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The present study aimed to determine whether Lycium barbarum polysaccharides (LBP) could limit 
oxidative stress induced by swimming exercise. The mice were randomly assigned to four groups, that 
is, one normal control group and three LBP treatment groups. LBP treatment groups (I, II and III) were 
administered with three different doses of LBP: 100, 200 and 300 mg/kg/day by gavage for 30 days. The 
normal control group was given vehicle alone by oral gavage for 30 days. At the end of the 30 days 
treatment, forced-swimming test was performed and mean swim-to-exhaustion time of mice was 
immediately recorded. Then, the contents of malondialdehyde (MDA), super oxide dismutase (SOD), 
catalase (CAT) and glutathione peroxidase (GPx) of gastrocnemius muscle were determined. The results 
showed that LBP prolonged exhaustive swim time and improved exercise tolerance. Meanwhile, LBP 
promote increases in the activities of main antioxidant enzymes (SOD, CAT and GPx) and attenuated 
MDA increase. This suggests that supplementation of L. barbarum polysaccharides protects skeletal 
muscle from exercise-induced oxidant stress in mice. 
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INTRODUCTION 
 
Several studies have demonstrated that exhaustive 
exercise is associated with accelerated generation of 
reactive oxygen species (ROS) that results in oxidative 
stress (Zhang et al., 2004; Powers and Jackson, 2008; 
Motta et al., 2009; Smarsh et al., 2010), which may impair 
liver, kidney, skeletal muscle and other tissues 
(Morillas-Ruiz et al., 2005). The antioxidant system is 
used to protect organism from harmful effects of free 
radicals. This system consists of antioxidant enzymes 
(catalase, glutathione peroxidase and superoxide 
dismutase) and non-enzymatic antioxidants (vitamin E, 
vitamin A, vitamin C, glutathione and uric acid). The 
imbalance   between  free  radical  production   and  
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antioxidant defense leads to an oxidative stress state 
(Ciçek, 2006; Lambertucci et al., 2007). Therefore, to 
avoid or minimize deleterious effects of exercise induced 
oxidative stress, the antioxidant capacity of the cell must 
be increased. Therefore, this increased capacity may be 
achieved through appropriate training, diet and most 
importantly through the use of antioxidant 
supplementation (Bing and Zhaobao, 2010). 

Lycium barbarum (Chinese Name: Gou qi) belongs to 
the plant family Solanaceae (Li et al., 2007; Zhao et al., 
2009). Red-colored fruits of L. barbarum have been used 
as a traditional Chinese herbal medicine for thousands of 
years, and which have a large variety of biological 
activities and pharmacological functions and play an 
important role in preventing and treating various chronic 
diseases, such as diabetes, hyperlipidemia, cancer, 
hepatitis, hypo-immunity function, thrombosis, fatigue and 
male infertility (Luo et al., 2004; Wang et al., 2006; Chao 
et al.,  2006;  Chan et al., 2007;  Amagase et al., 2009;  
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Figure 1. Effect of LBP on mean swim-to-exhaustion time of 

mice. 
a
P < 0.05, compared with normal control group (NC). 

 
 
 
Potterat, 2010). Previous studies have shown that L. 
barbarum polysaccharides (LBP) is one of the major 
active components. Its multiple pharmacological effects, 
such as antitumor, anti-aging, anti-diabetic, anti-fatigue, 
anti-cancer and anti-oxidant have been demonstrated in 
many animal models in vivo and in vitro (Wang and Ng, 
1999; Gan et al., 2004; Ni et al., 2004; Li et al., 2007; 
Zhao et al., 2009; Lin et al., 2009; Yao and Li, 2010; Mao 
et al., 2011). However, the effects of LBP on the 
exercise-induced oxidative stress in mice have not been 
investigated. Hence, the present study aimed to 
determine whether LBP could limit oxidative stress 
induced by swimming exercise. 
 
 
MATERIALS AND METHODS 

 
Dried L. barbarum fruits was purchased from a local market (Jinan, 
China) and identified by a botanist. The kits for malondialdehyde 
(MDA), super oxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx) were purchased from Jiancheng 
Bioengineering Institute (Nanjing, China). All the other chemicals 
used were of analytical grade. 
 

 
Ethics statement 
 
All animals were handled in strict accordance with good animal 
practice as defined by the relevant local animal welfare bodies, and 
all animal work was approved by the Animal Research Committee of 
the Shandong University of Science and Technology (Jinan, China). 
 
 
Preparation of L. barbarum polysaccharides 

 
Dried L. barbarum fruits were ground to a fine powder. 
Polysaccharides were prepared by the method of Luo et al. (2004) 
and Ma et al. (2009) with slight modification. In brief, L. barbarum 
fruits powder (100 g) were placed in 1.5 L of boiling water and 
decocted for 3 h. The decoction was left to cool at room temperature, 
filtered and then freeze-dried to obtain crude polysaccharides. The 
dried crude polysaccharides were refluxed three times to remove 
lipids with chloroform/methanol (2:1, v/v). After filtering, the residues 
were  air-dried  and  then  refluxed again with 80% ethanol. The  

 
 
 
 
resultant product was extracted three times in hot water (90°C) and 
then filtered. The combined filtrate was precipitated using 95% 
ethanol, 100% ethanol and acetone, respectively. After filtering and 
centrifuging, the precipitate was collected and vacuum-dried, 
affording the desired LBP. 
 
 
Tested animals 
 
Male Kunming mice weighing 20 ± 2 g were purchased from Libo 
Laboratory Animal Breeding Center (Jinan, China). The animals 
were housed in polypropylene cages and maintained under 
controlled conditions of 12 h light/12 h dark cycle and 50% relative 

humidity at 25 to 30°C. The animals were fed pellet diet and water 
ad libitum. 
 
 
Experimental design 
 
After a period of 1 week, the animals were randomly assigned to 
four groups: normal control group (NC), LBP treatment group I 
(LBPT-I), LBP treatment group II (LBPT-II) and LBP treatment group 

III (LBPT-III) (n = 10 in each group). LBP treatment groups (I, II and 
III) were administered three different doses of LBP: 100, 200 and 
300 mg/kg/day by gavage for 30 days. The normal control group 
was given vehicle alone by oral gavage for 30 days.  

At the end of the 30 days treatment, forced-swimming test was 
performed by a method described previously (Chi i et al., 2008). In 
brief, the mice swam with wire of 5% body weight tied to their tails in 
the pool (length: 65 cm, width: 50 cm, depth: 50 cm) filled with 30 cm 
depth of water at 30 to 35°C. Mice were regarded as exhaustion 

when they were underwater for 8 s and the mean 
swim-to-exhaustion time was immediately recorded. After the 
forced-swimming test, the mice were anesthetized with an 
intraperitoneal injection of ketamine (80 mg/ kg) and xylazine (4 
mg/kg). After anesthetization, the mice were killed by decapitation 
and the gastrocnemius muscle were excised, weighed and 
immediately frozen at 70°C to determine MDA, SOD, CAT and GPx 
contents. The contents of MDA, SOD, CAT and GPx were 

determined using commercially available kits according to the 
manufacturers ' instructions. 
 
 
Statistical analysis 

 
All values are expressed as mean ± standard deviation. Statistical 
comparisons were made by one-way analysis of variance (ANOVA), 
and correlation analysis was performed by Pearson product moment 
using Statistical Package for Social Sciences (SPSS) version 13.0 
(SPSS Inc., Chicago, IL, USA). Statistical significance was defined 
as P < 0.05. 
 
 
RESULTS AND DISCUSSION 
 
Effect of LBP on mean swim-to-exhaustion time of 
mice 
 
A forced-swimming test was used to evaluate the extent of 
fatigue, which increased the exercise intensity of mice in 
order to shorten the investigational time. With 6 to 8% 
body weight load, the mice could swim freely and safely 
(Wang et al., 2008). In this experiment, the mice had a 
weight attached, 5% body weight in the duration of the 
swim-to-exhaustion.  As  shown  in Figure 1, the mean  



 
 
 
  

0

10

20

30

40

50

NC

LB
PT-I

LBPT-II

LB
PT-II

I

a a

Group

S
O

D
 (

U
/m

g
 p

ro
)

 
 

Figure 2. Effect of LBP on SOD contents of mice. 
a
P < 0.05, 

compared with normal control group (NC). 
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Figure 3. Effect of CAT on SOD contents of mice. 
a
P < 0.05, 

compared with normal control group (NC). 
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Figure 4. Effect of GPx on SOD contents of mice. 

a
P < 0.05, 

compared with normal control group (NC). 

 
 
 
swim-to-exhaustion time of LBP treatment groups (I, II 
and III) was longer (P < 0.05) than for the normal control 

group, while the difference between LBPT-II and LBPT-Ⅲ  
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was not significant (P  0.05). The present study 
demonstrated that LBP prolonged exhaustive swim time 
and improved exercise tolerance. 
 
 
Effect of LBP on SOD, CAT and GPx contents of mice 
 
It is well known that primary antioxidant enzymes include 
SOD, GPx and CAT. SOD dismutates superoxide radicals 
to form H2O2 and O2. GPx is an enzyme responsible for 
reducing H2O2 or organic hydroperoxides to water and 
alcohol, respectively. CAT catalyses the breakdown of 
H2O2 to form water and O2 (Shan et al., 2011). Evidence 
showed that decrease in the contents of SOD, GPx and 
CAT in the muscle tissue after exhaustive exercise may 
be an indication of exercise-induced oxidant stress threat 
(Misra et al., 2009). As shown in Figure 2, the SOD 
contents of LBP treatment groups (II and III), increased (P 
< 0.05) than for the normal control group. As shown in 
Figure 3, the CAT contents of LBP treatment groups (I, II 
and III) increased (P < 0.05) than for the normal control 
group. As shown in Figure 4, the GPx contents of LBP 
treatment groups (I, II, III) increased (P < 0.05) than for 
the normal control group. The present study 
demonstrated that LBP promotes increase in the activities 
of these antioxidant enzymes (SOD, CAT and GPx), 
which had beneficial effects on attenuating the oxidative 
stress induced by exhaustive exercise. 
 
 

Effect of LBP on MDA contents of mice 
 
Exhaustive exercise is known to induce the generation of 
free radicals. This increased level of free radicals might 
cause an increase in lipid peroxidation 
(Skarpańska-Stejnborn et al., 2010). One approach to 
study oxidative stress is to measure the peroxidation of 
lipids. Lipid peroxidation is the end result of damaging 
radical chain reactions that usually begin with a single 
hydrogen abstraction from an unsaturated fatty acid 
(Sachdev and Davies, 2008). Following the abstraction of 
hydrogen, the original radical (R) is neutralized and a lipid 
radical (L) is generated by oxygen to generate a lipid 
peroxyl radical (LOO).  

This highly unstable radical can then react further with 
neighboring fatty acids, in a self-propagating chain 
reaction. This can then cause damage to the integrity of 
cell membranes, endoplasmin reticulum membranes and 
nucleus membranes (Reid et al., 1994). This lipid 
peroxidation leads to the formation of a wide array of 
primary oxidation products (e.g. conjugated dienes or lipid 
hydroperoxides) and secondary oxidation products, 
including lipid aldehydes, such as MDA and alkanes. MDA 
have been frequently used as markers of oxidative stress 
in response to exercise (Urso and Clarkson, 2003). There 
are many studies that describe increase in the contents of 
MDA in skeletal muscle, liver and plasma after exhaustive 
exercise  (Vani et al., 1990; Leeuwenburgh and Ji, 1998; 
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Figure 5. Effect of LBP on MDA contents of mice. 

a
P < 0.05, 

compared with normal control group (NC). 

 
 
 

Zhang et al., 2003; Kon et al., 2007; Huang et al., 2008). 
As shown in Figure 5, the MDA contents of LBP treatment 
groups (I, II and III) decreased (P < 0.05) than for the 
normal control group. The present study demonstrated 
that LBP attenuated MDA increase, which could 
effectively reduce lipid peroxidation. 
 
 
Conclusion 
 
Conclusively, the present study clearly indicates that LBP 
prolonged exhaustive swim time and improved exercise 
tolerance. Meanwhile, LBP promotes increase in the 
activities of main antioxidant enzymes (SOD, GPx and 
CAT) and attenuated MDA increase, which could 
effectively reduce lipid peroxidation. This suggests that 
supplementation of L. barbarum polysaccharides protects 
skeletal muscle from exercise-induced oxidant stress in 
mice. 
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