
Journal of Medicinal Plants Research Vol. 5(9), pp. 1659-1663, 4 May, 2011 
Available online at http://www.academicjournals.org/JMPR  
ISSN 1996-0875 ©2011 Academic Journals  
 
 
 
 
 
 
 

Full Length Research Paper 

 

Effects of Plantago major L. seeds extract on 
endurance exercise capacity in mice 

 

Wang Mao-ye1* and An Li-guo2 

 
1
College of Physical Education, Shandong Normal University, Shandong Normal University, Jinan 250014, P. R. China. 

2
College of Life Sciences, Shandong Normal University, Shandong Normal University, Jinan 250014, P. R. China. 

 
Accepted 12 January, 2011 

 

The present study was designed to investigate the effects of Plantago major L. seeds extract (PE) on 
endurance exercise capacity in mice. Forty eight male mice were randomly divided into four groups, 
such as control, low-dose PE treated, middle-dose PE treated and high-dose PE treated. The mice in the 
treated group were received PE (30, 60 and 120 mg/kg, i.g), and the mice in the control group received 
drinking water i.g for 4 weeks. The results showed that PE prolonged the swimming time as well as 
glycogen amount in mice, but decrease serum urea nitrogen and blood lactate. These data suggest that 
PE improved endurance exercise capacity and possessed anti-fatigue effect. PE may be useful for the 
development of physical strength.  
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INTRODUCTION 
 
Plantago major L. (Da-Cheqian in China) is a perennial 
plant that belongs to the Plantaginaceae family 
(Samuelsen, 2000; Stanisavljevi  et al., 2008; Ozaslan et 
al., 2009). It grows up to 15 cm height, though size varies 
depending on the growth habitats. Leaves (observed as 
denate margin) grow in rosettes, and ovate to elliptical 
with parallel venation. Flowers are small, brownish-green 
on long non-ramified spikes. Seeds are small with an 
ovate shape and a slightly bitter taste (Chen et al., 1999; 
Sharifa et al., 2008). In China, P. major L. seeds have 
been used in traditional Chinese medicine (TCM) as a 
diuretic, tonic and cough mixture (Sun, 2003; Li et al., 
2007; Reng et al., 2009). It is also a folk remedy for the 
blacks in South Africa, Spanish and Mexican and the 
natives in Brazil (Veale et al., 1992; França et al., 1996; 
Noor et al., 2000). Different pharmacological effects have 
been reported for the P. major L. seeds including anti-
metastasis, anti-oxidant, anti-inflammatory, anti-diabetic, 
antimicrobial, analgesic, antiviral, hepatoprotective effect,  
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as well as therapeutic effect on urolithiasis (Nunez 
Guillen et al., 1997; Chen et al., 1999; Gomez-Flores et 
al., 2000; Noor et al., 2000; Chiang et al., 2002; Aziz et 
al., 2005; Velasco-Lezama et al., 2006 Stanisavljevi  et 
al., 2008). But studies on whether P. major L. seeds have 
an effect on fatigue are very limited. Fatigue can 
generally be defined as a difficulty in initiating or 
sustaining a voluntary activity, and when it is used in 
exercise physiology, we usually think of fatigue as an 
exercise-induced decrease of the maximal muscular 
force (Edwards et al., 1977; Bigland-Ritchie and Woods, 
1984; Gandevia, 2001). Many studies demonstrated that 
some traditional Chinese medicine (TCM) can stimulate 
blood circulation, improving the transport of ability to 
transport highly nutritional minerals and assisting 
excretion and the elimination of the by-products of 
metabolism, as well as accelerating recovery from fatigue 
(Bahrke and Morgan, 1994; Li et al., 1999; Kim et al., 
2001; Zhang et al., 2006; Zhao et al., 2009). Therefore, 
the purpose of the study was to determine effect of P. 
major L. seeds extract (PE) on endurance exercise 
capacity in mice. Based on the results, it will be 
discussed if P. major L. have anti-fatigue effects and how 
these effects are produced. 
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MATERIALS AND METHODS 
 
Plant and extract 

 
P. major L. seeds was generously provided by Shandong Province 
Medicine Co., Ltd (Jinan, China). Identity of the plant was confirmed 
and preserved in the Herbarium of Shandong Normal University 
(Jinan, China). The dried seeds were then pulverized using an 
electric blender (JFSD-70, Mazhe Co., Ltd. Hangzhou, China). 50 g 
powdered seed was extracted with 500 ml 96% ethanol by STSXT-
06 Soxhlet extraction apparatus (Taian Technical Services Co., Ltd, 
Beijing, China). The obtained of P. major L. seeds extract (PE) were 
then concentrated and later lyophilized at -70°C to obtain the 
powder form.  
 
 
Animals and grouping 

 
All experiments were carried out in accordance with the recom-
mendations of the Institutional Animal Care and Use Committee of 
Shandong University. Male Kunming mice weighing 18~22 g 
(Laboratory Animal Center of Shandong Normal University, Jinan, 
China) were used in the present study. The animals were housed at 
a temperature of 23 ± 1°C with a 12�12 h light dark cycle. Food 
and water were available ad libitum. The mice were allowed to 
adapt to the laboratory housing for at least 1 week. A total of 48 
male mice were randomly divided into four groups, such as control 
(Con group), low-dose PE treated (LPT group), middle-dose PE 
treated (MPT group) and high-dose PE treated (HPT group). The 
mice in the treated group were received PE (30, 60 and 120 mg/kg, 
ig), and the mice in the control group received drinking water ig for 
4 weeks. The doses of PE and 4-week treatment time used in this 
study were confirmed to be suitable and effective in tested mice, 
according to preliminary experiments. 
 
 
Forced swimming test (FST) 
 
To determine anti-fatigue activity, the endurance exercise capacity 
of male Kunming mice was assessed through a FST. The mice 
were submitted to weekly swimming exercise supporting constant 
loads (lead fish sinkers, attached to the tail) corresponding to 10% 
of their body weight (Ikeuchi et al., 2006). The mice were assessed 
to be fatigued when they failed to rise to the surface of the water to 
breathe within 5 s and the time was immediately recorded (Lu et al., 
2009). The swimming exercise was carried out in a swimming tank 
of 30 x 35 cm with a depth of 35 cm, filled with tap water. The water 
temperature was kept at 30 ± 2°C.  
 
 
Biochemical assays 
 
After a period of 4 weeks, the mice were sacrificed by dislocation of 
the neck after swimming exercise. Blood samples were collected 
from the caudal vena cava with a heparinized syringe and put into 
ice-cold tubes for determination of serum urea nitrogen (SUN) and 
lactate. Samples of liver and muscle tissue from the hind limbs were 
then removed and stored at -40°C for determination of glycogen 
content. 

Serum was prepared by centrifugation at 3000 rpm at 4°C for 10 
min. SUN was determined according to the procedures provided by 
the kits (Biosino Biotechnology and Science Inc., Beijing, China). 
The SUN content expressed as mol nitrogen per litre blood serum. 
Blood lactate and glycogen were determined according to the 
procedures provided by the kits (Nanjing Jiancheng Bioengineering 
Institute, Jiangsu, China). The Blood lactate level expressed as 
milimol blood lactate per litre bood. The liver/ muscle glycogen 
content expressed as  milligram  liver/  muscle  glycogen  per  gram  

 
 
 
 
tissue. 
 
 
Statistical methods 

 
The values are presented as mean ± SD. Two-way ANOVA was 
performed for the effect of P. major L. seeds extract treatments and 
the paired Student’s t-test was used to determine significant 
differences among groups. All analyses were performed using 

SPSS11.0 software and P values ＜0.05 were accepted as 

statistically significant. 
 
 
RESULTS AND DISCUSSION 
 
Effect of Plantago major L. seeds extract on forced 
swimming capacity in mice 
 
Recently, FST is used to examine whether certain agents 
have an anti-fatigue effect and is also used as an 
endurance test (Oztürk et al., 2002; Kim et al., 2002; Koo 
et al., 2004). Swimming is frequently preferred as an 
exercise model for small laboratory animals, and it has 
several advantages over other types of exercise. The 
intensity of labor during exercise is greater than running 
for equal periods, and aversive stimulation used to 
promote running is not used in swimming (Kramer et al., 
1993; Yalcin et al., 2000). In this study, the mice loaded 
with 10% of their body weight were placed in the water at 
room temperature (30 ± 2°C) to swim and the mice were 
assessed to be fatigued when they failed to rise to the 
surface of the water to breathe within 5 s. As shown in 
Figure 1, MPT and HPT groups showed a significant 
increase in swimming time to exhaustion as compared to 
the control group from the first week (P < 0.05). In the 
LPT group, a significant increase in swimming time to 
exhaustion as compared to the control group was evident 
after 4 weeks (P < 0.05). Data presented herein indicate 
that PE prolongs the swimming time of mice and 
improved endurance exercise capacity. 

 
 
Effect of P. major L. seeds extract on blood lactate in 
mice 

 
Lactate is commonly produced in the body during physio-
logical (e.g. severe exercise) or pathological (e.g. tissue 
hypoxia) anaerobic metabolism (Hong et al., 1997; Akova 
et al., 2001). In both humans and a large number of 
animals, strenuous exercise is associated with accumu-
lation of lactate. There is accumulating evidence that 
fatigue occurs when lactate builds up within the myocyte, 
this causes intracellular pH (pHi) to drop, inhibiting both 
glycolysis and contractile activity (McCullagh et al., 1996; 
Nielsen et al., 2001; Allen et al., 2008). Therefore, blood 
lactate is a key indicator of fatigue. As shown in Figure 2, 
after swimming, blood lactate level of PE treated groups 
were significantly lower than that of control group (P < 
0.05)  suggesting  PE  inhibited  the  production  of  blood  
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Figure 1. Effect of P. major L. seeds extract on forced 
swimming capacity in mice. Con group was received 
drinking water; LPT, MPT and HPT groups were received 
PE of 30, 60 and 120 mg/kg body weight (n= 12 mice per 

group). *P＜0.05 vs. Con group. 
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Figure 2. Effect of P. major L. seeds extract on blood lactate in 
mice. Con group was received drinking water; LPT, MPT and 
HPT groups were received PE of 30, 60 and 120 mg/kg body 
weight (n= 12 mice per group). *P < 0.05 vs. con group. 
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Figure 3. Effect of P. major L. seeds extract on serum 
urea nitrogen in mice.Con group was received drinking 
water; LPT, MPT and HPT groups were received PE of 
30, 60 and 120 mg/kg body weight (n= 12 mice per 
group). *P < 0.05 vs. Con group. 

 
 
 
lactate during exercise and postpone the appearance of 
fatigue. 
 
 
Effect of P. major L. seeds extract on serum urea 
nitrogen in mice 
 
Urea is formed in the liver as the end product of protein-
metabolism. During digestion, protein is broken down into 
amino acids. Amino acids contain nitrogen, which is 
removed as NH4

+
 (an ammonium ion), while the rest of 

the molecule is used to produce energy or other 
substances needed by the cell (Ozcelik et al., 2003; An et 
al., 2006). There is a positive correlation between the 
urea nitrogen in vivo and the exercise tolerance 
(Komiyama et al., 1997; Zhang et al., 2006; Koo et al., 
2008). Therefore SUN is an important blood biochemical 
parameter related to fatigue. As shown in Figure 3, 
content of SUN of PE treatment groups were significantly 
lower than that of control group (P < 0.05). These results 
indicate that PE reduced the decomposition of nitro-
genous substances in the body and improved endurance 
capacity during exercise.  
 
 
Effect of P. major L. seeds extract on tissue glycogen 
in mice 
 
It is well known that energy for exercise is derived initially 
from the breakdown of glycogen. Glycogen-sparing effect 
provides an important  survival  advantage  for  improving  
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Table 1. Effect of P. major L. seeds extract on tissue glycogen 
in mice. 
 

Group 
Glycogen (mg/g) 

Liver Muscle 

Con 7.34 ± 1.28 1.26 ± 0.65 

LPT 12.21 ± 1.74* 1.91 ± 0.52* 

MPT 14.89 ± 1.37* 2.36 ± 0.87* 

HPT 15.21 ± 1.49* 2.49 ± 0.77* 
 

Con group was received drinking water; LPT, MPT and HPT 
groups were received PE of 30, 60 and 120 mg/kg body weight 
(n= 12 mice per group). *P < 0.05 vs. Con group. 

 
 
 
endurance performance time, because glycogen deple-
tion is associated with physical exhaustion and slower 
utilization of glycogen results in improved endurance 
capacity (Holloszy et al., 1998; Oh and Ohta, 2003). As 
shown in Table 1, content of liver glycogen and muscle 
glycogen of PE treatment groups were significantly higher 
than that of control group (P < 0.05). 

These results showed that PE may increase the 
glycogen content of mice post exercise by improving 
glycogen reserve and glycogen-sparing effect. 
 
 
Conclusion 
 
In summary, the data from this study showed that PE 
prolongs the swimming time in mice as well as increase 
the tissue glycogen, but decrease the serum urea 
nitrogen and blood lactate. Therefore, the results suggest 
that PE improved endurance exercise capacity and 
possessed anti-fatigue effect. PE may be useful for the 
development of physical strength. However, this 
suggestion, based on our preliminary results, should be 
confirmed by further experimental studies. 
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