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This research was undertaken to assess the results of repeated exposure to the insecticide; imidacloprid
(IMI)-contaminated feed on testicular tissue, spermatogenic cell population, Leydig cell number, and
sperm morphology in adult male rabbits (n = 24). The treatment groups received IMI (Bildor� 100 mg/
L water spray on green grass)-contaminated green grass without wash (n = 8, not-washed-feed rabbit
group) and after wash (n = 8, washed-feed rabbit group) once daily for two weeks on an alternate day
basis. The rest of the rabbits, as control, received a normal pesticide-free standard feed. During the expo-
sure time, there was no evident toxic symptom found on regular monitoring of IMI-treated rabbits.
Histopathologically, the thickness of tunica albuginea of testes reduced significantly with loosely
arranged connective tissues in IMI-treated rabbits. Within the testes, the bizarre-shaped seminiferous
tubules were seen with increased lumen diameter in IMI-treated rabbits. The spermatogenic cells were
disorganized and detached from the basement membrane in seminiferous tubules of IMI-exposed testes
of rabbits. The spermatogenic cell population decreased significantly (P < 0.05) in IMI-treated rabbits
compared to control rabbits. Leydig cell number decreased significantly (P < 0.05) in IMI-treated rabbits.
A high percentage of morphologically abnormal spermatozoa was seen in IMI-treated rabbits. The degree
of the histopathological changes was more prominent in the testes of IMI-exposed not-washed-feed rab-
bits. The results showed that insecticide-IMI has toxicological effects on testicular tissues, mainly sper-
matogenic and Leydig cell population of adult rabbits which may cause infertility.
A short running title: Effect of imidacloprid on testicular tissue of rabbits.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Pesticide is one of the top ten substances that pose a serious risk
to the public’s health (WHO, 2020). Imidacloprid (IMI) is a neoni-
cotinoid synthetic insecticide and was most frequently used by
farmers in agro-based areas of Bangladesh (Kobir et al., 2020a).
Bayer (a multinational pharmaceutical company in Germany) first
introduced imidacloprid in 1991 in the USA to protect crops as an
alternative to organophosphorus insecticides. IMI ((E)-1- (6-
chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine)
has a strong agonistic effect on insect nicotinic acetylcholine recep-
tors (nAChRs), particularly the nicotinic receptor’s -subunits and
affects the central nervous system of the insect (Matsuda et al.,
2005; Bal et al., 2012). It is registered in more than 120 countries
and used to control more than 140 crops, including rice, maize, cot-
ton, potatoes, tomatoes, sugar beets, and fruit plants, from insect
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Fig. 1. A-B: The body weight and testicular weight did not differ significantly
comparing imidacloprid exposed and control rabbits.
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attacks (Lewis et al., 2016; Iturburu et al., 2017). There is wide-
spread evidence that most crop, vegetable, and fruit farmers mis-
use pesticides throughout the world and the scenario is worst in
developing and least developing countries like Bangladesh (Miah
et al., 2014; Sharma et al., 2019; Kobir et al., 2020a). Consequently,
pesticide has entered our food chain, and it is difficult to avoid its
exposure , especially in occupational life (Damalas et al., 2011).

IMI causes oxidative stress, which was detected by oxidative
stress marker enzymes such as lipid peroxidation levels, catalase,
superoxide dismutase, and glutathione peroxidase in adult male
mice (El-Gendy et al., 2010). IMI affects vital organs of multiple
systems of mammals and causes inflammation (Komal, 2018). It
affects the blood cells and cardiovascular system in rats
(Bhardwaj et al., 2010), mice (Bagri et al., 2013), and rabbits
(Kobir et al., 2020b). It has also hepatotoxic, nephrotoxic, neuro-
toxic, and gonadotoxic effects in rats (Mazdak et al., 2009;
Duzguner et al., 2010; Lonare et al., 2014; Mohamed et al., 2018).

Testicular toxicity of insecticides and other toxicants results in
male infertility in mammals (Mantovani and Maranghi, 2005). IMI
causes vacuolation, degeneration of seminiferous tubules, detach-
ment of germinal cells from the basement membrane, increased
interstitial spaces, disrupted basement membrane, decreased Ley-
dig cells number, severe congestion in interstitial spaces, and
affects the tunica albuginea in rats (Soujanya et al., 2013). The
Japanese quails treated with 1/50 LD50 of IMI revealed degenera-
tive changes in testes, including bizarre cells, the disappearance
of spermatogenic cells, devoid of sperm in the tubules, and thick-
ened tunica albuginea of testis (Eissa, 2004).

Reported literature on the effects of IMI using a wide range of
doses, routes, and formulations has opened the scope to study from
Bangladesh’s perspective. Menon et al. (2014) used IMI 45 mg/
bdwt (1/10th of LD50) orally, mixed with 10 ml distilled water
for 10–20 days consecutively in rabbits and observed empty sem-
iniferous tubules, and interstitial space became widened. Pyknosis
of the spermatocytes and vacuolation in the seminiferous tubules
were also observed. Najafi et al. (2010) used IMI @ 225 and
112 mg/kg body weight for two months which caused atrophied
seminiferous tubules, arrested spermatogenesis, negative tubular
differentiation and repopulation indexes, decreased Leydig cells/
mm2 of interstitial tissue, hypertrophy and cytoplasmic granula-
tion of the Leydig cells in mature male rats. Bal et al. (2012) used
IMI @ 0.5 and 8 mg/kg body weight for 3 months of oral gavage
in adult male rats and showed a significantly increased apoptotic
spermatogenic cells in the seminiferous tubules with an elevated
level of oxidative stress marker enzymes. These literature reflects
that IMI may affect spermatogenic cells and the Leydig cell popu-
lation in the testes. No study and data have been found to evaluate
the residual effects of IMI in the spermatogenic cells population
and Leydig cell number, and the morphology of spermatozoa
through contaminated feed exposure. Therefore, the present study
has been designed to investigate the effect of repeated IMI-exposed
feed on the testicular tissues in adult rabbits (Oryctolagus cunicu-
lus). Rabbits were chosen for this research because they are fre-
quently used as models in various laboratory studies, and the
outcomes can be extrapolated to other mammalian species.
2. Materials and methods

2.1. Ethic al approval

The present study and all experimental protocols were
approved and performed according to the guidelines for the care
and use of animals as established by the Animal Welfare and
Experimentation Ethics Committee, Bangladesh Agricultural
University, Mymensingh, Bangladesh (AWEEC/BAU/2019–41).
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2.2. Experimental animal

A total of twenty-four (24) adult male rabbits (Oryctolagus
cuniculus) aged greater than 6 months were collected from the
Rabbit Palli, Muktagacha, Mymensingh, Bangladesh. The rabbits
were subsequently acclimated for seven days in the animal shade
of the Bangladesh Agricultural University’s Department of Anat-
omy and Histology, which had enough light and ventilation. The
rabbits were given unlimited amounts of fresh, green grass, wheat
bran, and water. The rabbits were divided into control (n = 8) and
pesticides exposed (n = 16) rabbits. Rabbits exposed to pesticides
were split into two groups: not-washed-feed rabbits (n = 8;
pesticide-sprayed green grass was fed right away without wash-
ing) and washed-feed rabbits (n = 8; pesticide-sprayed green grass
was fed after washing). Regular pesticide-free fresh green grass
and wheat bran were given to the control rabbits. Dietary habits
concerning water and food consumption were recorded during
the study. All rabbits were observed regularly for health conditions
and different toxic symptoms (any signs which seemed as abnor-
mal due to IMI- exposure including feeding, defecation, movement,
gathering, chirping, alertness, response to any kind of external
stimuli, etc.) were recorded as well.

2.3. Chemical preparation and exposure of animals

Imidacloprid (marketed under the trade name Bildor� by Corbel
International ltd.) was acquired from the licensed pesticide vendor
at City Corporation Market in Mymensingh, Bangladesh, and prop-
erly handled using the necessary safety measures. According to the
datasheet for agricultural pest management, the imidacloprid (IMI)
0.5 ml (100 mg)/liter was adequately diluted with fresh tap water.
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In the evening, the properly mixed pesticide water was sprayed on
green grass in a fenced and restricted field using Suja Global Hand
Sprayer Machine (SEGARTEX, Dhaka-1230, Bangladesh). The IMI-
sprayed green grass was harvested the following morning and
given to the rabbits (classified as not-washed-feed rabbits) and
after washing (classified as washed-feed rabbits), with unlimited
access to water for up to 15 days every other day. On pesticide-
free days supplied regular pesticide free green grass and wheat
bran with drinking water ad libitum. All rabbits were observed reg-
ularly, and their health condition was recorded. At the end of the
pesticide exposure, imidacloprid-exposed and control rabbits were
sacrificed.
2.4. Collection of testes

After the exposure period, on day 16, the rabbits were weighed
and euthanized under chloroform anesthesia. Then, testes from all
rabbits were surgically removed (Bal et al., 2012) and examined
Fig. 2. A-F: Histopathology of the capsule of testes using H and E (A-C) and Goldner’s tr
imidacloprid (IMI) exposed not-washed and washed-feed rabbits (B-C). Goldner’s tricho
distribution pattern of the testicular capsule (D-F). G: The thickness of the capsule reduce
test, *p � 0.05, significantly different between control and IMI exposed rabbits; yp � 0.05
Scale bar: A-F = 200 lm.
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carefully to record the gross anatomy (color, texture, and any
abnormality visible grossly). After gross examination, the weight
of the testes was measured, and a small incision was carried out
on the body and epididymal parts of the left or right testes for
impression smear using clear glass slides (Gatimel et al., 2017).
Then, a suitable small slice from the testes was collected and pre-
served in 10 % neutral buffered formalin (NBF).

2.5. Sperm staining

Impression smears were fixed into methanol, followed by air
drying. The next day, the smear was stained with hematoxylin
and eosin (HE).

2.6. Tissue processing and staining

After washing the NBF-fixed tissues in running tap water, dehy-
dration was done using ascending grades of alcohol, followed by
ichome staining (D-F). The thickness of the testicular capsule was reduced in both
me stain visualizes loosely arranged collagen fibers (green color) with an irregular
d significantly in IMI-exposed rabbits in comparison with control rabbits. Student t-
, significantly different between IMI exposed not-washed and washed-feed rabbits.
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clearance using xylene, then embedding in paraffin, and sectioning
(6 lm) was done using a sliding microtome (EuromaxR Japan).
Hematoxylin and eosin were used to stain the sections that had
been deparaffinized in xylene and Goldner’s trichrome stain for
histopathological examination (Luna, 1968). Goldner’s trichrome
stain was used to visualize the connective tissues of the testicular
capsule. The connective tissue collagen fibers appeared greenish-
blue under a light microscope. IMI-induced histological changes
and morphology of spermatozoa were examined using a light
microscope (LABOMED, Labo America Inc., CA94538).
2.7. Spermatogenic (SG) cell count

Quantification of SG cells was done considering at least 10 (ten)
seminiferous tubules (clear cross sections which were sharply
rounded) of each rabbit using a light microscope (LABOMED, Labo
America Inc., CA94538). The oblique or longitudinal sections were
not under consideration during the spermatogenic cell count.
2.8. Leydig (LG) cell count

For the Quantification of LG cells, all the stromal cells in the
interstitial spaces (at least ten interstitial spaces for each rabbit)
were counted using a light microscope (LABOMED, Labo America
Inc., CA94538) and represented as Leydig cells.
Fig. 3. Histopathology of testis of control (A) and imidacloprid (IMI) exposed (B-D) rabb
spermatogenic cells (S.C., rectangular dotted area), Leydig cells (L.C., arrowheads), and Se
of the S.T. became enlarged (double arrow line) in both IMI-exposed rabbits. D: IMI-exp
membrane. Hematoxylin and Eosin stain. Scale Bar = 100 lm.
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2.9. Statistical analysis

To analyze the body weight, weight of the testes, the thickness
of tunica albuginea, total number of spermatogenic and Leydig
cells count, and the percentage of morphologically abnormal sper-
matozoa,utilized the Microsoft Excel program (version 2013).
Mean ± Standard Error (S.E.) was used to express the values. Stu-
dent t-test was considered to quantify the significant difference.
* p < 0.05, a significant difference between control and IMI-
exposed rabbits, and yp < 0.05, a significant difference between
IMI-exposed not-washed and washed-feed rabbits.
3. Results

3.1. Effect of IMI on body weight and testicular weight of rabbits

During the exposure time, there was no toxic symptom found
on regular monitoring of IMI-exposed rabbits. Comparing the
IMI-exposed rabbits to the control s, neither the mean body weight
nor the weight of the testes substantially altered. (Fig. 1A-B).
3.2. Effect of IMI on histoarchitecture of testes of rabbits

3.2.1. Effect of IMI on tunica albuginea
Hematoxylin Eosin and Goldner’s trichome stained sections

revealed that the capsule (tunica albuginea and tunica vaginalis)
its. A. Normal appearance of seminiferous tubules (S.T.) and regular distribution of
rtoli cells (black arrows) in the testis of the control rabbits. B-C: The lumen diameter
osed, not-washed-feed rabbit shows SC cells were separated from their basement



Fig. 4. Population of the spermatogenic cells (A) and frequency of Leydig cell (B)
distribution significantly reduced in imidacloprid (IMI) exposed rabbits compared
to control rabbits. In between IMI-treated groups, spermatogenic cells (A) and
Leydig cell (B) numbers were significantly reduced in not-washed-feed rabbits.
Student t-test, *p � 0.05, significantly different between control and IMI exposed
rabbits; yp � 0.05, significantly different between IMI exposed not-washed and
washed-feed rabbits.
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covers the testes, and composed of dense fibrous connective tissue
with homogenously distributed collagen fibers (green color colla-
gen with blue to the dark nucleus) in control rabbits (Fig. 2A &
2D). In IMI-exposed rabbits, the thickness of tunica albuginea
reduced severely with the disruption of regular arrangements of
connective tissue fibers in both not-washed and washed-feed rab-
bits (Fig. 2B-C). But the reduction of the thicknes of the TA was
more prominent in not-washed rabbits (Fig. 2B). Goldner’s tri-
chome stain exposed loosely arranged collagen fibers (green color)
with an irregular pattern of distribution of the tunica albuginea of
IMI-exposed rabbits (Fig. 2E-F).

Statistical analysis showed that the thickness was significantly
(P < 0.05) reduced in IMI-exposed rabbits in comparison with con-
trol rabbits (Fig. 2G). In between IMI-treated groups, the thickness
of the tunica albuginea was significantly (P < 0.05) reduced in not-
washed-feed rabbits.

3.2.2. Effect of IMI on histo-architecture of seminiferous tubules
In the testes of control rabbits, regular histological structure

with regular distribution of spermatogenic cells was seen
(Fig. 3A). In transverse sections, testes contain numerous seminif-
erous tubules of different sizes and shapes such as round, oblique,
and longitudinal sections (Fig. 3A). Each seminiferous tubule is sur-
5

rounded by thin basement membrane where the Sertoli cells and
the stratified layer of spermatogenic cells (spermatogonia, sperma-
tocytes, spermatids, and spermatozoa) lined the seminiferous
tubules (Fig. 3A). The Sertoli cells were tall cells with oval nuclei
at the basal region, while the spermatogonia were rounded cells
with rounded nuclei (Fig. 3A). In the interstitial space, interstitial
cells (Leydig cells) and loose connective tissues with blood capillar-
ies were found as normal distribution pattern (Fig. 5A).

Testes of both IMI-treated rabbits revealed distorted seminifer-
ous tubules, depletion of spermatogenic cells, and degenerative
changes in seminiferous tubules with increased lumen diameter
(Fig. 3B-C). The severity of the damage histo-pathologically was
more pronounced in the testes of not-washed-feed rabbits com-
pared to washed-feed rabbits (Fig. 3B-D and Fig. 5B-C). The sper-
matogenic cells were detached from the basement membrane
with irregular arrangements in both IMI-exposed rabbits
(Fig. 3D). Vacuolization and pyknotic cells were found in the sem-
iniferous tubules of IMI-exposed rabbits (Fig. 5D). Widening of the
interstitial spaces and low integrity of interstitial tissues were
found in both IMI exposed rabbits (Fig. 5B). Profuse congestion
and hemorrhage were seen in the interstitial space, close to the
Leydig cells in IMI-exposed rabbits (Fig. 5B-C).

3.2.3. Effect of IMI on the spermatogenic (SG) cell population
According to the quantification of spermatogenic cells, seminif-

erous tubules of rabbits exposed to IMI had substantially less
(P < 0.05) SG cells than control rabbits (Fig. 4A). In between the
IMI exposed rabbits, the number of SG cells was significantly
reduced (P < 0.05) in testes of not-washed-feed rabbits compared
to washed-feed rabbits (Fig. 4A).

3.2.4. Effect of IMI on the Leydig (LG) cell population
Leydig cells (LG) were found as a cord or cluster in the intersti-

tial spaces of control rabbit’s testes (Fig. 3A). The quantification of
LG cells showed that the numbers were significantly (P < 0.05)
decreased in IMI exposed rabbit’s testes in comparison with con-
trol rabbits. Comparing the testes of IMI-exposed rabbits, the LG
cell count was significantly lower (P < 0.05) in not-washed-feed
rabbits (Fig. 4B).

3.2.5. The morphological abnormalities of spermatozoa
The spermatozoa encountered the toxic effects of pesticides,

which resulted in the formation of morphologically abnormal sper-
matozoa (Fig. 6A-D). The quantification of morphologically abnor-
mal spermatozoa revealed that the number of abnormal
spermatozoa, particularly head detached, collar detached, tail
bending, and neck bending was the highest percentage in impres-
sion smear of testes and epididymis of IMI-contaminated rabbit’s
testes (not-washed and washed-feed rabbits) compared to control
rabbits (Fig. 6E). It is noted that not-washed-feed rabbit had more
pronounced abnormalities than the washed-feed rabbit.
4. Discussion

4.1. Effect of IMI on body weight and testicular weight

The body weight and the weight of testes of IMI-contaminated
feed-exposed rabbits were not changed significantly, although
showing a decreasing tendency. In contrast, Bagri et al. (2013)
determined that IMI reduces body weight significantly at the dose
rate of 110 mg/kg body weight or more (oral gavage) in Swiss
albino rats for 14 days. The body weight and testicular weight were
significantly reduced in male rats treated with IMI orally (20 mg/kg
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body weight) for 90 days (Bal et al., 2012). Najafi et al. (2017)
reported that the body and testicular weight reduction depends
on the dose, route, duration, and mode of insecticide administra-
tion in rats. The variation in the present result may be due to dose,
formulation, or species differences.
4.2. Effect of IMI on histo-architectural alterations

4.2.1. Tunica albuginea
The reduced thickness of tunica albuginea and loosely arranged

connective tissue with the disruption of collagen fibers arrange-
ment were seen in IMI-exposed testes of adult rabbits. Manas
et al. (2013) stated that a low dose (53 mg/kg body weight) of
pyridaben causes reduced thickness of tunica albuginea in mice
for 45 days. This finding supports the result of the present study.
4.2.2. Seminiferous tubules
In the present study, the testes of IMI-exposed rabbits revealed

distorted seminiferous tubules with a low number of spermato-
genic cells detached from the basement membrane. In addition,
the spermatogenic cells were disorganized with an increased
lumen diameter of seminiferous tubules. Vacuolization and pykno-
tic cells were evident in seminiferous tubules. These histo-
architectural alterations might be attributed to IMI-triggered
oxidative stress generated from reactive oxygen species (ROS) con-
sistent with those reported by Bal et al. (2012), Soujanya et al.
Fig. 5. A: Testicular histopathology of control rabbits demonstrate seminiferous tubules
space has been increased in imidacloprid (IMI) exposed rabbit (double-headed arrows) w
(B-C). C: Vacuolization (black arrows) and pyknotic cells (red arrow) are evident in IMI-e
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(2013) and Najafi et al. (2017) in testes of adult male rats. Eissa
(2004) stated that IMI causes different degenerative changes,
including bizarre-shaped cells and spermatogenic cell disappear-
ance in the testes of Japanese quail. The author also showed that
the seminiferous tubules were devoid of sperms with vacuolation
and pyknotic changes , which coincides with the findings of the
present study. Insecticide cypermethrin oral exposure caused dis-
torted seminiferous tubules with deformed and disorganized germ
cells in mice at different doses (Fang et al., 2013).

When compared to the testes of IMI-exposed rabbits, the
histopathological alterations in the not-washed-feed rabbits were
more pronounced. This result indicates that IMI-contaminated,
not-washed-feed contains a high level of IMI, and IMI-
contaminated washed-feed losses the IMI, and a low level of IMI
enters into the body system of rabbits.

The extended interstitial spaces with numerous hemorrhages
and congestion were seen in the testes of IMI-exposed rabbits.
Similarly, Soujanya et al. (2013) and Menon et al. (2014) reported
widening of the interstitial space with profuse hemorrhage on the
area of the Leydig cell in IMI-treated testes of rats and rabbits,
respectively.
4.2.3. Spermatogenic (SG) cell population
Evaluation of SG cell populations of the current study was

reduced significantly in IMI-exposed rabbits compared to control
rabbits. Similarly, Menon et al. (2014) reported that IMI disrupts
with normal size and shape and uniform interstitial spaces (IS). B: The interstitial
ith numerous congestion (arrowheads) in the interstitial space and Leydig cells area
xposed rabbits. Hematoxylin and Eosin stain. Scale Bars A-B = 200 lm, C = 100 lm.



Fig. 6. Normal (A) and abnormal (B-D) morphology of spermatozoa of rabbit. E: The abnormal morphology of the spermatozoa is high in imidacloprid-exposed rabbits. The
percentage of abnormal spermatozoa is highest in not-washed-feed rabbits compared to washed-feed rabbits. Hematoxylin and Eosin stain. Scale Bar A-D = 100 lm.
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the testicular tissues and spermatogenic cell populations in rab-
bits. Pesticide chlorpyrifos causes cessation of spermatogenesis,
and it harms tubular differentiation and repopulation of the sper-
matogenic cells in adult rats (Najafi et al., 2017).

Interestingly, the SG cell population was affected severely in
not-washed-feed rabbits compared to washed-feed rabbits in the
present study. This finding coincides with the results of Menon
et al. (2014) that IMI exerts mild to moderate effects on testicular
tissues depending on a low to high dose of exposure in rabbits.
Grewal et al. (2010) also revealed that cypermethrin at a higher
dose could disrupt the cycle of various stages of spermatogenesis
in albino rats.

In the present study, the degeneration and depletion in the SG
cell population and its extent vary. This is might be due to the
two different ways to expose the rabbits to IMI (i.e., not-washed
and washed-feed).
4.2.4. Leydig (LG) cell population
The number of Leydig cells was significantly decreased in IMI-

exposed testes compared to control rabbits. Between the IMI-
exposed rabbits’ Leydig cell was significantly decreased in not-
washed-feed rabbits compared to washed-feed rabbits. Similarly,
it was reported that the number of LG cells reduced in IMI
(Soujanya et al., 2013) and chlorpyrifos (Najafi et al., 2017) treated
7

adult male rats. Manas et al. (2013) stated that Leydig cell distribu-
tion reduced significantly in mm2 of testicular interstitial tissue in
high doses (212 mg/kg) of pyridaben-exposed mice for up to
45 days.

Insecticides can pass through the blood-testes barrier. Leydig
cells present biologically relevant to the effects of IMI (Zhao
et al., 2021). IMI has direct degenerative effects on Leydig cells
and/or indirectly affects nicotine, like suppressing luteinizing hor-
mone (LH) secretion from the pituitary gland (Mohamed et al.,
2016; Ngoula et al., 2007). Moreover, cytochrome P- 450 3A4
(CYP3A4) is an essential metabolic enzyme responsible for metab-
olizing exogenous substances (Zhao et al., 2021). The impairment
of CYP-450 enzymatic activities disrupts steroid hormone (testos-
terone) synthesis (Bernhardt and Waterman, 2007). Depending
on the dose and repeated exposure, partial to complete dissolution
of Leydig cells occur. Degeneration and depletion of Leydig cells
result in a decreased testosterone level in the blood. A low level
of blood testosterone fails to maintain the functions of Sertoli cells
leading to germinal cell degeneration and detachment from the
basement membrane.

Degeneration and detachment of germinal cells cause the disso-
lution of seminiferous tubules resulting in arrest in spermatogene-
sis (Soujanya et al., 2013; Najafi et al., 2017). IMI-induced oxidative
stress that causes degeneration of the Leydig cells from interstitial
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space (Soujanya et al., 2013; Najafi et al., 2017) may cause depop-
ulation of LG cells in male rabbits in the present study.

4.3. Morphological abnormalities

In the present study, head detached, tail detached, bending of
the neck, twisting of the neck, tail bending, and tail coiling mor-
phological abnormalities of spermatozoa were high percentages
in IMI-exposed rabbits compared to control rabbits. These findings
coincided with the results of Kalra (2018) in male rats intoxicated
with cypermethrin, where sperm abnormalities were categorized
into tail detached, defective head, bending and coiling of the mid-
dle piece, and bending plus coiling of the tail. Sperm abnormalities
were significantly increased by oxidative damage due to reactive
oxygen species generated from cypermethrin (Kumar et al., 2010;
Joshi et al., 2011). Li et al. (2015) identified that the number of
abnormal sperms, particularly head shape abnormality, was signif-
icantly increased in cypermethrin-exposed rats. A significantly
increased percentage of morphologically abnormal spermatozoa
was also reported in chlorpyrifos-treated adult rats (Dutta et al.,
2013). Therefore, IMI-induced reactive oxygen species leading to
oxidative stress (Kumar et al., 2010; Joshi et al., 2011), may affect
the morphology of spermatozoa in rabbits.

5. Conclusion

IMI induced testicular damage, including distorted seminiferous
tubules with depleted spermatogenic cells, separation of the base-
ment membrane, and less frequency of distribution in Leydig cells,
and gravitated in the production of morphologically abnormal
spermatozoa in adult male rabbits. The finding of the present study
suggests that repeated oral exposure to IMI-contaminated feed
produces testicular toxicity in adult male rabbits, which potentially
can cause infertility. Therefore, suitable measures must be imple-
mented to reduce the negative effects of IMI on humans and
animals.
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