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Astragalus membranaceus is a famous Chinese medicinal herb. Polysaccharides are the most 
important functional constituent in Astragalus membranaceus. In the present study, the effects of 
Astragalus membranaceus polysaccharides (APS) on exercise endurance capacity were evaluated in 
mice using swimming exercise. The antioxidant properties of APS were also investigated through the 
1,1- diphenyl-2-picrylhydrazyl (DPPH) method. The results showed that APS supplementation could 
prolong swimming times of mice, and enhance exercise endurance capacity. APS possess the ability to 
retard and lower the production of blood lactate, and prevent the increase of serum blood urea nitrogen 
(BUN) after exercise. In addition, APS possess effective antioxidant potential. 
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INTRODUCTION 
 
Astragalus membranaceus, a perennial belonging to the 
Fabaceae family delivers an important herbal drug in 
traditional Chinese medicine and it is considered to be 
one of the 50 fundamental herbs (Zhang et al., 1990; 
Matkowski et al., 2003). The root (Chinese name Huang-
qi) has been used in treatment of common cold, diarrhea, 
fatigue, anorexia and cardiac diseases (Wang et al., 
2002; Yuan et al., 2005; Sun et al., 2008; Wang et al., 
2008; Yuan et al., 2008; Na et al., 2009) . It has also been 
used as an immunomodulating agent in treatment of 
immunodeficiency diseases, to alleviate the adverse 
effects of chemotherapeutic drugs and reduce 
myelosuppression in cancer patients (Zee-Cheng, 1992; 
Duan and Wang, 2002; Ma et al., 2002; Shao et al., 2004; 
Na et al., 2009). Moreover, several studies indicated that 
Astragalus membranaceus may prevent various types of 
injury resulting from exercise, or enhance physical 
strength (Lv et al., 2004; Han and Zhang, 2008; Zhang, 
2009). Among constituents that contribute to its  biological  
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activity are steroid saponin glycosides (astragalosides), 
isoflavonoids as well as other polyphenolic compounds 
(flavonols, phenolic acids), essential oils and 
polysaccharides (He and Findlay, 1991; Ganzera et al., 
2001; Duan and Xie, 2005; Huo, 2007). As an important 
bioactive component of Astragalus membranaceus, 
previous studies have shown that Astragalus 
membranaceus polysaccharides (APS) possess and 
exhibit immune-stimulatory, hypoglycemic, anti-
hypertensive, anti-viral, anti-oxidation, anti-aging and 
anti-tumor effects (Dang et al., 2004; Yuan et al., 2008; 
He et al., 2008; Mao et al., 2009; Mao et al., 2007; Wang 
et al., 2004). 

High Intensity exercise could increase reactive oxygen 
species (ROS) production, which might induce oxidative 
damage, include impair cell integrity and contractile 
function of muscle cells. The extent of oxidative damage 
is largely dependent on the ability of the body to defend 
against ROS production. This defense is collectively 
referred to as the antioxidant defense system, and 
includes both enzymatic and non-enzymatic antioxidants. 
Antioxidants intake has been widely used in an attempt to 
decrease oxidative stress resulting from exercise (Urso 
and Clarkson, 2003), which can contribute in reducing the  



 
 
 
 
degree of exhaustion caused by high intensity exercise.  

The present study had the purpose to study the effects 
of APS on exercise endurance capacity and evaluated 
the antioxidant properties of APS based on its ability to 
scavenge DPPH radical.  
 
 
MATERIALS AND METHODS  
 
Plant material 
 

The roots of Astragalus membranaceus (Figure 1) were bought 
from the market of traditional Chinese medicinal materials in 
Dezhou, China and were identified according to the identification 
standard of the Pharmacopoeia of the People's Republic of China 
(PPRC). 

 
 
Preparation of APS 
 
Preparation of APS was as described previously and was modified 
(Han et al., 2000; Ding and Wu, 2003; Xu et al., 2008). The roots of 
Astragalus membranaceus were grounded into powder, 500 g of 
which was added 20 times as much as distilled water and soaked 
for 10 h, then extracted for 30 min in ultrasonic wave extractor and 
filtrated for 3 times. Filtrated water centrifuged at 4800 rpm for 10 
min at 55°C. Supernatant was collected and rotary evaporated to 
condense it. When it was condensed to 500 ml, extraction was 
poured into a beaker and 2000 ml ethanol (95%) was added slowly 
and stirred without stopping in case of the emergence of lamellar 
precipitation. It was left overnight at 4°C. The next day, super-layer 
ethanol was slowly poured out. Same step was repeated the next 
day as well. On the third day, the settling was vacuum filtrated and 
dried in the vacuum drying box and weighed. 37.96 g of the APS 
was obtained. 

 
 
Animals and grouping 

 
This experiment was approved by the Institutional animal Care and 
Use Committee at Dezhou University and was conducted in 
accordance with the National Institutes of Health guidelines for the 
care and use in experimental animals. 

Male Kunming mice (weighing 20 ± 2 g) were purchased from the 
Laboratory Animal Center of Dezhou University (Dezhou, China). 
They were housed in standard cages (35 × 25 × 15 cm) under 
controlled conditions of temperature (22 ± 1°C), humidity (50%), 
and lighting (lights on daily from 06:00 - 18:00) . They were 
provided pelleted food and fresh water ad libitum. In addition, they 
were housed under these conditions for 1 week prior to the start of 
the experiments. 

Forty Male mice were randomly divided into four groups, each 
group consisting of 10 animals. One group was the control group 

(I). The others were APS treated groups (α, β and χ): 

 
Group I (n = 10): Mice orally administrated with the volume (0.02 
ml) of physiological saline for 28 consecutive days. 

Group α (n = 10): Mice were treated by oral infusion with the same 
volume of APS at a dose of 100 mg/kg BW/day dissolved in 
physiological saline for that same period. 

Groupβ (n = 10): Mice were treated by oral infusion with the same 
volume of APS at a dose of 200 mg/kg BW/day dissolved in 
physiological saline for that same period. 

Groupχ (n = 10): Mice were treated by oral infusion with APS at a 
dose of 400 mg/kg BW/day dissolved in physiological saline for that 
same period. 
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The doses used in this study were confirmed to be suitable and 
effective in tested mice according to preliminary experiments.  
 
 
Swimming exercise 
 

The mice were made to swim for 15 min three times a week to 
accustom them to swimming. After 28 days, the mice were made to 
swim to exhaustion exercise. The swimming exercise was carried 
out in an acrylic plastic tank (25 × 20 × 30 cm) filled with water to a 
depth of 25 cm at a temperature of 23°C. Each of the mice had a 
weight attached (10% body weight) to the tail for the duration of the 
swimming to exhaustion exercise. The mice were assessed to be 
exhausted when they failed to rise to the surface of water to 
breathe within a 5-s period. 

Blood samples were collected from the veins on the tails of 
individual mice, and the lactate, serum BUN were determined using 
a commercial diagnostic kit (Jiancheng Diagnostic Inc., Nanjing, 
China). 
 
 
The DPPH radical scavenging activity of APS 
 

The DPPH radical scavenging activity of APS was as described 
previously and was modified (Yu et al., 2007). A 1.5 ml of ethanolic 
solution of DPPH (2 × 10

−4
 mol/l) was mixed with equivalent aliquot 

of different concentrations of sample in a tube. Absorbance at 517 
nm was measured at 2 min intervals by the use of 
spectrophotometer. After standing in dark for 30 min when the 
absorbance reached a plateau, it was measured against ethanol. 
Controls containing ethanol instead of the antioxidant solution and 
blanks containing ethanol instead of DPPH solution were also 
made. DPPH scavenging activity was calculated with the equation: 
 
(1- As of sample/ As of control) × 100% 
 
The percentage of scavenging activity was plotted against the 
sample concentration to obtain the IC50, defined as the 
concentration of sample necessary to cause 50% inhibition (Chen 
et al., 2009). The DPPH radical scavenging activity of BHT was also 
assayed for comparison. 
 
 
Statistical analysis 
 

All values are expressed as mean ± SD. Statistical significance was 
determined using analysis of variance (ANOVA) followed by Tukey’s 

test. p＜0.05 was considered statistically significant. 

 
 

RESULTS AND DISCUSSION 
 
Effect of APS supplementation on exercise 
endurance capacity 
 
Many systems for the determination of exercise 
endurance capacity in mice have been employed, 
including treadmill running, spontaneous wheel running 
and swimming (Fushiki et al., 1995). In this study, the 
method of swimming exercise was used. We selected this 
method because exhaustion is more clearly observed 
than during treadmill running or spontaneous wheel 
running. Exercise endurance capacity was evaluated by 
measuring the swimming time to exhaustion of the mice. 
To standardize the  workload  and  reduce  the  swimming  
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Figure 1. The roots of Astragalus membranaceus 

(Chinese name Huang-qi). 
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Figure 2. Effect of APS supplementation on exercise 
endurance capacity. 
*
P < 0.05 indicates significant difference from the group. 

 
 
 

time, weights at specific body weight percentages were 
added to the chest or tail of the animal (Matsumoto et al., 
1996). In this study, the mice had a weight attached (10% 
body weight) to the tails during the swimming based on 
the above reason. As shown in Figure 2, the swimming 

time of each APS treated groups (α, β and χ) increased 
significantly (p < 0.05) when compared with that of the 
control group (I). The results indicated that APS 
supplementation could prolong the swimming times. It is 
thus considered that APS supplementation could 
enhance exercise endurance capacity. 
 
 
Effect of APS supplementation on blood lactate and 
serum BUN of mice 
 
The concentration of is insufficient. Many organs, 
especially the liver, heart and skeletal muscle, help 
remove lactate from the blood (Bonen, 2000; Van Hall et 
al., 2001), but intense exercise can increase lactate 
production to a point that   exceeds   the   rate   of  lactate  

 
 
 
 
Table 1. Effect of APS supplementation on blood lactate and 
serum blood urea nitrogen. 
 

 

*p < 0.05 indicates significant difference from the group. 

 
 
 

removal, which results in fatigue (You et al., 2006). Blood 
urea nitrogen (BUN) is a sensitive index to evaluate the 
bearing capability when the body suffer from a physical 
load. There is a positive correlation between the urea 
nitrogen in vivo and the exercise tolerance (Tsopanakis 
and Tsopanakis, 1998; Tang et al., 2008). lactate 
circulating in blood is a biochemical indicator of anaerobic 
metabolism, which occurs when oxygen delivery to the 
tissues The effect of APS on blood lactate and blood urea 
nitrogen is shown in Table 1. The blood lactate 

concentrations of each APS treated groups (α, β and χ) 
decreased significantly (p < 0.05) when compared with 
that of the control group (I). The serum blood urea 

nitrogen concentrations of APS treated groups (β and χ) 
decreased significantly (p < 0.05) when compared with 
that of the control group (I). The results indicated that 
APS possess the ability to retard and lower the blood 
lactate produced, and prevent the increase of serum BUN 
after exercise. Such effects might enhance exercise 
endurance capacity mechanism of APS supplementation. 

 
 
DPPH radical scavenging activity of APS 

 
Intense or Prolonged aerobic exercise has been found 
greatly to increase oxidative stress (Nieman et al., 2002; 
You et al., 2006). Exercise endurance capacity can be 
improved by supplementation with an antioxidant. A 
similar increase in exercise endurance capacity was 
observed in mice fed Panax japonicus polysaccharides, 
Porphyra yezoensis polysaccharides and Longan 
Polysaccharide, which act as antioxidants and can 
enhance endurance performance (Gu et al., 2007; Wang 
et al., 2007; Nie et al., 2009). Based on these 
observations, the improved exercise endurance capacity 
by APS might be at least in part due to a protective effect 
against the oxidative stress induced by exercise. The free 
radical scavenging activity of APS was tested through the 
DPPH method and the results were compared with BHT. 
As shown in Figure 3, APS exhibited a concentration-
dependent antiradical activity by inhibiting the DPPH 
radical and it showed higher scavenging activity than 
BHT (p < 0.05). The results indicated that APS possess 
effective antioxidative potential. It is thus considered that 
APS  as   antioxidants   could   play   a   role in enhancing  

Group Blood lactate (mmol/l) Serum BUN (mmol/l) 

I 10.19 ± 1.17 8.11 ± 0.86 

α 7.96 ± 1.26
*
 7.93 ± 1.01 

β 6.88 ± 1.43
*
 6.54 ± 0.94

*
 

χ 6.21 ± 1.38
*
 6.17 ± 0.91

*
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Figure 3. DPPH radical scavenging activity of APS. 

 
 
 

performance capacity. 
 
 
Conclusion 
 

In summary, we have shown that intake of Astragalus 
membranaceus polysaccharides (APS) is beneficial in 
improving endurance capacity. It possess the ability to 
retard and lower the blood lactate produced, and prevent 
the increase of serum BUN after exercise. In addition, it is 
clear that APS possess effective antioxidative potential, 
and as antioxidants could play a role in enhancing 
performance capacity. Further research is required to 
elucidate the mechanism of action relevant to its 
antioxidative activity. 
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