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marked increased in group B, while the SOD 
activity was obvious decreased. GYY4137 ame-
liorated the pathology associated with oxida-
tive stress of testicular T/D. This effect was 
reversed by quercetin (Figure 3A, 3B).

GYY4137 reduces spermatogenic cell apopto-
sis after testicular T/D

To observe apoptosis and assess the AI, the 
expression of Bax, Bcl-2 and Caspase3 in tes-

Testicular T/D is considered to be the primary 
pathophysiological event of IRI [4]. Previous 
studies have shown that 30 min to 1 hour of 
torsion, and then 1 to 4 hours of detorsion is 
enough to successfully form an IRI model [19, 
20]. Therefore, we established a model in which 
a 2 hour testicular torsion model with 720 
degrees clockwise rotation of the left testis 
was followed by a 6 hour detorsion. In our study, 
we evaluated the effect of testicular IRI on the 

Figure 2. Microphotographs of testis tissues in four groups (hematoxylin and 
eosin stain; magnification, ×200). (A) Control group: no obvious morphologi-
cal changes. (B) T/D group: significant damage of spermatogenic function, 
such as extensive seminiferous epithelium injury, the appearance of vacu-
oles, and a disorderly distribution of spermatogenic cells. (C) T/D + GYY4137 
group: there were fewer spermatogenic cells and seminiferous epithelium 
changes than there were in the T/D group. (D) T/D + GYY4137 + quercetin 
group: suppressed the protective effects of GYY4137.

Figure 3. MDA content and SOD activity in four groups. Bars represent the 
mean ± standard error of the mean (n=10). One-way ANOVA analysis of vari-
ance was used to evaluate statistical significance. Compared with group A, 
the MDA content was obvious increased in group B, while the SOD activity 
was decreased. GYY4137 ameliorated the levels of oxidative stress in tes-
ticular T/D. This effect was reversed by quercetin. (A) Control group, (B) T/D 
group, (C) T/D + GYY4137 group, (D) T/D + GYY4137 + quercetin group. (*p 
< 0.05 vs. group A, #p < 0.05 vs. group B, ^P < 0.05 vs. group C).

ticular spermatogenic cells 
was evaluated by immunohis-
tochemistry, Western blotting, 
RT-qPCR analyses and TUNEL 
assays. In group B, the expres-
sion of caspase-3 and Bax 
was increased obviously (Fig- 
ures 4C, 4D, 5A, 5C, 5E). An 
increase in TUNEL-positive 
spermatogenic cells was also 
observed. GYY4137 decreas- 
ed the above expression, and 
fewer TUNEL-positive sperm- 
atogenic cells were detected. 
The decrease in apoptosis in 
group C was ameliorated by 
quercetin (Figure 4A, 4B). 
Meanwhile, compared with gr- 
oup B, the expression of Bcl-2 
was increased in group C, bas-
ing on the results of Western 
blotting, and the protective 
effects of GYY4137 were obvi-
ous attenuated by quercetin 
(Figure 4C, 4E).

GYY4137 increases the ex-
pression level of Hsp 70

The expression level of Hsp70 
in testicular T/D was induced 
at the protein and mRNA level. 
The expression level of Hsp70 
was significantly higher in gr- 
oup B than in group A and fur-
ther elevated by GYY4137 ac- 
cording to the immunohistoch- 
emistry results and RT-qPCR 
analyses. Quercetin inhibited 
the GYY4137-mediated increa- 
ses of Hsp70 (Figure 5A, 5B, 
5D).

Discussion
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histological changes in the testes of rats. Our 
results showed that testicular IRI severely da- 
mages testicular spermatogenic function, as 
demonstrated by other studies [21, 22]. Howe- 
ver, GYY4137 markedly ameliorated the above 
histological injury after testicular T/D.

IRI is due to an overproduction of reactive oxy-
gen species (ROS), and testes are extremely 
sensitive to oxidative stress in mammals [23, 
24]. Under physiological situations, the accu-
mulation of ROS is maintained at a low level 
through the antioxidant defence system. In 
pathological circumstances, such as reperfu-
sion of ischaemia, the overproduction of ROS 
can oxidize cell membrane proteins, lipids, and 
DNA, leading to a range of cellular dysfunction 
or death [25, 26]. Malondialdehyde (MDA), an 

end product of lipid peroxidative decomposi-
tion generated by ROS, is typically used as a 
reliable marker of oxidative stress in many 
pathological situations, including IRI. Superoxi- 
de dismutase (SOD) is a critical component in 
the process of cell growth, differentiation and 
protection, and the ability of antioxidants to 
protect testes against IRI following testicular 
torsion has been investigated [27, 28]. In this 
study, treatment with GYY4137 alleviated the 
oxidative stress in T/D testes by reducing the 
expression of MDA and increasing the expres-
sion of SOD; as such, our data are consistent 
with that of other investigations [29, 30].

Apoptosis plays a significant role in maintaining 
homeostasis in spermatogenesis [31]. However, 
testicular IRI usually leads to wide-spread sper-

Figure 4. Apoptosis index (AI) in four groups (magnification, ×200) and the expression of Bax and Bcl-2 was detected 
by western blot. GAPDH was used to show equal amouts of protein loading in each lane. One-way ANOVA analysis 
of variance was used to evaluate statistical significance. In group B, TUNEL-positive cells were widely observed, and 
there was an increase compared with the group A. GYY4137 decreased the number of TUNEL-positive spermato-
genic cells  compared with the group B. However, this effect was reversed by Quercetin. The expression of Bax was 
increased obviously in group B, and GYY4137 reduced the above expression, the decrease in the expression of Bax 
was ameliorated by quercetin. Meanwhile, compared with group B, the expression of Bcl-2 was increased in group 
C, and the protective effects of GYY4137 were obvious attenuated by quercetin. (A) Control group, (B) T/D group, (C) 
T/D + GYY4137 group group, (D) T/D + GYY4137 + quercetin group. (*p < 0.05 vs. group A, #p < 0.05 vs. group B, 
^P < 0.05 vs. group C).
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Figure 5. Immunohistochemistry, western blot and RT-qPCR analyses were performed to evaluate the expression 
of Hsp70 and Caspase-3 (magnification, ×200). The expression of Hsp70 and Caspase-3 relative to GAPDH was 
determined. The means were compared using one-way ANOVA analysis of variance. Hsp70 and caspase3-positive 
cells were rarely observed in group A. However, the expression of these proteins was significantly increased in group 
B, which appeared as yellow or brown granules. Compared with group B, the expression of caspase3 was reduced in  
group C, in contrast to the expression of Hsp70. However, this effect was reversed by Quercetin. (A) Control group, 
(B) T/D group, (C) T/D + GYY4137 group, (D) T/D + GYY4137 + quercetin group. (*p < 0.05 vs. group A, #p < 0.05 
vs. group B, ^P < 0.05 vs. group C).
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matogenic cell apoptosis, which can cause im- 
paired testicular function and male infertility 
[32]. In a recent study, Hadziselimovic et al. 
identified that the incidence of apoptosis in the 
ipsilateral testis raised, and the extent of apop-
tosis was related to the duration of the isch-
aemia [33]. The results of the present study 
indicated that, compared with the control gr- 
oup, apoptosis of spermatogenic cells incr- 
eased in T/D testes, and the number of apop-
totic cells was significantly reduced following 
treatment with GYY4137, as demonstrated by 
TUNEL assays. In addition, it has been general-
ly believed that the mitochondrial signal path-
way (or intrinsic signal pathway) is the main 
channel of apoptosis, which is precisely regu-
lated by gene expression [34]. The Bcl-2 family 
consist of anti-apoptotic factors (e.g., Bcl2) and 
pro-apoptotic factors (e.g., Bax) [35]. Recently, 
these two proteins have been found to be 
closely related apoptotic proteins. The results 
of previous studies have demonstrated that the 
ratio of Bcl2/Bax is crucial for normal sper-
matogenesis and determines whether apopto-
sis happens in cells exposed to damage [36, 
37]. Moreover, Caspase-3 is an inactive zymo-
gen in the cytoplasm and the convergence 
point of multiple apoptotic pathways. Its activa-
tion is an irreversible sign to induce cell apopto-
sis, leading to changes in cell shrinkage, chro-
matin condensation and DNA degradation [38, 
39]. To obtain a better understanding of the 
apoptosis pathway in testicular T/D, we investi-
gated the above apoptosis-related factors. We 
observed that the expression of Caspase-3 and 
Bax were up-regulated and the expression of 
Bcl-2 was down-regulated in group B, as mea-
sured by immunohistochemistry, Western blot-
ting and RT-qPCR analyses. Previous studies 
reported that a decrease in the Bcl-2/Bax ratio 
transforms into an apoptotic signal after acting 
on cells, and then opens the mitochondrial per-
meability transition pore (MPTP), which further 
activates Caspase-3 and performs the apop-
totic program, this sequence of events may 
contribute to spermatogenic cell apoptosis fol-
lowing IRI in the rat. All of the above showed the 
involvement of the mitochondrial signalling 
pathway in GYY4137-induced apoptosis [40, 
41].

Hsp70 is a type of non-specific protective pro-
tein that is involved in the regulation of intracel-
lular antioxidant enzyme activities and decreas-

es ROS damage in the IRI process [42]. In our 
study, the expression level of Hsp70 was upreg-
ulated following IRI, which means the introduc-
tion of Hsp70 could be regarded as a protective 
mechanism against IRI, consistent with the 
study of Zhang et al. [10]. Quercetin, as an 
inhibitor of HSPs, can prevent protein expres-
sion by interfering with activities and impacting 
the transcript pattern [43]. In this study, we 
injected quercetin (100 mg/kg) intraperitone-
ally 1 hour prior to ischaemia as Yang et al. [44] 
and Yao et al. [45] described in previous stud-
ies. The expression of Hsp70 in group D was 
higher than group B, but lower than group C. 
These results indicate that quercetin inhibited 
GYY4137-induced Hsp70 expression.

In conclusion, our present study demonstrated 
that GYY4137 attenuated oxidative stress and 
spermatogenic cell apoptosis and that such 
protective effects against IRI following testicu-
lar T/D may be attributed to the induction of 
Hsp70.
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