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Abstract: Aims: The present study aimed to investigate the protective effect of new Wenshen Shengjing Decoction
(WSSJD) in alleviating oxidative damages in testis tissues caused by cyclosporine A (CsA), as well as its mechanism
of action. Methods: A total of 90 Kunming male mice of 8 weeks old and 35-40 g body weight were divided randomly
into six groups of 15 mice, including control group, vehicle (DMSO) group, model (CsA) group, western medicine
(CC) group, WSSJD group and new WSSJD group. Hematoxylin and eosin staining was performed to investigate the
development of seminiferous tubules in the testes of mice. To examine the antioxidant capacity of mouse testes,
enzyme-linked immunosorbent assay was employed to measure malondialdehyde, glutathione, glutathione peroxi-
dase and catalase activity levels in testis tissues. To detect the apoptosis of spermatogenic cells, testis tissue slices
embedded in paraffin were subjected to terminal dexynucleotidyl transferase-mediated dUTP nick end labeling as-
say. Flow cytometry was carried out to examine mitochondrial activity and ROS content, and the apoptosis, survival
and death of mature sperms from mouse epididymis. Results: Both WSSJD and new WSSJD alleviated damages in
the development of seminiferous tubules induced by CsA, and enhanced the development capability of spermato-
genic cells. New WSSJD had excellent antioxidative effects on damaged testis tissues. It could significantly reduce
the number of apoptotic spermatogenic cells induced by superoxides in mouse testis. In the meanwhile, it enhanced
mitochondrial activity and reduced ROS levels in sperms from mouse epididymis. It highly increased the survival rate
of mature sperms in mouse epididymis. Conclusions: The present study demonstrates that new WSSJD protects the
spermatogenesis function of testis in mouse from oxidative damages caused by CsA, possibly by elevating antioxida-
tive levels and reducing the apoptosis and death of spermatogenic cells and sperms.
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Introduction mune diseases [4]. However, immunosuppres-
sion is a long process, and long-term use of CsA
produces a series of toxic side effects, such as
dysfunction of blood vessels [5], hepatotoxicity
liver [1], kidney [2], heart and lung [3] trans- [6], ovarian injury [7], and testicular and sperm
plantations. After organ transplantation, immu- toxicity [8], which limit the clinical application of
nosuppressive agents are usually required to CsA.

carry out a long-term immunosuppression pro-
cess to avoid immune rejection. Cyclosporine A

The technology of organ transplantation has
been developed rapidly in recent years, such as

Testis is the place for spermatogenesis, and

(CsA) is a kind of fungal polypeptide that can
inhibit the production of lymphokines and the
signaling pathway mediated by T cell receptors.
As an immunosuppressive agent, CsA is widely
used in the immunosuppression after organ
transplantation or the treatment of autoim-

destruction of testicular structure and function
can directly result in disordered spermatogen-
esis. It is reported that reactive oxygen species
(ROS) damages the structure of male and
female germ cells, leading to their dysfunction
[9]. A study shows that the toxic side effects of
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CsA on kidney, liver, heart, ovary and testis are
caused by oxidative stress [10]. Excessive ROS
production in testis leads to cell membrane
lipid peroxidation, damaged DNA, apoptotic
spermatogenic cells, reduced sperm activity
and motility. Long-term treatment with CsA da-
mages the antioxidant system, reduces the
contents of glutathione (GSH), glutathione per-
oxidase (GSH-Px) and catalase (CAT) [11], and
increases the content of malondialdehyde
(MDA) in the testis, resulting in severely dis-
turbed testis tissue development and sperma-
togenesis. Therefore, use of antioxidant drugs
may alleviate oxidative damages in testis tis-
sues caused by CsA.

Currently, ellagic acid [11], lycopene [12],
N-acetylcysteine [13], black grape extract [14],
and taurine [15] have been used as external
antioxidants on animals to reduce the toxic side
effects of CsA on different organs. It is demon-
strated that the antioxidative effect of single
drug is weaker than that of composite drugs
[16]. Wenshen Shengjing Decoction (WSSJD) is
a kind of composite Chinese traditional medi-
cine that has excellent effect in the clinical
treatment of dyszoospermia. It is mainly com-
posed of Cornu Cervi Nippon Parvum, Panax
ginseng, Cynomorium songaricum, Cistanche
deserticola, Radix Astragali, Epimedium brevi-
cornum and Angelica sinensis [17], all of which
have significant antioxidative effects. Antler
extract has antagonistic action on lipid peroxi-
dation caused by O, and OH free radicals [18].
Ginsenoside Rg1l is able to scavenge excessive
intracellular ROS, and inhibits cell apoptosis
[19]. Polyphenol, polysaccharide anthocyanins
and triterpenes in cynomorium songaricum
could significantly reduce peroxidation inci-
dence in cells [20]. In addition, polysaccharides
in Astragalus mongholicus [21], and flavonoids
and polysaccharides in epimedium brevicor-
num [22] have excellent inhibitory effects on
lipid peroxidation, and can capture superoxide
radical, hydroxy radical and DPPH free radical.
Previously, we have reported that WSSID sig-
nificantly alleviates oxidative damages in testis
tissues caused by another immunosuppressive
agent, cyclophosphamide, and reduces the
apoptosis of spermatogenic cells [17]. In the
present study, in order to improve its antioxida-
tive function, we alter the composition of
WSSJD, and test the effect of new WSSJD in
alleviating oxidative damages in testis tissues
caused by CsA, as well as its effect on the
apoptosis of spermatogenic cells and sperms.
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Materials and methods
Animals

A total of 90 Kunming male mice of 8 weeks old
with 35-40 g body weight were raised in cages
individually under 21 + 3°C and 55-65% humid-
ity with free access to food and water. The mice
were purchased from Changchun Institute of
Biological Products Co., Ltd. (Changchun, Jilin,
China) under the license of SCXK (Jilin) 2006-
0001. The mice were divided randomly into six
groups of 15 mice, including control group, sol-
vent (DMSO) group, model (CsA) group, western
medicine (CC) group, Wenshen Shengjing De-
coction (WSSJD) group and new Wenshen
Shengjing Decoction (WSSJD) group. Mice in
CsA group, CC group, WSSID group and new
WSSJD group received intraperitoneal injection
of 15 mg/kg CsA (Powerdone Pharmaceutics
Co., Ltd., Datong, China)-per day [23] for con-
secutive 30 days. Mice in control group received
the same amount of saline, while mice in DMSO
group received the same amount of DMSO sol-
vent. In the meantime, mice in CC group were
lavaged with 21.6 mg/kg clomifene citrate
(GKH Pharmaceutical Ltd., Guangzhou, China)
per day [24], and mice in WSSJD group and new
WSSJD group were lavaged with 12 g crude
drug/kg/day of these drugs (Cornu Cervi Nip-
pon Parvum, Panax ginseng, Cynomorium son-
garicum, Cistanche deserticola, Radix Astragali,
Epimedium brevicornum and Angelica sinen-
sis; Jilin Kangnaixin Pharmacy, Jilin, China) res-
pectively per day, and new Wenshen Shengjing
Decoction (compared with Wenshen Shengjing
Decoction, the contents of Panax ginseng,
Cynomorium songaricum, Radix Astragali and
Epimedium brevicornum were adjusted accord-
ingly). The mice in control group and CsA group
were lavaged with the same amount of saline
for 30 days. All animal experiments were con-
ducted according to the ethical guidelines of
Jilin Medical University.

Hematoxylin and eosin (HE) staining

Male mouse testis was fixed with 4% parafor-
maldehyde, and subjected to gradient dehydra-
tion using alcohol, followed by xylene transpar-
ency. After being paraffin-embedded, the sam-
ples were prepared into 5 um slices. After stain-
ing with HE, the testis seminiferous epithelia
were observed under a microscope.
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Spectrophotometer colorimetric assay

The testis was homogenized in saline on ice,
and then centrifuged at 3000 rpm for 15 min.
The supernatants were used to measure the
contents of MDA and GSH, and the enzyme
activity of GSH-Px and CAT in testis tissues
using spectrophotometer colorimetric assay
kits (Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing, China).

Terminal dexynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) assay

Testis tissue slices embedded in paraffin were
subjected to TUNEL assay (Boster, Wuhan,
China) for the detection of apoptosis of sper-
matogenic cells. Cells with brown granules in
nuclei were identified as positive cells with
apoptosis. Five slices were tested for each ani-
mal, and ten seminiferous tubules were ran-
domly chosen from each slice. The number of
apoptotic spermatogenic cells in each seminif-
erous tubule was counted.

Flow cytometry

Cauda epididymidis were harvested after the
mice were sacrificed, and cut into pieces before
incubation in 2 ml phosphate-buffered saline at
37°C to obtain epididymis suspensions. The
suspensions were then incubated at 37°C for
10 min to allow sperms to swim out. Sperm
conglomerations were discarded and the sperm
samples were resuspended into the concentra-
tion of 5x10%/ml.

To detect mitochondrial activity of epididymis
sperms, Rh123 (Sigma-Aldrich, St. Louis, MO,
USA) was added to a final concentration of 5
pg/mL in semen samples, and the samples
were incubated for 5 min at 37°C in the dark.
The sperms were then washed with dye-free
phosphate-buffered saline to eliminate non-
specific binding of dye to the mitochondria, fol-
lowed by centrifugation. Finally, the samples
were resuspended in phosphate-buffered sa-
line and immediately examined by flow cytom-
etry (FACSCalibur, BD Biosciences, San Jose,
CA, USA). The average fluorescence intensity of
Rh123 in each semen sample was examined
and recorded.

To test the content of reactive oxygen species
(ROS), 0.5 ml sperm suspension was mixed
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with 5 yL DCFH-DA (1 mmol/L; Sigma-Aldrich,
St. Louis, MO, USA) and incubated at 37°C in
dark for 15 min. The samples were washed with
5 ml phosphate-buffered saline twice. The
average fluorescence intensity of ROS in each
group was measured using flow cytometry.

To determine the apoptosis and death rates of
epididymis sperms, Annexin V-propidium iodide
(PI) double staining was used (BD Biosciences,
San Jose, CA, USA). Sperm suspension was
adjusted to the density of 2-3x10° sperms/ml,
and digested using 2 ul trypsin for 5 min. Then,
the density of sperm suspension was adjusted
to 1-2x10° sperms/ml. After that, 195 ul sperm
suspension was mixed with 5 pl Annexin
V-fluorescein isothiocyanate, followed by incu-
bation at room temperature for 10 min.
Following the addition of 10 pl PI, the samples
were incubated at room temperature in dark for
10-15 min. The rates of normal sperms (low
staining with both Annexin V and PI), apoptotic
sperms (high staining with Annexin V and low
staining with Pl) and dead sperms (high stain-
ing with both Annexin V and PIl) were measured
using flow cytometry.

Statistical analysis

The results were analyzed using SPSS 13.0
software (IBM, Armonk, NY, USA). The data
were expressed as means + standard devia-
tions. Differences between groups were evalu-
ated for significance using one-way ANOVA. P <
0.05 was considered statistically significant.

Results

Both WSSJD and new WSSJD alleviate damag-
es in the development of seminiferous tubules
induced by CsA

To test the effect of new WSSJD on the develop-
ment of seminiferous tubules in the testis of
mouse, HE staining was performed. Under the
microscope, the spermatogenic cells in control,
DMSO, WSSJD and new WSSJD groups were
tightly arranged. Their seminiferous tubules
had intact edges, no atrophy or collapse, and
abundant sperms inside the tubule lumen, with
many seminiferous epithelium layers (Figure
1A-D). By contrast, seminiferous tubules in CsA
group and CC group showed collapsed edges,
reduced diameters, decreased numbers of
seminiferous epithelium layers, disordered
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Figure 1. Effect of new WSSJD on the development of seminiferous tubules in the testes of mice. Hematoxylin and
eosin staining of mice testes tissues from (A) control group, (B) DMSO group, (C) WSSJD group, (D) new WSSJD
group, (E) CsA group, and (F) CC group. DMSO, dimethyl sulphoxide; CsA, cyclosporine A; CC, western medicine;
WSSJD, Wenshen Shengjing Decoction. Scale bar, 50 ym.

Table 1. Levels of MDA and GSH and activities of GSH-Px and CAT in testis tissues of mice

Groups MDA (nmol/mg protein) GSH (mg/g protein) GSH-Px activity (U) CAT activity (U/mg protein)
Control group 1.44 + 0.06 14.54 £ 0.71 55.10 £ 2.27 6.50 + 0.11

DMSO group 1.47 £ 0.06 14.43 £ 0.54 53.21 +2.06 6.47 +0.13

CsA group 5.89 £ 0.23" 5.63 £ 0.28" 32.60 £ 3.55" 3.46 £ 0.16"

CC group 5.64 £ 0.24" 6.39 + 0.24" 3741+ 1.97" 418 +0.17"#
WSSJD group 2.65 + 0.45™#4 8.16 + 0.41"#4 42.65 + 1.16"* 4.46 +0.18"*

New WSSJD group 2.14 + 0.38%* 9.39 + 0.36"#~ 46.15 + 2.80"#* 5.55 + 0.17"*&4

Note: MDA, malondialdehyde; GSH, glutathione; GSH-Px, glutathione peroxidase; CAT, catalase. *, P < 0.05 compared with
control group; #, P < 0.05 compared with CsA group; 2, P < 0.05 compared with CC group; 4, P < 0.05 compared with WSSJD
group. DMSO, dimethyl sulphoxide; CsA, cyclosporine A; CC, western medicine; WSSJD, Wenshen Shengjing Decoction.

spermatogenic cell arrangements, enlarged
tubule lumens, and few sperms inside the
tubule lumen (Figure 1E and 1F). The result
suggests that both WSSJD and new WSSJD
alleviate damages in the development of semi-
niferous tubules induced by CsA.

New WSSJD has excellent antioxidative effects
on damaged testis tissues

To measure the levels of MDA and GSH and the
activities of GSH-Px and CAT in mice testis tis-
sues, spectrophotometer colorimetric assay
was employed. The data showed that the levels
of MDA and GSH and the activities of GSH-Px
and CAT in DMSO group were not significantly
different from those in control group. In CsA
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group, MDA level was significantly increased,
and the level of GSH and the activities of GSH-
Px and CAT were significantly decreased com-
pared with control group (P < 0.05). In WSSJD
and new WSSJD groups, MDA level was signifi-
cantly reduced while GSH level and the activi-
ties of GSH-Px and CAT were significantly
enhanced compared with CsA group (P < 0.05).
In CC group, CAT activity was significantly high-
erthan CsA group (P < 0.05), but MDA and GSH
levels and GSH-Px activity were not significantly
different from that in CsA group (P > 0.05).
Furthermore, new WSSJD group had signifi-
cantly reduced MDA level, and significantly
enhanced GSH level and GSH-Px and CAT activ-
ities compared with CC group (P < 0.05). Of
note, the effect of new WSSJD in increasing CAT

Int J Clin Exp Med 2017;10(3):5125-5133
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Figure 2. Apoptosis of spermatogenic cells in mice testes tissues. TUNEL
assay of (A) control group, (B) DMSO group, (C) CsA group, (D) CC group,
(E) WSSJD group, (F) new WSSJD group, (G) positive group, and (H) nega-
tive group. DMSO, dimethyl sulphoxide; CsA, cyclosporine A; CC, western
medicine; WSSJD, Wenshen Shengjing Decoction. Scale bar, 50 um.

activity was stronger than that of WSSJD (Table
1). The results indicate that new WSSJD has
excellent antioxidative effects on damaged tes-
tis tissues.

were mainly spermatogonia and
primary spermatocytes (Figure
2). The number of apoptotic
spermatogenic cells in DMSO
group was not significantly dif-
ferent from that in control group,
but that in CsA group was signifi-
cantly higher than that in control
group (P < 0.05). In addition, the
numbers of apoptotic spermato-
genic cells in CC, WSSJD and
new WSSJD groups were signifi-
cantly lower than that in CsA
group (P < 0.05). Moreover, the
number of apoptotic spermato-
genic cells in new WSSJD group
was significantly lower than
those in CC and WSSJD group (P
< 0.05) (Table 2). The results
suggest that new WSSJD has
strong effect in reducing the
number of apoptotic spermato-
genic cells in mice testis.

New WSSJD enhances mito-
chondrial activity and reduces
ROS levels in sperms from
mouse epididymis

To examine how new WSSJD
affects mitochondrial activity
and ROS content in mature sper-
ms from mouse epididymis, we
used flow cytometry to measure
the fluorescence intensity of
RH123 and ROS, respectively.
The data showed that mitochon-
drial activity and ROS content in
DMSO group were not signifi-
cantly different from those in
control group (P > 0.05), but
mitochondrial activity in CsA

group was significantly lower and ROS content
was significant higher than that in control group
(P < 0.05). In addition, WSSJD and new WSSJD
groups had elevated mitochondrial activity and

reduced ROS content compared with CsA group

New WSSJD has strong effect in reducing the
number of apoptotic spermatogenic cells in
mice testis

(P <0.05). New WSSJD group showed increased
mitochondrial activity and decreased ROS con-
tent compared with CC group (P < 0.05), but

WSSJD group had no significantly different

To detect the apoptosis of spermatogenic cells
in mice testis tissues, TUNEL was carried out.
The data showed that apoptotic spermatogenic
cells had brown nuclei, and the apoptotic cells
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mitochondrial activity compared with CC group
(P > 0.05). Furthermore, the ROS content in
new WSSJD group was significantly lower than
that in WSSJD group (P < 0.05) (Table 3). The

Int J Clin Exp Med 2017;10(3):5125-5133
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Table 2. The number of apoptotic spermatogenic
cells in seminiferous tubules from mice testis

Number of apoptotic spermatogen-

Groups ic cells/seminiferous tubule
Control group 1.67 + 0.33

DMSO group 2.67 £0.33

CsA group 42.00 + 2.52F

CC group 32.00 £ 3.61"#
WSSJD group 20.67 £ 2.33"#4

New WSSJD group 10.67 + 3.48"#A4

Note: *, P < 0.05 compared with control group; #, P < 0.05
compared with CsA group; 2, P < 0.05 compared with CC
group; 4, P < 0.05 compared with WSSJD group. DMSO, di-
methyl sulphoxide; CsA, cyclosporine A; CC, western medicine;
WSSJD, Wenshen Shengjing Decoction.

Table 3. Average fluorescence intensity of RH123
and ROS in mature sperms from mouse epididy-
mis

RH123 fluores- ROS fluorescence

Groups cence intensity intensity
Control group 40.27 +3.12 1.03+0.12
DMSO group 40.17 £ 3.03 1.13 +0.03
CsA group 22.77 £ 1.65" 2.13 + 0.09"
CC group 26.00 + 0.76" 1.83 £ 0.09"*
WSSJD group 30.67 £ 1.13"*  1.47 £0.03"#4

New WSSID group 34.27 + 0.85** 1.20 + 0.06"*~4

Note: *, P < 0.05 compared with control group; #, P < 0.05
compared with CsA group; 2, P < 0.05 compared with CC
group; 4, P < 0.05 compared with WSSJD group. DMSO, di-
methyl sulphoxide; CsA, cyclosporine A; CC, western medicine;
WSSJD, Wenshen Shengjing Decoction.

results indicate that new WSSJD enhances
mitochondrial activity and reduces ROS levels
in sperms from mouse epididymis.

New WSSJD is highly effective in increasing
the survival rate of mature sperms in mouse
epididymis

To investigate the effect of new WSSJD on the
apoptosis, survival and death of mature sperms
in mouse epididymis, flow cytometry was used.
The apoptotic rates were not significantly differ-
entamong all groups (P > 0.05). In addition, the
survival and death rates in DMSO group were
not different from those in control group, but
the survival rate was significantly decreased
and the death rate was significantly enhanced
in CsA group compared with control group (P <
0.05). The survival rates were significantly
enhanced and the death rates were significant-
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ly decreased in both WSSJD and new WSSJD
groups compared with CsA group. Moreover,
the survival rate in new WSSJD group was sig-
nificantly higher than those in CC group and
WSSJD group (P < 0.05). The death rate in new
WSSJD group was significantly lower than that
in CC group (P < 0.05), but was not significantly
different from that in WSSJD group (P > 0.05)
(Table 4). The results suggest that new WSSJD
is highly effective in increasing the survival rate
of mature sperms in mouse epididymis.

Discussion

As an immunosuppressive agent, CsA signifi-
cantly enhances the survival rate and life qual-
ity of patients with organ transplantation [25].
However, the toxic side effects of CsA on vari-
ous organs of the patients have limited its clini-
cal applications [6, 10]. Of note, the testicular
toxicity of CsA has caused declining fertility or
infertility in male patients [26]. In our previous
study, we find that another immunosuppressive
agent, cyclophosphamide, also significantly
reduces antioxidase activity in testis tissues
and damages the development of seminiferous
tubules, finally leading to enhanced apoptosis
of spermatogenic cells and sperms [17]. In
addition, the study also shows that lowered tes-
tosterone levels induced by cyclophosphamide
damage male fertility [17]. However, it is not
clear whether the damage in testis tissues
caused by CsA is related to oxidative stress.

Sperms are a kind of cells with special struc-
tures in the body, which are easily damaged by
oxidative stress [27]. It is shown that long-term
treatment with CsA disturbs the antioxidative
system in testis tissues, and reduces the con-
tent of GSH, activities of GSH-Px and CAT [11],
leading to enhanced levels of MDA. A report
shows that the effect of CsA on semen quality
is dose-dependent, with higher doses of CsA
having more severe damages on male fertility
[28]. Misro et al. report that 1 mg/kg CsA added
into semen significantly reduces sperm motility
in vitro [29]. Turk et al. find that lavage with 15
mg/kg CsA significantly reduces the density
and motility of sperms in mouse epididymis,
and enhances the percentage of abnormal
sperms [11]. In the present study, lavage with
15 mg/kg CsA on healthy male mice for one
month significantly reduces the mitochondrial
activity, increases the ROS level, decreases
sperm survival rate, and enhances sperm

Int J Clin Exp Med 2017;10(3):5125-5133
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Table 4. Effect of new WSSJD on the apoptosis, survival and

death of mature sperms in mouse epididymis

Groups A1+A2 (%) A3 (%) A4 (%)
Control group 1.18 £ 0.50 93.91+ 0.97 4.91 +0.69
DMSO group 2.02+0.42 91.09 +0.21 6.89 £ 0.23
CsA group 3.18+0.94 5528+ 1.53" 41.54 + 2.46"
CC group 2.67 £+1.40 8223+1.22"% 1510+ 1.12"#
WSSJD group 436+216 84.42+ 139" 1122+ 1.06™*

New WSSJD group 3.38 +0.77 88.72 + 1.03"#44

8.08 + 0.92#4

Note: *, P < 0.05 compared with control group; #, P < 0.05 compared with
CsA group; 2, P < 0.05 compared with CC group; 4, P < 0.05 compared with
WSSJD group. DMSO, dimethyl sulphoxide; CsA, cyclosporine A; CC, western
medicine; WSSJD, Wenshen Shengjing Decoction. A1+A2 (%) shows the
apoptotic rate of sperms in mouse epididymis; A3 (%) shows the survival rate
of sperms in mouse epididymis; A4 (%) shows the death rate of sperms in

mouse epididymis.

death rate. Excessive ROS induces the peroxi-
dation of unsaturated fatty acids in sperm plas-
ma membrane, increases the permeability of
mitochondrial membrane and lowers mitochon-
drial activity, finally leading to the death of
sperms.

MDA is one of the final products of lipid peroxi-
dation of polyunsaturated fatty acid attacked
by free radicals. It causes crosslinking polymer-
ization of proteins or nucleic acids, with rela-
tively high cytotoxicity [30]. GSH is a kind of low
molecular scavenger that can scavenge O,
H,0, and LOOH. Insufficiency or depletion of
GSH may lead to toxication of organisms cau-
sed by chemicals or environmental factors [31].
GSH-Px and CAT are two important enzymes
that can catalyze the degradation of H,0, [32].
Therefore, determination of the contents of
MDA and GSH and the activities of GSH-Px and
CAT may help reflect the antioxidative capability
of tissues and the degrees of oxidative damag-
es. In the present study, CsA significantly reduc-
es the level of GSH and the activities of GSH-Px
and CAT, and significantly elevates the level of
MDA in testis tissues. Changes in the activities
of these enzymes have reduced their ability of
scavenging ROS, finally leading to lipid peroxi-
dation of cell membrane.

Monteiro et al. report that treatment with CsA
causes significantly increased proportion of
connective tissues in testis tissues, degenera-
tion of seminiferous epithelia, serious vacuol-
ization in Sertoli cells, accumulation of residual
cytoplasm at seminiferous epithelium edge,
and expanded gaps between spermatogenic
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cells [33]. In the present study,
treatment with CsA leads to col-
lapsed edges, reduced diameter,
decreased number of epithelial
cell layers, disordered spermato-
genic cell arrangement, enlarged
tubule lumen, and few sperms
inside the tubule lumen. In addi-
tion, treatment with CsA results in

severe apoptosis of spermatogen-
ic cells, which are mainly sper-
matogonia and primary spermato-
cytes. These damages may be
directly or indirectly related with
reduced activity of antioxidases
and lower antioxidant levels.

Turk et al. find that ellagic acid and lycopene
have limited ability in scavenging ROS, and only
partially improve semen quality [11, 34]. It is
hypothesized that synergy of multiple antioxi-
dant drugs may extensively promote the anti-
oxidative capacity of testis tissues. In the pres-
ent study, we have investigated the effect of a
compound Chinese medicine preparation, new
WSSJD, in protecting testis tissues from oxida-
tive damages. Many components of new WSS-
JD have their antioxidative effects. Antler
extract inhibits lipid peroxidation (formation of
MDA) induced by NADPH-vitamin C and Fe2'-
cysteine system, and 0% production (formation
of reduced cytochrome C) caused by xanthine-
xanthine oxidase system in the brain, liver and
kidney of rats [18]. Ginsenoside Rg1 is able to
scavenge excessive intracellular ROS in SHSY-
5Y cells, and inhibits cell apoptosis induced by
MPP+ [19]. Polyphenol, polysaccharide antho-
cyanins and triterpenes in Cynomorium son-
garicum have significant antioxidative effects
[20]. In addition, polysaccharides in Astragalus
mongholicus have protective effect against
free radical damages [21]. Flavonoids and poly-
saccharides in Epimedium brevicornum have
excellent inhibitory effects on lipid peroxida-
tion, and can scavenge superoxide radical,
hydroxy radical and DPPH free radical [22]. The
synergistic use of these components has good
antioxidative effects on the development of
testis tissues. In conclusion, new WSSJD pro-
tects testis tissues from oxidative damages
caused by CsA. It greatly reduces the toxic side
effects of CsA on testis tissues. Therefore, new
WSSID is likely to be used to protect testis tis-
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sue from the damages induced by CsA in the
treatment of immunosuppression after organ
transplantation or autoimmune diseases.

Acknowledgements

This work was supported by Key Research
Project of Scientific and Technological De-
velopment Program of Jilin Province (No.
20140204033YY), Undergraduate Training Pro-
grams for Innovation and Entrepreneurship of
Jilin Province (Nos. 2014024 and 2015016)
and Program for Innovative Research Team (in
Science and Technology) in University of lJilin
Province.

Disclosure of conflict of interest
None.

Address correspondence to: Juntao Lei, Department
of Pharmacy, Jinlin Medical University, No. 5 Jilin
Street, Jilin 132013, lJilin Province, P. R. China.
Tel: 86-043264560019; Fax: 86-043264560013;
E-mail: 361540796@qqg.com; Shuran Wang, School
of Public Health, Jilin Medical University, No. 5 Jilin
Street, Jilin 132013, lJilin Province, P. R. China.
Tel: 86-043264560117; Fax: 86-043264560107;
E-mail: pxy19790122@163.com

References

[1] Maurette R, Garcia Ejarque M, Silberman E,
Bregante M, Bogetti D and Pirchi D. Lapa-
roscopy After Liver Transplant: Result of an
Initial Series. Transplant Proc 2015; 47: 2499-
2503.

[2] Hashimoto J, Hamasaki Y, Yanagisawa T,
Sekine T, Aikawa A and Shishido S. Successful
Kidney Transplantation in Epstein Syndrome
With Antiplatelet Antibodies and Donor-specific
Antibodies: A Case Report. Transplant Proc
2015; 47: 2541-2543.

[3] Mendez AB, Ordonez-Llanos J, Farrero M,
Mirabet S, Brossa V, Lopez L, Bonet R, Sionis A,
Perez-Villa F and Roig E. Cost-Effectiveness of
Highly Sensitive Cardiac Troponin T to Rule Out
Acute Rejection After Heart Transplantation.
Transplant Proc 2015; 47: 2395-2396.

[4] Konishi Y, Takahashi S, Nishi K, Sakamaki T,
Mitani S, Kaneko H, Mizutani C, Ukyo N, Hirata
H and Tsudo M. Successful Treatment of
TAFRO Syndrome, a Variant of Multicentric
Castleman’s Disease, with Cyclosporine A:
Possible Pathogenetic Contribution of Inter-
leukin-2. Tohoku J Exp Med 2015; 236: 289-
295.

5132

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Satoh K. Cyclophilin A in cardiovascular ho-
meostasis and diseases. Tohoku J Exp Med
2015; 235: 1-15.

lvandic E and Basic-Jukic N. Liver damage
caused by atorvastatin and cyclosporine in pa-
tients with renal transplant. Acta Med Croatica
2014; 68: 175-178.

Nabenishi H, Takagi S, Kamata H, Nishimoto T,
Morita T, Ashizawa K and Tsuzuki Y. The role of
mitochondrial transition pores on bovine 00-
cyte competence after heat stress, as deter-
mined by effects of cyclosporin A. Mol Reprod
Dev 2012; 79: 31-40.

Chen, Zhang Z, Lin Y, Lin H, Li M, Nie P, Chen
L, Qiu J, Lu Y, Chen L, Xu B, Lin W, Zhang J, Du
H, Liang J and Zhang Z. Long-term impact of
immunosuppressants at therapeutic doses on
male reproductive system in unilateral ne-
phrectomized rats: a comparative study. Bio-
med Res Int 2013; 2013: 690382.

Morimoto H, Kanatsu-Shinohara M and
Shinohara T. ROS-Generating Oxidase Nox3
Regulates the Self-Renewal of Mouse Sperma-
togonial Stem Cells. Biol Reprod 2015; 92:
147.

Ciarcia R, Damiano S, Florio A, Spagnuolo M,
Zacchia E, Squillacioti C, Mirabella N, Florio S,
Pagnini U, Garofano T, Polito MS, Capasso G
and Giordano A. The Protective Effect of
Apocynin on Cyclosporine A-Induced Hyperten-
sion and Nephrotoxicity in Rats. J Cell Biochem
2015; 116: 1848-1856.

Turk G, Sonmez M, Ceribasi AO, Yuce A and
Atessahin A. Attenuation of cyclosporine A-
induced testicular and spermatozoal damages
associated with oxidative stress by ellagic acid.
Int Immunopharmacol 2010; 10: 177-182.
Atessahin A, Ceribasi AO and Yilmaz S.
Lycopene, a carotenoid, attenuates cyclospo-
rine-induced renal dysfunction and oxidative
stress in rats. Basic Clin Pharmacol Toxicol
2007; 100: 372-376.

Piao SG, Kang SH, Lim SW, Chung BH, Doh KC,
Heo SB, Jin L, Li C and Yang CW. Influence of
N-acetylcysteine on Klotho expression and its
signaling pathway in experimental model of
chronic cyclosporine nephropathy in mice.
Transplantation 2013; 96: 146-153.

Durak I, Cetin R, Candir O, Devrim E, Kilicoglu
B and Avci A. Black grape and garlic extracts
protect against cyclosporine a nephrotoxicity.
Immunol Invest 2007; 36: 105-114.

Hagar HH. The protective effect of taurine
against cyclosporine A-induced oxidative stre-
ss and hepatotoxicity in rats. Toxicol Lett 2004;
151: 335-343.

Zhao YQ, Tian W and Han FY. Study on effect of
suifukang in regulating the change of free rad-
ical after hemitransected spinal cord injury.

Int J Clin Exp Med 2017;10(3):5125-5133



[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

5133

New wenshen shengjing decoction protects testis

Zhongguo Zhong Xi Yi Jie He Za Zhi 2004; 24:
996-998.

Xiao YP, Xi YW, Xue NW, Zhan XS, Dan W, Xiao
W, Yin YY, Zhi XL, College JM and Center RM.
Effect of “Wenshen Shengjing Decoction ” on
spermatogenic cell apoptosis and histone
H3K9 dimethylation. Shanghai Journal of
Traditional Chinese Medicine 2014.

Chen X, Jin' S, Di L, Liu X and Song H. Anti-lipid
peroxidaton of the water extract from cornu
cervi pantotrichum. Zhong Yao Cai 2003; 26:
733-734.

Li CP, Qin G, Shi RZ, Zhang MS and Lv JY.
Ginsenoside Rg1 reduces toxicity of PM(2.5)
on human umbilical vein endothelial cells by
upregulating intracellular antioxidative state.
Environ Toxicol Pharmacol 2013; 35: 21-29.
Chen J, Wong HS and Ko KM. Ursolic Acid-
enriched herba cynomorii extract induces mi-
tochondrial uncoupling and glutathione redox
cycling through mitochondrial reactive oxygen
species generation: protection against mena-
dione cytotoxicity in h9c2 cells. Molecules
2014; 19: 1576-1591.

Zhang J, Gu JY, Chen ZS, Xing KC and Sun B.
Astragalus polysaccharide suppresses palmi-
tate-induced apoptosis in human cardiac myo-
cytes: the role of Nrfl and antioxidant re-
sponse. Int J Clin Exp Pathol 2015; 8: 2515-
2524,

Li J, Zhang CC, Yang L, Wang T, Zhou ZY, Yuan
D and Dun YY. Protective Effect of Total
Flavonoids of Epimedium on D-galactose-in-
duced Senescence in H9c2 Cells. Zhong Yao
Cai 2014; 37: 2255-2258.

Ali RB, Klouz A, Boubaker S, Lakhal M and
Belkahia C. An animal model of testicular toxic-
ity by cyclosporine: evaluation and protection.
Fundam Clin Pharmacol 2009; 23: 241-246.
Wang R, Lei XU, Zhang WX, Yu-Feng WU and
Shi JH. Shengjing granule: an effective Chinese
medicine for spermatogenic disturbance in
mice. Zhonghua Nan Ke Xue 2008; 14: 1046-
1049.

van Gelder T, van Schaik RH and Hesselink DA.
Pharmacogenetics and immunosuppressive
drugs in solid organ transplantation. Nat Rev
Nephrol 2014; 10: 725-731.

[26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

[34]

Wetzstein M, Weestel PF and Choukroun G.
Everolimus and azoospermia, a causal rela-
tionship? About one case in a renal transplant
patient. Nephrol Ther 2014; 10: 44-45.

Aitken RJ, De luliis GN, Gibb Z and Baker MA.
The Simmet lecture: new horizons on an old
landscape--oxidative stress, DNA damage and
apoptosis in the male germ line. Reprod
Domest Anim 2012; 47 Suppl 4: 7-14.

Xu LG, Xu HM, Zhang JR, Song QZ, Qi XP and
Wang XH. Effects of different dosages of cyclo-
sporine A on the semen parameters of renal
transplant patients. Zhonghua Nan Ke Xue
2003; 9: 679-680, 683.

Misro MM, Chaki SP, Srinivas M and Chaube
SK. Effect of cyclosporine on human sperm
motility in vitro. Arch Androl 1999; 43: 215-
220.

Zhang D and Zhu Q. Experimental Studies on
Changes of NO, NOS, SOD and MDA in Testes
of Mice with Deficiency of Kidney-yang. Chine-
se Journal of Traditional Medical Science and
Technology 2009; 16: 84-85.

Maneesh M, Jayalekshmi H, Dutta S, Chak-
rabarti A and Vasudevan DM. Role of oxidative
stress in ethanol induced germ cell apoptosis
- An experimental study in rats. Indian J Clin
Biochem 2005; 20: 62-67.

Bhavanarayana B and Reddy P. Elevation of
oxidative stress in the testes of rat by vinclozo-
lin. International Journal of Pharm Tech
Research 2014; 6: 363-368.

Monteiro JC, Predes FS, Matta SL and Dolder
H. Heteropterys aphrodisiaca infusion reduces
the collateral effects of cyclosporine A on the
testis. Anat Rec (Hoboken) 2008; 291: 809-
817.

Turk G, Atessahin A, Sonmez M, Yuce A and
Ceribasi AO. Lycopene protects against cyclo-
sporine A-induced testicular toxicity in rats.
Theriogenology 2007; 67: 778-785.

Int J Clin Exp Med 2017;10(3):5125-5133



