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Abstract

	Pesticides are chemical compounds that are used to kill, control or delay the growth of insects, rodents, fungi, and unwanted weeds that cause damage to the growth of crops, bushes, woods, and other vegetation that humans use. Imidacloprid (IMI) is a new class of synthetic neonicotinoids pesticide that are used worldwide to control termites, insects, external parasites and agricultural insects. IMI has an unpleasant smell and repellent effect that decreases food intake and leads to loss of body weight in animals. IMI in mammals leads to a reduction in sperm motility, viability, sperm count, and an increased frequency of abnormal sperm forms that ultimately contribute to male infertility. The present study aims to investigate the toxicity of technical grade (98% pure) IMI on body weight and absolute reproductive organ weight in Swiss albino male mice (Mus musculus). Healthy adult male mice weighing 30.0 ± 5.0g were administered with 25mg/kg and 50mg/kg of IMI (LD50 110mg/kg BW) orally using gavage for four weeks (28 days). Body weight and reproductive organ weight were calculated after the completion of doses. IMI-exposed mice, when compared to the control group, resulted in a significant decrease in body weight and reproductive organ weight, with a severe effect at high doses. The decrease in body weight might be associated with reduced food intake as reported in previous studies, indicating its potential reproductive toxicity and therefore its use in the agricultural field must be scientifically regulated to minimise the potential risk to mammalian health.
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1. Introduction
 
Pesticides are chemical compounds that are used to kill, control or delay the growth of insects, rodents, fungi, and unwanted weeds that cause damage to the growth of crops, bushes, woods, and other vegetation that are used by humans. Pesticides, based on target groups, are classified as herbicides (for unwanted weeds), insecticides (for insects), fungicides (for fungi, mildew, and mould), and rodenticides (for rats and mice). In our day-to-day life, fruits, vegetables, and crops are major sources of nutrition and a healthy diet, but their quality is impaired by the regular use of pesticide residues. Previous research work has discovered the presence of pesticides in different fruits and vegetables (Arfat et al., 2014). Pesticides are remarkably stable compounds, remaining for years or decades before decomposition occurs. All pesticides are harmful to human and animal health, either through direct exposure or food intake. Immediate health problems related to pesticides include flu, headaches, skin rashes, blurred vision, and other neurological disorders and rarely paralysis, and even death. Long-term health-related problems are cancer, infertility, miscarriage, male sterility, birth defects, and even nervous system disorders (Wilson & Otsuki, 2004, https://doi.org/10.1111/j.1937-2817.2010.tb01264.x).

Insecticides are chemical substances belonging to heterogeneous groups and are designed to eliminate pests by piercing into their bodies through ingestion, dermal or inhalation, ultimately leading to death (Kim et al., 2017). Neonicotinoids are the most commonly used insecticides in recent times worldwide in modern production of crops (Jeschke et al., 2011). Imidacloprid (IMI), based on CAS nomenclature rules, is 1-[(6-chloro-3-pyridinyl) methyl]-N-nitro-2-imidazolidinimine, (C9H10ClN5O2), and the IUPAC-name is (E)-1-(6-chloro-3-pyridyl-methyl) N-nitroimidazolidin-2-ylideneamine. IMI was launched in 1992 by Bayer and is currently used on over 140 different types of crops (Drobne et al.,2008; Shao et al.,2013). IMI are a new class of synthetic insecticides commonly called neonicotinoids that are used worldwide to control termites, insects, external parasites and agricultural insects (Starner and Goh, 2012). IMI are nicotine-based insecticides and a perfect substitute for broadly used insecticides like carbamates and organophosphates (Shivanandappa et al, 2014). IMI, being a member of the N-nitroguanidines class, exhibits higher toxicity to insects and attributes higher binding affinity to neuron receptors of insects than those of mammals (Jeschke et al., 2011; Mani, Shivaraju and Kulkarni, 2014). IMI act as an agonist, and hence it binds to specific nerve receptor “Nicotinic Acetylcholine Receptor” (nAChR) in the brain and nerve centre of insects and overstimulates them, causing continuous nerve signals to fire, which alters normal nervous system function, leading to paralysis and ultimately death of the insects (Jeschke, Nauen and Beck, 2013, https://doi.org/10.37506/ijfmt.v15i3.16194).

IMI shows less toxic effect on mammals, but many previous studies have reported that exposure to IMI is responsible for damage to the kidney, heart and other organs or even death. Recent years’ research has shown that exposure to IMI can cause birth-related defects or abnormal development in the embryo or foetus during pregnancy (teratogenic), change in DNA or genes of cells (mutagenic), neurotoxic and immunotoxin effects in the mammalian system (Duzguner and Erdogan, 2010; Gawade et al., 2013; Lonare et al., 2016). Studies on rats have shown that chronic exposure to IMI can lead to inflammation and oxidative stress in organs like the liver and brain (Duzguner and Erdogan, 2012). Previous studies have reported reproductive toxicity of IMI in mammals, leading to a reduction in sperm motility, viability, sperm count, and increased frequency of abnormal sperm forms that ultimately contribute to male infertility (Najafi et al., 2010; Lonare et al., 2015; Mehmood et al., 2017). Several researchers have reported that IMI has an unpleasant smell and repellent effect that decreases food intake and leads to loss of body weight in animals (Arfat et al., 2014; Avery et al., 1993; Warner et al., 2010). A recent study done by Al- Awar, (2021) also reported similar findings that administration of IMI leads to a significant decline in body weight and reproductive organ weight (testes, epididymis, Vas deference, seminal vesicle and prostate) in male rats. 
                    
The objective of the present study is to determine the change in body weight and reproductive organ weight (testes, epididymis, seminal vesicle and prostate) on exposure to IMI in male Albino mice (Mus musculus) at a dose of 25 mg/kg b.wt. (low dose) and 50 mg/kg b.wt. (high dose), thereby determining its potential toxicological effects on physical development and reproductive functions.

2. Material and Methods

2.1 Experimental Animals

The study was conducted on healthy adult male albino mice of 8-10 weeks old and weighing 30-35 gm. 40 mice were obtained from the University Department of Zoology, T.M.B.U. Bhagalpur, Bihar, and randomly divided into 4 groups for this study. The mice were placed in polypropylene cages having dimensions (19 x 25 x 21 cm) with the floor covered with sawdust. The mice were placed under standard laboratory conditions of temperature 22 ± 2°C, relative humidity 50-60 %, 12-hour light and 12-hour dark cycle. Mice were fed a standard pellet diet, including fodder consisting of 35% wheat, 34% yellow corn, 20% soyabean, 10% gram seed powder, 1% powdered milk and 50g preservatives and antifungal substances in sufficient quantities throughout the experimental period. The mice were acclimatised for one week (7 days) before the experiment.

2.2 Experimental Chemicals

IMI technical grade (>98% purity) originally obtained from Indofil Chemicals Company, Mumbai, India, was used in this present experiment. 3 grams of Gum Acacia (3%) dissolved in 100 ml of distilled water was used as a vehicle for dissolving imidacloprid, and double-distilled water (DDW) was used as a control.

2.3 Preparation of the Dose

A 3% Gum acacia solution was prepared by dissolving gum acacia in double-distilled water with continuous stirring to get a uniform suspension.

IMI was freshly prepared before administration. Two different oral doses of IMI, 25 and 50 mg/kg b.wt., were selected in accordance with its lethal dose (LD 50) 110 mg/kg b.wt. in Swiss albino male mice (Bagri et al., 2013). A 3% aqueous suspension of gum acacia was used as an emulsifier to enhance the solubility of IMI in water (Bagri et al., 2015). The aqueous suspension of IMI at different dose levels was prepared with two different concentrations so as to be administered orally at 1 ml/100 gm b.wt. in the mice. An aqueous solution of gum acacia (3%) was used as a negative control or vehicle.

Mice were randomly divided into four groups (10 mice/group) as follows:

Group 1: (control group): received double-distilled water (DDW) only.
Group 2: (negative control or vehicle control): received 3% Gum acacia at a dose of 1ml/100g b.wt solution.
Group 3: (Low dose IMI): treated with a low dose of 25mg/kg b.wt. 
Group 4: (High dose IMI): treated with a high dose of 50mg/kg b.wt.

All doses were administered by oral gavage daily during the experimental time period of 28 days.

2.4 Body Weight Measurements 

During the experimental period, the body weight of each group of mice (Swiss albino mice) was recorded weekly during the experimental period of 28 days and expressed as a change in body weight compared to the initial body weight. The body weight of Swiss albino mice was recorded to investigate the effect of IMI exposure on growth and physiological condition. The initial body weight of each of the groups of mice was recorded using a calibrated digital weighing scale. 

The reproductive organ weight of each group of mice was calculated at the end of 28 days of treatment with IMI.  The mice were sacrificed through cervical dislocation, and the reproductive organs were carefully removed. The adipose tissues and other tissues were removed from reproductive organs and washed with normal saline water. The reproductive organs were then generally blotted with the help of blotting paper or filter paper and weighed on a digital calibrated scale in order to get the absolute organ weight. 

3. Results 

3.1 Body Weight

The initial, final and body weight change of the control, gum acacia (negative control), and IMI-treated group of albino mice are presented in Table 1. The control group of mice showed a normal increase in body weight after a period of 28 days. Similarly, gum acacia (negative control) showed a gradual increase in body weight. However, mice treated with low (25mg/kg b.wt.) and high (50mg/kg b.wt.) doses of IMI resulted in a significant reduction in body weight. The decline in body weight was statistically significant (p < 0.05) at both the low (25mg/kg b.wt.) and high doses of IMI (50mg/kg b.wt.) when compared to the control group of mice (Table 1). However, the reduction was more pronounced at high doses of IMI. There was a statistically significant decrease in body weight compared with the control group (p < 0.05). These findings indicate that IMI exposure causes a reduction in growth and body weight in albino mice, with a greater reduction at higher doses.

Table 1. Effect of Imidacloprid (IMI) on body weight change in albino mice after 28 days of treatment

	Groups
	Initial body weight (g)
	Final body weight (g)
	Body weight change (g)

	Control
	30.04 ± 1.04
	34.61 ± 0.77
	4.57 ± 0.65 

	Gum acacia (negative control)
	29.74 ± 1.11
	33.65 ± 0.95
	3.81 ± 0.56

	IMI(25mg/kg b.wt)
	29.77 ± 1.05
	28. 23 ± 1.12
	1.54 ± 0.38

	IMI(50mg/kg b.wt)
	30.17 ± 0.94
	27.23 ± 1.22
	2.94 ± 0.60



· All values are expressed in mean ± SD for n = 10 animals in each group.
· [bookmark: _GoBack]Statistical analysis was performed using one-way ANOVA followed by Tukey’s multiple comparison test. 
· Differences were statistically significant from control at p < 0.05. 



Fig. 1. Effects of Imidacloprid (IMI) on absolute reproductive organ weight (g) of mice

3.2 Reproductive Organ Weight

The absolute weight of the reproductive organs (gm), the Epididymis, Testis, Prostate, and Seminal vesicle, was noted after 28 days of treatment with IMI at doses of 25mg/kg b.wt. and 50mg/kg b.wt. in mice are presented in Table 2.

Exposure to IMI resulted in a statistically significant decrease (p<0.05) in the reproductive organ weight of albino mice. In comparison to the control, mice treated with 25 mg/kg b.wt. shows a moderate but significant change in reproductive organ weight. 

Table 2. Effect of Imidacloprid (IMI) on reproductive organ weight (g) in albino mice after 28 days of treatment

	[bookmark: OLE_LINK3]Groups
	Paired Testis weight (g)
	Prostate gland (g)
	Seminal vesicle (g)
	Paired Epididymis weight (g)

	Control
	0.198 ± 008
	0.040 ± 0.005
	0.135 ± 0.002
	0.093 ± 0.006

	Gum Acacia 
	0.199 ± 0.008
	0.041 ± 0.005
	0.136 ± 0.003
	0.091 ± 0.008

	IMI (25mg/kg b.wt.)
	0.181 ± 0.006
	0.035 ± 0.005
	0.125 ± 0.004
	0.081 ± 0.007

	IMI (50mg/kg b.wt.)
	0.170 ± 0.005
	0.019 ± 0.005
	0.114 ± 0.007
	0.066 ± 0.006



4. Discussion

In the present study, exposure to IMI by oral gavage at doses of 25 and 50 mg/kg b.wt./day for 28 days resulted in a significant reduction in body weight and reproductive organs weight in albino mice compared to the control and gum acacia (negative control) treated groups. The study revealed that ingestion of IMI finally leads to a reduction in body weight and reproductive organs, with a more pronounced decrease at higher doses, indicating a dose-dependent toxic effect of IMI on the reproductive system. The reduction in body weight and reproductive organ (testes, epididymis, prostate, and seminal vesicle) weight may be due to the reduced food intake and systemic toxicity.

At a higher dose of IMI 50 mg/kg b.wt., the reduction in reproductive organ weight was more significant, with a marked change in testicular weight, indicating damage to spermatogenic activity. Also, the reduction in weight of the seminal vesicle and the epididymis showed significant weight loss, showing an adverse effect on sperm maturation and storage.

Many previous findings also highlighted the decrease in body weight, testis and accessory organ weight of male rats exposed to different doses of IMI, which finally leads to a decline in Leydig cells number and a decrease in the size of seminiferous tubules (Najaf et al., 2010).

Similar findings were observed by Kapoor et al. (2011), who demonstrated that IMI leads to a significant decline in body weight and feed intake due to toxic effects on physiological metabolism. 

Bal et al., (2012) research report also demonstrated that oxidative stress induced by IMI leads to cellular damage in reproductive tissues, ultimately leading to a reduction in organ weight. 

Badgujar et al., (2013) research report also supports the present finding that IMI, at high dose (10 mg/kg b.wt.) in BALB/c mice leads to a reduction in body and reproductive organ weight.

Previous studies of Hassan et al., (2019) also reported that IMI causes a significant reduction in body weight and reproductive organ weight of rats despite unlimited access to food for 21 days. 
Similar dose dependent effect on body weight was observed in rats during treatment with IMI as animal treated with higher dose of IMI had lower body weight gain in comparison to control (Tariba Lovakovi´c et al., 2021, Abdel- Razik et al., 2021).

Sardar et al., (2023) investigation also recorded a decrease in body weight and reproductive organ weight (testicular, epididymis, seminal vesicle and prostrate) of rats on exposure to IMI. 

Recent finding by Beg et al., (2025) have also shown similar negative effect on body weight gain and a decrease in feed and water intake in IMI-treated groups of mice.

5. Limitations
 
Limited parameters have been studied and the study was confined to only male mice. 

6. Conclusion

Imidacloprid (IMI), which is a commonly used neonicotinoid insecticide for the control of sucking insects, exhibits significant toxic effects on experimental male albino mice (Mus musculus). Our study concluded that exposure to IMI with different doses (25 and 50 mg/kg b.wt.) caused toxicity in the Swiss albino mice in dose dependent manner and leads to a decrease in body and reproductive organ weight. Reproductive organ weight declined significantly in a dose-dependent manner, indicating potential reproductive toxicity which may degenerate fertility and reproductive performance. 
Therefore, we should be conscious that IMI contact can be toxic to the reproductive system, and necessary control measures must be taken to minimise the harmful side effects of IMI to animals and other living beings, aiming to avoid environmental pollution. Further studies are needed to understand the implications of IMI on long-term exposure.
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