
ネオニコチノイド系殺⾍剤汚染と有機農業

ー秋⽥の⽔道⽔汚染が意味するものー
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2022年における秋田県X市の水道水のネオニコ濃度（単位: ng/L, 山室 2023)
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8⽉に868 ng/Lが検出された。
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1. ネオニコチノイドとは何か？

2. ネオニコチノイドは⽣態系にどのように作⽤するか？

3. ネオニコチノイドはヒトにどのように作⽤するか？

4. 世界各国のネオニコ事情

5. ネオニコチノイドはヒトの神経発達にどのような影響を与えるか？

6. 今、⽇本のこどもに何がおきているのか？

7. 今、秋⽥で何がおきているのか？

8. ネオニコをやめてみるとどうなるか？
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日本で使われるネオニコと類似物質は11種類。 1990年代前半から使い始め、2000年から2007年に倍増、
その後横ばいで推移している。

• 殺虫剤が効かなくなる耐性への対策として、新しいネオニコ類似
物質が登録されている。

• 2015年以降アメリカでネオニコの新規登録ができないため、別の
分類名になっているが、本質的には同じもの。
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開発者登録年製剤名物質名

バイエル1992アドマイヤーイミダクロプリド

⽇本曹達1995モスピランアセタミプリド

住友化学1995ベストガードニテンピラム

シンジェンタ2000アクタラチアメトキサム

バイエル2001バリアードチアクロプリド

住友化学2002
ダントツ、
ベニカ

クロチアニジン

三井化学2002
スタークル、
アルバリン

ジノテフラン

バイエル2015シバントフルピラジフロン

ダウ2017
エクシード、
トランス
フォーム

スルホキサフロル

デュポン2018
ゼクサロン、
ピラキサルト

トリフルメゾピリム

MeijiSeika2019
リディア、
エミリア

フルピリミン



⾮ハロゲン化物
フッ素化合物（有機フッ素） 含塩素含フッ素化合物 有機化合物
スルホキシミン系 ブテノライド系 クロロチアゾル テトラヒドロフラニル

スルホキサフロル フルピラジフロン イミダクロプリド アセタミプリド チアメトキサム ジノテフラン

メソイオン系 ニテンピラム チアクロプリド
トリフルメゾピリム クロチアニジン ファンヤンリン

ピリジリデン系
フルピリミン

シクロキサプリド パイコンジン

イミダクロチズ

グアジピル

ハロゲン化物
塩素化合物（有機塩素）

クロロピリジニル

中国で製造使⽤されている

従来のネオニコチノイド系殺⾍剤新しいネオニコチノイド類似物質
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秋田県で出荷されているネオニコの大半がジノテフラン
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イミダクロプリドの使⽤は2013年頃まで少なかったが、その後増加した。
アセタミプリド、チアクロプリド、チアメトキサム、クロチアニジンも使われ、
最近ではスルホキサフロルの使⽤が開始された。
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ネオニコ分子の特徴は浸透性

環境中での分解が遅く、数ヶ月におよぶ。

動物体内で徐々に効果をあらわす。

分解されると逆に毒性が強まることがある。

ネオニコには3種類ある。

ネオニコチノイドとして農薬登録されている

2015年以降に登場したので、ネオニコ以外に分類
中国で開発され中国だけで使われている
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imidacloprid resistance.
All commercial neonicotinoid insecticides possess either an 

electron-withdrawing nitro (–NO2) or cyano (–CN) group and 
have been postulated to contribute directly to their selectivity.29) 
!e –NO2 or –CN group in neonicotinoids is in trans-con"gu-
ration. Recently, some potential neonicotinoids with cis-con"g-
uration have been synthesized and shown insecticidal activity 
in a wide range of insects, including N. lugens.30–32) An interest-
ing "nding is that the imidacloprid resistant populations of N. 
lugens showed little cross-resistance to these potential neonic-
otinoids with a –NO2 or –CN group in trans-con"guration.33,34) 
Among these potential neonicotinoids, the dicyclic neonicoti-
noids with cis-con"guration discriminated between the high- 
and low-a#nity imidacloprid-binding sites in N. lugens and 
their potencies were only slightly in$uenced by the previously 
identi"ed mutation Y151S in N. lugens.24,34) Another potential 
neonicotinoids with –NO2 or –CN group in trans-con"guration 
was synthesized by replacing nitromethylene pharmacophore 
with a nitro-conjugated system, with a representative member 
IPPA152201.32) IPPA152201 showed a comparable toxicity with 
imidacloprid against N. lugens in a susceptible strain and had no 
signi"cant cross-resistance in an imidacloprid resistant strain. 
!e potency of IPPA152201 on hybrid receptors Nlα1/β2 ex-
pressed in Xenopus oocytes was also only slightly in$uenced by 
the Y151S mutation, relative to that of imidacloprid and other 
commercial neonicotinoids.33)

4. Conclusion and Future Perspectives
China and neonicotinoids create a win–win situation for each 
other. China has bene"ted considerably from the excellent con-
trol e#cacy of neonicotinoid in crop protection and earned 
signi"cant pro"ts from the neonicotinoid industry. In addition, 
China has promoted the development of neonicotinoids. China 
is currently the world leader in neonicotinoid production, con-
sumption, and export. Meanwhile, theoretical research of neo-
nicotinoids has developed rapidly over the past decade, and the 
elucidation of the resistance mechanism in the brown planthop-
per and discovery of cis-neonicotinoids are two of the most rep-
resentative ones.

Because of the resistance of some pests, the domestic neo-
nicotinoid market has been shrinking. A production license for 
Sulfoxa$or is being sought in China, and it is anticipated that 
Guadipyr, Huanyanglin and Cycloxaprid, all of them promis-
ing, will appear in the domestic market in 2–3 years. Further-
more, the patent of thiamethoxam will expire in July 2013, and 
the domestic producers will de"nitely turn to this promising 
product. Combined with the invasion of the novel chemicals 

Chlorantraniliprole and Flubendiamide, the structure of neonic-
otinoids in China will change signi"cantly. !ere remain some 
problems in China, such as the overcapacity and lack of innova-
tive and competitive products. During the 12th Five-Year Plan, 
China will make great e%orts to optimize the pesticide industry 
structure, improve the core competitiveness of Chinese pesti-
cides, and provide more funds for pesticide research. One of the 
most remarkable changes is that the neonicotinoid producers 
are expected to undergo great amalgamation and reformation, 
which would result in the formation of very large companies. 
Nonetheless, no matter what happens, China will continue to 
contribute its own e%ort on the development of neonicotinoid 
and much more is still to come in this area.
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structure, improve the core competitiveness of Chinese pesti-
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most remarkable changes is that the neonicotinoid producers 
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imidacloprid resistance.
All commercial neonicotinoid insecticides possess either an 

electron-withdrawing nitro (–NO2) or cyano (–CN) group and 
have been postulated to contribute directly to their selectivity.29) 
!e –NO2 or –CN group in neonicotinoids is in trans-con"gu-
ration. Recently, some potential neonicotinoids with cis-con"g-
uration have been synthesized and shown insecticidal activity 
in a wide range of insects, including N. lugens.30–32) An interest-
ing "nding is that the imidacloprid resistant populations of N. 
lugens showed little cross-resistance to these potential neonic-
otinoids with a –NO2 or –CN group in trans-con"guration.33,34) 
Among these potential neonicotinoids, the dicyclic neonicoti-
noids with cis-con"guration discriminated between the high- 
and low-a#nity imidacloprid-binding sites in N. lugens and 
their potencies were only slightly in$uenced by the previously 
identi"ed mutation Y151S in N. lugens.24,34) Another potential 
neonicotinoids with –NO2 or –CN group in trans-con"guration 
was synthesized by replacing nitromethylene pharmacophore 
with a nitro-conjugated system, with a representative member 
IPPA152201.32) IPPA152201 showed a comparable toxicity with 
imidacloprid against N. lugens in a susceptible strain and had no 
signi"cant cross-resistance in an imidacloprid resistant strain. 
!e potency of IPPA152201 on hybrid receptors Nlα1/β2 ex-
pressed in Xenopus oocytes was also only slightly in$uenced by 
the Y151S mutation, relative to that of imidacloprid and other 
commercial neonicotinoids.33)

4. Conclusion and Future Perspectives
China and neonicotinoids create a win–win situation for each 
other. China has bene"ted considerably from the excellent con-
trol e#cacy of neonicotinoid in crop protection and earned 
signi"cant pro"ts from the neonicotinoid industry. In addition, 
China has promoted the development of neonicotinoids. China 
is currently the world leader in neonicotinoid production, con-
sumption, and export. Meanwhile, theoretical research of neo-
nicotinoids has developed rapidly over the past decade, and the 
elucidation of the resistance mechanism in the brown planthop-
per and discovery of cis-neonicotinoids are two of the most rep-
resentative ones.

Because of the resistance of some pests, the domestic neo-
nicotinoid market has been shrinking. A production license for 
Sulfoxa$or is being sought in China, and it is anticipated that 
Guadipyr, Huanyanglin and Cycloxaprid, all of them promis-
ing, will appear in the domestic market in 2–3 years. Further-
more, the patent of thiamethoxam will expire in July 2013, and 
the domestic producers will de"nitely turn to this promising 
product. Combined with the invasion of the novel chemicals 

Chlorantraniliprole and Flubendiamide, the structure of neonic-
otinoids in China will change signi"cantly. !ere remain some 
problems in China, such as the overcapacity and lack of innova-
tive and competitive products. During the 12th Five-Year Plan, 
China will make great e%orts to optimize the pesticide industry 
structure, improve the core competitiveness of Chinese pesti-
cides, and provide more funds for pesticide research. One of the 
most remarkable changes is that the neonicotinoid producers 
are expected to undergo great amalgamation and reformation, 
which would result in the formation of very large companies. 
Nonetheless, no matter what happens, China will continue to 
contribute its own e%ort on the development of neonicotinoid 
and much more is still to come in this area.
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Quite unexpectedly, crystallography studies showed 
that Lys34 in the β1 strand, often referred to as “loop 
G”, interacts with the nitro group of clothianidin and 
CH-IMI (Fig. 1) as well as with the cyano group of 
thiacloprid in the Q55R AChBP mutant [27]. In insect 
nAChR α-subunits, amino acids corresponding to the 
Lys34 in the AChBP are preserved as basic residues. 
To confirm the role of such basic residues in loop G for 
the nAChR-imidacloprid interactions, we mutated 
Ser58 corresponding to Lys34 in AChBP to arginine in 
the α7 homomer-forming nAChR subunit and investi-
gated the effects of the S58R mutation in the presence 
and absence of a mutation to arginine of Gln55 corre-
sponding to Gln55 in the AChBP. The S58R mutant 
enhances the agonist actions of neonicotinoids, while 
reducing the actions of acetylcholine, (-)-nicotine and 
desnitro-imidacloprid. This is consistent with the find-
ing that the basic residue in loop G is involved in the 
AChBP-neonicotinoid interactions at the orthosteric 
site. The basic residues in loop G interact via the com-
plementary side or non-α side in the AChBP (Fig. 1), 
thus it appears that not only the α-non-α interface, but 
also the α-α interface contributes to the diverse and 
selective actions of neonicotinoids on insect nAChRs 
[27, 29]. 

3. MODES OF ACTION OF INSECTICIDES 
TARGETING INSECT nAChRs  

3.1. Nicotine and Nicotinoids 

The powerful and rapid actions of nicotine on in-
sects triggered the search for nicotine-like molecules as 
possible insecticides. Many plant-derived molecules 
were explored in this context. One such example is 
provided by the charatoxins [14]. Other nicotine-like 
compounds (nicotinoids) were identified as insecticide 
candidates including synthetic compounds containing a 
3-pyridylmethylamine group and a basic amino nitro-
gen atom [30]. Dihydronicotyrine and N,N di-
substituted 3-pyridinylmethylamines were also gener-
ated but not taken forward as commercial insecticides 
[13]. 

3.2. Cartap, An Insecticide Based on an Inverte-
brate Toxin, Nereistoxin 

Cartap (Fig. 2) was developed by Takeda Chemical 
Industries. It is a derivative of nereistoxin which was 
isolated by Nitta in 1934 [10]. Nereistoxin was synthe-
sized in 1965 by Hagiwara and colleagues [11]. A vari-
ety of nereistoxin derivatives were prepared and cartap 
was an important commercial product. Sattelle and col-
leagues described the detailed actions of nereistoxin at 
the nAChRs of the cercal afferent-giant fibre choliner-

gic synapse in the terminal abdominal ganglion of the 
cockroach Periplaneta americana [12]. Bensultap and 
monosultap are also nereistoxin-derived products.  

 
Fig. (2). Chemical structures of commercial synthetic insec-
ticides targeting insect nicotinic acetylcholine receptors 
(nAChRs). 

3.3. Nithiazine, a Neonicotinoid Prototype 

Nithiazine (Fig. 2) is a nitromethylene heterocycle 
and its actions were reported on the cholinergic cercal 
afferent-giant fibre synapses in the cockroach terminal 
abdominal ganglion. The effects were biphasic; an ini-
tial increase in the frequency of spontaneous giant fibre 
discharges was followed by the development of a com-
plete block of synaptic transmission [15]. Nithiazine 
and related compounds did not inhibit insect acetylcho-
linesterase. It was concluded that the site of action was 
postsynaptic, and likely involved an action on postsyn-
aptic nAChRs [15]. Subsequent studies using an identi-
fied cockroach motor neuron and radioligand binding 
to cockroach CNS membranes with 125I-α-bungarotoxin 
demonstrated agonist actions on insect nAChRs [16]. 
Although nithiazine itself was not commercialised, 
adding the 1-chloro-3-pyridyl moiety and replacing the 
nitromethylene by a nitroimine group to enhance effi-
cacy and photostability led to the introduction of imi-
dacloprid. 

3.4. Imidacloprid and the Neonicotinoid Family of 
Insecticides 

Imidacloprid (Fig. 2) was the first neonicotinoid to 
be commercialised. Introduced in 1991, imidacloprid 
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• 小さい分子で、分子量はおよそ300以下。

• 生理的pH でイオン化せず、油に少し溶ける。

• 水分子と結合しやすく、細胞膜を自由に通過する。

• 植物体内に行き渡り、殺虫効果をもたらす。

食物や飲料、空気から吸収される。

脳、精巣、胎児を含む全身に分布する。

タンパク質と結合して保持される。

⽣態系への影響 ヒトへの影響
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フィプロニル

• 脂溶性があり、⽣物濃縮する。
• GABA受容体に作⽤する。
• ゴキブリに強⼒に効く。
• ペットの⽪膚に使⽤すると、全
⾝的な健康障害をおこす。

• 2017年にヨーロッパでは使⽤禁
⽌になった。
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• ニコチン受容体は、アミノ酸の鎖の⽴体構造で、分⼦量は約30万。
• 5つのサブユニットからなるイオンチャネルで、広範な種で共通の構造を有する。

• アセチルコリンが受容体の特定の部位に結合すると、イオンチャネルが開⼝し、
• イオンが細胞外から細胞内に流⼊し、細胞の電気的興奮が⽣じる。
• アセチルコリンはすぐに酵素で分解されるので、イオンチャネルは再びもとに戻る
が、ネオニコは分解されないので、作⽤が持続する。

α

α

β

β
β

�
������
�����
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Na+,	K+,	Ca2+

	�
���


アセチルコリン ネオニコチノイド

分子量 146 300弱

結合部位 2個または5個 複数あるらしい

結合したあと すぐ酵素で分解される 結合したまま

受容体の作用 一時的 持続する

ネオニコはニコチン受容体に結合し作用する。

2. ネオニコチノイドは⽣態系にどのように作⽤するか？
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昆虫のニコチン受容体と結合すると、神経が一時的に興奮、その後アセチルコリンに反応しなくなる。

昆⾍受容体
IC50（nM)

ミツバチ
LD50 (ng/ハチ)

イミダクロプリド 4.3 3.7*

クロチアニジン 2.2 2.5*

チアメトキサム 5000 5*

ジノテフラン 900 2.5*

ニテンピラム 14 140

チアクロプリド 2.7 12600

アセタミプリド 8.3 7100*

スルホキサフロル 265 150

フルピラジフロン 2.4 1.2

トリフルメゾピリム 43 0.39

シクロキサプリド 43 140

10

• IC50＝最⼤時の50%が阻⽌される濃度
• 低いほど受容体に結合しやすい。

• LD50=半数致死濃度
• 低いほど致死性が強い。

• チアメトキサムは、体内でクロチアニ
ジンに代謝され毒性を現す。

• ジノテフランは⼀般害⾍に殺⾍効果が
低いため⼤量に撒かれる⼀⽅で、ミツ
バチへの毒性が強い。

• アセタミプリドはミツバチへの作⽤が
⽐較的低くEUでは禁⽌になっていない。

(Casida 2018;* Bonmatin 2011) 

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 
JD, 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. 



organisms that take up the toxicant through the gills, increased
lethal effects over time in both cases suggest the same mech-
anism of toxicity applies to terrestrial and aquatic inverte-
brates alike.

The proposedmechanism for delayed mortality involves an
irreversible binding to the nicotinic acetylcholine receptors
(nAChR) embedded in the synaptic membranes of neurons,
whose activation elicits a continuous electric impulse that
eventually leads to the death of the neuron. The neuronal death

toll accumulates as more and more pesticide molecules bind to
other nAChRs until the organism cannot cope with the dam-
age and dies. The main difference between this mode of action
and that of other pesticides is that effects are cumulative with
time, because neurons do not regenerate—it has been termed
time-cumulative or reinforced toxicity (Tennekes and
Sánchez-Bayo 2013). This mechanism certainly applies to
all arthropods tested to date, but not to birds. Thus, while
red-legged partridges that fed on wheat seeds coated with
imidacloprid died within 3 weeks (Lopez-Antia et al.
2015a), their mortality did not follow the time-cumulative
pattern, most likely because the binding of neonicotinoids to
the subunits that make the nAChR in vertebrates is not as
strong as in invertebrates (Tomizawa and Casida 2003).

Theconsequencesof this particular patternof chronic toxicity
are far reaching. First, it indicates that acute LC50s or LD50s
determined for short exposures (24 or 48 h) are irrelevant for risk
assessmentsof thesechemicals, because it is the longexposure to
much lower levels of insecticide that really affects the survival of
theorganisms. It follows that protective levels for neonicotinoids
cannot be achieved by setting a concentration benchmark, be-
cause the effects of neonicotinoids increase with exposure time
and because of cascade effectswithin individuals. Second,when
residues are present in the environment, constant or repeated
exposure to any concentration of the insecticides will eventually
produce largemortality rates in populations of susceptible inver-
tebrates, e.g., soil-dwelling arthropods such as thegrubsofmany
insects, aquatic arthropods, or pollinators exposed to low residue
levels in nectar, pollen, and water. This time-cumulative effect
may therefore be part of the explanation for the continuous de-
cline of entire populations of insects that has been observed in
Europe in recent decades (Sorg et al. 2013; Vogel 2017), thus
reducing the food resources of songbirds (Hallmann et al.
2014) and probably other insectivorous animals such as shrews,
lizards, and frogs. Consequently, the environmental impacts of
neonicotinoids are not restricted to their direct toxic effects on
insects but may reach beyond to the entire ecosystem, by indi-
rectly impactingvertebratepopulations thatdependonarthropod
resources for food.

Part B: vertebrates

To update the assessment on the impacts of neonicotinoids
and fipronil on vertebrates (Gibbons et al. 2015), a literature
search was undertaken, using the same methods, but restricted
to the years 2014–2016 and a fewmonths in early 2017). Only
sources not included in Gibbons et al. (2015) are presented
here. In some cases, individual studies covered more than one
species, chemical, or dosage approach (e.g., chronic or acute),
and in all but three cases, which were field studies covering
multiple bird or reptile species, each is treated here as a sepa-
rate impact study.
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Fig.2 Time-cumulative toxicity of neonicotinoids in a Apis mellifera and
b aquatic arthropods. Data sources: a clothianidin (r2 = 0.99), Alkassab
and Kirchner 2016; imidacloprid (r2 = 0.81), Suchail et al. 2001 and
Dechaume-Moncharmont et al. 2003; thiamethoxam (r2 = 0.90),
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Sánchez-Bayo 2009; Gammarus kischineffensis and thiamethoxam
(r2 = 0.95), Uğurlu et al. 2015
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Fig.2 Time-cumulative toxicity of neonicotinoids in a Apis mellifera and
b aquatic arthropods. Data sources: a clothianidin (r2 = 0.99), Alkassab
and Kirchner 2016; imidacloprid (r2 = 0.81), Suchail et al. 2001 and
Dechaume-Moncharmont et al. 2003; thiamethoxam (r2 = 0.90),
Oliveira et al. 2013; b Cloeon dipterum and thiacloprid (r2 = 0.90), van
den Brink et al. 2016; Cypridopsis vidua and imidacloprid (r2 = 0.88),
Sánchez-Bayo 2009; Gammarus kischineffensis and thiamethoxam
(r2 = 0.95), Uğurlu et al. 2015

Environ Sci Pollut Res

半数致死濃度

チアメトキサム
イミダクロプリド
クロチアニジン

ミツバチの実験

⽔⽣動物 イミダクロプリド 半数致死濃度

累
積
度
数
(%
)

• 農薬の毒性評価において、各生態系のキーストーン種（要となる重要な種）が常に調べられるわけではない。

• 水生環境でネオニコの毒性は時間と共に加速し、急性半数致死濃度の0.01%の濃度でも数日で死ぬ。
• 同じ現象がミツバチでも見られる。（時間累積毒性）
• 環境中でのネオニコの分解が遅いのが原因である（半減期は数ヶ月から1年）。

Pisa L, Goulson D, Yang EC, Gibbons D, Sánchez-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 
Integrated Assessment (WIA) on systemic insecticides. Part 2: impacts on organisms and ecosystems. Environ Sci Pollut Res Int. 2021 Mar;28(10):11749-11797. doi: 10.1007/s11356-017-0341-3.

両⽣類
ミジンコ類
甲殻類
⿂類
昆⾍類
軟体動物
ミミズ
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水生動物のネオニコへの感受性には種差がある。



ヨコエビの一種 Hyalella Azteca を用いた実験（Bartlet 2019)

（単位 μg/mL) 曝露範囲 半数作⽤濃度

7⽇間⽣存 28⽇間⽣存 28⽇間成⻑阻⽌
イミダクロプリド 8-500 230 90 4.3

チアメトキサム 8-500 290 220 200

アセタミプリド 0.08-5 4.7 4.2 3.4

クロチアニジン 0.08-5 4.0 3.4 3.5

チアクロプリド 3-200 68 44 4.2

ジノテフラン 3-200 60 47 30

フルピラジフロン 0.6-40 26 20 16

12

一見アセタミプリド、クロチアニジンが強力に見えるが、
28日経つと、イミダクロプリド、チアクロプリドは同じように成長を阻止する。
ジノテフラン、フルピラジフロンにも、それなりの作用がみられる。
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ある種の水生無脊椎動物のネオニコによる致死率は、
水温が上昇すると吸収が高まり、増加する。（Camp 2016)

各種におけるイミダクロプリドの吸収の水温による変化 カゲロウの一種 Isonicya bicolorの
非致死濃度イミダクロプリド5.81μg/Lが
毒性を発現するまでの時間の温度による変化

温暖化による⽔温上昇によりネオニコの毒性は加速する。



島根県のネオニコチノイド出荷量（kg）と宍道湖の漁獲量（トン）

(p > 0.05, unpaired t test), and sediment or-
ganicmatter content sampled from15 locations
in Lake Shinji did not change significantly be-
tween 1982 and 2016 (10).
Total neonicotinoid concentration at our

sampling site, station ST, near the mouth of
a small stream from the rice paddies that are
within the watershed of Lake Shinji (fig. S1),
was 0.072 mg L−1 in June 2018 (fig. S10). This
is sufficiently high to induce negative chronic
effects on sensitive aquatic invertebrates (5).
Neonicotinoid concentrations inwater samples
at station S7, near themouth of theHii River,
were lower because sampling was done when
rainfall inflow was minimal. When neonico-
tinoid concentrations peaked after rainfall,
concentrations at station S7 were poten-
tially as high as those at station ST. Further-
more, at least three types of neonicotinoids
(imidacloprid, clothianidin, and thiamethoxam)
were detected in the surface water of the west
lake basin (station S7) after rice planting in
May 2018. Toxicity ofmultiple neonicotinoids
seems to be synergistic in aquatic systems.
Using experimental in situ enclosures, chron-
ic toxicity of imidacloprid, clothianidin, and
thiamethoxam (and their mixtures) to natural
aquatic insect communities showed that the
cumulative emergence of insects after the
mixture treatments was 42%, 20%, and 44%
lower, respectively, than when the three neo-
nicotinoids were applied separately (11). No
reports are available on the synergistic toxicity
of neonicotinoids onC. plumosus, butmixtures
of neonicotinoids have probably negatively
influenced C. plumosus, other macrobenthos,
and zooplankton such as S. tenellus.
Reductions in the abundance of inverte-

brates, particularly zooplankton, were associ-
ated with significantly lower landings of smelt
(Hypomesus nipponensis) and eel (Anguilla
japonica) in Lake Shinji after the introduction
of neonicotinoid use in 1993 (Figs. 1 and 3).
Average annual yields of smelt dropped from
240 tons (n = 12, SD = 57) to 22 tons (n = 12,
SD = 53) between the periods 1981 to 1992
and 1993 to 2004 (p < 0.001, unpaired t test).
For eel, mean annual yield declined from 42
tons (n = 12, SD = 9.7) to 10.8 tons (n = 12,
SD = 4.8) between the same periods (p <
0.001, unpaired t test). By contrast, ice fish
(Salangichthys microdon) yield remained un-
changed before and after the introduction of
neonicotinoids; average annual yield in 1981 to
1992 was 40.9 tons (n = 12, SD = 18) and from
1993 to 2004, it was 53.3 tons (n = 12, SD = 50)
(p = 0.43, unpaired t test).
Under the Fishery Act [http://faolex.fao.

org/docs/pdf/jap1710JAP.pdf (in Japanese)],
the Lake Shinji Fisheries Cooperative Associ-
ation has the fishing rights for these species
and is obliged to increase their abundance. To
increase smelt and eel yield, the Lake Shinji
Fisheries Cooperative Association releases eyed

eggs of smelt and juvenile eels every year.
This stocking occurred throughout the 1990s
(fig. S11), yet the same fishing gear (net sets)
caught 908 tons of smelt in the 1960s and just
27 tons during 1995 to 1996 (12).
Young smelt consume crustacean zooplank-

ton, and they feed proportionately more on
epiphytic crustaceans andmidges as they grow
(8, 13). The decrease in zooplankton biomass
(Fig. 2) and C. plumosus density by 83% and
100%, respectively, with the introduction of
neonicotinoids indicates that decreased smelt
abundance at Lake Shinji was indirectly driven
by the introduction of neonicotinoids. The
same is true for eel, which feed on zoobenthos
including polychaetes, oligochaetes, and in-
sects (Chironimidae) (14). Eel declines were not
caused by a reduction in the number of juvenile
eels released into Lake Shinji, as this number

did not change before and after the introduc-
tion of neonicotinoids (fig. S11). Nor was the
decrease of eels caused by lower recruitment
of postlarval eels (i.e., glass eels) from the
ocean. Larval eel recruitment from the ocean
to freshwater bodies in Japan remained rela-
tively constant between 1981 and 2004 (Fish-
eries Agency: www.jfa.maff.go.jp/j/saibai/
attach/xls/unagi-8.xlsx); average annual catches
of glass eel in Japan decreased by only 32%,
from 25.7 tons (n = 12, SD = 7.5) during 1981
to 1992 to 17.6 tons (n = 12, SD = 5.1) during
1993 to 2004 (p < 0.05, unpaired t test).
Ice fish landings were unaffected by the

food web changes associated with the introduc-
tion of neonicotinoids. Small ice fish (<20 mm
total length) in Lake Shinji feed more heavily
than smelt or eel onprimaryproducers—diatoms
occupy 40% of ice fish gut contents and zoo-

Yamamuro et al., Science 366, 620–623 (2019) 1 November 2019 2 of 3

Fig. 1. Quantity of seven kinds of neonicotinoids (kg) sold in Shimane Prefecture, Japan. Data were
derived from the “Webkis-Plus: Database of chemicals” (https://www.nies.go.jp/kisplus/).

Fig. 2. Zooplankton biomass (mg C L−1) collected monthly at the center of Lake Shinji from May 1981
to April 2005 (data were supplied by the Izumo River Office). Neonicotinoid application began in 1993.
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plankton 60% (15). Although larger size classes
of ice fish (>21 mm total length) feed mainly
on zooplankton, the ability of young ice fish
to utilize diatoms may sustain recruitment.
In Lake Shinji, neonicotinoids indirectly re-

duced fishery yields by decreasing the abun-
dance of invertebrates that serve as food
for smelt and eels. Nationwide decreases in
fishery yields in the lakes of Japan were also
probably caused by food web disruption from
neonicotinoids after the widespread use of
these pesticides. Neonicotinoids can also affect
fish directly. Sublethal effects on fish have
been observed from exposure to environ-
mentally relevant concentrations of fipronil,
imidacloprid, and thiacloprid (16).

Neonicotinoids are the most widely used
class of insecticides, representing more than
25% of the global pesticide market, and were
valued at more than $3 billion U.S. in 2014
(17). Decreased survival, growth, and repro-
duction of freshwater organisms, particularly
aquatic insects and crustaceans, bywidespread
use of neonicotinoids could alter ecosystem
functions related to nutrient transfer from
primary producers to secondary consumers,
including fish (16). Decreased farmland bird
populations in theNetherlands was associated
with the use of neonicotinoids, which reduced
the abundance of insect prey (18). In 1962,
Rachel Carson wrote in Silent Spring (19),
“These sprays, dusts, and aerosols are now

applied almost universally to farms, gardens,
forests, and homes—nonselective chemicals
that have the power to kill every insect, the
‘good’ and the ‘bad’, to still the song of birds
and the leaping of fish in the streams…” The
ecological and economic impact of neonico-
tinoids on the inlandwaters of Japan confirms
Carson’s prophecy.
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Table 1. Mean (SD) density (individuals m−2) of dominant macrobenthos at 39 locations in Lake
Shinji, Japan, sampled in both 1982 and 2016. p values are the result of paired t tests. A list of
all species collected in 2016 is provided in table S2.

Taxa 1982 2016 p

Arthropods
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Chironomus plumosus 121 (268) 0.0 0.008
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Tanypodinae spp. 125 (169) 19 (25) 0.001
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Cyathura muromiensis 30 (75) 0.2 (1.1) 0.017
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Annelids
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Prionospio japonica 88 (150) 131 (131) 0.192
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Notomastus sp. 101 (243) 0.4 (0.8) 0.014
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Laonome albicingillum 4.2 (15) 12 (13) 0.026
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Oligochaeta spp. 188 (387) 14 (39) 0.007
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Fig. 3. Annual yield (tons) of smelt, ice fish, and eel in Lake Shinji from 1981 to 2014. The vertical
dashed line indicates when neonicotinoid use began in the watershed of the lake.
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（Yamamuro2019)

ワカサギ

シラウオ
ウナギ

ネオニコ使用開始

宍道湖の動物性プランクトンバイオマス（μg C/L)

(p > 0.05, unpaired t test), and sediment or-
ganicmatter content sampled from15 locations
in Lake Shinji did not change significantly be-
tween 1982 and 2016 (10).
Total neonicotinoid concentration at our

sampling site, station ST, near the mouth of
a small stream from the rice paddies that are
within the watershed of Lake Shinji (fig. S1),
was 0.072 mg L−1 in June 2018 (fig. S10). This
is sufficiently high to induce negative chronic
effects on sensitive aquatic invertebrates (5).
Neonicotinoid concentrations inwater samples
at station S7, near themouth of theHii River,
were lower because sampling was done when
rainfall inflow was minimal. When neonico-
tinoid concentrations peaked after rainfall,
concentrations at station S7 were poten-
tially as high as those at station ST. Further-
more, at least three types of neonicotinoids
(imidacloprid, clothianidin, and thiamethoxam)
were detected in the surface water of the west
lake basin (station S7) after rice planting in
May 2018. Toxicity ofmultiple neonicotinoids
seems to be synergistic in aquatic systems.
Using experimental in situ enclosures, chron-
ic toxicity of imidacloprid, clothianidin, and
thiamethoxam (and their mixtures) to natural
aquatic insect communities showed that the
cumulative emergence of insects after the
mixture treatments was 42%, 20%, and 44%
lower, respectively, than when the three neo-
nicotinoids were applied separately (11). No
reports are available on the synergistic toxicity
of neonicotinoids onC. plumosus, butmixtures
of neonicotinoids have probably negatively
influenced C. plumosus, other macrobenthos,
and zooplankton such as S. tenellus.
Reductions in the abundance of inverte-

brates, particularly zooplankton, were associ-
ated with significantly lower landings of smelt
(Hypomesus nipponensis) and eel (Anguilla
japonica) in Lake Shinji after the introduction
of neonicotinoid use in 1993 (Figs. 1 and 3).
Average annual yields of smelt dropped from
240 tons (n = 12, SD = 57) to 22 tons (n = 12,
SD = 53) between the periods 1981 to 1992
and 1993 to 2004 (p < 0.001, unpaired t test).
For eel, mean annual yield declined from 42
tons (n = 12, SD = 9.7) to 10.8 tons (n = 12,
SD = 4.8) between the same periods (p <
0.001, unpaired t test). By contrast, ice fish
(Salangichthys microdon) yield remained un-
changed before and after the introduction of
neonicotinoids; average annual yield in 1981 to
1992 was 40.9 tons (n = 12, SD = 18) and from
1993 to 2004, it was 53.3 tons (n = 12, SD = 50)
(p = 0.43, unpaired t test).
Under the Fishery Act [http://faolex.fao.

org/docs/pdf/jap1710JAP.pdf (in Japanese)],
the Lake Shinji Fisheries Cooperative Associ-
ation has the fishing rights for these species
and is obliged to increase their abundance. To
increase smelt and eel yield, the Lake Shinji
Fisheries Cooperative Association releases eyed

eggs of smelt and juvenile eels every year.
This stocking occurred throughout the 1990s
(fig. S11), yet the same fishing gear (net sets)
caught 908 tons of smelt in the 1960s and just
27 tons during 1995 to 1996 (12).
Young smelt consume crustacean zooplank-

ton, and they feed proportionately more on
epiphytic crustaceans andmidges as they grow
(8, 13). The decrease in zooplankton biomass
(Fig. 2) and C. plumosus density by 83% and
100%, respectively, with the introduction of
neonicotinoids indicates that decreased smelt
abundance at Lake Shinji was indirectly driven
by the introduction of neonicotinoids. The
same is true for eel, which feed on zoobenthos
including polychaetes, oligochaetes, and in-
sects (Chironimidae) (14). Eel declines were not
caused by a reduction in the number of juvenile
eels released into Lake Shinji, as this number

did not change before and after the introduc-
tion of neonicotinoids (fig. S11). Nor was the
decrease of eels caused by lower recruitment
of postlarval eels (i.e., glass eels) from the
ocean. Larval eel recruitment from the ocean
to freshwater bodies in Japan remained rela-
tively constant between 1981 and 2004 (Fish-
eries Agency: www.jfa.maff.go.jp/j/saibai/
attach/xls/unagi-8.xlsx); average annual catches
of glass eel in Japan decreased by only 32%,
from 25.7 tons (n = 12, SD = 7.5) during 1981
to 1992 to 17.6 tons (n = 12, SD = 5.1) during
1993 to 2004 (p < 0.05, unpaired t test).
Ice fish landings were unaffected by the

food web changes associated with the introduc-
tion of neonicotinoids. Small ice fish (<20 mm
total length) in Lake Shinji feed more heavily
than smelt or eel onprimaryproducers—diatoms
occupy 40% of ice fish gut contents and zoo-
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Fig. 1. Quantity of seven kinds of neonicotinoids (kg) sold in Shimane Prefecture, Japan. Data were
derived from the “Webkis-Plus: Database of chemicals” (https://www.nies.go.jp/kisplus/).

Fig. 2. Zooplankton biomass (mg C L−1) collected monthly at the center of Lake Shinji from May 1981
to April 2005 (data were supplied by the Izumo River Office). Neonicotinoid application began in 1993.
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⽔⽥のカメムシ防除⽬的の
ネオニコチノイド使⽤開始

• 2018年6⽉には、宍道湖に流⼊する河⼝付近の⽔から最⼤
0.072μg/Lの総ネオニコチノイドが検出された。

• この濃度は⽔⽣無脊椎動物に悪影響を起こしうる。

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.

1993年5月、宍道湖のワカサギ、シラウオ、ウナギの漁獲
量が激減した。（Yamamuro 2019)
島根県では1993年に初めてイミダクロプリド 120kgが使用
され、その後漁獲量の回復はみられない。
2018年には1169kg使用されている。

宍道湖のワカサギの餌の動物プランクトンはキスイヒゲナガミ
ジンコ 1種でほぼ占められ、これが1993年5月を境に激減し
た。
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ジノテフランは同じ構造で２通りあり、ニコチン受容体への結合しやすさに差がある。
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times that of R-(−)-dinotefuran (Chen et al., 2015). S-(+)-dinotefuran 
had strong inhibitory ability, and biological activity S-(+)-dinotefuran 
was 3.0–3.4 times higher than that of R-(−)-dinotefuran in Musca 
domestica (Kiriyama et al., 2003) and 2.2–7.3 times greater than of 
R-(−)-dinotefuran in Periplaneta americana (Mori et al., 2002). 
Furthermore, studies have shown that dinotefuran was a potential soil 
contaminant, which was comparatively constant in soil environment 
and had a half-life of 50 − 100 days (Morrissey et al., 2015). Due to the 
wide application of dinotefuran in agricultural production and its high 
water solubility, its residues were washed by rainwater. Consequently, 
the residues enter the groundwater through the food chain into the body 
of organisms, which exposes non-target organisms to potential risk, 
thereby affecting the ecological safety (Bonmatin et al., 2015). Never-
theless, few reports are found on the enantioselective behavior and 
toxicity of dinotefuran enantiomers to aquatic organisms. Thus, the 
environment and associated ecotoxicological risk can be better evalu-
ated by studying the effect of dinotefuran on aquatic organisms at the 
enantiomeric level. 

Zebrafish has attracted attention from various fields because of its 
strong reproductive ability, rapid development, transparent body and 
easy observation, which has gradually become one of the important 
model organisms (Outtandy et al., 2019). In addition, zebrafish is widely 
used in the ecotoxicological studies of pesticides to evaluate the toxic 
effects of pesticides on aquatic animals. In recent years, the sphere of 
oxidative stress and metabolomics have become hot topics in charac-
terizing the interactions of organisms with their environment. The 
measuring of oxidative stress is the finish purpose of primary ecotoxicity 
and subcellular damage caused by pollutants, which plays an essential 
role in the toxicity and active effects of certain pollutants to organisms 
(Matés, 2000; Ray et al., 2012). Metabolomics is a science that studies 
the types, quantities and changing laws of metabolites, whose molecular 
masses are less than 1500 Da caused by life’s external stimuli, patho-
physiological changes, and genetic mutations, in which non-targeted 
metabolomics, as a form of metabolomics, aims to incorporate as 
several little molecules as doable within the analysis (Beger et al., 2010; 
Griffin, 2004; Nicholson et al., 1999). 

In the study, the effects of dinotefuran on the aquatic organism 
zebrafish were investigated at the enantiomeric level. The differences 
enantioselectivity induced by dinotefuran enantiomers were studied in 
acute toxicity and growth inhibition response of zebrafish. Moreover, 
the biochemical parameters and relevant metabolomics were studied as 
ecotoxicity endpoints to show the difference in the toxic effects of 
dinotefuran enantiomers in zebrafish. The results can contribute to 
comprehensive safety evaluation and environmental risk assessment of 
dinotefuran. 

2. Materials and methods 

2.1. Chemicals and reagents 

The racemic dinotefuran (purity>98%) was obtained from Weng-
jiang Chemical Reagent Co., Ltd. (Guangdong, China). The enantiopure 
dinotefuran analytes were prepared with purity >98% by Daicel Phar-
maceutical Chiral Technology Co., Ltd (Shanghai, China). Enantiomer 
reference standards were purchased from Qinlu Co., Ltd. (Shanghai, 
China). 3-Aminobenzoic acid ethylester (MS-222) was provided by 

Sigma-Aldrich (USA). All of the other reagents were commercially on the 
market and of analytical grade. 

2.2. Zebrafish husbandry 

Zebrafish and fish food were provided from Guiyang Flower Market 
(Guiyang, China). After 2 weeks of acclimatization, healthy zebrafish 
with a body length of 2 ± 0.5 cm and with weight 0.12 ± 0.02 g were 
selected under conditions of less than 5% mortality. Zebrafish were fed 
fish food twice daily and kept in an aquarium (50 L) with a temperature 
of 24 ± 1 ◦C and a light/dark cycle of 10 h/14 h. The dechlorinated tap 
water (DTW) parameters were monitored in the following ways: pH 
7.2 ± 0.5; dissolved oxygen 6.9 ± 0.5 mg/L; hardness 
128.5 ± 15.2 mg/L, in terms of CaCO3 equivalents. All animal experi-
ments were complied with Chinese laws and were approved by the In-
dependent Animal Ethical Committee of Guizhou University in the 
study. 

2.3. Acute exposure experiment 

The LC50 of Rac-dinotefuran and individual enantiomers to zebrafish 
was achieved according to OECD guideline 203 (OECD, 2019). The 
semi-static test was used for 96 h toxicity experiment. Test solutions of 
dinotefuran were obtained by diluting the stock solutions with the 
dechlorinated tap water. Serial concentrations of R-(−)-dinotefuran (2, 
3.3, 5.4, 8.9, 14.8, 24.4 and 40.3 mg/L) and Rac-dinotefuran (10.0, 
15.5, 24.0, 37.2, 57.7, 89.4 and 138.6 mg/L) were prepared for the 
acute toxicity test in three parallels of each concentration. The con-
centrations of S-(+)-dinotefuran were set at 5, 10, 20, 40, 60, 80 and 
100 mg/L. We observed that S-(+)-dinotefuran (100 mg/L) was not le-
thal to zebrafish, with the levels of dinotefuran solubility in water are 
well above 100 mg/L and this high concentration is unlikely to be 
detected under real ecological conditions (Saka and Tada, 2021), 
therefore, the acute toxicity test was not continued. Ten healthy 
zebrafish were randomly chosen for exposure in a glass tank containing 
2 L of test solution, with blank water serving as a control. The experi-
mental water was replaced every 24 h to clear the fish excreta and 
maintain a steady exposure concentration. During the course of the 
acute experiment, zebrafish were not fed. The ambient conditions were 
the identical to those used during acclimation. Fish deaths were docu-
mented at 24 h intervals for a period of 96 h. 

2.4. Zebrafish growth inhibition index experiment 

Acute toxicity LC50 tests of R-(−)-dinotefuran at concentrations of 1/ 
10 and 1/50 were performed on zebrafish to allow comparison of the 
impacts of the same concentration of dinotefuran enantiomers on 
zebrafish. Short-term tests with 0.2 and 1 mg/L of Rac-dinotefuran and 
enantiomers, respectively, were performed for 28 days. Zebrafish did 
not show an acute toxic response at two concentrations. Fifteen zebra-
fish were at random allocated to each aquarium and put into in 3 L of 
water to be sampled at 0, 14 and 28 days. The weight (g) and length 
(mm) were then determined employing a digital balance (0.1 mg pre-
cision) and digital caliper (0.01 mm precision), respectively. It is worth 
noting that the excess water adhering to the zebrafish was absorbed with 
filter paper before the weight of the zebrafish was recorded. After 
determining the length and weight, the zebrafish were placed into the 
culture medium for the next measurement to reduce the measurement 
error. 

2.5. Enzymatic activity assays 

Twenty zebrafish of the same size were placed in a tank containing 
6 L of exposed water solution. Three parallel groups were set for each 
treatment, and the blank water control group was set simultaneously. 
The samples were collected at 1, 7, and 14 days. The zebrafish were 

Fig. 1. Structures of the two dinotefuran enantiomers.  

L. Ran et al.                                                                                                                                                                                                                                      

半数致死量 ⽂献
ミツバチ 0.02 μg/bee ＜ 3 μg/bee Zhang 2022
ゼブラフィッシュ >100 mg/L ＞ 10.5 mg/L Ran 2021

多種多様な⽣物がいる河川⽔の中で、⿂類減少の原因となっている可能性がある。

酵素



• ⾃然の⼒は無尽蔵ではありません。

• （有機リンと⽐べ）ヒトと⾃然に優しく⾒えたネオニコで
すが、⽣態系の破局は、時⼀刻と近づいているのかもしれ

ません。

• ⾍がいない、⿂がいない、の先は、農林⽔産業の崩壊です。

• 今すぐ使うのをやめれば、後戻りできるかもしれません。
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脳、自律神経節 神経筋接合部

ア セ チ ル コ リ ン

ニコチン/ ネオニコチノイド

ヒトのニコチン受容体は約4種類あり、いずれにもネオニコは作用する。
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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 α7 Nicotinic Acetylcholine Receptor Subunit mRNA in the Developing Mouse. Front Neuroanat. 

2019 Aug 6;13:76. doi: 10.3389/fnana.2019.00076. 

α4β２ α3β4
α7

α1β1δε（成熟型）
α1β1δγ（未成熟型）

Non-α7

3. ネオニコチノイドはヒトにどのように作⽤するか？



ヒトがネオニコ製剤を飲むとどうなるか？

• 死亡例：イミダクロプリド、アセタミプリド、チアクロプリド
• 重症例：チアメトキサム

18

循環器症状
頻脈/徐脈
⾎圧上昇/低下
⼼停⽌/⼼室性不整脈

中枢神経症状
意識レベル低下/失⾒当識
眠気/めまい
痙攣/興奮

呼吸器症状
呼吸苦/呼吸数増加
⾃発呼吸停⽌
チアノーゼ

消化器症状
嘔気・嘔吐
⼝腔・⾷道胃粘膜びらん
腹痛/腸管運動亢進

分泌症状
発汗/発汗停⽌
流涎・気管内分泌亢進/⼝渇

瞳孔症状
散瞳/縮瞳
対光反射異常

体温症状
発熱/低体温

⾻格筋症状
筋脱⼒/筋攣縮
CK 上昇

腎症状
乏尿/多尿/急性尿細管障害
代謝性アシドーシス

平久美⼦.ネオニコチノイド系殺⾍剤のヒトへの影響―その1:物質としての特徴、ヒトにおける知⾒―.臨床環境21:24-34 (2012)
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ネオニコはヒトのニコチン受容体に作用し身体機能に広範な影響を与える。
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2004年、群馬県で、松枯れ防除のため大量のア
セタミプリドが散布された。（平2006)

散布の半日後から数日後にかけ、胸痛、動悸、胸苦し
さを訴え受診する患者が急増した。
翌年にまた散布すると、同様の患者が多数受診した。

1.環境汚染は⼈体汚染

• 松枯れの原因とされるマツクイムシを媒介するカミキリムシ
の駆除を⽬的に、地上40mまで吹き上げる散布器を⽤い、

• 0.02% アセタミプリド⽔溶液が盆地周辺の⼭林に散布された。

松枯れ防除のための大量散布（群馬県、2004、2005)

マツグリーン液剤100倍希釈
1ha当たり 1.2t  
● 散布地 ● 患者

36

2004 2005

散布薬剤 アセタミプリド（+OP） アセタミプリド

散布時期 5.26-6.28 5.17-6.24

面積当たり散布量 (μg/m2) 70 45

患者数 78 63

男/女 20/58 18/45

年齢 2-62 3-78

15歳以下 32(41%) 15(26%)

心電図所見

心拍数異常(%) 32 (41%) 18 (29%)

推定暴露量はADI周辺 (最⼤84.1μg/kg 体重)だった。(市川 2008)

散布の半⽇後から数⽇後かけ、胸痛、動悸、胸苦しさを
訴え受診する患者が急増した。
2005年の散布後に、同様の患者が多数受診した。
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Monthly numbers of patients suspected intoxication (X clinic)
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2004 アセタミプリド散布: 78人

2005 アセタミプリド散布: 63人

2006.8-2007.3 果物、茶飲料: 1111人

国産の果物、茶飲料の連続摂取 (2006-)

37

2006年に松枯れ対策の散布を中⽌した後、国産果物や茶飲料
の連続摂取後に同様の症状を訴える患者が急増した。

アセタミプリド中毒では、近時記憶障害がみられる。

• 即時記憶より保持時間が長い、数分から数日前の記憶
• 情報はいったん意識から消えるが、思い出そうとすると視覚
記憶として思い出すことができる。

• 3日前までの食事の内容を記載してもらう。
• 全部思い出せれば、近時記憶障害はないと判定する。

S4 Fig. Representative questionnaires on recent meals. 

Recent memory loss (+): The patients could not fill out contents of meals in the previous three days . 

Case A: 11 years old female could not recall what she ate for lunch two days ago or before; and DMAP was 
quantified at 3.6 nM/mM Cre in her urine. 

Case B: a 62-year-old female could not recall what she ate for dinner two or three days ago or lunch three days 
ago; and thiamethoxam (0.24 nM/mM Cre ) and nitenpyram (0.54 nM/mM Cre ) were quantified in her urine. 

Recent memory loss (−): The patients could fill out contents of meals in the previous three days.

Case C, an 11-year-old female  

Case D, a 50-year-old male skipped breakfast two days ago and remembered it.

Meal 3 days before 2 days before 1 day before 

The first Rice, tea 

The 
second 

Rice, milk 

The third Isotonic water, 
meat dumpling 

Rice, tea 

Meal 3 days before 2 days before 1 day before 

The first Bread, banana, 
cheese, natto, 
milk 

Bread, banana, 
cheese, natto, 
milk 

Banana, cheese, milk 

The second Bean-jam bun Rice, pot cooking, 
boiled vegetable, milk 
coffee 

The third Sushi, malinard 
salmon, grilled squid, 
strawberry 

Meal 3 days before 2 days before 1 day before 
The 
first 

Rice, grilled egg, 
milk 

Rice, sausage, 
milk, grilled 
egg 

Rice, milk, grilled egg 

The 
second 

Buckwheat noodle, 
milk 

Grilled beef 
rice, milk 

Buckwheat noodle, 
yogult drink 

The 
third 

Rice, grilled beaf, 
milk 

Rice, milk, 
vegetables, tuna 
&Welsh onion 

Curry and rice 

Meal 3 days before 2 days before 1 day before 

The 
first 

Grilled egg, miso 
soup, pickles 

Skipped Rice, miso soup 

The 
second 

Chinese noodle, corn 
bread, coffee 

2 piece of rice 
cake, miso soup 

Chinese noodle, 
a rice ball 

The 
third 

Oden (radish, 
konnyaku), canned 
salmon, beans sprout 
salad, fried tofu, spirit 

Grilled squid, 
dried tofu, 
komatsuna, miso 
soup, bier, spirit 

Fried ham, 
salad, fried 
pepper, grilled 
tofu, yuba 

S4 Fig. Representative questionnaires on recent meals. 

Recent memory loss (+): The patients could not fill out contents of meals in the previous three days . 

Case A: 11 years old female could not recall what she ate for lunch two days ago or before; and DMAP was 
quantified at 3.6 nM/mM Cre in her urine. 

Case B: a 62-year-old female could not recall what she ate for dinner two or three days ago or lunch three days 
ago; and thiamethoxam (0.24 nM/mM Cre ) and nitenpyram (0.54 nM/mM Cre ) were quantified in her urine. 

Recent memory loss (−): The patients could fill out contents of meals in the previous three days.

Case C, an 11-year-old female  

Case D, a 50-year-old male skipped breakfast two days ago and remembered it.

Meal 3 days before 2 days before 1 day before 

The first Rice, tea 

The 
second 

Rice, milk 

The third Isotonic water, 
meat dumpling 

Rice, tea 

Meal 3 days before 2 days before 1 day before 

The first Bread, banana, 
cheese, natto, 
milk 

Bread, banana, 
cheese, natto, 
milk 

Banana, cheese, milk 

The second Bean-jam bun Rice, pot cooking, 
boiled vegetable, milk 
coffee 

The third Sushi, malinard 
salmon, grilled squid, 
strawberry 

Meal 3 days before 2 days before 1 day before 
The 
first 

Rice, grilled egg, 
milk 

Rice, sausage, 
milk, grilled 
egg 

Rice, milk, grilled egg 

The 
second 

Buckwheat noodle, 
milk 

Grilled beef 
rice, milk 

Buckwheat noodle, 
yogult drink 

The 
third 

Rice, grilled beaf, 
milk 

Rice, milk, 
vegetables, tuna 
&Welsh onion 

Curry and rice 

Meal 3 days before 2 days before 1 day before 

The 
first 

Grilled egg, miso 
soup, pickles 

Skipped Rice, miso soup 

The 
second 

Chinese noodle, corn 
bread, coffee 

2 piece of rice 
cake, miso soup 

Chinese noodle, 
a rice ball 

The 
third 

Oden (radish, 
konnyaku), canned 
salmon, beans sprout 
salad, fried tofu, spirit 

Grilled squid, 
dried tofu, 
komatsuna, miso 
soup, bier, spirit 

Fried ham, 
salad, fried 
pepper, grilled 
tofu, yuba 

11才⼥性：尿中DMAP検出11才⼥性：ネオニコ検出なし
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平久美⼦、⻘⼭美⼦: 2005年に⼀定地域のネオニコチノイド系および有機リン系殺⾍剤散布後⾃覚症状を訴え受診した患者の⼼電図所⾒とその季節変
動.臨床環境15, 114-123 (2006)

• 原因とされるマツクイムシを媒介するカミキリムシの駆除の
ため、地上40mまで吹き上げる散布器を⽤い、
• 0.02% アセタミプリド⽔溶液が盆地周辺の⼭林に散布された。

マツグリーン液剤100倍希釈
1ha当たり 1.2t  
● 散布地 ● 患者

20

ネオニコの空中散布をするとヒトはどうなるか？



2006年に松枯れ対策の散布を中止した後、
国産果物や茶飲料の連続摂取後に同様の症状を
訴える患者が急増した。(Taira 2009)

近時記憶障害

1.環境汚染は⼈体汚染

• 松枯れの原因とされるマツクイムシを媒介するカミキリムシ
の駆除を⽬的に、地上40mまで吹き上げる散布器を⽤い、
• 0.02% アセタミプリド⽔溶液が盆地周辺の⼭林に散布された。

松枯れ防除のための大量散布（群馬県、2004、2005)

マツグリーン液剤100倍希釈
1ha当たり 1.2t  
● 散布地 ● 患者
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2004 2005

散布薬剤 アセタミプリド（+OP） アセタミプリド

散布時期 5.26-6.28 5.17-6.24

面積当たり散布量 (μg/m2) 70 45

患者数 78 63

男/女 20/58 18/45

年齢 2-62 3-78

15歳以下 32(41%) 15(26%)

心電図所見

心拍数異常(%) 32 (41%) 18 (29%)

推定暴露量はADI周辺 (最⼤84.1μg/kg 体重)だった。(市川 2008)

散布の半⽇後から数⽇後かけ、胸痛、動悸、胸苦しさを
訴え受診する患者が急増した。
2005年の散布後に、同様の患者が多数受診した。
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2006年に松枯れ対策の散布を中⽌した後、国産果物や茶飲料
の連続摂取後に同様の症状を訴える患者が急増した。

アセタミプリド中毒では、近時記憶障害がみられる。

• 即時記憶より保持時間が長い、数分から数日前の記憶
• 情報はいったん意識から消えるが、思い出そうとすると視覚
記憶として思い出すことができる。

• 3日前までの食事の内容を記載してもらう。
• 全部思い出せれば、近時記憶障害はないと判定する。

S4 Fig. Representative questionnaires on recent meals. 

Recent memory loss (+): The patients could not fill out contents of meals in the previous three days . 

Case A: 11 years old female could not recall what she ate for lunch two days ago or before; and DMAP was 
quantified at 3.6 nM/mM Cre in her urine. 

Case B: a 62-year-old female could not recall what she ate for dinner two or three days ago or lunch three days 
ago; and thiamethoxam (0.24 nM/mM Cre ) and nitenpyram (0.54 nM/mM Cre ) were quantified in her urine. 

Recent memory loss (−): The patients could fill out contents of meals in the previous three days.

Case C, an 11-year-old female  

Case D, a 50-year-old male skipped breakfast two days ago and remembered it.

Meal 3 days before 2 days before 1 day before 

The first Rice, tea 

The 
second 

Rice, milk 

The third Isotonic water, 
meat dumpling 

Rice, tea 

Meal 3 days before 2 days before 1 day before 

The first Bread, banana, 
cheese, natto, 
milk 

Bread, banana, 
cheese, natto, 
milk 

Banana, cheese, milk 

The second Bean-jam bun Rice, pot cooking, 
boiled vegetable, milk 
coffee 

The third Sushi, malinard 
salmon, grilled squid, 
strawberry 

Meal 3 days before 2 days before 1 day before 
The 
first 

Rice, grilled egg, 
milk 

Rice, sausage, 
milk, grilled 
egg 

Rice, milk, grilled egg 

The 
second 

Buckwheat noodle, 
milk 

Grilled beef 
rice, milk 

Buckwheat noodle, 
yogult drink 

The 
third 

Rice, grilled beaf, 
milk 

Rice, milk, 
vegetables, tuna 
&Welsh onion 

Curry and rice 

Meal 3 days before 2 days before 1 day before 

The 
first 

Grilled egg, miso 
soup, pickles 

Skipped Rice, miso soup 

The 
second 

Chinese noodle, corn 
bread, coffee 

2 piece of rice 
cake, miso soup 

Chinese noodle, 
a rice ball 

The 
third 

Oden (radish, 
konnyaku), canned 
salmon, beans sprout 
salad, fried tofu, spirit 

Grilled squid, 
dried tofu, 
komatsuna, miso 
soup, bier, spirit 

Fried ham, 
salad, fried 
pepper, grilled 
tofu, yuba 

S4 Fig. Representative questionnaires on recent meals. 

Recent memory loss (+): The patients could not fill out contents of meals in the previous three days . 

Case A: 11 years old female could not recall what she ate for lunch two days ago or before; and DMAP was 
quantified at 3.6 nM/mM Cre in her urine. 

Case B: a 62-year-old female could not recall what she ate for dinner two or three days ago or lunch three days 
ago; and thiamethoxam (0.24 nM/mM Cre ) and nitenpyram (0.54 nM/mM Cre ) were quantified in her urine. 

Recent memory loss (−): The patients could fill out contents of meals in the previous three days.

Case C, an 11-year-old female  

Case D, a 50-year-old male skipped breakfast two days ago and remembered it.

Meal 3 days before 2 days before 1 day before 

The first Rice, tea 

The 
second 

Rice, milk 

The third Isotonic water, 
meat dumpling 

Rice, tea 

Meal 3 days before 2 days before 1 day before 

The first Bread, banana, 
cheese, natto, 
milk 

Bread, banana, 
cheese, natto, 
milk 

Banana, cheese, milk 

The second Bean-jam bun Rice, pot cooking, 
boiled vegetable, milk 
coffee 

The third Sushi, malinard 
salmon, grilled squid, 
strawberry 

Meal 3 days before 2 days before 1 day before 
The 
first 

Rice, grilled egg, 
milk 

Rice, sausage, 
milk, grilled 
egg 

Rice, milk, grilled egg 

The 
second 

Buckwheat noodle, 
milk 

Grilled beef 
rice, milk 

Buckwheat noodle, 
yogult drink 

The 
third 

Rice, grilled beaf, 
milk 

Rice, milk, 
vegetables, tuna 
&Welsh onion 

Curry and rice 

Meal 3 days before 2 days before 1 day before 

The 
first 

Grilled egg, miso 
soup, pickles 

Skipped Rice, miso soup 

The 
second 

Chinese noodle, corn 
bread, coffee 

2 piece of rice 
cake, miso soup 

Chinese noodle, 
a rice ball 

The 
third 

Oden (radish, 
konnyaku), canned 
salmon, beans sprout 
salad, fried tofu, spirit 

Grilled squid, 
dried tofu, 
komatsuna, miso 
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1.環境汚染は⼈体汚染

• 松枯れの原因とされるマツクイムシを媒介するカミキリムシ
の駆除を⽬的に、地上40mまで吹き上げる散布器を⽤い、
• 0.02% アセタミプリド⽔溶液が盆地周辺の⼭林に散布された。

松枯れ防除のための大量散布（群馬県、2004、2005)

マツグリーン液剤100倍希釈
1ha当たり 1.2t  
● 散布地 ● 患者
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2004 2005

散布薬剤 アセタミプリド（+OP） アセタミプリド

散布時期 5.26-6.28 5.17-6.24

面積当たり散布量 (μg/m2) 70 45

患者数 78 63

男/女 20/58 18/45

年齢 2-62 3-78

15歳以下 32(41%) 15(26%)

心電図所見

心拍数異常(%) 32 (41%) 18 (29%)

推定暴露量はADI周辺 (最⼤84.1μg/kg 体重)だった。(市川 2008)

散布の半⽇後から数⽇後かけ、胸痛、動悸、胸苦しさを
訴え受診する患者が急増した。
2005年の散布後に、同様の患者が多数受診した。
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2006年に松枯れ対策の散布を中⽌した後、国産果物や茶飲料
の連続摂取後に同様の症状を訴える患者が急増した。

アセタミプリド中毒では、近時記憶障害がみられる。

• 即時記憶より保持時間が長い、数分から数日前の記憶
• 情報はいったん意識から消えるが、思い出そうとすると視覚
記憶として思い出すことができる。

• 3日前までの食事の内容を記載してもらう。
• 全部思い出せれば、近時記憶障害はないと判定する。

S4 Fig. Representative questionnaires on recent meals. 

Recent memory loss (+): The patients could not fill out contents of meals in the previous three days . 

Case A: 11 years old female could not recall what she ate for lunch two days ago or before; and DMAP was 
quantified at 3.6 nM/mM Cre in her urine. 

Case B: a 62-year-old female could not recall what she ate for dinner two or three days ago or lunch three days 
ago; and thiamethoxam (0.24 nM/mM Cre ) and nitenpyram (0.54 nM/mM Cre ) were quantified in her urine. 

Recent memory loss (−): The patients could fill out contents of meals in the previous three days.

Case C, an 11-year-old female  

Case D, a 50-year-old male skipped breakfast two days ago and remembered it.
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自覚症状
頭痛
全身倦怠
腹痛
胸痛/動悸
筋痛/筋脱力/筋攣縮
咳

他覚症状
姿勢時振戦
近時記憶障害
発熱

心電図異常
頻脈
徐脈
不整脈

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
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患者の尿から、アセタミプリド分解産物DMAPとチアメトキサ
ムが、高濃度、高頻度で検出された。(Marfo 2016)

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/jjce18_1_19.pdf
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ネオニコが残留した食品を続けて摂取するとどうなるか？

http://jsce-ac.umin.jp/jjce18_1_19.pdf
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2006年当時、日本人のネオニコ摂取はかなり多かった。

複数経路からの暴露により、ネオニコの体内濃度が一時
的に急上昇したのかもしれない。

Loser et al. (2021) 
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Fig. S9: Physiologically-based toxicokinetic modelling of imidacloprid concentrations in 
the human population. 

A physiology-based toxicokinetic model (PBTK model) was established in the Simcyp 
Simulator V19 (Certara, Sheffield, UK), using a previously published approach (Albrecht et al. 
2019). The input parameters for imidacloprid are given in table S11. The systemic exposure 
following an oral dose of 0.16 mg/kg, given every 24 h intervals to 100 individuals (50% 
female) with randomly assigned phenotypic and genotypic properties typical for a Caucasian 
Northern European population are shown. In the panel to the left, the predicted mean plasma 
concentrations (green line) are shown with the 5th and 95th percentiles of the population 
represented as dashed lines. In the panel to the right, mean plasma and brain concentrations are 
compared. A description of the full model building and model application for all compounds 
will be reported elsewhere, as this would exceed the scope of the current study. 

 

 

  

連日のイミダクロプリド摂取で脳の中の濃度は上昇し高
止まりする。(Loser 2021)

Loser D, Hinojosa MG, Blum J, Schaefer J, Brüll M, Johansson Y, Suciu I, Grillberger K, Danker T, Möller 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



デスニトロイミダクロプリドはイミダクロプリドが還元されて生じ、ヒ
トへの毒性が強い。

C. Nimako, Y. Ikenaka, O. Akoto et al. Journal of Chromatography A 1652 (2021) 462350 

Fig. 1. Metabolic pathways for imidacloprid [ 5 , 42 ]. 
and in human food [ 8–11 ]. Reports from biomonitoring studies 
have also indicated steady increases in IMI exposure trends among 
human populations worldwide [ 12–17 ]. 

Like other NNs, IMI was previously considered to be less toxic 
to mammalian species, due to its limited binding affinity for the 
mammalian nAChR. In recent times however, the advent of in vivo 
and in vitro studies has disputed this assumption, by revealing sig- 
nificant toxicological potencies of IMI on physiological functioning 
of key mammalian organs such as brain [ 18 , 19 ], liver [20] , adipose 
tissues [6] , ovaries [21] , heart and kidney [22] . From pharmacoki- 
netic studies however, IMI is known to have a quick excretion rate 
in mammalian models (more than 90% of radiolabeled IMI was re- 
covered in rats within 24 h after administration [23] ). It is, there- 
fore, perplexing whether the recent IMI-related toxicological out- 
comes observed in mammalian species are specifically induced by 
IMI itself or by any of its metabolites. 

Following enteric absorption, IMI is transformed by phase I and 
phase II enzymes into various metabolite forms; and each of the 
metabolites tend to elicit different effects, affinities or potencies 
towards the nAChRs [ 2 , 3 , 24 , 25 ]. For instance, the olefin metabolite 
of IMI (4,5-dehydro-imidacloprid, IMI-olefin or IMI-ole) is known 
to be selectively toxic to insects than the parent IMI [ 25 , 26 ]. Also, 
the desnitro metabolite of IMI ( N -desnitro-imidacloprid, dn-IMI) 
agonizes the mammalian nAChRs than the parent IMI compound 
[ 27 , 28 ]. Conceivably, an in vivo evaluation of tissue-specific accu- 
mulation trends of all the IMI-related compounds in mammalian 
species, may provide essential data needed for effective mechanis- 
tic elucidation of compound-specific adverse outcomes associated 
with chronic exposures to IMI in mammalian species. 

Currently, information on the tissue-specific accumulation of 
IMI and its associated metabolites within the mammalian system 
is highly limited. So far, the only study cited in literature, used a 
single exposure assay to elucidate the tissue-specific distribution 
of some IMI-compounds in a lizard model [3] . However, the use of 

such a one-time exposure assay may not reveal the exact tissue- 
specific accumulation trends associated with chronic low-dose ex- 
posures to IMI, as expected in real-life situations. Besides, a reptile 
model may not be suitable for efficient prediction of IMI distri- 
bution, accumulation and excretion in human systems; largely be- 
cause of existing differences in the xenobiotic excretion pathways 
between humans (excretion occurs largely through urine and fe- 
ces) and reptiles (excretion occurs largely through molting). To this 
end, the use of a rodent model may offer a better alternative for 
extrapolating the biodistribution data of IMI into human situations. 
So far, only a handful of studies have reported on IMI metabolism 
and its tissue-dependent distribution in rodent models. However, 
almost all those studies focused on the excretion kinetics and tran- 
sient tissue distribution patterns of IMI, rather than its long-term 
accumulation in tissues [26] . The lack of a long-term exposure- 
related tissue accumulation data on IMI throws a big challenge to 
scientific advances towards uncovering the mechanistic pathways 
that underlie the recent IMI-mediated adverse outcomes observed 
in mammalian models. 

Determination and quantification of xenobiotics in biologi- 
cal specimens require a precise, reliable and accurate analytical 
method. Already, some few studies have succeeded in developing 
methods for imidacloprid analysis in biological specimens; how- 
ever, those studies focused on urine specimen only [ 4 , 13 , 29 ] . Be- 
sides, all the published IMI-detection methods published were ef- 
ficient for the detection of only few IMI-related compounds. So far, 
no method has been established for the simultaneous analysis of 
multiple IMI-related compounds in different kinds of tissue speci- 
mens. 

Previously, Wang et al. [3] and Yang et al. [30] optimized an 
analytical protocol for quantification of IMI and its metabolites in 
tissues of lizards. However, the protocol was valid for only four 
IMI compounds. Also, Ford and Casida [31] published a detection 
technique for quantification of IMI and its metabolites in tissues 
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デスニトロイミダクロプリドの濃度は、精巣、脳、肺、
腎臓、肝臓で、血液中より高くなる。
卵巣でも生じる（Mourikes 2023)

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. 23

ネオニコはヒトの体の中でどのように変化するか？
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Fig. 2. Regional (a) and provincial (b) differences in median concentrations and patterns of NNIs in drinking water in China, 2019. 
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Fig. 1. Sampling locations of drinking water in China, which included 32 provincial capitals/municipalities (PCMs), 50 small/medium cities (SMCs), and 57 rural areas (RAs) 
of mainland and Hong Kong. 
column (1.8 µm, 2.1 mm × 100 mm, Waters Corporation, Milford, 
MA, USA) maintained at 35 °C. Water with 0.005 ‰ formic acid (A) 
and acetonitrile (B) constituted the mobile phase and the sepa- 
ration was achieved using a gradient elution program (Table S2). 
The detection was performed on a Waters Xevo TQS tandem mass 
spectrometer (Waters Corporation, Milford, MA, USA) with multi- 
ple reaction monitoring (MRM) in positive electrospray ionization 
mode. Details such as the MRM transitions of the target analytes 
are shown in Table S1. 
2.5. Quality Assurance and Quality Control 

Calibration curves consisted of 14 points (0.01–200 ng/mL) 
spiked with the internal standards mixture (2 ng for each), and the 

correlation coefficient (r) of each curve was over 0.998. The travel 
blanks, procedural blanks, duplicates, and matrix-spiked samples 
(5 ng for each target analyte) were analyzed every 25–30 samples. 
The carry-over of analytes between the samples and the drift in 
instrumental sensitivity were monitored after every 10 samples, as 
described elsewhere ( Wan et al. 2018 ). 

The average recovery rates (RRs) generated from 35 parallels 
of the matrix-spiked samples ranged from 74% to 123% and the 
standard deviation of the RRs ranged from 1.6% to 7.3% (Table S1). 
The instrumental limit of quantification (LOQ) was defined else- 
where ( Wan et al., 2019 ). For the absence of target analytes in the 
blanks, the method detection limits (MDLs) were calculated from 
the LOQ by taking into account the sample volume ( Van den Eede 
et al. 2015 ), ranged from 0.01 to 0.2 ng/L (Table S1). 

3 

中国の飲料水からはネオニコがしばしば検出される。(2019年6月、884検体、うち水道水789検体、井戸水95検体）
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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
water of China. Water Res. 2021 Feb 1;189:116630. doi: 10.1016/j.watres.2020.116630

4. 世界各国のネオニコ事情
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中国中央部、武漢の住民尿中のネオニコ検出は、
都市部（n=65)で農村部（n=64)より多い (2018年)

3.3. Seasonal and urban-rural differences in neonicotinoid insecticide
concentrations

The concentrations of NNIs and their metabolites in urine samples
collected from urban (n = 65) and rural (n = 64) residents during
autumn (n= 129) and winter (n= 129) in Wuhan, Central China, were
used to examine the seasonal and urban-rural variations (Fig. 3; Table
S7; Table S8). The data showed that higher DFs of NNIs were observed

in autumn (DFs of CLO, THM, IMI, DNT, and ACE) than in winter, ex-
cept for those of DM-ACE (96.9% vs. 98.4%), IMI-olefin (93.0% vs.
94.6%), and DN-IMI (100% vs. 100%), the DFs of which were similar in
both seasons (Table S7). Moreover, significantly (P < 0.05) higher
concentrations of NNIs were observed in autumn than in winter, with
median concentrations (ng/mL) of CLO (0.29 vs. 0.19), DNT (0.16
vs. < MDL), THM (0.21 vs. 0.16), DM-ACE (0.75 vs. 0.34), Σ8NNIs
(3.50 vs. 2.30), and IMIeq (7.33 vs. 5.63) in autumn versus winter,

Fig. 3. Seasonal (a) and urban-rural (autumn (b) and winter (c)) variations in target neonicotinoid insecticides (NNIs), the sum of NNIs and their metabolites
(Σ8NNIs), and imidacloprid-equivalent total neonicotinoids (IMIeq) (including unadjusted and specific gravity (SG)-adjusted) in urine samples from the general
population in Wuhan, China; * Significant at P < 0.05, ** Significant at P < 0.01.

A. Wang, et al. Environment International 141 (2020) 105785
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強毒性新⽣児から検出
Wang A, Mahai G, Wan Y, et al. Assessment of imidacloprid related exposure using imidacloprid-olefin and desnitro-imidacloprid: Neonicotinoid insecticides in human urine in
Wuhan, China [published online ahead of print, 2020 May 11]. Environ Int. 2020;141:105785. doi:10.1016/j.envint.2020.105785

神経発達毒性

武漢では、妊婦（n=408）の尿からもデスニトロイミダクロプリドが検
出される。（2014-2017年)

olefin (r=0.75), 5-hydroxy-IMI (r=0.72), and DN-IMI (r=0.35); sig-
nificantly strong correlation was observed between IMI-olefin and 5-
hydroxy-IMI (r=0.81) (Fig. 3) (Rumsey, 2011), whichweremainly at-
tributed to that both 5-hydroxy-IMI and IMI-olefin were metabolized
from IMI through hydroxylation and subsequent desaturation of

imidazolidine moiety, respectively (Wang et al., 2018). Consistently,
significantly positive correlations were also observed between IMI and
IMI-olefin (Song et al., 2020; Wang et al., 2020a), IMI and 5-hydroxy-
IMI (Song et al., 2021), as well as between IMI and DN-IMI (Wang
et al., 2020a), in previous studies.

Fig. 1. Distribution of unadjusted (a) and SG-adjusted (b) concentrations of NNIs and main metabolites at the first (T1), second (T2), and third (T3) trimester, respectively. Box charts
(bottom to top) presented the 5th, 25th, median, 75th, and 95th percentile values. *: P < 0.05.

G. Mahai, Y. Wan, W. Xia et al. Science of the Total Environment xxx (xxxx) xxx
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Mahai G, Wan Y, Xia W, Wang A, Qian X, Li Y, He Z, Li Y, Xu S. Exposure assessment of neonicotinoid insecticides and their metabolites in Chinese women during 
pregnancy: A longitudinal study. Sci Total Environ. 2021 Nov 20:151806. doi: 10.1016/j.scitotenv.2021.151806 25



武漢の男性の精液（n=191)から
ネオニコ代謝物が頻繁に検出される。

Neonicotinoid insecticide metabolites in seminal plasma: Associations
with semen quality

Aizhen Wang a,1, Yanjian Wanb,1, Lixiao Zhou c,d,e,1, Wei Xia a,⁎, Yinsheng Guo f, Gaga Mahai a, Zong Yang g,
Shunqing Xu a, Rong Zhangd,e,⁎⁎
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H I G H L I G H T S

• IMI-olefin, DM-CLO, and DM-ACE were
frequently detected in the seminal
plasma.

• The IMI-olefin level was negatively as-
sociated with total and progressive
sperm motilities.

• The first report on occurrence of
neonicotinoid insecticide metabolites
in seminal plasma

• The first report on an association be-
tween IMI-olefin level and human
semen quality
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Animal studies have revealed that exposure to neonicotinoid insecticides (NNIs) could compromise male repro-
ductive function; however, related data on the occurrence of NNIs and their specific metabolites in human sem-
inal plasma are scarce. To explore the potential effects of NNI exposure on male semen quality, we determined
the concentrations of NNIs and someof theirmetabolites (collectively defined asmNNIs) in seminal plasma sam-
ples collected frommen (n=191) who visited a fertility clinic in Shijiazhuang, North China from 2018 to 2019.
Associations between themNNI concentrations and semen quality parameterswere assessed using linear regres-
sion models, adjusting for important covariates. In the seminal plasma samples, desmethyl-acetamiprid (DM-
ACE, detection frequency: 98.4%), imidacloprid-olefin (IMI-olefin, detection frequency: 86.5%), and desmethyl-
clothianidin (DM-CLO, detection frequency: 70.8%) were frequently detected at median concentrations of
0.052, 0.003, and 0.007 ng/mL, respectively;meanwhile other compoundswere detected at less than themethod
detection limits. In the single-mNNImodels, the IMI-olefin concentrationwas associatedwith decreasedprogres-
sive motility [IMI-olefin concentration: percent change (%Δ) = −17.0; 95% confidence interval (CI) = −30.3,
−0.92; thehighest tertile comparedwith the lowest tertile: %Δ=−21.1; 95% CI=−37.5,−0.23]. Similar results
were found in the multiple-mNNIs models. No other inverse associations were found between the other mNNI
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精液中のIMI-oleの濃度上昇は、
精⼦の進⾏性運動性の低下と関連し
た。

広州の肝臓がん患者(n=100、男性45人、女性55人）では、
健常人(n=100)と比べ
血液中の総ネオニコ濃度が6.1倍（95%信頼区間2.55-12.9倍）高い。
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中国におけるネオニコの健康影響に関する臨床研究

• 精⼦の運動性低下、中国中央部（Wang 2021)

• 肝臓がん、中国南部（Zhang H 2022)

• ⾎中脂質、中国東部（Chen Q 2022)
• 無錫の住⺠（n=120、 男性60⼈、⼥性60⼈）
• 患者⾎清中のネオニコ濃度と⾎中脂質９種類
• クロチアニジンはスフィンゴミエリン SM(d18:1/18:1)と正の相関
• チアクロプリドはドコサヘキサエン酸 FA (22:6)と正の相関
• アセタミプリドとクロチアニジンはフォスフォコリンLysoPE(18:0)、ディグリセロール

DG (18:1/18:1) と正の相関
• ⻭周病、中国南部（Zhang H 2021)

• ⼀般住⺠（n=187、男性79⼈、⼥性108⼈）
• 唾液5mLと抜⻭後の⾎液5mL、６種のネオニコ濃度と酸化ストレス指標8-OHDG測定
• 唾液/⾎液から、ネオニコが⾼率に検出された。
• 唾液/⾎液とも、⼥性の⽅がネオニコ濃度が⾼い。
• 唾液/⾎液の8-OHDGは各ネオニコ濃度と正の相関傾向が⾒られた。
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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: J Hazard Mater 2021, 413:125235. doi: 10.1016/j.jhazmat.2021.125235. 
Zhang H, Zhang N, Zhou W, Zeng X, Wang X, Zhan M, Xu W, Huang Y, Lu L, Li Z, Gao Y. Profiles of neonicotinoid insecticides and their metabolites in paired saliva 
and periodontal blood samples in human from South China: Association with oxidative stress markers: Ecotoxicol Environ Saf 2021, 212:112001. doi: 
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• ⾷品（Craddock 2019)
• 1999-2015年の⾷品ネオニコ残留
• 検出頻度はイミダクロプリドが最も⾼く12％

• カリフラワー58%、レタス46%、ホウレンソウ39%、ジャガイモ31%
• アセタミプリドが、サクランポ46%、リンゴ30%、ナシ24%、イチゴ21%から検出

• 飲料⽔(Klarich2017)
• 2016 年の農業地域から取⽔し処理した飲料⽔
• クロチアニジン、イミダクロプリド、チアメトキサムが、0.24-57.3 ng/L 検出された。

• インスリンと糖代謝（Vuong 2022)
• National Health and Nutrition Examination Survey (2015–2016)
• 1381⼈の⾮糖尿病成⼈、男性654⼈、⼥性727⼈
• 尿中ネオニコ濃度と空腹時⾎糖、インスリン、HbA1c
• イミダクロプリド、5OH-IMIの検出は、インスリン低値と関連したが、肥満者では、インスリ
ン⾼値と関連した。

• 男性でDMAPと空腹時⾎糖、5OH-IMIとHbA1cに正の相関、⼥性で負の相関が⾒られた。

28

Craddock HA, Huang D, Turner PC, Quirós-Alcalá 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.

アメリカもネオニコ漬けになっている



スリランカ乾燥地域で腎臓では、慢性腎臓病予備軍の人たちの尿

中ネオニコチノイド濃度が高い。（Taira 2021)

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

ネオニコ

尿細管間質
性腎炎

⾼度の
尿細管機能低下

ウイルス感染、
⾦属、その他
の農薬、医薬
品

TIN
尿中シスタチンC極低値

尿中L-FABP

CKD
尿中シスタチンC ⾼

値
尿中L-FABP ⾼値

尿中指標 正常 TIN CKD

シスタチンC 正常 極低値 ⾼値
L-FABP 正常 正常 ⾼値

ネオニコ
DMAP

ジノテフラン
チアクロプリド

ジノテフラン

⾃覚症状
胸痛、腹痛、下痢、
⽪疹、⽪膚のかゆ

み

• スリランカでネオニコは1990年代から使⽤されている。
• 北部および中央部の乾燥地域で、 1990年代から
原因不明の慢性腎臓病が急増している。

• 患者数が⼈⼝の10%を超える地区もあり社会問題化している。
• 通常の慢性腎臓病と異なり腎臓の尿細管機能が低下する。
• 井⼾⽔を飲んでいる男性農⺠に多い。
• ネオニコチノイドには腎毒性がある。
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スイスの血液疾患の小児14人の脳脊髄液、血液、尿を採取して分析した。
(Laubscher 2022)

• 100% にDMAP、50%にスルホキサフロル、43%にチアメトキサム、14%にイミダクロプリドが検出された。

• デスメチルアセタミプリド（DMAP）の尿中と血中、脳脊髄液中の濃度は相関する。

• 尿中にネオニコが検出される子供の脳はすでにネオニコに汚染されている。
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with or without a haematological cancer. As no control 
population of healthy children was included, we could 
not analyse if these multiple exposures to NN were spe-
cific to children with leukaemia/lymphoma. As we did 
not study potential exposures to any dietary pesticides by 
food or residential proximity to NN treated crops/live-
stock/pets, we could not analyse if these multiple expo-
sures to NN were associated with increased individual 

environmental risks. !e exposure to multiple NN in 
all included patients could represent the tip of the ice-
berg of a larger, but not analysed, exposure to pesticides. 
Although the Environmental Protection Agency has 
classified acetamiprid, clothianidin, dinotefuran, imida-
cloprid, and thiamethoxam as “Not Likely to be Carcino-
genic to Humans” [41], and whilst one could argue that 
chronic exposure in children is too short to raise risks of 

Fig. 1 Cerebro-spinal fluid versus plasma (A and C) or urine (B and D) N-desmethyl-acetamiprid concentrations (ng/ml) of 14 children with 
haematological cancers. CSF, cerebro-spinal fluid. A and B n = 14. C and D n = 13, point with Cook distance > 1 removed. Urine concentrations 
corrected for specific gravity
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濃
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脳
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髄
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濃

度

⾎漿中濃度 尿中濃度

⻑野の⼦供の中央値 0.46 ng/mL

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.



発達期の神経細胞は増殖しつつ移動し、ネットワークを作っていく。
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脳の発達は30代まで続く。

https://www.kyoto-u.ac.jp/ja/archive/prev/news_data/h/h1/news6/2012/120613_3

神経系の発達には、適切な神経突起の伸⻑と
樹状突起の発達が必要不可⽋である。

樹状突起スパイ
ン

発⽣学提要 溝⼝史郎著 1966年 ⾦原出版

５. ネオニコチノイドはヒトの神経発達にどのような影響をあたえるか？



ヒトのα７ニコチン受容体にアセチルコリンが結合すると (Borroni 2021)
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イオンチャネル開⼝による細胞内Ca流⼊＋細胞膜の脱分極

Borroni, V.; Barrantes, F.J. Homomeric and Heteromeric α7 Nicotinic Acetylcholine Receptors in Health and Some Central Nervous System 
Diseases. Membranes 2021, 11, 664. https://doi.org/10.3390/membranes11090664

coexpression of the chaperone RIC-3 (Williams et al., 2005), a
transmembrane protein that is required for efficient receptor
folding, assembly, and functional expression (Castillo et al.,
2005; Millar, 2008). Recently, another chaperone, NACHO,
has been identified. NACHO is a transmembrane protein of
neuronal endoplasmic reticulum that mediates assembly of
a7 by promoting protein folding, maturation through theGolgi
complex, and expression at the cell surface (Gu et al., 2016).
Typical a7 receptor-mediated currents decay rapidly in the

presence of agonist as a result of desensitization (Fig. 6A).
Given the fast kinetics, the temporal resolution of agonist
exchange and most recording systems limit the accurate
estimation of the true desensitization rate (Zhou et al., 1998;
Lovinger et al., 2002; Bouzat et al., 2008), which may partially
account for the great variability of desensitization rates found
in the literature. Outside-out patches rapidly perfused with
ACh, which allows for a more accurate determination of the
desensitization rate, show current decay time constants of
∼0.4 milliseconds (Bouzat et al., 2008). Owing to their fast
decay, a7 peak responses occur in advance of complete solu-
tion exchange. Therefore, more accurate EC50 values are
obtained if the net charge, which represents the time in-
tegration of all channel activation, rather than the peak
current, is used for the analysis of the concentration-effect
relationship (Papke and Porter Papke, 2002) (Fig. 6A).
At the single-channel level, channel activity appears as

isolated brief pulses (0.1–0.3 milliseconds) flanked by long
closed periods and, less often, as two or three brief pulses in

quick succession (bursts) (Fig. 6B). Thus, a7 has a very low
open probability. Single-channel openings exhibit a broad
distribution of current amplitudes, probably owing to limited
time resolution of the brief openings, with amaximum of∼10 pA
at –70mV (Mike et al., 2000; Bouzat et al., 2008; Andersen et al.,
2013; daCosta and Sine, 2013; Yan et al., 2015).
Although there is no general consensus for an a7 kinetic

model, an interesting aspect is that the temporal pattern of
single ACh-activated currents is similar at 10 mM or 1 mM
ACh (Bouzat et al., 2008) (Fig. 6B). This lack of concentration-
dependence combined with the fact that most receptor acti-
vation episodes consist of a single opening with a duration
similar to the desensitization time constant suggests that
desensitization is the predominant pathway for channel
closing, a unique feature among nAChRs. Control of open-
channel lifetime through desensitization has potential conse-
quences for inter-response latency at a synapse where the
neurotransmitter pulse is transient. Recovery from desensiti-
zation depends on agonist concentration and exposure dura-
tion, since different desensitized states may exist. Desensitized
a7 receptors expressed in human embryonic kidney cells
recover with a time constant of ∼1 second (Bouzat et al.,
2008), whereas 15–30 seconds are required for full recovery in
the hippocampus (Frazier et al., 1998). Thus, after a7 brief
response, a latency of several seconds is required to generate
another response of full amplitude. The fast desensitization
and brief open duration may avoid cell toxicity caused by
increased intracellular Ca21 owing to a7 overstimulation.

Fig. 5. Dual ionotropic/metabotropic nature of a7: Intracellular pathway signaling mediated by a7 activation. a7 allows transient flux of Na+, K+, and
Ca2+. The transient increase of calcium may also lead to a sustained calcium response by a calcium-induced calcium release (CICR) mechanism through
IP3 receptors. As ametabotropic receptor, a7mediates intracellular signals by binding to Ga andGbg proteins and several other partners (Kabbani et al.,
2013; King et al., 2015). In immune cells, a7 has been shown to be involved in several intracellular pathways; although not yet fully deciphered
mechanistically, these pathways lead to potent anti-inflammatory effects. For example, a7 has been shown to activate JAK2/STAT3 in some immune
cells, which leads to blockade of nuclear factor (NF)-kB nuclear translocation and inhibition of NF-kB, resulting in inhibition of proinflammatory cytokine
production. Also, a7 has been shown to activate the PI3K/Akt pathway that promotes Nrf-2 translocation to the nucleus and overexpression of heme
oxygenase 1 (HO-1), resulting in potent anti-inflammatory effects (see de Jonge and Ulloa, 2007; Báez-Pagán et al., 2015; Egea et al., 2015). DAG,
diacylglycerol; GPCR, G protein-coupled receptor; PKC, protein kinase C; ROS, reactive oxygen species.
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ニコチン受容体に結合後イオンチャネルが閉じても
細胞内Ca放出を促す。

神経伝達物質の放出
（ドパミン、グルタミン酸など）
炎症の抑制
神経突起の伸⻑
樹状突起スパインの形態変化

Corradi J, Bouzat C. Understanding the Bases of Function and Modulation of α7 Nicotinic Receptors: Implications for Drug Discovery. Mol Pharmacol. 2016 Sep;90(3):288-99. doi: 
10.1124/mol.116.104240. 



ヒトの神経細胞（LUHMES、SH-SY5Y)：α７およびnon-α７のニコチン受容体が発現している。

・ アセタミプリド、イミダクロプリド、クロチアニジン、チアクロプリドは、両方の受容体に結合して

開口し（Ca流入）、その後受容体はアセチルコリンに反応しなくなる（脱感作）。

・ 代謝物デスニトロイミダクロプリドでは ニコチン並みに0.03μMで反応がみられる。（Loser2021)

• LUHMES neuronal precursor cells
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1 3

recordings (Fig. 4e). Aceta (100 µM) clearly depolarized the 
cells, but not to a sufficient extent to trigger action potential 
firing (n = 4). The time course of depolarization gives some 
indication on the types of receptors involved: the long-lasting 
effect suggests that mainly non-α7 nAChRs contributed to 
the current (Mihalak et al. 2006; Rollema et al. 2007; Ali-
jevic et al. 2020). With α7 nAChR activation as main mode 
of action, a rapid depolarization followed by a timely repo-
larization would have been observed during the application. 
However, it cannot be excluded from the data available that 
α7 nAChRs at least partially were co-activated, together with 
non-α7 nAChRs.

Neonicotinoids e!ects on Ca2+-signaling 
of individual LUHMES neurons

After our initial findings of neonicotinoid effects on 
human neuronal cultures (LUHMES), it was important 
to confirm  [Ca2+]i changes on the level of single cells. 
We used a  Ca2+-imaging approach with high spatial reso-
lution, and found that the positive control nicotine trig-
gered a rapid rise in  [Ca2+]i in most neuronal cell bodies 
as well as in the neurite network (Fig. 5a). Aceta trig-
gered a response only in a subset of cell bodies and in 
parts of the neurite network. Some cells clearly did not 

Fig. 4  Effect of neonicotinoids on LUHMES neurons. a, b Traces of 
 Ca2+-imaging show the effects of the neonicotinoids a Aceta and b 
Cloth on LUHMES neurons. c Concentration-dependent effect of the 
neonicotinoids Aceta, Imida, Cloth, Thiac, Thiam and Dino and the 
positive control nicotine. Amplitudes were normalized to the maxi-
mal amplitude evoked by nicotine. Note the treatment scheme (upper 
left corner), illustrating the experimental design. d Table with cor-

responding  pEC25 values for the tested neonicotinoids and nicotine. 
Detailed data on n numbers are found in table  S6. e Manual patch 
clamp recording of a long-lasting depolarization of the membrane 
potential during the application of 100 µM Aceta for 5 s (n = 4). The 
Aceta-induced depolarization from a holding potential of − 70  mV 
was not sufficient to evoke action potential firing

3701Archives of Toxicology (2021) 95:3695–3716 
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Fig. 1  Effect of desnitro-imidacloprid (DN-IMI) and imidacloprid-
olefin (IMI-olefin) on LUHMES neurons. A Chemical structures of 
imidacloprid (IMI) and its two metabolites desnitro-imidacloprid 
(DN-IMI) and imidacloprid-olefin (IMI-olefin). B–F LUHMES 
neurons were differentiated for 9 days before they were loaded with 
an  [Ca2+]i indicator dye and used for  Ca2+-imaging. B, C The cells 
cultivated in 384-well plates were exposed to various concentra-
tions of DN-IMI and IMI-olefin, and exemplary recordings of the 
fluorescence signal from a whole well are shown. D The fluores-
cence data (peak amplitude) of multiple experiments were quanti-
fied and normalized to the maximal response stimulated by DN-IMI 
(means ± SEM are displayed). The significance of the responses trig-
gered by IMI-olefin was determined between control recordings and 

the responses evoked by IMI-olefin (*: p < 0.05). For DN-IMI, a sig-
moid curve was fitted to the data, and a  pEC50 value of 6.6 ± 0.03 was 
obtained as a potency estimate. Note the treatment scheme (upper left 
corner), illustrating the experimental design. E, F LUHMES cultures 
in 96-well plates were used to image the  [Ca2+]i responses of single 
cells with a fluorescent microscope. Regions of interest were assigned 
for all individual cell bodies in the image section. E  Ca2+-imaging 
traces of the responses of individual cell bodies are shown after expo-
sure to DN-IMI (10  µM). F The percentage of cells that responded 
with a clear fluorescence increase (= rise in  [Ca2+]i) to different con-
centrations of DN-IMI was determined. Note the treatment scheme 
(upper left corner), illustrating the experimental design. Detailed data 
on n numbers are listed in Tables S6

Loser D, Hinojosa MG, Blum J, Schaefer J, Brüll M, Johansson Y, Suciu I, Grillberger K, Danker T, Möller 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, Möller 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. 



チアクロプリドの代謝物もヒトのLUHMES細胞にニコチン並みに作用する
（Grillberger 20203)
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Table 4. Statistical uncertainty of observable (MM-GBSA delta G (dG) binding energy).

Ligand Mean MM-GBSA dG 95% Confidence Interval Standard Uncertainty

NIC �34.89 �37.39 �32.38 0.55
DCNT �37.34 �40.18 �34.49 1.110

DCNTO �36.77 �38.41 �35.12 1.198
DNIMI �38.58 �37.80 �35.86 1.374

IMI �28.27 �37.13 �19.42 1.953
THIAC �32.13 �35.04 �29.22 1.243

2.6. Single Cell Calcium Measurements
LUHMES cells are a suitable in vitro system for the quantification of neonicotinoid

signaling through nAChRs. In our previous study, we showed that parent neonicotinoids
are less potent than nicotine (NIC) itself by a factor of ten [18]. Docking studies, molec-
ular dynamics simulations, and binding energy calculations propose that the metabolite
descyano-thiacloprid (DCNT) shows a potency similar to NIC. Therefore, we investigated
if DCNT exhibits a similar response in our Ca2+ imaging assay to NIC or the parent com-
pound thiacloprid (THIAC). In Figure 4, the results are depicted as % reactive cells ± SEM.
NIC, at its highest tested concentration of 100 µM, evoked a response from approximately
~42% of reactive cells. NIC caused an increase in reactive cells starting from 0.1 µM, with
approximately ~9% reactive cells in comparison to the untreated control (differentiation
medium) with approximately ~1% reactive cells. In comparison, the neonicotinoid THIAC,
at its highest tested concentration of 100 µM, evoked a response from approximately ~15%
of reactive cells. The parent compound caused an increase in reactive cells at 1 µM with ap-
proximately ~2% reactive cells compared to the untreated control. The descyano-metabolite
DCNT, at its highest tested concentration of 100 µM, evoked a response from approximately
~40% of reactive cells. DCNT caused an increase in reactive cells starting from 0.1 µM, with
approximately ~7% reactive cells compared to the untreated control (Figure 4). This leads
to the conclusion that DCNT shows a comparable potency and concentration response to
nicotine and is more potent than its parent compound THIAC.
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Figure 4. Concentration response comparison between nicotine (NIC), thiacloprid (THIAC), and 
descyano-thiacloprid (DCNT). LUHMES cells were seeded on differentiation day 2 into 96-well 
plates at a density of 60,000 cells/well and differentiated until DoD9. A total of 75 µL of the 
differentiation medium was exchanged with 25 µL of Cal520-AM (5 µM) Ca2+ indicator solution 1h 
before measurement. The number of cells responding to the respective stimulus is shown in the 
mean percentage of reactive cells ± SEM. Cells were recorded as reactive when their response 
exceeded the mean of the control plus three times the standard deviation of the untreated control. 
Concentration–response curves for the treatment with NIC, THIAC, and DCNT at concentrations 
ranging from 0.001 µM to 100 µM. The curves shown are NIC in pink squares, THIAC in orange 
triangles, DCNT in black circles. Number of biological replicates N = 3. 

3. Materials and Methods 
3.1. Molecular Docking Studies 

The crystal structures of nAChR isoforms α7 (PDB-ID: 7kox, 7koq, 7koo [11]) and 
α3β4 (PDB-ID: 6pv7, 6pv8 [37]) were downloaded from the Protein Data Bank [45]. For 
the protein structures of nAChR isoforms α7 and α3β4, which contain a co-crystallized 
water molecule in the binding site, two versions were generated, and the presence or 
absence of a water molecule is indicated as ws1 and ws2, respectively. This results in eight 
protein structures overall, namely 7kox-ws1, 7kox-ws2, 7koq, 7koo, 6pv7-ws1, 6pv7-ws2, 
6pv8-ws1, and 6pv8-ws2 [11,37]. For each complex, only two essential chains, A and B, 
that form the binding site at their extracellular interface, were retained. Both proteins and 
ligands (Figure S1) were prepared at pH 7.4 ± 0.5 using Protein Preparation Wizard and 
Ligprep [46,47], keeping the remaining settings at their default values.  

For the complexes co-crystallized with a small ligand (PDB ID: 7kox, 7koq [11] and 
6pv8, 6pv7 [37]), the grid box center was defined by its respective coordinates. For the 
resting state conformation of nAChR alpha7 (PDB-ID: 7koo [11]) that binds the alpha-
bungarotoxin peptide in the orthosteric site, the center of the binding site was defined by 
the following residues: Tyr92, Asn93, Ser147, Trp148, Ser149, Tyr150, Tyr187, Glu188, 
Cys189, Cys190, Lys191, Tyr194, Pro195 and Ile53, Trp54, Asn106, Val107, Leu108, Gln116, 
Tyr117, and Leu118 from the principal (chain A) and complementary subunit (chain B), 
respectively. The docking protocol uses the Glide XP (extra precision) scoring function 
[26] within the virtual screening workflow of Maestro (Schrödinger Release 2021-1: 
Maestro, Schrödinger, LLC, New York, NY, USA).  

Figure 4. Concentration response comparison between nicotine (NIC), thiacloprid (THIAC), and
descyano-thiacloprid (DCNT). LUHMES cells were seeded on differentiation day 2 into 96-well plates

Grillberger K, Cöllen 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. 



• ニコチンと同じように興奮した。
（木村-黒田 2012)
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• 14日間投与により、ニコチンと同等に、脳の発達に必須の遺伝子の発現が変化
し、プルキンエ細胞の樹状突起の枝分かれが減少した。 （木村-黒田 2016)

新生児ラットの小脳細胞にネオニコを投与すると
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Figure 2. Dendritic arborization of Purkinje cells in cerebellar cultures exposed to nicotine (NIC), 
acetamiprid (ACE), and imidacloprid (IMI) for 14 days (16DIV). A slight disturbance in the dendritic 
arborization exposed to NIC, ACE, and IMI was observed. Upper panel shows a representative cell 
from each group stained for anti-calbindin D28k. Bar = 50 μm. Graph shows MetaMorph 
quantification of calbindin D28k-reactive dendritic area (without cell soma) (n = 10 cells per group). 
Error bar represent standard errors. T-tests were conducted for each treatment versus control. * p < 
0.05. 

3.2. Differential Gene Expression after Exposure to NIC, ACE and IMI 

For control versus NIC (CvN), 4550 of 23,011 filtered probes were identified as significant  
(p < 0.05, q < 0.05), and were used for differential expression analysis (fold change (FC) ≥ 1.5).  
The 92 probes that passed were checked for multiple probes, gene symbol, descriptions, and of these 
34 DE genes were selected (Tables 1 and 2). 

For control versus ACE (CvA), 4557 of 23,012 filtered probes were significant (p < 0.05, q < 0.05), 
of which 106 DE probes (FC ≥ 1.5) were checked as described above, and 48 DE genes were selected 
(Tables 1 and 3). 

For control versus IMI (CvI), 4862 of 22,852 filtered probes were significant (p < 0.05, q < 0.05), of 
which 162 DE probes (FC ≥ 1.5) were checked, and 67 DE genes were selected (Tables 1 and 4). 

Next, we constructed Venn diagrams to visually assess the overlap and separation between the 
three DE gene lists, CvN (34 genes), CvA (48 genes), and CvI (67 genes). As shown in Figure 3 and 
Table 1, nine genes (four upregulated and five downregulated versus control) were common to three 
gene lists. Common to at least two lists were three genes between CvN and CvA, five genes between 
CvN and CvI, and four genes between CvA and CvI. 

Other DE genes unique to CvN, CvA, or CvI are shown in Tables 2–4. The differential expression 
levels of the three groups are presented as heat maps and standard deviations that display expression 
differences between each of the treatments (NIC, ACE, and IMI) and control (Figure 4, Table S2). 
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Table 4. Cont. 

Gene 
Symbol 

Probe Name a Description Log2FC, p, q 

RGD1561114 A_64_P012158 
PREDICTED: ral guanine nucleotide 

dissociation stimulator-like 
down −0.62, 4.6 × 10−2, 1.8 × 10−3 

RGD1564095 A_64_P043524 PREDICTED: 60S acidic ribosomal protein P2-like down −0.88, 2.8 × 10−2, 1.8 × 10−3 

RGD1564571 A_64_P159245 PREDICTED: CD209 antigen-like protein A-like down −0.61, 2.8 × 10−2, 1.8 × 10−3 

RGD1566248 A_64_P157099 PREDICTED: necdin-like down −1.17, 4.6 × 10−2, 1.8 × 10−3 

Scnn1b A_64_P068913 sodium channel, non-voltage-gated 1, beta subunit down −1.02, 2.8 × 10−2, 1.8 × 10−3 

Slc38a8 A_64_P056897 solute carrier family 38, member 8 down −0.77, 2.8 × 10−2, 1.8 × 10−3 

Tmem52b A_64_P114148 transmembrane protein 52B down −0.70, 4.6 × 10−2, 1.8 × 10−3 
a Probe names are Agilent ID numbers of Rat Gene Expression ver.3 Microarray. DE: differentially expressed; CvI: 
control versus IMI; FC: fold change; positive FC = upregulation versus control; negative FC = downregulation 
versus control; p: p-value; q: false discovery rate; FC, p, and q values were calculated from microarray data of six 
independent experiments. 

  

Figure 3. Overviews of gene expression changes in cerebellar cultures exposed to nicotine (NIC), 
acetamiprid (ACE), and imidacloprid (IMI) for 14days (16DIV). In altered transcriptomes of control 
versus NIC (CvN), control versus ACE (CvA), and control versus IMI (CvI), 34, 48, and 67 genes, 
respectively were filtered at cutoff threshold values of p < 0.05, q < 0.05, and fold change (FC) ≥ 1.5. 
Venn diagrams show numbers of genes upregulated (A) and downregulated (B) after the three 
treatments versus control. 
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アセタミプリドは神経発達を妨げる。（Sano 2016）

Sano et al. Developmental Acetamiprid Exposure Alters Behaviors

FIGURE 3 | Effects of developmental ACE exposure on male aggressive behavior. (A) The total duration and (B) the number of aggressive bouts toward the

intruder stimuli. The numbers of animals used are indicated in parentheses. The data are presented as the mean ± SEM. **P < 0.01, *P < 0.05.

inhibit the endogenous peroxidase activity, and then blocked
in an incubation buffer (1% casein in PBS-X) for 2 h at room
temperature. Tissue sections were then incubated with a rabbit
polyclonal anti-vasopressin antiserum (1:4000; Immunostar Cat.
#20069, Hudson, NY, USA) in incubation buffer for 24 h
at 4◦C. After the completion of the incubation process, the
staining was visualized using the DAKO EnVisionTM Detection
System (Peroxidase/DAB+, K5007). Three anatomicallymatched
sections (30 µm thickness, 90 µm intervals) containing the
paraventricular nucleus (PVN, bregma 0.70–0.94 mm) were
selected for each mouse. PVN images were photographed at a
10x magnification with a digital camera mounted on a light
microscope (Leica DFC290 HD; Leica Microsystems, Wetzlar,
Hesse, Germany). The total number of immunoreactive cells
was bilaterally counted for each animal. Because of technical
issues with the sample preservation and tissue preparation, only
the number of samples denoted in Figure 7 were used for the
analysis.

Evaluation of Behavioral Flexibility Using
the IntelliCage
Male and female mice were tested separately for their behavioral
flexibility using the IntelliCage, a fully automated testing
apparatus consisting of a large plastic cage (55 × 37.5 ×

20.5 cm) equipped with 4 corner chambers (15 × 15 × 21 cm
each). Male mice at the age of 13–20 weeks were introduced
to the IntelliCage apparatus and housed for 57 days. The
female mice were housed in the apparatus for 56 days, starting
at the age of 23–32 weeks. The difference in test timing of
test was due to the limited capacity of the IntelliCage. Two
to Three days before being introduced to the apparatus, the
mice were anesthetized with isoflurane and subcutaneously
implanted a glass-covered transponder having a unique ID code
for radiofrequency identification (Datamars, Temple, TX, USA).

The behavioral flexibility test paradigm was composed of
an acquisition phase and serial reversal phases. Prior to the
behavioral flexibility test, the mice were allowed to acclimatize
to the IntelliCage for 9 days. In the acquisition phase after
acclimatization, mice were allowed to learn the two rewarded
corners and shuttle between them. Subsequently, the mice were
subjected to serial reversal tasks, in which the diagonal spatial
patterns of the rewarded corners was repetitively reversed every

FIGURE 4 | Effects of developmental ACE exposure on female sexual

behavior. The comparison of the lordosis quotient [(the number of lordosis

responses/15 mounts or intromissions) * 100]. The numbers of animals used

are indicated in parentheses. The data are presented as the mean ± SEM.

4–7 sessions. In total, there were 57 sessions for the male
mice and 56 sessions for the female mice, including the first
14 sessions of the acquisition phase. Additional sessions were
conducted with 10 serial reversals for the male mice and 9 serial
reversals for the female mice. The percentage of visits to the non-
rewarded corners within the first 100 visits was defined as the
discrimination error rate and used to analyze the inter-session
comparisons of learning performance. Additionally, the nose-
poke frequency per visit within the first 100 visits was calculated
for eachmouse as an index of compulsive repetitive behavior. The
IntelliCage apparatus and behavioral flexibility test paradigm are
described in details elsewhere (Endo et al., 2011, 2012). The data
from session 38–41 (6th reversal phase) and session 46–53 (8th
and 9th reversal phases) in the male mice were excluded from
analysis because of a mechanical malfunction of the IntelliCage
apparatus. Thus, in the Figure 8A, the sessions 42–45, which
were the 7th reversal phase, are denoted as Rev 6 and sessions
54–57, which were the 10th reversal phase, are denoted as Rev 7.

Statistical Analyses
All data are presented as mean ± standard error of the mean
(SEM). All data, except the comparison of the numbers of
ejaculating males, were analyzed using an ANOVA, followed
by a Fisher’s PLSD post hoc test. The incidence of ejaculation
during themale sexual behavior test was compared usingχ2 tests.
The differences were considered statistically significant when P
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FIGURE 1 | Timeline of the behavioral tests in the study and information of the numbers of animals used in each cohort.

FIGURE 2 | Effects of developmental ACE exposure on male sexual behavior. Comparison of (A) the total number of sexual behaviors, as well as the numbers

for each male sexual behavior component, including (B) attempted mounts, (C) mounts, and (D) intromissions across the treatment groups. The numbers of animals

used are indicated in parentheses. The data are presented as the mean ± SEM. *P < 0.05, aP < 0.1.

at 4◦Cwith 4% PFA in 0.1M PBS, and cryoprotected in 0.1M PBS
containing 30% sucrose.

Enzyme Immunoassay for Plasma
Testosterone
Samples were extracted from plasma (100 µl) with ethyl
acetate, and testosterone concentrations were determined using a
testosterone enzyme immunoassay kit (Cayman Chemicals, Ann
Arbor, MI, USA), according to the manufacturer’s instructions.

All male samples and randomly selected samples from females
(5 for each treatment group) subjected to the socio-sexual and
anxiety behavior tests were analyzed.

Immunohistochemistry
The brain samples were coronally sectioned at 30 µm thickness
with 90 µm intervals on a freezing microtome. Sections were
incubated in PBS-X (0.1 M PBS, pH 7.2 and 0.2% Triton
X-100), containing 0.5% hydrogen peroxide for 20 min to
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FIGURE 5 | Effects of developmental ACE exposure on anxiety-related behaviors, as measured in the light-dark transition test. (A–C) Male and (D–F)

female mice of each treatment group. The comparison of (A,D) the total time spent in, (B,E) the total moving distance in, and (C,F) the latency to enter the light

compartment of the light-dark transition apparatus. The numbers of animals used are indicated in parentheses. The data are presented as the mean ± SEM. *P <

0.05 vs. control.

FIGURE 6 | Effects of developmental ACE exposure on plasma

testosterone levels. (A) Male and (B) female mice of each treatment group.

The numbers of animals used are indicated in parentheses. The data are

presented as the mean ± SEM.

< 0.05. All data were analyzed using the SPSS 19.0 statistical
package (SPSS Inc., Chicago, IL, USA) or R software (The R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Body Weight/Litter
In the male and female mice, no differences were found in
BW/litter among the groups at birth, PND 21, or 23–26 weeks
of age (Table 1).

Brain Weight
No differences were found in the brain weights of either male or
female mice at PND 21 (Table 2). There were no differences in
the brain-to-body weight ratio either [data not shown].

Brain Residual Concentration Analysis
The brain residual concentration of ACE was measured in 6 mice
(3 male and 3 female) from the control group and 6 mice (3 male
and 3 female) from the high-dose group. The concentrations
in the high-dose group were 1.29 ± 0.46 and 1.23 ± 0.20 ng/g
in males and females, respectively (Table 3). In contrast, the
concentrations were below theMDL in the control group for both
sexes.

Male Sexual Behavior
In the male sexual behavior test (Figures 2A–D), the total
number of sexual behaviors was significantly increased in the
low-dose group [F(2, 27) = 3.72, P< 0.05; Fisher’s PLSD, P< 0.05,
low-dose group vs. control and high-dose groups; Figure 2A],
particularly for the mean number of mounts [F(2, 27) = 3.77, P <

0.05; Fisher’s PLSD, P < 0.05, low-dose group vs. control group;
Figure 2C]. We found no significant difference in the incidence
of ejaculation during the tests (Table 4).

Male Aggressive Behavior
The aggression level in the low-dose group was significantly
increased compared to that of the control and high-dose groups,
as measured by the total duration [F(2, 27) = 4.44, P < 0.05;
Fisher’s PLSD, P < 0.05, low-dose group vs. control; P <

0.01, low-dose group vs. high-dose group; Figure 3A] and the
number of bouts [F(2, 27) = 6.24, P < 0.01; Fisher’s PLSD,
P < 0.01, low-dose group vs. control and high-dose groups;
Figure 3B].
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性行動

攻撃行動

明暗箱を用いた不安行動試験

• テストステロンレベル、バゾプレッシン-
免疫反応細胞数、行動柔軟性の低下
はなかった。

母マウスにアセタミプリドを0, 1, 10 mg/kg 投与したところ、
仔の雄マウスに、

性行動・攻撃行動の増加
不安を誘発する場所に対する情動反応の低下

を起こした。

アセタミプリドは脳の神経組織の発達を障害する
（Kagawa 2018)

sections from each fetal mouse in accordance with the methods of

Komada et al. (2012, 2014, 2017).

2.6 | Analysis of cell cycle kinetics

The proportion of cells exiting the cell cycle was estimated as the ratio

of IdU‐positive cells/Ki67‐negative cells (postmitotic and/or differen-

tiated cells) to all IdU‐positive cells on E14 in the dorsal telencephalon

(Chenn & Walsh, 2002).

2.7 | Analysis of proliferating and postmitotic/
differentiated cell numbers

For the quantification of immunofluorescent staining data, the total

number of DAPI‐stained cells and cells stained with each antibody

were counted in counterpart areas of the dorsal telencephalic region

of the brain. Cells were counted manually in two 100 μm sampling

boxes (indicated by open boxes in Figure 1) on two anatomically

matched sections from each fetal mouse using Adobe Photoshop

CS4 software (Adobe, San Jose, CA, USA). We performed counting

and quantification in accordance with previously reported methods

(Komada et al., 2012; Komada et al., 2014; Komada et al., 2017).

2.8 | Neuronal birth‐date analysis

Three pregnant females in each group were treated with ACE (5 mg/kg

per day, oral gavage) from E6 to E18 and received intraperitoneal injec-

tions of CldU (50 mg/kg; MP Biomedicals) on E14 and IdU (50 mg/kg;

Sigma Chemical Co.) on E16 to label newly generated neurons (CldU‐

E14 and IdU‐E16). CldU and IdU were administered at the same time

on each day (12:00 hours). Pregnant mice were allowed to birth natu-

rally (P0) and nurse their newborns. On P14, newbornmice were deeply

anesthetized using sevoflurane, and perfused intracardially with PBS

and subsequently PLP. Brain tissues from nine male newborn mice from

three damswere harvested, postfixed in PLP for 3 hours at 4°C, washed

in PBS, and embedded in paraffin. Parasagittal paraffin sections (5 μm)

were subjected to immunostaining.

Numbers and distributions of young neurons in the neocortex were

analyzed in anatomically matched sections from each newborn in accor-

dance with previously described methods (Komada et al., 2012; Komada

et al., 2014; Komada et al., 2017; Molyneauz, Arlotta, Hirata, Hibi, &

Macklis, 2005). The entire cortical thickness on parasagittal sections

was subdivided into ten 100 μm fractions (bins 1–10). CldU‐ and IdU‐pos-

itive cells were counted and the index (number of CldU‐ or IdU‐positive

cells/number of DAPI‐stained cells × 100) was calculated for each bin.

2.9 | Analysis of microglia number, type and
morphology

P14 brains from nine male newborn mice from three dams treated

with ACE or control from E6 to E18 were used for microglia studies.

Numbers of total microglia, active microglia exhibiting a globular struc-

ture (amoeboid‐type), quiescent microglia (ramified/transition‐type),

M1 microglia (classically activated, inflammatory cells) and M2 microg-

lia (reparative cells) were determined by double‐immunostaining with

anti‐Iba1 (microglial marker) and CD11b (M1 microglial marker) or

CD206 (M2 microglial marker) in P14 neocortex.

2.10 | Statistical analyses

Immunohistochemical data were analyzed using the litter average as

the statistical unit. After confirming homogeneity of variance with

F ‐tests, differences between the control and ACE‐treated groups

were evaluated with Student's t‐tests. In cases of nonhomogeneous

variance, between‐group differences were evaluated with Aspin‐

(A)

(D) (E)

(B) (C)

FIGURE 1 Prenatal ACE exposure induces hypoplasia of the cortical plate and inhibits neurogenesis. A, Parasagittal sections of the
telencephalon from control and ACE‐exposed fetal mice (E14) stained with H & E. Size of the cortical plate was reduced in the ACE‐exposed
group compared to the control group (black arrow). B, Parasagittal sections of the dorsal telencephalon from control and ACE‐exposed fetal mice
(E14) immunostained with anti‐neural class III β‐tubulin (Tuj1) antibody (white arrow). C, Parasagittal sections stained with anti‐Ki67 and anti‐IdU
antibodies 24 h after IdU labeling on E14 in the control and ACE‐treated groups. D, QuantificationTuj1‐positive cells in B. E, Quantification of cells
exiting the cell cycle determined as the ratio of IdU‐positive/Ki67‐negative cells (red) to all cells labeled with IdU (red and yellow) in C. Cells were
counted in 100 μm sampling boxes (white boxes in C). Scale bar: 200 μm. *P < 0.05 vs. control, Student's t‐test or Aspin‐Welch's t‐test. ACE,
acetamiprid; DAPI, 4′,6‐diamidino‐2‐phenylindole; IdU, iododeoxyuridine; H & E, hematoxylin and eosin
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妊娠マウスにアセタミプリド5mg/kg/dayを

胎生6-13日（新皮質形成期間）または18日まで投与した。

胎生14日目 の皮質板の低形成と神経発生の低下

新生児マウスの新皮質には異常な神経分布、

iba1陽性のアメーバ様ミクログリアの増加

ミクログリアのM1/M2比の上昇
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クロチアニジンは、青年期の不安様行動を増加させる
（Maeda 2018)

マウスにクロチアニジン5 mg/kg bw/dayを投与したところ、
不安を誘発する開けた場所に行かなくなり、狭い場所で過ご
す時間が増えた。

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.

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

クロチアニジンは、ヒトの免疫細胞のニコチン受容
体に低い濃度で作用する。(Di Prisco 2017)

• クロチアニジン 0.4 μM（0.1mg/mL) 、一晩

• ADI (一日摂取許容量）と同レベル

• ヒト白血球 単球THP-1, 

• 炎症惹起物質LPS の刺激に対する

• TNF-α の産生低下

• NF-κB発現の低下

field. We determined the brain regions anatomically according to a
brain atlas (Paxinos and Franklin, 2001) and calculated the number of
c-fos immunopositive nuclei per area by using ImageJ software. At least
3 sections per mouse were analyzed in this way.

2.5. Statistical analysis

Statistical analyses were performed with Excel Statistics 2012 (SSRI
version 1.00; SSRI, Tokyo, Japan). According to the reference (Walf and
Frye, 2007), in the elevated plus-maze test, the experimental abnormal
values such as mice fell off arms or freezing in arms for a considerable
time were excluded from the analysis (Control: n = 3, CTD-5: n = 1,
CTD-50: n = 3). The behavioral data were analyzed by one-way
ANOVA followed by the Dunnett’s post hoc test. The histological data
were analyzed by Welch’s t-test. The results were considered significant
when the p-value was less than 0.05.

3. Results

3.1. Behavioral effects of acute CTD in the elevated plus-maze test

To measure the anxiogenic effect of CTD in a novel and stressful
environment, all mice were subjected to the elevated plus-maze test.
There were no marked physical signs of acute toxicity in the CTD-ad-
ministered mice during the 1-h period spent in their home cages before
the test. The representative trajectory maps showed that the CTD-ad-
ministered mice seldom walked in the open arms (Fig. 2A). One-way
ANOVA showed that there are significant effects of CTD on the loco-
motor activities measured by the total distance traveled [F(2,
31 = 33.16) p < 0.01] and the total number of arm entries [F(2,
31 = 4.49) p < 0.05]. The locomotor activities of mice were not
changed in the CTD-5 groups, but were significantly lower in the CTD-

50 group [p < 0.01] than the control group (Fig. 2B, C). At the same
time, one-way ANOVA showed that there are significant effects of CTD
on the open arm activities measured by the percentage of time spent in
the open arms [F(2, 31 = 9.87) p < 0.01] and the percentage of open
arm entries [F(2, 31 = 8.02) p < 0.01]. The open arm activities of
mice were significantly decreased in both the CTD-5 and CTD-50 groups
[p < 0.01], indicating an increased level of anxiety (Fig. 2D, E). In
addition, mice in the CTD-50 group showed several signs of excessive
anxiety, such as teeth chattering, freezing and human-audible vocali-
zation during the behavioral test.

3.2. Vocalization analysis

All mice in the CTD-50 group spontaneously emitted chirp-like vo-
calizations on the elevated plus-maze when they were selecting arms on
the center platform or looking down from open arms (Supplementary
movie). The spectrogram revealed that the human-audible vocaliza-
tions produced by mice consisted of harmonics at a constant frequency
between 4 and 16 kHz with durations between 75 and 120 msec
(Fig. 3A). There were 70.6± 19.5 instances of vocalizations in the
elevated plus-maze test in the CTD-50 group, but no vocalizations in the
control and CTD-5 groups (Fig. 3B). It was also noted that most of the
vocalizations were observed immediately after the elevated plus-maze
test started and decreased drastically within 1 min (Fig. 3C).

3.3. The effects of CTD on c-fos expression induced by the elevated plus-
maze test

There was no marked difference in the neural morphology and ar-
rangement of neural nucleus of brain between the control and the CTD-
administrated groups. To identify the brain regions involved in ex-
cessive behavioral responses to the elevated plus-maze test in the CTD-

Fig. 2. Behavioral effects of acute CTD observed in the elevated plus-maze test. (A) Representative trajectory maps showed that the exploratory behaviors in the open arms were
suppressed in the CTD-administered groups compared to the control group. (B) The total distance traveled and (C) the total number of arm entries were not changed in the CTD-5 groups,
but were significantly lower in the CTD-50 group relative to those of the control group. (D) The percentage of time spent in the open arms and (E) the percentage of open arm entries were
significantly lower in both the CTD-5 and CTD-50 groups than the control group. Columns showed the group mean ± SE and circles showed individual values of mice (Control: n = 14,
CTD-5: n = 10, CTD-50: n = 10), *p < 0.05, **p < 0.01 vs. control group (one-way ANOVA followed by Dunnett’s post-hoc test).
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field. We determined the brain regions anatomically according to a
brain atlas (Paxinos and Franklin, 2001) and calculated the number of
c-fos immunopositive nuclei per area by using ImageJ software. At least
3 sections per mouse were analyzed in this way.

2.5. Statistical analysis

Statistical analyses were performed with Excel Statistics 2012 (SSRI
version 1.00; SSRI, Tokyo, Japan). According to the reference (Walf and
Frye, 2007), in the elevated plus-maze test, the experimental abnormal
values such as mice fell off arms or freezing in arms for a considerable
time were excluded from the analysis (Control: n = 3, CTD-5: n = 1,
CTD-50: n = 3). The behavioral data were analyzed by one-way
ANOVA followed by the Dunnett’s post hoc test. The histological data
were analyzed by Welch’s t-test. The results were considered significant
when the p-value was less than 0.05.
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ministered mice during the 1-h period spent in their home cages before
the test. The representative trajectory maps showed that the CTD-ad-
ministered mice seldom walked in the open arms (Fig. 2A). One-way
ANOVA showed that there are significant effects of CTD on the loco-
motor activities measured by the total distance traveled [F(2,
31 = 33.16) p < 0.01] and the total number of arm entries [F(2,
31 = 4.49) p < 0.05]. The locomotor activities of mice were not
changed in the CTD-5 groups, but were significantly lower in the CTD-

50 group [p < 0.01] than the control group (Fig. 2B, C). At the same
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on the open arm activities measured by the percentage of time spent in
the open arms [F(2, 31 = 9.87) p < 0.01] and the percentage of open
arm entries [F(2, 31 = 8.02) p < 0.01]. The open arm activities of
mice were significantly decreased in both the CTD-5 and CTD-50 groups
[p < 0.01], indicating an increased level of anxiety (Fig. 2D, E). In
addition, mice in the CTD-50 group showed several signs of excessive
anxiety, such as teeth chattering, freezing and human-audible vocali-
zation during the behavioral test.

3.2. Vocalization analysis

All mice in the CTD-50 group spontaneously emitted chirp-like vo-
calizations on the elevated plus-maze when they were selecting arms on
the center platform or looking down from open arms (Supplementary
movie). The spectrogram revealed that the human-audible vocaliza-
tions produced by mice consisted of harmonics at a constant frequency
between 4 and 16 kHz with durations between 75 and 120 msec
(Fig. 3A). There were 70.6± 19.5 instances of vocalizations in the
elevated plus-maze test in the CTD-50 group, but no vocalizations in the
control and CTD-5 groups (Fig. 3B). It was also noted that most of the
vocalizations were observed immediately after the elevated plus-maze
test started and decreased drastically within 1 min (Fig. 3C).

3.3. The effects of CTD on c-fos expression induced by the elevated plus-
maze test

There was no marked difference in the neural morphology and ar-
rangement of neural nucleus of brain between the control and the CTD-
administrated groups. To identify the brain regions involved in ex-
cessive behavioral responses to the elevated plus-maze test in the CTD-

Fig. 2. Behavioral effects of acute CTD observed in the elevated plus-maze test. (A) Representative trajectory maps showed that the exploratory behaviors in the open arms were
suppressed in the CTD-administered groups compared to the control group. (B) The total distance traveled and (C) the total number of arm entries were not changed in the CTD-5 groups,
but were significantly lower in the CTD-50 group relative to those of the control group. (D) The percentage of time spent in the open arms and (E) the percentage of open arm entries were
significantly lower in both the CTD-5 and CTD-50 groups than the control group. Columns showed the group mean ± SE and circles showed individual values of mice (Control: n = 14,
CTD-5: n = 10, CTD-50: n = 10), *p < 0.05, **p < 0.01 vs. control group (one-way ANOVA followed by Dunnett’s post-hoc test).
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ジノテフラン製剤は神経発達を障害する。
（Yoneda 2018)
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雄性マウスに

ジノテフラン製剤アルバリン100, 500, 2500 mg/kg/dayを

３−８週齢（思春期前後）の期間投与したところ、

オープンフィールドテストで過活動

黒質線条体のチロジンハイドロキシラーゼ活性の増加

イミダクロプリドは胎仔に移行し、肝臓と脳に分布、
神経発達に影響を与える （Burke 2018)。

母マウスへのイミダクロプリド0.5mg/kg/日投与により、
仔マウスの
・脳の中脳脚間核 のニコチン受容体増加。
・対照と比べ、活動亢進、社会的支配指向性、うつ様行動の減少、
社会的攻撃性の減少。

対照 対照

中脳脚間核ニコチン受容体濃度

Burke AP, Niibori Y, Terayama H, Ito M, Pidgeon C, Arsenault J, Camarero PR, Cummins CL, Mateo R, Sakabe K, Hampson DR: Mammalian Susceptibility to a Neonicotinoid Insecticide after Fetal
and Early Postnatal Exposure. Sci. Rep. 8, 16639 (2018) DOI:10.1038/s41598-018-35129-5
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ニコチン受容体に物質が結合することにより発達神経毒性を生じる場合の
候補メカニズム（Adverse Outcome Pathway by Grillberger 2023)

39
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interactions for different subunits, as presented here for ↵3�4 and ↵7. However, in order to
gain confirmation that the docked compounds contact the discussed residues, photoaffinity
labelling experiments could provide the final proof. Alternatively, a radioligand binding
assay could also confirm the binding of DCNT, DNCT, and THIAC to nAChR ↵3�4.

Using the available knowledge, we constructed here a putative AOP that links nAChR
activation (by, e.g., neonicotinoids) to DNT (Figure 5). While the initial steps/events
are clearly defined, later KEs in this preliminary AOP have large uncertainties. Why
do we nevertheless feel that such an AOP is justified? The main reason is that there is
solid evidence that exposure to nicotine does indeed lead to adverse outcomes related to
classical DNT or to neural crest defects. This means that the beginning and end of such
an AOP are documented. Nicotine-induced neural crest disturbances are exemplified by
craniofacial malformations [72]. Examples of DNT effects are structural alterations in brain
regions (especially catecholamine systems), cognitive deficits, cortical dysfunctions, and
an increased incidence of attention deficit/hyperactivity disorder (ADHD) [73–78]. In
addition to this toxicological evidence for the existence of an AOP with nAChR linked
to DNT, there is also technical evidence that such types of AOP may be constructed and
accepted. Other AOPs for DNT, with receptor interactions as the MIE, exist, e.g., for NMDA
(N-methyl-D-aspartate) receptors [23,24]. The adverse outcomes, as observable in the
human population or in animal studies, are not a highly defined disease symptom or a
quantifiable pathology. They are better described as a large spectrum of potential cognitive
performance deficits, which vary considerably between species and individuals.
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Herein, methodologies were applied that are at the intersection of drug design and 
toxicology and that have been carefully evaluated. We paved the way for the integration 
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Figure 5. Putative AOP (adverse outcome pathway) linking nAChR binding to potential adverse
outcomes related to DNT. The AOP is based on the assumed mode of action of nicotine, which
might apply also to certain neonicotinoids and their metabolites. KE3 might be triggered via
KE1 either directly or via KE2. At present, KE3 and the adjacent key event relationships are the
most uncertain elements of the putative AOP. More information on these processes is necessary.
MD: molecular dynamics; MIE: molecular initiating event; KE: key event; AO: adverse outcome;
MEA: microelectrode array.

The concept of endophenotypes as one form of adverse outcome helps to better
define AOPs related to DNT. This concept is very broadly used in psychiatry and has
been introduced into toxicology to allow the establishment of more robust
AOPs [79,80]. The basic assumption is that any external symptom (often hard to quantify)
must be linked to an altered network connectivity (structural or functional) in the brain [81].
This endophenotype may be assessed by classical toxicological methods (histology or neuro-
physiology). This would be more difficult for, e.g., attention deficits or an altered executive
function. One endophenotype may manifest in several exophenotypes and thus explain the
broad spectrum of potential adverse events. For instance, dopamine network disturbance
in basal ganglia may lead to hyperlocomotion and restlessness in rodents, but to delusions
in humans. For practical purposes, our suggested AOP has two sequential AOs. This
is not uncommon, as it is also the case, e.g., in AOP 3 (Inhibition of the mitochondrial
complex I of nigrostriatal neurons leads to parkinsonian motor deficits [82]). The two AOs

すでにニコチンで確⽴されている

ネオニコがヒトに発達神経毒性をもたらす証拠は、着実に積み上がっている。

分子結
合

作用機序 健康影響



ネオニコは新生児の尿から検出される。
(Ichikawa 2019)

Ichikawa, G. et al. LC-ESI/MS/MS analysis of neonicotinoids in urine of very low birth weight infants at birth. PLoS ONE 14, e0219208 (2019) 
doi.org/10.1371/journal. pone.0219208

• 2009年1月から2010年12月に

• 栃木県 獨協医大病院の新生児ICUに入院した

• 出生体重500-1500gの新生児57例

• 出生直後尿（48時間以内）を分析

• 14例からアセタミプリド分解産物DMAP （最大0.68ppb）

• １例からジノテフラン（0.4ppb）

• 新⽣児ICUでは出⽣後48時間は⺟乳を与えないため、
検出されたネオニコは⺟体由来と推定された。

今やヒトは、胎内で環境ホルモンだけでなく、ネオ
ニコの曝露を受けるようになってしまった。

1.環境汚染は⼈体汚染

胎児は胎内で多くの神経毒性物質の暴露を受ける。

化学物質 胎児/新生児の検出率 (%)

フタル酸類 90-100 % 尿

フェノール類 40-60% 尿

有機フッ素化合物 90-100 % 臍帯血

難燃剤 70-100 % 臍帯血

PCB 90-100 % 臍帯血

有機塩素 90-100 % 臍帯血

Mitro et al. 2015

ネオニコチノイド 25% 尿
Ichikawa et al. 2018

こどもの尿から、ネオニコが高頻度に多種類検出される。

• 長野県の3-6 歳の子ども 47 人, 男/女=23/24 （Ikenaka 2016)

検出率 (%) 5⽉ 6⽉ 7⽉ 検出限界
(ppb)

アセタミプリド分解産物* 91 93 87 0.05
アセタミプリド 9 11 11 0.05
ジノテフラン 43 54 49 0.1
クロチアニジン 41 52 49 0.1
チアメトキサム 28 37 47 0.1
チアクロプリド 28 30 33 0.05
イミダクロプリド 13 15 18 0.1
ニテンピラム 0 30 27 0.5
⼀つ以上検出 98 100 100
*DMAP

ネオニコチノイド

腸粘膜

気道粘膜肺胞

肝臓

腎臓

⾎液脳関⾨

⾎液精巣関⾨

胎盤

脳

胎児

精巣⼼臓

代謝

尿

脳脊髄液
Brunet 2004 Fuke 2015

Ichikawa 2019

評価書

Taira 2013

乳腺 内分泌撹乱

⽪膚 ⽑髪
Kavvalakis 2013

尿

ヒトが摂取したネオニコは、全身に分布、胎盤を通り抜け、臍帯から胎児に
移行し、胎児脳を汚染する。

浸透性
生体内に滞留する
分解が遅い
種選択性なし
時間累積毒性

Ikenaka 2021

• 2009年1月から2010年12月に

• 栃木県 獨協医大病院の新生児ICUに入院した

• 出生体重500-1500gの新生児57例

• 出生直後尿（48時間以内）

• アセタミプリド分解産物 DMAP 14例 (25%), 最大0.68ppb

• ジノテフラン １例, 0.4ppb

• 新⽣児ICUでは出⽣後48時間は⺟乳を与えないため、
検出されたネオニコは⺟体由来と推定された。

• 胎盤を通過したネオニコは、へその緒から胎児の循環
に⼊り、⾎液脳⾎液関⾨を通過し脳神経に達する。

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.

3. 環境汚染は⼈体汚染 (⽇本）６. 今、⽇本の⼦どもに何がおきているのか？
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１歳半の子どもの尿からも頻繁に検出される。

検出率
(％)

中央値
（ng/mL)

アセタミプリド 37.3 <0.01

DMAP 14.1 <0.15

イミダクロプリド 40.4 <0.07

クロチアニジン 32.7 <0.13

チアメトキサム 41.1 <0.06

チアクロプリド 21.8 <0.03

ジノテフラン 45.8 <0.74

愛知県の１歳半のこども(n=1077, 男/女=548/529)
紙おむつで尿を採取、2015-16年

• 室内の殺虫剤使用により検出率が増加した。
• 親が子どもの食事に気をつけていると答えた場合の検出率は低かった。

Oya N, 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. 

生産地の子どもの尿から、さらに高頻度で検出される。

1.環境汚染は⼈体汚染

胎児は胎内で多くの神経毒性物質の暴露を受ける。

化学物質 胎児/新生児の検出率 (%)

フタル酸類 90-100 % 尿

フェノール類 40-60% 尿

有機フッ素化合物 90-100 % 臍帯血

難燃剤 70-100 % 臍帯血

PCB 90-100 % 臍帯血

有機塩素 90-100 % 臍帯血

Mitro et al. 2015

ネオニコチノイド 25% 尿
Ichikawa et al. 2018

こどもの尿から、ネオニコが高頻度に多種類検出される。

• 長野県の3-6 歳の子ども 47 人, 男/女=23/24 （Ikenaka 2016)

検出率 (%) 5⽉ 6⽉ 7⽉ 検出限界
(ppb)

アセタミプリド分解産物* 91 93 87 0.05
アセタミプリド 9 11 11 0.05
ジノテフラン 43 54 49 0.1
クロチアニジン 41 52 49 0.1
チアメトキサム 28 37 47 0.1
チアクロプリド 28 30 33 0.05
イミダクロプリド 13 15 18 0.1
ニテンピラム 0 30 27 0.5
⼀つ以上検出 98 100 100
*DMAP
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尿

ヒトが摂取したネオニコは、全身に分布、胎盤を通り抜け、臍帯から胎児に
移行し、胎児脳を汚染する。

浸透性
生体内に滞留する
分解が遅い
種選択性なし
時間累積毒性

Ikenaka 2021

• 2009年1月から2010年12月に

• 栃木県 獨協医大病院の新生児ICUに入院した

• 出生体重500-1500gの新生児57例

• 出生直後尿（48時間以内）

• アセタミプリド分解産物 DMAP 14例 (25%), 最大0.68ppb

• ジノテフラン １例, 0.4ppb

• 新⽣児ICUでは出⽣後48時間は⺟乳を与えないため、
検出されたネオニコは⺟体由来と推定された。

• 胎盤を通過したネオニコは、へその緒から胎児の循環
に⼊り、⾎液脳⾎液関⾨を通過し脳神経に達する。

Ikenaka Y, Miyabara Y, Ichise T, Nakayama S, Nimako C, Ishizuka M, Tohyama C. Exposures of children to neonicotinoids in pine wilt disease control areas. 
Environ Toxicol Chem. 2019 Jan;38(1):71-79. doi: 10.1002/etc.4316. 
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日本の妊婦の尿中クロチアニジン検出は武
漢より多い。

中央値, μg/L 武漢
（妊婦）

熊本*
（妊婦）

n 408 109

イミダクロプリド 0.03 <LOQ

アセタミプリド <LOQ <LOQ

チアメトキサム 70.1 7.4

クロチアニジン 0.05 15.3

ジノテフラン no data <LOQ

DMAP 0.77 <LOQ

中央値, μg/L 上海
（学童）

中国南部
（8-11)

⻑野
（3-5)

n 289 305 46

イミダクロプリド <LOQ 0.13 <LOQ

アセタミプリド <LOQ 0.01 <LOQ

チアメトキサム <LOQ 0.21 <LOQ

クロチアニジン <LOQ 0.19 0.14

ジノテフラン <LOQ 1.64 0.14

DMAP 1.35 no data 0.46

*μg/gCre

Ikenaka Y, Miyabara Y, Ichise T, Nakayama S, Nimako C, Ishizuka M, Tohyama C. Exposures of children to neonicotinoids in pine wilt disease control 
areas. Environ Toxicol Chem. 2019 Jan;38(1):71-79. doi: 10.1002/etc.4316. 

日本の子どもの尿中ネオニコ検出は、
中国南部の子どもよりは少ない。

Hexing Wang, Dongjian Yang, Hongji Fang, Minghui Han, Chuanxi Tang, Jingui Wu, Yue Chen, Qingwu Jiang, Predictors, sources, and health risk of 
exposure to neonicotinoids in Chinese school children: A biomonitoring-based study, Environment International, Volume 143,2020,105918,ISSN 0160-4120, 
https://doi.org/10.1016/j.envint.2020.105918.

Zhao Y, Zhu Z, Xiao Q, Li Z, Jia X, Hu W, Liu K, Lu S. Urinary neonicotinoid insecticides in children from South China: Concentrations, profiles and influencing factors. 
Chemosphere. 2022 Mar;291(Pt 2):132937. doi: 10.1016/j.chemosphere.2021.132937. Epub 2021 Nov 16. PMID: 34798106.
Anai  A, Hisada, Yunohara T, Iwasaki M, Arizono K, Katoh T. Urinary neonicotinoids level among pregnant women in Japan. Int J Hyg Environ Health. 2021 Jul. . 2021 
Jul;236:113797. doi: 10.1016/j.ijheh.2021.113797. Epub 2021 Jul 1.
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エコチル調査

• 2011.1から2014.3に全国で登録された103,099⼈の妊娠⼥性
• 妊娠第１期（22週未満）と妊娠2/3期（23週以上）の２
回採尿

• 72%で妊娠前の体重はやせすぎと判定されるBMI18.5以
下

• その⺟親の胎児104,059⼈の追跡調査を⾏った。
• ⽣後６ヶ⽉から4歳まで、６ヶ⽉おきに
• Ages and Stages Questionnairesの⽇本語版第３版（J-ASQ-3、
エイズキュースリー)を実施

• ⺟親の尿中ネオニコチノイド濃度を測定した⼦ども8538⼈について、
• J-ASQ-3との関連を検討した。
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⽇本語版乳幼児発達検査（J-ASQ-3, エイズキュースリー)

• ⽣後６ヶ⽉から5歳まで、養育者が回答する。
• コミュニケーション 話す・聞くなど
• 粗⼤運動 ⽴つ・歩くなど
• 微細運動 指先で物をつかむなど⼿先の器⽤さ
• 問題解決 ⼿順を考えて⾏動するなど
• 個⼈社会性 他⼈とのやりとりに関する⾏動など

• カットオフ値 -2SD
• グレーゾーン -1SDから-2SD
• 詳細評価が必要 -2SD未満（2.2%)
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多くの子どもが、胎児期からずっとネオニコ曝露を受けている。

本研究 Oyaら
⺟の妊娠初期 ⺟の妊娠中後期 1.5歳児

例数 8538 8538 1036
尿中濃度の95パーセンタイル値(ng/mL)

アセタミプリド 0.07 0.06 0.16
DMAP 3.88 3.63 2.6
クロチアニジン 1.4 1.41 2.2
ジノテフラン 7.57 5.81 19.2
イミダクロプリド 0.18 0.17 0.37
チアメトキサム 0.49 0.5 1.1
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ネオニコの尿中濃度は対数正規分布する（平 2023)

• 1⽇３回３⽇間採尿した際のジノテフラン濃度の累積度数分布（n=62)
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8538人の子どもの中で詳細評価が必要と判定された割合（理論的には2.2%)
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• 発達⾯で問題を抱えている⼦どもは、予想以上に多い。

• 問題がある⼦どもに、発達に悪影響があるとわかって
いる農薬が⼊った⽔や⾷品を与えてもよいのだろう
か？
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秋田県の医療には地域差があるが、それほど悪いわけではない。

• 医療施設従事医師数（⼈⼝10万⼈対）243⼈ 全国31位
• 全国平均 257⼈、東京は321⼈

• 秋⽥周辺 326⼈
• 横⼿ 216⼈
• 由利本荘・にかほ 190⼈
• ⼤仙・仙北 165⼈
• ⼤館・⿅⾓ 164⼈
• 能代・⼭本 152⼈
• 湯沢・雄勝 115⼈
• 北秋⽥ 114⼈
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７. 秋⽥県でヒトに何がおきているのか？



• 死亡率 全国1位
• ⾃然死産率 全国１位
• 周産期死亡率 全国8位
• 死産率 全国11位
• 乳児死亡率 全国19位
• 合成特殊出⽣率 全国44位
• ⼈⼯死産率 全国44位
• 離婚率 全国45位
• 婚姻率 全国47位
• 出⽣率 全国47位
• ⾃然増減率 全国47位

• 主な死因別死亡率
• 悪性新⽣物 全国1位
• 脳⾎管疾患 全国２位
• 不慮の事故 全国3位
• アルツハイマー病 全国4
位

• その他の認知症 全国4位
• 肺炎 全国6位
• 腎不全 全国6位
• ⼼疾患 全国9位
• ⽼衰 全国10位
• ⾃殺 全国10位
• 誤嚥性肺炎 全国12位
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秋田県の医療統計結果 （2020年人口動態統計（確定数）、秋田県の概況）



秋田県のがん死亡率

• 死亡率
• 胃がん 全国１位
• 胆嚢がん 全国１位
• 膵臓がん 全国１位
• ⾷道がん 全国１位
• 結腸がん 全国１位
• ⼦宮がん 全国２位
• 直腸がん 全国3位
• 前⽴腺がん 全国５位
• 気管および肺がん 全
国5位

• ⽩⾎病 全国14位
• 乳がん 全国24位
• 肝臓がん 全国29位
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• 75歳未満年齢調整死亡率
• 胃がん 全国１位
• ⾷道がん 全国１位
• 直腸がん 全国４位
• ⼦宮がん 全国6位
• 結腸がん 全国9位
• 胆嚢がん 全国13位
• 気管および肺がん 全国15位
• 膵臓がん 全国21位
• 前⽴腺がん 全国22位
• 乳がん 全国36位
• 肝臓がん 全国36位
• ⽩⾎病 全国46位



東北日本海側４県の75歳未満年齢調整死亡率（男性）

• 男性の胆嚢/胆道がんは、秋⽥県と⻘森県で⾼⽔準が持続している。
• 肝臓/肝内胆管がんは、⻘森県を除き、新潟県に近い⽔準である。
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東北日本海側４県の75歳未満年齢調整死亡率（女性）

• ⼥性の胆嚢/胆道がんは減りつつあるが、新潟県以外は⾼⽔準である。
• 肝臓/肝内胆管がんは、以前は少なかったが現在では全国並みである。
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県庁
所在地 浄⽔場 原⽔ 活性炭

処理設備

秋⽥市 仁井⽥ 雄物川表流⽔ ×

豊岩 雄物川表流⽔ ×

⻘森市 堤川 堤川表流⽔ ○

横内 横内川表流⽔ ×

⼭形市 ⾒崎 最上川表流⽔ ○

松原 ⾺⾒川表流⽔
伏流⽔、ダム ○

蔵王温泉 カリージャ川、⼀度川
表流⽔、地下⽔ 記載なし

新潟市 阿賀野川 阿賀野川表流⽔ ○

⻘⼭ 信濃川表流⽔ ○

信濃川 信濃川表流⽔ ○

万願寺 阿賀野川表流⽔ ○

⼾頭 信濃川表流⽔ ○

巻 信濃川表流⽔ ○

東北日本海側４県の県庁所在地の
浄水状況 （全国浄水場ガイド2022)
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日本の河川は多種類の農薬で汚染されている。
（Kamata 2020、全国主要水道水源12河川、2012-2017)

herbicides, insecticides, or fungicides. We used the octanol-water parti-
tion coefficient (Kow) and acceptable daily intake (ADI) to characterize
pesticides. Log Kow, which is a hydrophobicity parameter that affects
the movement of a pesticide in soil, was determined by using the Esti-
mation Programs Interface Suite (USEPA, 2018). ADI is a strong index
of the toxicity of pesticides, with smaller values indicating greater toxic-
ity. The ADI values in the database of the National Institute of Health Sci-
encewere used (NIHS, 2018). These datawere used to determine trends
in sales quantities of pesticides classified according to log Kow and ADI.

3. Results and discussion

3.1. Detected concentrations of pesticides

A total of 14,076 samples were tested during the 6-year sampling
period, with an average of 2346measurements per pesticide and an av-
erage of 400measurements per pesticide per year. Of the 162 pesticides
monitored, 31 were frequently detected (N100 times); the number of
tests conducted for each of these pesticides during the investigation pe-
riod ranged from 634 to 3095. The concentrations of the 31 pesticides
frequently detected in sourcewaters are shown in Fig. 1. Two herbicides
(bentazone and bromobutide) were detected N1000 times in source
waters. The detection rates of these two herbicides exceeded 40%,
with bentazone at 52% (1468 detections per 2830 measurements) and
bromobutide at 41% (1280 per 3095).

Fifteen pesticides had maximum detected concentrations of ≥1 μg/L
(Fig. 1). In particular, 7 pesticides were detected at high concentrations
(N3 μg/L): four herbicides (bromobutide 10 μg/L, halosulfuron methyl
7.9 μg/L, molinate 6.8, and bentazone 4.1 μg/L), two fungicides
(pyroquilon 7.0 μg/L and metominostrobin 4.6 μg/L), and one insecticide
(dinotefuran 3.7 μg/L). All of these pesticides are commonly used in
paddy rice cultivation. According to the data of Narita et al. (2014), the
ratio of paddy-field application to overall application was molinate
100%, bentazone100%, metominostrobin 100%, bromobutide 76%,
dinotefuran 72% halosulfuronmethyl 65%, and pyroquilon 61%. Molinate,
bentazone, and metominostrobin are applied mostly in paddy rice culti-
vation in Japan. For the other pesticides, more than 50% are used in
paddy fields. For the 5 pesticides (bromobutide, halosulfuron methyl,
pyroquilon, metominostrobin, and dinotefuran) among these 7 pesti-
cides, no drinking water quality standards or guidelines are provided by
the WHO (World Health Organization) or in countries other than Japan
(see Table 2S, SI, for their guideline values of Japan).

Fig. 2 shows the concentrations in treated water of the 31 pesticides
thatwere frequently detected in sourcewater. Twenty-one of these pes-
ticideswere also detected in treatedwater. Bentazone and bromobutide
were detected at especially high frequencies in treated water.
Bromobutide (2.7 μg/L), bentazone (2.2 μg/L), dinotefuran (2.2 μg/L),
metominostrobin (4.6 μg/L) and pyroquilon (1.1 μg/L) were detected
at high concentrations in treated water. Although the concentrations
are all below the WHO and Japanese guideline values, the maximum
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Fig. 1. Pesticide concentrations in drinking water sources (2012–2017). Data were collected from the 12 main water supply utilities in Japan. Pesticides are listed in alphabetical order.
Bromobutide-debromo is a metabolite of bromobutide. Numbers in parentheses after pesticide names indicate the numbers of times detected. H, herbicide; F, fungicide; I, insecticide.
The lower whisker is the lowest concentration larger than 1.5IQR (interquartile range) below the first quartile, while the upper whisker is the highest concentration than 1.5IQR above
the third quartile. All other observed concentrations are plotted as outliers.
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2022-23年における新潟県と秋田県との水道水ジノフテラン濃度の比較
（単位: ng/L, 山室ら、未発表データ)
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秋田県 雄物川 仁井田浄水場 新潟県 阿賀野川 阿賀野浄水場

活性炭処理の効果は明らかだが、河川水の汚染の懸念は新潟の方が大きいのかもしれない。



ネオニコの環境中の移動

⾏為 ⾏為者 ⾏為の⽬的 結果

製造 農薬メーカー 利益 事業継続
販売 農薬販売業者 利益 事業継続
使⽤ 農家 農作業の効率化 農家の曝露、環境汚染
排⽔ 農家 中⼲し、⽔耕栽培 環境汚染
販売 農家 利益 事業継続
摂取 消費者 ⽣命維持 消費者の曝露、環境汚染

ネオニコを作り、売り、使う人が、使用に伴い利益を得ること自体が、事業の継続を
促し、環境とヒトの汚染を促進している。



8. ネオニコをやめてみるとどうなるか？

ジノテフラン DMAP アセタミプリド イミダクロプリド クロチアニジン チアメトキサム ニテンピラム

有機農家 その他 有機農家 その他 有機農家 その他 有機農家 その他 有機農家 その他 有機農家 その他 有機農家 その他

p<0.001 p=0.014                                                     p=0.22                      p=0.003                     p=0.024

濃
度
（

lo
g 

μg
/L

)

福島県の有機農家13人と一般人49人の尿中ネオニコチノイド濃度の比較

有機農家の尿中ネオニコ濃度は、⼀般⼈の3割以下
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ジノテフラン DMAP アセタミプリド イミダクロプリド クロチアニジン チアメトキサム ニテンピラム

前 後 前 後 前 後 前 後 前 後 前 後 前 後

p<0.001 p=0.041                                                  p=0.77                     p<0.001 p<0.001

濃
度
（

lo
g 

μg
/L

)
10歳以上の一般人24人が5日間有機農産物を摂取した際の
尿中ネオニコチノイド濃度の変化

５⽇間ネオニコを⾷べなければ尿中排泄は3割以下になる
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30日間有機農産物を摂取した一家庭3人の尿中ネオニコ濃度変化

⽇頃から⼤量に摂取しているジノテフランは、排泄に時間がかかる。
アセタミプリドの代謝物DMAP、イミダクロプリドの排泄には、
ネオニコ摂取をやめて腎機能が回復してからにようやく始まるようで、⻑期かかるらしい。
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各食品の現行の残留基準値（ppm)
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イミダクロプリド クロチアニジン ジノテフラン アセタミプリド チアメトキサム
コメ 1 1 2 なし 0.3

カブ 0.4 0.5 0.5 0.1 0.5

カブの葉 3 40 6 5 10

ホウレンソウ 15 40 15 3 10

コマツナ 5 10 10 5 5

ネギ 0.7 1 15 5 2

トマト 2 3 2 2 2

サトイモ 0.4 0.2 なし 0.2 0.3

イチゴ 0.4 0.7 2 3 2

茶 10 50 25 30 20

残留基準値が⾼い＝あまり効かない＝たくさん使う＝⽣態系と健康影響が懸念される。
残留基準値が⾼すぎるものは、使う価値が少ない。



有機農産物の割合を増やすことが効果的な作物

• コメ
• 作付け⾯積が⼤きく、⽣態系への影響が⼤きい。
• ⼀部の地域を除き、有機農法での栽培⼿法が確⽴されてい
る。

• カブ、ホウレンソウ、コマツナ、ネギ
• ネオニコの残留基準値が⾼い。

• トマト、イチゴ
• 温室栽培では、害⾍のコントロールが⽐較的容易。

• 茶葉
• ネオニコの残留基準値が⾼い。世界的にオーガニックが主
流。

• ⽔代わりに緑茶を摂取する⼈がいる。
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残留
農薬

移動運搬

⽣物蓄積

⽣物濃縮

内分泌攪乱

がん

肝障害

細胞障害

神経障害

不妊不育

発達障害

先天奇形

健康影響

有機農業は世界のトレンドです。
生態系とヒトのために、農薬の使用を減らす決断が世界中で始まっています。
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