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ABSTRACT

Quercetin (Q) is a common flavonoid, with potent anti-inflammatory and antioxidant activities.
However, its protective role against the hazards of fungicides has been poorly studied. Therefore, the
present work aimed at determining the ameliorative potential of Q against testicular damage induced
by carbendazim (CBZ) in male rats. In CBZ-induced testicular damage rats treated with quercetin, it
was demonstrated that the activities of the antioxidant enzymes superoxide dismutase (SOD) and
glutathione content (GSH) were increased, malondialdehyde (MDA) was inhibited, and interleukin
(IL)-1p, IL-6, Tumor necrosis factor-a (TNF-a) were suppressed. Quercetin additionally enhanced
testosterone and cyclic guanine monophosphate (cGMP) levels. These results suggested that the
protective role of quercetin prevents CBZ-induced testicular damage through the free radical
scavenging activities, preventing pro-inflammatory cytokine production and improving the male

reproductive markers.
Keywords: Quercetin, CBZ, cGMP, Testicular damage, Oxidative stress.

(http://www.bvmj.bu.edu.eg) (BVMJ-34(2): 305-320, 2018)

1. INTRODUCTION

Toxicology of the male reproductive system Geoffroy-Siraudin et al., 2012a; Le Moal et
has received increasing interest because a al., 2014). Environmental chemicals, among
significant deterioration in the quality of sperm them pesticides, have been implicated in this
has been observed in industrialized countries deterioration (Chiu et al., 2015; Mehrpour et
over the past 50 years (Carlsen et al., 1992; al., 2014). Moreover, semen quality may be a
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fundamental biomarker of overall male health
(Eisenberg et al., 2014; Jensen et al., 2009).

The widespread use of pesticides in agriculture
may result in contamination of surface water
and consequently pose a permanent risk to a
range
including fish (Guo et al., 2008). Carbendazim
(CBZ)

of non-target aquatic organisms
is a widely used benzimidazole
fungicide in agriculture for pre- and post-
harvest treatment in control of various
pathogens (Selmanoglu et al., 2001). Previous
studies have showed that carbendazim could
disrupt various aspects of reproductive system,
cause germ cell apoptosis, embryotoxicity, or
teratogenesis in hamsters, mice, rats or human
(Adedara et al., 2013; Akbarsha et al., 2001;
Carter et al., 1987; Farag et al.,, 2011;
Mantovani et al., 1998; Morinaga et al.,
2004; Yu et al., 2009; Zhou et al., 2015). In
addition, carbendazim is extremely toxic to
fish and other aquatic organisms (Boudina et
al., 2003; 2014;
Ludwikowska et al., 2013).

(Methyl-1H-Benzimidazol-2-

Palanikumar et al.,

Carbendazim

ylcarbamate) is a stable benzimidazole
fungicide widely used to control fungal
disease; however, stability and soil persistence
can lead to long-term contamination, as its
chemical structure favors adsorption into the
soil matrix and accumulation following
repeated applications (Lewandowska and
Walorczyk, 2010). CBZ is also reported to
disrupt the human endocrine system and
serious

contribute  to estrogen-mediated

pathologies (Morinaga et al., 2004), as well as
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damage the mammalian liver, endocrine, and
reproductive tissues even at low doses (Zhang
et al., 2013). Moreover, the persistence of CBZ
in soil alters the biodiversity of bacterial
communities and adversely affects microbial
functions (Singh et al., 2016; Wang et al.,
2009). The half-life of CBZ ranges from
several days to 12 months depending on the
nature of the soil (Singh et al., 2016).
Flavonoids beneficially affect human and
animal health. As a typical flavonol-type
flavonoid, quercetin is ubiquitously present in
fruits and vegetables and is considered a strong
antioxidant because of its ability to scavenge
free radicals and bind to transition metal ions;
as such, this flavonoid participates in multiple
pharmacological activities, including anti-
inflammation, platelet aggregation prevention,
and antitumor effects (Phan et al., 2004; de
Souza and De Giovani, 2004; Iskender et al.,
2017; Thipkaew et al., 2017; Roslan et al.,
2017).

Quercetin is one of the widely distributed
flavonoids in the plant kingdom. It exists richly
and extensively in human diet, including fruits,
vegetables, tea, red wine and diverse food
supplements (Marunaka, 2017). It is
estimated that quercetin and its relevant
derivatives account for nearly 60%—70% of
flavonoids intake in human daily life (Liu et
al., 2017). Recently, the medicinal properties
of quercetin have captured much attention for
its powerful biological activities, including
antivirus

anti-inflammation, anti-oxidation,
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and anti-cancer (Wang et al., 2012; Wu et al.,
2015; Rivera Rivera et al., 2016).

Quercetin is a member of the flavonol subclass
of flavonoids and is usually present in a
glycosylated form (Grande et al., 2016). The
major sources of Quercetin are fruits, including
apples, berries and cherries, vegetables,
including onions and broccoli, and beverages,
including red wine and tea (Boots et al., 2008).
Quercetin has been also identified in several
medicinal plants, such as Ginkgo biloba,
Aesculus  hippocastanum and Hypericum
perforatum (Grande et al., 2016). Quercetin
has been applied in various fields, due to its
antiviral,

anti-inflammatory, anti-allergy,

antioxidant, anti-asthmatic and antitumor
activities (Brito et al., 2015). This study was
the effects of

conducted to examine

carbendazim on testis and the possible

ameliorative role of quercetin in albino rat.

2. Materials and methods

2.1. Animals:

Sexually mature male albino Wistar rats
weighing 150 = 10 g were used in this study.
Animals were kept in the laboratory under
constant temperature (24 + 2 °C) throughout
the experimental work. They were maintained
on a standard rodent diet composed of 20 %
casein, 15 % corn oil, 55 % corn starch, 5 %
salt mixture, and 5 % vitaminized starch
(Egyptian Company of Oils and Soap, Kaft-
Elzayat, Egypt). Water was available ad
of animals and

libitum. Maintenance

experimental procedures was approved by the
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animal ethical committee in accordance with
the guide for care and use of laboratory animals
of Menoufiya University, Egypt.

2.2. Materials:
Carbendazim (methyl-2-benzimidazole
carbamate) was obtained from Kafr El-Zayat
Pesticides & Chemicals Company, Egypt
(Kafer El-Zayat, Gharbia). It was freshly
prepared in corn oil and orally administrated.

Quercetin ~ was

Chemical Co. (St Louis, MO, USA).

purchased from Sigma

2.3. Treatments:

Animals were divided into four groups:
Group 1: These animals (10 rats) served as
controls and were given corn oil additionally to
their food.

Group 2: Animal of this group (10 rats) has
been orally given 0.1 ml of corn oil comprising
300 mg/kg body weight carbendazim for 3
days weekly for 8 weeks (Songiir et al., 2005).
Group 3: Animal of this group (10 rats) have
been injected intragastric with quercetin (150
mg/kg) for 3 days weekly for 2 weeks followed
by giving 0.1 ml of corn oil comprising 300
mg/kg body weight carbendazim for 3 days
weekly for 6 weeks (Songiir et al., 2005).
Group 4: Animals of this group (10 rats) have
been orally given carbendazim (300 mg/kg
body weight), followed by treatment with
quercetin (intragastric injection, 150 mg/kg)
(Chen et al., 2017) for 3 days weekly for 2
weeks.

2.4. Tissue processing for histological study:
Immediately after decapitation, testis was

dissected removed from treated and control
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animals and fixed in Bouin’s solution. After
fixation, specimens were dehydrated in an
ascending series of alcohol, cleared in two
changes of xylene, and embedded in molten
paraffin. Sections of 5 mm thickness were cut
using rotary microtome and mounted on clean
slides. For histopathological examination,
sections were stained with hematoxylin and
counter stained with eosin. At least five
sections of testicular tissue from each rat were
examined in each animal group.

2.5. Oxidative stress and antioxidant
enzymes assays:

For determination of oxidative stress and
antioxidant enzymes in the testes, tissues were
homogenized in 0.1 M phosphate buffer (pH
7.4) using a polytron homogenizer, the
homogenate was centrifuged at 18,000g for 30
min and the supernatant was utilized for
biochemical analysis. The extent of lipid
peroxidation (LPO) was estimated as the
concentration of thiobarbituric acid reactive
products (malondialdehyde, MDA) according
to Ohkawa et al. (1979). Superoxide dismutase
(SOD) activity was measured using the
methods of Rest and Spitznagel (1977). The
principle of this method depends on the ability
of SOD to inhibit the power of phenazine
methosulphate to reduce the nitroblue
tetrazolium dye.

2.6. Assay of the Testicular Glutathione
Level:

The level of GSH in the testicular tissue was

determined spectrophotometrically according

to Jollow et al. (1974). The colored product (2-
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nitro-5-thiobenzoic acid) produced from the
reaction of Ellman’s reagent (5,5'-dithiobis-(2-
nitrobenzoic acid), DTNB) with GSH has a
molar absorption at 412 nm.

2.7. Determination of serum TNF-o, IL-6
IL-1p by

immunoadsorbent assays (ELISA):

and enzyme-linked

ELISAs of the three cytokines in the serum
were performed using kits produced by
CA,

BioSource International

USA).

(Camarillo,

2.8. Determination of serum Testosterone
levels:

Testosterone levels were measured in serum
using commercial ELISA kits for endogenous
rat  testosterone  according to  the
manufacturer’s protocol (Cusabio). All of the
samples were assayed at the same time. The
linear range was 0.13-25.6 ng/ml.

2.9. Measurement of testis cGMP content:
Testis tissues obtained from rats were used for
the urethral cGMP content determination. The
concentration of cGMP was evaluated using a
cGMP-EIA kit purchased from Cayman
Chemical Company (cat no. 581021; Ann
Arbor, MI, USA), according to the
manufacturers protocol. The yellow-colored
product formed with the EIA is inversely
proportional to the amount of cyclic nucleotide
present in the sample and was detected at 412
nm by a plate (Victor2  1420;

PerkinElmer, Inc., Waltham, MA, USA).

reader

2.10. Statistical analysis:
Data are presented as the mean + standard

deviation. Experiments were performed at
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least in triplicate. Data were analyzed using
SPSS 19.0 (IBM Corp., Armonk, NY, USA).
One-way analysis of variance followed by an
LSD post hoc test was used for inter-group
comparisons. P<0.05 was considered to
indicate a statistically significant difference.

3. RESULTS

Quercetin decreases CBZ-induced oxidative
damage: To investigate the antioxidant effects
of quercetin in CBZ-induced testicular damage
in rats, SOD activity, GSH and MDA contents
were measured using ELISA Kits. The SOD
activity and GSH content were reduced, and
MDA content was increased in CBZ model
group, compared with control group (Fig. 1).
Quercetin significantly increased SOD and
GSH content and inhibited MDA content in
CBZ group,
with CBZ model group (Fig. 1). These data

model compared
indicate that quercetin might inhibit oxidative

stress of CBZ-induced testicular damage.

Quercetin suppresses CBZ-induced

proinflammatory cytokine production:

To investigate the anti-inflammation effects of
quercetin in CBZ-induced testicular damage in
rats, TNF-o, IL-1B and IL-6 contents were
measured using ELISA Kits. The levels of
TNF-a, IL-1p and IL-6 were promoted in CBZ
model group, compared with control group
(Fig. 2). Quercetin significantly also reduced
TNF-a, IL-1p and IL-6 levels in CBZ-treated
rats, compared with CBZ model group (Fig. 2).
Our study showed that quercetin reduced
inflammation of CBZ, and its mechanism need

to measure.

Quercetin improves CBZ-induced testicular
damage: To investigate the protective effects
of quercetin in CBZ-induced testicular damage
in rats, Testosterone and cGMP levels were
measured using ELISA Kits. Serum
testosterone and testicular cGMP levels in
CBZ-treated rats were significantly inhibited
compared to controls. Treatment with Q (50
mg/kg/day) to CBZ-treated rats for 2 weeks
significantly enhanced to testosterone and
cGMP levels compared to their respective

controls (Fig. 3).
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Fig.1: The effect of quercetin on SOD activity, GSH and MDA levels of normal and CBZ-treated rats. Data
were expressed as Mean+S.E.M. and analyzed using one-way ANOVA followed by LSD test. Control,
control group; CBZ: carbendazim model group; Q: quercetin group. a: compared with control group; b:

compared with CBZ model group.
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Fig.2: The effect of quercetin on TNF-a, IL-6 and IL-1§ levels of normal and CBZ-treated rats. Data were
expressed as Mean+S.E.M. and analyzed using one-way ANOVA followed by LSD test. Control, control
group; CBZ: carbendazim model group; Q: quercetin group. a: compared with control group; b: compared

with CBZ model group.
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Fig.3: The Effect of quercetin on serum testosterone level and testicular cGMP level of normal and CBZ-
treated rats. Data were expressed as MeantS.E.M. and analyzed using one-way ANOVA followed by LSD
test. Control, control group; CBZ: carbendazim model group; Q: quercetin group. a: compared with control

group; b: compared with CBZ model group.

Results of histological study of testes:

1. Normal control group

No histopathological changes were detected in
the examined livers of hepatocytes, central
veins and portal areas. The testes showed and
testes of these rats. The liver showed normal
histological appearance seminiferous tubules
lined by normal germinal epithelium with
active spermatogenesis and presence of
spermatozoa in the lumen (Fig4) .

2.Carbindazim administrated group:
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The testes of the treated rats revealed marked
congestion of the subcapsular and interstitial
(Fig..9). 3The

interstitium was expanded by homogenous

blood vessels testicular

eosinophilic material (edema)). Multifocally,
the lining epithelial cells of some seminiferous
tubules exhibited degeneration characterized
by swollen pale discrete large vacuoles,
replaced  the and

usually cytoplasm

occasionally accompanied by reduced

spermatogenesis and absence of spermatozoa
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in the lumen. Rarely, degenerated tubules
showed exfoliated epithelial cells in their
lumen (Fig5).

3. Rats treated with Quercetin for 2 weeks
followed by carbindazim for 6 weeks group:
The testes of the treated rats revealed
congestion of the testicular blood vessels and
interstitial capillaries. The interstitium was
expanded by homogenous ecosinophilic
material (edema). Multifocally, the lining
epithelial cells of large numbers of
seminiferous tubules exhibited degeneration
characterized by swollen pale vacuolated
3.13);

spermatogenesis

cytoplasm (Fig. accompanied by

reduced and few
spermatogenic giant cells in the lumen (Fig.
3.14). Rarely, marked testicular degeneration
was observed in few seminiferous tubules with

wavy and buckled basement membrane and
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Fig. (4): Testis of control group I, showing normal
histological appearance of seminiferous tubules (ST) with
active spermatogenesis and presence of spermatozoa
(arrowhead)in the lumen. H&E stain x 200
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lined by single layer of degenerated germ cells
(Fig5). Occasionally, there were focal group of
seminiferous tubules characterized by small
size and lack of germ cells and spermatocytes
and spermatids (Figs. 6).

4. Rats treated with carbindazim for 6
weeks followed by Quercetin for 2 weeks:
The testes of the treated rats revealed
congestion of the testicular blood vessels and
interstitial homogenous eosinophilic material
(edema). Multifocally, the lining epithelial
cells of moderate numbers of seminiferous
tubules exhibited degeneration characterized
by swollen pale discrete cytoplasmic vacuoles,
accompanied by reduced spermatogenesis and
absence of spermatozoa in the lumen (Fig. 7).

Rarely, spermatogenic giant cells were seen in

the lumen of degenerated tubules.

Fig. (5): Testis of rat treated with Carbindazim, showing
degeneration of the lining epithelial cells of a seminiferous
tubule characterized by swollen pale discrete large
vacuoles (arrow) x 400.
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Fig. (6): Testis of rat treated Quercetin for 2 weeks
followed by Carbindazim for 6 weeks, showing marked
testicular degeneration in few seminiferous tubules
(asterisk) with wavy and buckled basement membrane
(arrowhead) and lined by single layer of degenerated
germ cells. H&E stain x 200

4. DISCUSSION
The present investigation demonstrated the
protective

potential of quercetin against CBZ-induced
testicular damage in rats. Carbendazim is a
toxic substance according to the World Health
Organization classification, which is broadly
used as a fungicide agent [Prakash et al., 2013].
It acts on tubulin via interferes in microtubule
development and meiotic cell division
[Prakash et al., 2013]. Man may be exposed
to carbendazim either through environmental
contamination or

through  occupational

exposures. Several diseases such as

hypertension, eyes, nose and throat irritation
and headache were reported due to
occupational exposure [Can and Albertini,
1997; Barlas et al., 2002]. Carbendazim and

related metabolite benomyl were identified to
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Fig. (7): Testis of rat treated with Carbindazim for 6
weeks followed by Quercetin for 2 weeks, showing
degeneration of the lining epithelial cells of moderate
numbers of seminiferous tubules, accompanied by
reduced spermatogenesis and absence of spermatozoa in
the lumen (asterisk). H&E stain x 200.

cause toxicity of testicular via immature
spermatids [Hess et al., 1991] and interference
of microtubule association. There have
recently been published numerous reports on
the  capabilities of  fungicides to
induce hematotoxicity, hepatotoxicity, and
cytogenetic effects on human and animal
chromosomes through enhancement of
reactive oxygen species (ROS) production and
thereby causing oxidative stress by reacting
with macromolecules such as
lipid, protein, and DNA resulting in cell
dysfunction and DNA damage (Hashem,
2012). Therefore, the use of herbal plants such
as quercetin with antioxidant and free radical
scavenging properties is imperative in
mitigating such problems. In the present study,
we showed that administration of CBZ to rats

caused a significant increase in MDA content
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and decrease in SOD activity. This can be

explained by the fact that Fungicides
eventually cause DNA damage due to the
elevated MDA content and depleting the
antioxidant enzymes (superoxide dismutase,
SOD and catalase, CAT) activities (Bertram
and Hass 2008; Calviello et al. 2006;
Srivastava et al. 2012). The present results are
in compliance with the earlier reports (Castro
et al. 1997; Srivastava et al. 2012; Mahboub
and Lamfon 2013; Goldoni et al. 2014;
Yabhia et al. 2015).

The oxidative damage of carbendazim on
blood was indicated in our study by the higher
MDA stages; lipid peroxidation generation,
together with lower content of GSH activity in
blood treated with carbendazim related to
natural control. According to Sakr (2007),
mancozeb fungicide in albino rats caused a
significant reduces like an antioxidant enzyme
in the tissue superoxide dismutase and an
enhancement in lipid peroxidation (Halliwell
and Gutteridge, 1989). The enhancement in
lipid peroxidation indicates the oxidative
pressure production, which is an imbalance
between the independent radical’s generation
and the body defense system (Abdollahi et al.,
2004).

GSH is the critical non-protein sulthydryl
antioxidant in the cell. In the estimation of
oxidative pressure, glutathione concentration
is a good marker [Asensi et al., 1999]. Similar
to the current study, blood GSH concentration
was significantly decreased that can be

because of an increased utilization by
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Glutathione peroxidase (Beutler, 1989).

Glutathione is a tripeptide, which is
concentrated in erythrocytes. Glutathione has
different functions including the cell cycle
regulation and gene expression and play a part
in xenobiotics and eicosanoids metabolism
(Bergelson et al., 1994). The increase in lipid
peroxidation in carbendazim treated rats,
beside the decrease in GSH concentration is
suggestive of oxidative stress. This finding is
parallel to many researchers (Prakash et al.,
2013).

The cytokines and chemokines secreted by
immune cells, play vital roles in regulating
immune and inflammatory responses (Sieger
et al.,, 2009; Trede et al., 2004). Previous
reports have demonstrated that the
transcription of innate immune-related genes
can be induced or suppressed by
environmental chemicals (Eder et al., 2008;
Jin et al., 2011; Pressley et al., 2005). In
accordance with the results of Jiang et al., 2015
whom showed that the mRNA levels of
cytokines and chemokines, including IL-1p,
IL-6, and TNF-a, were significantly induced
after exposure to different concentrations of
carbendazim for 8 d, and most of the genes
were up-regulated after the treatment with 4
lg/LL carbendazim, indicated that carbendazim
might regulate the immune response during
larval development.

The present study showed that pro-
inflammatory biomarker like IL-6, IL-1f and
TNF-o elevated,

of the

level
the

were markedly

indicating development
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inflammation. The above CBZ-induced
changes were significantly ameliorated by the
QR treatment. Present data revealed the
significant decreased in serum testosterone
levels of CBZ-treated rats compared to control
animals. In accordance with Rehnberg et al.
(1989) described increased testosterone levels
as well as expression of androgen binding
protein (ABP) in the testis without alteration of
the plasmatic levels of this hormone. These
authors suggest that disruption of testicular
blood flow by CBZ may have influenced the
distribution of testosterone. Another possible
explanation would be that the increased
availability of ABP could have trapped
testosterone inside the testis. Treatment with
QR (50 mg/kg/day) to diabetic rats for 5
consecutive weeks corrected the testosterone
levels compared to CBZ-treated rats. These
results are in agreement with earlier reports
that, QR treatment enhanced the testosterone
levels in diabetic animals (Khaki et al., 2010;
Tang et al., 2008).

Flavonoids are known to improve erectile
function by their antioxidant and anti-
inflammatory properties (Zhang et al., 2013;
Yang et al., 2012). In present study, treatment
with Q to CBZ-treated rats improved the
cGMP levels in testicular tissue as compared to
untreated CBZ-treated rats, this may justify by
its pharmacological potentials. In the current
study, the biochemical data were confirmed by
the histopathological alterations observed in

the liver section of CBZ-treated group which

showed congestion of hepatic blood vessels,
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dilated portal area, perivascular fibrosis and
mononuclear cell infiltration, and proliferated
bile ductile with cholestasis and fibroplasia.
These findings are in support of Zari and Al-
Attar (2011), El-Damaty et al. (2012), and
Mahboub and Lamfon (2013).

5. Conclusion

Present data revealed that Quercetin attenuates
experimentally induced testicular damage rats.
Q rehabilitated the activities of the antioxidant
enzymes, down-regulated the levels of LPO
biomarker MDA and improving CBZ-induced

testicular damage.
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