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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
mMRNA 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 Taguahashi?,
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.



RAR—F v g
P-10
TR huaFUE I AR OER)ITRRICI T 5 FEERETE

OXSF Skt !, A K2 AHE #° B SLES &l FEL hmE O #iEe
RGP IbNE e = T IR 2 7 S N P [N S e = N [ ST V) N S S i
HORR TR, SRR AR A A

TR s U0E, Bong/L LW OIKBE CKAEEMICRELE 5252 L, 1990 4% L 0 BREES
g & U CRL A D, BEA 7P RGE L BV TE 0y, KIRE L CiIZKR 2 & DR H 23 ke L
TW5b, WETE, =AM XU E 1R TH D 16 a —hydroxy estrone (16 « OHEL) 23 ED
T CRK 14. 4 ng/L (=R b a7 URRIEMEOBEGRIEIC R T 2% 5L 31 %) . A XV AW Th
K5.8ng/L ([f4.8% THRHIN-ERESNT, L, INFE THRTIEE I HRHDOH
EHFDE, 22T, BRINCT=R e U EHEZ 08 1 FHREMOFESEREZITH L &
HiZ, BRINZEBT 2= ha 7 ORI KFRREORFEE 2 EL Uiz, BRI T, il
JIK & 4 fEGRT O FARLBRGIZI W TEK L, Aifd, B %, LC-MS/MS (2 XV [FIE « E&E1T-
oo BERME . B D 178-estradiol (E2) Zxf9 5 Wy S, 16 «OHEl D= R f a5
VERIEYEDOBERE~ DA G- 25 L7z, £ OREE, #R)IITIL 16 « OHEL 235 K 0. 93 ng/L THit
SH, BEEME~OFERIT L IWMETH Y, BEfRE iR L TIRVWMETH 72, 16 « OHEL 1L, T
RALERSE R A K TIE 18. 8 ng/L TR S =28, AW GEMEETRE) (X 0 BEMITL,
B /K ClIE = FRAE (<0.80 ng/L) AR CTH-7-, —JF. 16 O0HEl ODBWE TH D estrone
& E2 iR, IR FTENZE VAR K 24. 4 ng/L, 1.53 ng/L TR S 4L, W2 20 FOMR R &
B35 EH ORI R T, KEREA~OF Mk L T\ D Z &R S vz,

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 ERf1 were highest on day 4 and decreased on days 6 and 8, respectively.
In contrast, the expression level of ERfS2 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.
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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.
[#EE] AHTF2213 ISPS BHFE 23K27045 2 1F 24K01899 D BhAk #5321 F TEM S E L=,
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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 (NAMS), 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 CYP1AL1 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, ECs 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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