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Abstract
Nowadays, people are busier and busier for working and living, and suffer a lot of pressure on
their body or mind. Therefore, people are prone to have fatigue activity and decrease their working efficiency and happiness. It was reported that fatigue is a common symptom in the community,
with up to half of the general population complaining of fatigue. More and more researchers devoted themselves to studying natural active ingredients in organism as the anti-fatigue drugs to
release fatigue symptom. However, these natural ingredients were difficult to obtain from plants,
animals and microorganisms by separating and purifying. In addition, some active substances
have many side effects. In our study, we employed tea seed oil as main ingredients blended with
bis-(carboxyethylgermanium) sesquioxide (Ge-132) to investigate the effects of anti-fatigue on
mice by administrating mice with low dose, intermediate dose and high dose of tea seed oil complex for 0, 2 or 4 weeks. The specific tests of studying effects of anti-fatigue were body weight,
weight-loaded force swimming, blood urea nitrogen, blood lactic acid and hepaticglycogen. And
the results showed that appropriate level of tea seed oil complex could decrease the body weight
and prolong the weight-loaded swimming time, and had an active effect on the bloodurea nitrogen,
hepatic glycogen and blood lactic acid level mice, which significantly embodied the anti-fatigue activity of tea seed oil complex.
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1. Introduction
Fatigue is a common symptom in the community, with up to half of the general population complaining of fatigue in most surveys [1] [2]. Fatigue could be classified into 2 categories: physical fatigue and mental fatigue [3]
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[4], which could have a major impact on all aspects of life [5]-[7]. In the past few decades, health scholar and
athletic physiologist have been looking for natural active ingredients to release the fatigue and accelerate the
elimination of fatigue in human beings [8]. However, these natural ingredients are difficult to obtain from plants,
animals and microorganisms by separating and purifying. In addition, some active substances have many side
effects and are more expensive for daily use.
The tea seed oil (Camellia oleifera Abel) extracted or cold pressed from the seed of the tea plant, is well
known as “oriental oil”, which is widely used in south of China as edible oil, medicine and burning injury for
thousands of years [9]-[11]. Due to its high abundant content of oleic acid, linoleic acid, linolenic acid, and palmitic acid, the tea seed oil has the similar fatty acids composition with olive oil [12]. The tea seed oil is applied
as functional food and food supplementary to help patients reduce contents of cholesterol and triglycerides in
blood [13] [14]. Zhang and Zhou et al. reported that tea oil had antioxidant ability against several degenerative
pathologies, including cardiovascular diseases and cancer [15]. Moreover, the tea seed oil was shown to have an
anti-obesity effect in vivo model [16]. Besides the main constituents of fatty acids, the tea oil still has some other
bioactive components such as phenolic com-pounds, squalenes and so on [13] [17]. It is reported that phenolic
compounds have strong anti-hypoxia and anti-fatigue abilities [18] [19]. However, little information has been
devoted to the anti-fatigue effects of the tea seed oil.
Ge-132 is the most common and well studied organic germanium. Ge-132 has been reported to enhance several cytokines and release Chronic Epstein-Barr Epstein Barr Virus Syndrome [20]. Therefore, Ge-132 has been
widely used as a dietary supplement and has preceded clinical trial with promising preclinical results as both an
antiviral and anticancer agent [21]. The organogermanium compound biscarboxyethyl germanium sesquioxide
has been found to provide relief for many patients from the of-ten-debilitating symptoms of the chronic Epstein-Barr virus syndrome [20] [22].
Our goal is to evaluate the effect of anti-fatigue activity of the complex of tea seed oil blended GE-132 in
mice. And we could evaluate to human beings as daily supplementary for the next studying.

2. Materials and Methods
2.1. Materials
Tea seed oil from Camellia oleifera Abel was obtained by cold-press technique from Jiande Xiawu Agriculture
Development Co., Ltd., Zhejiang, China.
Ge-132 was purchased from Qingdao New Research Nonferrous Metal Co., Ltd., Qingdao, China. Store at
4˚C in refrigerator.
Tea seed oil complex: adding the tea seed oil and Ge-132, with the ratio of (100:1), at 30˚C - 70˚C in a flask,
the mixture was stirred fiercely with T25 digital ultra-turrax high-speed homogenizer, IKA Co., Germany, till
the tea seed oil and Ge-132 distributed well and keep at 4˚C in refrigerator.
Glycogen Assay Kit and Lactic acid Assay kit were purchased from Nanjing Jiancheng Bioengineering Institute. And Urea Assay kit was purchased in DiaSys Diagnostic Systems (Shanghai) Co., Ltd.

2.2. Animals
Weighing 18 - 20 g male imprinting control region (ICR) mice, 6 - 8 weeks of age using in this study were purchased from Shanghai Slac Laboratory Animal Co., Ltd., Shanghai, China. The male ICR mice were maintained
in Specific Pathogen Free (SPF) Laboratory of Medical University of Zhejiang China. And the experimental
procedure was conducted in strict adherence to animal care guidelines in compliance with the guide for the care
and use of Laboratory Animals. All procedures involving animals were reviewed and approved by the institutional animal care of animal administration act of Zhejiang province (2009). The animal protocol was designed
to minimize pain or discomfort to the animals.120 ICR mice were housed in SPF Laboratory maintained at 23˚C
± 1˚C, 50% - 70% humidity and 150 - 200 Lx intensity of light with a 12 h light/dark cycle. 120 mice were randomly divided to polycarbonate cages. 5 mice in each set allowed free access to eat and drink water. The water
was filtered and sterilized. And the feed was radioactive by Co 60 to sterilize.

2.3. Methods
After being fed for 1 week, 120 ICR mice were divided into 4 groups randomly according to their body weights.
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Each group had 30 ICR mice. The dose levels per body weight (g/kg). The Control Group was used as the control during the study; Low dose group were administrated 0.5 g/kg/day of tea seed oil complex; Intermediate
dose group were administrated 1.0 g/kg/day of tea seed oil complex; High dosage group were administrated 2.0
g/kg/day of tea seed oil complex. The control group was fed with 2% sucrose fatty acid esters aqueous solution.
At 0 week, 2 weeks and 4 weeks, 10 ICR mice were selected randomly from each group to perform the weightloaded swimming test, blood urea nitrogen test, hepatic glycogen test and blood lactic acid test.

2.4. Weight-Loaded Forced Swimming Test [23]
After 30 minutes of the last oral administration, the forced swimming test was carried out in a water tank where
mice had big enough room and no disturbance from other mice with Morris water maze system. The depth of
water was more than 30 cm, and the temperature was 25˚C ± 0.5˚C. A steel washer weighing approximately 5%
of their body weight was attached to the tail. The mice swimming time was recorded till the mice drowned in
water. During the whole swimming process, the mice should keep limb moving. If the mice did not move in water, the stick was employed to expel them moving.

2.5. Blood Urea Nitrogen (BUN) Test [24]
Thirty minutes after swimming without a load in 30˚C water for 90 minutes and rest for 30 minutes, the mice
were collected 0.5 mL of blood from eyeball. The blood was placed in 4°C refrigerators for 1 h, and then centrifuged at rate of 3000 r/min for 10 min. The serum was obtained from the treatment blood and stored for following use. Automatic biochemistry analyzer was employed to determine the urea contents in the serum of mice
blood with the diacetylmonoxime method [25]. Urea reacted directly with diacetylmonoxime under strong acidic
conditions to give a yellow condensation product. The reaction was intensified by the presence of ferric ions and
thiosemicarbazide. The intense red color formed is measured at 540 nm/yellow green filter.

2.6. Blood Lactic Acid (BLA) Test
Thirty minutes after the last administration, the mice were forced to swim at 30˚C for 30 min without load. Before swimming, 50 μL of the mice blood was taken and added into 40 μL breaking-cellular membrane liquid.
The mixture was vibrated immediately; Twenty minutes after swimming, 20 μL of the mice blood was taken
from inner can thus and added into breaking-cellular membrane liquid and vibrated promptly. The area of lactic
was calculated as follow:
Area of lactic= 5 × ( value of lactic acid before swimming
+ 3 × value of lactic acid at the moment of ending swimming
+ 2 × value of lactic acid after rest of 20 min ) .

2.7. Hepatic Glycogen Test (Anthrone Method) [26]
Thirty minutes after being oral administrated, the mice were sacrificed. Their livers were taken out, rinsed with
saline and dried by filtrate paper and quickly frozen in liquid nitrogen and kept at −70˚C until the analysis for
glycogen content.
To 100 mg of mouse liver tissue in a tube, 8 mL 10% trichloroacetic acid (TCA) was added, and then homogenized for 1 min. The crude homogenated was centrifuged at 3000 r/min for 30 min and the supernatant fluid
was employed for the following test. 1 mL of the supernatant fluid added into the 10 mL of centrifuge tube in
which 4 mL of 95% ethanol solution was added (each sample had 2 duplicates in order to get reliable results),
was mixed adequately to have no interphase between the supernatant fluid and 95% ethanol solution, at room
temperature overnight, till the precipitate formed completely. The mixture in tube was centrifuged at 3000 r/min
for 15 min, decanted the supernatant and turned the tube upside down for 10 min to remove off the excessive
fluid. Then, distilled water was added into the tube to fully dissolve the precipitate in the tube. 2 mL of distilled
water in the centrifuge tube was used as blank sample. The standard tube was prepared as follow: 10 mL anthrone reagent was added into the tube with 10 mL glucose standard solution and 1.5 mL distilled water. 10 mL
anthrone reagent was added to the sample tube and cooled with cold water for 15 min. All of the samples tubes
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were immersed in boiling water for 15 min, and then cooled to room temperature in cold water bath. The hepatic
glycogen contents were determined through spectrophotometry at 620 nm.

2.8. Statistical Analysis
Data were analyzed using SPSS 11.5 version (SPSS Inc., Chicago, IL, USA). The results were demonstrated as
the mean ± SD. The significance of the mean difference between the control groups and each treatment groups
was performed by one-way AVOVA test. The level of p < 0.05 was considered to be significant difference.

3. Results
3.1. Effects of Tea Seed Oil Complex on the Body Weight of Mice
As shown in Figure 1, when mice were administrated with 0.5, 1.0 and 2.0 g/kg/day of tea seed oil complex, the
body weight of mice decreased more or less. Compared to the control group, administrated with low dosage of
tea seed oil, body weights of mice were significantly decreased (p < 0.05). When the mice were administrated 4
weeks, compared to the control, all body weight of groups of the mice had significant decreased (p < 0.05, or p
< 0.01).

3.2. Effects of Tea Seed Oil Complex on Weight-Loaded Swimming Test in Mice
The effects on swimming time were assessed, and the results were shown in Figure 2. The mice loaded with 5%
body weight load were administrated with control, 0.5 g/kg/day, 1.0 g/kg/day and 2.0 g/kg/day tea seed oil respectively. As a result, the intermediate dose group and high dose group showed a significant increase in swimming time to exhaustion compared to the control group after administrating with tea seed oil complex for 4
weeks. However, swimming time in 0.5 g/kg/day group was 787.4 ± 163.1 min and there was no difference (p >
0.05).

3.3. Effects of Tea Seed Oil Complex on BUN in Mice
BUN is the metabolic outcome of protein and amino acid. Urea formed in the liver and is carried by the blood to
the kidneys for excretion. And urea nitrogen concentration in the blood can be used as the indication of renal
function. As shown in Figure 3, compared to control all groups of mice of the BUN value decreased after exercise 4 weeks, especially the intermediate and the high dose groups were significant lower (p < 0.05 or p < 0.01)

Figure 1. Effects of tea seed oil complex on weight-loaded swimming test in mice.
The control group was administrated with 2% sucrose fatty acid esters aqueous solution; low dose group was administrated tea seed oil complex (0.5 g/kg/day); intermediate dosage group was administrated for tea seed oil complex (1.0 g/kg/day); high
dose group was administrated tea seed oil complex (2.0 g/kg/day).
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Figure 2. Effects of tea seed oil complex on weight-loaded swimming
test in mice. The control group was administrated with 2% sucrose fatty
acid esters aqueous solution; low dose group was administrated tea seed
oil complex (0.5 g/kg/day); intermediate dosage group was administrated
for tea seed oil complex (1.0 g/kg/day); high dose group was administrated tea seed oil complex (2.0 g/kg/day).

Figure 3. Effects of tea seed oil complex on BUN in mice. The control
group was administrated with 2% sucrose fatty acid esters aqueous solution; low dose group was administrated tea seed oil complex (0.5 g/kg/
day); intermediate dosage group was administrated for tea seed oil complex (1.0 g/kg/day); high dose group was administrated tea seed oil complex (2.0 g/kg/day).

than the control group. The low dose of group was lower than the control group, but there were no significant
differences (p > 0.05).

3.4. Effects of Tea Seed Oil Complex on BLA after Exercising in Mice
Blood lactate is the glycolysis product of carbohydrate under an anaerobic condition, and glycolysis is the main
energy source for fierce exercise in a short time. Therefore, blood lactate is closely related to workload intensity
and is one of the important indicators for judging the intensity of the exercise and the condition of recovery. As
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shown in Figure 4, before exercising, all dose of the groups of contents of BLA decreased significantly compared to the control group. And as the dosage of tea seed oil complexes of low group, the both of swimming
time and 20 minutes after, the contents of BLA also decreased significantly.

3.5. Effects of Tea Seed Oil Complex on Hepatic Glycogen in Mice
As shown in Figure 5, liver and muscle glycogen contents of the high dose group were significantly higher than
that of the control group. However, the low-dose group and the intermediate group had the trend of increasing,
but they have no significant difference (p > 0.05) compared with the control, after giving low dose, intermediate
dose and high dose of tea seed oil for 4 weeks, the high dose group (2.0 g/kg/day tea seed oil) could significantly

Figure 4. Effects of the tea seed oil complex on BLA after exercising in mice. The
control group was administrated with 2% sucrose fatty acid esters aqueous solution;
low dose group was administrated tea seed oil complex (0.5 g/kg/day); intermediate
dosage group was administrated for tea seed oil complex (1.0 g/kg/day); high dose
group was administrated tea seed oil complex (2.0 g/kg/day).

Figure 5. Effects of tea seed oil complex on hepatic glycogen in mice. The control
group was administrated with 2% sucrose fatty acid esters aqueous solution; low dose
group was administrated tea seed oil complex (0.5 g/kg/day); intermediate dosage
group was administrated for tea seed oil complex (1.0 g/kg/day); high dose group
was administrated tea seed oil complex (2.0 g/kg/day).
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increase the contents of hepatic glycogen (p < 0.01); the low and intermediate group also have the trend of increase (p > 0.05).

4. Discussions
In this study, the mice were allocated to 4 groups (control, low dose, intermediate dose and high dose), according to the administration. The high dose group of mice had significant differences compared to the control group.
Our results demonstrated that tea seed oil and Ge-132 complex had better effects on the mice of losing weight.
The reason is that tea seed oil contained polyphenolic compounds blended with Ge-132 could enforce their effects.
The improvement of exercise endurance is a direct evidence of improving anti-fatigue ability. Swimming time
reflects the degree of fatigue of animal [27]. Herein, the procedure used in our test was similar to that described
previously [28]. The forced swimming test commonly used in anti-fatigue and endurance, has been used extensively for the evaluation of the anti-fatigue properties. In our study, the data showed that administration of tea
seed oil complex could obviously prolong the mice swimming time. Tea seed oil had anti-fatigue activity and
could elevate the exercise tolerance. Our results showed that different dosage of tea seed oil complex especially
intermediate group and high dosage group could significantly prolong the swimming time of mice.
Energy for exercise is derived initially from breakdown of glycogen. After strenuous exercise muscle glycogen will be exhausted. Later, from circulating glucose released by the liver. So liver and muscle glycogen are
sensitive parameters related to fatigue [29]-[31]. The data mentioned above revealed that the content of liver and
muscle glycogen of mice in tea seed oil were higher than control group after swimming. However the detailed
mechanism isn’t clear. The possible reason is that camellia complex may increase the content of liver and muscle glycogen of mice post exercise by improving glycogen reserve, or by reducing the consume of glycogen
during exercise, or both. It still needs the further studies.
BUN is the metabolism outcome of protein and amino acid. Urea is formed in the liver as the end product of
protein-metabolism and is carried by the blood to the kidneys for excretion. Protein and amino acids have a
stronger catabolic metabolism when body cannot obtain enough energy by sugar and fat carbolic metabolism,
after a long time of movement, urea nitrogen obviously increase at this time. There is a positive correlation between the urea nitrogen in vivo and exercise tolerance. In other words, the worse the body is adapting for exercise tolerance, the more significantly. In our study, the tea seed oil complex demonstrated good ability of decreasing BUN in mice.
Serum urea nitrogen and blood lactic acid are important blood biochemical parameters related to fatigue. Urea
is formed in the liver as the end of product of protein-metabolism. During digestion, protein is broken down into
amino acids. There is a correlation between the urea nitrogen in vivo and the exercise tolerance [32]. In our experiments, the blood lactic acid of intermediate and high dosage of tea seed oil complex groups was lower than
that of control group after swimming. The results suggest that tea seed oil complex can inhibit the production of
blood lactic acid during exercise load increasing. Our results showed the trend that serum BUN of the low, intermediate and high dose intervention groups were lower than control group. In addition, our study also showed
that low dose tea seed oil complex can increase hemoglobin of mice.
Hepatic glycogen for prolonged exercise has been studied for many years [33]-[35]. After the swimming to
exhaustion, compared to the control group, the high dose group had significant difference. And all group increased their hepatic glycogen content. The results show that the tea seed oil complex was beneficial for improving the hepaticglycogen content.

5. Conclusion
In conclusion, our results suggest that tea seed oil complex had significant anti-fatigue effects on mice and these
effects were dose-dependent; when dosage was high, it normally would improve the effects much better, especially on BUN test and hepatic glycogen test.
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