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Abstract. In the current study, the hypothesis that testicular 
varicocelectomy improves spermatogenesis and attenuates 
apoptosis via the induction of heat shock protein 70 (Hsp70) 
in a rat model of varicocele was investigated. Adult male 
Wistar rats (n=75) were randomly divided into 5 groups of 
15 each: Control, sham, varicocele, varicocelectomy, and 
varicocelectomy plus Quercetin. A total of 6 weeks after 
the varicocelectomy, the left testis of all rats was removed 
for subsequent examination. Histological changes were 
compared between the groups. The expression of Hsp70 and 
apoptosis‑associated indicators were evaluated based on 
immunohistochemical, western blot and mRNA expression 
analyses. Compared with the varicocele group, the varicoce-
lectomy group exhibited a markedly reduced Bcl‑2‑associated 
X protein/B‑cell lymphoma 2 (Bax/Bcl‑2) ratio, and had a 
decreased expression of caspase‑9, cytochrome c (cyt c) and 
caspase‑3 through the intrinsic signal transduction pathways. 
Quercetin treatment inhibited the protective effects of vari-
cocelectomy. The expression of Hsp70 was increased in the 
varicocele group which was further elevated by the varico-
celectomy. These results indicated that varicocelectomy can 
reduce the Bax/Bcl‑2 ratio, and decrease the levels of caspase‑9, 
cyt c and caspase‑3 via the mitochondrial signal transduction 
pathway. Such protective effects on left testis spermatogenesis 
and against apoptosis may be due to the induction of Hsp70. 
The findings of the present study suggested that varicocelec-
tomy has a clear advantage in protecting testicular function 
and ameliorating spermatogenic cells apoptosis.

Introduction

Varicocele is defined as the abnormal expansion, elongation 
and tortuosity of the spermatic vein, which has been consi
dered the main cause of male infertility (1). The pathogenesis 
of testicular dysfunction or the mechanism of infertility caused 
by varicocele has yet to be defined. Testicular dysfunction 
may be associated with many factors, such as microcircula-
tion disturbance of the testis, vasoactive substance reflux, 
oxidative stress, nitric oxide (NO), hypoxia, hyperthermia or 
apoptosis (2). The surgical procedure, varicocelectomy, can 
enhance spermatogenesis, improve the quality of semen and 
prevent apoptosis of cells in the testis, making it an effective 
varicocele treatment (3). Apoptosis is a normal physiological 
phenomenon that serves an important role in maintaining the 
homeostasis of the body (4,5). Normally, during spermato-
genesis, ~25‑75% of spermatogenic cell undergo apoptosis, 
maintaining the normal reproductive function through regula-
tion of the apoptosis signal transduction pathway. According to 
a previous study, apoptosis of spermatogenic cells is increased 
in a rat model of varicocele, which leads to impaired testicular 
function and male infertility (6). Apoptosis of spermatogenic 
cells in rat testis is decreased after varicocelectomy treat-
ment (7). As apoptosis is extremely important in testicular 
damage and male infertility induced by the varicocele, the 
ideal treatment is to target the associated apoptotic pathways.

Heat shock proteins (HSPs) are a group of highly 
conserved protein molecules that exist in almost all organ-
isms, ranging from prokaryotes to eukaryotes  (8). Under 
conditions of ischemia, hypoxia, cellular energy depletion, 
metabolic products, oxidative stress and inflammation, HSPs 
can be induced to serve their regulatory roles (9). Hsp70 has 
been widely and thoroughly studied. Hsp70 is expressed at low 
levels under physiological conditions and has specific regula-
tory effects on cell growth, development, differentiation and 
cell death. It is reported that Hsp70 regulates the different 
stages of spermatogenesis and that its abnormal expression of 
may interfere with male fertility (10,11).

The current study investigated the hypothesis that vari-
cocelectomy may increase the expression of Hsp70 via the 
mitochondrial signal transduction pathway, thereby reducing 
apoptosis and protecting spermatogenesis. Furthermore, 
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whether varicocelectomy reduces apoptosis in a rat 
experimental varicocele model was examined. In this study, 
hematoxylin and eosin (H&E) staining, terminal deoxynucleo-
tidyl‑transferase‑mediated dUTP nick end labelling (TUNEL) 
assays, immunohistochemistry, western blot analysis and 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis of the left testes were performed to test 
the above hypotheses.

Materials and methods

Animals. The present study involved 75 adult male Wistar rats 
(8‑10 weeks), weighing 200‑250 g, that were provided by the 
Hubei Center for Disease Control (Wuhan, China). Prior to 
the experiment, rats received free access to food and water in 
a 12‑h light/dark room with a constant temperature (22±2°C) 
and (40‑70%) humidity. All experiments were approved 
by the Animal Experimental Ethics Committee of Wuhan 
University (Wuhan, China).

Experimental grouping and surgical procedures. Rats were 
randomly divided into 5 groups with 15 rats in each group: 
Control, sham, varicocele, varicocelectomy, and varicocelectomy 
plus Quercetin. The surgery was performed on rats that were 
anesthetized with intraperitoneal administration of 2% sodium 
phenobarbital (50 mg/kg; Beijing Propbs Biotechnology. Co., 
Ltd.). In the control group, rats did not undergo surgery. In the 
sham group, an abdominal median incision was performed. 
Following exposure, the left renal vein was only separated, 
without ligation, and the incision was sutured with 4‑0 silk. In 
the varicocele group, the left renal vein was carefully separated 
from the inside of the adrenal vein and the spermatic vein, and 
a smooth metal rod (0.5‑mm diameter) was placed parallel to 
the left renal vein. The vein and metal rod were ligated with 
4‑0 silk, which reduced the vein diameter to approximately 
half its original diameter. The metal rod was then pulled out, 
and the left renal vein was reversibly constricted, as previously 
described (12), including the following steps: Abnormal expan-
sion, elongation and tortuosity of the left renal and spermatic 
vein; the diameter of the left renal vein greater than 1 mm; and 
no pathological lesion in the left kidney, such as atrophy (Fig. 1).

In the varicocelectomy group, 4 weeks after the successful 
establishment of the varicocele model in rats, varicocelectomy 
was performed by a left lower abdominal incision.

In the varicocelectomy and Quercetin group, in addition 
to the procedures performed in the varicocelectomy group, 
Quercetin (10  mg/kg/day) (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was injected intraperitoneally for 
6 weeks following ligation of the internal spermatic cord veins.

Preservation of testis. A total of 6 weeks after the varicoce-
lectomy, all left testes of the rats were removed, dissected of 
associated adipose tissue and fascia attached to the surface of 
testes, and left to dry on filter paper after washing with saline. 
The testes were then cut in half, with one half fixed in 4% para-
formaldehyde for histological examination. The other half was 
immediately frozen and stored at ‑80˚C for later analysis.

H&E staining. After fixation in 4% paraformaldehyde, the 
half testes were embedded in paraffin and were cut to 5‑µm 

sections. After routinely dewaxing and hydration, sections 
were stained with hematoxylin for 5 min and eosin for 2 min 
at the room temperature. prior to sealing.

TUNEL assay. To observe spermatogenic cell apoptosis in the 
testes, an in situ apoptosis detection kit (Promega Corporation, 
Madison, WI, USA) was used and a terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL) assay was 
performed, Briefly, the rat testis tissue was fixed in 4% para-
formaldehyde/PBS solution (pH 7.4) at 4˚C overnight and then 
placed into 70% ethanol at 20˚C for 24 h. Following washing 
3 times with PBS, the samples were immersed in a permeabi-
lization buffer for 15 min. Subsequently, they were incubated 
with 50 ml reaction buffer (TdT Enzyme 5 ml + Labeling Safe 
Buffer 45 ml) at 37˚C for 90 min. The nuclei of the positive 
cells were stained as yellow brown or dark brown, observed 
under a Zeiss LSM 510 confocal laser scanning microscope 
(Zeiss AG, Oberkochen, Germany). From each section, 
10 fields were randomly selected, and the number of positive 
cells were counted in order to calculate the apoptosis index.

Immunohistochemistry. The expression of Hsp70, 
Bcl‑2‑associated X protein (Bax) and caspase‑3 was analyzed 
by immunohistochemical staining. Antibodies were purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA): 
i)  Hsp70, a mouse monoclonal antibody (sc‑32239; 1:50); 
ii)  Bax, a rabbit polyclonal antibody (sc‑493; 1:25); and 
iii) caspase‑3, a rabbit polyclonal antibody (sc‑7148; 1:100). All 
steps were performed according to the manufacturer's protocol 
and the results were observed with an Olympus BX50 light 
microscope (Olympus Corporation, Tokyo, Japan).

Western blot analysis. Testis tissue proteins from both groups 
were extracted with RIPA lysis buffer (P0013B; Beyotime 
Institute of Biotechnology, Haimen, China) and quantified 
using a Bicinchoninic Acid assay (K763‑KIT; Amresco, LLC, 
Solon, OH, USA). Equivalents of protein samples (40 µg/lane) 
were separated by 10% sodium dodecyl sulfate‑polyacryla
mide gel electrophoresis and transferred onto a nitrocellulose 
membrane. The membrane was blocked with TBS/Tween‑20 
(TBST) buffer with 5% non‑fat milk and then incubated at 4˚C 

Figure 1. Successful modeling of varicocele.
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with the following primary antibodies: Bax (sc‑493; 1:500), 
B‑cell lymphoma (Bcl‑2; sc‑7382; 1:1,000), cytochrome c 
(cyt c; 1:2,000 dilution; cat. no. Santa Cruz Biotechnology, Inc.) 
and cleaved caspase‑3 (sc‑13156; 1:1,000; all from Santa Cruz 
Biotechnology, Inc.) at 4˚C overnight. Following rinsing twice 
with TBST, the membranes were incubated with secondary 
goat anti‑rabbit antibodies conjugated with horseradish 
peroxidase (LK2001/LK2003; 1:100; Sungene Biotech, Co., 
Ltd., Tianjin, China) at room temperature for 1 h. All specific 
bands were visualized using an enhanced chemiluminescence 
system (Pierce; Thermo Fisher Scientific Inc., Waltham, MA, 
USA). Optical densities were analyzed using the ImageJ soft-
ware version 1.48u (National Institutes of Health, Bethesda, 
MD, USA).

RT‑qPCR. Total RNA was extracted from the rat testis tissue 
samples using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific Inc.), and the RNA concentration was measured by 
spectrophotometry. First‑strand cDNA was synthesized using 
a cDNA synthesis kit (Promega Corporation, Madison, WI, 
USA) according to the manufacturer's protocol. Subsequently, 
RT‑qPCR was applied to the SYBR‑Green mix kit (Applied 
Biosystems; Thermo Fisher Scientific Inc.). The primers for 
Hsp70, caspase‑3 and caspase‑9 were designed as follows: 
Hsp70 forward, 5'‑ATG​CTT​CAG​ACC​TCC​CTT‑3' and 
reverse, 5'‑CTC​CAC​CAA​CTA​TCT​CCA​CT‑3'; caspase‑3 
forward, 5'‑TGG​ACT​GCG​GTA​TTG​AGA​CA‑3' and reverse, 
5'‑GCG​CAA​AGT​GAC​TGG​ATG​AA‑3'; caspase‑9 forward, 
5'‑CAA​GAA​GAG​CGG​TTC​CTG​GT‑3' and reverse, 5'‑CAG​
AAA​CAG​CAT​TGG​CGA​CC‑3'; GAPDH was used as a 
housekeeping gene. The data were measured as a ratio of each 
mRNA relative to GAPDH mRNA (forward, 5'‑ACA​GCA​ACA​
GGG​TGG​TGG​AC‑3' and reverse, 5'‑TTT​GAG​GGT​GCA​GCG​
AAC​TT‑3'). PCR was performed with 40 cycles of 94˚C for 
30 sec, followed by 56˚C for 30 sec and 72˚C for 25 sec, using 
the ABI 7900 Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific Inc., Waltham, MA, USA).

Statistical analysis. All data were presented as the 
mean ± standard deviation. Statistical analysis was conducted 
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The 
means were compared using one‑way analysis of variance 
followed by the Student‑Newman‑Keuls test for the different 
groups. P<0.05 was considered to indicate a statistically 
significant difference. All experiments were performed at 
least three times.

Results

H&E staining. The left testis tissue sections were stained 
demonstrating that the spermatogenic cells within the semi-
niferous tubules were arranged in order and that there was 
sperm in the lumen in the control and sham groups. However, 
the testes in the varicocele group exhibited significant damage 
of testicular spermatogenic function, such as extensive 
seminiferous epithelium injury, the appearance of vacuoles, 
and a disorderly distribution of spermatogenic cells. There 
were fewer spermatogenic cells and seminiferous epithelium 
changes in the varicocelectomy group than in the varicocele 
group, while Quercetin inhibited the protective effects signifi-
cantly (Fig. 2).

TUNEL assays. The results demonstrated rare and scattered 
TUNEL‑positive spermatogenic cells in the control and sham 
groups. In the varicocele group, TUNEL‑positive cells were 
widely observed, and there was an increase compared with 
the control groups. After varicocelectomy, the number of 
TUNEL‑positive spermatogenic cells was reduced compared 
with the varicocele group. However, this effect was reversed 
by Quercetin (Fig. 3).

Immunohistochemistry. Hsp70, Bax and caspase‑3 were evalu-
ated using immunohistochemical techniques. Hsp70, Bax and 
caspase‑3‑positive cells were rarely observed in the rat testes 
from the control and sham groups. However, in the varicocele 

Figure 2. Testis tissues in the five groups used in the present study were analyzed using the hematoxylin and eosin stain (magnification, x200). Representative 
photomicrographs of rat testis tissue in the (A) control, (B) sham, (C) varicocele: damage of testicular spermatogenic function (arrows), (D) varicocelectomy 
and (E) varicocelectomy and Quercetin groups.
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group, the expression of these proteins was significantly 
increased in the left testis tissues, which appeared as yellow 
or brown granules in the cytoplasm and nucleus. Compared 
with the varicocele group, the expression of caspase‑3 and Bax 
was reduced in the varicocelectomy group, in contrast to the 
expression of Hsp70 (Fig. 4).

Western blot analysis. The protein expression of Bax, Bcl‑2, 
cyt c and cleaved caspase‑3 was studied by western blotting. 
The results revealed higher levels of Bax expression in the 
varicocele group compared with the control and sham groups. 
However, varicocelectomy reduced the expression of Bax. In 
contrast, the expression levels of Bcl‑2 in the varicocele group 

were lower than those in the control and sham groups. After 
varicocelectomy, the expression levels of Bcl‑2 were upregu-
lated compared with the levels in the varicocele groups. The 
expression of cleaved caspase‑3 and cyt c was increased in the 
varicocele group compared with the control and sham groups. 
The expression levels of cleaved caspase‑3 and cyt c were 
significantly decreased in the varicocelectomy group, while 
the protective effects were inhibited by Quercetin (Fig. 5).

RT‑qPCR analysis. In order to investigate the mRNA expres-
sion levels of Hsp70, caspase‑3 and 9, RT‑qPCR analysis was 
performed. GAPDH was used as the housekeeping gene. The 
mRNA expression levels of Hsp70 and caspase‑3 and 9 were 

Figure 4. Immunohistochemical techniques were performed to evaluate the protein expression of Hsp70, caspase‑3 and Bax (magnification, x200). 
Representative images of protein expression levels of Hsp70, Bax and caspase‑3 in testis tissue in the (A) control, (B) sham, (C) varicocele, (D) varicocelectomy 
and (E) varicocelectomy and Quercetin groups. Hsp70, heat shock protein 70; Bax, Bcl‑2‑associated X protein.

Figure 3. Spermatogenic cells apoptosis in the five groups was studied using the TUNEL assay (magnification, x200). TUNEL‑positive spermatogenic 
cells in the (A) control, (B) sham, (C) varicocele: TUNEL‑positive cells (arrow), (D) varicocelectomy and (E) varicocelectomy and Quercetin groups. 
*P<0.05 vs. control group; #P<0.05 vs. varicocele group; ^P<0.05 vs. varicocelectomy group. TUNEL, terminal deoxynucleotidyl‑transferase‑mediated dUTP 
nick end labeling.
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significantly higher in the varicocele group than in the control 
and sham groups. However, compared with the levels in the 
varicocele group, the mRNA expression levels of caspase‑3 
and 9 was reduced after varicocelectomy, whereas the expres-
sion levels of Hsp70 were increased. Quercetin inhibited the 
protective effect of varicocelectomy for caspase-3 and 9 levels 
(Fig. 6).

Discussion

Apoptosis is a process of programmed cell death based on a 
genetic mechanism that includes a range of cellular, morpho-
logical and biochemical changes (13). The process of apoptosis 
is regulated by a precise regulation of gene expression. It is 
known that two major pathways are involved in cell apoptosis: 
The intrinsic (or mitochondrial) and extrinsic (or death receptor) 
signal transduction pathways  (14). The intrinsic pathway 
includes Bcl‑2, caspase‑9 and mitochondrial membrane 
permeability (15,16). Several studies have demonstrated that 
certain apoptosis‑activating factors lead to apoptotic signals 
after acting on cells. The mitochondrial permeability transi-
tion pore is then opened and prompts the release of cyt c, the 

delivery of caspase‑9 and changes the Bcl‑2/Bax ratio, which 
activates caspase‑3, leading to cell apoptosis (17‑19). Bcl‑2 is 
a family of proteins including pro‑apoptotic factors (such as 
Bax) and anti‑apoptotic factors (such as Bcl‑2) (20). These 
factors have recently been observed to act as a pair of closely 
related apoptotic proteins. The Bcl‑2/Bax ratio, as a regulator 
of spermatogenic cell apoptosis, determines whether apop-
tosis occurs in cells exposed to damage (21). Onur et al (22) 
reported that the Bcl‑2/Bax ratio is significantly decreased in 
experimental varicocele rats. Additionally, caspases serve a 
key role in complex apoptotic mechanisms (23). Caspase‑3 is 
an inactive zymogen in the cytoplasm, which can be stimu-
lated by external apoptotic factors. In this case, caspase‑9 
is activated, leading to the activation of caspase‑3, which in 
turn activates cell apoptosis via a signal transduction pathway. 
Changes in cell shrinkage, chromatin condensation and DNA 
fragmentation will occur (24). Furthermore, caspase‑3 is the 
convergence point of multiple apoptosis‑activating signals, and 
its activation is a sign of irreversible commitment to cell apop-
tosis (25). It is widely accepted that apoptosis leads to testicular 
spermatogenesis dysfunction and male infertility subsequent 
to varicocele (26). In a previous study, it was demonstrated that 

Figure 5. Protein expression levels of Bax and Bcl‑2 were studied by western blot analysis. GAPDH was used as loading control. Representative western blot 
images and quantification of protein expression levels of Bax, Bcl‑2, cyt c and caspase‑3 in rat testis. *P<0.05 vs. control group, #P<0.05 vs. varicocele group, 
^P<0.05 vs. varicocelectomy group. A, control group; B, sham group; C, varicocele group; D, varicocelectomy group; E, varicocelectomy and Quercetin group. 
Bax, Bcl‑2‑associated X protein; Bcl‑2, B‑cell lymphoma 2; cyt c, cytochrome c.

Figure 6. mRNA expression levels of Hsp70, caspase‑3 and -9 relative to GAPDH were studied using reverse transcription‑quantitative polymerase chain 
reaction. *P<0.05 vs. control group, #P<0.05 vs. varicocele group, ^P<0.05 vs. varicocelectomy group. A, control group; B, sham group; C, varicocele group; 
D, varicocelectomy group; E, varicocelectomy and Quercetin group. Hsp70, heat shock protein 70.
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varicocele resulted in histopathologic changes of the testes in 
an experimental rat model (27). According to Zheng et al (28), 
spermatogenesis and apoptosis could be significantly improved 
by varicocelectomy in varicocele‑induced rats. The present 
study demonstrated that compared with the control and sham 
groups, the apoptosis of spermatogenic cells was increased 
in varicocele‑induced rats, and the number of apoptotic cells 
were significantly reduced following the varicocelectomy, as 
demonstrated by the TUNEL assay. H&E staining revealed 
that damage of testicular spermatogenic function was higher in 
the varicocele group than in the control and sham groups, and 
that varicocelectomy markedly ameliorated spermatogenic 
cells and seminiferous epithelium injury, which is consistent 
with the results of the TUNEL assay.

HSPs are a group of stress‑responsive proteins that are 
widely expressed in a variety of organisms (8). Hsp70 is an 
inhibitor of apoptosis that has multiple regulatory roles in the 
cellular signal transduction pathways, and it is involved in the 
cytoprotection against cell apoptosis (29‑31). Several studies 
have demonstrated that there is an association between Hsp70 
and the mitochondrial pathway. Upregulation of the expression 
of the Hsp70 can induce anti‑apoptotic effects by reducing 
mitochondrial swelling and permeability (32). As a critical 
negative regulator of the mitochondrial pathway, the Hsp70 
inhibits the release of cyt c, thereby blocking the activation 
of caspase‑9 and caspase‑3. This is the main pathway where 
Hsp70 prevents apoptosis (33).

In the present study, the effects of varicocelectomy on 
Hsp70 expression and the apoptosis of the testicular spermato-
genic cells via the mitochondrial signal transduction pathway 
were investigated. Immunohistochemistry, western blotting 
and RT‑qPCR were performed in order to determine the exact 
mechanism. The Bax/Bcl‑2 ratio and the expression levels of 
caspase‑9, cyt c and caspase‑3 were all upregulated in rat testes 
upon the induction of varicocele compared with the control 
and sham groups. This result demonstrated that apoptosis in 
rats with varicocele is initiated by the mitochondrial signal 
transduction pathway. In a previous study, an increase of apop-
tosis in the testes of rats and patients with varicocele via the 
mitochondrial signal transduction pathway was reported (34), 
which is consistent with the present study. Quercetin, as an 
inhibitor of HSPs, inhibits protein expression and alters the 
transcription pattern, including HSP27, HSP70 and heme 
oxygenase‑1  (35). After performing the varicocelectomy, 
Hsp70 expression was significantly increased compared with 
the varicocele group. However, the Bax/Bcl‑2 ratio and the 
expression of caspase‑9, cyt c and caspase‑3 were decreased, 
in addition to the apoptosis of spermatogenic cells. Quercetin 
treatment attenuated these protective effects of varicocelec-
tomy, indicating that varicocelectomy attenuated apoptosis by 
increasing the expression of the Hsp70.

In conclusion, the present study demonstrated that varico-
celectomy can decrease the Bax/Bcl‑2 ratio and can reduce 
the expression of caspase‑9, cyt c and caspase‑3 via the mito-
chondrial signal transduction pathway. It also demonstrated 
that varicocelectomy can protect cells from apoptosis. Such 
protective effects of spermatogenesis and apoptosis against 
varicocele injury may be due to the induction of Hsp70 but 
further research is required to clarify the mechanism by which 
varicocelectomy upregulates the expression of Hsp70 in testes.
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