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Abstract 

Purpose: To explore the effects of polysaccharides from Portulaca oleracea L. (POP) on exercise 
endurance and oxidative stress in forced-swimming mice. 
Methods: Forty-eight mice were divided into four groups of twelve animals each. All treatments were 
administered orally and daily for 28 days. Group A received isotonic saline solution (50 ml/kg 
bodyweight) as control group; B, C and D groups received 100, 200 and 400 mg/kg body wt. of POP as 
treatment groups, respectively. After the final treatment with POP, the mice were subjected to swimming 
to exhaustion and the exhaustive swimming time, blood lactic acid (BLA), blood glucose, 
malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase 
(CAT) were measured. 
Results: The exhaustive swimming time of the POP-treated groups (967.3 ± 79.2, 1234.8 ± 97.6 and 
1314.3 ± 107.3 s) was significantly longer than that of the control group (513.6 ± 41.2 s) (p < 0.05). After 
the exhaustive swimming exercise, BLA levels of the POP-treated groups (8.63 ± 0.91, 8.04 ± 0.86 and 
7.51 ± 0.78 mmol/L) were significantly lower than that of the control group (11.39 ± 1.17 mmol/L) (p < 
0.05). MDA levels of the POP-treated groups (2.69 ± 0.21, 2.41 ± 0.17 and 2.37 ± 0.23 U/mg.pro) were 
significantly lower than that of the control group (3.21 ± 0.29 U/mg.pro) (p < 0.05). On the other hand, 
blood glucose levels of the POP-treated groups (5.47 ± 0.48, 5.74 ± 0.57 and 6.04 ± 0.51 mmol/L) were 
significantly higher than that of the control group (4.89 ± 0.32 mmol/L) (p < 0.05). SOD levels of the 
POP-treated groups (124.36 ± 14.87, 136.39±13.48 and 145.87 ± 17.39 U/mg.pro) were significantly 
higher than that of the control group (108.41 ± 11.63 U/mg.pro) (p < 0.05). GPx levels of the POP-
treated groups (68.24 ± 4.68, 71.33 ± 5.29 and 72.64 ± 5.99 U/mg.pro) were significantly higher than 
that of the control group (53.17 ± 5.24 U/mg.pro) (p < 0.05). CAT levels of the POP-treated groups 
(23.57 ± 1.71, 24.28 ± 2.14 and 26.72 ± 2.21 U/mg.pro) were significantly higher than that of the control 
group (19.48 ± 2.03 U/mg.pro) (p < 0.05). 
Conclusion: This study provides compelling evidence that POP can improve exercise endurance and 
decrease oxidative stress in forced swimming mice. 
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INTRODUCTION 
 
Portulaca oleracea L. (Family Portulacaceae) is 
listed by the World Health Organization as one of 
the most used medicinal plants and has been 
termed, “Global Panacea” [1]. It is a succulent, 
prostrate or erect annual, with green or purple 
stems swollen at the nodes, up to 50 cm long. It 
has a cosmopolitan distribution in China, Africa, 
India, Australia, Middle East, Europe and United 
States and has a long history of use as a 
medicinal and edible plant [2]. In traditional 
Chinese medicine, Portulaca oleracea L. is 
utilized as an antipyretic, anti-scorbutic, 
antiseptic, antispasmodic, diuretic, antihelmetic 
and for treatment of urinary disorders. The aerial 
parts of the plant are used medicinally for 
reducing pain and swelling [3]. It has been 
reported that Portulaca oleracea L. has a wide 
range of pharmacological actions including 
antibacterial, analgesic, antidiabetic, anti-
inflammatory, skeletal muscle-relaxant, wound-
healing and antiulcer activities [4].  
 
Portulaca oleracea L. contains several 
biologically-active compounds including organic 
acids, alkaloids, coumarins, flavonoids, cardiac 
glycosides and polysaccharides etc. [5].  
The polysaccharides are an important class of 
biological polymers. Recently, the bio-activities of 
polysaccharides from plants and fungi have 
attracted more and more attention in 
biochemistry and medicine [6-9].  
In the last few decades, several studies have 
shown that polysaccharides from Portulaca 
oleracea L. (POP) exhibit strong antioxidant, 
anticancer, anti-microbial, anti-diabetic and anti-
inflammatory properties [10]. So far, there has 
been little reported work on the effects of POP on 
exercise endurance and oxidative stress induced 
by exercise. Therefore, in this study, the 
objective was to investigate the effects of POP 
on exercise endurance and oxidative stress in 
forced swimming mice. 
 
EXPERIMENTAL 
 
Collection and identification of plant material 
 
The fresh Portulaca oleracea L. (whole herb) was 
collected from the suburb of Wenzhou city in 
June 2010 and identified in the Hangzhou 
Institute of Botany, Hangzhou, China by a senior 
plant taxonomist, Professor Li MY. An authentic 
voucher specimen (no.  WU-MC 0187) was 
deposited in the Herbarium of Wenzhou 
University (Wenzhou, China). The collected plant 
was washed with distilled water, and air-dried. 
The dried Portulaca oleracea L. was ground into 
a coarse powder with the help of a suitable 

grinder. The powder was stored in an airtight 
container and kept in a cool, dark and dry place 
until used 
. 
Preparation of polysaccharides from 
Portulaca oleracea L. 
 
The polysaccharides from Portulaca oleracea L. 
(POP) were prepared according to a previously 
published method [4]. In brief, the powder of 
Portulaca oleracea L. was extracted in a soxhlet 
apparatus with a mixture of chloroform-methanol 
(2:1, 75 °C), and pre-treated with 80 % ether 
twice to remove some coloured materials, 
oligosaccharides, and some small molecule 
materials. The organic solvent portion was 
volatilized and pretreated dry powder was 
obtained. The pretreated dry powder (500 g) was 
extracted twice with boiling water (4000 mL) for 3 
h. The aqueous extracts were combined and 
centrifuged (2000 g, 20 min), then the 
supernatant was separated from insoluble 
residue with nylon cloth (pore diameter: 38 um). 
The aqueous extracts were then defatted by the 
method of Sevag [11], precipitated by the 
addition of ethanol to a final concentration of 
80% (v/v). The precipitates were collected by 
centrifugation (2000 g, 20 min). It was then 
solubilized in deionized water and lyophilized to 
get POP.  
 
Assay kits and reagents 
 
Glucose reagent kits were purchased from 
Rongsheng Biotech Co. (Shanghai, China). 
Blood lactic acid (BLA), superoxide dismutase 
(SOD), glutathione peroxidase (GPx) and 
catalase (CAT) and malondialdehyde (MDA) 
reagent kits were purchased from Jianchen 
Biological Engineering Institute (Nanjing, China). 
All other chemicals were of analytical grade and 
were purchased from Zhejiang Chemical 
Reagent Co., Ltd (Hang zhou, China). 
 
Animals and grouping 
 
Healthy male Kunming mice weighing 18 to 22 g 
were used throughout the experiment. The 
animals were purchased from the Animal Center 
of the Wenzhou Medical College (Wenzhou, 
China). The approval of this experiment was 
obtained from the Ethics Committee of Wenzhou 
University (no. WZU 2010-27), and the tests 
carried out according to the ‘‘Principles of 
Laboratory Animal Care’’ (World Health 
Organization Chronicle, 1985). The animal 
breeding room was maintained under a constant 
12-h light: 12-h dark cycle with a temperature of 
22 ± 2 °C and relative humidity of 55 ± 5 % 
throughout the experimental period. They were 
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given free access to standard feed pellets and 
water. 
 
The mice were trained to accustom themselves 
to swimming twice (5 min per time) in the first 
week. During the period, the mice which could 
not learn to swim were screened out. Forty-eight 
mice were divided into four groups of twelve 
animals each. All were administered orally and 
daily for 28 days. A group received isotonic 
saline solution (50 ml/kg bodyweight) as control 
group; B, C and D groups received 100, 200 and 
400 mg/kg body wt. of POP as treatment groups, 
respectively. 
 
Swimming exercise test 
 
The swimming exercise test was employed in 
this study to evaluate the effects of POP on 
exercise endurance. After the final treatment with 
POP, the mice were taken out for the forced 
swimming exercise. The procedure used was 
described previously with some modifications 
[12]. Briefly, the mice were dropped individually 
into an acrylic plastic pool (50 cm × 50 cm × 40 
cm) filled with fresh water maintained at 25 ± 2 
°C, approximately 30 cm deep so that mice could 
not support themselves by touching the bottom 
with their tails. A lead block (5 % of body weight) 
was loaded on the tail root of the mice. The 
exhaustive swimming time was used as the index 
of the exercise endurance. The mice were 
assessed to be exhausted when they failed to 
rise to the surface of water to breathe within a 
10-s period [13]. 
 
Preparation of blood and tissue sample 
 
Immediately after exhaustive swimming exercise, 
all the mice were anesthetized with ether and the 
blood samples were collected in tubes by heart 
puncture for the determination of glucose and 
BLA. In addition, immediately after the blood had 
been collected, the liver were carefully removed, 
rinsed in ice-cold normal saline, blotted dry and 
stored at -80 °C for MDA and anti-oxidant 
enzymes (SOD, GPx and CAT) analysis. 
Glucose, BLA, MDA and anti-oxidant enzymes 
were analysed according to the recommended 
procedures provided by the commercial reagent 
kits. 
 
Statistical analysis 
 
All the data were subjected to analysis of 
variance and tested for significant differences by 
Duncan's multiple range tests using SAS 
software version 9.2 (SAS Institute, Cary, NC). P 
values < 0.05 were considered significant.  
 

RESULTS  
 
Fig 1 shows the effect of POP on exercise 
endurance of mice. The exhaustive swimming 
time of the A, B, C and D group were 513.6 ± 
41.2, 967.3 ± 79.2, 1234.8 ± 97.6, 1314.3 ± 
107.3 s, respectively. Thus, the exhaustive 
swimming time of the POP treatment (B, C and 
D) groups were significantly longer than that of 
the control (A) group (p < 0.05).  
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Fig 1: Effect of POP on exercise endurance of mice. 
Data are mean ± SD; *p < 0.05 compared with control 
(A) group.  
 
Fig 2 shows the effect of POP on BLA of mice. 
After exhaustive swimming exercise, the BLA 
contents of the A, B, C and D group were 11.39 ± 
1.17, 8.63 ± 0.91, 8.04 ± 0.86, 7.51 ± 0.78 
mmol/L, respectively. Thus, the BLA contents of 
the POP treatment (B, C and D) groups were 
significantly lower than that of the control (A) 
group (p < 0.05).  
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Fig 2: Effects of POP on blood lactic acid of mice. 
Data are mean ± SD; *p < 0.05 compared with control 
(A) group  
 
Fig 3 show the effects of POP on blood glucose 
of mice. After exhaustive swimming exercise, the 
blood glucose contents of the A, B, C and D 
group were 4.89 ± 0.32, 5.47 ± 0.48, 5.74 ± 0.57, 
6.04 ± 0.51 mmol/L, respectively. Thus, blood 
glucose contents of the POP treatment (B, C and 
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D) groups were significantly higher than that of 
the control (A) group (p < 0.05).  
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Fig 3: Effect of POP on blood glucose of mice. Data 
are mean ± SD; *p < 0.05 compared with control (A) 
group.  
 
Fig 4 shows the effects of POP on MDA of mice. 
After exhaustive swimming exercise, the MDA 
contents of the A, B, C and D group were 3.21 ± 
0.29, 2.69 ± 0.21, 2.41 ± 0.17, 2.37 ± 0.23 
U/mg.pro, respectively. Thus, the MDA contents 
of the POP treatment (B, C and D) groups were 
significantly lower than that of the control (A) 
group (p < 0.05).  
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Fig 4: Effect of POP on MDA in liver of mice. Data are 
mean ± SD; *p < 0.05 compared with control (A) group  
 
Effect of POP on antioxidant enzymes in liver 
of mice 
 
Table 1 showed the effect of POP on antioxidant 
enzymes of mice. After exhaustive swimming 
exercise, the SOD, GPx, and CAT contents of 
the POP treatment (B, C and D) groups were 
significantly higher than that of the control (A) 
group (p < 0.05).  
 
 

Table 1: Effect of POP on antioxidant enzymes of 
mice liver  
 
Group SOD(U/mg.pro) GPx 

(U/mg.pro) 
CAT(U/mg.pro) 

A 108.41±11.63 53.17±5.24 19.48±2.03 
B 124.36±14.87* 68.24±4.68* 23.57±1.71* 
C 136.39±13.48* 71.33±5.29* 24.28±2.14* 
D 145.87±17.39* 72.64±5.99* 26.72±2.21* 
Data are mean ± SD; * p < 0.05 compared with control (A) 
group.  
 
DISCUSSION 
 
In the present study, in vivo swimming exercise 
test was chosen over other exercise tests, since 
it allows for reliable and reproducible evaluation 
of exercise endurance in mice [14]. To 
standardize the workload and reduce the 
swimming time, weights at specific body weight 
percentages were added to the chest or tail of 
the animal. The exhaustive swimming time was 
used as the index of the exercise endurance. In 
the current study, the data show that the 
exhaustive swimming time of the POP treatment 
groups were significantly longer than that of the 
control group. These results indicated that POP 
could improve exercise endurance. 
 
The swimming exercise is known to induce some 
blood biochemical changes. Generally, it is 
interpreted that a decrease in blood glucose 
shows a consumption of energy and that the 
increase of blood lactate acid (BLA) presents a 
fatigued condition during prolonged exercise [13]. 
BLA is the glycolytic product of glucose under 
anaerobic conditions. During exercise, organs 
such as liver and heart, and tissues such as 
skeletal muscle, help to remove lactic acid from 
the blood, but intense exercise can increase 
lactate production [15]. In the current study, the 
data show that BLA contents of the POP 
treatment groups were significantly lower than 
that of the control group. These results indicate 
that POP could effectively attenuate the increase 
of BLA and it is possible that the improvement of 
physiological function or metabolic control of 
lactate production and/or removal may have 
contributed to the enhanced exercise endurance. 
Hypoglycemia can suppress the active 
functioning of the brain during exercise, and this 
often leads to the inability of continuing exercise. 
On the other hand, homeostasis of blood glucose 
plays an important role in prolonging endurance 
exercise [16]. It is known that endurance capacity 
is markedly decreased by the inhibition of 
gluconeogenesis, because gluconeogenesis 
plays a major role in glucose homeostasis during 
endurance exercise [17]. In the current study, the 
data show that blood glucose contents of the 
POP treatment groups were significantly higher 
than that of the control group. These results 
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indicate that the POP improvement of exercise 
endurance must be related to the activation of 
energy metabolism. 
 
Growing evidence has shown that that exercise 
increases oxygen utilization and causes 
formation of free radicals and reactive oxygen 
species (ROS). Moreover, strenuous aerobic 
exercise is associated with oxidative stress [18]. 
Oxidative stress may progress to oxidative 
damage involving cellular proteins (contractile, 
structural, and enzymatic), lipids, DNA, and other 
molecules in ways that might lead to abnormal 
cellular function [19]. Malondialdehyde (MDA) 
has been the most widely used parameter for 
evaluating oxidative damage to lipids, although it 
is known that oxidative damage to amino acids, 
proteins and DNA also causes release of MDA 
[20]. In the current study, the data showed that 
the MDA contents of the POP treatment groups 
were significantly lower than that of the control 
group. These results indicated that POP could 
reduce lipid per-oxidation and prevent exercise-
induced oxidative damage. 
 
Antioxidant enzymes, which provide the primary 
defense against ROS generated during exercise, 
may be activated selectively during an acute bout 
of strenuous exercise depending on the oxidative 
stress imposed on the specific tissues as well as 
the intrinsic antioxidant defense capacity [21,22]. 
The major antioxidant enzymes are SOD, GPx 
and CAT. SOD catalyzes the dismutation of 
superoxide into oxygen and hydrogen peroxide. 
GPx catalyzes the reduction of hydroperoxides at 
the expense of reduced glutathione. CAT 
catalyzes the decomposition of hydrogen 
peroxide to water, sharing this function with GPx 
[23]. In the current study, the data show that the 
SOD, GPx, and CAT contents of the POP 
treatment groups were significantly higher than 
that of the control group. These results indicated 
that POP was able to up-regulate antioxidant 
enzyme activities to protect against oxidative 
stress induced by acute exercise  
 
CONCLUSION 
 
The results show that POP can extend the 
exhaustive swimming time of mice, as well as 
decrease BLA levels, while increasing blood 
glucose. Furthermore, POP elevates the levels of 
antioxidant enzymes (SOD, GPx and CAT) but 
decreases MDA levels in liver. This study provide 
compelling evidences that POP could improve 
exercise endurance and decrease oxidative 
stress, but the data are only in reference to mice. 
Future work using other models including 
humans of different sporting backgrounds is 
needed to extend these findings. 
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