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Objective: Accidental oral imidacloprid poisoning occurred in a family in Shandong,
China, in May 2023. This study aimed to analyze the clinical characteristics of this
imidacloprid poisoning event and investigated the detection of toxicants.

Methods: Clinical data of four patients with oral imidacloprid poisoning were
collected and retrospectively analyzed. The relevant literature was then reviewed.

Results: Four patients from the same family received different oral doses of
imidacloprid. The main clinical manifestations were digestive and neurological
symptoms, including nausea, vomiting, and varying degrees of consciousness.
Laboratory tests showed an increased white blood cell count, neutrophil
proportion, and mild elevation of transaminase and urea nitrogen levels in
some patients. Following comprehensive treatment, which included
hemoperfusion, gastric lavage, total gastrointestinal decontamination, and
drug symptomatic treatment, the patient’'s symptoms were quickly relieved,
and the concentration of imidacloprid in the blood rapidly decreased.

Conclusion: Toxicant detection is an important criterion for the differential
diagnosis of poisoning and is helpful for disease assessment, treatment plan
formulation, and in determining patient prognosis.
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1 Introduction

Imidacloprid is one of the most widely used neonicotinoid insecticides worldwide (Abd-
Elhakim et al., 2023). It is chemically similar to nicotine and mainly acts on nicotinic
acetylcholine receptors (nAChRs) (Naveen et al., 2022). Imidacloprid has long been
considered safer than other insecticides because of its favorable toxicological profile
(Naveen et al, 2022); however, there has been an increase in the incidence of
poisoning, resulting in serious damage to organs, including the heart (Huang et al,
2006), kidneys, and liver (Sriapha et al., 2020a), and even leading to death (Iyyadurai
etal., 2010; Naveen et al., 2022). Mice toxicity studies have also reported hepatotoxicity and
nephrotoxicity histologically and biochemically (Arfat et al., 2014; Perananthan et al., 2021).
Moreover, it has been reported that imidacloprid may cause rare clinical manifestations
such as methemoglobinemia (Chadalavada and Baddam, 2023). This has raised concerns
about imidacloprid poisoning. In the reported cases, the medical history, circumstantial
evidence, and clinical features have formed the basis for the clinical diagnosis of
imidacloprid poisoning; a diagnosis using laboratory tests is not universal. To date,
there is little information on imidacloprid toxicity in humans and more data are needed.
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TABLE 1 Main clinical manifestations and imaging examination results of all patients.

Age Body Main clinical GCS Vital When did their Chest CT findings
weight manifestation signs clinical signs
(%)) stabilize
Case 1 Female 53 67 Nausea, emesis, light 7 PR: 89 b/m 3 days after poisoning Patchy ground-glass opacities in the
coma RR: 13 b/m lower lobes of both lungs, bilateral
BP: 188/ pleural thickening, and a small amount
105 mmHg of bilateral pleural effusion
Case 2 Male 55 76 Nausea, emesis, 14 PR: 96 b/m 3 days after poisoning = Few interstitial changes in the right lung;
drowsiness RR: 17 b/m Bilateral bronchitis, bilateral pulmonary
BP: 184/ fibrosis foci, and bilateral pleural
126 mmHg thickening
Case 3 Female 33 62 Nausea, emesis, light 7 PR: 87 b/m | 3 days after poisoning | Mild hypostatic changes in both lungs,
coma RR: 11 b/m bilateral pulmonary fibrosis foci, and a
BP: 162/ small bilateral pleural effusion
102 mmHg
Case 4 Female 33 57 Nausea, emesis, 14 PR: 98 b/m 2 days after poisoning = Mild hypostatic changes in both lungs
drowsiness, tachypnea RR: 26 b/m
BP: 137/
93 mmHg

GCS, glasgow coma scale; PR, pulse rate; RR, respiratory rate; BP, blood pressure; b/m, beats/minute.

In May 2023, we admitted four patients from the same family
with accidental oral imidacloprid poisoning. All four patients
underwent multiple blood toxicant tests, were cured, and were
discharged after comprehensive treatment. Here, we report these
cases in detail and review the relevant literature.

2 Materials and methods

The clinical data of four patients with oral imidacloprid
poisoning were collected from electronic medical records and
retrospectively analyzed. This study was approved by the Ethics
Committee of the Qilu Hospital of Shandong University (Jinan,
Shandong Province) (Ethics No. KYLL-202106(KS)-040). Written
informed consent for the publication of this study was obtained
from all patients.

2.1 General patient information

The four patients were from the same family and aged between
33 and 55 years. After regaining consciousness, a detailed medical
history was obtained. The patients had been healthy and had no
history of diseases or allergies. At noon on May 16, the patients
received an unspecified dose of imidacloprid orally. Four patients
shared a bottle of imidacloprid (emulsion, 300 g/bottle, 5% active
ingredient content), with case 4 taking the smallest amount.
Approximately 30 min later, they were transported to the
poisoning department of our hospital by ambulance and
immediately treated with gastric lavage.

2.2 Clinical characteristics and treatment

The four patients developed nausea and vomiting soon after
insecticide intake; the vomit contained food residue and pesticide.
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Soon after, they developed varying degrees of disturbances in
consciousness, such as lethargy and light coma. In addition, all
four patients had elevated blood pressure levels. The primary
symptoms and signs are listed in Table 1. Laboratory tests
revealed an elevated white blood cell count, neutrophil ratio,
and the levels of some inflammatory factors. Three patients had
mild elevations in transaminase levels (case 1, 2, and 4), and three
patients had transient mild elevations in urea nitrogen (case 1, 2,
and 3). The initial concentration of imidacloprid was 3.423 pg/mL,
4.935 ug/mlL, 2.624 pg/mL, and 0.013 pg/mL (reference value <
0.001 pg/mL). None of the patients had abnormalities in troponin
I, cholinesterase, or coagulation marker levels. The main test
results are presented in Tables 2 and 3. Chest computed
tomography imaging results of the four patients are shown in
Table 1, which mainly showed exudative or hypostatic changes,
pleural thickening, a small amount of pleural effusion, and
fibrous foci.

Currently, there is no specific antidote for imidacloprid
poisoning; comprehensive treatment is the main treatment.
Commonly used therapeutic drugs are dexamethasone (10 mg/
day, intravenous drip), furosemide (20 mg, twice per day,
intravenous injection), nalmefene (0.1 mg, twice per day,
intravenous injection), alanyl-glutamine (20 g/day, intravenous
drip), salvianolate (200 g/day, intravenous drip), structured fatty
acid emulsion (50 g/day, intravenous drip), and low molecular
weight heparin (5,000 IU/day, hypodermic injection) (Figure 1).
Total gastrointestinal decontamination was performed after gastric
lavage. The specific method was as follows: montmorillonite powder
(30 g) was dissolved in 250 mL of 20% mannitol and administered in
divided doses; activated charcoal (powder) (30 g) was dissolved in
20% mannitol (250 mL) and administered in divided doses. The first
dose was administered within 2 h after admission, followed by
divided doses 2-4. HA330 hemoperfusion was
simultaneously administered; on the first day, hemoperfusion was

on days

performed twice at an interval of 4 h, and once a day on days two and
three. Each hemoperfusion procedure lasted 2 h.
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TABLE 2 Main laboratory workup results of the patients at different time-points following hospital admission.

Items Time Case 1 Case 2 Case 3 Case 4
WBC (3.5-9.5 x 10°/L) Day 1 7.5 9.9 10.6 9.1
Day 3 125 13.5 9.6 1.7
Day 7 11.6 15.4 115 12.9
Day 14 8.7 5.8 43 9.4
NEU% (40.0-75.0%) Day 1 79.1 83.4 82.3 84.3
Day 3 75.5 75.8 732 733
Day 7 79.3 80.4 724 73.2
Day 14 74.8 537 51.9 63.7
HGB (115.0-150.0 g/L) Day 1 119.0 139.0 101.0 117.0
ALT (0.0-35.0 TU/L) Day 1 85.0 33.0 23.0 16.0
Day 3 44.0 21.0 15.0 7.0
Day 7 125.0 270.0 26.0 47.0
Day 14 52.0 88.0 23.0 19.0
AST (14.0-36.0 TU/L) Day 1 68.0 310 24.0 23.0
Day 3 22.0 20.0 13.0 11.0
Day 7 52.0 237.0 16.0 25.0
Day 14 38.0 26.0 16.0 17.0
TBIL (3.0-22.0 pmol/L) Day 1 6.0 14.0 13.0 7.0
BUN (2.5-6.1 mmol/L) Day 1 7.1 8.1 37 33
Day 3 5.1 7.7 4.9 3.8
Day 7 7.3 10.1 8.5 3.1
Day 14 45 5.8 35 3.1
Cr (46.0-106.0 pmol/L) Day 1 59.0 73.0 49.0 50.0
CTNI (<17.5 ng/L) Day 1 26 33 1.7 27
CHE (4650.0-10,440.0 TU/L) Day 1 9537.0 7541.0 7484.0 7663.0
PT (8.8-13.8 ) Day 1 118 13.1 133 12.7
APTT (26.0-42.0) Day 1 35.1 337 353 336

Day 1, Day of poisoning. WBC, white blood cell; NEU, neutrophils; HGB, hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; BUN, blood urea
nitrogen; Cr, serum creatinine; CTNI, cardiac troponin I; CHE, cholinesterase; PT, prothrombin time; APTT, activated partial thromboplastin time. Abnormal test results are indicated in bold.

TABLE 3 Inflammatory factor levels at admission.

ltems Case 1 Case 2 Case 3 Case 4
IL-6 (0-7 pg/mL) 2.32 <2.00 221 11.40
IL-1b (0-5 pg/mL) >1000.00 <5.00 <5.00 7.24
IL-2R (223-710 u/mL) 350.00 369.00 248.00 156.00
IL-8 (0-62 pg/mL) 553 5.78 <5.00 <5.00
IL-10 (0-9.1 pg/mL) <5.00 <5.00 <5.00 <5.00
TNF (0-8.1 pg/mL) 15.20 5.81 451 <4.00

IL-6, interleukin 6; IL-1b, interleukin-1B; IL-2R, interleukin-2 receptor; IL-8, interleukin-8; IL-10, interleukin-10; TNF, tumor necrosis factor alpha. Abnormal test results are indicated in bold.
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FIGURE 1
Daily pharmacological therapy. DVT, deep venous thrombosis.

Blood imidacloprid concentration (pg/mL)

—=— Case 1

0F
1 1 1 1
day 1 day 2 day 3 day 4
Time
Blood (Tgl;:l‘;hp"d Day 1 Day 2 Day 3 Day 4
Case 1 3.423 1.954 0.758 0.114
Case 2 4.935 2.656 0.548 0.293
Case 3 2.624 1.951 0.352 0.130
Case 4 0.013 0.011 0.006 0.002

FIGURE 2

Daily changes in blood imidacloprid concentrations for the first 4 days after poisoning. Day 1, Day of poisoning; reference range: <0.001 pg/mL.

3 Results

The symptoms gradually improved in all patients, with a rapid
decrease in the blood imidacloprid concentration (Figure 2). Patients
one and four were discharged after 10 days of treatment, while
patients two and three were cured and discharged after 14 days.

4 Discussion

Imidacloprid is the world’s largest selling insecticide, which mainly
acts on nAChRs. Imidacloprid initially stimulates nAChRs and
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subsequently inhibits them (Shadnia and Moghaddam, 2008; Karatas,
2009; Naveen et al, 2022). In humans, it can be absorbed through
ingestion, skin, or inhalation, with oral ingestion being more severe than
the other routes (Bhatta et al., 2023). Imidacloprid is generally considered
to be relatively safer than other insecticides, such as organophosphorus,
carbamates, and organochlorines (Naveen et al, 2022). Firstly, the
binding affinity of imidacloprid to insect nicotine receptors is much
higher than that in vertebrates. Secondly, imidacloprid is highly water-
soluble, which effectively reduces its ability to cross the blood-brain
barrier, thereby reducing its toxicity to the central nervous system
(Tomizawa and Casida, 2005; Phua et al, 2009). Yet despite this,
clinical studies observed neurological symptoms in 17.6% of
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imidacloprid exposure cases (Perananthan et al., 2021; Naveen et al,
2022). Reported cases of imidacloprid poisoning usually present with
mild gastrointestinal and neurological symptoms. Neurological
involvement can lead to dizziness, somnolence, disorientation, and a
comatose state. The initial stimulation of the autonomic nervous system
leads to sweating, cardiomyopathy, tachycardia, hypertension, coronary
spasms, and myocardial ischemia, and subsequent inhibition can lead to
arrhythmias, hypotension, and bradycardia (Karatas, 2009; Mohamed
etal, 2009; Yeh et al,, 2010; Lin et al,, 2013). Imidacloprid exposure has
been suggested to induce lysosomal dysfunction and cell death in human
astrocytes and fibroblasts, which may be associated with the neurological
symptoms of imidacloprid poisoning (Eriksson et al., 2023). Animal
experiments suggest that imidacloprid can induce pyroptosis in Kupffer
cells through P2X7 and further induce liver injury (Pei et al., 2023). In
addition, it can activate the apoptotic pathway through the excessive
production of reactive oxygen species, causing liver and kidney injury
(Hassanen et al, 2022). Acute oral exposure to imidacloprid was
reported to induce apoptosis and autophagy in the midgut of
honeybee workers, which may affect their physiological digestibility
(Lenise Silva et al, 2022). The patient reported here also presented
with gastrointestinal and nervous system symptoms accompanied by
hypertension and a mild transient elevation of transaminase and urea
nitrogen. The peaks of liver and kidney tests were delayed, which may be
related to the time required for imidacloprid to damage cells. In addition,
imidacloprid can cause male reproductive toxicity; its cytotoxic effect on
rat LC-540 cells was suggested to be related to mitochondrial damage
and the fragmentation of cytoskeletal proteins (Mia et al., 2023).
Despite its safety, severe imidacloprid-induced poisonings are
common (Naveen et al, 2022). There is growing evidence that
imidacloprid may cause damage to cardiac, renal, and other organs. A
series of serious complications have been reported, including neurological
sequelae, acute kidney injury due to rhabdomyolysis, ischemic and
metabolic encephalopathy, ventricular fibrillation, multiorgan failure,
and even death (Huang et al, 2006; Agarwal and Srinivas, 2007;
Karatas, 2009; Mohamed et al, 2009; Phua et al., 2009; Yeh et al,
2010; Fuke et al,, 2014; Sriapha et al., 2020a; Perananthan et al., 2021;
Naveen et al, 2022). In particular, since 2007, new dosage forms of
imidacloprid containing unknown solvents have been introduced; thus,
the toxicity spectrum has changed, and reported deaths and cases
requiring mechanical ventilation have increased (Perananthan et al,
2021). Imidacloprid is usually fatal when ingested with other poisons,
such as organophosphorus, carbamate, and alcohol. One retrospective
study suggested that most patients with imidacloprid poisoning
experience only mild toxicity. Despite the low case fatality rate, only a
small number of patients with initially mild symptoms died. Close
observation and monitoring should be considered in patients with a
large intake or warning signs, such as cardiovascular effects, central
nervous system effects, dyspnea, and sweating (Sriapha et al., 2020b).
Information on imidacloprid toxicity in humans is scarce. We
were able to gather only a small number of published case reports
There have been no toxicokinetic studies on
The LDs,
380-650 mg/kg in rats and 130-170 mg/kg in mice. Imidacloprid

and studies.

imidacloprid ~toxicity in humans. values are
absorption is rapid and extensive (95%) in rats after ingestion and is
evenly and rapidly distributed in all tissues. After 48 h, the highest
residues were found in the liver, kidneys, lungs, and skin.
Furthermore, approximately 70%-80% is excreted in urine within

48 h, and 20%-30% is excreted in feces (Naveen et al., 2022).
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Most clinicians formulate clinical diagnoses based on medical

history, circumstantial evidence, and clinical features, but
toxicological detection is rarely supplemented. Currently, no
specific diagnostic tools or markers can be used to diagnose
laboratory

chromatography/mass spectrometry (Proencga et al, 2005), gas

imidacloprid  poisoning  using tests.  Liquid
chromatography/mass spectrometry (Buchweitz et al., 2019), and

high-performance liquid chromatography/photodiode array
detector (Fuke et al, 2014) can be used to screen and quantify
imidacloprid compounds. To confirm the diagnosis and assess the
changes in blood imidacloprid concentrations during standard
treatment, all patients in this study underwent daily plasma
imidacloprid concentration measurements during the first 4 days
of intoxication. The concentration of imidacloprid in the blood of
cases 1-3 increased significantly after the poisoning and showed an
evident continuous downward trend. These three patients still had
some level of imidacloprid in their blood 4 days after ingestion. The
blood imidacloprid concentration in case 4 was relatively low, which
may be related to the small amount of poison ingested by the patient.

There is no specific antidote for imidacloprid poisoning, and
treatment is mainly symptomatic and supportive. High doses of
imidacloprid can inhibit butyrylcholinesterase, and when a patient
the doctor

mixed

has bradycardia and sweating, may mistake

organophosphate  poisoning  for organophosphates.
Previous studies justified the use of atropine in cases of bronchial
leakage, airway endangerment, and bradycardia; however, oximes
are ineffective in treating neonicotinoid insecticide poisoning as they
may increase toxicity by increasing nicotine-related symptoms, such
as tachycardia, hypertension, and muscle weakness (Forrester, 2014;
Hassanen et al.,, 2022). Therefore, toxicant testing is particularly
important  for unknown cases of

physicians  treating

pesticide poisoning.

5 Conclusion

Imidacloprid is the most widely used neonicotinoid insecticide
(Abd-Elhakim et al., 2023). Although it is well known for its safety,
there is growing evidence of its toxicity. An appropriate
management for imidacloprid poisoning has not yet been
established, and more clinical evidence is needed to prove its
safety and toxicity. Toxicant detection is of great value for the
diagnosis, assessment of disease severity, and treatment effects.
other
treatments are effective against imidacloprid poisoning.

Hemoperfusion, glucocorticoids, and comprehensive

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Qilu Hospital of Shandong University. The studies

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421437

Zeng et al.

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included

in this article.

Author contributions

MZ: Conceptualization, Data Methodology,
Writing-original draft, Writing-review and editing. MS: Data

curation,

curation, Methodology, Software, Validation, Writing-review and
editing. XJ: Conceptualization, Methodology, Supervision,
Writing-review ~ and  editing. =~ LD:  Conceptualization,
Methodology, Supervision, Writing-review and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

Abd-Elhakim, Y., Saber, T., Metwally, M., Abd-Allah, N., Mohamed, R., and Ahmed,
G. (2023). Thymol abates the detrimental impacts of imidacloprid on rat brains by
lessening oxidative damage and apoptotic and inflammatory reactions. Chemico-
biological Interact. 383, 110690. PubMed PMID: 37648049. doi:10.1016/j.cbi.2023.
110690

Agarwal, R., and Srinivas, R. (2007). Severe neuropsychiatric manifestations and
rhabdomyolysis in a patient with imidacloprid poisoning. Am. J. Emerg. Med. 25 (7),
844-845. Epub 2007/09/18 PubMed PMID: 17870494. doi:10.1016/j.ajem.2006.
11.044

Arfat, Y., Mahmood, N., Tahir, M., Rashid, M., Anjum, S., Zhao, F., et al. (2014).
Effect of imidacloprid on hepatotoxicity and nephrotoxicity in male albino mice.
Toxicol. Rep. 1, 554-561. PubMed PMID: 28962268. doi:10.1016/j.toxrep.2014.
08.004

Bhatta, O., Chand, S., Chand, H., Poudel, R., Lamichhane, R,, Singh, A., et al. (2023).
Imidacloprid poisoning in a young female: a case report. J. Med. case Rep. 17 (1), 43.
PubMed PMID: 36765404. doi:10.1186/s13256-022-03742-8

Buchweitz, J., Viner, T., and Lehner, A. (2019). Qualitative identification of
imidacloprid in postmortem animal tissue by gas chromatography-tandem mass
spectrometry. Toxicol. Mech. methods 29 (7), 511-517. PubMed PMID: 31070080.
doi:10.1080/15376516.2019.1616344

Chadalavada, B., and Baddam, R. (2023). A rare presentation of imidacloprid
poisoning. Cureus 15 (2), €35400. PubMed PMID: 36987471. doi:10.7759/cureus.
35400

Eriksson, 1., Ward, L., Vainikka, L., Sultana, N., Leanderson, P., Flodin, U., et al.
(2023). Imidacloprid induces lysosomal dysfunction and cell death in human astrocytes
and fibroblasts-environmental implication of a clinical case report. Cells 12 (24), 2772.
PubMed PMID: 38132092. doi:10.3390/cells12242772

Forrester, M. (2014). Neonicotinoid insecticide exposures reported to six poison
centers in Texas. Hum. Exp. Toxicol. 33 (6), 568-573. PubMed PMID: 24513674. doi:10.
1177/0960327114522500

Fuke, C., Nagai, T., Ninomiya, K., Fukasawa, M., Ihama, Y., and Miyazaki, T. (2014).
Detection of imidacloprid in biological fluids in a case of fatal insecticide intoxication.
Leg. Med. Tokyo. Jpn. 16 (1), 40-43. Epub 2013/11/28 PubMed PMID: 24275505. doi:10.
1016/j.Jegalmed.2013.10.007

Hassanen, E., Hussien, A., Mehanna, S., Ibrahim, M., and Hassan, N. (2022).
Comparative assessment on the probable mechanisms underlying the hepatorenal
toxicity of commercial imidacloprid and hexaflumuron formulations in rats.
Environ. Sci. Pollut. Res. Int. 29 (19), 29091-29104. PubMed PMID: 34993831.
doi:10.1007/s11356-021-18486-z

Huang, N. C,, Lin, S. L., Chou, C. H,, Hung, Y. M., Chung, H. M., and Huang, S. T.
(2006). Fatal ventricular fibrillation in a patient with acute imidacloprid poisoning. Am.

Frontiers in Pharmacology

10.3389/fphar.2024.1421437

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1421437/
full#supplementary-material

J. Emerg. Med. 24 (7), 883-885. Epub 2006/11/14 PubMed PMID: 17098118. doi:10.
1016/j.ajem.2006.03.008

Iyyadurai, R., George, I, and Peter, J. (2010). Imidacloprid poisoning--newer
insecticide and fatal toxicity. J. Med. Toxicol. 6 (1), 77-78. PubMed PMID:
20232186. doi:10.1007/s13181-010-0041-6

Karatas, A. D. (2009). Severe central nervous system depression in a patient with acute
imidacloprid poisoning. Am. J. Emerg. Med. 27 (9), 1171.e5-e7. Epub 2009/11/
26 PubMed PMID: 19931784. doi:10.1016/j.ajem.2009.01.006

Lenise Silva, C., Luis Carlos, M., André Henrique de, O., Jamile, F. S. C., Matheus
Tudor Candido Santos de, R., Wagner, G. G,, et al. (2022). Acute oral exposure to
imidacloprid induces apoptosis and autophagy in the midgut of honey bee Apis mellifera
workers. Sci. Total Environ. 815 (0), 152847. PubMed PMID: 34995599. doi:10.1016/j.
scitotenv.2021.152847

Lin, P, Lin, H,, Liao, Y., Guo, H., and Chen, K. (2013). Acute poisoning with
neonicotinoid insecticides: a case report and literature review. Basic and Clin.
Pharmacol. Toxicol. 112 (4), 282-286. PubMed PMID: 23078648. doi:10.1111/bcpt.
12027

Mia, I, Geh, F, E, A. V,, and C, J. B. (2023). Cytotoxicity, morphological and
ultrastructural effects induced by the neonicotinoid pesticide, imidacloprid, using a rat
Leydig cell line (LC-540). Environ. Toxicol. Pharmacol. 104 (0), 104310. PubMed PMID:
37926370. doi:10.1016/j.etap.2023.104310

Mohamed, F., Gawarammana, I, Robertson, T., Roberts, M., Palangasinghe, C.,
Zawahir, S., et al. (2009). Acute human self-poisoning with imidacloprid compound: a
neonicotinoid insecticide. PloS one 4 (4), €5127. PubMed PMID: 19352499. doi:10.1371/
journal.pone.0005127

Naveen, A., Sahu, M., Padhi, K., and Maharik, S. (2022). Self-poisoning with
safer insecticide: a case series on imidacloprid poisoning. Am. J. forensic Med.
pathology 43 (1), 66-68. PubMed PMID: 33950883. doi:10.1097/paf.
0000000000000685

Pei, H., He, Z, Du, R, Han, C, Sheng, Y., Wang, ], et al. (2023). Imidacloprid
activates Kupffer cells pyroptosis to induce liver injury in mice via P2X7. Int.
Immunopharmacol. 119, 110179. PubMed PMID: 37099941. doi:10.1016/j.intimp.
2023.110179

Perananthan, V., Mohamed, F., Shahmy, S., Gawarammana, I, Dawson, A., and
Buckley, N. (2021). The clinical toxicity of imidacloprid self-poisoning following the
introduction of newer formulations. Clin. Toxicol. Phila. Pa 59 (4), 347-350. PubMed
PMID: 32959700. doi:10.1080/15563650.2020.1815760

Phua, D. H,, Lin, C. C,, Wu, M. L,, Deng, J. F., and Yang, C. C. (2009). Neonicotinoid
insecticides: an emerging cause of acute pesticide poisoning. Clin. Toxicol. (Phila). 47
(4), 336-341. Epub 2009/06/12 PubMed PMID: 19514881. doi:10.1080/
15563650802644533

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2024.1421437/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1421437/full#supplementary-material
https://doi.org/10.1016/j.cbi.2023.110690
https://doi.org/10.1016/j.cbi.2023.110690
https://doi.org/10.1016/j.ajem.2006.11.044
https://doi.org/10.1016/j.ajem.2006.11.044
https://doi.org/10.1016/j.toxrep.2014.08.004
https://doi.org/10.1016/j.toxrep.2014.08.004
https://doi.org/10.1186/s13256-022-03742-8
https://doi.org/10.1080/15376516.2019.1616344
https://doi.org/10.7759/cureus.35400
https://doi.org/10.7759/cureus.35400
https://doi.org/10.3390/cells12242772
https://doi.org/10.1177/0960327114522500
https://doi.org/10.1177/0960327114522500
https://doi.org/10.1016/j.legalmed.2013.10.007
https://doi.org/10.1016/j.legalmed.2013.10.007
https://doi.org/10.1007/s11356-021-18486-z
https://doi.org/10.1016/j.ajem.2006.03.008
https://doi.org/10.1016/j.ajem.2006.03.008
https://doi.org/10.1007/s13181-010-0041-6
https://doi.org/10.1016/j.ajem.2009.01.006
https://doi.org/10.1016/j.scitotenv.2021.152847
https://doi.org/10.1016/j.scitotenv.2021.152847
https://doi.org/10.1111/bcpt.12027
https://doi.org/10.1111/bcpt.12027
https://doi.org/10.1016/j.etap.2023.104310
https://doi.org/10.1371/journal.pone.0005127
https://doi.org/10.1371/journal.pone.0005127
https://doi.org/10.1097/paf.0000000000000685
https://doi.org/10.1097/paf.0000000000000685
https://doi.org/10.1016/j.intimp.2023.110179
https://doi.org/10.1016/j.intimp.2023.110179
https://doi.org/10.1080/15563650.2020.1815760
https://doi.org/10.1080/15563650802644533
https://doi.org/10.1080/15563650802644533
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421437

Zeng et al.

Proenga, P., Teixeira, H., Castanheira, F., Pinheiro, J., Monsanto, P., Marques, E., et al.
(2005). Two fatal intoxication cases with imidacloprid: LC/MS analysis. Forensic Sci. Int.
153 (1), 75-80. PubMed PMID: 15922528. doi:10.1016/j.forsciint.2005.04.015

Shadnia, S., and Moghaddam, H. (2008). Fatal intoxication with imidacloprid
insecticide. Am. J. Emerg. Med. 26 (5), 634.e1-e4. PubMed PMID: 18534311. doi:10.
1016/j.ajem.2007.09.024

Sriapha, C., Trakulsrichai, S., Intaraprasong, P., Wongvisawakorn, S., Tongpoo, A.,
Schimmel, J., et al. (2020a). Imidacloprid poisoning case series: potential for liver injury.
Clin. Toxicol. Phila. Pa 58 (2), 136-138. PubMed PMID: 31092066. doi:10.1080/
15563650.2019.1616091

Frontiers in Pharmacology

07

10.3389/fphar.2024.1421437

Sriapha, C., Trakulsrichai, S., Tongpoo, A., Pradoo, A., Rittilert, P., and
Wananukul, W. (2020b). Acute imidacloprid poisoning in Thailand. Ther.
Clin. risk Manag. 16, 1081-1088. PubMed PMID: 33204096. d0i:10.2147/tcrm.
5269161

Tomizawa, M., and Casida, J. (2005). Neonicotinoid insecticide toxicology:
mechanisms of selective action. Annu. Rev. Pharmacol. Toxicol. 45, 247-268.
PubMed PMID: 15822177. doi:10.1146/annurev.pharmtox.45.120403.095930

Yeh, I, Lin, T., and Hwang, D. (2010). Acute multiple organ failure with imidacloprid
and alcohol ingestion. Am. J. Emerg. Med. 28 (2), 255.e1-e3. PubMed PMID: 20159407.
doi:10.1016/j.ajem.2009.05.006

frontiersin.org


https://doi.org/10.1016/j.forsciint.2005.04.015
https://doi.org/10.1016/j.ajem.2007.09.024
https://doi.org/10.1016/j.ajem.2007.09.024
https://doi.org/10.1080/15563650.2019.1616091
https://doi.org/10.1080/15563650.2019.1616091
https://doi.org/10.2147/tcrm.s269161
https://doi.org/10.2147/tcrm.s269161
https://doi.org/10.1146/annurev.pharmtox.45.120403.095930
https://doi.org/10.1016/j.ajem.2009.05.006
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1421437

	Treatment of an accident of imidacloprid poisoning
	1 Introduction
	2 Materials and methods
	2.1 General patient information
	2.2 Clinical characteristics and treatment

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


