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ABSTRACT 

The ergogenic properties of a 7-Chinese traditional medicine water extract (Ligustrum lucidum ait, LLA), which is 
composed of the essences of Lycii fructus, Crataegi fructus, Phyllanthi fructus, Chrysanthemi flos, Coicis semen, Gan-
oderma lucidum, and Zizyphi fructus, were studied using aged mice. Mice were chronically (one month) administered 
LLA (0.1% and 1%) in the drinking water. Mice pre-treated with LLA showed a good appetite; however, they exhibited 
a lower rate of body weight increase compared to control mice. In mice subjected to the rotarod test, 1% LLA treatment 
provided effective adaption to fatigue and significantly increased the duration of mice on the rotarod. In locomotor ac-
tivity test, 1% LLA potentiated mice mobility and significantly increased rearing behavior. In the antioxidant experi-
ment, 1% LLA treatment significantly increased superoxide dismutase activity in the spleen and liver glutathione levels. 
These findings suggest that LLA may be utilized as an antifatigue agent, which may function through its antioxidant 
activity. 
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1. Introduction 

A 7-Chinese traditional medicine water extract (Ligus- 
trum lucidum ait, LLA) has been used for more than 
thirty years in China and Japan, and is composed of the 
essences of Lycii fructus from Lycium chinense Miller, 
Crataegi fructus from Crataegus cuneata Siebold et 
Zuccarini, Phyllanthi fructus from Phyllanthus emblica L., 
Chrysanthemi flos from Chrysanthemum morifolium, Zi- 
zyphi fructus from Zizyphus jujuba Miller var. inermis 
Rehd, Ganoderma lucidum, and Coicis semen from Coix 
lacryma-jobi L. var. mayuen Stapf. In an in vitro experi- 
ment with aged mice, it was demonstrated that at a lower 
concentration LLA could act as a co-stimulator with mi- 
togens, whereas at a higher concentration it was able to 
act as an immunosuppressive agent [1]. In a clinical 
study, Chien et al. reported that after administration of 
LLA, IL-2 levels increased and decreased levels of lym- 
phocyte transformation returned to normal levels in aged 
volunteers. Follow-up medical examinations showed that 
inspiration (100%), good appetite (95%), sexual (35%) 
and sound sleep (95%) were the general clinical mani- 
festations [1]. We are interested in the improved general 
clinical manifestations following LLA treatment; how- 
ever, it is still unknown whether the underlying pharma- 

cological mechanism involves immunomodulation and/or 
other pathways. 

The main nutrient compositions of LLA are listed in 
Table 1, and the most important thing is that LLA con- 
tains a variety of components with antioxidant activities, 
such as Lycium, Crataegus, Emblica, and Ganoderma, 
and their antioxidant activities have been well described. 
It has been reported that polysaccharides from Lycium 
chinense, a component of LLA, improved superoxide 
dismutase (SOD) activity in damaged rat testes, and its 
antioxidant activities were comparable to the normal an- 
tioxidant, vitamin C [2,3]. An increasing number of re- 
ports have also suggested that Ganoderma, which has 
multiple health benefits for a broad range of conditions 
(from arthritis to cancers), has antioxidant properties as a 
free radical scavenger [4,5]. Furthermore, it was found 
that Emblica, another component of LLA, had a higher 
content of vitamin C, accounting for 45% - 70% of the 
antioxidant activity [6]. Dicaffeoylquinic acids from 
Chrysanthemi Flos and six phenolic compounds from 
Coicis Semen showed potent DPPH radical scavenging 
activity [7,8]. These may contribute greatly to the anti-
oxidant property of LLA. 

Although LLA has a significant folk history in China  

Copyright © 2012 SciRes.                                                                                  CM 



J.-R. ZHOU  ET  AL. 224 

Table 1. Mean values of the nutrient composition (amino 
acid, mineral, vitamine and sugar content) for 100 g LLA 
extract. 

Amino acid Mean (mg/100 g) Mineral Mean (/100 g)

Arginine 52 Sodium (Na) 113.00 mg 

Lysine 9 Phosphorous (P) 24.60 mg 

Histidine 11 Iron (Fe) 0.84 mg 

Phenylanine 6 Calcium (Ca) 13.50 mg 

Tyrosine 7 Potassium (K) 295.00 mg 

Leucine 20 Magnesium (Mg) 16.10 mg 

Isoleucine 8 Chlonium (Cl) 85.00 mg 

Methionine 2 Copper (Cu) 48.00 μg 

Valine 16 Zinc (Zn) 231.00 μg 

Alanine 94 Sulfur (S) 0.01 g 

Glycine 12   

Proline 178   

Glutamic acid 156 Vitamine Mean (/100 g)

Serine 66 Vitamine B1 0.05 mg 

Threonine 31 Vitamine B2 0.07 mg 

Aspartic acid 269 Vitamine B6 55.00 μg 

Tryptophan 6 Folic acid 11.00 μg 

Cystine 11 Patoten acid 0.16 mg 

  Biotin 4.30 μg 

 Mean (g/100 g) Niacin 0.96 mg 

Sugar content 10.80   

 
and Japan, further scientific investigation of LLA-in- 
duced effects is required, as it is important to provide an 
evidence-based supplement. Therefore, we investigated 
the antifatigue effect of LLA in aged mice using open- 
field and rotarod tests, and assessed whether its mecha- 
nism of action is related to its antioxidant activity. 

2. Materials and Methods 

2.1. Animals 

Male ddY mice (SPF grade), 60 weeks old, were ob- 
tained from Kyudo Co., Ltd. (Fukuoka, Japan). Mice 
were housed under the following controlled conditions: 
temperature (24˚C ± 2˚C), humidity (50% ± 10%) and a 
12-hour light/dark cycle (7:00 a.m. to 7:00 p.m.). Food 
and water were available ad libitum. There was a one- 
week adaptation period, after which the mice were ad- 
ministered either water or 0.1% or 1% LLA. All experi- 
ments were conducted in strict accordance with the  

Guidelines of the Japanese Pharmacological Society for 
the Care and Use of Laboratory Animals. 

2.2. Materials 

LLA was prepared and provided by the International 
Kampo Institute (Nihonmatsu, Japan). SOD Assay Kit- 
WST and total GSH Quantification Kits were purchased 
from Dojindo (Kumamoto, Japan). Other agents were ob- 
tained as follows: bovine erythrocyte SOD (Sigma, St. 
Louis, MO, USA); pentobarbital sodium (Dainippon Sumi- 
tomo Pharma, Osaka, Japan); sucrose (Nacalai Tesque, 
Kyoto, Japan). LLA (0.1% and 1%) were prepared in 
water. 

2.3. Assay of Antifatigue Endurance Activity 
Using Rotarod Test 

Either LLA (0.1% or 1%) or water (control group) was 
administered from water pots for one month. First, the 
mice were placed on a rotarod (Ugo Basile, Comerio VA, 
Italy) to induce fatigue for 30 min at 16 rpm. Fatigued 
mice were again placed on the rotarod (40 rpm) and the 
riding time (the time before the mice fell off the rod) was 
determined. 

2.4. Assay of Spontaneous Locomotor Activity 
Using the Open-Field Test 

The locomotor behavior of mice was measured as pre- 
viously reported [9]. Briefly, the mice were put into an 
acrylic cage (30 × 36 × 17 cm) 30 min before the loco- 
motion determination. Lines were drawn on the bottom 
of the cage, dividing it into nine rectangles. Locomotor 
activity was evaluated as the ambulation behavior (the 
number of times a mouse crossed a section) and the 
rearing behavior (rearing number) during the 5-minute 
observation period. 

2.5. Assay of Antioxidant Activity Using SOD 
and GSH Kits 

After one-month LLA administration, mice were sacri- 
ficed by decapitation, and blood and tissues were col- 
lected. For SOD determination, tissue samples were ho- 
mogenized in sucrose buffer (0.25 M sucrose, 10 mM 
Tris, 1 mM EDTA, pH 7.4). The homogenates were 
centrifuged at 10,000  g for 15 min at 4˚C and su- 
pernatants were collected. Bovine erythrocyte SOD was 
used as the standard. For total GSH determination, serum 
was mixed with 5% 5-sulfosalicylic acid solution. The 
mixture was centrifuged at 8000  g for 10 min at 4˚C 
and the supernatant was collected. Tissue samples were 
homogenized in 5% 5-sulfosalicylic acid solution. The 
homogenates were centrifuged at 8000  g for 10 min at 
4˚C, and the supernatants were collected. SOD and total 
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GSH activities were determined in triplicate with colo- 
rimetric assays, following the manufacturer’s instructions. 
For tissues, SOD and total GSH were expressed as units 
per mg protein and μM per mg protein relative to the 
standards, respectively. Protein concentration was mea- 
sured using the Bradford method. 

2.6. Statistical Analysis 

Each value represents the mean ± SEM for 5 - 6 mice. 
The data were statistically evaluated using student’s t- 
test. Probability (p) values less than 0.05 were considered 
to be statistically significant. 

3. Results 

3.1. Changes in Food Intake and Weight 

The LLA group consumed more food than the control 
group (Figure 1(a)), while the rate of body weight in- 
crease in the LLA group showed a decreasing tendency 
after 15 days of administration (Figure 1(b)). 

3.2. Extension of Rotarod Riding Time 

We studied the antifatigue effect of LLA on aged mice 
using the rotarod test. As shown in Figure 2, the rotarod 
riding time in the LLA group was increased 2.8 ± 1.6 and 
6.7 ± 1.4 times on the 20th and 30th day of administra- 
tion, respectively. The time measured on the 30th day 
was significantly longer (p < 0.05) compared to the con- 
trol mice. 

3.3. Excitory Effects on Spontaneous Locomotor 
Behavior 

As shown in Figure 3, ambulation and rearing behaviors 
in the LLA group for 5 min were 45.4 ± 11.2 and 25.5 ± 
5.5 counts, respectively, and those of the control group 
were 20.4 ± 6.6 and 7.5 ± 2.3 counts, respectively. LLA 
induced an increase in ambulation and rearing behaviors 
in mice, and the increase in rearing behavior was sig- 
nificant (p < 0.05). 

3.4. Antioxidant Activity 

To determine whether the supplementation of LLA de- 
monstrates ergogenic performance by improving the oxi- 
dant status in mice, we assessed the SOD and total GSH 
activities of LLA in aged mice serum and tissues. 

As shown in Figure 4(a), the spleen SOD level was 
elevated significantly by LLA; level was 1.6 ± 0.1 and 
2.4 ± 0.2 units/mg protein in the control and LLA groups, 
respectively. The testes SOD level in LLA mice showed 
an increasing tendency; the level was 6.0 ± 1.0 and 10.8 ± 
2.9 units/mg protein in the control and LLA groups, 
respectively. On the other hand, there were no significant  

 
(a) 

 
(b) 

Figure 1. Effects of LLA supplementation (versus the con- 
trol group receiving water) on food intake and weight in 
aged mice. LLA (1%) and water (control group) were 
administered from water pots for one month. Food and 
water were available ad libitum (n = 5). 
 

 

Figure 2. Chronic intake of LLA extends rotarod riding 
time in aged mice. Data are means ± SEM (n = 4 - 5). *p < 
0.05, significantly different from the control. 
 
differences in brain, liver and kidney SOD levels be- 
tween the control and LLA groups. The serum SOD level 
was 25.7 ± 11.7 and 27.5 ± 4.9 units/ml in the control 
and LLA groups, respectively (data not shown). 

For total GSH activity, LLA significantly increased 
liver GSH levels (Figure 4(b)) in the control (0.1 ± 0.02 
μM/mg protein) and LLA (0.2 ± 0.02 μM/mg protein) 
groups. However, there were no significant differences in 
the total GSH levels of serum and other tissues between 
the two groups (data not shown). 

4. Discussion 

In the present study, chronic administration of LLA de- 
monstrated an ergogenic property, possibly mediated  
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(a) 

 
(b) 

Figure 3. Effects of LLA treatment on spontaneous loco- 
motor activity. Data are means ± SEM (n = 4 ~ 5). *p < 0.05, 
significantly different from the control. 
 

 
(a) 

 
(b) 

Figure 4. Antioxidant activity in tissues from aged mice af- 
ter chronic intake of LLA. Data are means ± SEM (n = 4 ~ 
5). **p < 0.01, significantly different from the control. †p < 
0.1, tendency differing from control. 

by functioning in an antioxidative system. 
In the in vivo experiment, aged mice had a good ap- 

petite following LLA treatment (Figure 1). Preliminary 
clinical studies also suggest LLA supplementation had 
appetizing effects. Despite the increased food intake, the 
rate of increase in body weight of LLA mice was not as 
high as that of control mice. This may be important effect 
for humans, since the trend of increasing rates of obesity 
appears to be unwavering, and the most effective, cur- 
rently available, treatment for severe obesity is obesity 
surgery. It has been reported that Crataegus fructus, one 
of the components in LLA, markedly reduces food intake, 
body weight, brown and white adipose tissue weights (in 
hamsters), as well as improving dyslipidemia or obesity 
[10]. Our results also support this finding of LLA in the 
active control of behaviors that balance energy intake 
and expenditure. 

In the present study, there was an extending effect in 
the LLA group on rotarod duration time (Figure 2). 
After 20 days of treatment, aged mice were able to re- 
main on the rotarod 2.8 times longer than aged controls, 
while the duration time after 30 days of treatment was 
prolonged 6.7 times (p < 0.05). The rotarod test not only 
measures effects on muscular endurance and antifatigue 
but also sensorimotor coordination and flexibility. Thus, 
the increased ability of aged mice to remain on the ro- 
tarod indicates that LLA may play a role in improving 
fatigueand flexibility. Our data also noted behavioral 
changes in aged mice administered LLA (Figure 3). 
LLA treatment resulted in higher spontaneous locomotor 
activity; the rearing and ambulation behaviors in aged 
mice were increased 3.4 and 2.2 times, respectively, than 
in the control mice, suggesting LLA had an excitation ef- 
fect on the locomotor behavior of mice. Thus, the results 
from the rotarod and open-field tests provide controlled 
in vivo evidence of the ergogenic property of LLA. In- 
terestingly, Ganoderma, one of components in LLA, has 
been reputed to increase youthful vigor and vitality since 
ancient times. However, it has been reported decreased 
levels of spontaneous motor activity in a D-galactose 
mouse-aging model after treatment with Lycium bar- 
barum [11]. These observations suggest that the increa- 
sed motor activity, as a result of LLA administration, 
may not simply be produced through the additive effects 
of the seven components of LLA. Thus the interaction of 
these components may be worthy of further study. 

In the present study, chronic LLA intake caused a sig- 
nificant augmentation of SOD activity in aged mice 
spleen and an increasing tendency in testes (Figure 4(a)). 
Reduction in intracellular antioxidant activities, includ- 
ing SOD, GSH, catalase and glutathione-S-transferase, 
caused by fatigue has been reported in a mouse model 
[12,13]. An increase in mouse spleen and testes SOD 
following chronic LLA intake may play a role in defense 
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against oxidative fatigue stress. Strenuous exercise can 
result in a dramatic increase in oxygen consumption in 
the body. Furthermore, it has been reported that stre- 
nuous exercise can result in increased reactive oxygen 
species (ROS) [14-16]. Increased ROS production ac- 
celerates muscle fatigue in rat [17], canine [18,19] and 
mouse [20] models. Thus, chronic administration of LLA 
may be able to protect aged mice from fatigue-induced 
oxidative stress. 

However, no significant changes in SOD levels in the 
brain, liver and kidney of aged mice were detected after 4 
weeks of LLA supplementation. This indicates that the 
augmented action of LLA on SOD may be tissue-de- 
pendent. In addition, there were no significant changes in 
serum SOD and GSH levels in aged mice with chronic 
LLA intake. 

On the other hand, chronic supplementation with LLA 
resulted in a significant GSH activity augmentation in 
aged mouse liver. GSH is an integral oxidant scavenger, 
which protects cells and tissues from oxidative damage 
[21]. It is suggested that increased GSH levels enable 
detoxification of ROS, which are responsible for exer- 
cise-induced protein oxidation, leading to the prevention 
of fatigue. Thus, LLA administration may improve an- 
tioxidant status and delay exercised-induced muscle fa- 
tigue. It has also been reported that Crataegus, one of the 
seven components of LLA, is rich in polyphenols and its 
extracts inhibit LDL oxidation [22]. Furthermore, it was 
found that pre-treatment with Crataegus prevented the 
depletion of reduced GSH content in the liver of CCl4- 
injected rats [23], while Ganoderma extract was able to 
protect the liver from superoxide-induced hepatic da- 
mage [24]. Therefore, identification of which component 
is responsible for the antioxidant property may be need- 
ed. 

It is suggested that the antifatigue effect of LLA sup- 
plementation might be related to antioxidant activity. The 
antifatigue effect of LLA may be related to the central 
nervous system, as it potentiates the locomotor activity of 
the mice. Further study is needed to elucidate the details 
of the mechanisms involved. 

In summary, the present findings suggest that im- 
proved ergogenic capacity and alleviated fatigue by LLA 
supplementation, as demonstrated using the rotarod exer- 
cise model, might be due in part to the protective effect 
against exercise-induced oxidative stress. Thus, LLA most 
likely functions as an antioxidant agent to improve er-
gogenic capacity. 
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