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Introduction

Carbon tetrachloride (CCl,) has been used as a model
toxicant and has been the focus of many in vitro and
in vivo toxicological studies. The primary site of CCl,
toxicity and carcinogenesis is the liver, and it consis-
tently causes liver toxicity, resulting in fatty degenera-
tion, cellular necrosis, fibrosis and cirrhosis in multiple
species and through multiple routes of exposure (Ma-
nibusan et al, 2007). CCl, also causes structural and
functional damages in other organs of body such as kid-
ney (Fadhel & Amran, 2002; Manjrekar et al, 2008),
lung (Abraham et al, 1999; Ogetiirk et al., 2009) and
brain (Soliman & Fahmy, 2011) apart from liver toxic-
ity. It has been reported that metabolism of CCl, via
cytochrome P450 (CYP) to highly reactive free radical
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Summary

This study was conducted to investigate the effect of quercetin on carbon tetra-
chloride (CCly)-induced sperm damages, testicular apoptosis and oxidative
stress in male rats. Group 1 served as control, group 2 was treated with only
quercetin, group 3 was treated with only CCl; and group 4 received CCl, +
quercetin. All administrations were performed by gavage and maintained for
10 weeks. CCl, administration caused significant decreases in absolute and rela-
tive reproductive organ weights, sperm motility, concentration and testicular
glutathione peroxidase (GSH-Px) and catalase (CAT) activities, and significant
increases in lipid peroxidation (LPO) level, abnormal sperm rate and testicular
apoptotic cell index, along with some histopathological damages when com-
pared to the control group. However, administration of CCl, together with
quercetin provided statistically significant improvements in LPO level, abnor-
mal sperm rate, the degree of histopathological lesions and testicular apoptotic
cell index when compared to only CCly group. In addition, improvements
observed in absolute and relative weights of reproductive organs, sperm motil-
ity and concentration, and testicular GSH-Px and CAT activities in group 4
were statistically insignificant when compared to only CCl, group. In conclu-
sion, quercetin has antiperoxidative effect, and its oral administration attenu-
ates the CCly-induced some damages in male reproductive organs and cells by
decreasing the LPO.

metabolites plays a critical role in the postulated mode
of action. The free radicals initiate lipid peroxidation
(LPO) by attacking polyunsaturated fatty acids (PUFAs)
in membranes, setting off a free radical chain reaction
sequence. LPO is known to cause membrane disruption,
resulting in the loss of membrane integrity and the leak-
age of microsomal enzymes. By-products of LPO can
form protein and DNA adducts and may contribute to
hepatotoxicity and carcinogenicity respectively (Manibu-
san et al., 2007).

Spermatozoa require a high PUFA content to provide
the plasma membrane with the fluidity essential at fertili-
sation. However, this makes spermatozoa particularly vul-
nerable to attack by reactive oxygen species (ROS) that
have clear associations with reduced fertility (Wathes
et al., 2007). In addition, as the testis, prostate (Jiang
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et al., 1998), epididymis (Hudson et al., 2001) and germ
cells (Liu et al., 2007) contain CYP isozymes, it is possi-
ble that CCl, causes oxidative damage in lipids of these
tissues and cells (Abraham et al., 1999). Acute or chronic
CCl, administration has been reported to cause morpho-
logical, structural and functional damages in reproductive
system through oxidative toxicity in male laboratory ani-
mals (Kalla & Bansal, 1975; Horn et al., 2006; Manjrekar
et al., 2008; Khan & Ahmed, 2009; Abdou et al., 2012;
Khan, 2012; Yiice et al., 2013).

Endogenous antioxidants are capable of quenching the
LPO reaction. When antioxidants are depleted, however,
opportunities for LPO are enhanced (Manibusan et al.,
2007). Therefore, natural antioxidant administrations are
likely to improve the LPO-induced damages in the
structures and functions of the testis and spermatozoa
(Vernet et al., 2004). CCly-induced some damages in
reproductive system have been reported to be prevented
by some herbal antioxidants through their scavenging
properties on LPO in male rats (Fadhel & Amran, 2002;
Manjrekar et al,, 2008; Khan & Ahmed, 2009; Soliman
& Fahmy, 2011; Khan, 2012; Yiice et al., 2013). Querce-
tin, is one of the dietary bioflavonoids, has been
reported to have beneficial health effects. Till date, most
of the research has been focused on the antioxidant
properties of quercetin, as it is believed to prevent LPO.
However, there are conflicting reports about whether
quercetin has pro-oxidant or antioxidant effect on male
reproduction and fertility (Ranawat ef al., 2013b). While
some authors reported that quercetin has deleterious
effect on male reproductive function through its pro-
oxidant effect (Farombi et al, 2013; Ranawat et al,
2013a) and the other mechanism of action (Khanduja
et al., 2001); whereas many researchers reported that
quercetin has improvement effect on male reproductive
dysfunction by means of its antioxidant activity (Zhang,
2005; Khaki et al., 2010; Ben Abdallah et al., 2011, 2012;
Ciftci et al.,, 2012; Farombi et al., 2012a,b; Kanter et al.,
2012; Moretti et al.,, 2012; Zribi et al., 2012) and its
other effect (Izawa ef al, 2008; Taepongsorat et al.,
2008; Abarikwu et al., 2012). In addition, quercetin has
been reported to possess beneficial effect on CCly-
induced liver fibrosis by enhancing the antioxidant
enzyme activity (Pavanato et al, 2003, 2007) and
decreasing the LPO (Pavanato et al., 2007). However,
there is no evidence about the deleterious or beneficial
effect of quercetin on male reproductive dysfunction
induced by CCly according to our knowledge. Therefore,
this study was conducted to investigate whether querce-
tin has improvement/deleterious effect on CCl -induced
negative changes in sperm quality, testicular apoptosis,
oxidative stress and histopathological lesions.
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Materials and methods

Animals and experimental design

The experimental protocols were approved by the local
committees for wusing animals of Firat University
(Elazig, Turkey). Animal care and experimental proto-
cols complied with the NIH Guide for the Care and
Use of Laboratory Animals. Twenty-eight healthy adult
male Wistar albino rats, aged 5 months, were obtained
from Experimental Research Centre of Firat University
(Elazig, Turkey) and maintained therein during the
study. The animals were housed in polycarbonate cages
in a room with a 12-h day-night cycle, at a tempera-
ture of 24 £+ 3 °C and humidity of 45% to 65%. Dur-
ing the whole experimental period, animals were fed
with a balanced commercial diet (Elazig Food Com-
pany, Elazig, Turkey), and fresh drinking water was
given ad libitum.

Olive oil was used as vehicle because CCly (99.9%,
Sigma-Aldrich Chemical Co., St. Louis, MO, USA) is an
oil-dissolved chemical. Quercetin (100 g, Molekula Ltd.,
Wimborne Dorset, UK) was also dissolved in alkaline
solution (0.01 N NaOH, pH = 12) because it is hardly
dissolved in natural conditions. The final pH of this solu-
tion after the supplementation of quercetin was ~8. The
rats were randomly divided into four groups; each con-
taining 7 rats. The volume of the drugs received by rats in
each group was 1 ml (0.5 ml olive oil + 0.5 ml slightly
alkaline solution). Pure olive oil + slightly alkaline
solution (pH ~8) was daily administered by gavage to rats
in the first group, and they served as control. 150 mg kg '
quercetin + pure olive oil was daily given by gavage to rats
in the second group and named as quercetin. The rats in
third group were treated with 0.25 ml kg~' week™' CCl,
+ daily slightly alkaline solution and named as CCl,. The
rats in fourth group received 0.25 ml kg™' week ' CCl,
and 150 mg kg™ day™' quercetin and named as
CCl+quercetin.  All  administrations maintained for
10 weeks. The doses of CCl, (Horn et al, 2006; Yice
et al., 2013) and quercetin (Taepongsorat et al, 2008)
given to rats in this study were selected based on the pre-
vious reports. Because the spermatogenic cycle, including
spermatocytogenesis, meiosis and spermiogenesis is 48—
52 days (Bennett & Vickery, 1970) and epididymal transit
of spermatozoa in rats is approximately 1 week (Kempinas
et al., 1998), the treatment period used herein was set at
10 weeks to achieve a maximum effect. Each rat was
weighed weekly and the dose levels of CCl, in oil suspen-
sion and quercetin in slightly alkaline solution were
adjusted for changes in body weights during the experi-
mental period.
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Sample collection and homogenate preparation

The rats were sacrificed using ether anaesthesia at the end
of 10th week. Testes, epididymides, seminal vesicles and
ventral prostate were removed, cleared from adhering
connective tissue and weighed. One of the testis samples
was fixed in Bouin’s solution for histopathological exami-
nation. The other testis samples were stored at —20 °C
for biochemical analyses. Testes were taken from a
—20 °C freezer and immediately transferred to the cold
glass tubes. Then, the testes were diluted with a 9-fold
volume of PBS (pH 7.4). For the enzymatic analyses, tes-
tes were minced in a glass and homogenised by a Teflon-
glass homogenisator for 3 min in cold physiological saline
on ice (Tiurk et al., 2011).

Testicular tissue LPO level and antioxidant enzyme
activities

All analyses were performed with the aid of a spectropho-
tometer (Shimadzu 2R/UV-visible, Tokyo, Japan). LPO
level was measured according to the concentration of
thiobarbituric acid-reactive substances, and the amount
of malondialdehyde (MDA) produced was used as an
index of LPO. The MDA level at 532 nm was expressed
as nmol g protein™! (Placer et al., 1966).

Reduced glutathione (rGSH) level was measured using
the method described by Sedlak & Lindsay (1968). The
level of rGSH at 412 nm was expressed as nmol g pro-
tein"'. Glutathione peroxidase (GSH-Px, EC 1.11.1.9)
activity was determined according to the method
described by Lawrence & Burk (1976). The GSH-Px activ-
ity at 340 nm was expressed as IU g protein™'. Catalase
(CAT, EC 1.11.1.6) activity was determined by measuring
the decomposition of hydrogen peroxide (H,O,) at
240 nm and was expressed as kg protein ', where k is
the first-order rate constant (Aebi, 1983). Protein concen-
tration was determined using the method of Lowry et al.
(1951).

Epididymal sperm analyses

All sperm analyses were made using the methods
reported in the study of Tirk et al. (2008). The sperm
concentration in the right cauda epididymal tissue was
determined with a haemocytometer. Freshly isolated left
cauda epididymal tissue was used for the analysis of
sperm motility. The percentage of sperm motility was
evaluated using a light microscope with a heated stage.
To determine the percentage of morphologically abnor-
mal spermatozoa, the slides stained with eosin—nigrosin
(1.67% 10% nigrosin and 0.1 M of sodium
citrate) were prepared. The slides were then viewed

eosin,
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under a light microscope at 400 x magnification. A total of
300 spermatozoa were examined on each slide (2100 cells
in each group), and the head, tail and total abnormality
rates of spermatozoa were expressed as percentage.

Histopathological examination

Testis tissues were fixed in Bouin’s solution for 48 h, and
they were dehydrated through graded concentrations of
ethanol, embedded in paraffin wax, sectioned at 5-pm
thicknesses and stained with Mayer’s haematoxylin & eosin.
Twenty-five seminiferous tubules (ST) were randomly
examined per section, their diameters and germinal cell
layer thicknesses (GCLT; from the basal membrane towards
the lumen of the tubule) were measured using an ocular
micrometre in a light microscope, and the mean size of ST
and GCLT were calculated. Johnsen’s testicular scoring
(Johnsen, 1970) was performed for control and treated
groups. Twenty-five ST from each section were evaluated,
and a score between 1 (very poor) and 10 (excellent) was
given to each tubule according to Johnsen’s criteria. The
degree of damages was graded as follows: mild (+), moder-
ate (++) and severe (+++).

Testicular apoptotic cell index

The apoptotic germ cells were defined by terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-end labelling
(TUNEL) assay with the ApopTag Peroxidase in Situ
Apoptosis Detection Kit (Chemicon, Temecula, CA, USA)
according to the manufacturer’s instructions. The fixed
testicular tissues in Bouin’s solution were embedded in
paraffin and sectioned at 4-um thicknesses. The paraffin
sections were deparaffinised in xylene, dehydrated through
graded alcohol and washed in PBS. The sections were trea-
ted with 20 mg ml™" proteinase K for 5 min, followed by
treatment with 3% H,O, for 5 min to inhibit endogenous
peroxidase. After re-washing with PBS, sections were then
incubated with the TUNEL reaction mixture containing
terminal deoxynucleotidyl transferase (TdT) enzyme and
digoxigenin-11-dUTP at 37 °C for 1 h in humidified
chamber, and then stop—wash buffer was applied for
30 min at 37 °C. Sections were visualised with 3-amino-9-
ethylcarbazole (AEC) substrate. Negative controls were
performed using distilled water in the place of the TdT
enzyme. Finally, sections were counterstained with Mayer’s
haematoxylin, rinsed in tap water and mounted with glyc-
erol. TUNEL-positive apoptotic cell index was calculated
as follow:

TUNEL-positive apoptotic cell index (%)

_ Total apoptotic cell count in 25 ST 100

~ Total germinal cell count in 25 ST
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Data analysis

Data are presented as the mean + SEM. The degree of
significance was set at P < 0.05. It was determined that
raw data showed normal distribution according to Shap-
iro-Wilk normality test. Based on the normality test,
one-way analysis of variance (anova) and post hoc
Tukey’s HSD test were used to determine the differences
between the groups with respect to all parameters studied.
All the analyses were carried out using the SPSS/PC soft-
ware programme (Version 15.0, Chicago, IL, USA).

Results

Reproductive organ weights

The mean values of absolute and relative reproductive
organ weights are given in Table 1. Only quercetin
administration did not have any significant harmful or
useful effect on reproductive organ weights in comparison
with the control group. CCl, administration caused sig-
nificant reductions in absolute and relative weights of tes-
tis (P < 0.001, P < 0.01), epididymis (P < 0.001), right
cauda epididymis (P < 0.01), seminal vesicles (P < 0.05)
and prostate (P < 0.05) as compared to the control
group. With the exception of epididymal weight, the
decreased values in the absolute and relative reproductive
organ weights of group given CCl, only were brought to
the near values to control group by quercetin administra-
tion to CCl,-treated rats. However, the improvements in
these organ weights of rats in CCly+quercetin group were
not statistically different from CCl, group only.

Testicular tissue LPO level and antioxidant enzyme
activities

Testicular tissue LPO, demonstrated as MDA, and rGSH
level, GSH-Px and CAT activities of all the groups are
given in Table 2. Only quercetin administration had no
significant effect on LPO and antioxidants when com-
pared to the control group. Only CCl, administration
caused significant (P < 0.001) increase in MDA level and
significant (P < 0.01) decreases in GSH-Px and CAT
activities when compared to the control group. In
addition, CCl, tended to decrease rGSH level, but
this reduction did not reach the statistical significance
when compared to the control group. However, quer-
cetin administration to CCly-treated rats significantly
(P < 0.001) decreased the CCly-induced increment in
MDA level. Although the increases observed in GSH-Px
and CAT activities following quercetin administration to
CCl,-treated rats were not statistically significant in com-
parison with the alone CCl; group, these activities in
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CClytquercetin group were found as a near value to con-
trol group.

Epididymal sperm parameters

Epididymal sperm concentration, sperm motility and
abnormal sperm rate in all groups are presented in
Table 3. Only quercetin administration had no significant
effect on sperm parameters in comparison with the con-
trol group. Significant decreases (P < 0.001) in sperm
motility and concentration, and significant increases
(P < 0.001) in head, tail and total abnormal sperm rates
were observed in CCl; group when compared to control
group. However, quercetin consumption by rats treated
with CCly provided significant (P < 0.001) improvements
in all abnormal sperm rates as compared to the CCl,
group only. Although the increase observed in sperm
motility following quercetin administration to CCl,-trea-
ted rats were not statistically significant in comparison
with the alone CCl, group, this parameter in CCl;+quer-
cetin group was found as a near value to control group.
Administration of quercetin together with CCl, tended to
increase the reductions in sperm concentration, but this
increase did not reach the statistical significance when
compared to the CCly group only.

Testicular histopathological lesions and apoptotic cell
index

No histopathological lesions (Table 4) were observed in
testicular tissues in control (Fig. la) and quercetin
(Fig. 1b) groups. The histopathological changes such as
necrosis, degeneration, desquamation, disorganisation
and reduction in germinal cells, atrophy in tubules,
thickening in basal membrane, interstitial oedema and
congestion, multinuclear syncytial cell formation and
spermatogenic arrest were observed only in CCl, (Fig. 1c)
and CClytquercetin (Fig. 1d) groups. Almost all ST in
testes of CCl; group were contained a great number of
spermatogonia, but with a very few number of spermato-
cytes and spermatids when compared to control group.
However, an increase in the numbers of spermatocytes
and spermatids in addition to spermatogonia was
observed in ST of CCly+quercetin group in comparison
with the CCl; group. In addition, the degree of lesions
was significantly (P < 0.001) worse in only CCly group
than in CClgtquercetin group (Table 4). Significant
(P < 0.001) decreases in diameters of ST, GCLT and
Johnsen’s testicular score were determined only in CCl,
group as compared to the control group. However, quer-
cetin administration to CCl,-treated animals significantly
(P < 0.001) improved the CCly-induced damages in these
parameters (Table 5).
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carbon tetrachloride)

Table 1 Mean + SEM values of absolute and relative reproductive organ weights (CCly

Parameters

Relative weight (g/body weight x 100)

Absolute weight (g)

Right cauda

Right cauda

epididymis Seminal vesicles  Ventral prostate

Epididymis

Testis

epididymis Seminal vesicles  Ventral prostate

Epididymis

Testis

Groups

0.169 + 0.006° 0.805 + 0.045° 0.419 + 0.017° 0.442 + 0.008° 0.154 + 0.004* 0.050 + 0.002° 0.251 + 0.025° 0.133 + 0.006"

1.443 + 0.503 & 0.011A

Control

0.032A¢
1.507 +

0.173 £ 0.011%  0.787 + 0.114*  0.405 + 0.062* 0.467 + 0.010°  0.157 + 0.004" 0.053 + 0.002®  0.220 + 0.034* 0.148 + 0.029

0.507 + 0.028"

Quercetin

0.0574
0.968 =+

0.108 + 0.016°  0.296 + 0.009°  0.090 -+ 0.014”  0.335 + 0.043° 0.098 + 0.005° 0.035 + 0.005° 0.084 + 0.002Y  0.036 =+ 0.005"

0.283 + 0.014®

CCly

0.1258
1.190 +

0.138 4 0.023°® 0.460 + 0.237 0.288 + 0.144Y 0.410 + 0.026™ 0.124 + 0.014® 0.047 + 0.006°® 0.147 + 0.065¢ 0.092 + 0.040%

0.365 + 0.0618

CCly +

0.0998¢

Quercetin

The mean differences between the values bearing different superscript letters within the same column are statistically significant (A, B and C; P < 0.001, a and b; P < 0.01, x and y; P < 0.05).

M. Sénmez et al.

Fig. 2 illustrates apoptosis, demonstrated by TUNEL
staining, in the testis of control and treated groups. The
apoptotic cell index of CCl, group was significantly
(P < 0.001) higher than control group. However, a signif-
icant (P < 0.001) decrease was observed in apoptotic cell
index in CCly+quercetin group as compared to the CCl,
group only (Table 5).

Discussion

Numerous studies have shown that oral (Abdou et al.,
2012; Ytce et al., 2013) and parenteral (Manjrekar et al.,
2008; Khan & Ahmed, 2009; Khan, 2012) CCl, exposure
causes morphological and functional reproductive disor-
ders through oxidative toxicity in male rodents. Many an-
tioxidants have been used to overcome these reproductive
disorders (Fadhel & Amran, 2002; Manjrekar et al., 2008;
Khan & Ahmed, 2009; Soliman & Fahmy, 2011; Khan,
2012; Ytce et al., 2013). Quercetin has been reported to
possess both antioxidant and pro-oxidant properties on
the male reproductive system of rodents and humans
(Ranawat et al., 2013b). In this study, we examined the
changes in reproductive organ weights, sperm parameters,
testicular tissue oxidative stress markers, testicular histo-
logical structure and apoptotic germ cells in order to
observe whether has quercetin pro-oxidant otherwise
antioxidant effect on CCl -induced reproductive disorders
in adult male rats.

CCl, toxicity

In the present study, CCl, administration caused signif-
icant decreases in absolute and relative weights of all
reproductive organs studied. It has been reported that
CCl; administration results in reduced weights of testis
(Castilla-Cortazar et al., 2004; Manjrekar et al, 2008;
Khan & Ahmed, 2009; Yice et al, 2013), epididymis
and accessory sex organs (Yice et al, 2013) as well as
decreased testosterone level (Khan & Ahmed, 2009;
Khan, 2012). Disturbances in the synthesis of androgens
have been reported to be able to cause negative
changes in reproductive organ weights, because perma-
nent androgenic stimulation is necessary for normal
growth and functions of testes, epididymides and acces-
sory sex organs (Klinefelter & Hess, 1998). In addition,
it is well known that testicular LPO is strongly associ-
ated with the testicular dysfunction including steroido-
genesis (Turner & Lysiak, 2008). These decreases in
reproductive organ weights observed in the present
study may possibly be explained by CCly-induced
decreased testosterone concentration in conjunction
with the increased LPO, as evidenced by increased
MDA herein.

© 2013 Blackwell Verlag GmbH
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Table 2 Mean + SEM values of malondialdehyde (MDA), reduced glutathione (rGSH) levels and glutathione peroxidase (GSH-Px) and catalase

(CAT) activities (CCl4 = carbon tetrachloride)

Oxidative stress markers

Groups MDA (nmol g protein™") rGSH (nmol g protein™") GSH-Px (IU g protein™") CAT (kg protein~")
Control 8.72 + 0.34% 7.02 £ 0.54 2.35 + 0.54° 42.16 + 4.91°
Quercetin 7.54 + 0.87° 6.95 + 0.79 3.25 + 0.39° 4567 + 6.01°
CCly 18.91 + 0.96° 5.85 £+ 0.52 0.93 + 0.18° 15.31 & 1.77°
CCl, + quercetin 5.97 + 0.63* 7.09 + 0.62 2.10 + 0.30%° 29.36 + 1.53%

The mean differences between the values bearing different superscript letters within the same column are statistically significant (a and b:

P < 0.001; A and B: P < 0.01).

Table 3 Mean 4 SEM values of sperm parameters (CCls = carbon tetrachloride)

Parameters

Epididymal sperm concentration

Abnormal spermrate (%)

Groups Sperm motility (%) (million/right cauda epididymis) Head Tail Total

Control 73.33 + 4.22% 90.50 + 5.59° 3.77 + 0.56° 6.00 + 1.02° 9.77 + 1.87°
Quercetin 81.17 + 3.897 111.71 + 5.28° 4.00 + 0.62° 5.29 + 1.25° 9.29 + 1.61°
ccCly 37.50 + 4.79° 20.25 + 8.99° 17.00 + 2.16° 18.00 + 2.24° 35.00 + 4.14°
CCly + quercetin 52.50 + 10.31%¢ 47.00 + 9.74° 7.25 + 2.10° 8.75 + 2.36° 16.00 + 4.38°

The mean differences between the values bearing different superscript letters within the same column are statistically significant (a, b, ¢ and d:

P < 0.001).

Oxidative stress results from the free oxygen radicals,
which include superoxide anion (O;), H,O, and the
hydroxyl ion ("OH), in excess of the enzymatic and non-
enzymatic antioxidants of the stressed tissue. Free radicals
have high affinity to cell membrane lipids, especially PU-
FAs, leading to tissue damage due to the LPO (Aitken &
Roman, 2008; Turner & Lysiak, 2008). CCl, has been
reported to cause an increase in by-products of LPO
(Abraham et al.,, 1999; Fadhel & Amran, 2002; Castilla-
Cortazar et al., 2004; Khan & Ahmed, 2009; Soliman &
Fahmy, 2011; Khan, 2012; Yice et al, 2013) and a
decrease in enzymatic and nonenzymatic antioxidants in
testicular tissue (Khan & Ahmed, 2009; Soliman &
Fahmy, 2011; Khan, 2012). In this study, CCl, adminis-
tration caused significant increase in testicular MDA level
and significant decrease in testicular GSH-Px and CAT
activities when compared to the control group. The CCl,-
induced oxidative stress in testes may be depend on the
increased free radicals mediated by CYP activity, which
was also identified in testes (Jiang et al., 1998), in the
present study.

Free radicals can be produced in large amounts by
spermatozoa, mitochondria and a variety of enzymes
including the xanthine- and NADPH oxidases, and the
CYP isozymes in the testis under pathologic conditions.
Spermatozoa and other cells within the testis remain vul-
nerable to oxidative stress due to the abundance of highly

© 2013 Blackwell Verlag GmbH
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PUFAs and the presence of potential free radical-generat-
ing systems (Aitken & Roman, 2008). In addition, they
are also vulnerable to oxidative damage during the epi-
didymal transit due to the maturational changes in sperm
plasma membrane (Vernet et al., 2004). Thus, excessive
generation of free radicals in pathologic conditions can
induce the LPO by oxidative breakdown of PUFAs in the
membranes of cells. Obviously, peroxidation of sperm lip-
ids destroys the structure of lipid matrix in the mem-
branes of spermatozoa, and it is associated with rapid
loss of intracellular ATP leading to axonemal damage,
decreased sperm viability and increased mid-piece mor-
phological defects, and even it completely inhibits sper-
matogenesis in extreme cases (Aitken & Roman, 2008;
Turner & Lysiak, 2008). In the present study, significant
decreases in epididymal sperm concentration and motil-
ity, and significant increases in head, tail and total abnor-
mal sperm rates were observed in CCl; group when
compared to control group. These findings are in agree-
ment with the earlier reports that reduced sperm count
and sperm motility as well as increased sperm shape
abnormalities has been reported in CCl,-treated rats
(Khan, 2012; Ytce et al, 2013). Increased LPO and
decreased antioxidant enzyme activity, as evidenced by
increased MDA level and decreased GSH-Px and CAT
activities in this study, may be responsible for impaired
sperm quality observed in CCl-treated rats.
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Table 4 The degree of some pathological lesions in testicular tissues of different treatment groups (CCls = carbon tetrachloride)

Lesions Control Quercetin CCly CClgtquercetin
Necrosis in germinal cells ND ND 2.92 +0.12° 1.29 + 0.36°
Atrophy in seminiferous tubules ND ND 2.40 £+ 0.18° 1.14 + 0.40°
Thickening in tubule basal membrane ND ND 2.84 + 0.28° 1.71 + 0.18°
Degeneration in germinal cells ND ND 2.65 + 0.06° 1.71 £ 0.18°
Desquamation in germinal cells ND ND 2.07 + 0.20° 1.00 + 0.00°
Reduction in germinal cell counts ND ND 2.90 + 0.10° 1.14 + 0.40°
Disorganisation in germinal cells ND ND 2.70 + 0.14° 1.71 £ 0.29°
Vacuolisation in germinal cells ND ND 1.59 + 0.24° 0.57 + 0.20°
Interstitial oedema and congestion ND ND 2.58 4+ 0.15° 1.86 + 0.14°
Multinucleated syncytial cell formation ND ND 3.00 + 0.00° 0.43 £ 0.20°
Spermatogenic arrest ND ND 2.82 £+ 0.20° 1.43 + 0.37°

ND, Not detected.
“Different from both control and quercetin groups (P < 0.001).
bDifferent from CCl, group (P < 0.001).

Marked histopathological damages such as necrosis,
degeneration, desquamation, disorganisation, reduction in
germinal cells, spermatogenic arrest, multinuclear syncy-
tial cell formation and significant decreases in diameters
of ST, GCLT and Johnsen’s testicular score were deter-
mined in CCl, group as compared to the control group
in this study. Similar findings including exfoliation of the
germinal epithelium, depletion and degeneration of germ
cells, shrinkage of the tubules, vacuolisation of germinal
epithelium and meiotic arrest have been reported follow-
ing long-term (from 20 days to 16 weeks) CCl, adminis-
tration in rats (Kalla & Bansal, 1975; Horn et al., 2006;
Khan & Ahmed, 2009; Khan, 2012; Yice et al., 2013).
Apoptosis is known to be a programmed cell death for

controlling the spermatogonial population within the tes-
tis. However, increased rate of apoptotic germ cells in
pathologic conditions disrupts this programme leading to
excessive cell death (Blanco-Rodriguez, 1998). Excessive
generation of free radicals-induced DNA damage results
in increased testicular apoptotic germ cell (Maheshwari
et al., 2009). It has been reported that long-term CCl,
administration causes testicular DNA damage (Khan,
2012) and increase in testicular apoptotic cell number
(Ytice et al., 2013). The apoptotic cell index in CCly
group was found to be significantly higher than control
group in the present study. Increased LPO level and
decreased antioxidant activity following CCl, administra-
tion may possibly cause the testicular histopathological

Fig. 1 Representative photomicrographs of
histopathological structure of testis in differ-
ent treatment groups (CCl, = carbon tetra-
chloride, calibration bar = 200 um). (a)
Haematoxylin and eosin staining in control
group. (b) Haematoxylin and eosin staining in
quercetin-treated group. (c) Haematoxylin and
eosin staining in CCly-treated group (arrows
show multinuclear syncytial cells). (d) Haemat-
oxylin and eosin staining in CCl, + quercetin-
treated group.
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Table 5 Mean + SEM values of diameters of seminiferous tubules (ST), germinal cell layer thickness (GCLT), Johnsen testicular score and

TUNEL-positive apoptotic cell index (CCly = carbon tetrachloride)

Variables

Johnsen testicular TUNEL-positive apoptotic

Groups Diameter of ST (um) GCLT (um) score (1-10) cell index (%)
Control 260.53 + 1.82° 100.94 £ 0.93° 9.90 £ 0.07° 1.73 £ 0.28°
Quercetin 263.78 + 1.31° 101.20 + 0.83° 9.70 + 0.08° 2.81 + 0.34°
CCly 189.16 + 2.08° 46.85 + 1.44° 4.26 + 0.25° 14.28 + 1.73°
CClgtquercetin 223.91 + 2.10° 71.31 £ 1.51° 6.83 & 0.65° 9.89 £ 0.97°

The mean differences between the values bearing different superscript letters within the same column are statistically significant (a, b, ¢ and d:

P < 0.001).

damages and the increase in testicular apoptotic cell
index.

Beneficial effects of quercetin

Quercetin has the ability to prevent the oxidation of
low-density lipoproteins by scavenging free radicals and
chelating transition metal ions, thereby aiding in the pre-
vention of various diseases, such as cancer, atherosclerosis
and chronic inflammation. However, there are controver-
sial reports in the literature highlighting the antioxidant as
well as a pro-oxidant effect of quercetin when male repro-
duction and fertility are considered (Ranawat et al,
2013b). Many studies (Zhang, 2005; Izawa et al., 2008;

Taepongsorat et al., 2008; Khaki et al., 2010; Ben Abdallah
et al., 2011, 2012; Abarikwu et al., 2012; Ciftci et al, 2012;
Farombi et al., 2012a,b; Kanter et al., 2012; Moretti et al.,
2012; Zribi et al, 2012) have reported that quercetin has
stimulating or protective effect; whereas few studies (Kha-
nduja et al, 2001; Farombi et al, 2013; Ranawat ef al.,
2013a) have mentioned from its deleterious effect on male
reproduction. Currently, it has been reported in an article
reviewed by Ranawat ef al. (2013b) that the reason for the
conflicting biological effects of quercetin might be related to
its administration dose and the redox state of the cell.
Although antioxidant property of quercetin has been
reported to provide significant improvements in increased
LPO level and decreased enzymatic and nonenzymatic

Fig. 2 Representative photomicrographs of apoptotic cells by TUNEL method in the testis of different treatment groups (CCl, = carbon tetrachlo-
ride, calibration bar = 100 pum). (a) TUNEL staining in control group. (b) TUNEL staining in quercetin-treated group. (c) TUNEL staining in CCl,-
treated group (marked reduction in germinal cells and brown-red-stained cells are the apoptotic ones. Marked increase is seen in the apoptotic
cell index that calculated by dividing total apoptotic cell number to total germinal cell number in 25 seminiferous tubules). (d) TUNEL staining in
CCly + quercetin-treated group (marked increment in germinal cells and brown-red-stained cells are the apoptotic ones. Marked decrease is seen
in the apoptotic cell index that calculated by dividing total apoptotic cell number to total germinal cell number in 25 seminiferous tubules).
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antioxidants in testicular tissue as well as deteriorated sperm
parameters, testicular histopathological lesions, DNA dam-
ages and decreased testosterone level induced by various
chemicals (Khaki et al., 2010; Ben Abdallah et al, 2011,
2012; Ciftci et al., 2012; Farombi et al., 2012a; Kanter et al.,
2012; Moretti et al., 2012); whereas some authors (Farombi
et al., 2013; Ranawat et al., 2013a) have reported that pro-
oxidant property of quercetin causes an increase in LPO
level and a decrease in antioxidant enzymes as well as dam-
ages in spermatozoa and other reproductive parameters. On
the other hand, although it has been reported that repeated
doses of antioxidants could reduce the toxic effects exerted
by CCl, upon the liver, and probably other organs, through
inhibition of CYP system that activates CCl, into its active
metabolite, trichloromethyl radical (Sheweita et al., 2001).
No comprehensive scientific study has been performed
about the improvement or deleterious effect of quercetin on
CCly-induced testicular oxidative stress, sperm damages, his-
topathological lesions and testicular apoptosis so far. In this
regard, this is the first comprehensive report on the effective-
ness of quercetin on CCly-induced reproductive dysfunction
in males. In this study, while long-term quercetin adminis-
tration to CCly-treated rats significantly decreased the incre-
ments in testicular LPO, abnormal sperm rates, the degree of
testicular histopathological lesions and testicular apoptotic
cell index, it provided numerical increase, though not signif-
icant, in GSH-Px and CAT activities, reproductive organ
weights, sperm concentration and motility when compared
to the CCl; group. These numerical increases observed in
some parameters of CCl,+quercetin group were found as
close values to the control group. The improvements
observed in these parameters may possibly be related to the
antiperoxidative effect of quercetin rather than its
pro-oxidant effect and also its inhibitory effect on CYP activ-
ity/expression.

Conclusion

In conclusion, the findings of this study clearly suggest
that quercetin has attenuating effect on CCly-induced
damages in sperm shape abnormalities, testicular histo-
pathological lesions and apoptosis. This effect of querce-
tin seems to be closely involved with the scavenging of
free radicals and suppressing LPO as well as its inhibitory
effect on CYP activity. In addition, the findings of this
study support the results of previous reports suggesting
that quercetin has antioxidant effect.
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