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In order to explore the mechanism of grape seed proanthocyanidin extract (GSPE) against exercise-
induced fatigue, the mice movement model was used, and the free radical and energy metabolism
indicators during movement were measured. The results show that grape seed proanthocyanidin
extract can improve the activity of antioxidant enzymes such as SOD and GSH- Px in the liver in
exercised mice, and lower the MDA content, which may produce the effect of anti-oxidation by
increasing the activity of antioxidant enzyme in the body; GSPE can keep the blood glucose in
exercised mice on a stable level, increase the liver glycogen and muscle glycogen reserves, and
prevent the blood glucose content, as well as the liver glycogen and muscle glycogen content, reducing
after long time exercise; Meanwhile, GSPE can improve the level of TC, TG and FFA in plasma in
exercised - mice, influence the fat metabolism under different conditions and promote the fat utilization.
All the results above may be the anti-fatigue mechanism of GSPE.
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INTRODUCTION

Proanthocyanidins is a compound extracted from grape
seed and its basic structure unit is the catechins (Figure
1). Proanthocyanidins contains catechin monomer, dimer
and trimer, all of which are water-soluble molecules and
contain a number of phenolic hydroxyls (Bagchi et al.,
2002). Polyphenolic compounds having a very important
function of antioxidant, they can clean off the free
radicals, and reduce the membrane lipid peroxidation, so
they can reduce the occurrence of free radical- related
diseases and delay aging (Morillas-Ruiz et al., 2006;
Silva et al.,, 2007; lacopini et al., 2008). Current
researches have shown that grape seed proantho-
cyanidin extract can clear off free radicals, protect the
over-oxidative damage caused by free radicals (Feng et
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al., 2005; Spranger et al., 2008), and prevent a range of
diseases caused by free radicals, such as myocardial
infarction, atherosclerosis, drug-induced liver and kidney
injury; what's more, it has functions of anti-thrombotic,
anti-tumor, anti-mutagenic, anti-radiation, and anti-fatigue
(Yamakoshi et al., 1999; Bagchi et al., 2000; Sano et al.,
2005; Qin et al., 2006; Engelbrecht et al., 2007).

Exercise - induced fatigue means that the body can not
maintain its function at a certain level or can not maintain
a predetermined exercise intensity. It is closely related to
the athlete's athletic ability and the improvement of
athletic performance (Chi et al., 2008; Wu et al., 2008).
This experiment is a preliminary study of the effect of
Grape seed proanthocyanidin extract on the free radical
and energy metabolism indicators during movement. We
explored the anti-fatigue mechanism of GSPE from the
anti-oxidation system, energy metabolism, etc, trying to
provide theoretical guidance and experimental evidence
for using GSPE in sports practice.



Figure 1. Structure of catechin.

MATERIALS AND METHODS
Materials and reagents

Grape Seeds (purchased in the local wine factory, and
identified by Professor Lee, a biologist of Minzu
University of China); SOD assay kit, MDA assay Kkit,
GSH-Px assay Kkit, liver and muscle glycogen detection
kit, TG, TC detection kit, free fatty acid detection Kkit
(purchased from Nanjing Jiancheng Bioengineering
Institute).

Laboratory instruments

Blood glucose meters (Kyoto Corporation, Japan);
Automatic biochemical analyzer (Olympus Corporation,
Japan); MK3-based microplate reader (Thermo Corpora-
tion, USA); desktop Eppendorf (Heraeus Company,
Germany); FZ102-type plants grinder (Shanghai shengqi
Instrument Corporation); RE52CS rotary evaporator
(Shanghai Rongsheng Instrument Factory); SHB-recycled
water Multi-purpose vacuum pump (Zhengzhou Great
Wall Industry and Trade Branch Corporation, Ltd.). AL104
Electronic Analytical Balance (Mettler - Toledo
Instruments Co., Ltd.)

Preparation of grape seed proanthocyanidin extract

Grape seeds were crushed with muller, and filtered with
sieve, 1mm. Then the powder was degreased with
petroleum ether (30-60°C) and dried. Weigh accurately
10 g powder was Weighed accurately and put it into 250
ml Round-bottom flask, then 60% ethanol extract was put
into the flask according to the solid - liquid ratio 1:12.
Next, the mixture was extracted for 2 h at 60°C and
filtered after that. The residues needed to be extracted for
another two times and filtered too, then all the filtrate we
obtained were mixed and concentrated. Finally dried via

vacuum drying and ready for use. The extract rate of
proanthocyanidins was 6.17% as determined by the
method mentioned in Reference (Feng and Chen, 2003).

EXPERIMENTAL ANIMALS AND GROUPING

Kunming mice (male), 4 weeks old, weighing 18 — 20 g and
provided by Hangzhou animal husbandry center. The mice were fed
with basal foods, the room temperature being 23 + 5°C, relative
humidity being 40 - 70% and lighting being along with natural
changes. After being adaptively fed for a week, 40 of the mice were
chosen randomly and divided into four groups: GSPE sport group
(GSG), GSPE quiet group (GQG),sport control group (SCG) and
quiet control group (QCG). Each group had 10 mice. GSPE groups
(GSG and GQG) were force-fed with GSPE by gastrogavage and
the dosage was 200 mg / kg-d, while the control groups (SCG,
QCG) were force-fed with distilled water of the same volume (0.02
ml / g-d), and all mice were fed continuously for 2 weeks. 30 min
after the last gavage, the quiet group (GQG, QCG) did no exercise,
while the exercise group (GSG, SCG) swam with free load for 120
min. The mice were dried after swimming. Then all the mice's eyes
were picked so as to obtain blood, and the needed materials were
obtained by dislocating the mice to death. The obtained blood was
placed in anticoagulant tube and centrifuged to obtain plasma; took
the liver and quadriceps were taken quickly and frozen them by
liquid nitrogen. All the materials were ready to be tested.

Statistical analysis

X*s
Data was expressed as . All data was statistically analyzed

on microcomputer by SPASS13.0 statistical package. Measurement
data was homogeneity of variance as determined by the
homogeneity of variance test, differences between the two groups
were determined by t test; multiple sets of data were analyzed by
single-factor analysis of variance (One-way ANOVA). P < 0.05 was
considered statistically significant.

RESULTS

Effects of GSPE in SOD, GSH-Px, MDA levels in the
mice's liver

The effects of GSPE in SOD, GSH-Px, MDA levels in the
mice's liver were shown in Table 1. The following results
can be seen from Table 1. In a quiet state, the SOD and
GSH-Px levels in livers in the mice which were forced-fed
GSPE increased, while the MDA level declined; as
compared with the quiet control group, the level of SOD
significantly increased (P < 0.05); the level of GSH-Px did
not change significantly (P > 0.05); and the level of MDA
decreased significantly (P < 0.05). After swimming with
free load for 120 min, the levels of SOD and GSH -Px in
the liver in control group decreased significantly (P <
0.05) as compared with the quiet control group, while the
MDA level significantly increased (P < 0.05) . After load -
free swimming, the SOD and GSH-Px levels in liver were
increased significantly (P < 0.05) as compared with the
sport control group, while the level of MDA decreased
significantly (P < 0.05). These results suggest that GSPE



Table 1. The effects of GSPE in SOD, GSH-Px and MDA level in the mice's liver X *s .

Group SOD (U/mg.pro) GSH-Px (U/mg.pro) MDA (nmol/mg.pro)
Quiet control group (QCG) 746.58 +41.31 76.47 +13.24 1.41+£0.38
GSPE quiet group (GQG) 816.41 + 34.27* 81.26 £ 10.46 1.23+£0.27*
Sport control group (SCG) 652.86 + 31.82* 65.79 + 12.93* 1.69 £ 0.34*
GSPE sport group (GSG) 706.53 + 23.45+" 70.42 + 11.58*" 1.48 £ 0.19*"

*P < 0.05 as compared with quiet control group

P <0.05 as compared with sport control group.

Table 2. The effects of GSPE in mice in the level of blood glucose and liver and muscle glycogenX s .

Group Blood glucose (mmol/L) Liver glycogen (mg/g) Muscle glycogen (mg/g)
Quiet control group (QCG) 5.26+0.23 7.23+0.37 3.21+0.15

GSPE quiet group (GQG) 5.19+0. 17 11.93+0.16 443+0.24

Sport control group (SCG) 3.52+0.13* 4.26 £ 0.28* 1.31+0.18*
GSPE sport group (GSG) 4.88+0.21%" 6.01 + 0.31*" 2.46 + 0.27+"

*P < 0.05 as compared with quiet control group; P < 0.05 as compared with sport control group._

Table 3 The effects of GSPE in the level of TC, TG and FFA in mice's plasma X s |

Group TC (mmol/L) TG (mmol/L) FFA (umol/l)
Quiet control group (QCG) 251+0.12 1.57 £0.15 125 +6.21
GSPE quiet group (GQG) 2.63+0.19 1.42 + 0.19* 114 + 6.67
Sport control group (SCG) 227+ 0.13: 1.37 £ 0.06* 189 + 4.25’;
GSPE sport group (GSG) 2.11 £ 0.08* 1.28 £ 0.25* 109 + 4.38*

*P < 0.05 as compared with quiet control group; P < 0.05 as compared with sport control group.

can enhance the activity of antioxidant enzymes in liver,
and inhibit the production of lipid peroxide.

Effects of GSPE in mice in the levels of blood
glucose and liver and muscle glycogen

The effects of GSPE in mice in the level of blood glucose

and liver and muscle glycogen were shown in Table 2. As
can be seen from Table 2, as compared with the quiet
control group, in a quiet state, the levels of liver and
muscle glycogen in the mice which were force-fed GSPE
significantly increased (P < 0.05), while the blood glucose
level had no significant change (P > 0.05). After
swimming with free load for 120 min, the blood glucose
and liver and muscle glycogen levels in mice in the
control group decreased significantly (P < 0.05) as
compared with the quiet control group. After the mice
being force-fed GSPE and driven to swim with free load,

the blood glucose and liver and muscle glycogen levels in
mice were significantly increased as compared with the
sport control group (P < 0.05). These results suggest that
exercise can decrease the level of blood glucose, liver
glycogen and muscle glycogen, meanwhile, GSPE has
functions such as keeping the stable level of blood
glucose, increasing the reserves of liver and muscle
glycogen, and preventing the level of blood glucose and
the liver and muscle glycogen from decreasing after long
time exercise.

Effects of GSPE in the level of TC, TG, FFA in mice's
plasma

The effects of GSPE in the level of TC, TG, FFA in mice's
plasma were shown in Table 3. As can be seen from
Table 3, in a quiet state, as compared with the quiet
control group, the TC and FFA levels in plasma in mice



which were force-fed GSPE had no significant change (P
> 0.05), while the TG level decreased significantly (P <
0.05). After free - load swimming for 120 min, the levels
of TC and TG in plasma in control group decreased
significantly as compared with the quiet control group (P
< 0.05), while the FFA level significantly increased (P <
0.05). After the mice being force-fed GSPE and driven to
swim with free load, the level of TC, TG and FFA in
plasma significantly decreased as compared with the
sport control group (P < 0.05).

These results suggest that GSPE has functions of
impacting fat metabolism in different conditions and
promoting the utilization of fat.

DISCUSSION

The process of free radicals' generation and removal
maintains homeostasis in normal physiological condi-
tions. When doing prolonged and strenuous exercise, the
body's ability of removing oxygen free radicals can not
balance the oxygen free radicals generated during the
exercise, and this will result in the imbalance between
antioxidant and oxidation, then the body cells is in a state
of oxidative stress (Martinez-Cayuela, 1995; Yu, 2003;
Reid, 2008). There is a linear relationship between the
increase of oxygen free radicals during exercise and the
reduction of exercise capacity, and the main performance
is that the oxygen free radicals results in the lipid
peroxidation in the biofilm in various organs of the body
(Coyle et al., 1997; Wan and Li, 2007). Malondialdehyde
(MDA) is a lipid peroxide which is produced when the free
radicals attack on the polyunsaturated fatty acids in
biofilm, it is a sensitive indicator which can be used to
measure the free radicals’ damage and the free radical
metabolism, and the damage situation as well as the
metabolism of free radicals can be reflected by deter-
mining the content of MDA. GSH-Px and SOD are key
enzymes in the body to eliminate free radicals. SOD can

change the highly toxic superoxide anions (O ») to O»

and H>O o, then HoO2 and O» react while the iron-
chelating compounds exist, and produce -OH which has
strong activity; meanwhile, GSH -Px can further catalyzed

the reduction of GSH and H>0», oxidize H202 to H>0O and
prevent the production of highly toxic OH. This study
shows that, after swimming for 120 min, the activity of the
antioxidant enzymes SOD and GSH-Px in liver signifi-
cantly decreased, while MDA content significantly
increased. It indicates that when doing vigorous exercise,
the activity of SOD and GSH-Px in the body's organiza-
tions significantly decreased, and oxygen free radicals
can not be clear away in time then the radicals will attack
the membrane and produce MDA. The results are same
as the existing conclusions (Xiong and Zhang, 2005; Bai
XX. 2006; Yang et al., 2007). On the other hand, GSPE
can improve the activity of antioxidant enzymes SOD and
GSH-Px in liver and decrease the content of MDA. It

indicates that the antioxidant function of GSPE maybe
work by increasing the activity of body's antioxidant
enzymes.

Glucose is the main energy material when body is
doing anaerobic exercise, it is also the only fuel cells in
the three nutrients that can synthesize ATP when doing
anaerobic exercise. Glucose oxidation is the major
energy source of body's high-intensity exercise (Wan and
Li, 2007). Even on the condition of prolonged and low
intensity exercise, glucose oxidation is also the first
energy to be used, fat and protein are used only when the
available sugar are used up (Coyle et al., 1997). During
long time and high-intensity exercise, the glycogen
reserves before exercise will impact the endurance
training and the competition of athletic ability directly. For
some sports which energy are supplied mainly by
glycolysis, enough muscle glycogen reserves before the
match are necessary, the reason is that too low muscle
glycogen reserves will inhibit lactate produc-tion and
reduce anaerobic metabolism. The importance of Liver
glycogen in the exercise capacity is reflected in the
endurance sports. Liver glycogen decomposes quickly
during exercise and release glucose into the blood, in
order to maintain the balance of blood glucose
(Quintanilha, 1984).

The body absorbs glucose from the blood and consume
muscle glycogen at the same time, and blood glucose
can be supplemented to maintain balance by the
decomposition of liver glycogen, when a large number of
muscle glycogen and liver glycogen is consumed, and the
content of blood glucose is dropped, the central nervous
system can not be supplied with enough energy, the
systemic fatigue and physical decline will occur (Zhao et
al., 2007 ). In addition, the depletion of glycogen reserves
can also lead to the shortage of oxaloacetate generation,
then the acetyl CoA produced by fatty acid oxidation can
not synthesize with oxaloacetate and produce the citric
acid, which will participate in the citric acid cycle
oxidation, then fatty acids are limited to supply energy by
oxidation in the mitochondria (Chen et al., 2002; Ma et
al., 2008).

Therefore, though the storage of fat in the human body
is rich, sufficient glycogen reserves are still needed. The
experimental results show that GSPE can significantly
enhance the liver and muscle glycogen contents in mice
in a quiet state, postpone the reduction of liver and
muscle glycogen reduced by long time exercise and
prevent the reduction of blood glucose after long time
exercise. This shows that GSPE has effects on
increasing the liver and muscle glycogen reserves,
reducing the consumption of sugar and keeping the level
of blood sugar stable. These effects of GSPE can
guarantee the energy supply in central nervous system,
sports organizations such as muscle and red blood cells,
delay the occurrence of fatigue, thereby improve the
exercise capacity. This may be one of the mechanisms of
its anti-fatigue effect.



Prolonged and endurance exercise can cause deple-tion
of glycogen reserves, accelerate the fat mobilization, then
increase the free fatty acids (FFA) released into the plasma.
If the generation rate of plasma free fatty acid in plasma is
more than the oxidation utilization, the plasma FFA will
significantly increase (Ma et al., 2008). The concentration of
plasma FFA, especially unsaturated fatty acids is too high

will inhibit the functions of Na'-ATP enzyme in muscle cell

membrane and Ca2+- ATP enzyme in sarcoplasmic
reticulum, then the capacity of these two kinds of enzymes
hydrolysis adenosine triphosphate (ATP) enzyme is
diminished, and this will impact the formation of muscle

membrane action potentials, as well as the absorption of

2+ . . .
Ca in sarcoplasmic reticulum, then the processes of

muscle contraction and relaxation are all affected, and this is
an important reason for the formation of exercise-induced
fatigue (Clausen, 2003; Qu, 2008). In addition, free fatty
acids in plasma can competing with tryptophan to combine
with albumin and increase the concentration of free
tryptophan in plasma,; tryptophan is the precursor of 5 - HT,
and the increase of 5 - HT can also result in the central
nervous system fatigue (Xu et al., 2008; Ma et al., 2008) .
The experimental results show that in a quiet state, after
force-feeding GSPE, the levels of TC and FFA in plasma in
mice have no significant changes as compared with the
quiet control group, while the TG level significantly
decreased, indicating that GSPE can affect the fat
metabolism in normal mice and lower blood lipids; this
effects of GSPE may enhance the body to oxidize and use
fat. After prolonged exercise, TC and TG in plasma in mice -
decreased significantly as compared with the quiet control
group, while the level of FFA significantly increased; the
following factors are related to the decrease of TG in
plasma: triglycerides are consumed in sports, endogenous
synthesis of trigly-cerides is reduced and the activity of lipid
protein lipase increased promotes the clearance of
triglycerides (Clausen, 2003). The level of FFA- increased
significantly because that the generation of free fatty acid in
plasma is more than the body's fat oxidation utilization. After
prolonged exercise and force-feeding GSPE, the
concentrations of TC and FFA in plasma were lower than the
sport control group, and TG also has the trend of reducing; it
indicates that GSPE has a strong ability of fat removal, and its
effects on FFA in plasma may be that it can increase the quantity of
mitochondria in muscle and improvethe mitochondrial's ability of
oxidizing and utilizing fatty acid, then it can speed up the
clearance of plasma FFA. Thus, GSPE can effect the fat
metabolism under different conditions and promote the fat
utilization. This may be another mechanism of its anti-fatigue
effect.

Conclusion

The results above show that GSPE can significantly
increase the activity of antioxidant enzymes in mice and
clear the free radicals in body, so it can protect the body

against free radical damage. At the same time, GSPE
can affect glucose metabolism in mice, increase the liver
and muscle glycogen reserves, reduce the consumption
of glucose and keep the level of blood glucose stable. In
addition, GSPE can affect the fat metabolism in mice and
promote the utilization of fat.
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