Bangladesh Journal of Pharmacology

Research Article




This article was downloaded by you on: Dec 13, 2017

A Journal of the Bangladesh Pharmacological Society (BDPS) Bangladesh J Pharmacol 2012; 7: 217-221

Journal homepage: www.banglajol.info; www.bdjpharmacol.com
Abstracted/indexed in Academic Search Complete, Agroforestry Abstracts, Asia Journals Online, Bangladesh Journals Online, Biological Abstracts,
BIOSIS Previews, CAB Abstracts, Current Abstracts, Directory of Open Access Journals, EMBASE/Excerpta Medica, Google Scholar, HINARI (WHO),
International Pharmaceutical Abstracts, Open J-gate, Science Citation Index Expanded, SCOPUS and Social Sciences Citation Index

ISSN: 1991-0088

Effects of polysaccharides from Cordyceps sinensis mycelium on
physical fatigue in mice

Feng Yan!, Yan Zhang 2 and Beibei Wang?

’Depan‘ment of Physical Education, University of International Business and Economics, Beijing 10029, China;
2Harbin Institute of Physical Education, Harbin 150008, China.

Article Info Abstract

Received: 1 September 2012 | | This study was designed to determine the effects of polysaccharides from
Accepted: 12 September 2012 | | Cordyceps sinensis mycelium (CSP) on physical fatigue in mice. The mice were
Available Online: 6 October 2012

randomly divided into four groups (n = 16 in each group), i.e. control group,
low-dose CSP treated group, intermediate-dose CSP treated group and high-
dose CSP treated group. The mice in the treated groups received CSP (100,
200 and 400 mg/kg, ig), and the mice in the control group received drinking
water ig. After 28 days, a forced swimming test was performed and some
biochemical parameters related to fatigue were examined. The present data
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suggested that CSP could extend the exhaustive swimming time of mice, as
well as increase the hepatic glycogen and muscle glycogen levels, and
decrease the blood lactic acid and BUN levels. These results indicated that
CSP had anti-fatigue effects.

Introduction

Fatigue, the seventh most common symptom in
primary health care, is one of the least understood
conditions in medical science (Drel and Sybirna, 2006).
Fatigue is best defined as the difficulty in initiating or
sustaining voluntary activities (Ataka et al., 2009), and
it can be classified as physical or mental, depending on
its cause. Physical fatigue is caused by such things as
forced exercise or swimming, and mental fatigue is
caused by sleep, deprivation, etc. (Huang et al., 2011).
Physical fatigue is thought to be accompanied by
deterioration in performance (Evans and Lambert, 2007;
Jin et al., 2009). Recent researches show that physical
fatigue after exercise can be caused by various bio-
chemical mechanisms, such as the depletion of energy
stores, dysfunctions in cellular components that are
responsible for producing energy, and the production
of free radicals inside muscle cells (Ikeuchi et al., 2006;
Yu et al,, 2006; Xu and Wang, 2012). In the last few
decades, health scholars and athletic physiologist have
been looking for natural active products that not only

can improve athletic ability, postpone fatigue and
accelerate the elimination of fatigue in human beings,
but also have few side effects.

Cordyceps sinensis, so called “winter-worm and summer-
grass,” is an entomogenous fungus belonging to
Ascomycota, Sordariomycetes, Hypocreales, Clavicipitaceae
(Lindau) O.E. Erikss., Cordyceps (Fr.) Link ( Dong et al.,
2009). C. sinensis has long been used in Chinese
medicine to replenish the kidney and soothe the lung,
for the treatment of fatigue, night sweating, hyposexua-
lities, hyperglycemia, hyperlipidemia, asthenia after
severe illness, respiratory disease, renal dysfunction
and renal failure, arrhythmias and other heart diseases,
and liver disease ( Chen et al., 2004; Li et al., 2005).
Nowadays the medicinal value of C. sinensis has gained
worldwide attention and attracted great research effort
towards the scientific rediscovery of this herbal
medicine. Recent scientific studies shows that C. sinensis
contains crude protein, D-mannitol, cordycepin and
polysaccharides (Ji et al., 2009). The polysaccharides
from Cordyceps sinensis have been reported to exhibit a
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variety of biological activities, including anti-tumor,
antiinflammatory, anti-oxidant, hypoglycemic and
immunomodulatory properties (Li et al., 2005; Kuo et
al, 2007, Wang et al, 2009; Zhang et al, 2011).
However, there are few reports on its anti-fatigue
properties. Therefore, the present study was to investi-
gate the effects of polysaccharides from C. sinensis
mycelium (CSP) on physical fatigue using a forced
swimming test in mice and aimed to provide
experimental basis for further study of CSP.

Materials and Methods
Chemicals and reagents

The detection kits for blood lactic acid, blood urea
nitrogen (BUN), hepatic glycogen and muscle glycogen
were purchased from Nanjing Jiancheng Bioengineer-
ing Institute (Nanjing, China). All other chemicals and
reagents used were of analytical grade and MilliQ
grade water was used.

Preparation of polysaccharides from C. sinensis myce-
lium

The dried C. sinensis mycelium was purchased from
Tong-Ren-Tang Pharmaceutical Group (Beijing, China)
and authenticated by Yiyang Zhang, a biologist of Jilin
University  (Changchun, China). Preparation of
polysaccharides from C. sinensis mycelium (CSP) was
carried out according to previous report (Wu et al.,
2006). Dried C. sinensis mycelium were extracted with
ethanol (95 and 85%, respectively) to defat and decolo-
rize, and then extracted with aqueous 75% ethanol
overnight. After centrifugation (6700 rpm, 30 min), the
residue was dried naturally and then extracted with
0.05 M phosphate buffer (pH= 7.0) for 10 h at 80°C, the
process of extraction was repeated. After centrifugation
(6700 rpm, 30 min), the extracting liquids were
combined, removed solvents under reduced pressure
and dialyzed. The nondialyzable phase was diluted
with 95%ethanol, and the resulting precipitate was
collected by centrifugation, washed three times with
acetone, and dried. The yield of CSP was 3.7%.

Animals and grouping

Male Kunming mice (18 to 22 g) were purchased from
Vital River Lab Animal Technology Co., Ltd. (Beijing,
China) and they were maintained in polypropylene
cages at a temperature of 22 + 1°C and relative humi-
dity of 50 + 5% in clean environment under 12:12 hours
light-dark cycle. Standard pellets (purchased from
Xincaihong Feed Co., Ltd., Beijing, China) and water
was provided ad libitum. The experiments were carried
out according to the “Principles of Laboratory Animal
Care” (World Health Organization Chronicle, 1985).
After one week of acclimatization, the animals were
randomly divided into four groups (n = 16 in each

group), i.e. control (C) group, low-dose CSP treated
(LC) group, intermediate-dose CSP treated (IC) group
and high-dose CSP treated (HC) group. The mice in the
treated groups received CSP (100, 200 and 400 mg/kg,
ig), and the mice in the control group received drinking
water ig for 28 days.

Forced swimming test

The physical fatigue was induced by forcing animals to
swim until exhaustion. After 28 days, eight mice were
taken out from each group for the forced swimming
test. The procedure used was described previously
(Jung et al., 2004; Kamakura et al., 2005) with some
modifications. Briefly, 30 min after the last treatment,
the mice were placed individually in an acrylic plastic
tank (50 x 50 x 40 cm) with 30 cm depth of water
maintained at 25 + 1°C. A tin wire (7% of body weight)
was loaded on the tail root of each mouse. The mice
were assessed to be exhausted when they failed to rise
to the surface of water to breathe within a 10 s period,
and the swimming time was immediately recorded.

Determination of some biochemical parameters related
to fatigue

After 28 days, the other eight mice were taken out from
each group for analyses of some biochemical para-
meters related to fatigue. 30 min after the last treatment,
the mice were forced to swim for 90 min without a load,
and then the blood were collected through eyeball to
prepare the serum for use. Meanwhile, the liver and
gastrocnemius muscle were collected to be made into
10% homogenates with normal saline at 4°C as soon as
possible. The levels of blood lactic acid, blood urea
nitrogen (BUN), hepatic glycogen and muscle glycogen
were tested following the recommended procedures
provided by the kits.

Data analysis

The data were expressed as mean * SD. Statistical ana-
lysis was performed by one-way ANOVA followed by
least-significant difference (LSD). A difference was
considered significant when p<0.05.

Results and Discussion

The forced swimming test has been used to evaluate the
anti-fatigue effects of medicine, since this apparatus
work well for evaluating the endurance capacity of
mice and gives a high reproducibility. The length of the
exhaustive swimming time indicate the degree of
fatigue (Zhang et al., 2010; Yu et al., 2010). As shown in
Figure 1, The exhaustive swimming time of mice in the
LC, IC and HC groups was significantly prolonged
compared with that in the C group (p<0.05), which was
1.3, 1.8 and 1.9 times longer than that in the C group,
respectively. The results indicated that CSP had anti-
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Figure 1: The effect of CSP on the exhaustive swimming time of mice. Data are expressed as mean + S.D. ap<0.05 compared with

control group
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Figure 2: The effects of CSP on the blood lactic acid levels of mice. Data are expressed as mean = S.D. ap<0.05 compared with con-

trol group

fatigue effects and these effects were dose-dependent.

Blood lactic acid, blood urea nitrogen, hepatic glycogen
and muscle glycogen are some biochemical parameters
related to fatigue. Blood lactic acid 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 lactic acid is
closely related to workload intensity and is one of the
important indicators for judging the intensity of the
exercise or the degree of fatigue. In other words, blood
lactic acid represents the degree of fatigue after exercise
and the condition of recovery (Wang et al., 2006). As
shown in Figure 2, The blood lactic acid levels of mice
in the LC, IC and HC groups were significantly lower
compared with that in the C group (p<0.05). The results
indicated that CSP could effectively retard and lower
the blood lactic produced, postpone the appearance of
fatigue.

Blood urea nitrogen (BUN), the metabolic outcome of
protein and amino acid, is a sensitive index to evaluate
the bearing capability when body suffer from a physical

load (Tan et al., 2012). Protein and amino acids have a
stronger katabolic metabolism when body cannot
obtain enough energy by sugar and fat catabolic
metabolism. There is a positive correlation between the
urea nitrogen in vivo and the exercise tolerance (Zhang
et al., 2010). Therefore, BUN is another sensitive indica-
tor of fatigue status. As shown in Figure 3, The BUN
levels of mice in the IC and HC groups were signifi-
cantly lower compared with that in the C group
(p<0.05). Although the BUN levels of mice in the LC
group were also decreased, no significant difference
was observed (p>0.05). The results indicated that CSP
might reduce catabolic decomposition of protein for
energy, which was indicative of enhanced endurance.

Glycogen is the important resource of energy during
exercise, and the role of glycogen is to complement the
consumption of blood glucose and maintain the blood
glucose in the physiologic range (Ding et al., 2011).
Fatigue will happen when the glycogen is mostly
consumed. So glycogen is a sensitive indicator to test
fatigue and increasing the glycogen storage conduces to
enhancing the endurance capacity and locomotory
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Figure 3: The effects of CSP on the blood urea nitrogen levels of mice. Data are expressed as mean + S.D. 2p<0.05 compared with

control group

capacity (Tang et al., 2008). As shown in Table I, the
hepatic glycogen and muscle glycogen levels of mice in
the LC, IC and HC groups were significantly higher
compared with that in the C group (p<0.05). The results
indicated that the anti-fatigue effects of CSP might be
related to the improvement in the metabolic control of
exercise and the activation of energy metabolism.

Table I
The effects of CSP on the hepatic glycogen and
muscle glycogen levels of mice
Groups Hepatic glycogen ~ Muscle glycogen
(mg/g) (mg/g)
Control 65+1.0 1202
Low-dose CSP 114+£132 22+0.32
Intermediate- 147 £13a 2.6 £0.32
dose CSP
High-dose CSP 164+1.6a 2.8+ 042

Data are expressed as mean + SD. ap<0.05 compared with control (C)
group

The present data suggested that CSP could extend the
exhaustive swimming times of mice, as well as increase
the hepatic glycogen and muscle glycogen levels, and
decrease the blood lactic acid and BUN levels. These
results indicated that CSP had anti-fatigue effects.
However, further research needs to be carried out to
evaluate its anti-fatigue effects at cellular and molecular
levels.
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