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Abstract 

Background Imidacloprid is a neonicotinoid insecticide belonging to the chloronicotinyl nitroguanidine chemi-
cal family. Toxicity of IMD for mammals in scientific studies has shown high mutagenic, immunotoxic, teratogenic 
and neurotoxic effects. The present study was designed to assess the toxic effects of imidacloprid (IMD) on the tes-
ticular and epididymis tissues as well as testosterone levels of neonatal male rats.

Methods Neonatal male rats from postnatal day (PND) 1 to PND 26 were consecutively administered with different 
concentrations of IMD (1, 5 and 10 mg/kg) subcutaneously. The effect of IMD on body and organ weight, lipid profile, 
histopathological alterations, oxidative stress and altered testosterone levels were assessed in the testis and plasma.

Results The results of body weight gain showed a significant difference in group 4 (10 mg/kg) animals as com-
pared to the control. A significant increase in total cholesterol and triglycerides, while a decrease in high-density 
lipoprotein concentrations was evident. Similarly, a significant decrease in concentrations of antioxidant enzymes 
(CAT and SOD) among all the IMD-treated groups was evident, when compared to the control. Increased production 
of ROS was also noticed in the highest-dose treatment group. Further, we observed that IMD-treated rats indicated 
histopathological changes in the testis and epididymis along with a significant decrease in the plasma testoster-
one concentrations among IMI-treated groups in contrast to the control. Histological examination of the testis 
of IMD-treated neonatal male rats also showed decreased spermatogenesis in the treated groups when compared 
to the control. Furthermore, an increase in lumen diameter and a decrease in epithelial height of seminiferous tubules 
were also observed in IMD-treated rats in comparison with the control.

Conclusion It is concluded that sub-chronic exposure to IMD in neonatal male rats may induce histopathologi-
cal changes in reproductive tissues and damage normal testicular functions via inducing oxidative stress, decrease 
in body weight, disturbing normal blood lipid profile and testosterone concentration. IMD exposure can induce 
pathophysiological effects calls for further evaluation of this widely used insecticide.

*Correspondence:
Suhail Razak
smarazi@ksu.edu.sa
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40360-023-00709-3&domain=pdf


Page 2 of 13Sardar et al. BMC Pharmacology and Toxicology           (2023) 24:68 

Keywords Imidacloprid, Neonates, Histopathological changes, Oxidative stress, Reproductive toxicity

Introduction
Over the few past decades, much evidence has shown 
that many toxicants in the environment have deleteri-
ous effects on male and female reproduction. Pesticide 
toxicity is a global concern for non-target species. Pes-
ticides can be any substance or combination of different 
substances used to eradicate unwanted insects like dis-
ease vectors among human beings and animals, fungi, 
or weeds to increase food production and help the pro-
duction process, transport, marketing or storage of the 
food materials [1]. Pesticides at the time may also destroy 
agricultural products and soil [2]. Humans these days 
are exposed to different pesticides by air, water and food 
[3]. Pesticide exposure at times also increases the inter-
est of the general population in potential and promising 
hazards to human health including chronic and acute 
poisonings [4]. Many pesticides possibly act like endo-
crine-disrupting chemicals (EDCs) and induce toxicity 
because of having a similar structure with the different 
endogenous hormones of the body [5, 6]. Hence, some 
of the most commonly used pesticides can bind to the 
receptors of different hormones and affect normal activ-
ity by leading to several disorders [7]. Pesticide exposure 
has also been observed to interrupt the process of sper-
matogenesis by damaging the different compartments of 
the testis and sperm morphology [8]. Studies in the past 
have also shown that exposure to pesticides can affect the 
structure and morphology of seminiferous tubules result-
ing in altered spermatogenesis [9–12].

Insecticides are heterogeneous groups of chemicals 
having the potential of killing pests by piercing into their 
bodies through oral, dermal, and respiratory routes [13]. 
Neonicotinoids are among the most currently used insec-
ticides worldwide (Jeschke et  al., 2011). Seven types of 
neonicotinoid pesticides are currently available in the 
market namely clothianidin, acetamiprid, nithiazine, 
imidacloprid, nitenpyram, thiamethoxam, and thiaclo-
prid [14]. Neonicotinoid insecticides became successful 
in 1991 when Bayer Crop Science (BCS) launched fore-
runner insecticide imidacloprid (IMD) which has been 
the largest-selling insecticide in the world (Jeschke et al., 
2010). Recent studies have shown that globally, the usage 
rate of neonicotinoids is about 20–24% including IMD, 
whose rate of use is growing 10%/year only in Bangla-
desh [15, 16]. IMD belongs to the neonicotinoid class of 
pesticides and acts as a nicotine acetylcholine receptors 
agonist (nAChRs) in insects [17]. Toxicity of IMD for 
mammals in scientific studies has shown high mutagenic 
[18], immunotoxic, teratogenic and neurotoxic effects 

[19, 20]. IMD is also taken up into growing plant tissues 
where it has broad and long-lasting toxicity on a variety 
of plants as well as insect pests which feed on it [21, 22]. 
In addition, studies indicated that IMD and acetamiprid 
exposure during in-vitro conditions adversely change 
the early embryonic development and sperm functions, 
morphological alterations and DNA damage in rodents 
[23, 24]. Moreover, IMD exposure during the gestational 
period led to fetal deformities of young male rats by alter-
ing their neurobehavioral [25].

Although there are several toxic effects of IMD regard-
ing the retention in fruits, vegetables, crops and physi-
cal contact in pets, its high usage globally is alarming for 
both human and wildlife exposure [26]. However, very lit-
tle literature is available on the neonatal exposure of male 
rats to different doses of IMI to determine the reprotoxic 
potential of this pesticide in neonates. Therefore, the cur-
rent study was designed to investigate the possible det-
rimental effect of IMD on the biochemical profile and 
functioning of the reproductive system of neonatal male 
rats exposed consecutively from PND 1 to PND 26.

Materials and methods
Animals, chemicals and experimental design
The present study was conducted in the Reproductive 
Physiology Laboratory, Department of Zoology, Quaid-i-
Azam University, Islamabad, Pakistan. Neonatal Sprague 
Dawley male rats (4–5 g of weight) were taken from ani-
mal house, Quaid-i-Azam University, Islamabad. Before 
the start of the experiment, four wooden breeding cages 
were separated, and four adult female rats were placed 
in each breeding cage with two adult male rats. Ani-
mals were fed with a pelleted diet and access to water ad 
labitium. After ten days, adult males were separated from 
females. Pregnant females were reared singly till the birth 
of pups on gestational day 22 (GD-22). The day of birth 
of the pups was deliberated as the post-natal day (PND) 
1. The total number of pups included in the study was 
40 (N = 10 pups/group). On PND 27, animals were given 
anaesthesia, provided via intraperitoneal injection of a 
ketamine/xylazine mixture (75/2.5  mg/kg, respectively). 
The study is reported under ARRIVE guidelines [27]. All 
the experimental protocols and animal handling were 
evaluated and approved (BAS0256) by the Department 
of Zoology by the ethical committee of the Department 
of Zoology, Quaid-i-Azam University Islamabad, Paki-
stan. All methods were performed following the relevant 
guidelines and regulations.
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The chemical used was technical grade IMD and was 
purchased from Sigma Aldrich, Germany. IMD doses 
were selected based on their LD 50, which is reported to 
be 450 mg/kg body weight (Bomann, 1989). Three doses 
of IMD 1 mg/kg, 5 mg/kg and 10 mg/kg were selected 
after a detailed literature review [28, 29] to study the 
dose-dependent toxic effects on testicular tissue histol-

ogy and biochemical parameters from PND1 to PND 26. 
The male pups were assigned into four different groups. 
For the stock solution, 25  mg of IMD was dissolved 
in 50  ml of corn oil. Three different solutions of IMD 
with concentrations of 1mg/kg, 5mg/kg, and 10mg/kg 
were prepared from this stock solution. Group one was 
assigned as control and was given corn oil via a subcu-
taneous (S.C) route from PND 1 to PND 26. The sec-
ond group (G1) was served with 1 mg/kg of IMD, while, 
groups three (G2) and four (G3) were treated with 5 mg/
kg and 10 mg/kg of IMD in corn oil from PND 1 to PND 
26. On PND 27, animals were anesthetized using com-
bined intraperitoneal injection of ketamine (75  mg/kg) 
and xylazine (2.5  mg/kg) [30]. Anesthetized rats were 
secured in a supine position and thoracotomy is per-
formed to assure euthanasia. Euthanasia method was 
performed in accordance with AVMA guidelines [31]. 
Blood sample was withdrawn via cardiac puncture and 
dispensed in heparinized tubes, and then centrifuged at 
3000rpm for 15 min and plasma was separated and kept 
at -20 °C till hormonal analysis. Reproductive organs 
(testis, epididymis, prostate gland and seminal vesicle) 
were cleaned of fats, washed, blotted on filter paper and 
weighed. From each rat, one testis was stored in the 
freezer (-80 °C) for estimation of biochemical and oxi-
dative stress-related parameters. The other testes and 
epididymis were allowed to fix in 10% formalin until 
processed for histological examination.

Body and organ weights
Body weights of all the male pupe were noted using 
Sarotoreious Digital Balance on a postnatal day (PND) 
1, 8, 16, 22 and at PND 26, however, here only weights 
taken at the start and end of the experimentation are 
mentioned to estimate the final weight gain.

Biochemical analysis
Lipid profile
Plasma levels of triglyceride, total cholesterol, and low-den-
sity lipoprotein (LDL) were checked using commercially 

available AMP diagnostic kits (AMEDA laboratory diag-
nostic Gmbh, Austria) by following the manual provided 
by the manufacturer using Picco five chemistry analyzer 
(AMP diagnostic).

HDL Cholesterol level
HDL levels of cholesterol were estimated using the formula:

Antioxidant enzymes quantification
Tissues collected from the study were further pro-
cessed for the oxidative stress markers and antioxidant 
enzymes. Tissues were homogenized with an automatic 
homogenizer in phosphate buffer saline (PBS) and cen-
trifuged at 30,000  rpm for 30  min. After the centrifu-
gation, the supernatant was removed and used for the 
hormonal analysis, protein estimation and antioxidant 
enzymes.

Catalase (CAT)assay
The catalase activity was determined by the method 
used by afsar and colleagues [32], and the change in the 
absorbance due to  H2O2 was measured in the tissues. In 
this assay, 50 µl homogenate was diluted in 2 ml of phos-
phate buffer with a pH of 7.0. After thorough mixing, the 
absorbance was read at 240 nm with an interval of 15 s 
and 30 s. Change in the absorbance of 0.01 as unit/min 
was defined as one unit of CAT.

Superoxidase dismutase (SOD) assay
Superoxide dismutase (SOD) activity was estimated 
by a previously established method by Afsar et  al. 
(2020) and Kakkar et  al. (1984) [33, 34]. In this assay, 
the amount of chromogen formed was measured at 
560  nm. The results were expressed in units/mg of 
protein.

Lipid peroxidation assay
Oxidative stress induced by reactive oxygen species 
(ROS) was estimated by the method of Hayashi and 
coworkers [35], and for the presentation of mean val-
ues, the assay was repeated multiple times. In this 
assay, 5 ml of  H2O2 standards and the homogenate were 
mixed with 140  ml of sodium acetate buffer with pH 
4.8 in 96 wells plates and incubated at 37 °C for 5 min. 
Following incubation, 100  ml of N, N′-diethyl-1,4-
phenylenediamine (DEPPD) and ferrous sulfate mixed 
sample was added in each well with a ratio of 1:25 and 
were incubated at 37 °C for 1 min. With an interval of 
15  s for 3  min, the absorbance was read at 505  nm at 
the microplate reader.

HDL cholesterol = Total cholesterol −HDL cholesterol − (Triglycerides/5)
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Hormone analysis
Testosterone concentration was quantified using com-
mercially available enzyme immunoassay (EIA) kits (Bio-
check Inc, USA, catalogue number: 500396). The assay 
procedure was done following the guideline provided by 
the manufacturers using a microplate reader at a wave-
length of 450 nm. The minimum sensitivity of the assay 
was 0.05 ng/ml as provided in the kit.

Tissue histology
Testicular tissues (Testes and Epididymis) were fixed in 
formalin for 48  h. Dehydrated with different grades of 
alcohol and cleared with the help of xylene. The paraf-
fin Sects. (5 µm) were cut and stained with hematoxylin 
and eosin to assess standard histology and morphometry. 
Testicular sections from 10 to 20 per group were digitized 
under Leica Microscope (New York Microscope Com-
pany) equipped with a digital camera (Canon, Japan).

For the morphometry, the seminiferous tubule diam-
eter and seminiferous tubule epithelial height of tes-
ticular tissue were measured. Shortly, a picture of the 
known distance in micrometres was used for setting the 
scale and conversion of values from pixels to microme-
tres. The area of different sections was calculated in μm2 
using Image J software following the method described 
previously [30, 36]. From 20X images, 30 pictures per 
animal were selected and the area of the seminiferous 
tubule and interstitial space was calculated by plani-
metry using Image J software (Image J2 × 2.1.4.7 Image 
1.0 Wayne Rasband National Institutes of Health, USA). 
Several different cell types (spermatids, spermatogo-
nia and spermatocytes) and the area of seminiferous 
tubules and interstitial space were determined by the 
free selection tool of the software. A comparison of dif-
ferent groups with control was done using the image J2X 
software package program. The area percentage (%) was 
attained by the formula:

% Area of seminiferous tubule (AS) = [As  x  100/T], 
where T is the total area of the field. The percentage of 
the mean area was analyzed for a comparison between 
the treated and control groups.

Statistical analysis
The animal number for the current study was calculated 
by the resource equation method  [37]  by using the fol-
lowing formula:

Here, E is the degree of freedom of analysis of variance 
(ANOVA). The value of E should lie between 10 and 20 to 
increase the chance of getting a more significant result. 
As this method is based on ANOVA, it applies to all ani-
mal experiments [38].

In the present study, we made four groups with ten ani-
mals each. So,

E = 40–4 = 36, This sample size is adequate as the 
chances of death of animals cannot be ignored.

The normality of distribution was tested with the 
Kolmogorov–Smirnov test. The data obtained for organ 
weight and oxidative stress parameters were normally 
distributed. Therefore, statistical significance between 
different treatment groups for various parameters was 
analyzed with One-way ANOVA, followed by  post-
hoc  Tukey’s HSD test. All the values were represented 
as Mean ± SEM. One-way ANOVA of variance was per-
formed using Graph Pad Prism 9 software The prob-
ability value (P < 0.05) was measured as statistically 
significant.

Results
Body and organ weights
Initial body weight, final body weight and body weight 
gain in all the treated groups with IMD and control are 
presented in Table  1. There was observed no notewor-
thy body weight gain after 26  days of exposure among 
the G1 (1 mg/kg) and G2 (5 mg/kg) groups as compared 
to the control. However, there was a notable weight 
reduction was observed in the G3 (10  mg/kg) group 
when compared with the control (Table 1). A noticeable 
decrease was observed in the testicular weight of all the 

E = Total number of animals − Total number of groups

E = (10× 4)− 4

Table 1 Effects of Imidacloprid on body and organ weights after prenatal exposure from PND1-PND26 (Mean ± SEM)

* , **, *** indicate significant differences at probability values P < 0.05, P < 0.01 and P < 0.001 compared to the control (ANOVA followed by Tukey’s comparison test)

a = vs control

b = vs G1

Treatments PND1 PND27 Body weight gain Testis Paired weight (g) Prostate gland (g) Seminal vesicle (g) Epididymis (g)

C (0 mg/kg) 4.40 ± 0.25 33.60 ± 1.13 30.60 ± 1.49 0.74 ± 0.19 0.04 ± 0.01 0.34 ± 0.19 0.35 ± 0.02

G1 (1 mg/kg) 4.60 ± 0.25 30.60 ± 1.08 27.25 ± 0.97 0.57 ± 0.01 0.06 ± 0.01 0.03 ± 0.01 0.32 ± 0.01

G2 (5 mg/kg) 4.40 ± 0.25 27.80 ± 1.43 26.50 ± 0.34 0.39* ± 0.17 0.05 ± 0.01 0.01 ± 0.02 0.31 ± 0.01

G3 (10 mg/kg) 4.60 ± 0.25 25.80 ± 0.67 24.00 ± 1.65a** 0.25ab*** ± 0.01 0.02 ± 0.01 0.09 ± 0.07 0.28 ± 0.03
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IMD-treated groups as compared to the control. Simi-
larly, a little reduction in the weight of accessory organs 
including the epididymis, seminal vesicle and prostate 
was noticed in all IMD-exposed groups, however, the 
decline is not statistically significant compared with the 
control group.

Effect on antioxidant and oxidative stress biomarker 
enzymes
A significant decrease (p < 0.05) in CAT activity in 
all IMD groups was observed when compared to the 
control (Fig. 1). However, there was no significant dif-
ference in SOD level was observed in the G1 group 
(1 mg/kg) when compared with the control. Whereas, 
there was seen a noticeable decrease in SOD activ-
ity in the G2 (5  mg/kg) (p < 0.01) and G3 (10  mg/kg) 
(p < 0.05) groups when comparison was done with the 
control. G1 (1 mg/kg).

The results of oxidant analysis showed a significant 
increase (p < 0.01) in the production of reactive oxygen spe-
cies number among the G3 (10 mg/kg) group when com-
pared to the control. However, there was no significant 
difference observed when G1 (1 mg/kg) and G1 (5 mg/kg) 
groups were compared with the control (0 mg/kg).

Hormone analysis
The hormonal analysis presented a significant reduc-
tion (p < 0.05) in plasma testosterone concentrations 
among G2 and G3 groups as a result of IMD treatment 
when compared with the control. In G1 (1 mg/kg) no sig-
nificant changes were observed when treated groups are 
compared to each other (Table 2).

Lipid profile
No significant difference was observed in the concentra-
tion of total cholesterol among the G1 (1 mg/kg) and G2 
(5 mg/kg) groups when compared with the control group 
(Fig.  2). A significant increase (p < 0.01) in total choles-
terol level was seen in G3 (10  mg/kg) as compared to 
the control. Similarly, a significant (p < 0.01) high level of 
cholesterol was seen in G3 (10 mg/kg), when compared 
with G1 (1 mg/kg) and G1 (5 mg/kg) groups.

Similarly, significantly higher levels of triglycerides 
(p < 0.05) were measured in the G3 (10  mg/kg) group 
while G1 (1 mg/kg) and G2 (5 mg/kg) groups showed no 
significant change when compared with the control. No 
remarkable difference within groups was evident.

Significant (p < 0.001) low levels of HDL were observed 
in all the IMD-treated groups (G1, G2, G3) as compared 

Fig. 1 The figure shows the antioxidant /oxidative stress parameters in testicular tissues of neonatal rats that were treated with IMI from PND1 
to PND 26. A dose-dependent decrease in (A) Catalase (U/mg) and (B) Sodium dismutase (U/mg protein), and an increase in (C) reactive oxygen 
species number (µmol/min) were noted. *, **, *** indicate significant differences at probability values P < 0.05, P < 0.01 and P < 0.001 compared 
to the control (ANOVA followed by Tukey’s comparison test). a = vs control, b = vs G1, c = vs G2
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to the control. Similarly, significant (p < 0.05, p < 0.01) 
reduction was obtained in G2 (5 mg/kg) and G3 (10 mg/
kg) in contrast to G1 (1 mg/kg) group.

A significantly (p < 0.05) raised level of LDL was noticed 
in G2 (5 mg/kg) and G3 (10 mg/kg) as compared to the 
control. In contrast, no significant difference in LDL lev-
els was experienced within groups.

Histopathology
Testis
Testis and epididymis morphological changes in the area 
of seminiferous tubule and tubular lumen diameter and 
epithelial height after 26 days of exposure are presented 
in Table  3. Histological examination of testicular tissue 

demonstrated a normal morphology with closely spaced 
seminiferous tubules enclosed by a thick layer of tunica 
albuginea that show normal spermatogenesis as shown in 
Fig.  3 (A). Thick stratified germinal epithelium present-
ing normal stages of spermatogenesis was evident with 
a lumen filled with mature spermatozoa. Histological 
analysis of the testis of IMD-treated neonatal male rats 
a reduced number of spermatocytes with arrested sper-
matogenesis in all the treated groups when compared to 
the control. A highly significant decrease (p < 0.001) in 
tubular diameter of seminiferous tubules were observed 
in all IMD treated group (1 mg/kg, 5 mg/kg, 10 mg/kg) 
when compared with control due to focal impairment 
of seminiferous tubules (Fig.  3B, C  and D). Similarly, a 
highly significant decrease (p < 0.001) in tubular diameter 
was observed in G2 and G3 as compared with G1. How-
ever, no significant difference was seen in tubular diam-
eter when G2 is compared with G3. A highly significant 
(p < 0.001) increase was noticed in the lumen diameter 
of G1 and G2 as compared with the control. However, 
when G1 and G3 were compared, a significant difference 
(p < 0.001) was noticed in tubular lumen diameter. A sim-
ilar significant difference (p < 0.001) was detected when 
G2 is compared with G3 (Table 3). A significant decrease 
(p < 0.001) was detected in epithelial height in G2 and G3 
groups as compared to the control as well as G1. A sig-
nificant (p < 0.05) decrease was also seen in G3 in com-
parison to G2.

Table 2 Mean ± SEM of plasma testosterone concentration 
various treatment groups

Values are represented as mean ± SEM
* , **, *** indicate significant differences at probability values P < 0.05, P < 0.01 
and P < 0.001 compared to the control (ANOVA followed by Tukey’s comparison 
test)

Groups Plasma Testosterone 
Concentration (ng/
dl)

C 0.42 ± 0.04

G1 0.32 ± 0.02

G2 0.30 ± 0.03*

G3 0.25 ± 0.02**

Fig. 2 Effect of various treatments on Lipid Profile. Values are represented as mean ± SEM. *, **, *** indicate significant differences at probability 
values P < 0.05, P < 0.01 and P < 0.001 compared to the control (ANOVA followed by Tukey’s comparison test). a = vs control, b = vs G1
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Caput epididymis
Histomorphological investigation of caput epididymis 
in the control group exhibits a wider diameter, larger 
lumen and thin pseudostratified epithelium. The tubules 
of epididymis were compactly arranged and bounded by 
stroma as shown (Fig. 4A). Treatment with IMD (1 mg/kg)  
prenatally leads to degeneration of epididymal tubules. 
An increase in the interstitial space was seen along with a 
significant reduction in the stromal space surrounding the 
lumen (Fig. 4B). A significant decrease in lumen diameter 
was administered (p < 0.001) when all treated groups are 
compared with the control (Fig.  4C). The lumen diam-
eter was decreased significantly in the IMD (10  mg/kg) 
group leading to a decrease in the thickness of the wall in 
comparison to the control group (Fig.  4D). A significant 
(p < 0.01) reduction in lumen diameter was noticed when 
G1 was compared with G3, while no change was observed 
between G1 and G2 (Table 3). There was also a significant 
difference (p < 0.001) in luminal diameter when G2 and 
G3 are compared. A significant (p < 0.001) lowering in 
epithelial height as compared to control was seen among 
all the IMD treatment groups. A significant reduction 
(p < 0.01, p < 0.001) was observed when G2 and G3 were 
compared to G1. Non-significant changes were noticed 
when G2 and G3 were compared.

Cauda epididymis
The cauda segment of epididymis from the control group 
demonstrated normal morphology, with the presence of 

closely arranged tubules surrounded by stroma, and thick 
and pseudostratified epithelium, with a lumen filled with 
spermatozoa. Two types of cells were present, principal 
cells which extend from the basal lamina to the short 
lumen and the other one is basal cells located at the 
basal lamina as shown in Fig.  5. A significant decrease 
(p < 0.001) was noticed in the tubular diameter of cauda 
epididymis in the G3 group when compared with the 
control (Table  3). The non-significant difference was 
noticed when G1 and G2 were compared to the control 
group. In comparison to the control group, G2 and G3 
groups showed a significant reduction (p < 0.05, p < 0.001) 
in the lumen diameter of the cauda epididymis. However, 
a highly significant difference (p < 0.001) was noticed, 
when G1 is compared to G3. Similarly, a comparison 
of G2 with G3 depicted a significant change (p < 0.01) 
in lumen diameter as shown in (Table  3). A significant 
decrease (p < 0.001) in epithelial height among all the 
IMD-treated groups when compared with the control. 
Non-significant differences were noticed when treatment 
groups were compared with each other.

Discussion
The prevalent use of imidacloprid (IMD) leads to risk-
vulnerable populations, including men and women 
of reproductive age [39]. Therefore, it is important to 
investigate the impact of IMD exposure on reproductive 
health and development. Many investigations have stud-
ied the impact of exposure on adult rats. However, our 

Table 3 Effect of Imidacloprid on histomorphometry in neonatal male rats

* , **, *** indicate significant differences at probability values P < 0.05, P < 0.01 and P < 0.001 compared to the control (ANOVA followed by Tukey’s comparison test)
a=  vs control
b  = vs G1, c= vs G2

Treatments Seminiferous tubule diameter(µm) Tubular lumen diameter(µm) Epithelial height(µm)

C (0 mg/kg) 99.71 ± 2.67 38.04 ± 1.10 21.54 ± 0.32

G1 (1 mg/kg) 89.23 ± 2.14 a** 47.06 ± 1.99a** 20.62 ± 0.25

G2 (5 mg/kg) 77.38 ± 1.81ab*** 49.09 ± 1.98a*** 18.92 ± 0.30ab***

G3 (10 mg/kg) 74.82 ± 1.34 ab*** 72.27 ± 2.61abc*** 17.70 ± 0.30ab***c*

Caput Epididymis

Groups Duct diameter (µm) Lumen diameter (µm) Epithelial height (µm)
C (0 mg/kg) 64.17 ± 2.72 56.90 ± 1.55 17.65 ± 0.21

G1 (1 mg/kg) 54.12 ± 2.97 44.69 ± 1.45a*** 14.94 ± 0.34a***

G2 (5 mg/kg) 57.43 ± 3.10 47.97 ± 1.35a*** 13.62 ± 0.27a***b**

G3 (10 mg/kg) 59.19 ± 2.82 37.90 ± 1.16ac***b** 13.32 ± 0.30ab***

Cauda Epididymis

Groups Duct diameter (µm) Lumen diameter (µm) Epithelial height (µm)
C (0 mg/kg) 67.45 ± 3.19 30.68 ± 0.64 14.96 ± 0.44

G1 (1 mg/kg) 58.23 ± 3.42 28.12 ± 0.90 13.14 ± 0.43a***

G2 (5 mg/kg) 61.49 ± 3.14 27.16 ± 1.01a* 13.33 ± 0.41a***

G3 (10 mg/kg) 48.39 ± 1.51a***c** 22.59 ± 0.75ab***c** 12.97 ± 0.21a***
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goal was to examine the impact of IMD exposure on male 
rats during the neonatal period to juvenile period on 
reproductive organs at levels pertinent for real-life sce-
narios set out in the current EU legislation and in general 
considered not detrimental to humans. Given the pos-
sible toxic effect of imidacloprid on male reproduction, 
we determined whether and how a repeated 26-day expo-
sure from PND 1 to PND 26 affected antioxidant defence 
and persuaded impairment in testicular and epididymis 
tissue.

In the current investigation, a decrease in body and tes-
ticular weight was recorded in exposure groups. Many 
previous studies highlighted the decrease in body weight, 
testis and accessory organ weights of male rats exposed 
to different doses of IMD, which led to the decreased 
number of Leydig cells and is attributed to seminiferous 
tubule atrophy [40]. Previous studies also reported that 
prenatal exposure to IMD decreased the body weight 

and accessory organ weight in animals after the treat-
ment with different doses [41]. The decrease in acces-
sory organs’ weight might be due to significantly lower 
testosterone (T) concentrations due to exposure to IMD, 
as accessory sex organs and epididymis need continuous 
stimulation of androgens for their normal growth and 
function [42].

The present study was also designed to check antioxi-
dant enzyme status after IMD exposure in neonatal male 
rats. The ROS levels in IMD-treated groups increased sig-
nificantly which is considered an indication of oxidative 
stress. Studies by [43] and [44] also indicated decreased 
CAT and SOD levels in the testis of IMD-treated rats. 
Other findings also showed increased antioxidant 
enzymes including CAT and SOD in the liver, kidney 
and brain of male rats after IMD administration [45]. In 
the present study, IMD treatment in neonatal male rats 
showed decreased levels of antioxidant enzymes, CAT 

Fig. 3 Photomicrographs of HE-stained testis from PND 26 juvenile male rats. Dense tubules, lumen congested with normal germ cells 
along normal epithelium shown in (A) Control; (B) IMD (1 mg/kg) showing tubules with minimal degenerated epithelial layer and increased tubular 
diameter and larger lumen space (C) IMD (5 mg/kg) illustrating wider lumen, compact tubules with increased epithelial height, reduced number 
of spermatocytes and arrested spermatogenesis (D) IMD (10 mg/kg); showing damage of epithelium, lumen wider with arrested spermatogenesis. 
Spermatogonia (S), Primary spermatocytes (PS), Secondary spermatocytes (SS), Round spermatocytes (RS), Lumen (L), Basal compartment (B), 
Interstitial space (I), Epithelium (E). Pictures were taken at Magnification 40X
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and SOD in comparison to the control which is similar to 
previously published data [46].

In the present study, we evaluated the antioxidant 
enzyme profile to assess the effects of postnatal IMD 
exposure on male rats. Previous literature suggests that 
exposure to IMD causes a substantial increase in ROS 
production in testicular cells [47, 48]. Initiation of exces-
sive ROS production also leads to alterations in antioxi-
dant enzymes and subsequently to oxidative stress which 
is also considered responsible for IMD toxic mechanism 
[49]. The generation of ROS also leads to protein deg-
radation, and LPO [50]. The increased free radicals as 
well as lower antioxidant enzymes may also cause cell 
disruption along with oxidative damage towards the 
plasma membrane [51]. ROS generally has deleterious 
effects on male reproductive organs which may at times 
result in reduced fertility, which can be demonstrated by 
increased disruptions in the germ cells of the testicular 
tissues [41].

Generally, the serum lipid profile increased during 
the postnatal period. We noticed that IMD (10  mg/kg 
dose) results in an increased level of cholesterol. Cho-
lesterol is the foremost precursor of steroidogenesis 
and is made chiefly in the liver from HDL and LDL. 
Earlier data suggested that the administration of IMD 
and clothianidin increases the total cholesterol level 
in kidney tissues of adult and infant rats [52]. Simi-
larly, Bal and coworkers have testified that clothianidin 
(pesticide) stimulates the biosynthesis of cholesterol in 
testis tissue [37]. The current study was parallel with 
previous findings and indicated the increased levels of 
cholesterol in testis tissues. IMD treatment may have 
a stimulating effect on the activity of the enzyme that 
is responsible for the transcription of cholesterol and 
therefore results in differences in levels of cholesterol.

The present study indicated an increase in triglyc-
eride (TGs) levels at the 10  mg/kg dose of IMD. An 
earlier study similarly indicated the high TGs levels in 

Fig. 4 Photomicrograph of caput of the epididymis at PND 26 (H&E, 40X): (A) Control; showing normal morphology of caput epididymis, thin 
pseudostratified epithelium (B) IMD (1 mg/kg) group; showing reduced pseudostratified epithelium with empty lumen (C) IMD (5 mg/kg) 
group; showing empty lumen and reduced epithelium, (D) IMD (10 mg/kg) group; showing further distortion of the pseudostratified epithelium 
as compared to other two groups group. Stereocilia (St), Epithelium (E). Pictures were taken at Magnification 40X
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liver rats by exposure to IMD, which results in a free 
radical generation that directly leads to ultra-structural 
changes in the liver [38]. There may be the generation 
of free radicals in the testis which are responsible for 
encouraging oxidative stress when exposed to IMD 
which is clear from corresponding ultra-structural and 
histological alterations in the observed rat testis.

Furthermore, we recorded significant decrease in 
HDL in all IMD-treated groups as compared to control 
and a slight increase in LDL in G2 and G3 compared 
to control. These results were in close agreement with 
a previous study in which high doses of IMD caused 
high LDL levels and low HDL levels in adult rat liver 
tissue [38].

The present study also depicted low testosterone con-
centrations in G2 and G3 (5 and 10 mg/kg) in develop-
ing male rats from PND 1 to PND 26. This decrease in 
the levels of testosterone is due to the inhibitory effect of 

IMD on testosterone production. Similar results (low tes-
tosterone concentrations) were also observed previously 
when different concentrations of IMD (8, 2 and 0.5 mg/
kg) were exposed in developing male rats [24]. Previous 
data also suggested that the imbalance in the testosterone 
concentrations in both immature and mature rats after 
treatment with IMD chronically resulted in a lower num-
ber of Leydig cells [40, 53, 54]. Parallel results were also 
achieved for endosulfan, with different concentrations 
when male rats were chronically exposed [55].

In the present study, IMD exposure for 26 days resulted 
in reduced tubular diameter and epithelial height in all 
treated groups of IMD while an increase in lumen diam-
eter and interstitial space which suggests an affected pro-
cess of spermatogenesis. Previously, [40] it was reported 
that decrease in the weights of testis and accessory glands 
i.e., seminal vesicles and prostate, which also led to a low 
number of Leydig cells and atrophy in the seminiferous 

Fig. 5 Photomicrograph (H&E, 40X) of the cross-section of cauda of epididymis: (A) Control; display typical morphology of cauda epididymis 
showing densely arranged tubules with thick epithelium (B) IMD (1 mg/kg) treated group; display slightly thick epithelium (C) IMD (5 mg/
kg) of dose treated group; showing an irregular arrangement of tubules surrounded by stroma, the reduced epithelium (D) IMD (10 mg/kg) 
of a dose-treated group); showing a further decrease in the epithelium. Epithelium (E). Pictures were taken at Magnification 40X
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tubules after the treatment of IMD. Similar findings 
have also been observed after exposure to IMD leading 
to oxidative damage of the testis and apoptosis of sper-
matogonia [41, 56]. Low sperm count (oligozoospermia), 
reduced sperm morphology (teratozoospermia), and low 
sperm motility (asthenospermia) were evident in both 
immature and mature rats due to treatment with IMD 
[53, 57].

IMD caused a reduction in Leydig cell number in the 
testis along with cytoplasmic granulation and hypertro-
phy [56]. In the current study decreased testosterone 
concentrations were observed and this sexual imbal-
ance is due to IMD’s recognized impact on Leydig cells’ 
degeneration or indirect nicotine-like oppressive effect 
on LH secretion through the pituitary gland [53, 57]. This 
might be because of the high polyunsaturated fatty acids 
and low antioxidant enzyme ability of male germ cells 
that make them vulnerable to oxidative stress and lipid 
peroxidation.

Conclusion
Sub-chronic exposure to IMD during the neonatal to 
juvenile period may cause infertility in males via inducing 
testicular damage, decreasing testosterone production 
and increasing oxidative stress. It seems to disrupt the 
normal function of the testis in male rats and its detected 
biochemical effects, even if associated with increased 
imidacloprid dosage, specify the potential risks posed by 
this broadly used insecticide and point out the implica-
tion of protective actions and safety guidelines to reduce 
its usage. As residues of IMD can be found in regularly 
consumed food and water, and human exposure typically 
comprises a combination of numerous chemicals that can 
act in an additive or even synergistic mode, the influence 
of IMD and its mechanism of action of toxicity on repro-
ductive organs warrants further investigation.

Acknowledgements
We are grateful to the Researchers Supporting project number (RSP2023R502), 
King Saud University, Riyadh Saudi Arabia.

Authors’ contributions
AS designed the experiment; AA conducted the molecular biology work. 
MD, AU, SJ and HS interpreted the results. MD, SR, TA, AS and AA guided the 
project, coordinated laboratory work, AS analyzed the data, AS, TA, AU, AA, SR 
and AA wrote a manuscript and All authors have read and approved the final 
manuscript.

Funding
The authors extend their appreciation to the Researchers Supporting project 
number (RSP2023R502), King Saud University, Riyadh Saudi Arabia for funding 
this project.

Availability of data and materials
The data generated in the current study is available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
This study makes use of rats, and the experimental protocol for the use of 
animals was approved (BAS # 0256) by the ethical board of Quaid-i-Azam 
University, Islamabad Pakistan. No specific consent was needed for the current 
investigation. All methods were performed following the relevant guidelines 
and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Reproductive Physiology Laboratory, Department of Zoology, Quaid-I-Azam 
University, Islamabad, Pakistan. 2 Department of Community Health Sciences, 
College of Applied Medical Sciences, King Saud University, Riyadh, Saudi 
Arabia. 3 Institute of Cellular Medicine, Newcastle University Medical School, 
Newcastle University, Upon Tyne, United Kingdom. 

Received: 7 December 2022   Accepted: 16 November 2023

References
 1. Sifakis S, Mparmpas M, Soldin OP, Tsatsakis A: Pesticide exposure and 

health related issues in male and female reproductive system. In: 
Pesticides-Formulations, Effects, Fate. edn.: InTech; 2011.

 2. Aktar W, Sengupta D, Chowdhury A. Impact of pesticides use in agricul-
ture: their benefits and hazards. Interdiscip Toxicol. 2009;2(1):1–12.

 3. Saadi HS, Abdollahi M: Is there a link between human infertilities and 
exposure to pesticides? In.: asian network scientific information-ansinet 
308-lasani town, sargodha rd, faisalabad, 38090, Pakistan; 2012.

 4. Mostafalou S, Abdollahi M: Current concerns on genotoxicity of pesti-
cides. In.: Asian Network Scientific Information-Ansinet 308-Lasani Town, 
Sargodha Rd, FaisalabaD, 38090, Pakistan; 2012.

 5. Schug TT, Janesick A, Blumberg B, Heindel JJ. Endocrine disrupting chemicals 
and disease susceptibility. J Steroid Biochem Mol Biol. 2011;127(3–5):204–15.

 6. Bretveld RW, Thomas CM, Scheepers PT, Zielhuis GA, Roeleveld N. Pesti-
cide exposure: the hormonal function of the female reproductive system 
disrupted? Reprod Biol Endocrinol. 2006;4(1):30.

 7. Oliva A, Spira A, Multigner L. Contribution of environmental factors to the 
risk of male infertility. Hum Reprod. 2001;16(8):1768–76.

 8. Yucra S, Gasco M, Rubi J, Gonzales G. Semen quality in Peruvian pesticide 
applicators: association between urinary organophosphate metabolites 
and semen parameters. Altern Med Rev. 2010;15(1):14–5.

 9. Recio-Vega R, Ocampo-Gómez G, Borja-Aburto VH, Moran-Martínez J, 
Cebrian-Garcia ME. Organophosphorus pesticide exposure decreases 
sperm quality: association between sperm parameters and urinary pesti-
cide levels. J Appl Toxicol. 2008;28(5):674–80.

 10. Mehrpour O, Karrari P, Zamani N, Tsatsakis AM, Abdollahi M. Occupational 
exposure to pesticides and consequences on male semen and fertility: a 
review. Toxicol Lett. 2014;230(2):146–56.

 11. Sanchez-Pena L, Reyes B, Lopez-Carrillo L, Recio R, Morán-Martınez J, 
Cebrian M, Quintanilla-Vega B. Organophosphorous pesticide exposure 
alters sperm chromatin structure in Mexican agricultural workers. Toxicol 
Appl Pharmacol. 2004;196(1):108–13.

 12. Sengupta P, Banerjee R. Environmental toxins: Alarming impacts of pesti-
cides on male fertility. Hum Exp Toxicol. 2014;33(10):1017–39.

 13. Kim K-H, Kabir E, Jahan SA. Exposure to pesticides and the associated 
human health effects. Sci Total Environ. 2017;575:525–35.

 14. Andersch W, Jeschke P, Thielert W: Synergistic insecticide mixtures. In.: 
Google Patents; 2010.

 15. Nugnes R, Russo C, Orlo E, Lavorgna M, Isidori MJEP. Imidacloprid: com-
parative toxicity DNA damage, ROS production and risk assessment for 
aquatic non-target organisms. Environmental Pollution. 2023;316:120682.



Page 12 of 13Sardar et al. BMC Pharmacology and Toxicology           (2023) 24:68 

 16. Rahman SJSotTE. Pesticide consumption and productivity and the poten-
tial of IPM in Bangladesh. Sci Total Environ. 2013;445:48–56.

 17. Di Muccio A, Fidente P, Barbini DA, Dommarco R, Seccia S, Morrica P. 
Application of solid-phase extraction and liquid chromatography–mass 
spectrometry to the determination of neonicotinoid pesticide residues in 
fruit and vegetables. J Chromatogr A. 2006;1108(1):1–6.

 18. Abbas M, David M, Qurat-Ul-Ain AM, Jahan SJAP. In vitro evaluation 
of contraceptive efficacy of Asplenium dalhousiae Hook. and Men-
tha longifolia L. on testicular tissues of adult male mice. Researchgat. 
2019;4(1):1020.

 19. Lonare M, Kumar M, Raut S, Badgujar P, Doltade S, Telang A. Evaluation 
of imidacloprid-induced neurotoxicity in male rats: a protective effect of 
curcumin. Neurochem Int. 2014;78:122–9.

 20. Abd-Elhakim YM, Mohammed HH, Mohamed WAJJoa. Chemistry f: Imi-
dacloprid impacts on neurobehavioral performance, oxidative stress, and 
apoptotic events in the brain of adolescent and adult rats. J Agric Food 
Chemist. 2018;66(51):13513–24.

 21. Sétamou M, Rodriguez D, Saldana R, Schwarzlose G, Palrang D, Nelson S. 
Efficacy and uptake of soil-applied imidacloprid in the control of Asian 
citrus psyllid and a citrus leafminer, two foliar-feeding citrus pests. J Econ 
Entomol. 2010;103(5):1711–9.

 22. Prabhaker N, Castle SJ, Naranjo SE, Toscano NC, Morse JG. Compatibil-
ity of two systemic neonicotinoids, imidacloprid and thiamethoxam, 
with various natural enemies of agricultural pests. J Econ Entomol. 
2011;104(3):773–81.

 23. Gu Y-h, Li Y, Huang X-f, Zheng J-f, Yang J, Diao H, Yuan Y, Xu Y, Liu M, Shi 
HJ. Reproductive effects of two neonicotinoid insecticides on mouse 
sperm function and early embryonic development in vitro. PloS one. 
2013;8(7):e70112.

 24. Delfosse V, Grimaldi M, Pons J-L, Boulahtouf A, Le Maire A, Cavailles V, 
Labesse G, Bourguet W, Balaguer P. Structural and mechanistic insights 
into bisphenols action provide guidelines for risk assessment and discov-
ery of bisphenol A substitutes. Proc Natl Acad Sci. 2012;109(37):14930–5.

 25. Gawade L, Dadarkar SS, Husain R, Gatne M. A detailed study of develop-
mental immunotoxicity of imidacloprid in Wistar rats. Food Chem Toxicol. 
2013;51:61–70.

 26. Abou-Donia MB, Goldstein LB, Bullman S, Tu T, Khan WA, Dechkovskaia 
AM, Abdel-Rahman AA. Imidacloprid induces neurobehavioral deficits 
and increases expression of glial fibrillary acidic protein in the motor 
cortex and hippocampus in offspring rats following in utero exposure. J 
Toxicol Environ Health A. 2008;71(2):119–30.

 27. Du Sert NP, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark 
A, Cuthill IC, Dirnagl U, Emerson MJPb. Reporting animal research: 
explanation and elaboration for the ARRIVE guidelines 2.0. PLoS Biol. 
2020;18(7):e3000411.

 28. Eser N, Cicek M, Yoldas A, Demir M. Deresoy FAJET, Pharmacology: Caffeic 
acid phenethyl ester ameliorates imidacloprid-induced acute toxicity in 
the rat cerebral cortex. Environ Toxicol Pharmacol. 2022;96:103980.

 29. Terayama H, Sakabe K, Kiyoshima D, Qu N, Sato T, Suyama K, Hayashi 
S, Sakurai K, Todaka E, Mori CJIJoMS. Effect of neonicotinoid pesticides 
on japanese water systems: review with focus on reproductive toxicity. 
Intern J Mol Sci. 2022;23(19):11567.

 30. Afsar T, Razak S, Trembley JH, Khan K, Shabbir M, Almajwal A, Alruwaili 
NW, Ijaz MUJA. Prevention of testicular damage by indole derivative 
MMINA via Upregulated StAR and CatSper channels with coincident sup-
pression of oxidative Stress and Inflammation. In Silico In Vivo Validation. 
2022;11(10):2063.

 31. Underwood W, Anthony RJRoM: AVMA guidelines for the euthanasia of 
animals: 2020 edition. 2020, 2013(30):2020–2021.

 32. Afsar T, Razak S, Almajwal A, Al-Disi DJSJoBS. Doxorubicin-induced altera-
tions in kidney functioning, oxidative stress, DNA damage, and renal 
tissue morphology Improvement by Acacia hydaspica tannin-rich ethyl 
acetate fraction. Saudi J Biolog Sci. 2020;27(9):2251–60.

 33. Kakkar P, Das B, Viswanathan P: A modified spectrophotometric assay of 
superoxide dismutase. 1984.

 34. Afsar T, Razak S, Almajwal AJBc. Acacia hydaspica ethyl acetate extract 
protects against cisplatin-induced DNA damage, oxidative stress and 
testicular injuries in adult male rats. BMC Cancer. 2017;17(1):1–14.

 35. Hayashi I, Morishita Y, Imai K, Nakamura M, Nakachi K, Hayashi T. High-
throughput spectrophotometric assay of reactive oxygen species in 
serum. Mutation Res/Genet Toxicol Environ Mutage. 2007;631(1):55–61.

 36. Jensen EC. Quantitative analysis of histological staining and fluorescence 
using ImageJ. Anat Rec. 2013;296(3):378–81.

 37. Bal R, Türk G, Tuzcu M, Yilmaz O, Kuloglu T, Gundogdu R, Gür S, Agca 
A, Ulas M, Çambay ZJJoES, et al. Assessment of imidacloprid toxicity 
on reproductive organ system of adult male rats. J Environ Sci Health. 
2012;47(5):434–44.

 38. Mehmood T, Saeed M, Ahmad M, Ikram M, Siddique F, Tabassam 
QJSURJ-S. Effect of imidacloprid (insecticide) on serum biochemical 
parameters and degenerative lesions in male rat’s liver. Sindh Univ Res J. 
2017;49(3):605–12.

 39. Tariba Lovaković B, Kašuba V, Sekovanić A, Orct T, Jančec A, Pizent AJA. 
Effects of sub-chronic exposure to imidacloprid on reproductive organs 
of adult male rats: Antioxidant state DNA damage, and levels of essential 
elements. Antioxidants. 2021;10(12):1965.

 40. Najafi G, Razi M, Hoshyar A, Shahmohamadloo S, Feyzi S. The effect of 
chronic exposure with imidacloprid insecticide on fertility in mature male 
rats. Int J Fertil Steril. 2010;4(1):2.

 41. Bal R, Naziroğlu M, Türk G, Yilmaz Ö, Kuloğlu T, Etem E, Baydas G. Insec-
ticide imidacloprid induces morphological and DNA damage through 
oxidative toxicity on the reproductive organs of developing male rats. 
Cell Biochem Funct. 2012;30(6):492–9.

 42. Bal R, Türk G, Tuzcu M, Yilmaz O, Kuloglu T, Gundogdu R, Gür S, Agca A, 
Ulas M, Çambay Z. Assessment of imidacloprid toxicity on reproductive 
organ system of adult male rats. J Environ Sci Health B. 2012;47(5):434–44.

 43. El-Gendy KS, Aly NM, Mahmoud FH, Kenawy A, El-Sebae AKH. The role 
of vitamin C as antioxidant in protection of oxidative stress induced by 
imidacloprid. Food Chem Toxicol. 2010;48(1):215–21.

 44. Kapoor U, Srivastava MK, Bhardwaj S, Srivastava LP. Effect of imidacloprid 
on antioxidant enzymes and lipid peroxidation in female rats to derive its 
No Observed Effect Level (NOEL). J Toxicol Sci. 2010;35(4):577–81.

 45. Okado-Matsumoto A, Fridovich I. Assay of superoxide dismutase: cau-
tions relevant to the use of cytochrome c, a sulfonated tetrazolium, and 
cyanide. Anal Biochem. 2001;298(2):337–42.

 46. Dinkova-Kostova A. Protection against cancer by plant phenylprope-
noids: induction of mammalian anticarcinogenic enzymes. Mini Rev Med 
Chem. 2002;2(6):595–610.

 47. Malev O, Klobučar RS, Fabbretti E, Trebše P. Comparative toxicity of 
imidacloprid and its transformation product 6-chloronicotinic acid 
to non-target aquatic organisms: microalgae desmodesmus subspi-
catus and amphipod gammarus fossarum. Pestic Biochem Physiol. 
2012;104(3):178–86.

 48. Baltazar MT, Dinis-Oliveira RJ, de Lourdes BM, Tsatsakis AM, Duarte JA, Car-
valho F. Pesticides exposure as etiological factors of Parkinson’s disease 
and other neurodegenerative diseases—a mechanistic approach. Toxicol 
Lett. 2014;230(2):85–103.

 49. López O, Hernández AF, Rodrigo L, Gil F, Pena G, Serrano JL, Parrón T, 
Villanueva E, Pla A. Changes in antioxidant enzymes in humans with 
long-term exposure to pesticides. Toxicol Lett. 2007;171(3):146–53.

 50. Khan SM, Sobti R, Kataria L. Pesticide-induced alteration in mice hepato-
oxidative status and protective effects of black tea extract. Clin Chim 
Acta. 2005;358(1):131–8.

 51. Kapoor R, Srivastava S, Kakkar P. Bacopa monnieri modulates antioxidant 
responses in brain and kidney of diabetic rats. Environ Toxicol Pharmacol. 
2009;27(1):62–9.

 52. Ozsahin AD, Bal R, Yılmaz O. Biochemical alterations in kidneys of 
infant and adult male rats due to exposure to the neonicotinoid 
insecticides imidacloprid and clothianidin. Toxicology Research. 
2014;3(5):324–30.

 53. Mohamed AA-R, Mohamed WA, Khater SI. : Imidacloprid induces vari-
ous toxicological effects related to the expression of 3β-HSD, NR5A1, 
and OGG1 genes in mature and immature rats. Environ Pollution. 
2017;221:15–25.

 54. Saillenfait A-M, Sabaté J-P, Denis F, Antoine G, Robert A, Roudot A-C, 
Ndiaye D, Eljarrat E. Evaluation of the effects of α-cypermethrin on fetal 
rat testicular steroidogenesis. Reprod Toxicol. 2017;72:106–14.

 55. Saiyed H, Dewan A, Bhatnagar V, Shenoy U, Shenoy R, Rajmohan H, Patel 
K, Kashyap R, Kulkarni P, Rajan B. Effect of endosulfan on male reproduc-
tive development. Environ Health Perspect. 2003;111(16):1958.



Page 13 of 13Sardar et al. BMC Pharmacology and Toxicology           (2023) 24:68  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 56. Lonare M, Kumar M, Raut S, More A, Doltade S, Badgujar P, Telang A. Eval-
uation of ameliorative effect of curcumin on imidacloprid-induced male 
reproductive toxicity in wistar rats. Environ Toxicol. 2016;31(10):1250–63.

 57. Bustos-Obregón E, González-Hormazabal P. Effect of a single dose of 
malathion on spermatogenesis in mice. Asian J Androl. 2003;5(2):105–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Determination of biochemical and histopathological changes on testicular and epididymis tissues induced by exposure to insecticide Imidacloprid during postnatal development in rats
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Animals, chemicals and experimental design
	Body and organ weights
	Biochemical analysis
	Lipid profile
	HDL Cholesterol level

	Antioxidant enzymes quantification
	Catalase (CAT)assay
	Superoxidase dismutase (SOD) assay
	Lipid peroxidation assay

	Hormone analysis
	Tissue histology
	Statistical analysis

	Results
	Body and organ weights
	Effect on antioxidant and oxidative stress biomarker enzymes
	Hormone analysis
	Lipid profile
	Histopathology
	Testis

	Caput epididymis
	Cauda epididymis

	Discussion
	Conclusion
	Acknowledgements
	References


