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Abstract

Background and Aim: Exposure to imidacloprid induces neural damage through enhanced production of
reactive oxygen species, increased lipid peroxidation, and disruption of antioxidant defense systems. L-
Glutathione, an endogenous antioxidant, plays a crucial role in maintaining redox balance and protecting neuronal
cells. This study aimed to investigate the protective effect of L-glutathione against oxidative stress and neural
damage induced by subacute imidacloprid exposure in the rat brain.

Methods: In this experimental study, 24 adult male Wistar rats were divided into four groups (n = 6 each):
control, imidacloprid-treated group (45 mg/kg; one-tenth of the LD50), L-glutathione-treated group (100 mg/kg),
and combined imidacloprid + L-glutathione group. All treatments were administered daily via gavage for 28 days.
At the end of the experiment, brain tissues were collected, and oxidative stress biomarkers including
malondialdehyde (MDA), reduced glutathione (GSH), total antioxidant capacity (TAC), antioxidant enzyme
activities (GPx, GSR, GST, SOD, and CAT), and acetylcholinesterase (AChE) activity were measured.

Results: Imidacloprid administration significantly decreased AChE activity, TAC, GSH levels, and the
activities of GPx, GSR, and GST, while significantly increasing MDA levels and SOD activity (p <0.05). Catalase
activity showed no significant change. L-glutathione alone moderately increased TAC and the activity of certain
antioxidant enzymes. In the combined group, L-glutathione markedly improved oxidative and neurochemical
parameters, with significant reductions in lipid peroxidation and enhancement of antioxidant defenses (p < 0.05).

Conclusion: The findings demonstrate that subacute exposure to imidacloprid induces oxidative stress and
neurofunctional impairment in the rat brain. L-glutathione administration mitigates these neurotoxic effects by
enhancing antioxidant defense systems, reducing oxidative damage, and modulating AChE activity. These results
support the potential neuroprotective role of L-glutathione against imidacloprid-induced toxicity.

Keywords: Imidacloprid, L-glutathione, Oxidative stress, Neurotoxicity, Brain

Copyright© 2026. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and
build upon the material) under the Attribution-NonCommercial terms. Downloaded from: http://feyz.kaums.ac.ir/


http://dx.doi.org/10.48307/FMSJ.2026.30.2.3
https://feyz.kaums.ac.ir/search.php?sid=1&slc_lang=en&author=Mirjani
https://feyz.kaums.ac.ir/search.php?sid=1&slc_lang=en&author=Khaksar
https://feyz.kaums.ac.ir/search.php?sid=1&slc_lang=en&author=Khaksar
mailto:mrkhaksar@muq.ac.ir
https://orcid.org/0009-0007-7553-1016
https://orcid.org/0000-0003-1267-6246
http://dx.doi.org/10.48307/FMSJ.2026.30.2.3
http://feyz.kaums.ac.ir/article-1-5503-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-07-14 ]

[ DOI: 10.48307/FMSJ.2026.30.2.3 ]

¥y /Modulatory Effects of Glutathione on

Extended Abstract

Background and Objective

Imidacloprid, one of the most widely used
neonicotinoid insecticides worldwide, exerts
its toxic effects primarily through interaction
with nicotinic acetylcholine receptors in the
nervous system (Jeschke et al., 2013;
Shivanandappa & Rajashekar, 2014).
Accumulating evidence indicates that
imidacloprid exposure disrupts cellular
redox balance by increasing reactive oxygen
species (ROS) production, leading to
oxidative stress, lipid peroxidation, and
impairment of endogenous antioxidant
defenses (Zouaoui & Rouabhi, 2024,
Abdelhafez et al., 2023). Glutathione
(GSH), a tripeptide composed of glutamate,
cysteine, and glycine, represents one of the
most important endogenous antioxidants in
mammalian cells, playing a central role in
detoxification processes, maintenance of
cellular redox homeostasis, and protection
against oxidative damage (Georgiou-Siafis
& Tsiftsoglou, 2023; Labarrere & Kassab,
2022). Despite the known neurotoxic
potential of imidacloprid, limited research
has examined the protective role of
exogenous L-glutathione against
imidacloprid-induced oxidative and
neurochemical alterations in brain tissue.
This study aimed to investigate whether L-
glutathione could mitigate oxidative and
neurochemical disturbances induced by
subacute exposure to imidacloprid in the
brain tissue of rats.

Methods

This experimental study was conducted
using 24 adult male Wistar rats weighing
180220 g After a  one-week
acclimatization period under controlled
laboratory conditions (temperature 23—
25°C, relative humidity of 50-60%, and a
12-hour light/dark cycle), the animals were
randomly divided into four groups (n = 6 per
group): a control group receiving normal

saline, an imidacloprid group receiving
imidacloprid at one-tenth of the LDso dose
(45 mg/kg body weight), a glutathione group
receiving L-glutathione (100 mg/kg body
weight), and a combined treatment group
receiving imidacloprid followed by L-
glutathione. All treatments were
administered daily via oral gavage for a
period of 28 days. At the end of the treatment
period, the animals were anesthetized with
ketamine and xylazine, and brain tissues
were carefully removed for biochemical
analyses.

Several oxidative stress markers and
antioxidant parameters were evaluated.
Lipid peroxidation was assessed by
measuring malondialdehyde (MDA) levels
using a colorimetric kit based on the
thiobarbituric acid reaction. The antioxidant
status of the tissue was determined through
the measurement of reduced glutathione
(GSH) concentration and total antioxidant
capacity (TAC). In addition, the activities of
key  antioxidant  enzymes—including
glutathione peroxidase (GPx), glutathione
reductase (GSR), glutathione S-transferase
(GST), superoxide dismutase (SOD), and
catalase (CAT)—were determined using
commercial colorimetric kits. The activity of
acetylcholinesterase (AChE), an important
enzyme involved in cholinergic
neurotransmission, was also evaluated as an
indicator of neural functional integrity. Data
normality and homogeneity of variances
were assessed using the Shapiro—Wilk test
and Levene's test, respectively. Statistical
analysis was then performed using one-way
ANOVA followed by Tukey's post hoc test.
A P value <0.05 was considered statistically
significant. All analyses were performed
using GraphPad Prism version 10.0.

Results

The results demonstrated that exposure to
imidacloprid significantly altered oxidative
stress markers and enzymatic antioxidant
defenses in the rat brain tissue. Animals
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treated with imidacloprid alone showed a
marked increase in MDA levels (9.06 + 1.09
nmol/mg vs. 4.73 £ 0.48 nmol/mg in the
control; P < 0.0001), indicating enhanced
lipid peroxidation and oxidative damage.
Concurrently, a significant reduction was
observed in GSH levels (6.64 = 0.61
nmol/mg vs. 10.59 £ 0.68 nmol/mg in the
control; P < 0.0001) and TAC (2.02 £+ 0.25
nmol/mg vs. 2.90 + 0.26 nmol/mg in the
control; P =0.0056), suggesting depletion of
endogenous antioxidant reserves.
Furthermore, imidacloprid administration
significantly decreased the activities of GPx
(3.97 £ 0.23 mU/mg vs. 4.82 + 0.38 mU/mg
in control; P = 0.0103), GSR (0.19 + 0.02
mU/mg vs. 0.39 + 0.01 mU/mg in control; P
< 0.0001), and GST (0.32 + 0.04 U/mg vs.
0.44 £ 0.04 U/mg in the control; P =0.0044).
These alterations indicate impairment of the
glutathione-dependent antioxidant defense
system. In contrast, SOD activity increased
significantly ~ following imidacloprid
exposure (17.86 = 0.83 U/mg vs. 14.97 +
0.70 U/mg in the control; P <0.0001), which
may represent a compensatory cellular
response to elevated oxidative stress. No
significant change was observed in catalase
activity among the experimental groups (P =
0.9748). In addition to oxidative stress
markers, imidacloprid significantly reduced
ACHhE activity in brain tissue compared with
the control group (0.47 £ 0.08 U/mg vs. 0.95
+ 0.08 U/mg; P < 0.0001), suggesting
disruption of cholinergic neurotransmission.

Administration of L-glutathione produced a
protective effect against these alterations. In
rats receiving glutathione alone, antioxidant
parameters remained comparable to or
slightly higher than those observed in the
control group. More importantly, in the
group receiving both imidacloprid and L-
glutathione, most oxidative stress markers

were significantly improved compared with
the  imidacloprid-only  group.  Co-
administration of glutathione reduced MDA
levels (5.72 £ 0.69 nmol/mg vs. 9.06 + 1.09
nmol/mg; P < 0.0001), restored GSH
concentration (10.52 + 0.52 nmol/mg vs.
6.64 = 0.61 nmol/mg; P < 0.0001), and
enhanced TAC (3.83 = 0.22 nmol/mg vs.
2.02 £ 0.25 nmol/mg; P < 0.0001). In
addition, the activities of GPx (5.43 + 0.41
mU/mg vs. 3.97 £0.23 mU/mg; P <0.0001),
GSR (0.37 £ 0.03 mU/mg vs. 0.19 £ 0.02
mU/mg; P <0.0001), and GST (0.42 + 0.03
U/mg vs. 0.32 = 0.04 U/mg; P = 0.0159)
were markedly improved. Glutathione
treatment also partially reversed the
inhibition of AChE activity induced by
imidacloprid (0.77 £ 0.08 U/mg vs. 0.47 +
0.08 U/mg; P =0.0025).

Conclusion

The present study demonstrates that
subacute exposure to imidacloprid disrupts
oxidative balance in the rat brain tissue,
increasing lipid peroxidation, depleting
endogenous antioxidants, impairing
antioxidant enzyme activities, and inhibiting
acetylcholinesterase, which may affect
neural function (Abdelhafez et al., 2023;
Zouaoui & Rouabhi, 2024). Administration
of L-glutathione significantly reduced these
effects by enhancing antioxidant defenses,
restoring  glutathione  balance,  and
minimizing oxidative damage.
Improvements in  biochemical  and
neurochemical parameters highlight its
protective role against imidacloprid-induced
oxidative stress (Wang et al., 2022; Yabuki
& Fukunaga, 2013). These findings suggest
that glutathione is a promising strategy
against pesticide-induced neurotoxicity,
though further studies are needed to
investigate its molecular mechanisms and
therapeutic applications.
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