
Contents lists available at ScienceDirect

Toxicology and Applied Pharmacology

journal homepage: www.elsevier.com/locate/taap

Nano selenium protects against deltamethrin-induced reproductive toxicity
in male rats
Heba F. Hozyena,⁎, Heba M.A. Khalilb, Rehab A. Ghandourc, Asmaa K. Al-Mokaddemd,
M.S. Amere, Rehab A. Azouzf
a Animal Reproduction and Artificial Insemination Department, National Research Centre, Egypt
b Veterinary Hygiene and Management Department, Faculty of Veterinary Medicine, Cairo University, Egypt
c Physiology Department, Faculty of Veterinary Medicine, Cairo University, Egypt
d Pathology Department, Faculty of Veterinary Medicine, Cairo University, Egypt
e Surgery, Anesthesiology, and Radiology Department, Faculty of Veterinary Medicine, Cairo University, Egypt
f Toxicology and Forensic Medicine Department, Faculty of Veterinary Medicine, Cairo University, Egypt

A R T I C L E I N F O

Keywords:
Nano selenium
Deltamethrin
Sperm characteristics
Oxidative status
Sexual behavior
Histopathology

A B S T R A C T

Greater understanding of the efficiency of nanoparticles will assist future research related to male reproductive
performance. The current study was performed to assess the potency of selenium nanoparticles (SeNPs) in al-
leviating deltamethrin (DLM)-induced detrimental effects on sperm characteristics, oxidative status, sexual be-
havior, and the histological structure of the testes and epididymis in male rats. Thirty-two male Wister rats were
divided into four groups according to treatment received orally by gavage 3 times/week for 60 days; control,
DLM (0.6 mg/kg bwt), SeNPs (0.5 mg/kg bwt), and DLM-SeNPs groups. DLM caused a significant reduction in
sperm count, motility, and viability percent, as well as in body weight and serum testosterone level, blood total
antioxidant capacity (TAC), and glutathione peroxidase (GPx) activity. The DLM-treated group showed a sig-
nificant increase in blood malondialdehyde (MDA) concentration and sperm abnormalities (%), as well as a
significant reduction in sexual activity, manifested as an increase in mount, intromission, or ejaculation latency
and a reduction in mount or intromission frequency. These toxic effects were confirmed by histological al-
terations, represented by a significant reduction in the diameter of the seminiferous tubules and spermatogen-
esis. Conversely, treatment with SeNPs improved DLM-induced negative effects on sperm characteristics, tes-
tosterone, and antioxidant biomarkers, as well as behavioral and histopathological alterations. The SeNPs
treated group showed improved semen parameters, antioxidant status, and sexual performance. In conclusion,
SeNPs may represent an effective treatment for reducing the detrimental effects of DLM on male fertility, and
lead to enhanced male reproductive performance.

1. Introduction

Pyrethroids are one of the most commonly used classes of in-
secticides worldwide. However, pyrethroids have been reported to ad-
versely affect fertility and sperm characteristics, and result in testicular
degeneration after repetitive exposure (Weselak et al., 2008; Wang
et al., 2011). Deltamethrin (DLM) is a synthetic pyrethroid type II that
is frequently used in veterinary applications to control ectoparasites
(Barlow et al., 2001). Likewise, DLM has been reported to induce tes-
ticular damage in adult male Wistar rats (Ismail and Mohamed, 2012).
Yousef et al. (2006) established the generation of reactive oxygen
species (ROS) as a consequent to the metabolism of pyrethroids.
Moreover, oxidative stress due to ROS overproduction was associated

with damaging effects on sperm and male reproductive performance
(Akiyama, 1999).

Selenium is a potent antioxidant that plays a critical role in the male
reproductive system of both animals and humans (Kryukov et al., 2003;
Papp et al., 2007). However, selenium has a narrow margin between
beneficial and toxic effects, and consequently, selenium toxicity is an
important concern (Zhang et al., 2008). Nanotechnology holds poten-
tial for both nutrition and biomedical applications since nanomaterials
show novel properties that are different from their bulk materials
(Albrecht et al., 2006). In this context, the synthesis and bioactivity of
selenium nanoparticles (SeNPs) has attracted increasing interest as they
show lower toxicity among the different forms of selenium (Zhang
et al., 2008). In addition, numerous studies have shown that SeNPs
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possesses lower toxicity and enhanced bioefficacy and biocompatibility
compared to organic and inorganic selenocompounds (Jia et al., 2005;
Zhang et al., 2005; Wang et al., 2007). Khalaf et al. (2019) reported that
SeNPs could be used as reproductive protective agent against the det-
rimental effects induced by bisphenol in male rats. Also, it has been
confirmed that SeNPs could afford protection against monosodium
glutamate toxicity in male mice (Hamza and Diab, 2020).

Spermatogenesis and the quality of spermatozoa have been reported
to be enhanced by SeNPs, and administration of SeNPs has been shown
to improve semen quality in goat bucks (Shi et al., 2010; Abd-Allah and
Hashem, 2015) and rats (Ghazanfarpoor et al., 2014). However, there is
limited understanding of the effects of SeNPs on male fertility and
whether they could protect against DLM-induced reproductive toxicity.
Therefore, in the present study, we sought to test the hypothesis that
SeNPs could alleviate the detrimental effects of DLM on male fertility.
To this end, we assessed a variety of endpoints, including sperm char-
acteristics, body weight, serum testosterone level, oxidative status,
sexual behavior, and histopathology in order to establish the mechan-
isms of action of both a DLM-based commercial formulation and SeNPs
on male reproductive performance.

2. Materials and methods

2.1. Ethical approval

All procedures involving animals were performed in accordance
with the Guide for the Care and Use of Laboratory Animals (National
Research Council [U.S.], 2011) and were approved by the Veterinary
Institutional Animal Care and Use Committee (Vet-IACUC) (Approval
Number: VetCU03252019030) of Cairo University.

2.2. Synthesis and characterization of SeNPs

SeNPs were synthesized according to the method of Chen et al.
(2011), with some modifications. In brief, 4 g of Na2SeO3 (Loba
Chemie, India; MW = 173.01) and 4 g glucose (ADWIC, Egypt) were
dissolved in a 200 mL 1:1 solution of ethylene glycol (Merck Schu-
chardt-Hohenbrunn, Germany) and H2O. The beaker holding the re-
actants was then sealed and put in an oven previously set to a tem-
perature of 80 °C. After the reaction proceeded for 1 h, the beaker was
removed and the particles were washed several times with distilled
water.

Powder X-ray diffraction (XRD) measurements were recorded on a
PANalytical (Empyrean) X-ray diffraction using Cu Kα1 radiation
(wavelength, 1.5406 Å) at an accelerating voltage of 40 kV, current of
30 mA, scan angle of 5–80° range, and scan step of 0.02°. Size and
morphology of SeNPs were studied by scanning electron microscopy
(SEM, QUANTA FEG 250). Compositional analysis was performed using
energy dispersive analysis of X-rays spectroscopy (EDAX) microanalysis
system coupled to SEM.

2.3. Animals and housing

A total of 32 adult male and 16 adult female Sprague Dewally rats
were obtained from a private animal house in Giza district, Cairo. They
were housed at 4 per cage in plastic shoebox-type cages
(50 × 30 × 20 cm) with stainless steel wire lids. Cages were supplied
with saw dust as a bedding material (1–2 cm thick). An ordinary ba-
lanced diet (22.75% protein, 4.63% fats, and 5.35% fibers) and tap
water were provided ad libitum. Rats were maintained on a 12:12 h
light/dark cycle, at a constant temperature (20 ± 2 °C) and relative
humidity (55%).

2.4. Ovariectomy of female rats

All females were ovariectomized using standard aseptic surgical

procedures. Animals were completely anaesthetized by intraperitoneal
injection of ketamine (80 mg/kg) and xylazine (10 mg/kg), and
maintained by isoflurane. A 3-cm long mid-ventral skin incision was
performed according to the method described by Li-Hong et al. (2014),
and the bilateral ovaries and ovarian fat were removed. The wound was
sutured in two layers (muscle and skin) using sterile suture materials.
The peritoneum and muscle layers were sutured with one absorbable
suture (Dexon® Ethicon chromic sutures-3/0, Johnson & Johnson Ltd.,
India), and the skin was closed with one non-absorbable suture (Mer-
silk® sutures-3/0, Johnson & Johnson Ltd., India). Post-surgically, an
antibiotic course of Ceftriaxone HC 25 mg/kg was administered once
daily for 5 days, and the analgesic Meloxicam s.c 1 mg/kg (Metacam ®
Boehringer Ingelheim Vetmedica, Inc. Duluth, Georgia) was adminis-
tered for 3 successive days. Females were given at least 1 week of re-
covery from surgery prior to initiating behavioral testing. Hormonal
replacement was used to induce estrus in the ovariectomized females;
this consisted of subcutaneous injections of estradiol benzoate (Sigma
Chemical, Co. St. Louis MO, 20 μg/rat) in 0.1 mL sesame oil and pro-
gesterone (Sigma Chemical, Co. St. Louis MO, 500 μg/rat) in 0.1 mL
sesame oil, 48 h and 4 h, respectively before the testing session.

2.5. Experimental protocol

After a 1-week acclimatization period, the rats were randomly di-
vided into the following four groups (8 rats each): Group I (vehicle
control), animals were administrated corn oil orally by gavage 3 times/
week for 60 days; group II (DLM), rats were administrated 0.6 mg/kg
bwt commercial DLM containing 2.5% active principle (Bridge Trade
Company, Egypt) orally by gavage for 60 days (Oda and El-Maddawy,
2012); group III (SeNPs), rats were administrated 0.5 mg/kg bwt SeNPs
(Abou Zaid et al., 2017) orally by gavage for 60 days; and group IV
(DLM-SeNPs), rats were administrated orally 0.6 mg/kg bwt commer-
cial DLM and 0.5 mg/kg bwt SeNPs by gavage for 60 days.

2.6. Semen quality assessment

A- Sperm count and sperm motility (%)

At end of the experiment, semen samples were collected from male
rats in all experimental groups. The sperm count and motility (%) in the
cauda epididymis of the control and treated rats were determined ac-
cording to the method of Prasad et al. (1972). In brief, the epididymis
was minced and the supernatant fluid was diluted 1:100 with a solution
containing 5 g NaHCO3, 1 mL formalin (35%) and 25 mg eosin per
100 mL distilled water. Diluted semen was delivered into each counting
chamber of the Neubaur haemocytometer and sperms were counted in
the large five squares under a light microscope at×200 magnification.
Sperm motility was assessed microscopically after dilution with 2 mL
trisbuffer solution. At least 200 spermatozoa were counted and the
percentage of motility was evaluated at×400 magnification.

B- Sperm viability (%) and abnormal spermatozoa (%)

The sperm viability of cauda epididymal sperms was estimated by
mixing epididymal contents of each rat with eosin–nigrosin stain. The
semen was thoroughly mixed with the stain and thin film was spread on
a clean glass slide. Two hundred sperms were randomly examined per
slide at×400 magnification and viability percentages were calculated
(Talbot and Chacon, 1981). A total of 300 sperm were counted on each
slide using a light microscope at ×400 magnification, and the per-
centages of morphologically abnormal spermatozoa were recorded ac-
cording to Evans and Maxwell (1987).

2.7. Body weight and relative testes weight

Final body weight and weight of testes of each rat were measured at
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the end of experiment. Testes relative weight (the organ index) was
calculated based on body weight according to the following formula:
(weight of organ/animal weight) * 100.

2.8. Biochemical assessment

Blood samples were collected at the end of experiment into plain
tubes, and centrifuged at 3000 r.p.m. for 10 min to obtain serum. Serum
samples were kept at −20 °C until the assessment of serum testosterone
levels and oxidative stress biomarkers.

A- Serum testosterone

Serum testosterone levels were assayed using ELISSA kits from DRG,
Germany, as described by Marcus and Durnford (1985). The assay de-
pended on competition of the sample testosterone and horseradish
peroxidase- testosterone (enzyme-labeled testosterone) for binding on
the limited number of anti-progesterone sites on the micro plates. The
absorbance was then measured by ELISSA reader at 450 nm.

B- Oxidative stress biomarkers

Malondialdehyde (MDA) and total antioxidant capacity (TAC) levels
were determined colorimetrically using kits purchased from
Biodiagnostic, Egypt according to the methods of Ohkawa et al. (1979)
and Koracevic et al. (2001), respectively. For MDA, chromogen and 2-
thiobarbituric acid (25 mmol/L) were mixed with serum in test tubes
covered with glass bead, vortexed and heated for 30 min in a boiling
water bath. After cooling, absorbance of the resultant pink product was
measured at 534 nm against blank. The determination of TAC based on
the reaction of antioxidants in the sample with a defined amount of
exogenously provide hydrogen peroxide (H2O2), the antioxidants in the
sample eliminated a certain amount of the provided hydrogen peroxide
and the residual H2O2 was determined colorimetrically by an enzymatic
reaction which involved the conversion of 3, 5, dichloro-2-hydroxy
benzene sulphonate to colored product. GPx activity was estimated
kinetically using GPx assay kits (Biodiagnostic, Egypt) according to
Paglia and Valentine (1967). Concisely, samples were added to a so-
lution containing glutathione, glutathione reductase, and NADPH. The
enzyme reaction was initiated by adding the substrate, hydrogen per-
oxide. The decrease of absorbance at 340 nm/ min. wwas recorded over
a period of 3 min against deionized water. The rate of decrease in the
absorbance at 340 nm was directly proportional to the GPx activity in
samples.

2.9. Sexual behavior assessment

To assess the sexual behavior, adult male rats were interacted with
sexually receptive females for 30 min at the end of the 60 day experi-
mental period. Male rats were placed in a testing plastic cage with
measurements of 70 × 40 × 30 cm for 10 min for habituation prior to
introducing females. The females were used not more than twice over
the course of the experiment. All the testing sessions were video re-
corded, and behavioral tracking software was used to analyze the
sexual behavior (Solomon coder, www.solomoncoder.com). The fol-
lowing copulatory behavior parameters were recorded: mount latency
(ML), the time from the introduction of the female to the first mount;
intromission latency (IL), the time from the introduction of the female
to the first intromission; mount frequency (MF), the number of mounts
prior to ejaculation; intromission frequency (IF), the number of in-
tromissions prior to ejaculation; ejaculation frequency (EF), the number
of ejaculations; ejaculation latency (EL), the time from the first in-
tromission to ejaculation; and the post ejaculatory interval (PEI), the
time lapsed from ejaculation to the next mount or intromission. The
intromission ratio was calculated from the following equation: (IF/ (IF
+MF) (Heijkoop et al., 2018). In any rat that failed to mount, intromit,

or ejaculate, the latency was recorded as 15 min for statistical testing.
After each test, the apparatus was sprayed with diluted alcohol and
wiped thoroughly to eliminate the olfactory cue.

2.10. Histopathology assessment

After euthanasia, rats were dissected and the testis and epididymis
were kept in 10% neutral buffered formalin. Tissue samples were pro-
cessed, sectioned, and stained with hematoxylin and eosin (H&E) for
histological examination (Bancroft and Gamble, 2008). Slides were
examined using an Olympus BX43 light microscope, and photos were
captured using a connected Olympus DP27 digital camera.

A- Histomorphomety

The seminiferous tubule diameter was determined for each testis
after measuring the diameter (in μm) of the most circular tubules per
10× microscopic field.

B- Evaluation of spermatogenesis

Johnsen's score (Bagherpour et al., 2019) was used to evaluate the
spermatogenesis process in the seminiferous tubules on a scale of 1–10
according to the following criteria: 10 = complete spermatogenesis and
perfect tubules; 9 = many spermatozoa present and disorganized
spermatogenesis; 8 = only a few spermatozoa present; 7 = many
spermatids but no spermatozoa present; 6 = only a few spermatids
present; 5 = many spermatocytes but no spermatozoa or spermatids
present; 4 = only a few spermatocytes present; 3 = only spermato-
gonia present; 2 = only Sertoli cells present and no germ cells; 1 = no
germ cells or Sertoli cells present.

2.11. Statistical analysis

All statistical analyses were performed using the statistical package
for social science (SPSS) (IBM SPSS statistics for windows, Version 22.0,
2013). Data were expressed as mean ± SEM. Statistical analysis was
performed using one way analysis of variance (ANOVA) followed by the
Duncan multiple comparisons test for post hoc analysis. The level of
significance was set at 0.05. Graphs were generated using GraphPad
Prism software (GraphPad, San Diego, CA).

3. Results

3.1. Characterization of SeNPs

The obtained XRD patterns shown in Fig. 1 confirm the formation of
nano selenium structures. The main peaks at 2θ of 29.6935°, 23.4862°,
43.6221°, 45.3288°, 55.9096°, 51.6531°, and 41.2513° correspond to
planes (101,100,102,111,003,201,110), respectively. All peaks in the
X-ray diffractogram can be easily indexed according to available lit-
erature (Joint Committee on Powder Diffraction Standards, No.
00–042-1425). Microscopic analysis using SEM (Fig. 2A) confirms
successful preparation of selenium nanorods as the dominant final
product with an average diameter ranging from 100 to 200 nm. In the
EDAX (Fig. 2B), selenium was the only detected element which in-
dicates high purity of synthesized nano selenium.

3.2. Sperm characteristics

The means of the sperm characteristics of different experimental
groups are presented in Table 1. The sperm counts, motility, and via-
bility (%) of rats subjected to DLM were decreased significantly
(P < 0.05) compared to the control. However, administration of SeNPs
with DLM significantly improved (P < 0.05) the sperm count, as well
as the percentages of sperm motility and viability. Sperm abnormalities
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(%) were significantly (P < 0.05) higher in DLM treated animals
compared to the control, SeNPs, and DLM-SeNPs groups.

3.3. Body weight and relative testes weight

As depicted in Table 2, mean final body weight and relative testes
weight were significantly (P < 0.05) lower in DLM treated rats than
control and SeNPs groups. Meanwhile, DLM-SeNPs group had sig-
nificantly (P < 0.05) higher mean final body weight and relative testes
weight when compared to DLM group.

3.4. Testosterone

As shown in Table 2, DLM administration significantly (P < 0.05)

reduced serum testosterone levels compared to the control group.
Conversely, the rats that received SeNPs in parallel to DLM showed no
significant difference in serum testosterone compared to control rats.
The SeNPs group had the highest concentrations of serum testosterone
among all experimental groups, although this increase was not sig-
nificant when compared to control rats.

3.5. Oxidative stress biomarkers

It is evident from the data presented in Table 3 that DLM sig-
nificantly (P < 0.05) increased the concentration of MDA compared to
the control group, as well as the SeNPs and DLM-SeNPs groups). In
contrast, the activity of GPx and TAC were significantly (P < 0.05)
lower than the control and DLM-SeNPs groups. Supplementation with

Fig. 1. X-ray diffraction patterns of synthesized nano selenium.

Fig. 2. Scanning electron microscope (SEM) analysis (A) SEM micrograph of synthesized nano selenium. (B) EDAX analysis.
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SeNPs led to improvement in both GPx activities and TAC concentra-
tions.

3.6. Sexual behavior assessment

The results presented in Fig. 3 (A-H) show the effect of DLM and/or
SeNPs administration on the parameters related to male rat sexual be-
havior. DLM and DLM-SeNPs treated rats had a significantly
(P < 0.05) prolonged time to the first mount and a significant
(P < 0.05) decrease in the number of mounts compared to rats in the
control and SeNPs groups. In addition, DLM and DLM-SeNPs treated
rats showed a significant (P < 0.05) increase in intromission latency
compared to their counterparts in the control and SeNPs groups. The
SeNPs treated rats exhibited an increase in the number of intromissions
and ejaculations. There was no significant difference between SeNPs
treated rats and DLM-SeNPs treated rats in the intromission ratio, eja-
culation latency and post ejaculatory interval. On the other hand, DLM
treated rats displayed a significant (P < 0.05) decrease in the in-
tromission frequency, intromission ratio, ejaculation frequency and
post ejaculatory interval while exhibited a significant (P < 0.05) in-
crease in the ejaculation latency compared to their counterparts in the
control, SeNPs, and DLM-SeNPs groups.

3.7. Histopathological analysis

A- Testes

Microscopic examination of the testes sections from the control

group revealed the normal histological structure of the seminiferous
tubules (Fig. 4A), in which well-organized tubules were detected with
complete spermatogenesis, and the full components of the spermato-
genic series were observed with a lumen filled with mature sperma-
tozoa. The interstitial tissue contained normally appearing leydig cells.
No significant histological alterations were observed in either the
seminiferous tubules or the interstitial tissues as a result of the ad-
ministration of SeNPs (Fig. 4B). However, examination of sections from
the DLM group revealed severe testicular damage characterized by
thickening of the tunica albuginea, and testicular degeneration in which
the seminiferous tubules were nearly empty with the exception of a few
degenerating spermatogonia (Fig. 4C). Some sections showed distorted
seminiferous tubules that appeared shrunken with a corrugated base-
ment membrane and contained degenerated spermatogonial cells
(Fig. 4D). The interstitial tissue was infiltrated by mononuclear in-
flammatory cells. Some seminiferous tubules contained eosinophilic
proteinaceous coagulum (Fig. 4E) of degenerating spermatozoa, while
others were completely necrosed with precipitation of blue calcium
deposits (Fig. 4F and G) and mononuclear inflammatory cell infiltra-
tion. Vacuolization of Sertoli and spermatogonial cells were observed in
some tubules (Fig. 4H). In contrast, co-administration of SeNPs with
DLM alleviated the induced testicular damage, and the testes of rats
from this group showed mild reduction in the number of spermatids
(Fig. 4I). Some other sections exhibited interstitial edema in between
the seminiferous tubules (Fig. 4J).

The seminiferous tubule diameter and Johnsen's score for each
group are listed in Fig. 4K and I respectively; Both the diameter and the
Johnsen score were significantly (P < 0.05) decreased in the DLM
group compared to the control group, whereas, these values were sig-
nificantly (P < 0.05) increased in the DLM-SeNPs group compared to
the DLM group.

B- Epididymis

The epididymis of rats from the control group showed a normal
histological structure of both the head and tail with normal sperm
density (Fig. 5A and B). In addition, the administration of SeNPs led to
no significant changes in the epididymis, which appeared normal with
only mild congestion and edema (Fig. 5C and D). DLM administration
resulted in the infiltration of mononuclear inflammatory cells in the
caput epididymis (Fig. 5E and F) with fibroplasia. Sloughing and va-
cuolization of the lining epithelium (Fig. 5G), congestion and mild in-
flammatory edema at the tail of the epididymis was also detected
(Fig. 5H). The epididymis of rats from the DLM group appeared nearly
empty with only a limited number of sperms. With regards to the
SeNPs-DLM group, the detectable lesions demonstrated mild interstitial
edema at the head of the epididymis (Fig. 5I) and a normal tail of the
epididymis with normal sperm density (Fig. 5J).

4. Discussion

The aim of the current work was to investigate the harmful effects of
DLM on male fertility, and to assess the possible protective role of
SeNPs against unfavorable the effects of DLM. Semen examination is
routinely used for evaluating reproductive performance and

Table 1
Effect of Deltamethrin and/or SeNPs administration on sperm characteristics in rats.

Groups Sperm counts (x106/mL) Motility (%) Viability (%) Sperm abnormalities (%)

Control 62.48B ± 1.18 60.91B ± 3.4 69.71B ± 3.00 10.39B ± 1.08
DLM 32.61A ± 4.01 43.73A ± 1.47 39.71A ± 1.85 30.18A ± 2.94
SeNPs 70.43B ± 1.76 69.90B ± 3.19 74.96B ± 2.08 8.34B ± 1.07
DLM-SeNPs 61.42B ± 5.62 55.92AB ± 2.95 65.19B ± 2.66 11.23B ± 0.91

Data are presented as mean ± SEM (n = 8).
Different capital letters in the same column indicate statistical significance at P < 0.05.

Table 2
Effect of Deltamethrin and/or SeNPs administration on final body weight (g),
relative testes weight (%), and serum testosterone (ng/mL) level in rats.

Groups Mean final body
weight (g)

Relative testes
weight (%)

Testosterone (ng/
mL)

Control 284.83A ± 1.57 2.56A ± 0.014 2.6A ± 0.19
DLM 222.50B ± 2.90 1.74C ± 0.013 1.54B ± 0.15
SeNPs 287A ± 3.04 2.58A ± 0.022 2.88A ± 0.24
DLM-SeNPs 265.3A ± 2.18 2.16 B ± 0.12 2.41A ± 0.32

Data are presented as mean ± SEM (n = 8).
Different capital letters in the same column indicate statistical significance at
P < 0.05.

Table 3
Effect of Deltamethrin and/or SeNPs administration on oxidative stress bio-
markers in rats.

Groups MDA (nmol/mL) GPx (mU/mL) TAC (mM /L)

Control 1.24AB ± 0.17 7465.2B ± 261.0 0.15B ± 0.003
DLM 2.08C ± 0.05 6489.1A ± 63.8 0.13A ± 0.004
SeNPs 1.03A ± 0.09 8403.9C ± 286.9 0.19C ± 0.019
DLM-SeNPs 1.47B ± 0.08 7257.9B ± 76.7 0.16B ± 0.008

Data are presented as mean ± SEM (n = 8).
Different capital letters in the same column indicate statistical significance at
P < 0.05.
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reproductive toxicity in males (Coetzee et al., 1999). Our results re-
vealed that SeNPs markedly ameliorated the DLM-induced detrimental
effects on sperm characteristics. In addition, administration of 0.5 mg/
kg bwt SeNPs improved the count, motility, and viability percent of
sperms, and significantly lowered sperm abnormalities. In the same
respect, Oda and El-Maddawy (2012) and Desai et al. (2016) reported
that DLM, as a toxic pyrethroid pesticide, could produce reproductive
toxicity and deleterious effects in treated male mice. The main cause of
DLM toxicity was attributed to the ability of DLM to increase the gen-
eration of ROS and free radicals, leading to extensive oxidative stress
and a reduction in the activity of enzymatic antioxidants (Abdel-Daim
et al., 2013). In addition, the decrease in sperm count may be attributed
to the toxic effect of DML on spermatogenesis as a result of the re-
duction in serum testosterone levels (Oda and El-Maddawy, 2012). The
importance of selenium for the antioxidant defense has been reported in
previous literature (Hosnedlova et al., 2017). According to Zhang et al.

(2008), SeNPs have excellent bioavailability and lower toxicity among
the different forms of selenium. The beneficial effect of SeNPs on semen
quality is mostly due to its antioxidant properties and ability to defend
against oxidative stress, as well as the prevention of lipid peroxidation
by scavenging free radicals (Akiyama, 1999; Wang et al., 2007). In
agreement with our results, Liu et al. (2017) found that 0.2 mg/kg bwt
SeNPs administrated by oral gavage for 2 weeks promoted an increase
in sperm concentration, vitality, and movement parameters in male
Sprague-Dawley rats.

Weight of reproductive organ is imperative for risk assessment in
toxicological studies and testicular size is the best primary tool for as-
sessment of spermatogenesis (Salman et al., 2010). In addition, reduc-
tion in testosterone is the main sign of male reproductive system toxi-
city (Yoshida et al., 2002). In the present work, exposure of male rats to
DLM led to reduced body weight and testes relative weight and was
associated with a significant decrease in serum testosterone. In the same

Fig. 3. Effect of administration of DLM and/or selenium nanoparticles (SeNPs) on rat sexual behavior. (A) Mount latency, (B) mount frequency, (C) intromission
latency, (D) intromission frequency, (E) intromission ratio, (F) ejaculation latency, (G) ejaculation frequency, (H) post ejaculatory interval. Data are presented as
mean ± SEM (n = 6–8). One-way ANOVA followed by Duncan multiple comparisons test. Statistical significance presented vs. control (P < 0.05).
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time, concurrent administration of SeNPs with DLM was associated
with an elevation in testosterone to normal levels. Desai et al. (2016)
observed decreases in final body weight and testes weight in rats
treated with DLM for 45 days. They attributed their results to poor feed
conversion efficiency, reduced food intake and direct cytotoxic effect of
the pesticide on somatic cells or indirectly through the central nervous
system. Results of decreased testosterone agree with those recorded by
Chargui et al. (2009) who demonstrated that that 60-day treatment
with DLM led to a significant reduction in testosterone levels. In addi-
tion, the serum testosterone level of rats treated with DLM was sig-
nificantly reduced (Oda and El-Maddawy, 2012). The observed sig-
nificant decline in serum testosterone in DLM treated rats in the present
study might be due to either the direct effect of DLM on androgen
biosynthesis pathway in the testis or the indirect effect through hy-
pothalamus/anterior pituitary gland (Sharma et al., 2013). Issam et al.
(2009) suggested that the hormonal system, as a distinguished target

for DLM, was the cause of a significant reduction in the levels of tes-
tosterone and gonadotropins. The association between reduced testos-
terone and decreased sperm counts and motility, as well as the in-
creased percentage of sperm abnormalities in DLM treated rats
indicates that a large component of the male reproductive system is
dependent on testosterone (Desai et al., 2016). In addition, decline in
testicular weight might be due to decline in serum testosterone level
(Wang et al., 2009). The increases in serum testosterone observed in the
SeNPs group reported in the current study is in agreement with the
findings of Liu et al. (2017) who demonstrated that the concentration of
serum testosterone was significantly higher in rats that received
0.8 mg/kg bwt SeNPs compared to control animals.

MDA is a stable end product of lipid peroxidation, and as a result, it
can be used as an indirect measure of the cumulative lipid peroxidation
(Aitken et al., 1993). The current study showed a direct relationship
between DLM exposure and levels of lipid peroxidation in the blood of

Fig. 4. Photomicrograph of the rat testis. (A) Control group, showing the normal histological structure of the seminiferous tubules (H&E). (B) SeNPs group, showing
normal seminiferous tubules with complete spermatogenic series and mature spermatozoa (H&E). (C) DLM group, showing testicular degeneration in which
seminiferous tubules are nearly empty (stars), as well as interstitial edema and mononuclear inflammatory cell infiltration (H&E). (D) DLM group, showing distorted
seminiferous tubules (arrows), thickened tunica albuginea (stars) and congestion (H&E). (E) DLM group, presence of intraluminal proteinecious coagulum (stars) (H&
E). (F) DLM group, showing destructed and necrosed tubules with inflammatory cells infiltration (arrows) (H&E). (G) DLM group, necrosis in seminiferous tubules
with calcification (arrows) (H&E). (H) DLM group, vacuolization of Sertoli cells (arrows) and spermatogonial cells (H&E). (I) DLM-SeNPs, apparently normal
seminiferous tubules (H&E). (J) DLM-SeNPs, presence of intraluminal proteinaceous coagulum (arrows) with interstitial edema (stars) (H&E). (K) Seminiferous
tubules diameter (μm) Data are presented as means± SEM, Capital letters indicate statistical significance at P ˂ 0.05. (L) Johnsen's score, Data are presented as
means± SEM, Capital letters indicate statistical significance at P ˂ 0.05.
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DLM treated rats that had the highest levels of lipid peroxidation and
lowest concentrations of both GPx and TAC among all experimental
groups. In contrast, rats treated with SeNPs, either alone or with DLM,
showed lower lipid peroxidation and higher GPx and TAC levels than
the DLM treated group. Similarly, a significant decline in lipid perox-
idation was observed in the plasma of DLM treated rats (El-Gohary
et al., 1999). Superoxide anions, hydroxyl radicals, and H2O2 were
produced during the metabolism of pyrethroid in intoxicated rats
(Yousef et al., 2006). Glutathione and glutathione-related enzymes are
involved in the metabolism and detoxification of ROS (Knapen et al.,
1999). Selenium exerts its biological functions as selenocysteine re-
sidues specifically integrated in the polypeptide chains of selenopro-
teins (El-Sayed et al., 2006). GPx, a representative selenoprotein, be-
longs to a family of enzymes with antioxidant functions (Irons et al.,
2006). Circumstantial evidence also indicates that reproduction is not
possible without selenoprotein (Qi et al., 2007). The decreased lipid
peroxidation and the improved GPx and TAC levels as a result of SeNPs
supplementation support the antioxidative properties of SeNPs, pre-
viously confirmed by Gao et al. (2002).

With regards to sexual behavior in male rats, DLM administration
increased mount, intromission, and intromission latency, as well as
increased the latency to ejaculation in 30 min. Furthermore, DLM
treated rats showed less frequent mounts and intromission compared to
their counterparts in other groups, and they were unable to ejaculate
during the experiment time. SeNPs ameliorated effects against DLM
toxicity was evident by increased mount, intromission and ejaculation
frequency of DLM-SeNPs treated rats as well as decreased intromission
latency. The copulatory cycle in rats involves three phases: 1.

Precopulatory phase, in which the male rat engaged in anogenital
sniffing with a stimulus female rat; 2. Copulatory phase, which involves
all actions performed by males and females as mounting and in-
tromission; and 3. The executive phase, represented by ejaculation
(Snoeren et al., 2014). The copulatory cycle ended with a period of
male inactivity that ended when the rat tried to mount again; this
period of inactivity after ejaculation till the next mount was termed the
post ejaculatory interval (PEI). The intromission ratio is a measure of
sexual efficiency (Heijkoop et al., 2018), and it is noteworthy to men-
tion that high sexual motivation, arousal, and efficiency observed in the
SeNPs and DLM-SeNPs treated rats was evidenced by decreased
mounting and intromission latency and increased mounting and in-
tromission frequency, as well as an increased intromission ratio. These
findings further indicate the potential application of nano selenium as a
protecting agent against DLM-induced male infertility. A minimum
number of two frequent intromissions could stimulate penile erection to
reach ejaculation (Beck and Bialy, 2000). Thus, without intromission,
all the consequent sexual measures will be zero; this explains why the
DLM treated rats displayed almost zero in ejaculation latency, ejacu-
lation frequency, and PEI. Abd El-Aziz et al. (1994), El-Gohary et al.
(1999) and Oda and El-Maddawy (2012) reported that DLM sig-
nificantly affects the male reproductive organs, while El Banna et al.
(2016) demonstrated the harmful effect of different doses of DLM (3 mg
and 6 mg) on male fertility. The unique properties of nanomaterials,
including increased surface area, greater cellular uptake, and anti-
oxidative properties, provide nanomaterials with new or enhanced
physical and chemical reactions (Nel et al., 2006). Therefore, the po-
sitive modulating effect of SeNPs concerning male sexual behavior

Fig. 5. Photomicrograph of the rat epididymis (A) and (B) the control group, showing a normal histological structure of the epididymis head and tail, respectively (H
&E). (C) and (D) SeNPs group, showing the normal histological structure of the epididymis head and tail with mild interstitial edema (H&E). (E) and (F) DLM group,
head of the epididymis showing interstitial mononuclear inflammatory cells infiltration with fibroplasia (arrows) (H&E). (G) DLM group, head of the epididymis
showing vacuolization of the lining epithelium (arrow) (H&E). (H) DLM group, tail of the epididymis showing interstitial edema (stars), congestion (arrow), and
inflammatory cell infiltration; notice the reduced sperm density (H&E). (I) DLM-SeNPs, head of the epididymis showing mild interstitial edema (stars) (H&E). (J)
DLM-SeNPs, tail of the epididymis appears apparently normal with normal sperm density (H&E).
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could be attributed to their enhanced antioxidant activity.
To further support this conclusion, we also observed the histology of

testis and epididymis in the present experimental models. Our histo-
pathological findings in the testis and epididymis due to administration
of DLM were quite similar to those mentioned by Oda and El-Maddawy
(2012), including testicular degeneration, necrosis, and vacuolization
of spermatogonial cells, Sertoli cells, and the lining epithelium of the
epididymis; these findings could be attributed to DLM-induced perme-
ability changes (Creasy and Foster, 2002) and lipid peroxidation. The
decreased sperm density in the epididymis was observed in parallel to
the reduction in the sperm count, and is confirmatory to the testicular
dysfunction induced by DLM. The decrease in the diameter of semi-
niferous tubules due to administration of DLM was also reported by
Andrade et al. (2002), Kumar and Nagar (2014) and Kilian et al. (2007)
who attributed this finding to the endocrine disturbance leading to
testicular atrophy induced by DLM. Administration of SeNPs provided
protection against DLM-induced testicular damage and resulted in im-
proved spermatogenesis; this could be related to their role as anti-
oxidants, as demonstrated by their ability to decrease MDA and in-
crease GPx.

5. Conclusions

Based on the aforementioned data, we can conclude that DLM is a
reproductive toxic chemical pesticide that produces significant detri-
mental reproductive effects in treated male rats, as revealed by severely
affected semen quality, testes relative weight, serum testosterone level,
antioxidant status, sexual behavior, and structure of male reproductive
organs. The present work also showed that nano selenium (0.5 mg/kg
bwt) has a potential protective effect against DLM-induced male re-
productive toxicity, indicating the possibility of using SeNPs in agri-
culture practice to minimize toxic effects and to limit toxicity following
exposure to pesticides. As a final point, the increased TAC and GPx
levels associated with decreased MDA concentrations in rats that re-
ceived SeNPs support antioxidative properties of SeNPs and suggest
that SeNPs mitigate DLM-induced reproductive toxicity through reg-
ulation of oxidative stress.
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