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The present study was designed to determine the effects of polysaccharides from purslane (PFP)
supplementation on acute exercise induced oxidative stress in young male Sprague-Dawley rats.
Animals were divided randomly into four groups, that is control group (C), low-dose PFP supplemented
group (LP), middle-dose PFP supplemented group (MP) and high-dose PFP supplemented group (HP).
Each group contains eight animals. The mice in the control group were orally administered
physiological saline of 50 ml/kg bodyweight per day for 30 days, while the PFP supplemented group
received the same volume of PFP of 100, 200 and 400 mg/kg bodyweight. On the final day of the study,
rats were exercised to exhaustion (22 m/min at 10% inclination on the treadmill) and then all the rats
were sacrificed. Body weight, running time, blood lactate, malondialdehyde (MDA), superoxide
dismutase (SOD), and glutathione peroxidase (GPX) of rats were measured. Results of the above study
showed that PFP supplementation could elevate the exercise tolerance and inhibited the production of
blood lactate during acute exercise. PFP supplementation lowers exercise induced oxidative stress by
means of decreasing SOD, GPX activities and MDA level in skeletal muscle of young rats.
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INTRODUCTION

Purslane (Portulaca oleracea L.) is listed in the World
Health Organization as one of the most used medicinal
plants and it has been given the term “Global Panacea”
(Lim and Quah, 2007) . It is a warm climate, annual,
green herb, with branched and succulent stems which are
decumbent near the base and ascending near the top to
a height of 15 to 30 cm (Boroushaki et al., 2004). It has a
cosmopolitan distribution in China, Africa, India, Australia,
Middle East, Europe, and United States (Chan et al.,
2000; Oran and Al-Eisawi, 1998; Mitich, 1997) and has a
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long history of use as a medicinal and edible plant (Chan
et al., 2000; Rasheed et al., 2004).

As a traditional Chinese medicine, it has been used for
treating dysentery with bloody stools, eczema, erysipelas,
and used as febrifuge and antiseptic (Hongxing et al.,
2007; Dong et al., 2010). Recent pharmacological studies
show that it exhibits a wide range of biological effects,
including skeletal muscle relaxant effect, analgesic, anti-
inflammatory, antifungal, antidiabetic, antiulcerogenic,
anti-hypoxic, and antifertility effects (Karimi et al., 2004;
Costa et al.,, 2007; Chen et al., 2009; Li et al., 2009).
Purslane contains several biologically active compounds
include organic acids, alkaloids, coumarins, flavonoids,
cardiac glycosides and polysaccharides etc.(Rasheed et
al., 2004; Yang et al, 2007). Polysaccharides from
purslane (PFP) has been recently studied for their



Table 1. The composition of the basal diet.

Ingredience Content (%) Ingredience Content (%)
Corn starch 20 Bone meal 3

Bran 19 Yeast powder 2.3
Rice 16 Salt 0.5
Soybean oil meal 20 Vitamin mix 0.1
Calcium flour 3 Microelement 0.1
Fish flour 16 — —

physiological and pharmaceutical activities (Gong et al.,
2009; Li et al., 2010).

Oxidative stress occurs when the production of reactive
oxygen species (ROS), often referred to as “free
radicals”, exceeds antioxidant defense (Sies, 1997). The
antioxidant system is comprised of both endogenous
(within the body) and exogenous (outside of the body)
defense mechanisms. 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 (Therond, 2006; Kulbacka et al., 2009). With
excessive oxidative damage, the onset of poor health and
a variety of diseases exists (Dhalla et al., 2000). Prior
studies have indicated that acute exercise increases
oxidative stress, especially when the exercise intensity is
high (Urso and Clarkson, 2003; Vincent et al., 2006;
Youssef et al.,, 2009). Two mechanisms linking acute
exercise and oxidative stress are increased pro-oxidant
activity through a mass action effect when VO2 is
elevated 10 to 15 fold above rest, and inadequate
antioxidant activity relative to pro- oxidants (Belviranl and
Gokbel, 2006). Therefore to avoid or minimize deleterious
affects of exercise induced oxidative stress the
antioxidant capacity of the cell must be increased. This
increased capacity may be achieved through appropriate
training, diet and antioxidant supplementation.

In recent years, many studies have shown that PFP
exhibit a strong antioxidant activity (Wang and Yang,
2008; YouGuo et al., 2009; Li et al., 2010). However, the
role of PFP in exhaustive exercise-induced oxidative
stress in human subjects or animal studies has not been
investigated so far. Therefore, the present study has
been undertaken with an animal model to investigate the
effects of PFP supplementation on exercise-induced
oxidative stress in young rats.

MATERIALS AND METHODS
Plant materials

Aerial parts of purslane ( P. oleracea L. cv. "Kuanye".) were
collected in its fresh state at a local farm in August in Shanghai city
and identified by Botany Institute. A voucher specimen of the plant
materials (voucher No. KPT-762) was deposited in herbarium of
onghua University. Fresh purslane was washed with distilled water,
and dried with air. The dried purslane was ground to a fine

powder using a grinder (IKAM 20, IKA, Staufen, Germany).

Preparation of polysaccharides from purslane

As described previously (Li et al., 2009; Gong et al., 2009; YouGuo
et al., 2009), purslane powder was extracted in a soxhlet apparatus
with a mixture of chloroform-methanol (2:1, 75°C), and pretreated
with 80% ether twice to remove some coloured materials,
oligosaccharides, and some small molecule materials. The organic
solvent was volatilized and pretreated dry powder was obtained.
The pretreated dry powder (500 g) was extracted with boiling water
(4000 ml) for 3 h twice. The aqueous extracts 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 et al.
(1938), precipitated by the addition of ethanol to a final
concentration of 80% (v/v) and the precipitates were collected by
centrifugation (2000 g, 20 min). It was then solubilized in deionized
water and lyophilized to get PFP.

Animals and exercise

All experimental procedures involving animals received the
approval from the Animal Care and Use Committee of the Donghua
University (Shanghai, China). Guidelines and Policy on using and
caring of the laboratory animals were followed at all time. Male
Sprague- Dawley rats (8 week-old, 260~280 g) were purchased
from the Shanghai Slack Laboratory Animal Co., Ltd. (Shanghai,
China). Animals were housed in a ventilated room under a 12/12 h
light/dark cycle at 24+2°C and had free access to water and basal
diet. The composition of the basal diet was showed in Table 1.

All animals, at the beginning of the experiments, were divided

randomly into four groups, such as control group (C), low-dose PFP
supplemented group (LP), middle-dose PFP supplemented group
(MP) and high-dose PFP supplemented group (HP). Each group
contains eight animals. The mice in the control group were orally
administered physiological saline of 50 ml/kg bodyweight per day
for 30 days, while the PFP supplemented group received the same
volume of PFP of 100, 200 and 400 mg/kg bodyweight. The dose of
100, 200 and 400 mg/kg was chosen based on estimates from prior
studies.
On the final day of the study, all the rats were exercised vigorously
in one session until they were exhausted. The exercise protocol
was 22 m/min at 10% inclination on a treadmill (FHN-361 Treadmill,
Huian Instrument, Chengdu, China) (Chen et al., 2002; Myers,
2003). A rat was considered exhausted when it would not be
prompted to run any more. The rats would stop running and when
overturned would continue to lie on their backs disregarding gentle
prods and electric shock (Chen et al., 2002; Huang et al., 2009).
The running time of each rat was recorded. To eliminate diurnal
effects, the experiments were performed at the same time of day
(08:00~11:00).
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Figure 1. Effect of PFP supplementation on body weight of rats.
Values are means + SD, Each group contains eight rats.
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Figure 2. Effect of PFP supplementation on running ability of rats.
Values are means = SD, Each group contains eight rats. *P>0.05
when compared to the control group.

Analysis of biochemical parameters

Immediately after acute exhaustive exercise, all the rats were
sacrificed by decapitation. Heparinised blood samples were
collected from the abdominal aorta for the determination of lactate,
and skeletal muscle tissue was carefully removed, rinsed in ice-cold
normal saline, blotted dry and stored at -80°C for MDA and anti-
oxidant enzymes analysis.

Blood lactate, MDA and anti-oxidant enzymes (SOD and GPx)
was tested according to the recommended procedures provided by
the kits purchased from Nanjing Jiancheng Bioengineering Institute
(Jiangsu, China).

Statistical analysis

All data were expressed as means + SD of three replications and
subjected to the analysis of variance and tested for significant
differences by Duncan's multiple range tests (SAS Institute, Cary,
NC). A p value < 0.05 was considered to be significant.

RESULTS AND DISCUSSION
Effect of PFP supplementation on body weight of rats

As shown in Figure 1, significant difference were not
observed in initial and final body weights between
different groups (P>0.05), which means the PFP
supplementation did not affect body weight.

Effect of PFP supplementation on running ability of
rats

As shown in Figure 2, the average running times of rats in
HP and MP groups were significantly prolonged
compared to the control group (P 0.05), and increased by
26.1 and 19.4%, respectively. However, average running
time of rats in LP group showed no significant changes
compared to the control group. The results showed that
PFP supplementation could elevate the exercise
tolerance.

Effect of PFP supplementation on blood lactate of
rats

Prior research has indicated that lactate is the metabolic
byproduct of excess pyruvate without available oxygen to
break it down. When pyruvate is not utilized in the
mitochondria as a source of energy production through
the krebs cycle, which requires an aerobic environment,
lactate will form from the excess pyruvate. In both
humans and a large number of animals, strenuous
exercise is associated with accumulation of lactate. Blood
lactate represents the degree of fatigue after exercise
and the condition of recovery (Korzeniewski and
Liguzinski, 2004; Wang et al., 2006). As shown in Figure
3, after acute exhaustive exercise, blood lactate
concentration of rats in LP, MP and HP groups were
significantly decreased compared to the control group (P
0.05), and decreased by 28.2, 33.6 and 38.2%,
respectively. The results showed that PFP
supplementation inhibited the production of blood lactate
during acute exercise.

Effect of PFP supplementation on MDA of rats

Evidence has shown that pathological acute exercise
lead to an excessive production of ROS which in turn,
promotes severe oxidative damages (Powers and
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Figure 3. Effect of PFP supplementation on blood lactate of rats.
Values are means + SD, Each group contains eight rats. *P>0.05
when compared to the control group.
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Figure 4. Effect of PFP supplementation on MDA of rats skeletal
muscle .Values are means + SD, Each group contains eight
rats. *P>0.05 when compared to the control group.

Lennon, 1999; Cepinskas et al., 2002). The extent of
oxidative damage is commonly measured through
guantitative assessment of lipid peroxidation products
such as malondialdehyde (MDA) (Bloomer and Goldfarb,
2004; Fisher-Wellman and Bloomer, 2009). As shown in
Figure 4, MDA levels in skeletal muscle of rats in LP, MP
and HP groups were significantly decreased compared to
the control group (P 0.05), and decreased by 28.1, 37.2
and 42.6%, respectively. The results showed that PFP
supplementation protected skeletal muscles from ROS-
mediated oxidative damage during acute exercise.

Table 2. Effect of PFP supplementation on anti-oxidant
enzymes of rats skeletal muscle.

Group SOD (U/mg-pro) GPX(U/mg-pro)
C 15.31+2.34 0.039+0.005
LP 11.84+2.89*% 0.021+0.011*
MP 11.12+2.17* 0.017+0.008*
HP 10.64+1.84* 0.018+0.009*

Values are means + SD, Each group contains eight rats. *P>0.05
when compared to the control group.

Effect of PFP supplementation on anti-oxidant
enzymes of rats

It is well known that SOD and GPX are regarded as the
first line of defense by the antioxidant enzyme system
against ROS generated during exhaustive exercise
(Gago- Dominguez et al., 2007; Huang et al., 2009). As
shown in Table 2, SOD and GPX levels in skeletal
muscle of rats in LP, MP and HP groups were
significantly decreased compared to the control group
(P>0.05).

It has been indicated that oxidative stress induced by
acute exercise can elevate tissue antioxidant enzyme
activities because physical exercise promotes the
production of ROS due to a substantial increase in
oxygen consumption. And increasing the circulating
levels of certain antioxidants will help to down-regulate
antioxidant enzymes to protect against oxidative stress-
induced injury during acute exercise. (Ji, 1995; Somani et
al., 1995; Ayres et al, 1998; Childs et al., 2001;
Kirschvink et al., 2008). Prior studies have indicated that
PFP exhibits a strong antioxidant activity, and our results
showed that supplementation with PFP decreased SOD
and GPX levels during acute exercise. This is probably
due to the per se antioxidant activity of PFP. Thus, the
current results indicated that PFP supplementation had
beneficial effects on attenuating the oxidative stress
induced by acute exercise.

Conclusions

In conclusion, the present results suggest that PFP
supplementation could elevate the exercise tolerance and
inhibited the production of blood lactate during acute
exercise. PFP supplementation lowers exercise induced
oxidative stress by means of decreasing SOD, GPX
activities and MDA level in skeletal muscle of young rats.
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