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Abstract 
Purpose: To investigate the effect of total flavonoids of Cuscuta chinensis (TFCC) on oxidative stress 
injury in testis and epididymis, and serum levels of reproductive hormones in an oligoasthenospermia 
(OAS) mice model.  
Methods: Thirty male Wistar mice were randomly assigned to three groups of 10 mice each: control 
group, OAS group and TFCC group. With the exception of control group, OAS was orally induced in the 
mice with ornidazole. The TFCC group received TFCC. Reactive oxygen species (ROS), 
malondialdehyde (MDA) and superoxide dismutase (SOD) were determined. Serum levels of follicle 
stimulating hormone (FSH), luteinizing hormone (LH) and testosterone were also measured.  
Results: The levels of ROS and MDA in the testis and epididymis significantly increased in OAS group, 
when compared to control mice (p < 0.05). However, TFCC administration significantly reduced their 
levels in these tissues (p < 0.05). In contrast, SOD activity significantly decreased in the testis and 
epididymis of mice in OAS group, relative to control group, but increased significantly after TFCC 
exposure (p < 0.05). Serum FSH and LH were markedly elevated in OAS group, but treatment with 
TFCC significantly reduced the levels of these hormones (p < 0.05).  
Conclusion: These results suggest that TFCC effectively improves sperm quality and reduces oxidative 
damage in testis and epididymis of mice with oligoasthenospermia via a mechanism involving the 
regulation of serum levels of reproductive hormones. Thus, TFCC may be useful in the treatment of 
oligoasthenospermia. 
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INTRODUCTION 
 
Infertility is a global health challenge that affects 
couples’ emotions and family stability. Factors 

such as reproductive system diseases, mental 
stress, psychological problems, work pressure, 
and environmental pollution exert varied degrees 
of impact on sperm quality [1]. Male factors 
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account for more than 50 % of all known causes 
of infertility. Oligoasthenospermia, a common 
type of male infertility is characterized by sperm 
density < 20 × 109 / L, motility < Ⅱ°, percentage 
motility < 50 %, and normal sperm morphology < 
60 % [2]. The pathological mechanism of 
oligoasthenospermia has not been fully 
elucidated. However, it has been speculated that 
ROS causes sperm membrane damage, inhibits 
sperm motility and reduces sperm count. In 
recent years, the involvement of ROS in the 
pathogenesis of oligoasthenospermia has 
received huge attention [3]. 
 
Cuscuta chinensis is a parasitic plant in the 
family Convolvulaceae. It is native to China and it 
is used in Traditional Chinese Medicine (TCM) 
for warming and tonification of kidney yang. It 
contains flavonoids, polysaccharides, sterols and 
other phytochemicals. It has shown great 
promise in the treatment of poor sperm quality, 
testicular lesions and degeneration of gonadal 
function [4]. The aim of this study was to 
investigate the effect of TFCC on oxidative stress 
injury in testis and epididymis, and serum levels 
of reproductive hormones in oligoastheno-
spermia mice model. 
 
EXPERIMENTAL 
 
Materials 
 
Male Wistar mice were obtained from the 
Laboratory Animal Center of Medical College of 
Xi'an Jiaotong University. Ornidazole was 
obtained from Xi'an Wanlong Pharmaceutical 
Co., Ltd.; TFCC was a product of Xi'an Kailai 
Bioengineering Co., Ltd., while ELISA kits were 
purchased from Elabscience Co., Ltd. Olympus 
BX60 optical microscope was purchased from 
Olympus Co., Ltd., while LKB-NOVA ultra-thin 
slicing machine and ELJU-9000 sperm tester 
were products of Swiss DAKO Co., Ltd. The 
study received approval from Animal Ethical 
Committee of The First People’s Hospital of 
Nantong City (approval no. 20180213), and was 
carried out in line with "Principles of Laboratory 
Animal Care", NIH, 1985 [5]. 
 
Experimental mice  
 
Thirty male Wistar mice aged 8 - 12 weeks 
(weighing 200 to 250 g) were used for this study. 
The mice were put in plastic cages, and had free 
access to standard feed and water. The mice 
were exposed to 12 h light/12 h dark cycles and 
maintained at 25 ˚C and 48 – 60 % humidity. 
They were randomly assigned to three groups of 
10 mice each: control group, OAS group and 
TFCC group. 

Induction of oligoasthenospermia and 
treatment regimen  
 
With the exception of control group, 
oligoasthenospermia was induced in the mice 
with ornidazole (800 mg/kg bwt/day, 4 ml/time, 
orally for 28 days). The TFCC group received 
TFCC (100 mg/kg bwt via gastric perfusion) from 
the 11th day of induction, for 30 days. The control 
and OAS groups received equivalent amounts of 
physiological saline in place of TFCC via gastric 
perfusion. 
 
Tissue collection  
 
After the last gastric perfusion, the mice were 
sacrificed and their testes and epididymis were 
excised. After incubation with 2 mL of phosphate-
buffered saline (PBS) for 10 min, sperm counting 
pool was dripped to determine the number and 
activity of sperm. The testis and epididymis were 
frozen in liquid nitrogen after washing them with 
physiological saline. 
 
Biochemical analysis 
 
Tissue homogenates (10 %) were prepared with 
PBS and subjected to 15-min centrifugation at 
4000 rpm. The resultant clear portion obtained 
was taken and used for biochemical analysis. 
Levels of ROS and MDA, and activities of SOD, 
GPx, AC and PDE were determined in tissue 
homogenates using their respective ELISA kits. 
Serum levels of FSH, LH, and testosterone were 
also determined using ELISA.  
 
Statistical analysis 
 
The results are presented as mean ± SD. 
Statistical analysis was carried using with SPSS 
version 19.0. Groups were compared using 
Student t-test and Chi-squared test. Statistical 
significance was assumed at p < 0.05. 
 
RESULTS 
 
Sperm quality  
 
Ornidazole-induced oligoasthenospermia signify-
cantly reduced sperm quality in the mice. 
However, after treatment with TFCC, the quality 
of sperm was significantly improved, relative to 
the OAS group (p < 0.05; Table 1). 
 
ROS levels and SOD activity in testes and 
epididymis of mice  
 
Table 2 shows that the levels of ROS in the testis 
and epididymis were significantly increased in 
the OAS group, when compared with control 
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group (p < 0.05). However, treatment with TFCC 
significantly reduced ROS levels in these tissues 
(p < 0.05). In contrast, the activity of SOD was 
significantly reduced in the tissues of mice in 
OAS mice, relative to control group, but was 
significantly increased after treatment with TFCC 
(p < 0.05). 
 
Table 1: Sperm quality of the mice (n = 10) 
 

Group 
Sperm 
density 

(106 

m/L) 

Number of sperm  
Class A 
sperm 
count 

Class A + B 
sperm count 

Control  18.95 ± 
2.52 

22.60 ± 
3.53 34.20 ± 5.18 

OAS  8.15 ± 
1.04* 

10.28 ± 
1.85* 16.55 ± 2.40* 

TFCC 13.30 ± 
2.27*# 

18.85 ± 
2.50*# 28.96 ± 5.32*# 

f 69.56 54.06 40.48 
P-
value 0.043 < 0.001 < 0.001 
*P < 0.05, relative to control; #p < 0.05, relative to OAS 
mice 
 
Table 2: ROS levels and SOD activity (n = 10) 
 

Group 
ROS (au) SOD (au) 

Testis Epididymis Testis Epididymis 

Control 67.25 
± 9.13 

35.12 ± 
5.60 

114.52 
± 

19.28 

89.35 ± 
10.27 

OAS 
152.33 

± 
21.50* 

103.47 ± 
16.86* 

36.55 
± 5.59* 

30.29 ± 
5.57* 

TFCC 
114.56 

± 
17.68*# 

81.45 ± 
9.32*# 

79.66 
± 

10.25*# 

65.47 ± 
8.62*# 

F 63.53 90.73 90.08 25.61 
P-
value 

< 
0.001 0.008 0.003 < 0.001 

*P < 0.05, relative to control; #p < 0, relative to OAS 
mice 
 
MDA levels and GPx activity in mouse testes 
and epididymis 
 
The levels of MDA in the testis and epididymis 
were significantly increased in the OAS group, 
when compared with control (p < 0.05). However, 
treatment with TFCC significantly reduced MDA 
levels in these tissues (p < 0.05). The activity of 
GPx was significantly reduced in reproductive 
tissues of mice in OAS group, relative to control, 
but was increased after treatment with TFCC (p 
< 0.05; Table 3). 
 
AC and PDE activities in mouse testis and 
epididymis  
 
As shown in Table 4, ornidazole-induced 
oligoasthenospermia significantly reduced the 
activity of AC in mice. However, after treatment 

with TFCC, AC activity was significantly 
increased, relative to the OAS group (p < 0.05). 
In reproductive tissues of mice in OAS group, 
PDE activity was markedly elevated, relative to 
control group, but was significantly reduced after 
treatment with TFCC (p < 0.05). 
 
Table 3: MDA levels and activities of GPx activity (n = 
10) 
 

Group 
GPx (au) MDA (au) 

Testis Epididymis Testis Epididymis 

Control 38.63 ± 
6.72 

30.25 ± 
4.86 

6.55 ± 
0.84 4.43 ± 0.66 

OAS 13.47 ± 
1.66* 

11.75 ± 
2.20* 

25.26 
± 

5.33* 

19.36 ± 
3.28* 

TFCC 28.16 ± 
4.28*# 

23.50 ± 
4.26*# 

18.15 
± 

2.76*# 

8.92 ± 
1.07*# 

f 72.35 56.42 72.85 21.98 
P-
value 0.001 < 0.001 < 

0.001 < 0.001 
*p < 0.05, relative to control; #p < 0.05, relative to OAS 
group 
 
Table 4: AC and PDE activities (n = 10) 
 

Group 
AC (µg/mg protein) PDE (ng/mg protein) 

Testis Epididymis Testis Epididymis 

Control 5.95 ± 
0.76 3.23 ± 0.50 

96.42 
± 

10.36 

80.25 ± 
9.59 

OAS 2.27 ± 
0.36* 1.39 ± 0.23* 

243.66 
± 

36.76* 

190.33 ± 
17.75* 

TFCC 4.41 ± 
0.68*# 

2.66 ± 
0.32*# 

137.62 
± 

20.33*# 

114.56 ± 
16.85*# 

F 87.61 71.22 92.48 37.75 
P-
value 

< 
0.001 < 0.001 0.003 < 0.001 

*P < 0.05, relative to control group; #p < 0.05 when 
compared to OAS group 
 
Serum levels of reproductive hormones in 
mice  
 
As shown in Table 5, there were markedly higher 
serum levels of FSH and LH in OAS group than 
in control, but treatment with TFCC significantly 
reduced the levels of these hormones (p < 0.05). 
Ornidazole-induced oligoasthenospermia 
markedly reduced testosterone level, relative to 
control group (p < 0.05). However, treatment with 
TFCC did not significantly reverse the decrease 
in testosterone level (p > 0.05). 
 
DISCUSSION 
 
Oligoasthenospermia is a common cause of 
male infertility, and its incidence is on the 
increase [6]. The present strategies used for the 



Cui et al 

Trop J Pharm Res, June 2019; 18(6): 1256 
 

management of male infertility only serve as 
mere palliatives. In TCM, it is believed that male 
infertility is due to kidney gas deficiency, low 
spermatogenic function and reduced 
spermatozoa vitality [7]. 
 
Table 5: Levels of reproductive hormones in mice (n = 
10) 
 

Group n FSH 
(µg/L) LH (IU/L) Testosterone 

(ng/L) 
Control 10 6.52 ± 

1.41 
14.89 ± 

1.73 1.72 ± 0.50 

OAS 10 11.89 ± 
1.58* 

16.73 ± 
1.99* 1.07 ± 0.25* 

TFCC 10 6.83 ± 
1.05*# 

13.09 ± 
1.36*# 1.13 ± 0.13* 

f  48.81 11.29 11.75 
P-value  < 0.001 < 0.001 < 0.001 
*P < 0.05, relative to control; #p < 0.05 when compared 
to OAS mice 
 
Extracts of Cuscuta chinensis have been shown 
to improve semen quality, liver and kidney 
functions, and facilitate urine formation. The plant 
is renowned for its high content of total 
flavonoids [8].  
 
In the present study, ornidazole-induced 
oligoasthenospermia significantly reduced sperm 
quality in mice. However, after treatment with 
TFCC, the quality of sperm was significantly 
improved, relative to the OAS group. These 
results suggest that TFCC may effectively 
increase sperm density and number, and prevent 
sperm damage in ornidazole-induced 
oligoasthenospermia. 
 
Oxidative stress is the main factor responsible for 
reduced sperm density and number. Reactive 
oxygen species (ROS) are products of normal 
aerobic metabolism. They include hydroxyl 
radical (OH●), hydrogen peroxide (H2O2), and 
superoxide anion (O2-). Under physiological 
conditions, the production and removal of ROS 
are in a state of dynamic equilibrium. However, in 
oligoasthenospermia, like in most other diseases, 
the production of ROS exceeds the body's 
natural ability to remove them, thereby resulting 
in the over-utilization of antioxidant enzymes and 
sperm damage due to oxidative attack on sperm 
membrane [9,10].  
 
The antioxidant enzymes in seminal fluid help 
maintain the dynamic equilibrium between ROS 
production and removal. Superoxide dismutase 
(SOD) is an important scavenger of ROS and 
plays a central role in scavenging free radicals 
and lipid peroxides. Malondialdehyde (MDA) is 
the product of the interaction between ROS and 
polyunsaturated fatty acids on surface of sperm 

membrane, and it indirectly reflects the level of 
free radicals and degree of damage due to lipid 
peroxidation in cell membranes [11,12].  
 
In the present study, the levels of ROS and MDA 
in the testis and epididymis were significantly 
increased in the OAS group, relative to control 
group. However, treatment with TFCC 
significantly reduced their levels in these tissues. 
In contrast, the activities of SOD and GPx were 
significantly reduced in reproductive tissues of 
mice in OAS group, relative to the control group, 
but were significantly increased after treatment 
with TFCC. Thus, TFCC alleviates the stress 
response in testis and epididymis in ornidazole-
induced oligoasthenospermia. 
 
Oxidative stress not only damages sperm, it also 
incapacitates it by disrupting pathways of signal 
transduction in sperm. Adenylate cyclase (AC) is 
an ubiquitous effector molecule widely employed 
in signal transduction pathways. Cyclic 
adenosine monophosphate (cAMP) produced in 
the reaction catalyzed by AC is an important 
second messenger in sperm, and it plays a key 
role in sperm capacitation and acrosome reaction 
[13].  
 
Phosphodiesterase (PDE) catalyzes the 
hydrolysis of cAMP, thereby reducing its 
concentration and affecting downstream 
signaling pathways, which promote sperm 
function. The results of this study showed that 
ornidazole-induced oligoasthenospermia 
significantly reduced the activity of AC in the 
mice. However, after treatment with TFCC, AC 
activity was significantly increased, relative to the 
OAS group. In contrast, the activity of PDE was 
significantly higher in reproductive tissues of 
mice in OAS group than in control group, but was 
significantly reduced after treatment with TFCC. 
These results are in agreement with those 
previously reported [14]. It is likely that TFCC 
promotes sperm capacitation and acrosome 
reaction via activation of AC activity in the testis 
and epididymis.  
 
Follicle-stimulating hormone (FSH) promotes 
follicular development and maturation, and acts 
mainly on spermatogenic epithelial cells. An 
elevated serum FSH causes damage to 
spermatogenic epithelial cells [15]. Luteinizing 
hormone (LH) acts primarily on Leydig cells, 
promotes their proliferation and stimulates the 
synthesis and secretion of testosterone by these 
cells in preparation for spermatogenesis.  
 
Studies have shown that there is a close 
relationship between serum levels of 
reproductive hormones and sperm quality. 
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Damage to sperm epithelium and spermatogenic 
dysfunction with the involvement of interstitial 
cells lead to increases in serum levels of FSH 
and LH [16]. In this study, serum levels of FSH 
and LH were markedly increased in OAS group, 
relative to control mice, but treatment with TFCC 
significantly reduced the elevated levels of these 
hormones. Ornidazole-induced 
oligoasthenospermia significantly reduced the 
level of testosterone, when compared with 
control group. However, treatment with TFCC did 
not significantly increase the reduced 
testosterone level. These results suggest that 
TFCC may regulate the levels of reproductive 
hormones and improve sperm quality in mice 
with oligoasthenospermia. 
 
CONCLUSION 
 
The results obtained in this study suggest that 
TFCC effectively improves sperm quality and 
reduces oxidative damage in testis and 
epididymis of mice afflicted with 
oligoasthenospermia. The underlying mechanism 
involves the regulation of serum levels of 
reproductive hormones. Thus, TFCC has good 
potential for clinical application in the 
management of oligoasthenospermia. 
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