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a b s t r a c t

Ethnopharmacological relevance: American ginseng (Panax quinquefolium) is an obligate shade perennial
plant that belongs to Araliaceae ginseng species, and is native to eastern USA and Canada. Ginseng
proteins are reported to have several pharmaceutical properties. However, such properties of American
ginseng proteins (AGP) have seldom been reported. Also, anti-fatigue properties of AGP have not been
studied. Therefore, we examined the anti-fatigue effects of AGP in mice.
Materials and methods: The molecular weight and protein contents of AGP were determined by SDS-
PAGE, while the amino acid composition was analyzed by HPLC. The mice were divided into four groups.
The control group was administered distilled water by gavage every day for 28 days. The other groups,
designated as AGP treatment groups, were administered 125, 250 and 500 mg/kg of body weight,
respectively of AGP by gavage every day for 28 days. Anti-fatigue activity was estimated using forced
swimming test, and biochemical indices were determined using available kits.
Results: The subunit molecular weight of AGP ranged from 8–66 kD and the protein content measured by
Bradford assay was 1.86 mg/mL. The forced swimming time of low, intermediate and high groups were
found to be longer as compared to the control group. AGP significantly decreased blood lactate (BLA) and
serum urea nitrogen (SUN) levels, and increased hepatic glycogen (GLU) level. Additionally, AGP lowered
malondialdehyde (MDA) content and increased the levels of glutathione peroxidase (GPx) and super-
oxide dismutase (SOD).
Conclusion: AGP shows anti-fatigue activity in mice, as measured by the physiological indices for fatigue.

& 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

American ginseng is the root of Panax quinquefolium, which is
currently grown in Canada and eastern USA, similar to Panax
ginseng C.A. Meyer. It is an obligate shade perennial plant. Amer-
ican ginseng is a traditional valuable herb, which belongs to
Araliaceae ginseng species. It contains various active constituents
such as ginsenosides, polysaccharides, polyacetylenes, phenolic
compounds, peptides and essential oils (Lemmon et al., 2012; Yoo
et al., 2012; Trammell et al., 2012). Much attention has been given
to saponins present in ginseng and American ginseng. More than
20 saponins have been isolated from ginseng root (Liu, 2012).
However, few researchers have investigated the biological activ-
ities of other constituents. It has been reported that ginseng
proteins have various pharmaceutical activities, such as antiox-
idant, antifungal and antiviral (Wang and Ng, 2000; Ng and Wang,

2001; Lam and Ng, 2001; Yoon et al., 2002; Moon et al., 2010). In
China, ginseng has been traditionally used for developing physical
strength, especially in patients who suffered from severe fatigue
(Saito et al., 1974). Fatigue is defined as a feeling of extreme
physical or mental tiredness (Moriura et al., 1996; Kim et al., 2001).
It is a complex phenomenon, which may be present in many
illnesses. Fatigue is caused by the depletion of energy sources,
including decrease in glycemic levels and liver glycogen consump-
tion; accumulation of end products of fatigue, such as BLA;
disorder of internal environment; and metabolic control disorders
of nervous system, enzymes, and hormones, while performing
sports (Tan et al., 2012). Since it is difficult to improve the
available therapies for fatigue in modern medicine, potential
alternatives from traditional medicine and their respective
mechanisms of action are worth studying (Shimizu et al., 2010;
Huang et al., 2011). According to literature reports, ginseng
polysaccharides possess anti-fatigue activity. It was shown that
the acidic polysaccharide had higher potency to induce anti-
fatigue activity as compared to the neutral polysaccharide (Wang
et al., 2010). But the anti-fatigue effects of American ginseng
proteins have been less studied.
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In this study, we examined the anti-fatigue property of American
ginseng proteins (AGP) using forced swimming test in order to
understand the potential mechanism of Panax quinquefolium's
beneficial effects.

2. Materials and methods

2.1. Materials

2.1.1. Plant material and extraction
The roots of four-year old American ginseng (Panax quinquefo-

lium) were obtained from the farms of Wisconsin, USA. These roots
were homogenized with 0.05 M Tris–HCl buffer solution (pH 7.4)
at 4 1C for 12 h before centrifugation. Ammonium sulfate was
added to the supernatant to 80% saturation, while stirring con-
stantly. Dialysis was performed to remove the ammonium sulfate,
the precipitation was dissolved in water, applied to a hollow fiber
membrane and the concentrated solution was lyophilized. The
content of proteins in AGP determined by Bradford assay was 80%
(w/w). The yield of AGP was 3.5%.

2.1.2. Chemicals and reagents
Assay kits for determination of blood lactate (BLA), serum urea

nitrogen (SUN), hepatic glycogen (GLU), glutathione peroxidase
(GPx), malondialdehyde (MDA) and superoxide dismutase (SOD)
were purchased from Nanjing Jiancheng Biotechnology Institute
(Nanjing, China). All other reagents used in this study were of
analytical grade.

2.1.3. Experimental animals
Eighty Kunming mice (40 males and 40 females) weighing

2072 g were purchased from Pharmacology Experimental Cen-
ter of Jilin University, China. The mice were housed at room
temperature (2371 1C), with 12 h light and 12 h dark cycle
(lights were kept on from 6:00 am to 6:00 pm). Food and water
were available ad libitum. The mice were treated in compliance
with the current law and the Guiding Principles for the Care
and Use of Laboratory Animals approved by the Animal Ethics
Committee of China.

2.2. Methods

2.2.1. Determination of molecular weight and protein content of AGP
AGP from American ginseng root was subjected to sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
using 12% separating gel (Bradford, 1976). 50 mg of each AGP
sample was loaded in each lane. After electrophoresis, the bands
were visualized by Coomassie brilliant blue R-250 staining. Protein
content of AGP was determined by the Bradford method using BSA
as a standard.

2.2.2. Analysis of amino acid composition of AGP
AGP (50 mg) from American ginseng root was hydrolyzed

under vacuum in 6 mol/L HCl for 24 h at 11071 1C for general
amino acid analysis. For cysteine analysis, AGP was hydrolyzed in
6 mol/L HCl for 24 h at 11071 1C after peroxidation treatment
with formic acid:hydrogen peroxide (10:1). For tryptophan analy-
sis, AGP was hydrolyzed in 4 mol/L each of methanesulfonic acid
and NaOH. Amino acids converted to phenylisothiocyanate (PITC)
derivates were analyzed by high performance liquid chromato-
graphy (HPLC) (Agilent 1100 series; Agilent Technologies, USA)
with Wondasil-C18 (4.6�150 mm, 5 mm) (Pyo et al., 2011).

2.2.3. Experimental design
80 mice were randomly divided into four groups with 20 mice

in each group comprising of 10 males and 10 females. The first
group designated as control group (CG) was administered distilled
water at 10 mL/kg of body weight by gavage. In other groups,
American ginseng proteins (AGP) were administered to the mice
at 125, 250 and 500 mg/kg of body weight, respectively and the
three groups were accordingly designated as low-dose group
(AGP-LG), intermediate-dose group (AGP-MG) and high-dose
group (AGP-HG), respectively. Water/AGP was administrated orally
(at 8:00 am) for 28 days. The forced swimming test (FST) was
conducted on the last day and corresponding biochemical para-
meters such as blood lactate (BLA), serum urea nitrogen (SUN),
hepatic glycogen (GLU), glutathione peroxidase (GPx), malondial-
dehyde (MDA) and superoxide dismutase (SOD) were measured
using appropriate kits.

2.2.4. Forced swimming test
The forced swimming test was carried out as described pre-

viously with some modifications (Uthayathas et al., 2007; Nozawa
et al., 2009; Jin and Wei, 2011; Tan et al., 2012). After 28 days, 10
mice were taken from each group for the test. Briefly, 30 min after
the final treatment with AGP or distilled water, the mice were
placed individually in a swimming pool (50 cm�40 cm�40 cm),
filled with water to a depth of 30 cm and maintained at 2571 1C.
A lead sinker (10% of the body weight) was attached to the tail root
of each mouse. Exhaustion was classified as the inability of the
mice to rise to the surface within 10 s. The swimming time was
recorded immediately. The mice were then removed from the
pool, dried with a paper towel, and returned to their original
cages. The pool water was replaced after each session.

2.2.5. Analysis of biochemical parameters
After four weeks, GLU and blood biochemical parameters were

analyzed in the other 10 mice from each group. 30 min after the
last administration of AGP, the mice were forced to swim for
90 min without loads. After the mice rested for an hour, blood
was collected through their eyeballs and serum was prepared by
centrifugation at 4000 rpm at 4 1C for 15 min. Levels of BLA, SUN,
SOD, MDA and GPx were determined according to the recom-
mended procedures provided by the kits. The livers of the mice
were immediately collected and homogenized to 10% solution
with normal saline at 4 1C. GLU levels were determined using
commercially available kits.

2.2.6. Statistical analysis
The results were expressed as mean7standard deviation (SD).

Differences between groups were analyzed using analysis of
variance and student's t-test. Po0.05 was considered to be
statistically significant.

3. Results

3.1. Determination of molecular weight and protein content of AGP

We determined the molecular weight of AGP in SDS-PAGE and
found that the subunit molecular weight of AGP ranged from 8 kD
to 66 kD (Fig. 1). The protein content determined by Bradford
assay was 1.86 mg/mL.

3.2. Analysis of amino acid composition of AGP

Amino acid composition of AGP is summarized in Table 1. The
top three amino acids present in AGP were arginine, alanine and
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lysine. There were eight essential amino acids for human, the ratio
was 35.62%.

3.3. Effect of AGP on the forced swimming test performed on the mice

As shown in Fig. 2, the forced swimming time in low-dose
AGP group (AGP-LG) was longer as compared to the control
group (CG), and the difference was statistically significant
(Po0.05). The intermediate-dose group (AGP-MG) and the high-
dose group (AGP-HG) also demonstrated significant increase in
swimming time as compared to the CG (Po0.01). Fig. 2 shows
that the forced swimming time in the AGP-LG, AGP-MG, and
AGP-HG increased by 9.21%, 27.11% and 59.54%, respectively, as
compared to the CG.

3.4. Effects of AGP on blood lactate, serum urea nitrogen and hepatic
glycogen in mice

Fig. 3 shows that the levels of BLA in the AGP treatment groups
were lower (Po0.05 for AGP-LG, and Po0.01 for AGP-MG and
AGP-HG) as compared to the CG after the forced swimming test.
The decrease ratios were 8.02% (low), 9.98% (intermediate) and
15.39% (high), respectively.

As demonstrated in Fig. 3, SUN levels in AGP-HG were much
higher as compared to the CG (Po0.01). The SUN levels were also
higher in AGP-LG and AGP-MG as compared to the CG (Po0.05).
The levels of GLU in the low, intermediate and high groups were
12.4471.07, 13.9971.25, 15.1470.88 mg/g, respectively, as com-
pared to 9.9271.14 mg/g in the CG (Po0.01). So, the increase in
GLU may be one of the pathways contributing to the anti-fatigue
properties of AGP.

Table 1
Amino acid composition of AGP.

Amino acid Amino acid composition
of AGP (mg/g)

Asp 17.44
Glu 14.4
Ser 29.6
His 17.2
Gly 18.08
Cys 67.84
Thr 73.36
Arg 179.28
Ala 131.28
Pro 75.68
Tyr 16.8
Val 37.68
Met 8.8
Lle 57.52
Leu 5.36
Phe 35.12
Lys 76.08
Trp 2.51

Fig. 2. Effect of AGP on the forced swimming time in mice. nPo0.05 and
nnPo0.01 as compared to the CG.

Fig. 3. Effect of AGP on blood lactate (BLA), serum urea nitrogen (SUN) and hepatic
glycogen (GLU) in mice. nPo0.05 and nnPo0.01 as compared to the CG.

Table 2
Effect of AGP on GPx, SOD activities and MDA content in serum of mice.

Group Dose (mg/kg) GPx (U/L) SOD (U/mL) MDA (nmol/L)

CG 632.97718.63 75.7379.48 12.4171.12
AGP-LG 125 730.97713.15a 88.0476.99a 11.0571.16b

AGP-MG 250 792.75715.84a 98.9677.63a 10.2871.04a

AGP-HG 500 816.46714.68a 104.76711.04a 9.4370.64a

a Po0.01 compared with CG.
b Po0.05 compared with CG.

Fig. 1. Determination of molecular weight of AGP by SDS-PAGE. M represents
molecular markers. Coomassie brilliant blue staining was used to stain protein
moieties of AGP. The numbers represent standard proteins used: (1) rabbit
phosphorylase b (97 kDa), (2) bovine serum albumin (BSA) (66 kDa), (3) rabbit
actin (43 kDa), (4) bovine carbonic anhydrase (31 kDa), (5) trypsin inhibitor
(20 kDa), (6) hen egg white lysozyme (14 kDa).
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3.5. Effect of AGP on glutathione peroxidase, malondialdehyde and
superoxide dismutase in mice

As shown in Table 2, MDA in serum of mice treated with AGP
was significant lower as compared to the CG (Po0.05 for AGP-LG,
and Po0.01 for AGP-MG and AGP-HG). SOD and GPx in serum of
control mice were much lower as compared to the treated groups
(Po0.01).

4. Discussion and conclusion

Fatigue is one of the most frequent physiological reactions. It
often occurs in depression, aging, tumor, HIV infection, multiple
sclerosis and Parkinson's disease. It is possible to get tired when
the body is in an oxygen-deficient state after strenuous exercise.
The complex mechanism of fatigue has been described (Tan et al.,
2012). Natural products, which have no side effects, could possibly
delay fatigue.

The forced swimming test is one of the most valid models for
evaluating anti-fatigue properties in animals (Tang et al., 2008; You
et al., 2012). Our results revealed that AGP had notable effect on the
anti-fatigue properties of mice. Previous studies have demonstrated
that BLA is the product of glycolysis under anaerobic conditions, and
glycolysis is the primary energy source during high intensity physical
exercise. With the accumulation of BLA, the pH in muscle tissue and
blood reduces, which is harmful to some organs and also causes
fatigue (Cairns, 2006; Ma et al., 2008; Kim et al., 2012). Consequently,
BLA is determined as an important parameter for gauging the extent
of fatigue. Our study showed that AGP could prevent the accumula-
tion of BLA, and this possibly delays the onset of fatigue. SUN is
another blood biochemical index related to fatigue, which is formed
in the liver as the end product of protein metabolism. When the body
is unable to obtain sufficient energy from sugar and fat catabolism, it
utilizes proteins and amino acids that have a stronger catabolism
(Grassi and Passatore, 1991; Wang et al., 2008; Li et al., 2009). After
prolonged physical activity, the level of SUN will significantly
increase. Our study indicated that AGP could delay the production
of SUN after exercise. The usage of stored hepatic glycogen to
perform prolonged physical activity has been previously confirmed
(Jung et al., 2007). Hepatic glycogen consumption could be an
important element in the development of fatigue because with the
consumption of hepatic glycogen during the course of exercise, the
level of blood glucose needs to be maintained in the physiologic
range; otherwise the consequential hypoglycemia could harm ner-
vous function (Jung et al., 2004). With the exhaustion of energy
sources such as glucose and hepatic glycogen, fatigue will set in.

Intense exercise may cause an imbalance between the body's
oxidation and anti-oxidation systems, thereby producing more
reactive oxide species (ROS). ROS could attack polyunsaturated
fatty acids (PUFA), which will lead to lipid peroxidation. MDA is
one of the degradation products in the lipid peroxidation process
(Ding et al., 2011). Enzymatic antioxidant systems, such as GPx and
SOD, are important in scavenging free radicals and their metabo-
lites (Elias et al., 2008). Our results indicated that the anti-fatigue
effect of AGP probably occurs through protection of corpuscular
membrane by preventing lipid oxidation via modifying activities of
several enzymes. These results are in accordance with the findings
by Wang et al. (2010), which demonstrated similar effects of
ginseng polysaccharides on MDA and GPx levels.

Aromatic amino acid residues, such as phenylalanine and
tyrosine residues, are the main targets for oxidation. In biological
systems, methionine is an important free radical scavenger in
proteins. Methionine residues are very unstable during oxidation
and can obliterate radicals before they attack other amino acid
residues (Stadtman and Levine, 2003, Elias et al., 2008). Our

results showed that AGP could promote the activities of the
antioxidant enzymes, and has anti-fatigue effects.

In conclusion, this is the first study to examine the anti-fatigue
effects of AGP. AGP improved the swimming ability of mice by
retarding the accumulation of BLA and SUN, and enhancing GLU
levels. Additionally, AGP could improve the ability of antioxidant
enzymes to eliminate ROS, which could be a likely pathway for the
anti-fatigue activities of AGP. However, further study is required to
ascertain the nature of AGP, and to evaluate its anti-fatigue effects
at cellular and molecular levels.
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