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Abstract: Oligoasthenospermia is one of the main causes of infertility in reproductive-age men. This study aimed to 
explore the feasibility of exogenous testosterone supplemental therapy (TST) for adult male rats with oligoastheno-
spermia model. The rats (n=40) were randomized equally into 4 groups: control group, model group, low-dose and 
high-dose groups (n=10, respectively). After establishment of an oligoasthenospermia model that was treated with 
glucosides of tripterygium wilfordii (GTWs), the low-dose and high-dose groups were treated with 2 testosterone un-
decanoate (TU) injections at doses of 7.5 mg and 15 mg for 8-week period (4-week intervals). Body weights, serum 
reproductive hormone levels, sperm measurements in the epididymis, and testis histology were monitored. The TU 
injections increased serum testosterone levels steadily. The epididymis sperm concentration and motility increased 
slowly in high dose group at 4-weeks whereas sperm measurements increased significantly in the TST groups at 8 
weeks. In addition, exogenous TST increased the intra-testicular testosterone concentration somewhat and allevi-
ated the testicular oxidative stress markers of Malondialdehyde (MDA) and level of GSH-PX (Glutathione Peroxidase) 
after 8 weeks treatment. The improvement of sperm and testicular function acted mainly by curbing mitochondrial 
apoptosis in the testis by modulation of Bcl-2, Bax, Caspase-3, and Caspase-9 expression. However, the results of 
immunohistochemistry and western blotting in the low-dose group were still lower than control values. TST at an 
appropriate dose within a period of 8 weeks was effective to stimulate spermatogenesis and alleviate inflammation, 
oxidative stress, and apoptosis through suppression of testis damage in this rat model of oligoasthenospermia.  

Keywords: Oligoasthenospermia, sperm, testosterone undecanoate (TU), glucosides of tripterygium wilfordii 
(GTWs)

Introduction

According to reports from the WHO, approxi-
mately 15% of couples of childbearing age suf-
fer from infertility, in which male factors acco- 
unt for 40% to 60% [1]. In male infertility, oligo-
asthenospermia accounted for nearly 50% of 
cases [2]. The etiology of oligoasthenosper- 
mia is complex, and many factors affecting the 

integrity of reproductive endocrine axis, repro-
ductive organ development and spermatogen-
esis may lead to oligoasthenospermia, such as 
varicocele, reproductive tract infection, testicu-
lar injury, medicine taken and physicochemical 
factors, oxidative stress and other factors [3-5]. 

Spermatogenesis is regulated by endogenous 
testosterone (T) and FSH. Many studies have 
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revealed that supra-physiological level of TST 
has an adverse impact on the spermatogene- 
sis [6-9], whereas physiological dosage of TST 
as an experimental therapy for idiopathic oligo-
asthenospermia is commonly used in clinics 
[10-12]. According to the 2019 European As- 
sociation of Urology (EAU) guidelines on male 
infertility, testosterone replacement is still stri- 
ctly contraindicated for men who are consider-
ing parenthood and the treatment of male in- 
fertility with low levels of LH and FSH [13]. 

On the contrary, some studies had reported 
that a small dosage of TST could improve the 
semen measurements and semen quality ow- 
ing to their unclear mechanism on anti-oxidant 
stress [14-18]. For this reason, it is uncertain 
whether the physiological dosage of TST can be 
suitably used for oligoasthenospermia with hy- 
potestosteronemia [19]. In this study, the rat 
model of oligoasthenospermia was used to 
evaluate the effect of physiologic TST on sper-
matogenesis and sperm quality, and to explore 
a possible mechanism for the indication of  
TST in the clinical application of treatment of 
oligoasthenospermia. 

Materials and methods

Animal models and experimental groups de-
sign

Male Sprague-Dawley rats (280-320 g, n=40) 
aged 8 weeks were purchased from the HFK 
Bioscience CO., LTD (Beijing, China, Certifica- 
tion SYXK2014-0004). The experiment proce-
dures were carried out in accordance with the 
Ethical Principles of Animal Research. All ap- 
plicable international, national, and/or institu-
tional guidelines for the care and use of ani-
mals were followed. This study protocol was 
approved by the Professional Committee on 
Ethics of Experimental Animal Welfare, Rese- 
arch Institute of National Health Commission. 
Rats were housed under standard conditions 
(Room temperature 23°C±2°C on 12 h-light/
dark cycles at 55%±5% relative humidity and  
2 air change cycles/h) and ad libitum to stan-
dard rodent chow and filtered water. All rats 
were grown and kept in cages in the same con-
dition up to 6 months without exposure to any 
experiments, stress or birth [20, 21]. 

Thereafter the rats were assigned into 4 groups 
that using computer generated block random-

ization including the control group rats (n=10, 
group A, were administered physiologic saline 
through the modeling and treatment proce-
dure); the model group (n=10, group B), low-
dose TU group (n=10, group C) and high-dose 
TU group (n=10, group D) were first adminis-
tered GTWs to induce oligoasthenospermia. 
The usage of the GTWs (Fudan Fuhua Pharma- 
cy Co., Shanghai, China; Batch NO. 160301) for 
intragastric administration to induce rat model 
of oligoasthenospermia was determined based 
on previous studies conducted in rats at a dose 
of 40 mg/kg/d for 4 week [22-24]. 

After establishing the oligoasthenospermia 
model, the low-dose TU group (7.5 mg/kg) and 
high-dose TU group (15 mg/kg) were received 
intramuscular injecteion (im) of TU (Xian-Ju 
Pharmacy Co., Zhejiang, China; Batch NO. H1- 
0900063) twice for 8 weeks (4-week intervals), 
respectively. As a long-acting testosterone es- 
ter, the TU injection can maintain serum T with-
in the physiological range for 4 weeks and 
could be almost equivalent pharmacokinetics 
produced by oral TU administration (equivalent 
to 40 mg/d for the low-dose and 80 mg/d for 
the high-dose group for a 4-week period). 
Simultaneously, the control group and model 
group were intramuscularly injected with 0.2 ml 
saline in the same procedure instead. After 
subsequent 8 weeks’ treatment, all rats were 
weighed and then sacrificed after anesthesia 
(Figure 1). 

Blood collection and histologic procedures

Blood samples were collected from the sublin-
gual vein in the animals after being anaesthe-
tized during the experiment. At the end of the 
TST, large blood samples were withdrawn from 
the rat heart and abdominal aorta after they 
were anaesthetized. The serum samples were 
collected and stored at -80°C until assayed. 
The hormonal analyses for serum T, LH, FSH, E2 
and SHBG were performed using commercially 
available kits according to the manufacturer’s 
instructions. The detection ranges were as fol-
lows: FSH (2.47-200 ng/mL, LSBio, WA, USA); 
LH (1.2-280 mIU/mL, Novus, OX, UK); E2 (3.12-
200 ng/mL, Aviva, CA, USA); T (0.13-25.6 ng/
mL, Aviva, CA, USA); and SHBG (0.312-20 ng/
mL, Aviva, CA, USA), respectively. The intra-as- 
say and inter-assay coefficients of variation 
(CVs) were 10% and 15.5%, respectively.
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The testes and epididymides were removed, of 
which left testis and epididymis were cleaned 
of blood and weighed. The left testis of each 
animal was fixed in Bouin’s Solution for 48 h 
before a routine procedure to embed the tissue 
in paraffin. The tissue block was cut into sec-
tions at 4 μm thickness before stained with 
hematoxylin and eosin (H&E). A part of right 
testis was quickly flash-frozen in liquid nitrogen 
and afterwards transferred to store at -80°C for 
subsequent analysis.

The testicular tissue homogenate was prepar- 
ed and used for determination of intra-testicu-
lar T and testicular oxidative stress markers. 
The detection ranges were as follows: T (0.13-
25.6 ng/mL, Aviva, CA, USA); Glutathione Per- 
oxidase (GSH-PX, 20-330 U/mL, Jiancheng,  
NJ, CN); Total Superoxide Dismutase (T-SOD, 
5.0-122.1 U/mL, Jiancheng, NJ, CN); Malondi- 
aldehyde (MDA, 0-113.0 nmol/mL, Jiancheng, 
NJ, CN); Nitric Oxide (NO, 0-800 μmol/L, Jian- 
cheng, NJ, CN) and Nitric Oxide Synthase (NOS, 

Figure 1. Flow chart showing the study protocol. The rats were assigned into 4 groups that used computer generated 
block randomization including the control group rats (n=10, group A, were administered physiologic saline through 
the modeling and treatment procedure). The model group (n=10, group B), low-dose TU group (n=10, group C), and 
high-dose TU group (n=10, group D) were first administered GTWs to induce oligoasthenospermia.
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0.2-81.9 U/mL, Jiancheng, NJ, CN) levels, for 
which commercially available kits were used 
according to the instructions of the manufac-
turer. The intra-assay and inter-assay coeffi-
cients of variation (CVs) were 5.8% and 10.5%, 
respectively.

Analysis of sperm concentration and motility

Spermatozoa obtained from the epididymis 
immediately placed in a Petri dish containing 
M199 (Gibco, USA) supplemented with 2.0  
g/L bovine serum albumin (Sigma, USA). 10 μL 
of the suspension was drawn into a Makler 
counting chamber (Sefi Medical Instruments 
ltd., Israel) and the sperm concentration were 
analyzed using the Computer-Assisted Sperm 
Analysis (CASA; Hamilton Thorne-TOX IVOS, 
USA) system in rat semen analysis module.  
The sperm motility measurements observed 
were as follows: curvilinear velocity (VCL),  
average path velocity (VAP), and straight-line 
velocity (VSL).

Immunohistochemistry (IHC)

The sections were dewaxed, rehydrated th- 
rough graded series of ethanols, and rins- 
ed with PBS. Endogenous peroxidase acti- 
vity was inhabited by incubation and then  
nonspecific antibody binding was blocked with 
5% bovine serum albumin (BSA, Sigma, USA). 
Primary antibodies were detected, including, 
Bcl-2 (1:1000, Abcam, CB, UK), Bax (1:1000, 
Abcam, CB, UK), Caspase 3 (1:1000, ABclon- 
al, BOS, USA), Caspase 9 (1:1000, ABclonal, 
BOS, USA), and GAPDH (1:5000, REK, Tianjin, 
China) after that the sections were stained  
with diaminobenzidine (DAB; ZSGB-BIO, Bei- 
jing, China), and the images were examined.

Western blotting (WB)

Frozen testis tissue was homogenized in assay 
buffer containing protease inhibitor cocktail 
(Roche, USA). Proteins were separated and tr- 
ansferred to a polyvinylidene difluoride mem-
brane that was blocked overnight, and then 
probed with rabbit anti-rat antibodies against 
the following proteins: Bcl-2, Bax, Caspase 3, 
and Caspase 9. The Image J software was em- 
ployed to quantify the protein expression ac- 
cording to gray levels of the bands.

Statistical analysis

Data were expressed as the mean ± standard 
errors of the mean (SEM), and sperm routine 

analysis were expressed as median (25th and 
75th percentile) values. The one-way ANOVA 
and repeated measurement analysis compari-
son between each group was performed using 
a Turkey’s test with variance homogeneity test. 
The Welch’ ANOVA was used to calculate the 
differences between groups when the varian- 
ce homogeneity was not satisfied, and Post  
hoc analysis was conducted by using Games-
Howells test. Statistical analysis and graph  
creation were performed with GraphPad Prism 
version 8.02 (GraphPad Software Inc., San 
Diego, CA, USA), and P<0.05 was considered 
significant.

Results

Change of body weight and sperm quality

Significantly, there still were significant differ-
ences in body weight among the model group, 
low-dose and high-dose groups compared with 
that of the control group at the end of the 
experiment (Table 1). In this study, the sperm 
concentration, motility, and sperm movement 
measurements were lower in model group than 
that in the control group, indicating that the oli-
goasthenospermia model was successfully es- 
tablished. The sperm concentration and motili-
ty of the progressive sperm (PR, %) were in- 
creased by TST in both low-dose and high-dose 
groups relative to that of the model group. The 
sperm concentration and motility of high-dose 
group were basically recovered to the level of 
the control group. However, TST had no effect 
on sperm movement measurements (VAP, VSL 
and VCL; P>0.05). 

Histopathologic damage and reversal

A histologic analysis of testicular tissues from 
the control group revealed a normal process of 
spermatogenesis (Figure 2A and 2E). In con-
trast, the model group exhibited testicular dam-
age including loss, disorganization, and slough-
ing of spermatogenic cells, degeneration of 
interstitial cells, and vacuolization in the cyto-
plasm of Sertoli cells, which was consistent 
with oligoasthenospermia (Figure 2B and 2F). 
TST partially restored the normal morphology of 
Leydig cells, Sertoli cells, and spermatogenic 
cells (Figure 2C and 2G), with the most obvi- 
ous improvement recorded in high-dose group 
(Figure 2D and 2H). In contrast with the model 
group, the Johnsen score of the low-dose and 
high-does groups showed better pathogenic 
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Table 1. Change of body weight, organ index & sperm measurements in each group after 8-week TST
Measurements Control Group (n=10) Model Group (n=10) Low-dose Group (n=10) High-dose Group (n=10) ANOVA Value
Tissue Weight
    Body Weight (g) 674.43±9.754 568.90±21.216† 589.50±20.403† 594.80±17.247† 5.032 (P=0.006)
    Epididymis (g) 1.427±0.040 1.443±0.138 1.633±0.111 1.612±0.224 7.993 (P=0.145)
    Testicular Organ Index 0.0055±0.00013 0.0061±0.00046 0.0061±0.00029 0.0060±0.00046 0.852 (P=0.506)
    Epididymis Organ Index 0.0023±0.00008 0.0024±0.00021 0.0027±0.00020 0.0027±0.00033 8.212 (P=0.082)
Sperm measurements
    Concentration (106/mL) 240.00 (202.50, 275.00)* 69.68 (57.03, 83.18) 182.25 (196.90, 240.15)* 238.65 (233.68, 259.80)*,# 23.07 (P<0.0001)
    Motility (%) 60.50 (50.00, 71.00)* 12.88 (10.12, 17.25) 49.50 (37.00, 54.00)* 61.50 (53.00, 65.25)* 21.64 (P<0.0001)
    PR (%) 41.00 (35.00, 46.75)*,# 10.75 (9.18, 14.26)# 33.00 (25.50, 40.00)* 34.50 (32.25, 37.00)* 21.64 (P<0.0001)
Note: Data are expressed as the mean ± standard errors of the mean (SEM), and the sperm routine analysis are expressed in median (25th and 75th percentile) values. †Compared 
with control group, P<0.05; *Compared with model group, P<0.05; #Compared with low-dose group, P<0.05.
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manifestations (Figure 3A). Moreover, TST in- 
creased the size of the nucleus of spermato-

the low-dose and high-dose groups showed a 
significant difference of downward trend (P< 

Figure 2. Histologic changes of rat testes with H&E staining in each group. Control group with the normal histology 
of SfT and interstitial cells (A and E). The model group with loss of spermatogenic cells, degeneration of interstitial 
cells, and vacuolization in the cytoplasm of Sertoli cells (B and F). Low-dose TU group with increased numbers of 
spermatogenic cells, hyperplasia of interstitial cells, and decreased vacuolization in the cytoplasm of Sertoli cells (C 
and G). High-dose TU group with further enhancement of tissue recovery as compared to the low-dose TU group (D 
and H). TST promoted the morphology of testicular SfT, increased the number of spermatogenic cells and interstitial 
cells, and decreased the number of vacuoles in Sertoli cells after 8-week TST (Magnification ×100: A-D and ×200: 
E, F). Scale bar =100 μm.

Figure 3. Change in spermatogenic cells and testicular SfT measurement in 
each group. TST (testosterone supplemental therapy) improved the Johnsen 
score of SfT in testes (A), increased the diameter of spermatogenic nucleus 
(B) and the size of SfT (C), and markedly promoted the thickness of sper-
matogenic epithelium (D) in the high-dose group compared to the model 
group (×400). The data in the figure are presented as mean ± standard 
error (SE); *P<0.05, **P<0.01, ***P<0.001. 

genic cells and the diameter of 
the testicular SfT (Figure 3B 
and 3C), as well as greatly in- 
creased the thickness of sper-
matogenic epithelium in the 
high-dose group compared to 
the model group (Figure 3D).

Change of serum hormone 
levels in each group after 
8-week TST

The levels of serum FSH, LH, 
and SHBG in the model group 
increased when compared wi- 
th that of the control group, 
while the levels of serum T and 
E2 decreased remarkably after 
establishment of the oligoas-
thenospermia model at the 4th 
week (Figure 4). At the end of 
first TU administration (the 8th 
week), the level of serum T, E2, 
and SHBG increased in low-
dose and high-dose groups 
(Figure 4A, 4B and 4E). It was 
worth noting that FSH and LH 
level were also increased at 
the 4th week in the TST groups 
(Figure 4C and 4D). In addition, 
the serum LH and SHBG in  
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0.05) compared with that of the control group 
at the end of TST (Figure 4D and 4E).

Intra-testicular T and testicular oxidative stress 
markers

GTWs induced oxidative stress in rat testes, as 
evidenced by the significant increase in MDA, 
with a compensatory increase of GSH-PX and 
NO concentrations in the model group to elimi-
nate the superoxide compared to those of the 
control group were observed at the end of 
experiment (Figure 5B, 5C and 5F). Exogenous 
TST could promote intra-testicular T in the low-
dose and high-dose groups, and improve oxida-
tive stress markers of MDA and GSH-PX levels 
after 8-week TST compared with that of the 
model group (Figure 5A-C). The level of NO was 
observed a downward trend in the TST groups 
at the end of experiment without significant dif-

een each group (Figure 6E-H). To further quan-
tify these changes, western blotting was used 
to evaluate the expression levels of these ap- 
optosis proteins (Figure 7). Bax, caspase-9 and 
-3, and Cleaved- caspase-3 were upregulated 
in the model group (Figure 7A, 7D-F), whereas 
Bcl-2 was downregulated in rats with oligoas-
thenospermia (Figure 7B), which was reversed 
by TST after 8-week intervention (Figure 7G). 
Bax/Bcl-2 ratio was increased in the model 
group and decreased in the TST groups (Figure 
7C), prompting the Bax/caspase-9/caspase-3 
cascade in oligoasthenospermia.

Discussion

The serum FSH, LH, and T secreted by the 
gonadal axis directly regulate human sexual 
function and spermatogenesis, while Sertoli 
cells and Leydig cells in the testis can impact 

Figure 4. The change of 
serum hormones at the 
baseline model estab-
lished in the 4th week, 
and TST period from the 
8th week to 12th week. 
TST increased the se-
rum T and E2 levels sig-
nificantly in peripheral 
blood throughout the 
experiment (A and B). 
Moreover, the growth 
trend of serum FSH, LH, 
and SHBG had been 
effectively inhibited or 
reduced by TST (C-E). * 
designates P<0.05. 

ference when compared with 
that of the model group (Fig- 
ure 5F). The T-SOD and T-NOS 
remained unchangeable when 
compared with that of the  
control group and the model 
group (Figure 5D and 5E).

Effect of TST on mitochondrial 
apoptosis-related pathway

The damage of the testicular 
tissues was evidenced by ap- 
optosis proteins (Bax, Caspa- 
se-9, and Caspase-3) with im- 
munohistochemistry, marked- 
ly increased in the model gr- 
oup compared to that of the 
other 3 groups at the end of 
TST (Figure 6). Bax immune-
positive cells were mainly lo- 
cated in spermatogenic and 
Sertoli cells (Figure 6A-D); Bcl- 
2 immuno-positive cells were 
mainly located in sperm and 
spermatogenic cells (Figure 
6E-H); Caspase-9 & 3 immu- 
no-positive cells were mainly 
located in sperm, spermato-
cytes and Leydig cells (Figure 
6I-L, 6M-P). Moreover, the da- 
mage was partially reversed  
in the TST groups compared 
with that of the model group. 
However, Bcl-2 expression dis-
played similar changes betw- 
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hormone secretion and spermatogenesis [25, 
26]. Moreover, this dosage of the GTWs had 
been confirmed to successfully act on inducing 
and imitating the oligoasthenospermia state, 
and the pathologic results showed that there 
was still a significant difference between the 
normal after 8 weeks of drug withdrawal [23]. 
Therefore, the GTWs have long been broadly 

um FSH and LH decreased, the level of serum  
T increased significantly, and the concentra- 
tion of testicular T partially recovered when 
compared to that of the control group. In addi-
tion, the results of testicular histopathology 
also showed that the number and structure  
of Sertoli cells and Leydig cells had been 
restored, suggesting that TST could improve 

Figure 5. The changes in oxidative stress markers of rat testes in each 
group. TST could promote the intra-testicular T in the low-dose and high-
dose groups (A) and alleviated the testicular oxidative stress markers of 
MDA and GSH-PX at the end of TST (B and C). The T-SOD and T-NOS re-
mained unchangeable when compared to that of the control group and 
the model group (D and E). The level of NO remained basically unchanged 
through 8-week treatment after a compensatory increase at the 4th week 
(F). *P<0.05, **P<0.01, ***P<0.001. 

applied to induce the oligoas-
thenospermia model of rats in 
China. In our study, the testicu-
lar seminiferous epithelium in 
the model group became thin-
ner, and the seminiferous cells 
showed loss, disorganization, 
interstitial space edema, and 
spermatogenic cells atrophy, 
resulting in the decrease of 
epididymis sperm concentra-
tion and sperm activity after 
administrated GTWs 40 mg/
(kg·d) for 4 weeks. The levels  
of serum FSH and LH were 
observed to be increased to 
varying degrees after GTWs 
modeling, while the levels of 
serum T and testicular tissue  
T were significantly reduced. 
Sertoli cells and Leydig cells 
were denatured and apoptotic, 
suggesting that the model of 
oligoasthenospermia with en- 
docrine damage was success-
fully established [23, 27, 28]. 

According to guidance from 
Chinese experts and sugges-
tions from multicenter clinical 
studies, TU 40 mg/d or 80 
mg/d for androgen supplemen-
tation plays an important role 
in the treatment of idiopathic 
male infertility, and there is no 
need to worry too much about 
the negative feedback of and- 
rogen on spermatogenesis [19, 
29, 30]. The therapeutic effe- 
cts of TST on this kind of oligo-
asthenospermia were mainly 
reflected in an improvement in 
the number and activity of epi-
didymis sperm, partial recov-
ery or improvement of testicu-
lar histopathology, and serum 
sex hormone levels. After TST 
intervention, the levels of ser- 
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the pathologic morphology of testis, promote 
spermatogenesis, and increase the number of 
spermatozoa [31-34].

According to the existing consensus, the pro-
duction and clearance of ROS are in a dynamic 
balance under the normal physiologic condi-
tions [35]. When various harmful endogenous 
or exogenous stimuli disrupt this balance, es- 
pecially when it exceeds the scavenging capac-
ity of antioxidant system, the body will produce 
an oxidative stress response [36]. In this state, 
excess free radicals produced by the body will 
lead to lipid peroxidation, and the end product 
is MDA. In the present experiment, MDA in the 
model group was increased significantly, indi-
cating that GTWs successfully induced oxida-
tive stress damage of the testes and produced 
excessive ROS. Due to the cytotoxicity of MDA, 
it will affect the activity of mitochondrial respi-
ratory chain complex and mitochondrial key en- 
zymes, and aggravate membrane damage, whi- 
ch could be the mechanism of spermatogene-
sis damage induced by GTWs.

In order to prevent the destruction of oxygen 
free radicals to the cell, almost all cells have a 
complete protective system to eliminate vari-
ous reactive oxygen species produced by cell 
metabolism. GSH-PX is an important enzyme 
that catalyzes the decomposition of hydrogen 
peroxide, and its specific catalytic GSH can pro-
tect the structural and functional integrity of 
the cell membrane [37]. Therefore, with the 
generation of excessive free base, the concen-
tration of GSH-PX also presented a compensa-
tory increase to improve the scavenging ability. 
The levels of GSH-PX and MDA in the treatment 
groups gradually decreased, indicating a signifi-
cant improvement trend in cell damage after 
TST. Therefore, TST could not only reduce the 
damage caused by oxidative stress to a certain 
extent, but also play a role in inhibiting cell 
apoptosis [38, 39]. This could be one of the 
mechanisms by which TST repaired such cellu-
lar damage.

NO is a bioactive free radical that catalyzes the 
production of L-arginine in the presence of 

Figure 6. Localization of apoptosis proteins was detected by immunohistochemistry in each group. The apoptosis 
protein expression of Bax, Cleaved Caspase-3 and Caspase-9 protein in high-dose group was significantly reduced 
and alleviated compared to the model group (A-D, I-L and M-P), but without significant difference in Bcl-2 protein 
between each group (E-H) (Magnification ×200). Scale bar =100 μm.
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NADPH by NOS, and is closely related to the 
testis microcirculation regulation, T secretion, 
and sperm maturation [40, 41]. Compared with 
the control group, the NO level of the other 
three groups increased significantly after mod-
eling. However, concentrations of NO in the  
low-dose and high-dose groups were decreas- 
ed slightly compared with that of the model 
group after TST, which indicated that the tes-
ticular damage degree was also improved [42]. 
Therefore, our results confirmed that TST par-
tially restored the testicular oxidative damage 

ment groups were increased and decreased 
significantly, respectively, resulting in a decre- 
ase in Bax/Bcl-2 ratio after TST. Such a de- 
crease indicated that TST effectively prevent 
Bax translocation to mitochondria, thus inhi- 
biting the apoptosis. This could be the molecu-
lar target of spermatogenesis partial recovery 
after TST.

In conclusion, we confirmed that GTWs can 
cause the drug-induced oligoasthenospermia 
with low serum T, and TST can partially restore 

Figure 7. Change of apoptosis proteins detected by western blotting in each 
group. GADPH was used as the control for band density normalization. Bax, 
Cleaved-caspase-3 and caspase-3 and -9 were upregulated (A, D-F), where-
as Bcl-2 was downregulated in the model group (B), which was reversed 
by TST after 8-week intervention (G). Bax/Bcl-2 ratio was increased in the 
model group and decreased in the TST groups (C), *P<0.05, **P<0.01, 
***P<0.001. 

caused by GTWs, and showed 
reparative effects on the tes-
ticular tissue and spermato- 
genesis.

In order to explore the mole- 
cular mechanism of oxidative 
damage leading to oligoasthe-
nospermia, key proteins of mi- 
tochondrial apoptosis pathway 
were selected for verification. 
Apoptosis of mitochondria is 
controlled by Bcl-2 family pro-
teins, including Bcl-2 and Bax 
[43]. The former inhibits apop-
tosis, while the latter antago-
nizes this cyto-protective ef- 
fect [44, 45]. By immunohisto-
chemistry and western blot-
ting, we further verified that 
GTWs induced apoptosis in 
this kind of oligoasthenosper-
mia model. Especially the level 
of Bax, an apoptotic protein 
related to the activation of 
mitochondrial apoptosis path-
way, was significantly up-regu-
lated, which led to the incre- 
ase of Bax/Bcl-2 ratio in the 
model group, and was related 
to the enhancement of mito-
chondrial membrane permea-
bility [46, 47]. Thus, the down-
stream of caspase-3 and -9 
induction of apoptosis is acti-
vated [48, 49]. Furthermore, 
Caspase-3 can activate other 
caspase proteins by cleavage 
or proteolysis [50]. When com-
pared with the model group, 
we found the protein Bcl-2  
and Bax levels of the treat- 
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spermatogenesis in male SD rats. Our results 
provided an experimental basis and indica- 
tions for the clinical empirical therapy of this 
kind of oligoasthenospermia by TST. In addi-
tion, our study also clarified the possible me- 
chanism of GTWs for the spermatogenesis 
damage. TST for damage repair serves to re- 
duce apoptosis of the testicular cells and re- 
store the function of Leydig cells by regulating 
the antioxidant system in vivo. As well, the 
molecular mechanism of reducing testicular 
cell apoptosis was achieved by inhibiting the 
Bax/Caspase mitochondrial apoptosis path- 
way.
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