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SUMMARY

Many studies on individual pesticide risk as-
sessments are available, but the toxicity of com-
bined usage is still to estimate. So, the current
study investigated reproductive toxicity induced
by exposure to cyfluthrin (CYF) and pestban (PES)
and their mixture in adult male albino rats. For-
ty adult male albino rats were randomized into
four groups. All treatments were given daily by
oral gavage for 60 days. Group I (control group):
this group included 16 rats, divided into two
equal subgroups: subgroup Ia (negative control)
and subgroup Ib (a vehicle control), in which each
rat received 2 ml of corn oil. Group II: CYF group
(15.6 mg/kg). Group III; PES group (7.45 mg/kg).
Group IV: CYF + PES. Individual CYF and PES ex-
posure significantly decreased testicular weight,
serum testosterone level, and epididymal sperm
count when compared to the control group. These
biochemical changes were confirmed by histolog-
ical and ultra-structural disarray and reduced im-
munoreactions of Melan-A (also known as MART-
1, Melanoma Antigen Recognized by T-cells), but
mutual exposure to both pesticides resulted in a
highly significant difference compared to other

treated groups. Co-administration of CYF and PES
aggravated testicular toxicity, exhausting the en-
dogenous antioxidant status, and down-regulat-
ing the immune expression of Melan-A. So, mix-
ing both components can intensify the damaging
effects of each compound on testes.

Keywords: Cyfluthrin — Pestban — Testicular
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INTRODUCTION

Nowadays, farming activities are highly con-
tingent on pesticide use. The pesticide’s use play
has brought considerable benefits in increasing
the availability and food quality by playing an
essential role in the expansion of agriculture by
decreasing the loss of crops and promoting yield,
in addition to enhancing public health in gen-
eral. Nevertheless, either overuse or misuse of
pesticides leads to a great range of negative con-
sequences to species diversity, the environment,
and the health of both animals and humans, as is
well reported in numerous toxicological studies
(Silva et al., 2022).
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The improper application of these pesticides
can produce health problems, neurodegenera-
tive diseases, reproductive toxicity, carcinoge-
nicity, and perturbation of the endocrine system
(Mohammadi et al., 2021). The widespread resis-
tance and toxicological influence of hazardous
pesticides pose unreceptive results on different
environmental species and humans, straightfor-
wardly by bioaccumulation or indirectly through
the food chain.

Pesticide residues constantly present above
permissible legal levels in diversified forms, so
much attention has happened likely to regulate
their usage without maleficence or negatively
affecting the environment (Parra-Arroyo et al.,
2022).

Following the World Health Organization re-
ports, the intoxication of pesticides presents a
foremost community and public health question;
about 3 million cases of pesticide toxicity happen
yearly, killing almost 250-370,000 individuals
(Kamande et al., 2022).

B-Cyfluthrin (CYF), a class II Pyrethroid (PYR),
is an insecticide used worldwide in farming, gar-
dening, and household applications. Repeatedly
it is used in veterinary medicine, farming against
various pests, and residential and industrial set-
tings. Studies explaining mechanisms of repro-
ductive toxicity regarding this insecticide are lim-
ited (Wang et al., 2022).

Pestban (PES) is an organophosphorus (OP)
insecticide containing 48% chlorpyrifos (CPF).
It is used widely in many agricultural practices;
against plants and pests to control animal ecto-
parasites, although CPF is known as a neurotox-
icant through cholinesterase inhibition. Inclu-
sive data assessing pestban effects on gestational
length, reproduction, and fertility parameters of
males and females are still not clear enough and
limited (Morgan and El-Aty, 2008).

The marketing of PYR and OP mixes propagates
widely in developing countries and has increased
toxicity predominance. Trials to prophesy toxic-
ity related to mixtures depending on individual
chemicals’ acquaintance commonly led to false
and deficient conclusions. The interaction due
to mixing two or more pesticides is not always

expected, because this combination may have
summative, potentiating collusive, or inhibitory
effects (Alaa El-Din et al., 2022). Therefore, this
study assessed testicular toxicity caused by in-
dividual and mutual exposure to cyfluthrin and
pestban in adult albino rats.

MATERIALS AND METHODS

Chemicals

B-Cyfluthrin: it was manufactured by Sigma-Al-
drich Company, Louis St., USA, and bought from
Sigma Egypt.

Pesthan: it was obtained from Indora (Italian
company).

Corn oil: it was bought from Sekem Co. in Cairo,
Egypt, (a vehicle for both insecticides)

Animals

This study was acted upon at the animal house
of the Faculty of Medicine, Suez Canal Universi-
ty, Egypt. Forty adult male albino rats aged two
months and ranging in weight from 150 to 170
grams, were used in the present study. The rats
were purchased from the Faculty of Veterinary
Medicine Animal House, Suez Canal University,
Egypt. Rat food and water were freely available to
the rodents in the breeding facility. The rats were
kept in filter-top plastic cages in a room with arti-
ficial lighting and temperature control (23 +1 °C).
The procedure of the experiment was done ac-
cording to the National Institute of Health Guide-
lines for the Care and Use of Laboratory Animals
(NIH Publications No. 8023, revised 1978). The
protocol of the study was confirmed by the Suez
Canal University Faculty of Medicine’s Research
Ethics Committee. (Egypt) (Research Number:
5072#) on Oct 18, 2022.

Experimental design

The total male rats were randomly divided into
four groups. The experiment lasted sixty days,
and all groups received supplements by oral ga-
vage each day.

Group I (control group): This group included 16
rats, and was divided into two equal subgroups:



Subgroup Ia (negative control): Each rat in this
group received a regular diet and water for 60
days. These groups were used as reference com-
parable values.

Subgroup Ib (positive control): Each rat received 2
ml of corn oil (vehicle of CYF and PES).

Group II (B-Cyfluthrin group) (eight rats): Each rat
was treated with CYF at a daily dose of 15.6 mg/
kg b.w./day (1/20 of oral LD50) (LD 50 = 380 mg/
kg b.w./day) according to Mohafrash et al. (2017).

Group III (Pestban group) (eight rats): Each rat re-
ceived PES at a daily dose of 7.45 mg/kg b.w./day
(1/20 of the oral LD50) (Morgan and El-Aty, 2008),
(Abd-Elhakim et al., 2021).

Group IV (Cyfluthrin + Pestban) (eight rats): Each
rat received CYF+PES for 60 days (using the same
previously mentioned doses and same exposure
time).

After exposure to CYF and PES for 60 days, an
intraperitoneal injection of thiopental (50 mg/
kg) was used to anaesthetize the rats of all groups
(Nagaya et al., 2004). In accordance with Nemzek
et al. (2001), samples of blood were taken from
the retroorbital venous plexus; then scarification
of rats was performed. In order to preserve blood
samples for hormonal examination, they were
kept at -80 °C. Physiological saline was used to
swiftly remove the testes, remove any adhering
tissue, wash them, and dry them.

Body and testis weight measuring

A digital balance was used to weigh the rats
before they were anaesthetized and sacrificed.
Testes were removed and weighed, and organ/
somatic index were calculated. The relative tes-
tes weight = Absolute testes weight/ Whole body
weight x100 (Hamoud, 2019).

Hormonal study

Solid phase radioimmunoassay method was
used to measure serum testosterone levels (Kim
et al., 2012), while enzyme-linked immunosor-
bent assay (ELISA) was used to measure serum
rat luteinizing hormone (LH) and follicular stim-
ulating hormone (FSH) levels (Chen et al., 2015).

Measurement of blood levels of oxidative stress
biomarkers:

Total antioxidant capacity (TAC) was evaluated
by using the colorimetric technique following the
method described by (Koracevic, 2001). Glutathione
peroxidase (GPx), reduced glutathione (GSH), and
malondialdehyde (MDA) were measured according
to the methods described by Zhang et al. (2018), En-
safi et al. (2008) and Aini et al. (2022), respectively.

Epididymal spermatozoan examination:

Spermatozoa were collected according to Mo-
stafa et al. (2016), epididymal content of every rat
was obtained immediately by cutting the tail of
the epididymis and squeezing it gently to gain the
sparkling of freshly undiluted semen in a clean
Petri dish and incubated at 37 °C for half of an
hour for liquefaction then we started to proceed
the following examinations; sperm count, motility
of sperms, and epididymal sperm viability were
studied and estimated according to the method
reported by Adamkovicova et al. (2016). Then,
the percentage of epididymal sperm abnormal-
ities (abnormal forms) was calculated following
Vasan (2011), and the sperm abnormal forms
were described according to Mori’s classification,
who classified abnormal sperms into deformed
heads and tails (tailless and deformed) (Mori et
al., 1991).

Histopathological examination

Testes were preserved in 10% formalin solu-
tion, then dehydrated, cleared in xylene, fixed,
and blocked-in paraffin using an automatic tissue
processor. Five micrometers thick sections were
cut by a rotary microtome and stained by the he-
matoxylin & eosin (H&E) and PAS stains (Hsu,
2015).

Ultrastructural study

Specimens from the testes for electron micros-
copy examination were promptly fixed in 2.5%
phosphate-buffered glutaraldehyde (pH 7.4),
post-fixed in 1% osmium tetroxide in the same
buffer at 4°C, dehydrated and fixed in epoxy res-
in. Leica Ultracut UCT was used to create ultrathin
slices that were then stained with uranyl acetate,
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and lead citrate (Van der Horst et al., 2019), seen
using a JEOL JEM 1010 electron microscope and
captured on camera (Jeol Ltd, Tokyo, Japan) in the
Histology and Cell Biology Department, Faculty of
Medicine, Al-Azhar University (Egypt).

Immunohistochemical examination

The sections of testis were stained with mono-
clonal antibodies targeting Melan-A by the avi-
din-biotin-peroxidase complex (ABC) kit. The
sections were then deparaffinized, rehydrated,
trypsinized (1 mg pronase/mL Tris-buffered sa-
line), treated with 3% H,0, for 30 minutes at room
temperature, and then washed three times. After
then, the slices were exposed to primary antibod-
ies for an additional hour. ABC was incubated for
30 minutes following the second antibody infu-
sion. Complete cleaning with Tris-buffered saline
(pH: 7.4) was performed on the sections (Shojaee-
pour et al., 2021).

Statistical analysis

The mean and standard deviation of the data for
all groups were displayed (X + SD). The collected
data were handled and analyzed using the SPSS
program (SPSS Inc., 2007). One-way analysis of
variance was used to find statistically significant
differences (ANOVA), followed by the LSD test
for multiple comparisons between the different
groups. The percentage was assessed by the chi-
square test. The test results were considered sig-
nificant when p value <0.05. P-value <0.01, and
<0.001 were considered highly significant.

RESULTS

Effects on body weight and testis weight

The present study showed that mean values of
the final body weight and testicular weight (abso-
lute and relative) in CYF (II) and PES (III) treated
groups had significantly decreased compared to
the control group, but they showed high signifi-
cant decreases (p-value <0.01) in combined (CY-
F+PES) treated group (group IV) compared to oth-
er studied groups (Table 1).

Hormonal study

Table 2 showed that serum testosterone was
significantly reduced in rats individually exposed
to CYF and PES, and highly significantly reduced
in combined CYF+PES-treated group (group IV).
Serum levels of both LH &FSH were significantly
decreased in CYF and PES groups; p-value <0.05,
where more decrease was noticed in the com-
bined group IV; p-value <0.01 compared with con-
trol groups.

Blood levels of oxidative stress biomarkers

Total antioxidant capacity (TAC), glutathione
peroxidase (GPx), and reduced glutathione (GSH)
were reduced in group-II and group-III treat-
ed rats, and were highly significantly reduced in
combined treated groups. While Malondialdehyde
(MDA) was significantly increased in rats individ-
ually exposed to CYF, PES was highly significantly
increased in the mutually treated group (Table 3).

Table 1. Initial body weight, final body weight, absolute testis weight and relative testis weight in the study groups.

Control groups CYF PES CYF + PES
Ia Ib
Initial body weight (g) 189.17+6.61 188.67+5.23 189.53+3.71  190.75+8.27  190.23+6.81
Final body weight (g) 217.83+5.11 217.59+7.44 184.83+4.34* 183.96+5.62* 160.17+4.83"#
QEZ;I“:E;?S weight (/100 gfinal 4 20, 06 1760076 0.95+0.052*  0.89+0.065*  0.660+0.032%*#
Relative testis weight (g) 0.721+0.03  0.730+0.05  0.524+0.07*  0.500+0.09*  0.314+0.08**#

The relative testis weight of each animal is calculated according to the formula:

Relative testis weight = Absolute weight (g) * 100
Final body weight

*p < 0.05 vs control groups

**p < 0.01 vs control groups

# p <0.05vs groups I & I1I



Table 2. Serum testosterone (ng/ml), FSH (ng/ml), and LH (mIU) of adult albino rats among the studied groups.

Control groups CYF PES CYF + PES
Ia Ib
Testosterone (ng/ml) 1.67 +0.49 1.69+0.35 0.86 + 0.35% 0.90 +0.37* 0.25 + 0.04%*#
FSH (ng/ml) 5.96 +1.99 6.12 +0.32 3.76 £ 2.32*% 412 +1.01% 3.00 £ 0.23%*#
LH (mIU) 9.42+1.79 9.37+1.43 6.001£1.62* = 5.98+1.39* | 3.11+0.89"*#

*p < 0.05 vs control groups
**p < 0.01 vs control groups
# p <0.05vs groups II & I1I

Table 3. Oxidative stress and apoptosis biomarkers in the testis homogenates of the study groups: Total antioxidant capacity
(TAC), Glutathione peroxidase (GPx), Reduced glutathione (GSH) and Malondialdehyde (MDA).

Control group CYF PES CYF + PES
Ia Ib
TAC « -
. 0.99 £ 0.005 0.97+0.005 @ 0.68+0.003* = 0.65+0.012* 0.38 £ 0.016**
(mmol/g protein)
GPx . 14417 +4.37 | 144.06+5.46 130.23 +3.09* 131.21 +£2.07* 115.23 + 3.09%*#
(ng/mg protein)
GSH N -
. 3.89£0.01 3.99 £0.04 2.39 £ 0.02* 2.46 £ 0.03* 1.77 £ 0.01%*#
(mmol/ g protein)
MDA kS * ek
11.31 £0.04 10.99 £ 0.07 14.1+0.21 15.3+£0.45 18.4 £ 0.57**#

(nmol/g protein)

*p < 0.05 vs control groups
**p < 0.01 vs control groups
# p<0.05vsgroups!l & 11

Epididymal spermatozoa

Normal sperm morphology by Giemsa staining
showed a normal head, normal mid-piece, and
normal straight tail (Fig. 1a). Sperms of Cyfluth-
rin treated group showed abnormally polygonal
heads, a missing middle piece with a very thin
tail (Fig. 1b), while sperms of the Pestban treat-

ed group showed different shapes of heads either
small oval, bent shape heads or absences of heads,
with a detached tail (Fig. 1c). Sperms of combined
Cyfluthrin & Pestban treated group showed ab-
sent heads, eroded midpiece, and irregular tail
(Fig. 1d). Abnormal morphology of sperms in the
study groups were described in Chart 1.

Fig. 1.- Sperm morphology in Giemsa staining (a): Normal sperm with normal head (arrowhead), normal midpiece (short head),
and normal straight tail (long arrow). (b): Sperms of Cyfluthrin-treated group show abnormally polygonal heads (arrowheads),
missing middle piece (short arrow) with very thin tail (long arrow). (c): Sperms of Pestban-treated group show different shapes
of heads either small oval (black arrowhead), bent shape head (blue arrowhead), or absences of the head (red arrow head), with a
detached tail (long arrow). (d): Sperms of combined Cyfluthrin-and-Pestba- treated group show absent heads (arrowheads), eroded
midpiece (short arrow), and irregular tail (long arrow). Giemsa x400. Scale bars = 40 um.
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The mean value of sperm motility, viability, and
count of the CYF group (II), PES group (III), and com-
bined treated group (IV) showed a highly significant
reduction when compared to those in the control
group. Additionally, rats treated with pesticides
(groups II and III) substantially (p 0.05) had higher
mean values of sperm head abnormalities than rats
in the control group. While rats in the CYF + PES
group (IV) showed the highest significant difference
(p < 0.01) when compared to those of control and in-
dividual CYF- and PES-treated groups (Il and III). All
data were expressed in (Table 4) and (Chart 2).

Table 4. Sperm count, motility, viability, and abnormal forms.

Reproductive toxicity of combined Cyfluthrin and Pesthan

Histopathological results

HE&E staining

The testicular tissue of the control group showed
normal-shaped seminiferous tubules, some with
patent lumina, but others showed aggregation of
sperms. They were separated by narrow intersti-
tial cells containing Leydig cells and blood vessels
(Fig. 2a). Myoid cells and all spermatogenic cell
phases were present in the majority of the semi-
niferous tubules (Fig. 2b).

The testicular parenchyma of the Cyfluth-
rin-treated group (II) showed irregularly shaped
seminiferous tubules, mostly showing a separa-
tion of germinal epithelium, irregularly arranged
germinal cells, or empty seminiferous tubules.
Thickened & edematous interstitial tissues with
very dilated and congested blood vessels were
noted (Fig. 3a). The primary spermatocytes were
either destructed or collected near the center. The
secondary spermatocytes were found near the
center, and some spermatids were noticed near
the basement membrane or irregularly distribut-
ed (Fig. 3b).

Control
Ia IIa
Sperm count (/ml) 92.55 +3.55 91.73+ 4.57
Sperm motility % 73.65 +22.4 73.46 £ 51.1
Sperm viability % 79.12 +23.4 78.32+22.5
Sperm abnormal forms (%) 9.98 +1.79 10.15+2.33

*p < 0.01 vs control groups

**p < 0.001 vs control groups

# p < 0.05 vs control groups
ap<0.05vsgroups II &III
b p <0.001 vs groups II & III

674

CYF PES CYF + PES
53.02 + 7.4* 55.00 + 6.1* 40.66+ 11.83%*a
57.74+13.3# 56.99 + 27.2# 32.42 +14.9%a
47.77 +12.1# 47.54 +23.5# 30.56 + 15.4%*a
22.50 + 2.15% 23.21 +1.33% 40.10 £ 4.21% b



Fig. 2.- Testicular tissue of a rat from the control group showing (a): The testicular parenchyma contains seminiferous tubules (ST),
some of their lumina were patent, but some showed aggregation of sperms (star). Seminiferous tubules are separated by narrow
interstitial cells (IS). (b): Each seminiferous tubule contains the myoid cells (M), spermatogonia (SG), Sertoli cells (Se), primary sper-
matocytes (pS), secondary spermatocyte (sS), and elongated spermatids (St) and spermatozoa (SZ). Leydig cells in the interstitial
tissues (LC). H&E staining. Scale bars: a = 40 um (x200) and b = 20 pm (x400).

Fig. 3.- Testicular tissue of a rat from the Cyfluthrin-treated group showing (a): The testicular parenchyma contains irregularly
shaped seminiferous tubules, mostly showing the separation of germinal epithelium (star) or irregularly arranged germinal cells
(arrow). Thickened and congested interstitial tissues (arrowheads) with very dilated and congested blood vessels (BV). (b): The
seminiferous tubules show great irregularity in the arrangement of germinal cells. The primary spermatocytes either destructed
(arrow) or (pS) near the center, the secondary spermatocytes (Ss) near the center, and some spermatids (St) lie near the basement
membrane or are irregularly distributed. Some tubules show normal spermatozoa (Sz) in their lumen. Others show empty spaces (*).
Notice dilated interstitial tissues (IS) or destructed (short arrows). H&E staining. Scale bars: a = 40 um (x200) and b = 20 pum (x400).

The testicular parenchyma of Pestban-treated
group (II1) showed a loss of interstitial spaces. Var-
ious components of seminiferous tubules were
either normal, irregularly distributed tissues or
destructed with linear germinal cells inning the
basement membrane (Fig. 4a). Some tubules
showed separation of germinal cells and were
lined by thick capsule with subscapular separa-
tion of tissues and very dilated subscapular blood
vessels. Some seminiferous tubules showed a col-
lection of germinal cells at the center and sper-
matids near the center. The interstitial tissues
showed infiltration and exudation (Fig. 4b).

The testicular parenchyma of the combined
Pestban- and Cyfluthrin-treated group (IV) were

lined by a very thick capsule with subscapular
separation, exudation, and congested blood ves-
sels. The interstitial tissues showed exudation and
congested and dilated blood vessels (Fig. 5a). The
seminiferous tubules showed separation of ger-
minal cells from the basement membrane with a
central collection of different germ cells (Fig. 5b).
Some tubules showed intralaminar hemorrhages
and necrotic areas (Fig. 5¢). The Spermatogonia
were condensed and enlarged. The primary sper-
matocytes were enlarged with pericellular space
and few in number. Secondary spermatocytes
were irregular in shape, linearly arranged, or col-
lected in rows. Most of the spermatids were small
(Fig. 5d).
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Fig. 4.- Testicular tissue of a rat from the Pestban-treated group showing (a): The testicular parenchyma shows loss of interstitial
spaces (IS). Varied components of seminiferous tubules; either normal (N), irregularly distributed tissues (Ir), or empty (E) with
linear germinal cells inning the basement membrane (short arrow). Some show the separation of germinal cells (star). (b): The
testicular parenchyma is lined by a thick capsule (C), subscapular separation (detached arrow), and very dilated subscapular blood
vessels (BV). The seminiferous tubules show destruction of their basement membranes (arrowheads), empty space (star), collected
germinal cells at the center (short arrow), and spermatids near the center (St). notice infiltration (In) and exudation (EX) in the in-
terstitial tissues. H&E staining. Scale bars: a = 40 um (x200) and b = 20 um (x400).

Fig. 5.- Testicular tissue of a rat from the combined Pestban-and-Cyfluthrin-treated group showing (a): The testicular parenchy-
ma lined by a very thick capsule (short arrows), subscapular separation (detached arrow) with exudation(ex) and congested blood
vessels (BV) of subcapsular area. The interstitial tissues showed exudation (ex), congested and dilated blood vessels (BV) with
Leydig cells (LC). The seminiferous tubules show the separation of the germinal cell (star). The seminiferous tubule (ST1) shows
condensed spermatogonia (SG), irregular secondary spermatocytes (sS), and exudation(ex). (ST2) shows enlarged primary sper-
matocytes (Ps) with pericellular space (arrow), linear arranged secondary spermatocytes (sS), small spermatid (arrowheads), sper-
matozoa (sz) with a central collection of different germ cells (long arrow). (ST3) appears normal. (b): Varied seminiferous tubules.
(ST1) shows condensed rows of secondary spermatocytes (sS), linear & little spermatozoa (sz) with centrally located germinal cells
(*). (ST2) shows enlarged spermatogonia (SG) and primary spermatocytes (pS) with little secondary spermatocytes (sS). (ST3) shows
enlarged spermatogonia (SG). Notice enlarged blood vessels (BV). (¢): The seminiferous tubules show intralaminar hemorrhages
(Hg), separation of germinal cells away from the basement membrane (star), and necrotic areas (arrows). (d): the section shows
thickened capsule (arrow) with subscapular hemorrhage (Hg), dilated blood vessels (BV) and exudation of interstitial tissues. The
subscapular seminiferous tubule shows a separation of the germinal cell (star) with condensed spermatozoa in the center (SZ). The
seminiferous tubule (ST1) shows intraluminal exudation (ex), and enlarged spermatogonia (SG) with few and enlarged primary
spermatocytes (pS). (ST2) shows enlarged & widespread spermatogonia (SG). H&E staining. Scale bars = 20 um (x400).



PAS staining

The control-group rats showed normal testicu-
lar morphology with PAS-positive germ cells and
basement membranes of all seminiferous tubules
(Fig. 6a). The CYF-treated group showed dense
PAS stain of interstitial tissues with destructed
basement membrane and separated germ cells
(Fig. 6b). The PES-treated group showed mild
positive PAS stain in the basement membrane of
tubules, and some parts showed destruction (Fig.
6¢). The combined PES- and CYF-treated groups
showed a very light PAS stain and loss of greater
parts of the basement membrane of seminiferous
tubules, with few and irregularly distributed ger-
minal cells (Fig. 6d).

Immunohistochemical results

The control groups showed strong positive cyto-
plasmic brown stains with Melan-A mainly in the
interstitial cells of Leydig and in some myoid cells
(Fig. 7a). The Cyfluthrin-treated group showed
moderate brown stain in some intact interstitial

cells of Leydig, but abnormally collected cells Ley-
dig cells showed a negative stain (Fig. 7b). The
Pestban-treated group showed a faint brown stain
in the interstitial cells of Leydig, in the Sertoli cells
and in the myoid cells (Fig. 7c). The combined
Pestban-and-Cyfluthrin-treated group showed
faint and linear brown staining in the damaged
Leydig cells (Fig. 7d). The significant differenc-
es between the study groups were presented in
Chart 3.

Fig.6. Light microscopy of testicular tissue in different groups stained with periodic acid-Schiff (PAS). (a) Control rat, showing
normal testicular morphology with PAS-positive of germ cells and basement membranes of all seminiferous tubules. (b) Cyfluth-
rin-treated group shows dense PAS stain of interstitial tissues (IS), destructed basement membrane (thick arrow) with separated
germ cells (¥). (c) Pestban treated group shows mild positive PAS stain of the basement membrane of tubules and some parts
showed destruction (arrowhead). (d) combined Pestban-and-Cyfluthrin-treated group shows very light PAS stain with loss of great-
er parts of the basement membrane of seminiferous tubules (arrowheads) with little and irregularly distributed germinal cells

(arrows). PAS staining. Scale bars = 20 pum (x400).
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Fig. 7.- Rat testicular tissue of different groups, immuno-histochemical stained with anti-Melan-A. (a): The control group shows
strong positive cytoplasmic brown stain mainly in the interstitial cell of Leydig (black arrows) and in some myoid cells (yellow ar-
row). (b): Cyfluthrin treated group shows moderate brown stain in some intact interstitial cells of Leydig (arrow), but abnormally
collected cells (elbow arrow) showed negative stain. (c): Pestban treated group shows a faint brown stain in the interstitial cell
of Leydig (black arrow), in the Sertoli cells (red arrows), and in myoid cells (yellow arrow). (d): combined Pestban- and-Cyflu-
thrin-treated group shows faint and linear brown staining in the damaged Leydig cells. (Immunohistochemical staining of an-
ti-Melan-A). Scale bars: a,d = 100 um; b,c = 50 um.

Fig. 8.- Electron micrographs of the control group rat’s testis. (a): Spermatogonia (Sg) contains a rounded nucleus with periph-
eral heterochromatin clumps resting on a regular basement membrane (BM), Primary spermatocytes (Ps) with rounded nuclei.
(b): Secondary spermatocyte (Ss) with large rounded nuclei with heterochromatin clump at one pole (arrow). It is surrounded by
mitochondria (M) and lysosomes (L). (c): Sertoli cell (Sc) has a pale euchromatic nucleus with prominent nucleolus (n) and shows
small nuclear enfolding (arrowhead). Notice spermatogonia (Sg) resting on the basement membrane (BM), with part of primary
spermatocytes (Ps). (d): Spermatid (St) is composed of a head with an acrosomal cap (AC), middle piece (pointed arrow), cytoplas-
mic vacuoles (white arrow), annulus (arrowhead), and excess mitochondria (M). (e): Leydig cells (L.C) showing euchromatic nuclei
(N) with peripheral heterochromatin with euchromatic nucleolus (n). Their cytoplasm contains mitochondria (M) and lipid droplets
(L). Scale bars: a,c =1 um; b,d,e =2 pm.



Electron microscopic results

Electro micrographs of the control rat’s testis
showed spermatogonia with rounded nuclei and
peripheral heterochromatin clumps resting on a
regular basement membrane. The Primary sper-
matocytes had rounded nuclei (Fig. 8a), while the
secondary spermatocyte showed large rounded
nuclei with heterochromatin clump at one pole
(Fig. 8b). The Sertoli cell showed a pale euchro-
matic nucleus and prominent nucleolus with
small nuclear enfolding (Fig. 8c). The Spermatid
was composed of a head with an acrosomal cap,
middle piece, annulus, and excess mitochondria
(Fig. 8d). Leydig cells showed euchromatic nuclei
with peripheral heterochromatin and euchro-
matic nucleolus; their cytoplasm contained mito-
chondria and lipid droplets (Fig. 8e).

The Cyfluthrin-treated group (II) showed that
the Sertoli cell had a pale euchromatic nucleus
with very small nucleolus, and showed large nu-
clear enfolding lying nearer the thick basement
membrane (Fig. 9a). The spermatogonia was
elongated, had dark peripheral heterochromatin,
and rested on a thick basement membrane; its

cytoplasm contained enlarged mitochondria (Fig.
9hb). The secondary spermatocyte nucleus showed
irregular dense chromatin and an electron-dense
body at its periphery, and its cytoplasm contained
enlarged rough endoplasmic reticulum (Fig. 9c).
The spermatid was composed of an enlarged ir-
regular nucleus and a thin elongated acrosomal
cap with residual filaments in front of it. Its cyto-
plasm contained enlarged mitochondria. Part of
the sperm flagellum was surrounded by a huge
cytoplasm (Fig. 9d). Differently shaped Leydig
cells were noticed, either with oval nuclei, elon-
gated with a small nucleus, or irregularly showing
peripheral euchromatin with distributed chroma-
tin. Their cytoplasm contained few lipid droplets
(Fig. 9e).

The Pestban-treated group (III) showed pale and
irregular Sertoli cells with a euchromatic nucleus,
small nucleolus, and too large nuclear enfolding
(Fig. 10a). The primary spermatocyte was en-
larged, oval, and surrounded by polar perinucle-
ar space. Its cytoplasm contained shrunken mi-
tochondria. The spermatogonia had an enlarged
oval-shaped nucleus with a linear collection of

Fig. 9.- Electron micrographs of the testis of Cyfluthrin-treated group. (a): Sertoli cell (Sc) has a pale euchromatic nucleus with
very small nucleolus (arrowhead) and shows large nuclear enfolding (arrow) and lies nearer to a thick basement membrane (BM).
(b): elongated Spermatogonia (Sg) with dark peripheral heterochromatin (arrowhead) and resting on thick basement membrane
(BM). Its cytoplasm contains enlarged mitochondria (M). (c): Secondary spermatocyte (Ss) containing irregular dense chromatin
(arrow) and electron-dense body at the periphery of the nucleus (arrowhead). Its cytoplasm contains enlarged rough endoplasmic
reticulum (rER). (d): Round spermatid (St) composed of enlarged & irregular nucleus (N), thin & elongated acrosomal cap (AC) with
residual filaments in front it (arrow). Its cytoplasm contains enlarged mitochondria (M). Part of sperm flagellum (SF) surrounded
by huge cytoplasm (arrowhead) (e): Different shaped Leydig cells (L.C) either oval nucleus (white N), elongated (black N) with small
nucleus (n) or irregular showing peripheral euchromatin (arrow) with distributed chromatin (*). Their cytoplasm contains few lipid

droplets (L). Scale bars: a =1 um; b =500 nm; c,d,e = 2 ym.

Heba El Sayed Mostafa et al.

679



680

Reproductive toxicity of combined Cyfluthrin and Pesthan

Fig. 10.- Electron micrographs of the testis of Pestban-treated group. (a): Sertoli cell (Sc) has a pale, irregular, and euchromatic nucle-
us with small nucleolus (n) and shows two large nuclear enfoldings (arrowheads). (b): Primary spermatocyte (pS) appears enlarged,
oval in shape, and surrounded by polar perinuclear space (arrow). Its cytoplasm contains shrunken mitochondria (M). Spermatogo-
nia (Sg) with enlarged and oval-shaped nucleus and resting on basement membrane (BM). It shows a linear collection of dense chro-
matins (arrowheads), also surrounded by polar perinuclear space (arrow). (¢): Shrunken primary spermatocyte (pS) nucleus with a
dark euchromatic edge (arrow) and surrounded by enlarged Golgi apparatus (g). Secondary spermatocyte (Ss); that’s its cytoplasm
contains excess lysosomes (L). (d): Long spermatid composed of a head with a small nucleus (N), acrosomal cap (Ac), degenerated
middle piece (arrowhead), and very thick flagellum (black arrow) with the turned end (white arrow). (e): sperm flagellum with wide
central vacuole (star) and thick polar fibrous sheath (FS), or with multiple internal vacuoles (*). Notice completely necrosed flagellum
(arrowheads) or with thick rim with loss of internal structures (white arrow). (f): Leydig cell (LC) with irregular nucleus (N). its cyto-
plasm contains few lipid droplets (white L), excess (lysosomes (black L), and many vacuoles (V). Scale bars: a,f = 2 um; b,c,d,e = 1 pm.

Fig. 11.- Electron micrographs of the testis of the combined Pestban-and-Cyfluthrin-treated group. (a): spermatogonia (Sg) which
show dark euchromatic rim at one pole and nuclear infoldings at another pole (arrow). Sertoli cell (Sc) has an irregular nucleus with
a small nucleolus (n) and shows many nuclear infoldings (arrowheads). Its cytoplasm contains a lot of lysosomes (L). (b): Primary
spermatocyte (pS) with chromatin clumps at the periphery of the nucleus (arrow). Its cytoplasm shrunken mitochondria (M), ly-
sosomes (L), and empty space (star). (¢): Primary spermatocyte (pS) with long and euchromatic nucleus. Secondary spermatocyte
(Ss); with shrunken nucleus (N). (d): abnormal spermatid with enlarged nucleus (N), huge middle piece (white arrow), and thick
flagellum (arrow). (e): different sperms flagellum (SF) either completely fibrosed fibrous sheath (arrowheads)) or very thick with a
small central hole (pointed arrow) or with destructed rim (arrow). (f): Leydig cell (LC) with nearly oval nucleus (N) and small polar
nucleolus (n). Its cytoplasm contains lipid droplets (L), excess vacuoles (V), and deposited dense particles (arrows). Scale bars:
a,b,ce=1pum;d,f=2pum.



dense chromatins, also surrounded by polar peri-
nuclear space (Fig. 10b), shrunken primary sper-
matocyte nucleus with dark euchromatic edge
and surrounded by enlarged Golgi apparatus. The
cytoplasm of the secondary spermatocyte con-
tained excess lysozymes (Fig. 10c). The spermatid
was composed of the head with a small nucleus,
acrosomal cap, degenerated middle piece, and
very thick flagellum with a turned end (Fig. 10d).
The sperm flagellum showed a wide central vac-
uole and a thick polar fibrous sheath, sometimes
completely necrosed (Fig. 10e). The Leydig cells
showed an irregular nucleus, and their cytoplasm
contained few lipid droplets, excess lysosomes,
and many vacuoles (Fig. 10f).

The testicular tissues of the combined Pest-
ban-and-Cyfluthrin-treated group (IV) showed
the spermatogonia with a dark euchromatic rim
at one pole and nuclear infoldings at another pole.
The Sertoli cell owned numerous nuclear infold-
ings, small, irregular nuclei, and a large num-
ber of lysosomes in its cytoplasm (Fig. 11a). The
nucleus of the primary spermatocyte displayed
chromatin aggregates at its perimeter, and its cy-
toplasm displayed vacuolations, lysosomes, and
reduced mitochondria (Fig. 11b). The nucleus of
the secondary spermatocyte was small (Fig. 11c).
All of the spermatids in this group had abnormally
thick flagella with a variety of defects, including
either a totally thickened fibrous sheath or a very
thick flagellum with a small central hole (or with a
destroyed rim) (Fig. 11d, e). The Leydig cells dis-
played a tiny polar nucleolus and an oval nucle-
us. Lipid droplets, extra vacuoles, and deposited
dense particles were noticed in their cytoplasm
(Fig. 11f).

DISCUSSION

Reproductive health is gradually deteriorating
due to multiple endogenous and exogenous fac-
tors, such as environmental pollutants and en-
docrine disruptors, including pesticides (Singh
et al., 2014). Over the previous decades, male in-
fertility has obtained pronounced interest world-
wide. The diminished sperm concentration is an
exceptional problem which has appeared in the
European and African populations in the last 50
years (Zhang et al., 2021).

Pesticide toxicity is occasionally constrained to
single chemical exposure. However, people are
usually subjected to different chemicals in their
daily activities. This blended and mixed exposure
can result in deteriorating health effects (Rani et
al., 2021). In the present study, we tried to investi-
gate reproductive toxicity triggered by single and
mutual exposure to CYF and PES. Oral dosing of
CYF, PES, and their combination for 60 days in
our study triggered a significant decrease in the
body weight and testis weight when compared
to the control group, which agreed with previous
research that studied mixtures of different pesti-
cides (Wang et al., 2009; Sf et al., 2011; Abdel-Ra-
him et al., 2014).

Authors have suggested that the decreased body
weight gain might be due to anorexia and associ-
ated lowering of food intake. Also, Iyyadurai et al.
(2014) and Rajawat et al. (2014) reported a signifi-
cant reduction in body weight of CYF-treated rats,
due to its cytotoxic effect on somatic cells with
direct cytotoxic action of PYR insecticide on the
testicular tissues.

This theory was supported by others (Ghorba-
ni-Taherdehi et al., 2020). They explained that OP
and PYR exposure resulted in regressive and ne-
crotic testicular changes, in addition to decreas-
ing the germ cell numbers and spermatozoa.
Alaa-Eldin et al. (2017) reported that a decrease
in testicular weight might be directly related to re-
duced serum testosterone, FSH, and LH levels, as
observed in the current study.

In the present study, the mean values of serum
testosterone, follicle-stimulating hormone (FSH),
and luteinizing hormone (LH) levels in CYF group
and PES group decreased significantly. Rats in
combined treated group displayed highly signifi-
cant declines.

The results of the current study coincided with
Zidan (2008), who reported that OP exposure at
different doses could reduce testosterone levels.
Kang et al. (2004) discussed that decreased tes-
tosterone level was associated with defects in go-
nads and suppression of LH and FSH levels. Kita-
mura et al. (2003) explained that PES could act as
androgen receptor antagonists or suppress genes
related to hypothalamic gonadotropin synthesis
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(LH and FSH) or steroidogenesis. Sharma et al.
(2005) reported similar results after exposure to
PYR. Joshi et al. (2003) explained that lowering
reproductive hormones in male rats suggests ex-
tra-testicular targets of PYR. CYF may influence
the hypothalamus-pituitary axis. LH stimulates
Leydig cells to produce testosterone; hence, a de-
crease in LH may be also a contributing factor to
the low level of testosterone. PYR pesticides pose
anti-gonadal action or deprived levels of andro-
gens that resulted in decreased levels of male
gonadal hormones, mitochondrial membranes
alteration and damage in Leydig cells, down-reg-
ulating expression of gene signaling for essential
proteins, and decreased sperm health.

In the present study, oxidative stress load (MDA)
in individually CYF- and PES-treated rats showed
a significant increase compared with the control
group, while they significantly increased in CY-
F+PES-treated group showed highly significant
increases compared to other groups. Various
studies regarding OP including PES-induced ox-
idative stress in diverse tissues bolstered the re-
sults of current studies (Nurulain et al., 2013).

Exposure to broad OP pesticides from different
sources builds indices of oxidative stress in cells,
animals, and humans. These pesticides raise the
production of ROS and stimulate alterations in
endogenous antioxidant enzymes leading to free
radical-mediated lipid peroxidation. In addition
to declined antioxidant capacity, free radical-me-
diated DNA damage, and lipid peroxidation (Pear-
son and Patel, 2016).

During PYR metabolism, reactive oxygen spe-
cies (ROS) are produced, leading to oxidative
stress. Excess production could have damaging
effects on cell membranes in the testes (Stewart
et al., 2016). Our results were similar to Martinez
et al. (2019), who reported that CYF induced a sig-
nificant ROS generation, and lipid peroxides pre-
sented as malondialdehyde.

The results of the present study for sperm anal-
ysis revealed that single pesticide treatments sig-
nificantly reduced sperm motility, viability, and
count, whereas sperm head abnormalities in-
creased significantly. Also, rats in the combined
group showed the highest significant difference

when compared with those of other groups. These
results agreed with Farag et al. (2010), who report-
ed that CPF oral gavage showed marked decrease
in sperm count, motility, and an increased per-
centage of abnormal forms. Sperm count reduc-
tion observed in the present study may be direct-
ly related to decreased serum testosterone level
leading to gradual inhibition of the spermatogene-
sis process or due to low FSH and LH levels (Shar-
ma et al., 2005). Moreover, reduced sperm motility
could be attributed to distressed mitochondrial
and intracellular ATP activity, altered fructose syn-
thesis, and attrition of spermatozoan microtubule
structure in pesticide-treated rats (Heikal et al.,
2014). In accordance with our results, Prakash et
al. (2010) explained that Cypermethrin admin-
istration led to enzymatic alterations in testes as
well as disruption of testosterone synthesis. These
changes may cause abnormal sperms leading to
complete male sterility.

Yousef et al. (2003) suggested that PYR-in-
duced male reproductive toxicity through a hor-
mone-disrupting mechanism and a neuro-en-
docrine-mediated phenomenon. PYR interacts
competitively with androgen receptors and sex
hormone-binding globulin disrupting the endo-
crine system by mimicking the effect of the female
hormone estrogen, leading to low sperm counts.
Also, PYR exposure could evoke reactive oxygen
species production and subsequently DNA dam-
age, which adversely affects sperm motility and
viability, and increases abnormal forms (Bian,
2004). Oxidative damages associated with PYR
could mainly affect both Sertoli and Leydig cells.
Sertoli cells are accountable for supporting de-
veloping germ cells. So, sperm motility would be
expected to decline following a decrease in serum
testosterone concentration (Stewart et al., 2016).

According to the results of the present study,
histological damage was observed in individually
treated groups (II) and (III), but it was pronounced
in mutual treatment in the combined group.

These results agreed with Rajawat et al. (2014),
who stated that CYF caused varied testicular his-
topathological damage. For example, the germinal
epithelium showed shrunken and broken areas,
seminiferous tubules were displaced, and the lu-
minal diameter became narrower with widening



the interstitial spaces. Also, our results matched
with Dohlman et al. (2016), pointing to cellular
damage following CYF exposure due to oxidative
stress.

Our findings coincided with Kalender et al.
(2012), who reported degeneration, necrosis, and
decreased spermatogenic cells in some seminif-
erous tubules of CPF-treated rats (main consti-
tutes of PES). Mosbah et al.(2016) observed a total
loss of germinal cells (all the stages) with severe
degeneration of seminiferous tubules.

The testicular changes in the current study fol-
lowing PES exposure could be referred to its abil-
ity to generate oxidative stress in different tissues
and organs, leading to oxidative damage and del-
eterious pathological changes in the testis (Farag
etal., 2010). It has been documented that OP com-
pounds can cross the blood-testis barrier and di-
rectly degenerate the spermatogenic and Leydig
cells (Uzun et al., 2009).

The histopathological observations in the CYF
group were near the results by Elbetieha et al.
(2001), who studied the toxic effects of some syn-
thetic PYR (cypermethrin). They found a signifi-
cant reduction in seminiferous tubule cell layers,
with excessive histopathological changes. Ahmad
et al. (2012) noted spermatogenesis inhibition
with giant cell formation related to disturbed ste-
roidogenesis induced by cypermethrin exposure.

Our electron microscopic results revealed obvi-
ous damage in the cytoplasmic organelles in most
cells of the seminiferous tubules in the rats indi-
vidually and co-treated with CYF and PES, which
point to functional changes of these cells. Accord-
ing to Joshi et al. (2011), mitochondria are the vi-
tal organelles representing cellular damage, and
pesticide-derived mitochondrial pathologies are
well known.

Spermatid organelles abnormalities found in
the combined CYF-and-PES-treated group in our
results were similar to those reported by Iwan and
Golec, (2020), who observed a significant reduc-
tion in intraluminal sperm concentrations follow-
ing PYR treatment.

El-Gerbed (2013) stated that pesticides were
classified as the foremost toxic chemicals that

target Sertoli cells. It was assumed that the Ser-
toli cells facilitate all metabolic exchange with the
systemic compartment. The present ultrastruc-
tural study revealed marked damage to the Sertoli
cell components in the combined group.

Our immunohistochemical results using
Melan-A were in accordant with Zhang et al.
(2017) who focused on the role of oxidative stress
on the viability and functions of the Leydig cells.
Similarly, Shojaeepour et al. (2021) used Melan-A
to investigate the possible role of Sertoli cells in
processing the routes of Cadmium-induced tes-
ticular injury. Sertoli cells gathered and produced
multinucleated giant cells in the seminiferous
tubules throughout the atrophic process, which
could be dependent upon Sertoli cells viability
and function.

Sertoli cells play supportive and nourishing
roles for germ cells in seminiferous tubules. So,
they are involved in testis formation and sper-
matogenesis. Melan-A is considered one of the
important markers more expressed by Sertoli
cells (Meroni et al., 2019).

In conclusion, when considering the results for
different PYR, including CYF studies, researchers
found that all PYR types damaged the reproduc-
tive system of adult males. All the following pa-
rameters are inversely affected by PYR exposure:
testis weight, sperm count, sperm morphology,
sperm motility, and serum testosterone level, all
are inversely affected (Zhang et al., 2018). OP and
PYR co-exposure led to an excess reduction in re-
productive organs’ weight and a lower level of sex
hormones (testosterone, FSH, and LH) than each
pesticide alone, which was confirmed by histo-
logical and ultrastructural disorganization of the
testis. Organophosphate pesticides can cross the
blood—testicular barrier and cause degeneration
of the spermatogenic epithelium and Leydig cells
(Moreira et al., 2021).

Abd-Elhakim et al. (2021) recorded a synergis-
tic outcome between two pesticides’ (OP and PYR)
co-exposure in almost all estimated parameters.
Synergism and potentiation observed in the cur-
rent study could be associated with ROS excess
generation inducing more suppression of an es-
sential silent information regulator type-1/ telo-
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merase reverse transcriptase (TERT), and per-
oxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a) pathway to give rise
to this synergistic effect. In this condition, Ma et
al. (2019) stated that mixing or co-administration
of pesticides that have androgenic antagonistic
prosperities could act mutually, especially at the
receptor level.

CONCLUSION

The present study indicated that single and
mixed exposure to Cyfluthrin and Pestban had
deleterious effects on the male reproductive sys-
tem that could induce infertility. They impaired
reproductive functions through abnormal repro-
ductive parameters such as sperm count and via-
bility. The testicular structural and ultra-structur-
al outcomes confirmed the severely impaired and
apoptotic germ cells. These findings were more
prominent in co-exposure.
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