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ABSTRACT

Chlorfenapyr (Chf), belongs to a new chemical class
called halogenated pyrroles, used extensively in Egypt.
Negative effects of pesticides on the male reproductive
system have been shown broadly. In recent years, the use
of medicinal herbs in reducing pesticide toxicity has
increased worldwide; one of these herbals is Quinoa seeds
(QS), contains high amount of protein, vitamins, and
minerals. Our study evaluated the effects of QS on
testicular toxicity in rats exposed to Chf. Twenty rats were
divided into four groups; group (I) as control was fed on
basal diet only, group (I1) QS at 30% from the basal diet,
group (111) 180 mg/kg b.w/day of Chf, was fed on basal diet
only and group (IV) Chf at 180 mg/kg b.w/day plus QS at
30% from the basal diet, the experimental period was four
weeks. Rats were sacrificed and blood serum, sperm, and
sexual organs samples were collected for biochemical and
histomorphological studies. Results revealed that Chf
treated animals showed sagging testicles with increased the
testis relative weights. This effect was associated with a
decline in count, motility, and viability of sperms, and
increased sperm abnormality, and a decrease in sex
hormones level (P<0.05). On the other hand, QS showed
improvement in almost all estimated parameters and
mitigated all the toxic effects of Chf, which was confirmed
with the histological examination of the testis. So, we can
encourage QS consumption as a clue for the toxicity and
infertility problems revealed as a result of chlorfenapyr
exposure.
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INTRODUCTION

Insecticides are chemicals used for controlling pests
on plants or animals and may have bio -
pharmacological effects such as inducing stress,
imbalance of hormones and/or physiological effects and
reproductive toxicity (Alaa-Eldin et al., 2017; Sleem et
al., 2019; Khalaf et al., 2021).

Infertility is an important medical and social
problem in the world as regards 15% of couples are
infertile and 40% are infertile because of male factor
infertility(Kumar, N.and Singh, 2015). Occupational
exposures to pesticides could reduce the fertility of
workers by targeting many cell types of the testis (ie,
germ, Leydig, and Sertoli cells) and changing hormone
levels via the hypothalamic-pituitary-gonadal axis
(Queirozand Waissmann, 2006). Semen parameters may
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also be affected, resulting in a decrease in sperm health
and/or function. Studies concerning the causal link
between  pesticide exposure and  reproductive
impairment have increased in the literature in the past
two decades (Farag et al., 2007; Ahmad et al., 2012;
Lonare et al., 2016; Babazadehand Najafi, 2017; Sleem
et al., 2019). Chlorfenapyr (Chf) is a new broad-
spectrum insecticide and acaricide. It was developed by
structural modification of a microbial natural product,
dioxapyrrolomycin (Addor et al., 1992) and is
considered as the first commercial pesticide to be
derived from a class halogenated pyrroles (Treacy et al.,
1994). It has been widely used for agricultural pest
control since 1995 as insecticide and miticide on cotton,
ornamentals, and some vegetable and fruits crops
(Rand, 2004; Sdeek et al., 2016; Badawy et al., 2020).
Chlorfenapyr is relatively long environmental
persistence and potential for acute lethal and
reproductive toxicity in birds and possible aquatic
toxicity (Albers et al., 2006). It is classified as a
moderately hazardous pesticide but its toxicity in
humans has rarely been studied (Kang et al., 2014; Han
et al., 2019). Maternal and cytotoxic effects of Chf in
pregnant female rats were studied and showed a
significant decrease in the female body weight, in the
metabolic parameters (as glucose, total protein, and
cholesterol), and antioxidant biomarkers as superoxide
dismutase (SOD), catalase (CAT), glutathione (GSH),
and glutathione S-transferase (GST). Also, a significant
elevation in the liver enzymes, urea, creatinine, and
level of malondialdehyde (MDA) indicating oxidative
stress was resulted (Sleem et al., 2019).

Recently, the protective effect against pesticide
toxicity with medicinal plants, a plant-derived flavonoid
present in foods, plant extract, and some vitamins
became an important field of research (Saber et al.,
2016; Choudhary et al., 2017; Shaheenand Yousafzai,
2017). Also, dietary change has increased consumer
demand for healthy, fresh foods, so consumers are
looking for natural, beneficial food items and a well-
balanced diet that need minimal time and effort for their
preparation. Some cereals play a primary role in new
lifestyles; to face consumer needs due to their
physiological and metabolic advantage and their
consumption has outspread from the breakfast list to any
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time of the day, one of these cereals is Quinoa (El-
Kewawyand Morsy, 2019).

Quinoa (Chenopodium quinoa Willd.), ancient
seeds, is a basic food in pre-hispanic Andean
communities, used not only as a food but also for
medicinal reasons (Jancurova et al., 2009).

Previous studies observed that bioactive
compounds of Quinoa have a protective effect against
some chemical toxins or drug-induced hepatotoxicity,
hypercholesterolemia, hyperuricemia, and oxidative
stress induced by different factors (Pasko et al., 2010;
Alghamdi, 2018; El-Kewawyand Morsy, 2019; Wahba
et al., 2019). Also, quinoa plays an important role to
overcome some nutritional problems such as celiac
disease (CD) which is a longevity food intolerance to
gluten (Hafez, L., 2018). Quinoa has been cultivated in
Egypt since 2005, and is considered as one of the best
vegetal protein sources, where, it has a high biological
value equals to that of beef, and higher than those of
white rice, wheat, and corn (Alghamdi, 2018). Also, it
contains  significant amounts of  antioxidant
phytochemicals, and vitamins such as vitamin E, C, B2,
B6, and folic acid with relatively high amounts
(Jancurova et al., 2009). Moreover, quinoa is considered
as a good source for many minerals and trace elements,
where it contains calcium, magnesium, copper, iron,
zinc, and potassium (Vilcacundoand Hernandez-
Ledesma, 2017). The important role for quinoa in
nutritional behavior has been emphasized, not only in
developing countries but also in the developed world.
Also, it could be considered as a strategic crop used to
complement the diet in rural/marginal regions, where
energy-protein - malnutrition affects most of the
population of the developing countries (Jancurova et al.,
2009). Quinoa, as the "mother grain”, represents an
exotic and healthy rediscovery in the developed world
(Valencia-Chamorro, 2003). As we care about the
infertility problem, it is well known that, the correct
balance of macronutrients (carbohydrates, proteins, and
fats), micronutrients as vitamins (vitamin E, B12and
folate), and trace elements such as zinc and various
antioxidants essential and needed for male fertility
(Pasko et al., 2010; Wahba et al., 2019). So, quinoa is
considered as a good solution to improve reproductive
health either for males or females and may help in
infertility issues(Lutzand Bascufian-Godoy, 2017).

Therefore, the current study aimed to evaluate the
effect of daily consumption of quinoa on some testicular
toxicity biomarkers that induced by chlorfenapyr,
including reproductive organs weight, reproductive
hormones levels, sperm characters, and testis
histopathological examination.

MATERIAL AND METHODS

1. Experimental Materials:

Chlorfenapyr (Corps Top 24% SC) was obtained
from Agrimar Company for Commercial Agencies,
Egypt. Quinoa seeds were purchased from CEDAR,
Packed by Groupe PHONICIA Inc. Montreal,
QC.H4S81T2.

2. Experimental design:

Male albino rats weighing 150 -160 g were
obtained from the Faculty of Medicine; Alexandria
University, Egypt. The animals were allowed to
acclimatize for two weeks before the initiation of the
experiment under laboratory conditions (12 h light / 12
h dark, 22— 26 °C., 50-70% humidity) in stainless steel
cages and provided with a commercial basal diet and
water ad libitum. Animals were divided into four
groups, each of five rats, and orally treated over 28 days
as the following: Group I: Rats were given a
commercial basal diet and kept as control. Group II:
Rats were given QS at 30% from the basal diet. Group
I1l: Rats were treated with Chf 180 mg/kg b.w which
represents 1/3 LDsp (Oral LDso was 544.3 mg/ kg b.w;
according to Department of Mammalian Toxicology,
Pesticide Central Laboratory, Agriculture Research
Center) USEPA. (2001). Group IV: Rats were given
Chf 180 mg/kg b.w plus QS at 30% from the basal diet.
Chlorfenapyr was orally administrated to animals by
esophageal intubation. The body weights of control and
treated animals were recorded weekly.

3. Evaluation of relative reproductive organ weights:

Final body weights (by the end of the experiment)
were recorded and rats from all groups were sacrificed
after anesthesia with diethyl ether and the reproductive
organs (epididymus and testes) were taken to measure
fertility indices and testicular biomarkers. The absolute
weights of testes and epididymides were recorded then
the relative weight was calculated as the ratio of tissue
weight (g) to body weight (g) (Relative organ weight =
Organ weight/final body weight x 100).

4. Evaluation of sperm parameters:

The caudal epididymis of one testis was excised
and placed in a Petri dish containing 2 ml warm 0.9%
NaCl, and then, macerated by scissor to obtain the
epididymal contents in a suspension that was handled
exactly as the semen (Hafez, E., 1970). To determine
sperm numbers, spermatozoa motility parameters, and
sperm morphology, a computer-assisted semen analysis
system (CASA System; MiniTlb, Germany) with
Olympus microscope (Olympus, Tokyo, Japan) was
used.
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4.1. Assessment of spermatozoa :

The count of sperm cells was determined as
described by (Robb et al., 1978). 200 pL of the semen
were pipetted in a plastic tube containing 800 pL of
(0.9% NaCl+ formalin) to Kkill spermatozoa. The
resulting solution was mixed well, then, spermatozoa
were counted in an improved hemocytometer counting
chamber. The sperm count was expressed as sperm in
millions/ml.

4.2. Assessment of spermatozoa motility:

This assay was carried out according to (Slott et al.,
1991). A drop of the suspension was covered by a pre-
warmed glass cover slide and examined under high
power x40 for evaluating the individual motility of
spermatozoa and expressed as a percentage of motile
spermatozoa.

4.3. Assessment of spermatozoa viability:

To determine the percentage of sperm viability,
equal volume of epididymal sperm suspension was
stained with Eosin-Nigrosin, then the mixture of stained
sperm was smeared on the clean slides and examined
under 40x lens of a light microscope. A total of 200
sperm cells were examined on each slide. Sperms with
altered plasma membrane seemed to be pink and sperms
with intact plasma membrane were not stained. Finally,
the results were expressed in percentage (Ikpeme et al.,
2007).

4.4. Assessment of spermatozoa morphological
abnormalities:

Semen samples were fixed with Hancock's solution
and stained with 1% Eosin Y and 5% Nigrosine.
Morphological sperm abnormalities were evaluated by
using an Olympus microscope. A total of 200
spermatozoa from each rat were examined and
individually scored into normal or abnormal, the criteria
chosen for head abnormality were; no hook, excessive
hook, amorphous, pin, and short head. For the tail, some
abnormalities were recorded; coiled flagellum, bent
flagellum, bent flagellum tip, and total abnormality rates
of spermatozoa were expressed as a percentage
according to (Adamkovicova et al., 2016; Wang et al.,
2016).

5. Hormonal assay:

Serum testosterone (T), luteinizing hormones (LH)
and follicle stimulating hormone (FSH) were assayed by
ELISA Kits (Monobind, Inc. California, USA), based
on the principle of competitive binding and according to
the manufacturer’s instructions.

6. Histopathological analysis:

Small pieces of testis tissues were isolated from all
rats, gently rinsed with physiological saline solution
(0.9% NacCl) to remove blood and debris adhering to the

tissues and then fixed in 10% neutral buffered formalin
for 24 h. The fixative was removed by washing through
running tap water overnight. After dehydrating through
a graded series of alcohols, the tissues were cleared in
methyl benzoate, embedded in paraffin wax. Sections
were cut at 6um thickness and stained with
Hematoxylin  (Druryand Wallington, 1980) and
counterstained with Eosin (dissolved in 95% alcohol).
After dehydration and clearing, sections were mounted
with DPX and observed under a microscope.

6. Statistical analysis:

way analysis of variance (ANOVA) was used to
analyze data followed by the

The present results were expressed as mean *
standard error (SE). The one- Student-Newman-Keuls
test. The standard for statistical significance was set at p
< 0.05. These tests were performed using the computer
CoStat program, version 6.400, Copyright © 1998-
2008, CoHort Software.

RESULTS AND DISCUSSION

1. Relative reproductive organ weights:

During the experiment, there were no mortality or
clinical signs of toxicity except emaciation and sagging
testicles, the testes became in a slouched position, in the
Chf treated animals in group (llI) were noticed.
Changes in testicular and epididymis weight are a
valuable index of reproductive health and determined
phenomena in toxicological studies for assessing
toxicity (Sharmaetal., 2014).

Data in Table (1) show that there was a significant
increase (p< 0.05) in the relative testis weight17.2%,
which reflected the sagging testicles, and decrease in the
relative epididymis weight10.5% in the group (IlI)
comparing to the control group (I). Kumar, A. and
Nagar (2014) studied the histomorphometric of testis in
deltamethrin treated albino rats and found the increase
in testis weight as the repeated doses of the pesticide in
rats caused an edematous fluid accumulation between
the tubules and focally at sites within some of the
tubules. Both epididymal epithelial cells and
spermatozoa in the lumen are targets for xenobiotics;
such exposures can result in undesirable toxic effects
(Alaa-Eldin et al., 2017; Khalaf et al., 2021).
Epididymis requires continuous androgenic stimulation
for their normal growth and functions. Reduction in the
weight of epididymis reflects a decreased bioavailability
and production of androgen which are revealed in the
present study and that was consistent with findings of
others(Chitra et al., 2011).
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Table 1. Relative reproductive organs weights of male rats administrated to Chlorfenapyr (180 mg/kg b.w),
Quinoa seeds (30% of basal diet), and their combination for 28 days

“RTW” (%) “REW” (%)
arameters
Treatment group
I (Control) 1.22+ 0.008° 0.38+0.003"
11(Quinoa) 1.31+0.023° 0.43+ 0.0082
I11(Chlorfenapyr) 1.43+ 0.0212 0.34+ 0.011¢
IV(Chlorfenapyr+ Quinoa) 1.27+ 0.044° 0.38+0.012°

Values are expressed as means (5 rats) + standard error (SE)

Values in the same column with different letters are significantly different at (p < 0.05).

“RTW” (%), relative testes weight = (Testes weight/Body weight) X100

“REW” (%), relative epididymis weight= (Epididymis weight/Body weight) x100

2. Sperm parameters:
2.1. Sperm count:

Sperm count is one of the most sensitive tests for
spermatogenesis and it is highly correlated with fertility.
Data in Figure (1) showed that treatment of rats with
Chf, significantly (p< 0.05), reduced the total sperm
count from 40.3x 10% in the control group to 18.3x108 in
the Chf treated animals (group Il1). Co-administration
raised that value to 32x10° in group IV. Whereas
animals in group I, consumed QS 30% of the basal diet,
showed a significant increase (p< 0.05) in the sperm
count 56.7x10® which was higher than the control
group. Histological structure of the testes confirmed
this; where group Il testis sections revealed
degeneration and atrophy in some of the somniferous
tubules as well as shortening of the seminiferous
epithelium associated with decreased count of cells of
the spermatogenic series and low luminal spermatozoal
concentration (Figure 6).

2.2. Sperm motility:

The assessment of sperm vitality is one of the basic
elements of semen analysis and is especially important
in samples, where many sperm are immotile, to
distinguish between immotile dead sperm and immotile
live sperm(El-Kashoury et al., 2010). Our results
revealed that the Chf exposure significantly induced (p<
0.05) reduction in the sperm motility percentage
15.7%in group Il compared with control 62.3% as
shown in (Figure 1) .On the other hand, group IV
animals showed enhancement in the motility percent
compared to group Il because of the consumption of
QS. Group Il animals represented a significantly higher
value more than the control group, which reflects the
effect of QS on fertility parameters. A decline in sperm
motility after oral administration of Chf is may be due
to androgen insufficiency which caused impairment in
testicular functions by altering the activities of the

enzymes responsible for spermatogenesis; this suggests
an antiandrogenic effect of Chf (El-Kashoury et al.,
2010; Sharma et al., 2014).

2.3. Sperm viability:

Figure (1) show a significant decrease in the
percentage of live sperm (viable) in group 111 compared
with the control and QS group, 6%, where the obtained
values were 55%, and 55.3%, respectively. While
animals in group IV, co-administered QS, revealed a
25.3% viability percentage. All the results presented in
Fig.1 (sperm count, motility, and viability) explained
the important role of QS in fertility enhancement.

2.4. Spermatozoa morphological abnormalities:

Sperm morphology is a very strong indicator of a
person’s bodily and thus testicular health, which is
strongly reacting to bodily, physiological, and
environmental stresses, far more than any other organ
(Menkveld et al., 2011). As shown in Fig. (2), the
animals in group |11 represented a significant (p < 0.05)
reduction in normal sperm percentage, 16.6% compared
with the control group, 62.3%. While group 1V showed
a less significant reduction, 47%, and group Il revealed
a significant increase in the normality percent, 78.3%.
The sperm malformation and abnormalities were
showed in Fig. (3) included tail and head abnormalities
such as bent flagellum tail, broken tail, and detached
head. While the reduction in sex hormone levels affects
the spermatogenesis process and  development of
seminiferous tubule, resulting in a low number of
functional sperms and low fertility(Sharma et al., 2014),
results in Fig. (4) had revealed a significant decrease in
the sex hormones levels due to Chf treatment. These
results go hand in hand with those of (Sharma et al.,
2014; Saber et al., 2016; Khushboo et al., 2018) where
the adverse effects of several pesticides on the
reproductive organs and fertility of different
experimental animals are documented.
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Fig. 1. Sperm count, sperm motility, sperm normality and sperm viability of adult albino rats exposed to

Chlorfenapyr (180 mg/kg b.w), Quinoa seeds (30% of basal diet), and their combination for 28 days.

Bars

with the different letters are significantly different at (p < 0.05).Values are expressed as means (5 rats) +

standard error (SE)
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Fig. 2.Sperm normality percentage of adult albino rats exposed to Chlorfenapyr (180 mg/kg b.w), Quinoa seeds
(30% of basal diet), and their combination for 28 days. Bars with the different letters are significantly different
at (p <0.05). Values are expressed as means (5 rats) + standard error (SE)

Fig. 3. Sperm morphological assessment illustrating normal sperm and various sperm defects. Normal sperm
A, B as (group I and II), abnormal sperm tail and head morphology after chlorfenapyr exposure, bent

flagellum C, broken tail D, and detached head E (group Il1). F (group 1V) restored normal sperm morphology
(eosin and nigrosine stains, X400)
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3. Effect on sex hormones:

Insecticides exert their toxic outcomes on the male
reproductive system directly by affecting reproductive
organs (testes, Sertoli cells, Leydig cells) and germ cells
or impairing hormonal balance in the secondary
endocrine system(Alaa-Eldin et al., 2017; Khalaf et al.,
2021). Sexual and reproductive function in man is the

result of neuroendocrine mechanisms involving
hypothalamic, pituitary, and gonadal hormones.
Testosterone, is one of the key regulators of

spermatogenesis which promotes the switching of round
spermatids into elongated spermatids, produced by the
gonads in testicular Leydig cells, the rate of secretion of
testosterone is enhanced by LH secreted by the anterior
pituitary gland (El-Kashoury et al., 2010). FSH is the
second key regulator of the spermatogenic process. Its
receptors are present on the Sertoli cells. Both
testosterone and FSH exert an initial stimulatory effect
on the same germ cell type (El-Kashoury et al., 2010).

Relative to control, significant alterations in serum
concentrations of FSH, LH, and testosterone are shown
in Fig. (4). The rats in the Chf group had significantly
(p<0.05) lower FSH level by 75% and a significant
increase in the QS group by 32%, where combined Chf and
QS revealed decreased value by 68%. The levels of serum
LH showed a decreasing tendency in (group I1I) by
70%, while group Il showed an enhancement by 21%.
Testosterone showed a significant decrease (p<0.05) in the
Chf group by 44% and an increase in the QS group by
38%, where the combined Chf and QS group almost
equal to the control. The significant decrease of
testosterone level may be as a result of direct damage of
Chf on Leydig cells, which are the main site of
testicular androgen  biosynthesis.  Reduction in
testosterone as well FSH and LH suggest that apart from
testicular tissue, Chf may also be affecting the
hypothalamus-pituitary axis as inhibiting effective
spermatogenesis and development of seminiferous
tubule, resulting in a low number of functional sperms

and low fertility (Fig.1).The reduction in testosterone
and pituitary gonadotrophins (FSH and LH) secretions
due to pesticide exposure have been previously reported
(Sharma et al., 2014; Saber et al., 2016; Khushboo et
al., 2018).

4. Histopathological analysis:

Testicular histopathology is considered the standard
for measuring testicular injury. As shown in Fig. (5), the
control and QS groups testis showed normal histological
architecture with pathological free seminiferous tubule
(ST); ordinary shape, their epithelium is structurally
intact, spermatogonia (Sg) and Sertoli cells (SC) were
resting on intact basement membrane (BM) in whirls.
All the stages of spermatogenesis; round spermatids
(RS), elongated spermatids (ES), late- stage sperms (S)
were noticed, and lumens (L) of seminiferous tubules
were filled with mature sperm. There were some
enhancements and contrast in the overall parameters
especially the concentration of mature sperms in the (L)
in the QS group, which reflects the mentioned result in
Fig. (1) and highlights the role of QS on fertility. On the
other hand, the photomicrograph of the ST from rats in
the group (I11) which administered Chf (Fig.6. A-D)
showed an irregular shape with dilatation and a wider
luminal diameter, presented many exfoliated cells,
reduced or loss of mature sperm cells, and increased
interstitial spaces (Is). Leydig cells, which are
responsible for testosterone production, were atrophied
and that explained the reduced secreted level of
testosterone in animals from group 1. Disorganization
in the germinal epithelium with disrupted BM and the
Sg showed highly vacuolated cytoplasm splatted from
the BM. Fig. 7 represents the testis histomorphology of
animals in group (IV) and shows that QS restored and
recuperated the histopathological changes produced by
Chf exposure; most of the seminiferous tubules had
attained ordinary structure with a resumption of
complete spermatogenesis as in the control group.
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Fig. 4.Blood concentrations of FSH, LH and testosterone in experimental groups of adult albino rats exposed
to Chlorfenapyr (180 mg/kg b.w), Quinoa seeds (30% of basal diet), and their combination for 28 days. Bars
with the different letters are significantly different at (p < 0.05). Values are expressed as means (5 rats) +
standard error (SE)
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Fig. 5. Photomicrographs of rat testis sections from control on the right side and from group Il on the left side.
Normal shape of seminiferous tubules (ST) with normal internal spaces (IS) and Leydig cells. Ordinary
arrangement of spermatogonia (Sg) and Sertoli cells (SCs) resting on intact basement membrane (BM).
Typical structure of primary spermatocytes (Ps), round (RS) and elongated spermatids (ES), and late- stage

sperms (S).The number of mature sperms in the left. H&E staining method, (x400)

Fig. 6. Photomicrographs of Chf treated rat testis sections. Degenerated , with abnormaylly oriented SCs,

wider IS with changing in Leydig cells number and structure (A, B), vacuolated cytoplasm of Sg, disrupted BM
(C). Some ST presents many exfoliated cells (star), C, with few or no sperms (D). H&E staining method (x400)
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features which induced by Chf treatment, with normal seminiferous tubules and complete spermatogenesis.

H&E staining method (x400)

CONCLUSIONS

This study was carried to investigate the toxic
effects of 180 mg/kg b.w/day chlorfenapyr on the
reproductive system and the fertility of male rats after
oral exposure for 28 days and the role of quinoa seeds
consumption in alleviating these hazardous effects.
Results showed that Chf induced harmful effects on the
fertility indices such as relative reproductive organs
weight, sperm characteristics parameters, sex hormones
levels, and the histological architecture of rat testis.
Also, the results revealed the important role of QS in
reducing those changes and improve the fertility of the
male rats, so the present study recommend the daily
consumption of QS in our diet to improve our health
and our fertility.
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