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ABSTRACT: The neonicotinoid insecticides including acetamiprid are widely used in pest-control programs due to their
high efficacy and low cost. This study aimed to investigate the impact of acetamiprid on reproductive parameters as well
as its ability to generate oxidative stress in male guinea pig. Twenty-four adult male guinea pigs received oral
administration of distilled water (control) and 3 different doses (26.67, 40 and 80 mg/kg body weight) of acetamiprid during
90 days. The effects of treatments were studied on some reproductive toxicity parameters and oxidative stress makers.
Results showed that the administration of acetamiprid led to a significant (P<0.05) decrease in the testosterone
concentration, reproductive organs weights, sperm count, sperm mobility, plasma membrane integrity, reaction time and
a significant (P<0.05) increase of abnormal spermatozoa. Malondialdehyde and catalase activities increased significantly
(P<0.05) in animals receiving acetamiprid. Reduced glutathione decreased significantly (P<0.05) in acetamiprid-treated
animals while superoxide dismutase activity showed a significantly (P<0.05) higher value in animals receiving the highest
dose of insecticide with reference to the control group. Moreover, acetamiprid-treated animals showed the presence of
some immature germinal cells in the lumen of the seminiferous tubules compared to the control. In conclusion, results
obtained in the current study revealed that acetamiprid caused perturbations on male reproductive system and induced
oxidative stress.
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INTRODUCTION

Large numbers of agrochemicals are increasingly used in
agricultural farm lands, animal husbandry as well as in
public health operations to kill insects, weeds and to get
rid of insect transmitted diseases (Mondal et al., 2014;
Mohamed et al., 2015; Turkyilmaz and Dereboylu, 2015).
Unfortunately, their intensive usage raised concerns about
hazards on human and animal health (Swan et al., 2003;
Gu et al., 2013). Among much used agrochemicals are
pesticides like organophosphates, carbamates,
pyrethroids and neonicotinoids.

Neonicotinoids are a new class of insecticides occupying
a dominant position in global market (Gibbons et al., 2014;
Ivert, 2016). They have outstanding potency and systemic

action for crop protection against piercing-sucking insects
(Mondal et al., 2009) and they are highly effective for flea
control (Goulson, 2013). These insecticides are grouped
into two types: N-nitroguanidines (imidacloprid,
thiamethoxam, dinotefuran and clothianidin) and N-
cyanoamidines (acetamiprid and thiacloprid). They are
nicotinic acetylcholine receptor agonists; they bind
strongly to insects’ nicotinic acetylcholine receptors in the
central nervous system and cause paralysis and even
death (Bansal and Chaudry, 2011; Laurino et al., 2011).
Even though neonicotinoids are more toxic to insects than
mammals (Jeschke and Nauen, 2008), an increasing
number of cases of these insecticides poisoning in
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mammals have been reported in recent years (Kapoor et
al.,, 2011; Bal et al., 2012). They are cardiotoxicity and
neurotoxicity (Keshta et al., 2016), histopathological and
biochemical alterations (Mondal et al., 2014), oxidative
and reproductive toxicity (Kapoor et al., 2011; Gu et al.,
2013; Keshta et al., 2016).

Acetamiprid (ACP) is a systemic and contact insecticide.
It is widely used in floriculture on leafy vegetables, cole
crops, citrus, cotton, ornamentals, and fruiting vegetables
(Tomizawa and Casida, 2005). Widespread use of ACP is
causing pesticide entry into the food chain which in turn
causes toxicity to man and animal, including reproductive
safety (Mondal et al.,, 2014). Thus, some studies have
reported ACP exposure to have adverse effects on animal
blood profile, biochemical parameters, sperm count and
mobility and testosterone level (Mahmoud, 2011; Singh et
al., 2012; Gu et al., 2013; Mosbah et al., 2017). Moreover,
acetamiprid may exert effect through oxidative stress
(Keshta et al., 2016). Meanwhile, little information is
available on its reproductive toxicity. Therefore, the
present study was undertaken to evaluate the toxicity of
acetamiprid on the reproductive function as well as its
potential to generate oxidative stress in male guinea pig.

MATERIALS AND METHODS
Animals and lodging

Twenty-four adult male Guinea-pigs aged 4 months and of
average weight 410.87 + 68.06 g from the Teaching and
Research Farm of the University of Dschang were used.
They were housed in cages at room temperature, with 12
hours day light/dark cycle. They were handled according
to ethical guidelines of the Cameroonian National
Veterinary Laboratory.

Feeding and pesticide

Animals were fed with elephant grass-based ration and a
supplement of compound feed. Acetamiprid 20% water
soluble, light blue, fine powder commercially called
OPTIMAL 20 SP was purchased from the Louis Dreyfus
Commodities Society, Cameroon, found in the industrial
zone of Bonaberi-Douala. The doses used were 0.00,
26.67, 40 and 80 mg/kg body weight (bw).

Trial conduct

The animals were identified with earrings. They were
randomly distributed into 4 groups (G1, G2, G3 and G4) of
6 animals. During 90 days, animals of G1 orally received
distilled water (control) while those of G2, G3 and G4
received 26.67, 40 and 80 mg/kg bw of acetamiprid
respectively. The animal body weight was recorded weekly
and the doses of pesticides adjusted accordingly.

Studied parameters and data collection
Reaction time

Each experimental animal was housed with an adult
female, and the time taken for the male to attempt the
mount was noted. The maximum observation time was 5
minutes.

Sexual organs weight and sperm characteristics

Animals were weighed with the help of a scale with
capacity 160 g and precision 102 g. At the end of the
treatment they were anesthetised using ether vapour.
They were then dissected and organs (testes,
epididymides, vas deferens, and accessory glands) were
removed and weighed. The relative organs weight was
calculated using the formula below:

Weight of organ

Relati ight =
elative organs welg Live weight of animal x

The cauda epididymides were minced in 5 ml of 0.9% NacCl
solution (at 37°C) for sperm concentration, mobility,
integrity and morphology evaluation. For sperm mobility, a
drop of the obtained solution was placed on a slide and
observed under the microscope and the mobility score was
attributed according to Baril et al. (1993), using a scale
from 0 to 5. The sperm count was done using the Thoma
haemocytometer, while sperm morphological
abnormalities (small and big heads, coiled tails) and the
integrity of the plasma membrane were evaluated using an
eosin-nigrosin solution and the hypo-osmotic test (Kumi-
Diaka, 1993) respectively.

Serum testosterone concentration

Blood was collected by cardiac puncture and used to
obtain the serum. The serum content in testosterone was
quantified using ELISA method, according to the
instructions of Omega Diagnostics kit (Scotland, United
Kingdom).

Oxidative stress

A 15% (W/V) homogenate was prepared using the left
testis of each animal. Thus, the testis was crushed in 0.9%
NaCl followed by a centrifugation (3000 rpm, 30 min) and
the supernatant was used for biochemical analyses. The
determination of malondialdehyde concentration was done
by the thiobarbituric acid method of Nilsson et al. (1989),
while the superoxide dismustase activity was evaluated
according to Misra and Fridovich (1972). The catalase
activity was assessed using the chromic acetate method
as described by Sinha (1972) and the concentration of
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Figure 1. Variation of the reaction time according to the doses of acetamiprid. a,b,c; Bars with the same

letters are not significantly (P >0.05) different.

Table 1. Effects of acetamiprid on reproductive organs weight in male guinea pig.

Doses of acetamiprid mg/kg/bw

Organs (g/100 g of bw)

0 (control) (n=6) 26.67 (n =6) 40 (n = 6) 80 (n = 6) P
Testes 0.23+0.01 0.20+0.06 0.21+0.02 0.21+0.03 0.38
Epididymides 0.09+0.01 0.08+0.02 0.08+0.01 0.07+0.02 0.31
Vas deferens 0.06+0.01 0.04+0.02 0.04+0.02 0.04+0.01 0.26
Accessory glands 0.4340.092 0.22+0.07° 0.23+0.08° 0.25+0.06° 0.00

a,b: Within the same line, numbers with the same letters are not significantly (P >0.05) different; P: probability; n: number of

guinea pigs; bw: body weight.

reduced glutathione was determined by the potassium
iodate method of Habbu et al. (2008).

Histological analysis

The right testis was fixed in 10% formol solution, and then
washed, dehydrated with ascending grade of alcohol bath,
clarified in xylene immersion, embedded in paraffin,
sectioned at 5 pm and stained with haematoxylin and
eosin. The tissue sections were observed under a light
microscope (400 x magnifications).

Statistical analysis

Results were expressed as mean * standard deviation.
Differences between groups were assessed using one-
way ANOVA followed by the Duncan’s test at 5%
significance. All the analyses were performed using the
SPSS 20.0 software.

RESULTS

Reaction time

The reaction time (Figure 1) was significantly (P<0.05)

longer in animals treated with acetamiprid compared to the
control.

Reproductive organs weight

The relative weights of the testes, epididymides, vas
deferens and accessory glands (Table 1) decreased in
animals exposed to acetamiprid compared to the control.
However, the significant (P<0.05) difference between
treated and control groups was observed only for the
weight of accessory glands.

Epididymal sperm characteristics

The mobility, number of spermatozoa per tail and per gram
of epididymis and membrane integrity of spermatozoa
(Table 2) significantly (P<0.05) reduced in guinea pigs
force-fed with acetamiprid with reference to the control
group. Meanwhile, the percentage of abnormal
spermatozoa (with big and small heads) increased
significantly (P<0.05) in insecticide-treated animals with
respect to the control. Whereas some few spermatozoa
with coiled tails were observed only in the group of animals
treated with the highest dose of acetamiprid.
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Table 2. Effects of acetamiprid on characteristics of cauda epididymal spermatozoa.

Cauda epididymal sperm

Doses of acetamiprid mg/kg/bw

characteristics O(control) (n=6)  26.67 (n = 6) 40 (n = 6) 80 (n = 6) P

Mobility (%) 90.00+5.352 80.00+£7.07%  70.00+15.81°  70.00+14.14°>  0.01
Number/cauda(x107) 6.00+1.902 3.35+0.72b 3.70+1.41° 3.88+1.88P 0.03
Number/g (x107) 25.20+5.402 16.93+5.80P 18.21+3.58P 21.66+4.1220 0.03
Spermatozoa with IPM (%) 78.88+5.622 69.80+3.27P 59.00+4.18¢ 56.50+3.87°¢ 0.00
Big and small heads (%) 5.25+1.75° 9.60+2.07° 9.20+2.28° 14.00+2.942 0.00
Coiled tail (%) 0.00+0.00 0.00+0.00 0.00+0.00 0.25+0.50 0.22

a,b,c: Within the same line, numbers with the same letters are not significantly (P >0.05) different; P: probability; IPM: integral plasma

membrane; n: number of guinea pigs; bw: body weight.
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Figure 2. Variation of the concentration of testosterone according to the doses of acetamiprid. a,b: Bars
with the same letters are not significantly (P >0.05) different.

Table 3. Effect of acetamiprid on indicators of oxidative stress.

Doses of acetamiprid mg/kg/bw

Indicators of oxidative stress
0 (control) (n = 6)

26.67 (n = 6) 40 (n = 6) 80 (n = 6) P

MDA (UM/g of testis) 38.12+8.79° 58.27+5.292 60.42+7.66° 53.07+#8.152  0.00
GSH (uM/g of testis) 558.24+62.012 454,90+87.28P  438.43+76.94°  415.83+59.70P 0.04
CAT (umol/min/g of testis) 16.88+1.92b 22.92+1.802 21.21+3.362 23.04+£2.532 0.00
SOD (U/mg of testicular protein) 12.90+3.76° 16.85+3.27° 19.41+4.98P 27.76+6.392 0.01

a,b: Within the same line, numbers with the same letters are not significantly (P >0.05) different; P: probability; n: number of guinea pigs;
bw: body weight. MDA: malondialdehyde, GSH: reduced glutathione levels, CAT: catalase and SOD: superoxide dismutase.

Testosterone concentration

The serum concentration of testosterone (Figure 2)
decreased with an increasing dose of acetamiprid.
However, only guinea pigs treated with the highest dose
(80 mg/kg body weight) showed a significant (P<0.05)
difference compared to the control.

Indicators of oxidative stress

In Table 3, the concentration of malondialdehyde (MDA)

and the activities of catalase (CAT) and superoxide
dismutase (SOD) generally increased significantly
(P<0.05) in acetamiprid-treated animals compared to the
control. The contrary was observed for the concentration
of reduced glutathione (GSH).

Histopathology

In Figure 3, the histological section of the testis in the
control group (To) showed a normal structure with the
seminiferous epithelium containing all generations of
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Figure 3: Testis histological sections of guinea pigs exposed to acetamiprid (HE x 400). ndGC: non differentiated
germinal cells; Is: interstitial space; It: interstitial tissue; Stl: seminiferous tubule lumen; St: seminiferous tubule;
GE: germinal epithelium; TO: control; T1: guinea pigs treated with 26.67 mg/kg; T2: guinea pigs gavaged with 40

mg/kg; T3: guinea pigs treated with 80 mg/kg body weight.

germinal cells and normal flagellated spermatozoa in the
lumen. The group treated with the smallest dose (T1) of
acetamiprid unveiled the presence of few non
differentiated germinal cells in the lumen. However, a pile
of non-differentiated cells was present in the lumen of
guinea pigs treated with highest doses (T2 and Tzs). In
addition, in guinea pigs given the highest doses of the
pesticide, the interstitial tissue was markedly destroyed.

DISCUSSION

Despite the lower affinity to mammalian nicotinic
acetylcholine receptors, neonicotinoid pesticides have

been shown to cause toxicity when they accumulate within
body organs (Kapoor et al., 2010; Bal et al., 2012; Gu et
al., 2013). In the present study, the administration of
acetamiprid reduced the weight of testes, epididymis, vas
deferens and accessory glands. Similar decrease was
observed by Zhang (2011) and Mosbah et al. (2017) in
mice and rats treated with acetamiprid. Decrease in
testicular weight could be associated to the decrease in
the number of germ cells since the latter represent an
important part of male gonad in mammals (Nicolino and
Forest, 2001). Moreover, this diminution could equally be
attributed to the decrease in testosterone production. In
fact, low serum testosterone levels have been reported to
negatively affect the weight of testes (Mooradian et al.,
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1997). Since the development of the male reproductive
organs is under the hormonal control of the testes, the
weight of the epididymis, vas deferens and accessory
glands were affected accordingly. The presence of
immature germinal cells in the seminiferous tubule lumen
of acetamiprid-exposed guinea pigs might be due to an
exfoliation of non-differentiated germinal cells, which could
have then affected the weight of testes.

Sperm count, mobility and morphology are considered to

be important factors that affect fertility (Kobeasy et al.,
2015). Results obtained from this work showing a
decrease in sperm count, mobility and membrane integrity
but an increase in the percentage of abnormal
spermatozoa. This agrees with the works of Mosbah et al.
(2017) in rats treated with acetamiprid. The decrease in
sperm quality could be a result of the plasma membrane
disintegration following the over production of reactive
oxygen species (ROS) induced by acetamiprid. In fact,
spermatozoa are vulnerable to ROS because their plasma
membrane contains large amounts of polyunsaturated
fatty acids (Agarwal et al.,, 2003). Thus, excessive
generation of ROS in semen by leukocytes as well as by
abnormal spermatozoa could be a cause of the low sperm
quality (Agarwal et al., 2003). Besides, testicular size is a
good indicator of sperm number (Singer, 2005). Therefore,
spermatozoa characteristics obtained are inherent to the
reduction in the weight of sex organs. Moreover, recent
reports (Umar et al, 2012; El-Neweshy et al., 2013;
Kobeasy et al., 2015) suggested that exposure to
pesticides increase sperm abnormalities which could be
related to low levels of serum testosterone as it is the case
in this study.
The decrease in testosterone concentration in animals
treated with acetamiprid was predictable, because there is
a positive relationship between testosterone production
and testicular development. This result agrees with those
of Kenfack et al. (2007), Ngoula et al. (2007) and Kong et
al. (2017) in rats exposed to chlorpyriphos-ethyl,
pyrimiphos-methyl and acetamiprid respectively. This
diminution in testosterone concentration consequently led
to a decrease in the libido of males. In fact, male sexual
behaviour in vertebrate species is dependent on
testosterone production (Wang et al., 2000; Neave and
O’Connor, 2009).

The present study showed that acetamiprid caused an
increase in the levels of MDA, CAT, SOD and a decrease
in the concentration of GSH. This observation is in
agreement with the results of Agarwal and Sharma (2010)
in rats treated with carbofuran. MDA is an important
indicator of oxidative stress in cells (Mansour and Mossa,
2010; Badade and Samant, 2011). Thus, its increase
might be explained by the fact that the action of
acetamiprid induced the oxidation of polyunsaturated fatty
acid and therefore could equally explain the concomitant
decrease in the level of GSH which intervene in the
degradation of MDA. SOD and CAT constitute the first line
of defence against reactive oxygen species. They are

useful in the prediction of sperm fertilizing potentials
(Badade and Samant, 2011). Therefore, the increase in
oxidative stress parameters could be due to free radicals
generated by acetamiprid intoxication.

Conclusion

The administration of acetamiprid to male guinea pigs
during 90 days induced the reduction of the weight of the
testes, epididymides, vas deferens and accessory glands.
The epididymal sperm characteristics, reaction time,
testosterone concentration and structure of the testes
were negatively affected. It generated oxidative stress
characterised by the increase in the testicular
concentration of malondialdehyde, the activities of
catalase and superoxide dismutase and a decrease in the
testicular concentration of reduced gluthatione.
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