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History

 Nicotine was reported in the late 17th

century as the first plant-derived insecticide.

 Neonicotinoids are molecular modifications                               
of nicotine to increase potency and photostability.

 The neonicotinoids are the first major new insecticidal class to be 
developed in the last 30 years. 

 The first neonicotinoid insecticide (imidacloprid) was launched in 
1991; it has since become the world's largest selling insecticide.

 Neonicotinoids are readily absorbed by plants, and act quickly 
after contact or ingestion on piercing-sucking insects.
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Wang X, Annu. Rev. 
Pharmacol. Toxicol. 
2018. 58:471–507



https://ib.bioninja.com.au/
standard-level/topic-6-
human-physiology/65-
neurons-and-
synapses/neurotransmitter
s.html



https://ib.bioninja.com.au/standard-level/topic-6-human-physiology/65-neurons-and-synapses/neurotransmitters.html



Mechanisms of action of neonicotinoids

Buscewski B, Environ Sci Pollut Res 2019, 26:.34723–34740



Selective toxicity

• Binding to 2 4 subunit of 
nAChRs (present in all insect, 
but only 8-10% of mammalian 
receptors). 

• Low lipophilicity ➔ poor 
penetration of blood brain 
barrier.

• In comparison with other 
insecticides lower human 
acute toxicity.
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Tomizawa M,  Annu Rev Pharmacol Toxicol 2005, 45: 247–68



Case series of poisonings with neonicotinoidsa

ReferenceSevere / 
fatal %

Symptoms
GI %.           Neur %

Oral %Number
of cases

Data 
source

CountryYear

Phua DH,
Clin Toxicol

11 % /   
3 %18 %54 %81 %70PCCTaiwan2009

Mohamed F,      
PLoS One

3 % /
0 %4 %b,c54 %b90 %68HospitalSri Lanka2009

Forrester MB, 
Human Exp Tox

< 3 %d /
0 %

1 %6 %51 %1142PCCUSA2014

Boels D, CCTV 
internal publication

< 2 % /
0 %3-11 %e6-30 %e69 %302PCCFrance2014

Perananthan V,   
Clin Toxicol

6 % /
3 %

16 %c57 %100 %67HospitalSri Lanka2020

Sriapha C,           
Ther Clin Risk Mgt

1 %d /
1 %20 %61 %93%163PCCThailand2020

a all cases are imidacloprid except Taiwan (91%) and USA (77%);  b reported in Perananthan, 2020; 
c ↓GCS; d includes moderate severity; e multiple symptoms per case possible



Data of Freiburg PCC
(Dr. M. Hermanns-Clausen, pers. communication)
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Phua DH, Clin Toxicol
2009, 47: 336-341 



Sriapha C, Ther Clinical Risk
Mgt 2020, 16: 1081–1088



The toxicokinetics of imidacloprid in patients with self-
poisoning (n = 8)

Mohamed F, PLoS ONE 2009, 4: e5127

• The concentration was high 
on admission and remained 
elevated in the majority of 
patients suggesting either 
prolonged absorption 
and/or elimination.
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Therapy

• Therapy of neonicotinoid poisoning is symptomatic
• Exposure to skin and/or eyes: thorough decontamination
• After oral ingestion consider giving activated charcoal based upon individual 

risk-benefit judgment
• Many products are solvent-based
• No data on effectiveness of activated charcoal in neonicotinoids poisoning

• In moderate or severe poisoning
• Cardiac monitoring of patients with risk factors (e.g. CAD)
• If required and available ICU treatment and ventilation

• Caution: Risk of confusion with cholinesterase inhibitors!
• Atropin und Oxime are ineffective or contraindicated

• Therapy of neonicotinoid poisoning is symptomatic
• Exposure to skin and/or eyes: thorough decontamination
• After oral ingestion consider giving activated charcoal based upon individual 

risk-benefit judgment
• Many products are solvent-based
• No data on effectiveness of activated charcoal in neonicotinoids poisoning

• In moderate or severe poisoning
• Cardiac monitoring of patients with risk factors (e.g. CAD)
• If required and available ICU treatment and ventilation

• Caution: Risk of confusion with cholinesterase inhibitors!
• Atropin und Oxime are ineffective or contraindicated



Neonicotinoids 

and 

the environment





Neonicotinoids and bees
 In 2013 the EU Commission restricted the use of 3 

neonicotinoids 2013 to protect bees.

 An assessment by EFSA (2018)* concluded that the high risk 
to honeybees and wild bees resulted from any outdoor use, 
because the pesticides contaminate soil and water leading to 
their appearance in wildflowers or succeeding crops. 

 From May 2018, the EC banned all uses of clothianidin, 
imidacloprid and thiamethoxam, except in closed 
greenhouses.

 Other neonicotinoids deemed to have a lower risk for bees 
(e.g. acetamiprid, thiacloprid) are not affected by the ban.
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Buszewski B, 
Environ Sci Pollut
Res 2019, 26: 
34723–34740

Bee toxicity and chemical structure

Nitroguanidin
↑ Polar
↑ ReacƟve
↑ Bee toxicity 

Cyanoamidin
↓ Polar
↓ ReacƟve
↓ Bee toxicity



Occupational and 
consumer exposure



Occupational exposure
Biological monitoring

• 43 pesticide applicators (31m, 12f, age 24-74y) from Henan 
province, China

• Single spot urine samples were collected before the 
spraying season (March) and after 3-4 applications (May)

• Samples were analysed by LC-MS/MS for imidacloprid and 
the 6-CNA metabolite

• Absorbed daily dose was estimated from parent and 
metabolite concentrations
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Occupational exposure
Biological monitoring

“Exposure data from 
pesticide applicators 
indicated that this 
population experiences 
significant exposure to 
imidacloprid, especially 
after a spraying event.”

AOEL, 80



Consumer exposure
Biological monitoring

• 95 female residents aged 45 – 75 w/o 
occupational exposure from Kyoto 
province, Japan

• Spot urine samples were collected 
during routine health checkups

• Samples were analysed by LC-MS/MS for 
7 NEOs and 4 DAP metabolites
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Neo-
nicotinoids



Di-alkyl 
phosphates



Chronic Toxicity

or

The difficulties of risk assessment using developmental 
neurotoxicity as example



Developmental neurotoxicity
What researchers are showing

”ACE, IMI and nicotine exert similar excitatory effects on mammalian nAChRs at 
concentrations greater than 1 uM. 

Therefore, the neonicotinoids may adversely affect human health, especially the 
developing brain."



Developmental neurotoxicity
What regulators are concluding

"The PPR Panel found that acetamiprid and imidacloprid may adversely affect the 
development of neurons and brain structures associated with functions such as learning and 
memory.

EFSA recognises the available evidence has limitations and recommends further research be 
carried out to provide more robust data."



Developmental neurotoxicity
Epidemiological evidence



Developmental neurotoxicity
Epidemiological evidence

• Population-based case-control design
• 407 ASD children, 262 controls (age ≈ 3.5 – 4y)
• Exposure data on imidacloprid collected through maternal phone interviews
• Bayesian logistic models

• Population-based case-control design
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• Exposure data on imidacloprid collected through maternal phone interviews
• Bayesian logistic models

“…the association could result from exposure
misclassification alone. The association 
between imidacloprid exposure and ASD 
warrants further investigation…”



Developmental neurotoxicity
Epidemiological evidence

• Population-based case-control design
• 590 NTD children, 785 controls
• Geocoding for proximity to pesticide application (461 chemicals in 61 

groups)
• Logistic regression analysis restricted to compounds listed as 

reproductive or developmental toxins or endocrine disruptors
• Few elevated odds ratios that excluded 1
• Imidacloprid: aOR = 2.9, 95% CI: 1.0, 8.2 for anencephaly
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reproductive or developmental toxins or endocrine disruptors
• Few elevated odds ratios that excluded 1
• Imidacloprid: aOR = 2.9, 95% CI: 1.0, 8.2 for anencephaly

“Given that such odds ratios might have arisen by chance because of the number of 
comparisons, our study showed a general lack of association between a range of agricultural 
pesticide exposures and risks of selected birth defects.”



Developmental neurotoxicity
Epidemiological evidence

• Population-based case-control design
• 2961 ASD children, controls matched 10:1 by sex and birth year
• GIS based on proximity to pesticide applications
• Logistic regression analysis for 11 high use pesticides according to 

previous evidence of DNT
• Small increase of aORs (1.10 – 1.16) with assumed prenatal exposure 

to glyphosate, chlorpyrifos, diazinon, malathion, avermectin, and 
permethrin

• Imidacloprid: aOR = 0.93, 95% CI: 0.86 to 1.00
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“Findings suggest that an offspring’s risk of autism 
spectrum disorder increases following prenatal exposure to 
ambient pesticides within 2000 m of their mother’s 
residence during pregnancy.”



Developmental neurotoxicity
Epidemiological evidence

• Exposure assessment not reliable
• Proximity of residence to pesticide applications or questionnaire
• No biomonitoring!
• Multitude of possible co-exposures to other pesticides and chemicals

• Borderline, mainly non-significant odds ratios, multiple confounders
• Bottom line: current epidemiological evidence does not allow drawing of firm conclusions 

regarding neonicotinoids and DNT
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Developmental neurotoxicity
Biomonitoring in very low birth weight infants

• 116 urine samples collected from 65 VLBW infants 
(500-1500g; 57 at PND 1-2, 59 at PND 14)

• N-Desmethylacetamiprid (DMAP) detected in 
21/116 samples

• Wilcoxon rank sum test for non-parametric data 
was used to compare DMAP concentrations

• 116 urine samples collected from 65 VLBW infants 
(500-1500g; 57 at PND 1-2, 59 at PND 14)

• N-Desmethylacetamiprid (DMAP) detected in 
21/116 samples

• Wilcoxon rank sum test for non-parametric data 
was used to compare DMAP concentrations

“The fetal and neonatal periods are extremely important for neurological development, and 
further studies are needed with regard to the safety of acetamiprid due to transfer and 
accumulation of its metabolite in the womb.”



"For human health, no conclusive evidence of higher hazards compared to previous assessment 
was found for genotoxicity, developmental toxicity, neurotoxicity including developmental 
neurotoxicity and immunotoxicity."

https://efsa.onlinelibrary.wiley.com/doi/ep
df/10.2903/j.efsa.2022.7031

Developmental neurotoxicity
Latest regulatory conclusions



Summary

• Neonicotinoids are one of the most important insecticide classes 
worldwide. 

• Their use is controversial; risk to bees has led to the ban of three 
substances in Europe. 

• Human acute toxicity is on the lower end of the spectrum in 
comparison with other insecticide classes. 

• Methods for biological monitoring have been described but few 
occupational or consumer exposure studies have been carried out

• The data situation for developmental neurotoxicity is complex; there 
are currently no high quality epidemiology studies available.
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https://unearthed.greenpeace.org/2020/07/08/bees-neonicotinoids-bayer-syngenta-eu-ban-loophole/

Questions?


