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Aging is a natural process that affects testicular functions via increasing the oxidative stress. Quercetin,
a polyphenolic, that has antioxidant activity. Therefore, this study was performed to examine the
possible role of quercetin in modulating aging-induced testicular damage. Samples from 30-months old
rats’ testis were examined before and after 200 mg of quercetin/Kg administration. Before quercetin
administration, they showed an increase in the lipid peroxidation and 8-hydroxy-2’-deoxyguanosine
while showed a decrease in the superoxide dismutase activity, testosterone level and sperm count and
viability. Seminiferous tubules diameters were 84.3 + 5.6 um and their epithelium heights were 21.2 +
3.4 um. Only spermatogonia that were positively reacted with proliferating cell nuclear antigen (PCNA).
After quercetin administration, they showed an improvement in the previous biochemical parameters.
Seminiferous tubule diameters were 105.2 + 2.1 um and their epithelium heights were 26 + 2.1 um.
Remarkably, spermatogonia, spermatocytes, spermatids and sertoli were positively reacted with PCNA.
In conclusion, quercetin could modulate aging induced-testicular damage via increasing the antioxidant
defense and the immunolocalization of the proliferating cell nuclear antigen.
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INTRODUCTION

ging is a natural complex process which includes

several irreversible changes that affect the biological
functions. It is also characterized by morphological and
structural deteriorations in many organs; one of these
organs is the testis (Mao ef al., 2019). Reactive oxygen and
nitrogen species (ROS and RNS) that are produced by all
aerobic cells play an important role not only in aging but
also in age-related diseases (Venkataraman ef al., 2013).
The increase of ROS and RNS levels leads to the inhibition
of the cellular proliferation in response to damages during
replication (Liguori et al., 2018).

Several previous studies documented the deterioration
in the testicular functions and structure with aging. Aging
caused irreversible changes in the testis structures especially
Leydig cells’ numbers, the responsible cells for testosterone
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hormone production (Tenover, 1998). An increase in the
testicular metabolism was recorded from 11 to 40 years
of age followed by its decrease from 40 to 90 years of age
(Zenzmaier et al., 2008). A decline in the number of germ
cells and Sertoli cells were recorded in aged individuals
(Zitzmann, 2013). Furthermore, deteriorating changes
were documented in the testosterone hormone production,
spermatogenesis process and testes’ mass with aging
(Jenkins et al., 2015).

Proliferating cell nuclear antigen (PCNA) is a nuclear
antigen known as 36-kDa auxiliary nuclear protein for
DNA polymerase delta. PCNA has an essential role
not only in regulating DNA synthesis but also in the
proliferation of the cells (Takasaki ez al., 1981). Decrease
in the number of the germ cells immunostained with
PCNA in the testis reflects reduction in the proliferation
activity and the spermatogenesis (Anbarkeh ef al., 2019).
Generally, aged animals had less numbers of basal germ
cells in the seminiferous tubuli (Salama et al., 1998).

Quercetin, a flavonoid, is a polyphenolic natural
chemical that has many biological activities such as
antioxidant, cardioprotective, and neuroprotective
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(Vinayagam and Xu, 2015). It can scavenge ROS due to
its high content of the phenolic hydroxyl groups (Tokyol e?
al., 2006). It can inhibit the decline of steroidogenesis that
is caused by the oxidative stress in aged Leydig cells (Chen
et al., 2015). Moreover, via increasing the testosterone
level, it enhanced the viability and the motility of the
sperm in the diabetic rats (Khaki et al., 2010). It also could
protect the testis from the toxicity induced by CdCl, by its
antioxidant activity (Nna et al., 2017). However, it is not
clear yet if it can be used as a modulator against testicular
deteriorations that is induced by the oxidative stress during
aging. Therefore, the present study was undertaken to
test the possible role of quercetin, as an antioxidant, to
modulate the deteriorating testicular changes induced by
aging in male rats.

MATERIALS AND METHODS

Experimental protocol

During experimental work guidelines of the Ethical
Committee of King Khaled University, KSA were followed.
Briefly, forty male albino rats of two different ages (3
and 30 months old) were used in the present study and
were provided with a pellet diet that contains the essential
nutritive elements. The rats were housed in plastic cages
and maintained under standard conditions of temperature,
humidity, and 12 h light/dark cycle for two weeks before
starting the experiment. The rats were equally divided into
4 groups each of 10; group (1) rats, 3 months old were
injected intraperitoneally (i.p.) with saline, (2) 3 months old
rats and were injected i.p. with 200 mg quercetin/Kg body
weight, (3) 30 months old rats were injected i.p. with salaine
and (4) 30 months old rats were injected i.p. with 200 mg
quercetin/Kg body weight. The quercetin purchased from
Sigma-Aldrich (St. Louis Mo., U.S.A) were injected every
other day for 2 weeks (Alm-Eldeen et al., 2019). At the end
of the experiment, the rats were sacrificed and the testes
were carefully taken out under strict hygienic conditions.
The right testes (10/ group) were stored in -80 °C freezer
for biochemical analyses and the left ones (10/group) were
fixed in 10% neutral buffered formalin for histopathological
and immunohistochemical examinations. Pieces from the
epididymis were chopped for sperm count and viability.

Determination of the testicular oxidative stress status

Testes were homogenized in cold phosphate buffered
saline centrifuged at 3000xg for 15 min at 4 °C to get
supernatant for determination of superoxide dismutase
(SOD) activity expressed as U/mg protein according to
Buege and Aust (1978) and lipid peroxidation (MDA)
content expressed as nmole/mg protein according to
Paoletti and Mocali (1990).

Quantification of 8-hydroxy-2’-deoxyguanosine (§-OHdG)

Using enzyme-linked immunosorbent assay (ELISA)
kit, the level of 8-OHdG in the testis was determined
according to the instructions of the manufacturer
(Elabscience Biotechnology, China). The testes were
homogenized in ice-cold saline, centrifuged at 1200xg for
15 min at 4C and the supernatant was collected. In each
well, 50 uL of standard or sample and 50 uL of biotinylated
antibody were incubated at 37C for 45 min, washed and
then followed by adding 100 puL of HRP conjugate and 90
pL of substrate reagent followed by adding 50 pL of stop
solution. The plates were then incubated at 37C for 15
min and the absorbance was measured.

Quantification of the testosterone

Frozen testes were homogenated in RIPA lysis
buffer at a concentration equal to 10 pl/mg of tissue then
centrifuged at 12000 xg for 10 min. Using the ELISA
assay kit (BOSTER Biological Technology Co., Ltd.),
the levels of the testosterone was measured according to
the instructions of the manufacturer. In each well, 50 ul
of the sample and 50 pl of an enzyme-labeled antigen and
50ul of antibodies were added and incubated at 37°C
for 45 min. After 3 times washing, 50 pL of substrate A
(color developing agent) and 50 pL of substrate B (color
developing agent) were added to each well. The plates
were incubated at 37 C for 15 min followed by the addition
of 50 uL of stop solution to each well then the absorbance
was immediately measured.

Sperm count and viability

Pieces from the epididymis were cut in 5 ml saline
then incubated at 37°C for 15 min. 5 pl of the sperm
suspension was diluted with 250 pl of saline then 10 pl was
loaded to each counting chambers in the hemocytometer.
Using light microscope at 400X magnification, the cells
were counted then the sperm count was expressed as the
number of spermatozoa/ ml (Zahra et al., 2013).

To determine the viability of the sperm, 5 pl of
0.5% eosin was added to 10 pl from the previous sperm
suspension then incubated at room temperature for 2
min then loaded on a glass slide and viewed at 400X
magnification. Live spermatozoa appeared white in color
while dead ones appeared red to a pink in color. The sperm
viability was calculated as the percentage of the live
spermatozoa / 300 spermatozoa in each group.

Histopathological and immunohistochemicl examination
Formalin fixed testes were washed, dehydrated and
embedded in paraffin. 5 um thick sections were cut. Some
sections were processed for hematoxylin and eosin staining
(Bancroft et al., 1994). Others sections were processed
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or for immunohistochemical staining from histological
sections 100 random seminiferous tubules from each group
using the objective lens X40 were analyzed to measure the
diameter and the epithelium height of the seminiferous
tubules.

Immunohistochemicl examinations

Sections were immunohistochemically stained with
anti-PCNA using modified standard streptavidin-biotin-
peroxidase complex (ABC) method (Abou-Zaid et al.,
2010). The sections were deparaffinized, hydrated, washed
3 times with phosphate buffered saline (PBS) then incubated
with 3% hydrogen peroxide in methyl alcohol to block the
peroxidase activity. The sections were then incubated with
anti-PCNA biotin-conjugated antibody overnight at 4°C
then washed 3 times in PBS. PBS was added to some testis
slides of 3 months old rats instead of PCNA to use them
as a negative control. All sections were then incubated
with biotinylated rabbit anti-polyvalent as a secondary
antibody for 2 h at room temperature then washed 4 times
in PBS. The sections were then incubated with Avidin,
Biotin Complex (ABC) for 10 min at room temperature,
and rinsed 3 times in PBS. To visualize the reaction, the
slides were incubated with 3,3’-diaminobenzidine (DAB)
for 10 min at dark then rinsed in PBS three times for 2 min
each then counterstained with Mayers hematoxylin, rinsed
in running tap water for 10 min, dehydrated, cleared and
mounted. The positive stained area was brown in color.

Statistical analysis

Four replicates from different animals in each
parameter in all groups were taken and expressed as
meantstandard deviation (mean+SD). Two-way analysis
of variance (ANOVA) was performed, then Tukey post
hoc test was applied. P values < 0.05 was considered to be
statistically significant. Statistical analysis was performed
using Excel 2013 (Microsoft Corporation, USA), SPSS
statistical version 22 software package (SPSS Inc., USA)
and Minitab version 18).

RESULTS

Effect of quercetin on SOD and MDA

The data showed a non-significant difference (p>0.05)
in the testis SOD and MDA levels between the rats that had
3 months old before and after quercetin administration. The
levels of the SOD were 27.96 = 1.37 and 27.80 + 1.87 and
the levels of the MDA were 1.97 £ 0.13 and 2.03 £ 0.14 in
the rats that had 3 months old before and after quercetin
administration. The level of the testis SOD of the 30 months
old rats showed a significant reduction (p < 0.05) while
MDA level showed a significant increase (p < 0.05) with a

percent of change equal to -23.83% and 40.97% comparing
with the 3 months old rats, respectively. Remarkably, the
30 month old rats that had received quercetin showed
a non-significant difference (p > 0.05) in the SOD and
MDA levels comparing with the 3 months old rats before
quercetin administration (Fig. 1A, B).

Fig. 1. Effect of quercetin on the levels of testes SOD (unit/
mg protein), MDA (nmol/ mg protein) and 8-OHdG (ng/
L) in 3 and 30 months old rats before and after quercetin
administration. Data are means + SD with n=4, Different
letters indicate significant differences among the columns
(p<0.05).

8-OHdG

The results showed a non-significance difference
(p = 0.05) in the levels of 8-OHdG in the rats that had 3
months old before and after quercetin administration. The
levels of 8-OHdG were 2.52 + 0.26 ng/L and 2.75 + 0.31
ng/L, respectively. However, the rats that had 30 months
old showed a significant increase (p < 0.05) in the level
of 8-OHdG, which reached to 11.76 + 0.84 ng/L with a
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percent of change equal to 366.67%, comparing with the
rats that had 3 months old before quercetin administration.
The rats that had 30 months old and received quercetin
showed a non-significant change (p > 0.05) in the level
of 8-OHdG, with a percent of change equal to 5.75%,
comparing with its level in the rats that had 3 months old
before quercetin administration (Fig. 1C).

Fig. 2. Effect of quercetin on the testesterone (pg/ ml),
sperm count (10 X8 /ml) and sperm viability (%) in
the 3 and 30 months old rats before and after quercetin
administration. Data are means + SD with n=4, Different
letters indicate significant differences among the columns
(p <0.05).

Testosterone level

The levels of the testosterone showed a non-signifi-
cant difference (p > 0.05) in the 3 months old rats before
and after quercetin administration in which their levels
were 3.52 + 0.10 pg/ml and 3.37 + 0.26 pg/ml, respec-
tively. However, the 30 months old rats showed a signif-
icant decrease (p < 0.05) in the testosterone level with a
percent of change equal to -84.01% compared with the 3

months old rats and not received quercetin. Interesting-
ly, 30 months old rats injected with quercetin showed a
non-significant change (p > 0.05) with a percent of change
equal to -15.64% compared with the 3 months old rats that
had not received quercetin (Fig. 2A).

Sperm count and viability

The data showed a non-significant change (p >
0.05) in the sperm count and viability in the 3 months
old rats before and after quercetin administration. Sperm
counts were 1.35+0.10 x 10® and (1.40 = 0.12) x 10® and
sperm viability was 75.58 + 1.31 (%) and 74.60 + 5.01
(%) in the 3 months old rats before and after quercetin
administration, respectively. However, these parameters
showed a significant decrease (p < 0.05) in the 30 months
old rats with a percent of change equal to -67.35% and
-48.96% compared with the 3 months old rats that had
not received quercetin, respectively. Remarkably, after
quercetin administration, the 30 months old rats showed a
non-significant change (p > 0.05) in the sperm count and
viability with a percent of change equal to 1.33 + 0.13%
and 64.58 + 3.53% compared with the 3 months old rats
that had not received quercetin, respectively (Fig. 2B, C).

Histological and immunohistochemical appearance
Observation of the testis sections of the 3 months
old rats before and after quercetin administration showing
normal architecture. Seminiferous tubules appeared
circular to oval in shape with normal seminiferous
epithelium that contained all the stages of spermatogenesis
from spermatogonia to mature sperm cells. Spermatozoa
were clearly seen which filled the lumen. The diameter
of the seminiferous tubule was 116.2 + 8.1 pm and 111.6
+ 6.1 um while their epithelium height were 30.4 + 2.6
um and 28.4 + 2.1 um in the 3 months old rats before
and after receiving quercetin, respectively (Fig. 3A, B).
Moreover, spermatogonia, spermatocytes, spermatids and
Sertoli were positively immunostained with PCNA. The
pattern of PCNA reaction was quite similar in the 3 months
old rats before and after quercetin administration. So,
we decided to show the testis of 3 months old rat before
the quercetin administration as a negative control, i.e.
without PCNA exposure as a primary antibody (Fig. 4A,
B). Observation of the testicular sections of the 30 month
old rats revealed a significant (p < 0.05) reduction in the
diameter of the seminiferous tubules and the height of the
seminiferous tubule epithelium. They reached to 84.3+5.6
um and 21.243.4 pm, respectively. Noticeable depletion
of spermatogenic cells, round spermatids and sperms was
recorded. As a result, the tubular lumen appeared much
wider than in 3 month old rats (Fig. 3C). Moreover, positive
PCNA reaction was noticed only in spermatogonia.
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Spermatocytes, spermatids and sertoli showed a negative
reaction with PCNA (Fig. 4C). Interestingly, the 30 month
old rats that had received quercetin showed nearly a
normal histological structure of testis. Moreover, a non-
significant (p < 0.05) difference in the diameter of the
seminiferous tubules and the height of the seminiferous
tubule epithelium were determined compared with the 3
month old rats before quercetin administration (Fig. 3D).
The diameter of the seminiferous tubule reached 105.2+2.1
um while their height were 26+2.1 um. Spermatogonia,
spermatocytes, spermatids and Sertoli were randomly
positively immunostained with PCNA (Fig. 4D).

Fig. 3. Histological structure of the testis stained with
hematoxylin and eosin. (A, B): 3 months old rats before
and after quercetin administration, respectively. The
seminiferous tubules (ST) showed normal seminiferous
epithelium (double line) that contains spermatogonia
(black arrow), spermatocytes (white arrow), spermatids
(black arrowhead) and mature sperm (white arrowhead).
(C, D): The seminiferous tubules (ST) of 30 months
old rats before quercetin administration in C showed
the depletion of spermatogenic cells (black arrow),
round spermatids (black arrowhead) and sperms (white
arrowhead). Note the reduction in the seminiferous
tubules diameter and its epithelium height (double line).
The seminiferous tubules (ST) of 30 months old rats after
quercetin administration in D restore the normal structure.
Note the height of its epithelium (line), spermatogonia
(black arrow), spermatocytes (white arrow), spermatids
(black arrowhead) and mature sperm (white arrowhead).

DISCUSSION

Continuous decline in the cellular function and body
health are the most characteristic features of the aging
process (Kong et al., 2014). Testicular dysfunction is a
process that goes parallel to aging. Therefore, the present

study was designed to clarify the possible role of quercetin,
as antioxidant agent, to modulate the testicular damage
induced by aging in male rats. The present data revealed
decrease -23.83%, -84.01%, -67.35% and -48.96% in SOD,
testosterone and the sperm count and viability 40.97% and
366.67% increase in MDA and 8-OHdG levels in 30 months
old rats compared in the 3 months old rats. The present
data were consistent with several previous studies that
indicated the deterioration of the structure and functions of
male reproductive organs with the progress of age (Wang et
al., 2018). They recorded a decline in the testicular weight,
testicular morphology, semen parameters and sperms
viability and count with aging. Age causes an increase in
the oxidative stress in the reproductive system (Aitken et
al., 1989). This oxidative stress causes a decrease in the
fertility represented by sperm production of less quality
and numbers. The free radical theory suggested that aging
is the cumulative result of oxidative damage to the cells
and tissues that arises as a result of aerobic metabolism
(Wickens, 2001). A relation was documented between the
imbalance between the production and the degradation of
ROS and aging (Liguori et al., 1918). ROS has the ability
of oxidizing different types of proteins resulting into the

Fig. 4. Histological structure of the testis stained PCNA.
(A, B): 3 months old rats before and after quercetin
administration, respectively. In A, no reaction was
observed was used as as we omitted PCNA antibody
from the reaction and used it as a negative control. In
B, Spermatogonia (black arrow), spermatocytes (white
arrow), spermatids (black arrowhead) and Sertoli (white
arrowhead) were positively immunostained with PCNA.
(C, D): 30 months old rats before and after quercetin
administration, respectively. In C, only spermatogonia
(black arrow) were positively immunostained with PCNA.
In D, spermatogonia (black arrow), spermatocytes (white
arrow), spermatids (black arrow head) and Sertoli (white
arrowhead) were positively immunostained with PCNA.
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damage of their structure and functions (Tousson ef al.,
2011; Alm-Eldeen et al., 2017). ROS plays one of the key
roles in the occurrence of testis toxicity (Dirican et al.,
2012). The decrease of the testis SOD and the increase of
the testis MDA were recorded with aging due to the occur-
rence of the oxidative stress (Zhao et al., 2017). Further-
more, several studies reported an age-related increase in
8-OHdG levels in sperm (Paul et al., 2011; Ozkosem et al.,
2015). High correlation has been reported between the oxi-
dative adduct 8-OHdG and DNA fragmentation (Aitken et
al., 2010). Spermiogenesis is exposed to errors with aging
and sperm DNA was damaged because of its exposure to
the oxidative attack that causes the increase in 8-OHdG
enzyme (Valavanidis et al., 2009).

The reduction of sperm count and viability which was
in detected in 30 months old rats in the present study was
in consonance with other previous studies that recorded
a reduction in the seminal volume, percentage of motile
sperm and percentage of morphologically normal sperm
with aging (Johnson ef al., 2015; Koh et al., 2016).

The histopathological examinations of the testicular
tissues of 30 months old rats showed a decrease in the
diameter of the seminiferous tubules and the height of
their epithelium. PCNA which is a useful marker of cell
proliferation was expressed only in spermatogonia. A
decrease in the number of PCNA—positive cells with aging
was already reported before (Uygur et al., 2016). The
present reduction in PCNA expression in the testicular
germ cells in 30 months old rats in the present study is
an indication of a reduction in spermatogenesis and
proliferative activities with aging.

Interestingly, 30 months old rats that received
quercetin showed a non-significant difference in the
SOD, MDA, OHdG, testosterone and the sperm count and
viability compared with the 3 month old rats. Moreover,
PCNA was expressed in spermatogonia, spermatocytes,
spermatids and Sertoli. It was reported that quercetin, as
antioxidant gent, has the ability to modulate the reduction
of the SOD activities and the increase of the MDA levels
associated with the increase in the oxidative stress in
the testicular tissue (Uygur et al., 2014). The ability of
quercetin to ameliorate the defects in the sperm quality and
to increase the levels of testosterone in cadmium treated
rats has also been reported by others (Farombi ez al., 2012).

Quercetin could reduce the testicular damage induced
by ethanol (Uygur et al., 2014), increase PCNA expression
in testes of diabetic rats (Kanter et al., 2012), Repair
testicular injury caused by cadmium injection during
spermatogenesis (Farombi ef al., 2012) and alleviate
the atrazine-induced reduction in steroidogenic enzyme
activities (Abarikwu and Farombi, 2016). This may be
due to the protective effect of quercetin on testicular

steroidogenesis and spermatogenesis due to its free radical
scavenging properties (Abarikwu et al., 2013). Quercetin
is considered more powerful antioxidant compared to other
antioxidants such as vitamin C, vitamin E and B-carotene
(Rice-Evans et al., 1995). Quercetin, a flavonoid, has
an antioxidant activity due to its higher diffusion into
membranes (Moridani et al., 2003). Therefore, the
improvement of the testicular morphology and function
that had seen in 30 months old rats after quercetin
administration in the preset study may be related to its
antioxidant properties.

CONCLUSION

In conclusion, aging caused oxidative stress, lipid
peroxidation and histopathological damage to testis.
Quercetin  could modulate aging induced-testicular
damage via increasing the antioxidant defense and the
immunolocalization of the proliferating cell nuclear
antigen.
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