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Grape seed proanthocyanidin extract attenuates
varicocele-induced testicular oxidative injury in rats
by activating the Nrf2-antioxidant system
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Abstract. The present study investigated whether grape
seed proanthocyanidin extract (GSPE) can attenuate varico-
cele-induced testicular oxidative injury through the nuclear
factor (erythroid-derived 2)-like 2 (Nrf2) antioxidant pathway.
A varicocele model in rats was established by partial ligation
of the left renal vein. Following 4 weeks of GSPE adminis-
tration, the decreased sperm count and motility and other
pathological changes caused by varicocele were significantly
alleviated, as indicated by the results of computer-assisted
sperm analysis and hematoxylin and eosin staining. In
addition, the decreased antioxidant enzyme (superoxide
dismutase and glutathione peroxidase) activity and elevated
oxidative stress level were partially reversed by administra-
tion of GSPE. Furthermore, the apoptotic level of the testis
induced by varicocele was decreased by the GSPE treatment,
according to terminal deoxynucleotidyl transferase dUTP
nick end labeling assay. Additionally, the expression of apop-
tosis-related proteins, including B-cell lymphoma 2 (Bcl-2),
Bcl-2-like protein 4 and cleaved caspase-3, were also affected
by GSPE. GSPE activated Nrf2, which is a key antioxidative
transcription factor, with elevation of the downstream factor
hemeoxygenase-1. These findings suggest that GSPE can
ameliorate abnormal spermatogenesis and testicular injury in
varicocele rats, potentially due to its antioxidative activity and
ability to activate the Nrf2 pathway.
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Introduction

Varicocele, which is a dilation of the veins of the pampi-
niform plexus draining the testes, is present in ~15% of all
males and 19-41% of males diagnosed with primary infer-
tility (1). The pathophysiological mechanism of varicocele
remains to be elucidated but is possibly caused by blood flow
occlusion in the spermatic vein, or hypofunction of its valves,
causing blood stasis and making the spermatic vein coil and
expand (2).

Previous studies (3,4) have indicated that, in addition
to decreasing sperm count and motility and causing DNA
damage, varicocele may also disturb the development of the
testes. Although the exact mechanism by which varicocele
causes abnormal spermatogenesis remains to be elucidated,
oxidative stress is regarded as one of the primary etiologic
causes (5-7). Oxidative stress has been reported to affect the
activity of the spermatozoa, to injure DNA structure and to
accelerate apoptosis, all of which would lead to decreased
sperm numbers and motility, abnormal development of
morphology and impaired function of sperm in the testes (8).
Enzymatic antioxidants in the testes, including glutathione
peroxidase (GSH-Px), heme oxygenase-1 (HO-1) and NAD(P)
H:quinone oxido-reductase-1, can scavenge free radicals to
tackle oxidative stress (9,10). Hence, upregulation of these
enzymatic antioxidants can prevent the damage to the testis
and spermatozoa caused by oxidative stress (11).

Nuclear factor E2-related factor 2 (Nrf2) coordinately
modulates the expression of >200 genes in humans and other
animals, acting as an endogenous antioxidant mechanism (12).
The Nrf2-antioxidant-response element (ARE) signaling
pathway is hypothesized to act as one of the major defense
systems, which may inhibit oxidative stress via promoting
the expression of HO-1 and other downstream antioxidative
genes (13). Furthermore, Nrf2 combines with Kelch-like
ECH-associated protein 1 (KEAP1) and remains in the cyto-
plasm without oxidative stimulation (14). KEAPI can promote
the ubiquitylation of Nrf2 to repress its function. However,
when excess reactive oxygen species (ROS) are present,
KEAPI becomes inactivated (15) and Nrf2 translocates into
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the nucleus and binds to the ARE to initiate the transcription
of downstream genes (11,14).

Grape seed proanthocyanidin extract (GSPE) consists of
a group of polyphenolic bioflavonoids that possess a broad
spectrum of biological, pharmacological and therapeutic
properties that combat oxidative stress (16). GSPE has been
reported (17) to demonstrate more powerful antioxidative
activity than vitamin C or E. Previous studies (18-20) have
demonstrated that GSPE can activate the Nrf2 defense
pathway to exert its protective function in various situations,
including diabetes mellitus, nickel sulfate poisoning and
arsenic poisoning.

The present study aimed to investigate whether GSPE can
alleviate varicocele-induced oxidative injury by activating the
Nrf2 defense pathway in rat testes.

Materials and methods

Reagents. GSPE (lot.no. G050412) was purchased from Tianjin
Jianfeng, Inc. (Tianjin, China). Rabbit anti-Nrf2 antibody (cat.
no. ab137550), mouse anti-HO-1 antibody (cat. no. ab13243),
rabbit anti-H2A histone family member X (H2A.X) anti-
body (cat. no. abl1175) and rabbit anti-B-cell lymphoma 2
(Bcl-2)-like protein 4 (Bax) antibody (cat. no. ab32503)
were all purchased from Abcam (Cambridge, UK); rabbit
anti-Bcl-2 antibody (cat. no. sc-783), mouse anti-actin anti-
body (cat. no. sc-58673), goat-anti-rabbit immunoglobulin G
(IgG)-horseradish peroxidase (HRP) (cat. no. sc-2004) and
goat-anti-mouse IgG-HRP (cat. no. sc-2005) were all purch-
ased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA);
rabbit anti-cleaved-caspase-3 (cat. no. 9661) was purchased
from Cell Signaling Technology, Inc. (Danvers, MA, USA).
The total superoxide dismutase (SOD) assay, GSH-Px assay
andmalondialdehyde (MDA) assay kits were obtained from
Nanjing Jiancheng Bioengineering Institute (Nanjing, China).
The nuclear and cytoplasmic protein extraction, bicinchoninic
acid (BCA) assay and terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) apoptosis assay kits were
all purchased from Beyotime Institute of Biotechnology
(Beijing, China).

Animals and groups. Adult (6-8 weeks old) male Wistar rats
weighing 280-320 g were supplied by the Animal Center of
Shandong University (license no. SCXK?20130007). The
animals were supplied with food and water and were main-
tained on a standard 12 h light:dark cycle with 60% relative
humidity and a temperature of 25°C. Animal care and manage-
ment was approved by the Ethics Committee of Qilu Hospital
of Shandong University (approval no. DWLL-20B-025; Jinan,
China). Anesthesia was induced by an intraperitoneal injec-
tion of 10% chloral hydrate and animals were sacrificed using
cervical dislocation.

The rats were randomly divided into six groups
(10 rats/group) following 7 days of acclimatization: i) Control;
ii) control + GSPE; iii) sham; iv) sham + GSPE; v) varicocele
(V); and vi) varicocele + GSPE.

Establishment of varicocele model. The procedure for
establishing a varicocele model was previously reported by
Tuner (21). The rats in the varicocele and varicocele + GSPE
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groups were anesthetized by intraperitoneal injection of 10%
chloral hydrate (3 ml/kg). A midline laparotomy incision was
made and the abdominal contents were gently pushed to the
right side to expose the left renal vein, inferior vena cava and
left spermatic vein. The adipose tissue surrounding the left
renal vein was carefully dissected and a 4/0 silk suture was
loosely placed around it, just distal to the insertion of the left
spermatic vein. A rigid guide wire (0.8 mm in diameter) was
placed over the left renal vein and the suture was tied around
the vein over it. The guide wire was then carefully removed.
Congestion of the left renal vein and spermatic vein in each
animal was immediately apparent. The incision was closed in
two layers. The rats in the sham and sham + GSPE groups
underwent the same procedure, however the sutures were not
tied down. The rats were fasted for 24 h prior to and following
surgery. The varicocele model was considered to be success-
fully established when the diameter of the left spermatic vein
reached more than twice its previous size.

GSPE administration. At 4 weeks after surgery, the rats in
the control + GSPE, sham + GSPE and varicocele + GSPE
groups received an intragastric dose of 250 mg/kg GSPE
daily for another 4 weeks, while the rats in the other three
groups received the same volume of normal saline, also
intragastrically.

Histological analysis. All the animals were euthanized
following 4 weeks of GSPE or normal saline administration.
The left testis was removed using a low abdominal incision.
Half of the testis was put into liquid nitrogen and then stored
at -80°C. The other half was fixed in 4% paraformaldehyde,
dehydrated sequentially with ethanol and embedded in paraffin
wax. The wax-embedded tissue was sliced into 5 ym thick
sections. Five sections per rat were stained with hematoxylin
and eosin (H&E) for morphological analysis.

Immunohistochemistry of Nrf2. The sections were placed in
0.01 M sodium citrate buffer and incubated between 92-98°C
to perform antigen retrieval. The sections were then incubated
in 3% H,0, for 30 min and then blocked with 10% normal
goat serum (OriGene Technologies, Inc., Rockville, MD, USA)
for 30 min at 37°C. The sections were then incubated with
rabbit polyclonal antibody specific for Nrf2 (dilution 1:200)
overnight at 4°C. The sections were then incubated with goat
polyclonal secondary antibody (1:500) to rabbit for 30 min.
Finally, the sections were stained using a 3,3'-diaminobenzi-
dine kit and then stained with hematoxylin and observed with
a light microscope.

Sperm counts and motility. The left cauda epididymis tissue
was chopped into small pieces and incubated in 3 ml normal
saline in a 37°C water bath for 2 min. Approximately 10 ul of
sperm suspension was dropped onto a blood cell counting plate.
The sperm concentration and rate of sperm motility (progres-
sive + non-progressive) were measured by computer-assisted
sperm analysis (Microptic, Barcelona, Spain).

Western blotting. As described above, half of the testis was
stored at -80°C. The nuclear and cytoplasmic proteins of the
testis were extracted according to the protocol of the nuclear
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Figure 1. Morphological and functional evaluations of the testis. (A) Statistical results of testicular sperm concentration. n=9, P=0.000 vs. control group;
=9, P=0.013 vs. varicocele group. (B) Statistical results of testicular sperm motility. 'n=9, P=0.001 vs. control group; “n=9, P=0.033 vs. varicocele group.
(C) Histological sections of the left testis with hematoxylin and eosin staining exhibit fewer and looser testicular epithelial cells with structural damage in
the varicocele group compared with the control group, whereas GSPE can constrain the varicocele-triggered morphological changes. Scale bar, 50 ym. C,
control group; C+G, control + GSPE group; S, sham group; S+G, sham + GSPE group; V, varicocele group; V+G, varicocele + GSPE group; GSPE, grape seed

proanthocyanidin extract.

and cytoplasmic protein extraction kit (cat. no. P0O02S;
Beyotime Institute of Biotechnology). The concentration
of the proteins was measured by the BCA method. Then
proteins (50 pg) were fractionated by 10% SDS-PAGE
and transferred onto PVDF membranes. The membranes
were blocked in 5% milk for 2 h and then incubated with
primary antibodies specific for Nrf2 (1:500), HO-1 (1:500),
H2A.X (1:500), B-actin (1:1,000), cleaved caspase-3 (1:500),
Bcl-2 (1:1,000) or Bax (1:1,000) at 4°C overnight. Then
the membrane was incubated with secondary antibodies
(1:5,000) at room temperature for 2 h and visualized using
ECL reagent (Beyotime Institute of Biotechnology). The
intensity of the blotted bands was analyzed by Quantity One
software (version 4.2; Bio-Rad Laboratories, Inc., Hercules,
CA, USA). H2A X and B-actin were used as loading controls
for nuclear and total protein, respectively.

Measurement of oxidative stress. Oxidative stress in the testes
was evaluated by assessing the concentration of MDA, SOD

and GSH-Px. The concentrations of MDA, SOD and GSH-Px
were tested according to the protocols of the lipid peroxida-
tion MDA assay, total SOD assay kit with WST-8 and cellular
GSH-Px assay kits (Beyotime Institute of Biotechnology).

TUNEL assay. TUNEL assays were conducted to evaluate
the apoptotic level of the testes using the One-Step TUNEL
apoptosis assay kit (Beyotime Institute of Biotechnology).
After being incubated with the TUNEL reagent in humid and
dark conditions for 60 min, the sections were stained with
DAPI (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
for 10 min and observed under a fluorescence microscope.
The apoptotic cells exhibited red fluorescence when excited by
light of 550 nm, while the nucleus exhibited blue fluorescence
when excited by light of 358 nm. TUNEL-positive cells were
counted per 103 cells.

Statistical analysis. All the measured data were presented as
the mean + standard deviation (n=5 in each group). One-way
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analysis of variance was used to make comparisons between
different groups followed by Dunnett's test to perform
comparisons between two groups. P<0.05 was considered to
indicate a statistically significant difference. All of the data
were analyzed using SPSS version 19.0 (IBM SPSS, Armonk,
NY, USA).

Results

Effects of GSPE on morphology and function of testes. As
demonstrated in Fig. 1A and B, sperm concentration and
motility (progressive + nonprogressive) tended to be signifi-
cantly lower in the varicocele compared with the control group
(P=0.000 and P=0.001, respectively). However, compared with
the varicocele group, GSPE ameliorated the sperm concentra-
tion and motility in the varicocele + GSPE group (P=0.013 and
P=0.033, respectively).

H&E staining demonstrated that varicocele caused
damaging effects to the compared with the control and sham
groups (Fig. 1C). The number testicular epithelial cells in the
varicocele group were observably fewer and were looser than
those in the control and sham groups. Abnormal spermato-
genic cell types in damaged seminiferous tubules were also
observed in the testicular sections of the varicocele group.
However, the varicocele + GSPE group exhibited limited
histological changes, which indicated that GSPE may alleviate
the damage triggered by varicocele.

GSPE attenuated the oxidative stress in varicocele testes.
SOD, GSH-Px and MDA activity were measured to evaluate
the oxidative stress occurring in the left rat testis. The
concentrations of SOD and GSH-Px were significantly lower
in the varicocele group compared with the control or sham
groups (P<0.05). By contrast, administration of GSPE mark-
edly restored SOD and GSH-Px concentrations (P=0.018
and P=0.020, respectively; Fig. 2B and C). Compared with
the control and sham groups, the level of MDA was much
higher due to the effect of varicocele (P=0.000). GSPE can
decrease the level of MDA in the testes of varicocele rats
significantly (P=0.007; Fig. 2A). In addition, according to
the results of the control + GSPE and sham + GSPE groups,
no evident effects of GSPE were observed on the levels of
MDA, SOD or GSH-Px (P>0.05) in the control or sham
groups.

Protective effects of GSPE on apoptosis in varicocele testis.
Several studies (8,22) have demonstrated that varicocele can
increase the apoptosis level in the testis due to oxidative stress.
The present study examined whether GSPE had any protective
effects on the apoptosis level of varicocele testes by TUNEL
staining. The number of TUNEL-positive cells in the varico-
cele group was markedly increased compared with the control
group (P=0.004), whereas GSPE significantly decreased
TUNEL-positive cell numbers in the varicocele rats (P=0.026;
Fig. 3A and B). In addition, western blotting demonstrated that
the expression of cleaved caspase-3 in the testis of the varico-
cele group increased significantly compared with the control
group (P=0.006), whereas treatment of varicocele with GSPE
decreased the expression of cleaved caspase-3 significantly
(P=0.028; Fig. 3C).
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Figure 2. Effect of varicocele and GSPE on oxidative stress in the testis.
(A) MDA level in the testis. 'n=6, P=0.000 vs. control group; “n=6, P=0.007
vs. varicocele group. (B) SOD activity in the testis. 'n=6, P=0.004 vs. control
group; “n=6, P=0.018 vs. varicocele group. (C) GSH-Px activity in the testis.
“n=6, P=0.004 vs. control group; *n=6, P=0.020 vs. varicocele group. GSPE,
grape seed proanthocyanidin extract; MDA, malondialdehyde; C, control
group; C+G, control + GSPE group; S, sham group; S+G, sham + GSPE
group; V, varicocele group; V+G, varicocele + GSPE group; SOD, superoxide
dismutase; GSH-Px, glutathione peroxidase.

The mitochondrial apoptotic pathway has been reported (23)
to be involved in varicocele testes, therefore whether GSPE can
avert the activation of the mitochondrial apoptotic pathway in
varicocele testes was investigated. Western blotting demon-
strated that the Bax to Bcl-2 expression ratio was significantly
higher in the varicocele group compared with the control
group (P=0.000). GSPE significantly alleviated the increase of
the Bax to Bcl-2 expression ratio in the testes of the varicocele
rats (P=0.015; Fig. 3D).

GSPE exerted protective effects through activation of the Nrf2
pathway. The transcription factor Nrf2 has an important role in
regulating the cellular antioxidant system. The effect of GSPE
on the expression of Nrf2 was investigated and immunohis-
tochemical results demonstrated that varicocele can slightly
increase the expression of Nrf2 in interstitial cells compared
with the control group, while administration of GSPE mark-
edly increased the expression of Nrf2 in interstitial cells in
the three groups that were administered GSPE (Fig. 4A). The
expression of Nrf2 was predominantly located in the nucleus
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Figure 3. Effect of GSPE on apoptosis in the testis. (A) TUNEL staining showing cell apoptosis in the testis. The arrows indicate TUNEL-positive cells
(red), the nuclei stained with DAPI (blue). Scale bar, 50 gm. (B) Statistical results of TUNEL staining, ‘n=6, P=0.004 vs. control group; “n=6, P=0.026 vs.
varicocele group. (C) The expression of c-casp-3 protein in the testis. ‘n=5, P=0.006 vs. the control group; “n=5, P=0.028 vs. the varicocele group. (D) The Bax
to Bcl-2 protein expression ratio in the testis. "n=5, P=0.000 vs. control group; “n=5, P=0.015 vs. varicocele group. GSPE, grape seed proanthocyanidin extract;
TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; C, control group; C+G, control + GSPE group; S, sham group; S+G, sham + GSPE
group; V, varicocele group; V+G, varicocele + GSPE group; Bax, Bcl-2-like protein 4; Bcl-2, B-cell lymphoma 2; c-casp-3, cleaved caspase-3.

of the interstitial cells. Western blotting demonstrated that
the varicocele group expressed a significantly higher level
of Nrf2 than the control group (P=0.044; Fig. 4B), and the
varicocele + GSPE group demonstrated a significantly higher
level of Nrf2 expression compared with the varicocele group
(P=0.006; Fig. 4B). The groups administered with GSPE all
demonstrated significantly higher expression of Nrf2 compared
with the control group (P<0.01 in three groups; Fig. 4B).
Previous studies (24,25) have demonstrated that Nrf2,
as a transcription factor, can only exert its function by
entering the nucleus. Therefore, the nuclear expression of
Nrf2 was measured. As demonstrated in Fig. 4C, the varico-
cele group expressed a higher level of Nrf2 than the control
group (P=0.014). The varicocele + GSPE group expressed a
significantly increased level of Nrf2 than the varicocele group
(P=0.034). The groups treated with GSPE all demonstrated a

higher level of nuclear Nrf2 expression than the control group
(P<0.01).

The expression of HO-1, a gene downstream of Nrf2, was
next measured to evaluate the antioxidative effect of Nrf2. As
demonstrated in Fig. 4D, the varicocele + GSPE group demon-
strated higher expression of HO-1 than the varicocele group
(P=0.022). However, no significant differences were demon-
strated when comparing the expression of total Nrf2, nuclear
Nrf2 or HO-1 between the three groups that were given GSPE
(Fig. 4).

Discussion
Varicocele is an abnormal tortuosity of the pampiniform

plexus of the spermatic cord, which has incidence rates of
4.4-22.6% in the male population, particularly in males with
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primary or secondary infertility. Many associated factors
are considered relevant in the pathophysiology of varicocele.
By using a well-established rat model of varicocele (21), the
injured spermatogenic function and pathologic alterations of
the testes in the varicocele group was demonstrated. In addi-
tion, the sperm concentration and motility (based on computer
assisted semen analysis) and the histological results of H&E
staining were clearly ameliorated following 4 weeks of GSPE

administration, which illustrated that GSPE can attenuate
the functional and morphologic damage to rat testes and
epididymis caused by varicocele.

GSPE, chemically a mixture of pycnogenol and flavo-
noid including oligomeric proanthocyanidins, is a potent
antioxidant (19). The biologically active compounds possess
protective effects against oxidative stress induced by free
radicals and ROS. Studies (19,26,27) have demonstrated that
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the administration of GSPE can ameliorate oxidative damage
from various causes. First, in accordance with previous find-
ings (28), the present study demonstrated that varicocele can
result in deterioration of oxidative stress markers. Additionally,
in the varicocele + GSPE group, the testicular activity of
GSH-Px and SOD were higher than those in the varicocele
group. MDA concentrations were lower in the varicocele +
GSPE group. These results proved that GSPE can partially
relieve the oxidative stress in testes induced by varicocele.
Apoptosis is one of the dominant mechanisms of testicular
dysfunction resulting from varicocele (29-32). Varicocele has
been reported (33-35) to increase sperm DNA damage and
pachytene spermatocyte programmed death. The TUNEL
assay results also identified an increased apoptosis level in
the spermatogonia of the varicocele group compared with the
control group. This finding was compatible with the protein
expression of Bcl-2, Bax and cleaved caspase-3 (Fig. 3C and
D). Conversely, GSPE has been demonstrated (20,36,37) to
protect cells from the apoptosis induced by oxidative stress.
The number of apoptotic nuclei per 103 cells revealed less cell
DNA damage in the varicocele + GSPE group compared with
the varicocele group. Furthermore, the ratio of Bax to Bcl-2
and activated caspase-3 expression fell in the varicocele +
GSPE group. Caspase-3 is considered to be a major executioner
protease and the ratio of Bax to Bcl-2 is also a good indicator
of apoptosis levels (38). Consequently, it was hypothesized that
the administration of GSPE for 4 weeks was able to alleviate
the apoptosis in the testicular tissues of rats with varicocele.
However, the exact mechanism of the elevated oxidative
stress and apoptosis in male reproductive organs has yet to be
fully elucidated. Nrf2 is a transcription factor that improves
the expression of antioxidant proteins and can function against
oxidative damage (39). Nrf2 is known to be associated with
the testicular apoptosis induced by diabetes (40). Similarly,
the results of the present study revealed higher expression of
Nrf2 and its downstream gene HO-1 in the varicocele group
compared with the control group due to the oxidative stimula-
tion caused by varicocele (Fig. 4). Several studies (18,41) have
demonstrated that GSPE can activate the Nrf2 pathway to exert
its antioxidative function. However, few reports have focused
on the correlation between GSPE and the Nrf2 signaling
pathway in the testis. The present study revealed that Nrf2 and
HO-1 were significantly upregulated due to the administration
of GSPE compared to the varicocele and control groups. In
addition, the immunohistochemical staining results for Nrf2
were in agreement with the western blot analysis. Thus, GSPE
may exert a sustained effect on Nrf2 expression, which can
further attenuate the oxidative stress and apoptosis triggered
by varicocele in rat testes. However, the results demonstrated
that the control + GSPE, sham + GSPE and varicocele + GSPE
groups all had significantly higher expression of Nrf2 and its
downstream gene HO-1, which suggests that GSPE activates
the Nrf2 pathway in normal and varicocele rat testis.
Admittedly, there may also be several limitations in the
present study. The rat model of varicocele cannot be used to
interpret the equivalent situation in human patients due to the
anatomical structure differences of the left spermatic vein
between rats and humans and different standards for semen
analysis. In addition, the present study did not adopt different
concentration gradients or time courses of GSPE treatment. It
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is possible that employing a different dose or period of gavage
would reinforce the functions of GSPE. Future studies may
compare the different effects of GSPE with internal sper-
matic vein ligation, which is the main surgical treatment for
varicocele in clinics (42).

In summary, the data from the present study indicated
that varicocele leads to oxidative and mitochondrial apoptotic
injuryand GSPE upreg ulates Nrf2 and its downstream genes to
mitigate such damage and resume normal spermatogenic organ
function. Thus, GSPE appears to be an effective protective agent
that may be used in the treatment of male varicocele in the future.

GSPE, which consists of a group of polyphenolic bioflavo-
noids, possesses potent antioxidative activity. Oxidative stress
is one of the major pathogenic mechanisms in varicocele, and
can cause morphological and functional damage to the testis
and epididymis. The present study confirmed that GSPE can
activate the Nrf2-antioxidant system to attenuate varicocele
induced testicular injury caused by oxidative stress.
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