin does not
influence the translocation of B[a]P-activated AhR into the nucleus. These results suggest that tangeretin
inhibits transcription rather than the nuclear translocation of AhR.
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Development of in vitro assays for common key events in neurotoxicity
and assessment of combined effects of current pesticides

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

ILife Science Research Center, University of Toyama,
2One health research center, Hokkaido University,
3Laboratory of Animal Molecular Morphology, Department of Animal Science,
Graduate School of Agricultural Science, Kobe University

Traditional toxicity assessments, however, evaluate individual chemicals separately, limiting their
applicability to low-dose, mixed exposures relevant to human health. Moreover, the number of possible
chemical combinations is vast, making interaction predictions challenging, and there is no established
framework for assessing combined risks. In this study, we aimed to develop an efficient assessment method
for combined neurotoxic risks based on chemical profiling against common key events in neurotoxicity.
Differentiated LUHMES dopaminergic neurons were loaded with fluorescent probes, enabling high-
throughput in vitro evaluation of chemical effects on mitochondrial membrane potential, oxidative stress, and
lysosomal activity and twelve widely used pesticides from five classes in Japan were profiled. Dose-response
effects on neurite length under single and combined exposures were quantified using the Combination Index
(CI) to analyze additive and synergistic interactions. Many pesticides exhibited similar effects on shared key
events, and particularly, combined exposure of organophosphates or phenylpyrazoles with pyrethroids showed
pronounced synergistic effects. These results suggest that pesticides elicit neurotoxicity at low concentrations
under combined exposures, even when individual chemicals show minimal effects.
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A highly sensitive androgen receptor activity assay for screening
endocrine disruptors.

Kohei Kanazaki', Keita Nakamura', Towa Onohara', Takeru Kajiyama', Kota Aramaki',
and Ayami Matsushima'-?

'Department of Chemistry, Graduate School of Science, Kyushu University
2Department of Chemistry, Faculty of Science, Kyushu University

The safety of next-generation bisphenols used as alternatives to BPA is a concern. While we previously
found they affect the estrogen receptor (ER), their impact on other nuclear receptors is unknown. This study
aimed to develop a high-sensitivity reporter gene assay for the androgen receptor (AR). We designed a novel
reporter vector with a threefold tandem repeat of the androgen response element (3xARE) to enhance signal
amplification. When tested in HeLa cells, this system showed a significantly higher transcriptional response
to agonists, testosterone, compared to conventional vectors. This activity was also effectively blocked by the
antagonist, flutamide. Our study establishes a robust and sensitive assay, providing a crucial tool for the precise

evaluation of weak endocrine-disrupting activities on the AR, which is essential for future risk assessments.
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Screening evaluation of endocrine disrupting effects of 12 compounds using a uterotrophic
bioassay in ovariectomized mice

Toshime Igarashi', Satoshi Yokota!, Asako Aida!, Takuya Nishimura!, Satoshi Kitajima?, Takashi Yamada'

! Division of Cellular & Molecular Toxicology, Center for Biological Safety & Research, National Institute
of Health Sciences, 2 Division of Risk Assessment, Center for Biological Safety & Research, National
Institute of Health Sciences

In screening for endocrine disruptors, the rodent uterotrophic bioassay is a test method that readily assesses
the estrogen-like properties of chemicals based on changes in uterine weight. We used this assay in
ovariectomized (OVX) mice to screen 12 chemicals suspected to be estrogenic or antiestrogenic properties by
in vitro assays in the MHLW’s endocrine disruptor screening project. We administered each chemical to 8-
week-old OVX mice either orally (po) or by subcutaneous (sc) injection at 24-hr intervals for 7 consecutive
days. Ethinyl estradiol was used as reference control. Of the twelve substances of concerns in vitro, only five
substances exhibited activity in vivo. Among these, only 1,1,1-tris(4-hydroxyphenyl)ethane (for both po and
sc routes of administration) exhibited estrogenic activity. The other four substances, specifically
dibenzoylmethane, tricresyl phosphate, triphenylsilanol (all for sc route only), and 4,4'-butylidenebis|6-tert-
butyl-3-methylphenol] (for both po and sc routes of administration), showed antiestrogenic effects. The lowest
observed effect levels (LOELs) for uterine weight were 300, 30, 30, 30, and 100 (mg/kg bw), respectively. It
was also found that the activity differed depending on the route of administration in some cases. For the five
substances that showed estrogenic or antiestrogenic effects, further consideration is needed regarding
prioritization for higher-tier toxicity testing related to endocrine disrupting effects.
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Adverse Effects of Imidacloprid on Reproduction in the Mysid Crustacean,

Americamysis bahia

Fuki Ikegami', 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 and
“Graduate School of Agriculture, Ehime University

Neonicotinoid insecticides (NNI) are widely used worldwide due to their systemic translocation properties,
residual activity, and high safety for mammals. However, concerns exist regarding their impact on nontarget
organisms due to environmental leakage. While contamination surveys in freshwater ecosystems are advancing,
considering actual pesticide usage patterns, leakage into marine areas via rivers is possible, necessitating the
assessment of the impact on marine organisms. Furthermore, current assessments primarily focus on acute
toxicity, with limited knowledge of the chronic effects. Therefore, this study aimed to evaluate the effects of
imidacloprid (IMI), an NNI, on the reproduction of the marine crustacean (Americamysis bahia). In the
reproduction inhibition test, although no significant differences were observed in the low-concentration
exposure group, a concentration-dependent decrease in the number of offspring was observed. In the IMI 20
ng/L exposure group. On the final day of the test, examination of the presence or absence of eggs in the brood
pouches and ovaries revealed no mature eggs in either group. This suggests that IMI may inhibit reproduction
by disrupting oogenesis. Additionally, abnormal circling behavior was observed in both males and females
during the test period, indicating a potential impact on reproductive behaviors. Moving forward, we will focus
on the possibility of oogenesis inhibition and evaluate the concentration-dependent effects of IMI by observing
the presence or absence of eggs in the brood pouches and ovaries. Furthermore, behavioral analyses will be
conducted to elucidate the mechanisms underlying the inhibition of reproductive behaviors.
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Combined exposure effects of human medicine on medaka reproduction

Yushi Saruwatari', Yousuke Takahama!', Yukino Yamashita?, Norihide Nakada®, Masaru Thara*, Yuji
Mishirobira*, Shinichi Miyagawa®, Takafumi Amagai®, Ryosuke Murata®, Kiyoshi Soyano®, Masaki Nagae'

'Graduate School of Integrated Science and Technology, Nagasaki Univ, *Faculty of Environmental Science,
Nagasaki Univ, *Faculty of Chemistry and Biochemistry, Kanagawa Univ, *Faculty of Agriculture and
Marine Science, Kochi Univ, SFaculty of Advanced Engineering, Tokyo Univ of Science, ®Organization for
Marine Science and Technology, Nagasaki Univ

In recent years, an enormous variety and volume of pharmaceuticals are used, and they are readily detectable
in environmental waters. Due to their inherent high biological activity, concerns exist regarding their impact
on wildlife. Antidepressants and antipsychotics are therapeutic agents that improve human psychiatric
disorders by regulating levels of various neurotransmitters at central nervous system synapses. It is increasingly
understood that they also act on wildlife possessing similar neural structures, causing various physiological
effects. At the 2023 conference, the authors reported that combined exposure to two antidepressants and
antipsychotics induced impaired reproductive function (a significant reduction in egg production) in Japanese
medaka (Oryzias latipes). This presentation investigates the reproductive effects of combined exposure to five
antidepressants and antipsychotics, simulating the mixed pharmaceutical environment found in nature.

For each of the five antidepressants/antipsychotics (amitriptyline, fluoxetine, duloxetine, mirtazapine,
chlorpromazine), LOEC and NOEC values causing significant reductions in medaka egg production under
single exposure had been previously determined. This study conducted a 21-day continuous flow exposure test
on Japanese medaka at the LOEC and NOEC values for each of the five drugs. The results showed a marked
and significant reduction in egg production at the NOEC values for each drug combination. This indicates that
combined exposure to drugs with similar pharmacological effects exhibits at least an additive effect on medaka
reproductive function.
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Effects of methylphenidate exposure on embryogenesis and larval behavior in
medaka (Oryzias latipes)

Ayana Tatsuoka, Yuji Mushirobira

Faculty of Agriculture and Marine Science, Kochi University

Methylphenidate (Mph) is a psychostimulant commonly prescribed for attention-deficit/hyperactivity
disorder (ADHD), acting on monoamine transporters in the central nervous system. While effective in humans,
prenatal exposure to Mph has been associated with increased risks of congenital abnormalities, including
cardiac defects. Behavioral alterations such as anxiolytic effects and hyperactivity have also been reported in
zebrafish larvae. This study aimed to evaluate the effects of Mph on embryonic development and larval
behavior in medaka (Oryzias latipes).

Fertilized eggs were exposed to Mph at concentrations of 10, 100, and 1000 pug/L. under semi-static
conditions until three days post-hatching. Embryonic development was monitored daily for malformations and
progression. Larval behavior was recorded via video, and parameters including maximum velocity, total
distance moved, and time spent in central versus peripheral areas of the well were analyzed.

No malformations or significant differences in embryonic development were observed across all treatment
groups. However, larval behavior showed transient changes: increased velocity on day 1 at 100 pug/L and
increased central area occupancy on day 2 at 1000 pg/L. These effects were not consistent throughout the
exposure period.

Overall, Mph did not affect embryogenesis at the tested concentrations, but potential behavioral impacts
warrant further investigation.
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The effects on neural activity
in medaka fish exposed to environmental pharmaceuticals

Kie Oizumi, Shinichi Miyagawa

Department of Biological Science and Technology, 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. Of those environmental pharmaceuticals, antidepressants and antipsychotics,
which act on the central nervous system are of great concern.

In order to investigate the effects of such pharmaceuticals, measured the neural activity in the brain
of medaka larvae exposed to amitriptyline and chlorpromazine (antidepressants and antipsychotics), taking
advantage of medaka that expressed the calcium sensor protein (GCaMP) in whole neurons. We found the
significant increase in fluorescence intensity in the brain of medaka exposed to amitriptyline compared to the

controls. It has been therefore suggested that amitriptyline may act on fish similar to those in humans.



RAR—F v g

P-15
3-methyl—4-nitrophenol (MNP) DShEHIREE M T »~ N DOFEMIEE K
PR A TENC M T T

ORiTH AR ' &0 912, s 200 %, sU 8O- 2 o0 20 AW ABES. 0 oo’
UL PREZ . OMNE AR, RN ES IR BEL-

IR RIERZE REEOTTERE, CITART: REEES. TR MESE - S RIS B (OSRT) |
L RE R AR BREESAER, P ENCERBIATIERT BRET Y A7 - (ERRHIK

3-methyl-4-nitrophenol (MNP) (%7 4 —ENVPEXICE TN DILFEWE T, B3 fenitrothion d
TIRFEM E L THHLNTEY, =X Ma by U/ IER~OFFMEEZE T 5, AHFETIE, =& K
07 U B EM O OMSMUIZTHE T2 Z EICEH L, FrAfrH MNP BREESMEZ ~ N OER O,
MEATENFS L ORI PRI MAE T B 2 /st L 7=, Wistar-Imamichi SRZMfEZ » M MNP (1
mg/kg/day, MNP Bf) & 2D W FIAHE (corn oil, *THERE) % post-natal day (PND) 1~5 (Z#H#5-
L. BEtExtfR & LCiE 17p-estradiol (B2, 20 mg/kg) % PND1(ZH F#&5- L. BENABOT5E T
B2kl LTz, F7 7T HEm CUNEZHH L, ZIEFH A 2 5 U7 B O arm skt L O
ITENRRBR A S50 L 7=, PEEF 2 13 IE RTINS BT D SRR OfE R A4 %83 L7223, 4Bl MNP
DIFREA~DEEZ PR L, AR R a7 o ~OORISHEEZRHMI L7, ZORESR, RO O
HHLIZE2 BEO A TR G0, MNP IIRHIRERIC KT L CTHEREEZ RIS o T2, ME&EEEICS
W, XREECIZAYETH 2 THEZ . HTPHICHEANEBICZ S BIETHRET 2w Z R~ L
DITHK L, MNP #E & E2 BECIXESE CORKRITE T DRI OBAFEDEIR Uiz, MATEICIX, M\P
HELE RO TAITRD 6T, B2 EOAn — R— APG0ME T Lz, BAEX D A
MNP BREZ XHE T~ N OPERIREIPE 258 S 203, S E) & HERF RADMATEN I B 2 KT S 7
W EDRRIE STz, SRITHERFEEZ S I LR OIMFAVBUETH D,

Effects of Neonatal Exposure to 3-Methyl-4-nitrophenol (MNP) on Pubertal Onset
and Sex-Specific Behaviors in Female Rats

Yukihiro Maeda', Hayato Kanamaru?, Rei Tsutsumi?, Rikako Muto?, Rin Eguchi?, Sae Takeda?,
Gen Watanabe?, Yasuhiko Kondo*, Rie Yanagisawa®, Osamu Udagawa’, Maiko Kawaguchi',?

'Graduate School of Agriculture, Meiji University 2School of Agriculture, Meiji University *OSRI, Meiji
University, * Faculty of Life & Environmental Science, Teikyo University of Science, *Health and
Environment Risk Division, National Institute for Environmental Studies (NIES)

3-Methyl-4-nitrophenol (MNP), found in diesel exhaust and known as a degradation product of the pesticide,
fenitrothion, has been reported to possess affinity for estrogen receptors. In this study, we focused on the
contribution of estrogenic substances to brain sexual differentiation during development. We investigated the
effects of neonatal MNP exposure on sexual behavior and partner preference in female rats. Wistar-Imamichi
female rats received oral administration of MNP (1 mg/kg/day) from postnatal day (PND) 1 to 5. Corn oil was
administered to the control group, and 17 3 -estradiol (E2, 20 mg/kg, single SC on PND1) was administered
as a positive control, and we monitored the onset of vaginal opening of the animals. After sexual maturation,
the rats were ovariectomized, primed with estrogen and progestin, and subjected to partner preference and
sexual behavior tests. In the present study, excluded the effects of MNP on ovarian function, we evaluate the
responsiveness of the brain to exogenous estrogen. In terms of sexual preference, the control group showed a
significant preference to stimulus males over stimulus females for nose-to-nose exploration, whereas this sex-
specific preference was abolished in both the MNP and E2 groups. In the sexual behavior test, no difference
was observed between the MNP and the control groups, while only the E2 group showed a reduction in lordosis
quotient. These findings suggest that neonatal exposure to MNP attenuates sexual preference in female rats
without affecting female-specific sexual behavior. Further investigations, including dose-dependent effects,
are required.
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Does a-Naphthoflavone exposure decrease Nest building “Rate” in Pregnant Mice?

Nobuki Murata, Kazutoshi Sugita, Wataru Yoshioka

Department of Veterinary Medicine Azabu University

Flavonoids are plant-derived polyphenols, expected to have antioxidant and antitumor effects, and recognized
as beneficial components in foods and supplements. Among them, alpha-naphthoflavone (ANF) has been
shown to suppress fatty liver and obesity in mice, suggesting metabolic benefits and potential as a
pharmaceutical drug. However, its safety during pregnancy remained unknown. We investigated the effects of
ANF on maternal behavior in pregnant C57BL/6J mice under conditions that produced anti-obesity and fatty
liver suppression. Mice were fed diets containing 0% (CNT), 1% (A-L), or 2% (A-H) ANF from gestation day
12 (EDO) to ED3. Maternal behavior was assessed using nest height index (NHI), mouse position, and
behavioral patterns. Plasma ANF was quantified by LC-MS/MS. Previous studies used grade scoring, but since
it is insufficient to assess nest-building rate, we developed a quantitative method. Nest-building rates during
EDO-1 were 23.4+9.8 mm/day in CNT, compared with 6.9 + 7.4 mm/day in A-L and 5.7 £ 5.4 mm/day in A-
H, clearly demonstrated suppression nest building rate by ANF. On ED2-3, A-H mice spent more time outside
nests and frequently displayed atypical behaviors such as hanging and climbing, which were absent in CNT.
Maintaining calmness in the nest is vital for offspring survival, and maternal behavior is essential for
mammalian survival. Therefore, the potential impact on ANF's maternal health could pose a serious risk. This
study demonstrates the multiple effects of flavonoids, particularly their potential behavioral toxicity,
necessitating careful consideration in health risk assessments.
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Pollinator Protection and Pesticide Risk Assessment: Current Status and Challenges for
Honey Bees and Wild Beesitle

Chiharu Tohyama

The University of Tokyo / Health, Environment, Science and Technology International Consulting

Pollinators such as honey bees and wild bees play an essential role in crop pollination, with an estimated
annual economic value exceeding 100 billion yen in Japan (as of 2013). However, recent reports of pesticide-
related bee mortality have raised concerns about the decline of pollinators and its impact on agriculture and
ecosystems.

This presentation examines Japan’s pesticide registration system, focusing on the required toxicity tests
using honey bees and the regulatory framework for evaluating their results. Four key issues are addressed: (1)
honey bees exhibit higher sensitivity to neonicotinoid insecticides than pest species like flies; (2) current
assessments rely heavily on lethal toxicity (LDso), overlooking sublethal effects such as behavioral
abnormalities and homing failure; (3) real-world exposure often involves multiple pesticide compounds, yet
the system assumes single-agent toxicity; and (4) the reliability of OECD-guideline-based toxicity data used
in official evaluations may be compromised. Recent studies show that bees suffer neural impairment at
concentrations far lower than those affecting pests, and Japanese honey bees are even more vulnerable. To
protect pollinators, it is essential to incorporate multi-layered novel scientific evidence—including sublethal
and synergistic effects—into regulatory protocols and to revise evaluation methods to reflect actual field
conditions.
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Mechanistic Analysis of Vertebral Malformation Induced by Co-exposure to
TRIAC and Estrogen in Medaka

Taijun Myosho!?, Yuta Okabe', 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 Organization for Economic Co-operation and Development (OECD) currently evaluates the thyroid
hormone (TH)-disrupting activity of chemical substances using amphibian-based assays such as the
Amphibian Metamorphosis Assay (AMA) and the Larval Amphibian Growth and Development Assay
(LAGDA) as test guidelines. However, the detection sensitivity of these in vivo tests remains insufficient. This
study aimed to identify a novel morphological endpoint of TH disruption and to elucidate its developmental
onset. In our previous report, we demonstrated that co-exposure to triiodothyroacetic acid (TRIAC)—a
potential byproduct of wastewater treatment—and estrogen (E) induced vertebral malformations and reduced
body length at 30 days post-hatching (dph) and in adult fish. To determine the timing of abnormal vertebral
formation, we analyzed specimens exposed under the same conditions at 0, 10, 15, and 20 dph. Tissue clearing
and bone staining revealed shortening of the notochord, a precursor-like axial support structure of the vertebrae,
at 0 dph. At 10 and 15 dph, unossified regions exhibited size reduction and misalignment. By 20 dph,
ossification was largely complete in most individuals, and the co-exposure group displayed pronounced
vertebral deformities comparable to those observed at 30 dph and in adults. These findings indicate that
vertebral malformations become apparent and fixed as ossification progresses, suggesting their potential as an
early morphological marker of TH-disrupting activity.
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Identification of estrogen receptor subtypes
responsible for endocrine disrupting effects

Suika Shimizu", Shuhei Murota', Hiraku Nakashima', Shinichi Miyagawa'

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

Many endocrine disrupting chemicals (EDCs) adversely affect aquatic organisms by mimicking
endogenous estrogens via estrogen receptors (ESRs). Most EDCs readily enter the aquatic environment, and
consequently fish are especially at risk of exposure. Most teleost fish exhibit three esr subtypes (esrl, esr2a,
and esr2b), however, functional differences in mediating EDC effects remain unclear. This study aims to
identify the primary ESR subtype responsible for adverse effects of EDCs in medaka (Oryzias latipes).

In vitro reporter gene assay using medaka ESRs revealed that while all medaka ESRs responded to
the endogenous estrogen E2, they exhibited distinct responses to EDCs (BPA, NP, 4-PP, and OP). In particular,
ESR2a exhibited lower transcriptional activities in response to these EDCs. Furthermore, in vivo exposure of
these EDCs to male medaka resulted in the ectopic induction of estrogen-responsive genes such as choriogenin
(chg) and vitellogenin (vtg). To identify the contribution of each ESRs, we utilized esr knockout medaka lines.
In this presentation, the findings from these knockout studies, which clarify the functional roles of each ESR

subtype in mediating EDC effects, will be discussed.
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Epigenetic alterations in mouse vagina induced by neonatal DES exposure

Airi Matsuhashi, Sho Yamazaki, Shinichi Miyagawa

Department of Biological Science and Technology, Graduate School of

Advanced Engineering, Tokyo University of Science

The cell proliferation and differentiation of female reproductive tracts are normally regulated by
estrogens. However, neonatal diethylstilbestrol (DES) exposure can induce estrogen-independent epithelial
cell proliferation in mouse vagina, resulting in tumors later in life. This phenomenon is a classic model for the
Developmental Origins of Health and Disease (DOHaD) concept. In the vaginae of mice exposed to DES
neonatally, genes encoding growth factors are induced in an estrogen-independent manner. However, the
molecular mechanisms underlying these persistent changes in gene expression remain unclear.

In this study, we isolated vaginal epithelium from mice exposed to DES neonatally and from control
mice treated with DES in adulthood. We comprehensively analyzed gene expression by RNA-seq and DNA
methylation status by reduced representation bisulfite sequencing (RRBS). We found several genes involved
in carcinogenesis-related pathways were hypomethylated in the neonatal DES group. we also found a
correlation between the expression and methylation of genes related to Wnt signaling and growth factors in

these mice.
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Association between prenatal cadmium exposure and child development:
The Japan Environment and Children’s study

Toshio Masumoto!, Hiroki Amano!, Shinji Otani!, Michihiro Kamijima?, Shin Yamazaki®,
Yayoi Kobayashi®, Youichi Kurozawa'

Faculty of Medicine, Tottori University, 2Department of Occupational and Environmental Health, Nagoya
City University Graduate School of Medical Sciences, * Health and Environmental Risk Division, National
Institute for Environmental Studies

Cadmium is a heavy metal that can be found in soil, air, food, and water. Cadmium has toxic effects on the
kidneys, bones, and respiratory system. Prenatal exposure to cadmium has been found to affect the mental
development of children, but inconsistent results have been found in different studies. Therefore, it is unknown
that prenatal cadmium exposure associated with child development after birth. To elucidate whether cadmium
affect the child development or not, we analyzed nation-wide cohort study data, the Japan Environment and
Children's Study. Prenatal cadmium concentrations in blood from mothers in the second or third trimester were
determined by inductively coupled plasma mass spectrometry. Child development was evaluated using “Ages
and Stages” questionnaires. The association between cadmium and child development were investigated by
performing logistic regression analyses, multinomial logistic regression analyses and generalized linear mixed
model using the child development parameters as dependent variables and the cadmium concentrations in
maternal blood as the independent variable. There were significant associations between the cadmium
concentration and child development at 6 months, 1 year, and 1.5 years after birth. However, the effect had
disappeared at 2 years after birth or later. The number of developmental delays was positively associated with
the cadmium concentration after adjusting individual difference. The results indicate that prenatal exposure
affects child development, but the effect decreases with age.
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Association between birth size and maternal exposure to indoor chemicals during early
pregnancy

Kohki Takaguchi!, Akifumi Eguchi', Takayuki Kawashima?, Norimichi Suzuki'
! Center for Preventive Medical Sciences, Chiba University, 2 Institute of Science Tokyo

Fetal growth retardation and overgrowth were associated with lifelong cardiovascular diseases,
neurodevelopmental disorders, obesity, and metabolic abnormalities from adulthood onward. We spend most
of their day indoors, resulting in continuous and long-term exposure to volatile organic compounds (VOCs)
and semi-volatile organic compounds (SVOCs). Previous studies have suggested that maternal exposure to
VOCs and SVOCs during pregnancy affects fetal development. Few studies have reported association between
birth size and combind exposure to VOCs and SVOCs.Therefore, this study measured VOCs in indoor air and
SVOCs in house dust from residences of mothers in early pregnancy, and investigated the relationship between
mixed indoor chemical exposures during pregnancy and children's birth size (body length, body weight, and
head circumference) using Sparse Group Least Absolute Shrinkage and Selection Operator Weighted Quantile
Sum regression (SG LASSO WQS). As a result of SG LASSO WQS, VOCs and SVOCs were associated with
body length and head circumference, while only VOCs were selected as contributing factors for predicting
birth weight. For positive associations with body length, higher aldehydes and ethyl acetate among VOCs, and
TPHP among SVOCs showed relatively high contributions. For negative associations,
decamethylcyclopentasiloxane (D5) and hydrocarbons among VOCs, and chlorinated organophosphate flame
retardants among SVOCs exhibited high contributions. For birth weight, higher aldehydes contributed to
positive associations, while n-hexane and decane accounted for large proportions in negative associations. For
head circumference, positive associations showed high contributions from decanal, ethyl acetate, and
tris(methylphenyl) phosphate, while negative associations showed high contributions from D5, undecane, 2-
ethyl-1-hexanol, and tris(2-butoxyethyl) phosphat



