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 Acetamiprid is a neoncotinoid insecticide that acts as agonist to the nicotinic 

acetylcholine receptor used as insecticide in crops and control fleas on dogs and cats. The 

objective of this study was to evaluate the acetamiprid toxicity of oral administered on the 

reproductive system, to assess the role of oxidative stress inducing damage to the testes 

in male rats. The low dose equal 1/4 of LD50 and high dose equal 1/2 of LD50. Doses of 

acetamiprid adjusted according to rat's body weights. The results revealed that 

acetamiprid at high dose significantly (P<0.05) increased thiobabituric acid reactive 

substances (TBARS) resulting in significantly (P<0.05) decrease reduced glutathione 

(GSH), glutathione-S-transferase (GST), glutathione peroxidase (GPx) and glutathione 

reductase (GR) in testes homogenate. Also, administratim of acetamiprid significantly 

increased catalase while, there was insignificant change in superoxide dismutase (SOD). 

Acetamiprid at low and high doses significantly (P<0.05) decreased plasma testosterone 

level, sperm count, viability, motility, fructose level, and significantly (P<0.05) increased 

abnormal sperms, altered acrosome and abnormal DNA. Acetamiprid induce oxidative 

stress leading to decrease antioxidant enzymes and damage sertoil cells resulting in 

decreasing testosterone level and effect on fertility. Moreover, the histological 

investigation revealed that exposure to acetamiprid disorganized stratification of 

spermatogonia, primary and secondary spermatocytes in some tubules sheeding of sperm 

cells into lumina, necrosis in tubules and reduction of the primary and secondary 

spermatids. In conclusion, it seems that acetamiprid induces adverse effect at high dose 

level but the low dose level may not and short-term exposure make adverse effect. So, it 

can recommend using this insecticide as long as the recommended dose. 
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1. INTRODUCTION 

Acetamiprid (ACP) is a member of the 

neonicotinoid insecticide family is the most highly 

effective and largest selling group of worldwide for 

the controlling aphids, beetles, moth, leafhopper, 

pests on crops and leafy vegetables, along with fleas 

infesting livestock and pet animals. Moreover, 

acetamiprid being highly water soluble indicates a 

high potential for the compound to leach in soil or to 

run off in surface water (Singh et al., 2012). 

Widespread use of acetamiprid is causing 

pesticide entry into the food chain, which in turn 

causing toxicity to man and animal, acetamiprid is 

rapidly and almost completely absorbed and is 

widely distributed into tissues, being found at highest 

concentrations in gastrointestinal tract, adrenal gland, 

liver and kidney, the major route of elimination was 

via the urine and bile (Mondal et al., 2014). Adverse 

clinical effects include cardiovascular symptoms, 

central nervous symptoms, respiratory symptoms, 

low body temperature, muscle weakness, miosis, and 

dry mouth, suggesting a wide variety of possible 

clinical symptoms associated with ACP poisoning 

(Terayama et al., 2016). 

Because acetamiprid has a neurotoxic mode of 

action, early studies mainly focused on its acute 

toxicity to the mammalian nervous system. 

Inhalation of acetamiprid can cause dizziness, 

headaches, vomiting, and nausea. Acetamiprid can 

have damaging effects on other body systems. 

Decrease in plasma testosterone concentration and 
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sperm quality after exposure to acetamiprid. At the 

same time, acetamiprid increased malondialdehyde 

and nitric oxide (NO) levels of Leydig cells. 

Acetamiprid exposure also decreases cytochrome 

P450, and testicular mRNA levels, which are cAMP-

dependent proteins that are essential for 

steroidogenesis. Electron microscopy indicated 

mitochondrial membrane damage in the Leydig cells 

of the testes of exposed rats. Also indicated that 

acetamiprid causes oxidative stress and 

mitochondrial damage in Leydig cells. Acetamiprid 

disrupts subsequent testosterone biosynthesis by the 

rate of conversion of cholesterol to testosterone and 

by preventing cholesterol from the mitochondria 

within the Leydig cells. These effects caused 

reproductive damage to the rats (Kong et al., 2016). 

Plasma testosterone concentration and sperm 

quality decreased as the levels of luteinizing hormone 

(LH) decreased after acetamiprid exposure. 

Testosterone is the body’s major androgen. Its action 

on cells of the male reproductive system is essential 

for spermatogenesis and the maturation of 

spermatogonia to spermatozoa. Disrupting 

testosterone productions adversely affect male 

reproductive function (Sgro et al., 2014). 

Acetamiprid increased malondialdehyde and 

nitric oxide (NO) levels of Leydig cells. Further 

analysis showed that acetamiprid reduced the 

adenosine triphosphate (ATP) and cyclic adenosine 

monophosphate (cAMP) production of Leydig cells. 

Many studies have illustrated that the cyclic 

adenosinemonophosphate (cAMP ) and protein 

kinase A signaling pathways are the major signaling 

mechanisms of steroidogenesis, so ROS produced by 

acetamiprid may be inhibited the signal pathway and 

reduced testosterone secretion acetamiprid 

abnormally increased the ROS level in mouse testes, 

and found that this was mainly due to acetamiprid 

inhibiting antioxidant enzyme including catalase, 

glutathione peroxidase (GPx), superoxide dismutase 

(SOD) activity in  testes (Manna and Stocco, 2005) 

Zhazng et al. (2011) reported that, acetamiprid 

decreased the body weight and the weight of 

testosterone responsive organs, such as the testes, 

epididymis, seminal vesicle, and prostate. 

Furthermore, acetamiprid also reduced the plasma 

testosterone concentration, and decreased sperm 

count, viability, motility, and the intactness of the 

acrosome.  

2. MATERIALS AND METHODS 

2.1. Animals, Experimental Design and Sampling 

This study was approved by the Ethical 

Committee of the Institutional Animals Care and 

Use, Alexandria, Egypt and met all guidelines for 

their use. 

Acetamiprid (98%) was obtained from central 

agriculture pesticide laboratory. Eighteen healthy 

adult male albino rats with average weight of 

180±10g, were obtained from animal house, Faculty 

of Medicine, Alexandria University, and acclimated 

for two weeks prior to the experiment. They were 

assigned to 3 groups and housed in Universal 

galvanized wire cages at room temperature (22-25 

°C) and in photoperiod of 12h/day. Animals were 

provided with balanced commercial diet containing, 

18% crude protein, 14% crude fiber, 2% fat and 2600 

Kcal DE/Kg feed.  

Animals were divided randomly into 3 groups (6 

animals each). Animals were maintained on food and 

water ad libitum. Doses of acetamiprid were prepared 

by dissolving in distilled water and adjusted 

according to rat's body weights and given orally by 

gavages approximately at the same time each 

morning, 3 times per week day after day for 4 weeks. 

Group I (control) was orally administered with saline. 

Group II was orally administered with a dose equal 

55 mg/Kg body weight of acetamiprid (1/4 LD50). 

Group III was orally administered with a dose equal 

110 mg/Kg body weight of acetamiprid (1/2 LD50). 

The doses were choosen based on the previous study 

(Chakroun et al., 2016). At the end of treatment 

period rats were sacrificed, blood was collected from 

the heart vena cava, in heparinized tubes, and was 

centrifuged at, 1,000 xg for 15 min. Blood plasma 

was separated in Eppindorff tubes and stored at -80˚C 

till further investigations. Testes were isolated, 

weighed, then washed with saline and kept at -80 ˚C 

for further biochemical studies. Parts of testes used 

for histological studies kept in formalin (10%).The 

crude homogenates of the testes were prepared 

according to Greer et al. (2003). 

 

2.2. Testes homogenate biochemical assays and 

blood plasma hormonal assay 

Thiobarbituric acid reactive substances 

(TBARS) were measured as described by Tappel and 

Zalkin (1959). Reduced glutathione (GSH) was 

determined according to the method described by 

Ellman (1959), glutathione-s-transferase (GST) 

(GST; EC 2.5.1.18) activity was assayed according to 

the method of Habig et al. (1974), glutathione 

peroxidase (GPx) activity (GPx; EC 1.1.1.9) activity 

was determined according to the method described 

by Pagila and Valantine (1967) and glutathione 

reductase (GR) (E.C.1.6.4.2) was determined 

according to the method described by Goldberg and 

Spooner (1983). Superoxide dismutase (SOD) (SOD, 
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EC 1.15.1.1) was assayed according to the method 

described by Nishikimi et al. (1972). Catalase (CAT; 

EC 1.11.1.6) was determined according to the 

method described by Sinha (1972). Fructose was 

determined according to Foreman et al. (1973). 

Enzyme linked immunosorbent assay (ELISA)  of 

testosterone was determined according to (Nash et al. 

(2000). 

Biochemicals and testosterone kits 

purchased from BioSystems Company 

2.3. Sperm collection and analysis  

Immediately after decapitation, both rat's 

testes and epididymis were removed, cleaned of 

accessory tissue and weighed and sperm collection 

was performed according to Trošić et al. (2013). 

Sperm viability was assessed by the eosin Y stain and 

the motility of sperm was assayed by the number of 

sperm that could move in a line. The percentage of 

viable sperm and the motility of sperm were 

calculated according to Wyrobek and Bruce, (1975). 

The integrity of the acrosome was assessed using 

Tejada acridine orange Method (Tejada et al., 1984; 

Erenpreiss et al., 2001). 

2.4. Histological examination 

Parts of testes were fixed in 10 % 

formaldehyde solution, embedded in paraffin wax, 

and cut with microtome for 5µ thick sections. The 

sections were stained by Hematoxylin and Eosin 

(H&E) stains and microscopically studied to evaluate 

its morphology (Drury and Wallington, 1980) 

2.5. Statistical Analysis 

The data were analyzed using a one-way 

analysis of variance (ANOVA) followed by Duncan 

multiple comparison. P<0.05 was statically 

significant according to Norušis (2006). 

3.  RESULTS 

3.1. Effects of acetamiprid on thiobarbituric acid 

reactive substances, enzymatic and non-

enzymatic antioxidants in testes homogenate of 

male rats 

The present study, showed that, treatment of 

rats with ACP-d2 significantly (P<0.05) increased 

TBARS when compared to the control group. 

Treatment of rats with ACP-d2 significantly (P<0.05) 

decreased GSH, GPx and GR when compared to the 

control group, while in the group treated with ACP-

d1, GSH significantly (P<0.05) increased when 

compared to control group. Treatment with ACE-d1 

and ACP-d2 significantly (P<0.05) decreased GST, 

while significantly (P<0.05) increased catalase 

activity when compared to the control group, 

treatment of rats with acetamiprid showed 

insignificant change in SOD activity (Table1). 

3.2. Effects of acetamiprid on testosterone in 

blood plasma and sperm quality 

Results revealed that, acetamiprid (ACP), 

significantly (P<0.05) decreased plasma testosterone. 

Also, ACP significantly (P<0.05) decreased sperm 

motility, viability and significantly (P<0.05) 

increased the number of total abnormal sperm, 

altered acrosome and abnormal DNA when 

compared to the control group (Table2). 

Table 1: Effects of acetamiprid on thiobarbituric acid reactive substances (TBARS), super oxide dismutase (SOD), 

catalase (CAT), reduced glutathione (GSH), glutathione-s-transferase (GST), glutathione peroxidase (GPx) and 

glutathione reductase (GR) in testes homogenate of male rats 
Parameters Groups 

Control ACP-d1 ACP-d2 

TBARS  

(µmol/g tissue) 
1.42±0.05b 1.45±0.05b 1.77±0.04a 

SOD 

(IU/g tissue) 
1232.39±17.38a 1167.61±45.10a 1230.68±14.66a 

CAT 

(IU/g tissue) 
991.80±49.13b 1762.78±36.66a 1675.71±82.97a 

GSH 

(mg/g tissue) 
23.49±0.32b 28.02±1.15a 16.90±1.54c 

GST 

(IU/g tissue) 
26.55±0.82a 19.40±0.326b 19.95±1.23b 

GPx 

(IU/g tissue) 
42.25±2.42b 72.01±4.59a 23.61±1.66c 

GR  

(IU/g tissue) 
12.14±0.50a 12.50±0.78a 8.68±0.67b 

Results expressed as Mean±SE, n=6 

In Tables, the values denoted by different letters within same row represent significant differences (P<0.05). 

ACP-d1, ACP-d2: acetamiprid dose-1 (55mg/Kg) and acetamiprid dose-2 (110mg/Kg), respictively 
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Table 2: Effects of acetamiprid on testosterone in blood plasma and sperm characteristics of male rats 
Parameters Groups 

Control ACP-d1 ACP-d2 

Testosterone 

(µg/dL ) 
3.93±0.114a 3.20±0.093b 3.06±0.089b 

Motility (%) 76.20±0.58a 59.20±3.18b 53.80±2.33b 

Viability (%) 71.00±0.55a 53.40±3.37b 47.20±2.33b 

Abnormal sperms (%) 5.30±0.20c 6.80±0.37b 10.40±0.68a 

Altered acrosome (%) 5.40±0.25c 6.80±0.37b 10.60±0.51a 

Abnormal DNA (%) 6.20±0.58b 7.20±0.58ab 9.20±0.80a 

Results expressed as Mean±SE, n=6 

In tables, the values denoted by different letters within same row represent significant differences (P<0.05). 

ACP-d1, ACP-d2: acetamiprid dose-1 (55mg/Kg) and acetamiprid dose-2 (110mg/Kg), respictively 

 

  
Figure (1):  Photomicrographs of testes section of male rats control group (H&EX200) 

 

Fig. 2. Photomicrographs of testes section of male  

rats treated with ACP-d1 (H&EX100) 

 

 

Figure (3): Photomicrographs of testes section of 

male rats treated with ACP-d2 (H&EX100) 
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3.3. Effects of acetamiprid on histological changes in 

testes 

Microscopic examination of control testes of 

male rats showed; normal testicular structure, normal 

spermatogonium cells (Spg) with its normal basophilic 

differentiated nuclei cells, normal spermatogenic series 

start from the basement membrane (BM) giving 

abundant number of spermatids (Sp) in the center of the 

testes tubuli (Figure 1). On other hand, testes tissue of 

male rats treated with ACP-d1 (55 mg/kg); revealed, 

large basal vacuoles (V) in cytoplasm of Sertoil cells 

(Sc) (Figure 2). Testes tissue of male rats treated with 

ACP-d2 (110mg/kg); illustrated disorganized 

stratification of spermatogonia(SpG), primary and 

secondary spermatocytes in some tubules sheeding of 

sperm cells into lumina (L) (Figure 3).  

4. DISCUSSION 

The antioxidant enzymes are considered the first 

body line defense against free radicals. The decrease in 

the antioxidant enzymes activities may be due to lipid 

peroxidation. The increasing of catalase activity may 

due to free radicals inducing the production of catalase 

enzyme (Chakroun et al., 2016). 

 The production of reactive oxygen species 

(ROS) has been associated with a reduction in sperm 

motility, decreased capacity for sperm-oocyte fusion 

and infertility. Excessive ROS are toxic to spermatozoa 

due to their high polyunsaturated fatty acid content lead 

to the loss of membrane structure and function. 

Nicotine may cause a decreasing in sperm function. 

Acetamiprid and its metabolites induced oxidative 

stress leading to loss testicular and spermatogonia 

tissues (Keshta et al., 2016) 

Kong et al. (2016) study corresponds with the 

present results, rats which administered with 

acetamiprid (30mg/kg/body weight for 35 days) 

showed: seminiferous tubules were severely impaired 

and had vacuolization. The number of Interstitial 

Leydig cells decreased. Keshta et al. (2016) showing 

sloughing of spermatogenic cells, areas of edema, 

reduced number of sperms and congestion in rat testes 

treated with ACP (1/10 LD50/30 days).  

After exposure to acetamiprid, the decreased 

plasma testosterone concentration in rats would lead to 

a decreased sperm number and motility. Similar results 

have been reported in male rats exposed to 

cypermethrin, fenvalerate, and other synthetic 

pyrethroids. Acetamiprid induce oxidative stress which 

disrupt lipid bilayer in cell membrane leading to reduce 

testosterone biosynthesis which cause decreasing 

sperm motility, viability and also increasing abnormal 

sperm, altered acrosome and abnormal DNA. An 

increase in lipid peroxides indicates serious damage to 

the cell membrane, inhibition of several enzymes, cell 

function and cell death (Gasmi et al., 2016). 

The decrease of testosterone might be 

responsible for the decreased sperm counts and motility 

and also morphological abnormality of testes. It is also 

suggested in earlier studies that insecticides may cause 

mitochondrial membrane impairment in Leydig cells 

and disrupt testosterone biosynthesis by diminishing 

the delivery of cholesterol into the mitochondria and 

decreasing the conversion of cholesterol to 

pregnenolone in the cells, thus reducing subsequent 

testosterone production. Acetamiprid-fed rats had 

fewer Leydig cells than normal diet fed rats which may 

be contributed to the reduction in testosterone 

biosynthesis (Desai et al., 2016). 

Nicotinic acetylcholine receptor (nAchRs) could 

be acted with acetamiprid and suppressed 

gonadotropins production that caused the hormonal 

imbalance of luteinizing hormone (LH) causing 

adverse effect on sperm production (Ngoula et 

al.,2007) 

Conclusion 

Exposure to acetamiprid was found to induce 

toxicity in testes by induction of lipid peroxidation and 

depletion of antioxidant activities and this confirmed 

by histological changes in testes. Also, acetampirid 

showed negative impacts on sperms characteristics 

which in turn affects testosterone and fructose levels. 
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