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ABSTRACT: Pesticides are chemicals used to struggle against harmful pests; they could affect any compartment 

after getting into nature. Most pesticides are made up of only a selective molecule. When compared to bulk materials 

like powders, plates, and sheets, pesticides have a relatively large specter-to-volume ratio because of their extremely 

potent chemical makeup. Because of this characteristic, pesticides might have unexpected chemical and physical 

characteristics because they interact with the molecules in the environment and compartment. The present assessment 

aims to test the neurotoxicity induced by a pesticide of Imidacloprid at 1.252 mM kg-1 per day in the Wistar rat’s 

brain. After gavage to the rats for 3 months in laboratory conditions of the groups (light/dark; humidity), tests on 

nervous system enzymes figured that pesticide caused a significant enhancement of inter-mitochondrial metabolites 

amount (proteins, fats, and carbohydrates) and mitochondrial enzyme activity (GST and SOD); decreased amount of 

mitochondrial GSH; an enhancement of mit-CAT and mit-GPx activity; a rise in MDA level. Mitochondrial functions 

of the treated Rat’s brains showed a notable rise in mitochondrial swelling and permeability. Rather, there was a 

statistically significant drop in the amount of oxygen consumed by mitochondrial respiration. All results confirm that 

the pesticide caused a dose-dependent response. 

 

                          INTRODUCTION 

Pesticides are present in all of our environmental 

compartments, air, soil, fruits, and food [1]. However, 

due to their linking qualities, which make them 

extremely bioactive and possibly toxic to exposed 

species, toxicovigilance concerns have been increased 

about the massive usage of pesticides [2]. Scientists 

claimed that a little amount of pesticide (<10 ng) 

comports as gases that can easily reach all tissues 

disturbing the general cell metabolism [3]. 

The lipophile and hydrophile properties of pesticides, 

determine the ability to pass through epithelial and 

endothelial barriers into the lymph and blood to be 

transported by the bloodstream and lymph stream to 

various organs and tissues, such as the brain, heart, liver, 

kidneys, spleen, bone marrow, and nervous system, are 

major factors in determining their toxicity [4]. 

On the whole, considering the wide use of pesticides in 

various daily life and extant theories about the 

destructive effects of these matters, this work was 

conducted to learn the impact induced by a pesticide of 

Imidacloprid on the nervous system mitochondrial 

function of Wistar rats. 

Imidacloprid, a global standard among neonicotinoid 

pesticides, exemplifies its ubiquitous use and widespread 

adoption. Pesticides, which include neonicotinoids, play 

an important role in the chemical pantheon, which is 
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used in a variety of farming domains [3]. However, their 

excessive employment disrupts the delicate balance of 

environmental and human well-being. Neonicotinoids, 

which have neuro-active characteristics similar to 

nicotine, are the most effective neurotoxic insecticides in 

modern pest management. They pervade the worldwide 

market, exerting control over agricultural landscapes, and 

are used to protect crops from the ravages of insect pests 

[4]. 

MATERIALS AND METHODS 

Animals 

This study was carried out at the laboratory of toxicology 

and ecosystem pathologies, Echahid Cheikh Larbi 

tebessi, Tebessa University on male Wistar rats, provided 

by Pasteur institute of Algier. Rats are weighed about 

240–260 g. Animals were grouped into control groups 

and treated groups. Rats have direct access to water and 

aliment. The temperature was maintained between 23 °C, 

and 25 °C, and acceptable humidity with photoperiod 

12/12 h. 

Chemicals 

In this work, we used Imidacloprid as a neonicotinoid 

pesticide provided by Ain El-Baida agriculture products 

seller.  

Isolation of the brain 

After receiving treatment for three months, the rats were 

sacrificed by decapitation following deep ether 

anesthesia. The brains were swiftly removed and divided 

into two sections, the first of which was kept at -80 °C to 

isolate the mitochondria, and calculating the parameters 

of matrix oxidative stress (GSH, GST, CAT, SOD, GPx, 

and MDA). The second section was used fresh to 

complete the assays on mitochondrial integrity and 

functions. 

Mitochondrial preparation 

The whole mitochondrial fractions are extracted from the 

various brain regions using a slightly modified version of 

the procedure outlined in [5]. In summary, after washing 

the tissues in cold respiration buffer (pH 7.4, 50 mM 

Tris-HCl, 250 mM sucrose, 1 mM d-Ethyl Diamine 

Acetic Acid (EDTA), BSA 0.2 %), they were chopped, 

homogenized, and centrifuged at 3500 g for 10 minutes. 

The pellet was then re-centrifuged under the same 

conditions. After combining the supernatants from the 

two centrifugations, they were centrifuged for 20 minutes 

at 15000 g. After repeatedly washing the resulting pellet 

under the same conditions with PB buffer (50 mM tris-

HCl, 250 mM sucrose) with a pH of 7.4, the 

mitochondrial pellets were suspended in 300 μl of PB 

buffer and refrigerated at -20 °C until they were needed. 

To rupture mitochondria, repetitive homogenization 

followed by freezing and defrosting was used to create 

mitochondrial matrix from suspensions of mitochondria. 

The supernatant was thought to be the source of 

mitochondrial GSH, GPx, GST, CAT, SOD, and MDA 

after centrifugation at 10,000 g for 10 min. 

Mitochondrial biomarkers assessment  

CAT, GST, and GPx activity  

Trials are conducted on the activity of glutathione-s-

transferase (GST), catalase (CAT), and guaiacol 

peroxidase (GPx) following the methods of [6 - 8] 

respectively; Protein estimation was measured following 

the method of [9] using BSA as a control standard.  

GSH and MDA level  

Reduced glutathione (GSH) level was assessed using 

[10] protocol. The level of malondialdehyde (MDA) of 

brain mitochondria was assessed using [11] protocol 

(high pick at 530 nm). 

Superoxide dismutase (SOD) assessment  

Using the method of [12], brain mitochondria superoxide 

dismutase (SOD) was measured at the wavelength of 560 

nm.  Briefly, A combination of 2 ml of the reactive 

medium (sodium cyanide 10-2 M, NBT solution at 1.76 × 

10-4 M, EDTA 66 mmol, methionine 10-2 M, riboflavin 2 

μmol, pH 7.8) was combined with 50 μl of matrix 

fraction. This combination was exposed to a 15 W lamp 

for 30 minutes to cause riboflavin to photo-react. The 

color turned blue when NBT was reduced to formozan.  
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Fresh mitochondrial function assessment 

We estimated the mitochondrial permeability using the 

approach of [13], which involves measuring the rate at 

which Ca++ traverses the mitochondria and then looking 

for an increase in the size of the mitochondria at 540 nm 

wavelength every 30 seconds for three minutes. An 

Oxygraph (Hansatech) was used to measure respiration 

following the technique of [14, 15]. 

Statistical Study 

All analyses were conducted with MINITAB (version 

20) software. Microsoft Office Excel 2019 was used to 

design all diagrams and tables. The findings are given as 

the mean ± SEM of six rats per group. The P criterion of 

significance was 0.05 ≥ p ≥ 0.01, very significant at 0.01 

≥ p ≥ 0.001, and very highly significant at p < 0.001; 

more than 0.05 the differences are not significant (ns). 

RESULTS AND DISCUSSION 

Imidacloprid exposure and impacts on brain  

 

mitochondria of rats at (1.252 mM kg-1 per day of body 

weight; orally), showed very important results that reflect 

the unsafety of this pesticide as a xenobiotic on the 

human’s nervous system. 

Neonicotinoid effects are realized using some 

biochemical parameters [16, 17]. Imidacloprid was 

shown as a toxic substance to mammals (Table 1). It was 

listed as one of the dangerous compounds that the 

Agency for Toxic Compounds and Disease Registry 

prioritized [18]. The GSH levels were also decreased 

significantly in the imidacloprid-treated rats. GSH is 

necessary for the survival of cells. It is found in most 

cells that hydrophily conjugate xenobiotics, and it is 

most likely the most significant defense mechanism 

against free radical scavenging and the prevention of 

xenobiotics' electrophilic assault on biological 

macromolecules [19]. The decreasing of these 

parameters is due to the enzymes decreasing, it is 

important to understand that mitochondria are now under 

oxidative stress. 

Table 1. Mitochondrial brain parameters of rats after subchronic treatment with imidacloprid for 90 days. 

Parameters Proteins (mg) Carbohydrates (µg) Lipids (µg) 

Control 1.609 ± 0.0275 11. 528±0.5681 213.007±1.227 

Imidacloprid  1.541 ± 0.02597** 9.451±0.5439** 165.433±1.235*** 

mean ± SE .t-test was used for multiple comparisons. ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05. 

Study of antioxidant Enzymatic and non-enzymatic 

 parameters 

Detoxification enzyme assessment was directly done in 

vivo and the results are shown in (Table 2), where a very 

important perturbation was marked according to the 

control. 

Table 2. (GSH. GPx. MDA. SOD. GST and CAT) variations during 90 days of Imidacloprid at the dose of 1.252 mM kg
-1

 per day of body weight. 

Parameters 
Mit GSH 

µmol mg
-1

 

Mit GPx µmol 

min
-1 

mg
-1

 

Mit GST µmol min
-1 

mg
-1

 

Mit CAT µmol 

min
-1

 mg
-1

 

Mit MDA nmol 

mg
-1

 
Mit SOD U mg

-1
 

Control 
0.000381 ± 
9.8837E-06 

1.05806 ± 

0.03435197 

0.004508 ± 
0.000737068 

0.000312 ± 
8.09321E-06 

2.110885 ± 
0.213383 

16.0141 ± 
0.2462043 

Imidacloprid 

0.00056 ± 

2.79E-05 

*** 

0.41418 ± 0.0162 

*** 

0.008075 ± 0.000433 

*** 

0.00054 ± 2.241E-

05 

*** 

4.528575 ± 0.28759 

*** 
12.415 ± 0.87229

**
 

Mean ± SE .t-test was used for multiple comparisons. ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05 

Mitochondrial stress parameters testing 

The injection of imidacloprid may have resulted in 

significant ROS generation in the brain mitochondria 

(Table 3), which may have increased malondialdehyde 

due to greater lipid peroxidation and produced this 

variation in the rate of different antioxidants [20]. 
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A decrease in CAT and GPx activities causes the 

mitochondrion to create radical OH° and produce more 

H2O2 [21]. Therefore, the overproduction of hydrogen 

peroxide and the subsequent drop in GSH following 

xenobiotic intoxication are the primary causes of the 

reduction in GPx activity [22, 23]. 

Therefore, environmental pollutants can directly target 

the mitochondria, causing the production of reactive 

oxygen species (ROS). These ROS can then mediate 

other oxido-reduction reactions and further induce the 

depletion of antioxidant defenses, potentially promoting 

mitochondrial damage and the depletion of anti-oxidant 

molecular systems in the brain cell [24]. The growing 

buildup of ROS, which directly damages brain 

mitochondria [25, 26]. 

Table 3. Mitochondrial functionality parameters after 90 days of exposure. 

Parameters Swelling (Optic density) O2 consumption Permeability (delta OD/delta time) 

Control 17.141 ±0.0034 4.33 ± 1.02
****

 0.16 ±0.01
***

 

Imidacloprid 0.156 ±0.0001 1.16 ± 0.51
****

 0.27±0.02
****

 

                     Mean ± SE .t-test was used for multiple comparisons. ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05. 

Imidacloprid may interact with the enzymes of thiol 

groups, hence affecting the enzymes involved in 

respiration [27, 28]. Complex II and III are the most 

susceptible complexes to pesticides over the whole 

respiratory chain [29]. 

Furthermore, there is a connection between membrane 

potential collapse and mitochondrial malfunction, which 

is often caused by an excess of O2- [30; 31]. A critical 

measure of mitochondrial respiratory activity, has shown 

a decline in the rate at which it consumes oxygen and, 

therefore, in the effectiveness of its operation. 

CONCLUSIONS 

We investigate the toxic effects of the neonicotinoid 

pesticide imidacloprid on mitochondria by measuring 

swelling, permeability, and perturbation of enzymes. We 

have also shown that sub-chronic exposure to 

imidacloprid can cause abnormalities and oxidative stress 

in all areas of the adult male rats' brains. 
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