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2. FF=ZAF /A FRERBRICEDL S ICERTEH?
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1.2
0.39
140

(Casida 2018;* Bonmatin 2011)
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Casida JE. Neonicotinoids and Other Insect Nicotinic Receptor Competitive Modulators: Progress and Prospects. Annu Rev Entomol. 2018 Jan 7;63:125-144. doi: 10.1146/annurev-

ento-020117-043042.

Pisa LW, Amaral-Rogers V, Belzunces LP, Bonmatin JM, Downs CA, Goulson D, Kreutzweiser DP, Krupke C, Liess M, McField M, Morrissey CA, Noome DA, Settele J, Simon-Delso N, Stark
1D, Van der Sluijs JP, Van Dyck H, Wiemers M. Effects of neonicotinoids and fipronil on non-target invertebrates. Environ Sci Pollut Res Int. 2015 Jan;22(1):68-102. doi: 10.1007/s11356-

014-3471-x.
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Pisa L, Goulson D, Yang EC, Gibbons D, Sanchez-Bayo F, Mitchell E, Aebi A, van der Sluijs J, MacQuarrie CJK, Giorio C, Long EY, McField M, Bijleveld van Lexmond M, Bonmatin JM. An update of the Worldwide
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JATED—FE Hyalella Azteca & FAL\I-ZEE& (Bartlet 2019)

(B pug/ml) PR IR SR FHIFRRE

=lnkx=3 28HM%ETF 28 AR LE
4287 F 8-500 230 90 43
FTAMFYL 8-500 290 220 200
TEZI7TUF 0.08-5 4.7 4.2 3.4
JRFT TV 0.08-5 4.0 3.4 3.5
Froa7UFR 3-200 68 44 4.2
SITTTV 3-200 60 47 30
ez yayv 0.6-40 26 20 16
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Yamamuro M, Komuro T, Kamiya H, Kato T, Hasegawa H, Kameda Y. Neonicotinoids disrupt aquatic food webs and decrease fishery yields.
Science. 2019 Nov 1;366(6465):620-623. doi: 10.1126/science.aax3442. PMID: 31672894.
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S-(+)dinotefuran | R-(-)-dinotefuran

EE2E27 S I A -

VYV INTF 0.02 pg/bee < 3 ug/bee Zhang 2022
Y7774y >100 mg/L > 10.5 mg/L Ran 2021
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Rasoulpour RJ, Ellis-Hutchings RG, Terry C, Millar NS, Zablotny CL, Gibb A, et al. (2012). A novel mode-of-action mediated by the feta muscle nicotinic
acetylcholine receptor resulting in developmental toxicity in rats. Toxicol Sci, 127, 522-534.

Broide RS, Winzer-Serhan UH, Chen Y, Leslie FM. Distribution of a7 Nicotinic Acetylcholine Receptor Subunit mRNA in the Developing Mouse. Front Neuroanat.
2019 Aug 6;13:76. doi: 10.3389/fnana.2019.00076. 17
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FAZ_ADZEFEEMET HEL MIEITEN ?

20044, B IE T, AN BHBRDIZHRKED T
AT Fh B SNz, (F£2006)

cRREINBIYIALYEENTZHIF Y LY OFKERD

7o, B EAOmE T E LIS B8 e A L.

« 0.02% 7% 7Y FACBRIZHED
DY — 1 00fEH TR

Tha®if=t) 1.2t
M © BE

7=
"‘_AL.:

AAOF BEMBRICHNT. . B1iF. lEL
SERARZIIEENAELL,
BECFRMTIE. AHRDEBENSHZZ UL,

EEES: FEAITYR(+0P)  FTEAITYR
B B EA 5.26-6.28 5.17-6.24
mEH-YBH=E (ug/m?) 70 45
BEH 78 63

B/% 20/58 18/45
F ko 2-62 3-78

15 LT 32(41%) 15(26%)
DERFRFR

DEHEE% 32 (41%) 18 (29%)

HERZEFADIE (RAR84.1ug/kg AE) /2> 7=, ()11 2008) =

PAFES HILES: 20054FIC—EHED A A =aF 7 4 FRBELCERYD v 2BRAIBG R B TER 2R AZ2 L 7= BF O LERPTH & 2 OFHI%

B EPRBRIE 15, 114-123 (2006)
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EE R 0EFIEMZICREOERE LN SEE. SEETHREINE, (Marfo 2016)
SRABEFEN2E U, (Taira 2009) a w0
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‘ Rt R LGS s ERBVHEENIL, AEFEEESIILVLEHIET S,

Taira K, Moribayashi N, Yoshihara T, Aoyama Y: Nicotinic cholinergic symptoms after consecutive tea drink consumption: Clinical findings, electrocardiagraphy, auditory brainstem response,
and infrared pupillography and acetamiprid residual analysis. Jpn. J. Clin. Ecol. 18, 19-3 (2009)  http://jsce-ac.umin.jp/jjcel8 1 19.pdf

Marfo JT, Fujioka K, Ikenaka Y, Nakayama SMM, Mizukawa H, Aoyama Y, Ishizuka M, Taira K: Relationship between Urinary N-Desmethyl-Acetamiprid and Typical Symptoms including Neurological Findings:
A Prevalence Case-Control Study. PLoS ONE 10, 11 e0142172 (2015) doi:10.1371/ journal.pone.0142172 21
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2006 LiF. HARAADAAZIJERIIHNGNZH 7, EHOMAIADOOT)FHERTRKOFDEERILRELS
1EFNT 3, (Loser 2021)
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BHREBRDIODRECLD, RAZIDKRRNEEN—BF

EDI : BEAIpug/ A/H. BEEHEHEAN _
e 7 Mlca E R UEONE LN,

Loser D, Hinojosa MG, Blum J, Schaefer J, Briill M, Johansson Y, Suciu I, Grillberger K, Danker T, Méller C, Gardner I, Ecker GF, Bennekou SH, Forsby A, Kraushaar U, Leist M. Functional
alterations by a subgroup of neonicotinoid pesticides in human dopaminergic neurons. Arch Toxicol. 2021 Jun;95(6):2081-2107. doi: 10.1007/s00204-021-03031-1. 22
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Bl FFigi . MA&RFLDELS,

N E TH A U3 (Mourikes 2023)

PAETF AA=aF 4 PEBREFOE P ~D5g8 — 201 WE L L CORHEL, & McET 2 AR — MRERR21:24-34 (2012)
Nimako. C. et al. Simultaneous Quantification of Imidacloprid and its Metabolites in Tissues of Mice upon Chronic Low-dose Administration of Imidacloprid, J Chromatogr A.

462350 (2021) https://doi.org/10.1016/j.chroma.2021.462350.
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Mahai G, Wan Y, Xia W, Wang A, Shi L, Qian X, He Z, Xu S. A nationwide study of occurrence and exposure assessment of neonicotinoid insecticides and their metabolites in drinking
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Wang A, Wan Y, Zhou L, Xia W, Guo Y, Mahai G, Yang Z, Xu S, Zhang R. Neonicotinoid insecticide metabolites in seminal plasma: Associations with semen
quality. Sci Total Environ. 2022 Mar 10;811:151407. doi: 10.1016/].scitotenv.2021.151407.

Zhang H, Zhang R, Zeng X, Wang X, Wang D, Jia H, Xu W, Gao Y. Exposure to neonicotinoid insecticides and their characteristic metabolites: Association
with human liver cancer: Environ Res 2022, 208:112703. doi: 10.1016/j.envres.2022.112703.
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- BFOEHEET. FEFLRE (Wang2021)
- FFBEA AL PEFEES (Zhang H 2022)

- MAAEE. FEZEES (ChenQ2022)
- \EHOER (n=120, HBM60A. ZIE60AN)
« BEMBEROXFZDRECMAAEE JELE
e JOFTZUVIERT 4TI SM(d18:1/18:1) & IE DHHES
e F77O7Y FiZFFaYAFH T U8 FA(22:6) & IEDEE
« TEZITYREI/OFT IOV T AT+ VlysoPE(18:0), T4 7 UtA—IL
DG (18:1/18:1) & IEDAEEE
- AR, PEME (Zhang H2021)
—fMRER (n=187. BIHE79A. & IME108A)
o MERSMLEIREEEDOMKSML, 6D A4 = RE L BR{L X b L X¥51R8-OHDGAIE
o MR/ D, A ZANSRITRE SN
- MER/MAEEH, KEOANAF ZIREENEL,
o« MEfR/MRDS-OHDGIE A 14 = JRE L IEDMEBEERIN R o,
Chen Q, Zhang Y, Li J, Su G, Chen Q, Ding Z, Sun H. Serum concentrations of neonicotinoids, and their associations with lipid molecules of the general residents

in Wuxi City, Eastern China: / Hazard Mater 2021, 413:125235. doi: 10.1016/j.jhazmat.2021.125235.

Zhang H, Zhang N, Zhou W, Zeng X, Wan% X, Zhan M, Xu W, Huang Y, Lu L, Li Z, Gao Y. Profiles of neonicotinoid insecticides and their metabolites in paired saliva
r

and periodontal blood samples in human from South China: Association with oxidative stress markers: Ecotoxicol Environ Saf 2021, 212:112001. doi:
10.1816/(:]'.ecoenv.2021.112801. 27
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PARERAZDEFICIEHTLVS
- B (Craddock 2019)
« 1999-2015F DB G # = J7%H
- BEBEEIAIZ 787V FPEEE<12%
e HYUT777—58% LRRA6%, F+TL>VT39%,. ¥¥HAE3%
e TEAIFTYED, 7T URA6%, VU T30%. F24%. A F T21%H HIEH
o BRlsK(Klarich2017)
e 2016 FDEZEMIFH HEUK L ALIE L 728kl K
s JAFTOv AIZoAFTVE. FPAMERY LD, 024573 ng/LIEHE ST,

. 4 VR v t#ﬁm%j (Vuong 2022)
National Health and Nutrition Examination Survey (2015-2016)
« 1381 ADIEMEIRIRAAA. BE654 A ZIET727A
e RPXAFZDEELZIERFMME. 1> XY > HbAlc
e A48 7YF, SOH-IMIDEHEIZ. 41X Y VEEEEELAEA. BEETIZ. A VXY
vEECEEEL T,
« B TDMAPL ZZERFIIME. 50H-IMIE HbAlcICIEDHERES, M TEOHEENR S,

Craddock HA, Huang D, Turner PC, Quirds-Alcala L, Payne-Sturges DC. Trends in neonicotinoid pesticide residues in food and water in the United States, 1999-2015. Environ
Health. 2019 Jan 11;18(1):7. doi: 10.1186/s12940-018-0441-7. PMID: 30634980; PMCID: PMC6330495.

Klarich, K.L., Pflug, N.C., DeWald, E.M., Hladik, M.L., Kolpin, D.W., Cwiertny, D.M., LeFevre, G.H., 2017. Occurrence of neonicotinoid insecticides in finished drinking water and
fate during drinking water treatment. Environ. Sci. Technol. Lett. 4, 168-173.

Vuong AM, Zhang C, Chen A. Associations of neonicotinoids with insulin and glucose homeostasis parameters in US adults: NHANES 2015-2016. Chemosphere. 2022 Jan;286(Pt
1):131642. doi: 10.1016/j.chemosphere.2021.131642. Epub 2021 Jul 22. PMID: 34351280; PMCID: PMC8578312.
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AVSUNE RIS TE R TIE., EBEEBR T HREDANTZEDIK
hXAZIF /)4 FEENEY, (Taira 2021)
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- BEOEEERRKEER Y BEOKRMEEKEENMET T 5,
o HEANKEERATWREHERIZZ L,
e XAZAF /A FICIEBEULDH D,

Taira K, Kawakami T, Weragoda SK, Herath HMAS, Ikenaka Y, Fujioka K, Hemachandra M, Pallewatta N, Aoyama Y, Ishizuka M, Bonmatin JM, Komori M. Urinary concentrations of
neonicotinoid insecticides were related to renal tubular dysfunction and neuropsychological complaints in Dry-zone of Sri Lanka. Scientific Reports. 10.1038/s41598-021-01732-2



A1 ANMBREED/NE1AANDINE X, MR, REFRILTHHTLE,
(Laubscher 2022)
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Laubscher B, Diezi M, Renella R, Mitchell EAD, Aebi A, Mulot M, Glauser G. Multiple neonicotinoids in children's cerebro-spinal fluid, plasma, and urine. Environ Health. 2022 Jan

11;21(1):10. doi: 10.1186/s12940-021-00821-z. PMID: 35016674; PMCID: PMC8750865. 30
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ErDa720F 2 BARICT7EFINIVONEE T HE (Borroni 2021)
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Corradi J, Bouzat C. Understanding the Bases of Function and Modulation of a7 Nicotinic Receptors: Implications for Drug Discovery. Mol Pharmacol. 2016 Sep;90(3):288-99. doi:
10.1124/mol.116.104240.

Borroni, V.; Barrantes, F.J. Homomeric and Heteromeric a7 Nicotinic Acetylcholine Receptors in Health and Some Central Nervous System
Diseases. Membranes 2021, 11, 664. https://doi.org/10.3390/membranes11090664
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E bDMMEZRHAE (LUHMES., SH-SY5Y): o 78 LU non-a 7O-AF U Z BANFIH b_Cl,\é
- PEAITYR AI/ADATYR, DAFP_I . FPOATUERE., A DZBAICKES
FOLU(CajfiA) . ENEZARKEZEFILAIIICKRIG U3 (BRRE) o
- KB TAZMOMIAOATY RTIE Z2F VA H(20.03 u MTRIGH H b1D, (Loser2021)

e LUHMES neuronal precursor cells

+ Aceta * Cloth = Thiam -* Nicotine
= Imida -+ Thiac —* Dino
1.001 Agonist

— Tlme

0.757

0.501

0.257

Intracellular free [Ca’"]
[Amplitude/Amplitude ;¢ Nicotine)]

0.001

-HiH

0.1 1 10
Concentration [uM]

Intracellular free [Ca®"]
[Amplitude/Amplitude ;. (DN-IMI)]

1.001

0.751

0.501

0.251

0.001

-+~ DN-IMI -+ IMI-olefin

Metabolite P
— Tlme / b,
-
.
/
/
______ A
/
/
/‘,,A,
/
/
< | *
/ *
7 /3/1
- -

001 01 1 10 100
Metabolite concentration [uM]

Loser D, Hinojosa MG, Blum J, Schaefer J, Briill M, Johansson Y, Suciu I, Grillberger K, Danker T, Méller C, Gardner I, Ecker GF, Bennekou SH, Forsby A, Kraushaar U, Leist M. Functional
alterations by a subgroup of neonicotinoid pesticides in human dopaminergic neurons. Arch Toxicol. 2021 Jun;95(6):2081-2107. doi: 10.1007/s00204-021-03031-1.

Loser D, Grillberger K, Hinojosa MG, Blum J, Haufe Y, Danker T, Johansson Y, Méller C, Nicke A, Bennekou SH, Gardner I, Bauch C, Walker P, Forsby A, Ecker GF, Kraushaar U, Leist M.
Acute effects of the imidacloprid metabolite desnitro-imidacloprid on human nACh receptors relevant for neuronal signaling. Arch Toxicol. 2021 Dec;95(12):3695-3716. doi: 10.1007/s00204-

021-03168-z.
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F7OOTY RO BEYEE FOLUHMESHIRRICZOF Vi A ICHEFT 3
(Grillberger 20203)
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Grillberger K, Céllen E, Trivisani CI, Blum J, Leist M, Ecker GF. Structural Insights into Neonicotinoids and N-Unsubstituted Metabolites on Human nAChRs by Molecular Docking,
Dynamics Simulations, and Calcium Imaging. Int J Mol Sci. 2023 Aug 24;24(17):13170. doi: 10.3390/ijms241713170.
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T7ERIT) P iERZEZ (TS, (Sano 2016) 7ERITY RO HIZEBOREEIEET TS
(Kagawa 2018)

%178 BAEEEZ AN T RITEER | H&E | [_uireoarr | [kie7aiduaoaei ] D)pdecel - (E) Fraction eviine
A [ 1iay = E area (%)
40
A
E% 30 o 3007 © 80 * ey *
5 3 £ | ‘
3 co c
23 Eepey S "M &
gg @ G 200 60 15
0 a5
Test] Test2 Test3 Test! Test2 Test3 Test] Test2 Test3 o= L 50
Control Low High IS g —
(10) ©) (11) = £ 100 40 10
=38
/= k™ 30
WETH PE ©) w
A = 0 20 5
e * » Control Low High <
3 10
3 T—L— 0 U

essive bout:

N
S R

Total duration of

¢ FRRRFAULAIL, T TLyS - o
RERGHERBL. TEERREDET IR DAICT AT Fomg/kg/day®

aggre

Testl Test2 Test3 Test] Test2 Test3 Test! Test2 Test3
Control Low High

e Batte-13E (SR EM LM 23 8B ETRE UL,
BIYAICTEAITYREO, 1, 10 me/ke I 5 LEECA. FBE14HEB ORERDIERREEHBEREDIET
1%@7[\&7'72(:s QELEL;QFDZG) )= (:(;E.ﬂﬁf« % JAN R

478 - KON FERYOADHE RIS REL LR 1
ARESZHRTIEBFICHTIEHREDET ibal & DT A—)&IHOTU P DN
EECLI, HOYYTOMI/M2LED L 5

Sano K, Isobe T, Yang J, Win-Shwe T-T, Yoshikane M, Nakayama SF, Kawashima T, Suzuki G, Hashimoto S, Nohara K, Tohyama C and Maeckawa F (2016) In utero and Lactational
Exposure to Acetamiprid Induces Abnormalities in Socio-Sexual and Anxiety-Related Behaviors of Male Mice. Front. Neurosci. 10:228. doi: 10.3389/fnins.2016.00228
Kagawa N, Nagao T. Neurodevelopmental toxicity in the mouse neocortex following prenatal exposure to acetamiprid. J Appl Toxicol. 2018;38(12):1521-1528. doi:10.1002/jat.3692 36



HOF7=IF. BEEOARALZHRITEIZIEMSES HOF7_IE. ErDOREMBOZIFUZE
(Maeda 2018) KICIELVEETEAT S, (Di Prisco 2017)
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Maeda, Mizuki et al. “Fetal and lactational exposure to the no-observed-adverse-effect level (NOAEL) dose of the neonicotinoid pesticide clothianidin inhibits neurogenesis and induces
different behavioral abnormalities at the developmental stages in male mice.” The Journal of veterinary medical science vol. 83,3 (2021): 542-548. doi:10.1292/jvms.20-0721

Di Prisco G, Iannaccone M, Ianniello F, Ferrara R, Caprio E, Pennacchio F, Capparelli R. The neonicotinoid insecticide Clothianidin adversely affects immune signaling in a human cell line.
Sci Rep. 2017 Oct 18;7(1):13446. doi: 10.1038/s41598-017-13171-z.
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Burke AP, Niibori Y, Terayama H, Ito M, Pidgeon C, Arsenault J, Camarero PR, Cummins CL, Mateo R, Sak ampson DR: Mammalian Susceptibility to a Neonicotinoid Insecticide after Fetal

and Early Postnatal Exposure. Sci. Rep. 8, 16639 (2018) DOI:10.1038/541598-018-35129-5

Yoneda Naoki(Laboratory of Animal Molecular Morphology, Department of Animal Science, Graduate School of Agricultural Science, Kobe University), Takada Tadashi, Hirano Tetsushi,
Yanai Shogo, Yamamoto Anzu, Mantani Youhei, Yokoyama Toshifumi, Kitagawa Hiroshi, Tabuchi Yoshiaki, Hoshi Nobuhiko. Peripubertal exposure to the neonicotinoid pesticide
dinotefuran affects dopaminergic neurons and causes hyperactivity in male mice) The Journal of Veterinary Medical Science(0916-7250)80(4) 634-637(2018.04) DOI - 10. 1292/jvms.18—§%14
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(&t AN X L (Adverse Outcome Pathway by Grillberger 2023)
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Ichikawa et al. 2018

Ichikawa, G. et al. LC-ESI/MS/MS analysis of neonicotinoids in urine of very low birth weight infants at birth. PLoS ONE 14, ¢0219208 (2019)
doi.org/10.1371/journal. pone.0219208

Mitro SD, Johnson T, Zota AR. Cumulative Chemical Exposures During Pregnancy and Early Development. Curr Environ Health Rep. 2015 Dec;2(4):367-78.
doi: 10.1007/s40572-015-0064-x. PMID: 26341623; PMCID: PMC4626367.
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1RFOFELORMOLEARIREEND, EREBOFELORNS, SHBHBEETREENS,
ZHMED1HZEDIEE(=1077, B/%&=548/529)

HBOOTREIEEL. 2015-164F c REBED3-6 MDFED 47 A, B/%=23/24 (lkenaka 2016)
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FEROZBRIERAICINEEENEMLUE,
BNRFELDRBZEICREDIITNBEZAEEDERHE RITIEN L,

OyaN, Ito Y, Ebara T, Kato S, Ueyama J, Aoi A, Nomasa K, Sato H, Matsuki T, Sugiura-Ogasawara M, Saitoh S, Kamijima M. Cumulative exposure assessment of neonicotinoids and an
investigation into their intake-related factors in young children in Japan. Sci Total Environ. 2021 Jan 1;750:141630. doi: 10.1016/j.scitotenv.2020.141630.

Ilkenaka Y, Miyabara Y, Ichise T, Nakayama S, Nimako C, Ishizuka M, Tohyama C. Exposures of children to neonicotinoids in pine wilt disease control areas.
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