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Abstract

OBJECTIVE: To evaluate the potential beneficial ef-
fects of Inonotus obliquuspolysaccharides (IOP) on
the alleviation of physical fatigue in mice.

METHODS: Sixty-four male mice were randomly di-
vided into four groups (n = 16 per group). Mice
were orally administered IOP for a period of 14 days
at 0, 100, 200 and 300 mg/kg/d, and were assigned
to the control, IOP-100, IOP-200, and IOP-300
groups, respectively by the random number table
method. Mice in the control group received an oral
administration of sterile distilled water. A forced
swimming test was performed for 8 mice per group
at one hour after the last treatment. The other 8
mice in each group swam for 30 min. Blood, liver
and muscle samples were taken after resting for
30 min. Levels of blood urea nitrogen and lactate,
as well as glycogen contents of the liver and mus-
cle were measured. Morphology of liver was ob-
served by light microscopy.

RESULTS: IOP extended the swimming time of
mice, and increased the glycogen content of liver
and muscle, but decreased blood lactic acid and se-
rum urea nitrogen levels. IOP had no toxic effects
on major organs such as the liver as assessed by his-
topathological examinations.

CONCLUSION: IOP might be a potential anti-fa-
tigue pharmacological agent.

© 2015 JTCM. All rights reserved.
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INTRODUCTION

Fatigue is defined as physical and/or mental weariness
resulting in negative impacts on exercise intensity,
work performance, family life and social relationships.'
Physical fatigue is accompanied by a deterioration in
functional performance and exhaustive or intensive ex-
ercise can lead to the accumulation of excess reactive
free radicals that result in tissue damage. Many studies
have demonstrated that physical fatigue limits the abili-
ty to work and physical performance, and this has be-
come a common problem worldwide.”

The medicinal mushroom Inonotus obliquus (com-
monly known as Chaga) belongs to the family Hy-
menochaetaceae of Basidiomycetes.”* It grows on the
living trunks of mature birch trees and is mainly found
at latitudes of 45°N-50°N.” Traditionally, Chaga has
been used as a folk remedy for the treatment of gastro-
intestinal cancer, cardiovascular disease and diabetes in
Russia, Poland and most of the Baltic countries.” Stud-
ies showed that polysaccharides from Inonotus
obliquus possess a wide range of pharmacologic and
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health-promoting properties including immune en-
hancement,”” anti-oxidation,’ anti-diabetes,” and an-
ti-tumor.”" However, little is known about the anti-fa-
tigue effects of Chaga. In China, Japan, Korea, and oth-
er Asian countries, many edible and medicinal mush-
room-derived preparations are widely applied for physi-
cal fatigue for either preventive or curative purposes.' "
The current study evaluated the anti-fatigue effects of
Inonotus obliquus polysaccharides (IOP) in mice, us-
ing a forced swimming test and measuring changes of
biochemical parameters to provide scientific evidence
for the use of IOP for the prevention and treatment of
diseases related to fatigue.

MATERIALS and METHODS

Plant materials and preparation of IOP
Commercially available dried Inonotus obliquus sam-

Inonotus Obliquus powder (100 g)

ples were purchased from the Natural Product Trading
Company (Jilin, China) and identified by Professor
Zhao Fengqin, College of Medicine, Henan University.
Preparation of IOP is shown in Figure 1. HPLC analy-
sis indicated that Inonotus obliquus extracts contained
13.3% polysaccharide."

Animals

Sixty-four healthy Kunming male mice of SPF grade,
four-weeks-old, weighing (20 + 22) g, were supplied by
the Jilin University Laboratory Animal Center (Certifi-
cate of quality No. SCXK []J] 2008-0005) and fed in
the Laboratory Animal Center of Jilin Medical Col-
lege. The study was approved by the experimental ani-
mal ethics committee of Jilin University.

Modeling and grouping
Overall, 64 mice were randomly divided into 4 groups
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Figure 1 Fractionation scheme for polysaccharides from Inonotus obliquus

I0P: Inonotus obliquus polysaccharides.
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by the random number table method: a control group
and three treated groups receiving different doses of
[OP (IOP-100, IOP-200 and IOP-300), with 16 mice
per group. The treatment groups were orally adminis-
tered with 100, 200 or 300 mg/kg IOP per day by ga-
vage for a period of 14 days. The rationale for the selec-
tion of the doses was based on our previous experi-
ments and some early literature.” Mice in the control
group were administered a corresponding volume of
sterile distilled water.

Equipments and reagents

Mouse heated swimming pool equipment: 722 UV
Spectrophotometer was purchased from Shanghai Xin
Mao Instrument Co., Ltd. (Shanghai, China); Agl35
electronic balance was purchased from Shanghai Scien-
tific Instrument Co, Ltd. (Shanghai, China); BA300
Digital Biological Microscope Mike Audi was pur-
chased from China Industrial Group Co., Ltd. (Guang-
dong, China). Lactate assay kit, muscle glycogen and
liver glycogen assay kits and blood urea nitrogen
(BUN) test kit were purchased from Nanjing Ji-
ancheng Bioengineering Institute (Jiangsu, China).

Forced swimming test

Mice were administered with sterile distilled water, or
100, 200, or 300 mg/kg IOP of 0.4 mL volume once
per day for 14 continuous days, followed by an exhaus-
tive swimming test which began 1 h after the last ad-
ministration. The forced swimming test in mice was
measured in a swimming tank (90 cm x 45 cm x 45 cm)
filled with fresh water to a depth of 35 cm. Water tem-
perature was maintained at (24 + 1) “C. A loaded swim-
ming test was carried on 8 mice per group at 1 h after
the last administration. A lead block (5% of body
weight) was loaded on the tail root of the mice. The en-
durance of each mouse was recorded as the time from
the beginning to exhaustion, which was determined by
observing loss of coordinated movements and failure to
return to the surface within 10 s.” Swimming time was
recorded in minutes for each mouse.

Analysis of blood urea nitrogen and lactate

The other 8 mice in each group swam for 30 min and
blood samples were collected after resting for 30 min.
Blood samples were taken by capillary glass tubes from
the eye venous pool of mice to examine lactate and
BUN levels.

Analysis of tissue glycogen contents and histological
staining of tissues

After blood samples were taken, all mice were sacri-
ficed and then examined for glycogen levels in thegas-
trocnemius muscle and liver tissues to determine
whether IOP administration increased the content of
glycogen deposition. The contents of glycogen in the
liver and muscle were determined according to the rec-
ommended procedures provided by the commercial di-

agnostic kit. All mice were sacrificed and examined for
the morphology of liver at the end of experiment. Liv-
ers were cut transversely or longitudinally to obtain
ventricular sections or four-chamber cross-sections, re-
spectively. Tissues were then embedded in paraftin and
cut into 4-pm thick slices for morphological and patho-
logical evaluation. Tissue sections underwent hematox-
ylin and eosin (HE) staining and observation by light
microscopy.

Statistical analyses

All data were expressed as the mean + standard devia-
tion for eight mice per group. All statistical analyses
were performed using SPSS 13.0 statistical software
(SPSS Inc., Chicago, IL, USA). Statistical differences
among groups were analyzed by a one-way analysis of
variance. Values of P < 0.05 indicated statistical signifi-
cance.

RESULTS

Effect of IOP on the forced swimming capacity in
mice

Swimming-to-exhaustion is an experimental exercise
model to evaluate the anti-fatigue effect of medicines."
In this study, the forced swimming test was employed
to evaluate the effect of IOP on exercise tolerance of
mice. The swimming time to exhaustion was signifi-
cantly longer in the IOP-treated groups [IOP-100,
(154 + 18) min; IOP-200, (210 + 15) min; IOP-300,
(241 + 15) min] compared with the control group
[(115 £ 18) min, P < 0.05]. This indicated IOP signifi-
cantly elevated the exercise tolerance of mice and had
an anti-fatigue effect that was dose-dependent.

Effect of IOP onblood lactate and serum urea
nitrogen levels in mice

The swimming exercise is known to induce blood bio-
chemical changes. Fatigue is related to the accumula-
tion of metabolites such as lactic acid after high-intensi-
ty or prolonged exercise. Results of physical fatigue
tests showed that creatine phosphate and ATP are
mainly consumed in the first 10 s of exercise. Then gly-
colysis is the main energy source for intense exercise
over a short time. Blood lactate is the glycolysis prod-
uct of carbohydrate under an anaerobic condition.
Therefore,lactate is an important indicator to deter-
mine the degree of fatigue after exercise and the condi-
tion of recovery.” Blood lactate was significantly lower
in the IOP-treated groups [IOP-100, (3.72 + 0.18)
mmol/L; IOP-200, (3.48 + 0.17) mmol/L; IOP-300,
(3.47 + 0.17) mmol/L] compared with the control
group [(4.41 + 0.22) mmol/L, P < 0.05]. This indicat-
ed IOP delayed the increase of lactic acid in the blood
and postponed the appearance of physical fatigue.
During normal physiological activity, urea formation
and excretion are in equilibrium and the content of
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urea nitrogen is stable. Therefore, BUN, the metabolic
outcome of proteins and amino acids, is a sensitive in-
dex to evaluate the bearing ability during physical
load.” BUN levels were lower in the IOP-treated
groups [IOP-100, (6.57 + 0.31) mmol/L; IOP-200,
(5.84 + 0.48) mmol/L; IOP-300, (5.07 + 0.42) mmol/L]
compared with the control group [(7.39 + 0.25) mmol/
L].

Effect of IOP on liver and muscle glycogen level
Endurance capacity is markedly decreased when energy
is exhausted.” Improved glucose storage in the muscles
and liver is particularly important for endurance exer-
cise. Glycogen is synthesized from glucose during gly-
cogenesis and converted to glucose supply via glycoge-
nolysis, a reconversion process, to provide a rapid sup-
ply of extramuscular glucose.” Therefore, glycogen con-
tent is a sensitive parameter related to fatigue. Liver gly-
cogen contents were significantly higher in IOP-treat-
ed groups in the liver [IOP-100, (13.52 + 1.97) mg/g;
I0P-200, (17.19 + 2.31) mg/g; 10OP-300, (22.91 +
2.40) mg/g] and muscle [IOP-100, (1.70 + 1.16) mg/
g 10P-200, (1.95 = 0.12) mg/g; 1OP-300, (2.10 =
0.11) mg/g) compared with controls [liver: control
group (7.22 + 0.54) mg/g; muscle: (1.25 + 0.12) mg/g]
(all P < 0.05 between all IOP groups and controls in
liver and muscle). Furthermore, the IOP-induced in-
crease in glycogen levels in liver and muscle was
dose-dependent.

Effect of IOP on liver morphology

In the control group, the hepatic lobule was normal,
but some liver cells around the center vain were degen-
erated and the sinusoidal was narrow. In the IOP
groups, the structure of liver tissue was clear, and the
size of liver cells was uniform. Liver cells were arranged
radially around the central vein and no degeneration or
necrosis of liver cells was observed (Figure 2).

DISCUSSION
Physical fatigue is also called peripheral fatigue, which

derive from the action of muscles and may be accompa-
nied by a deterioration in functional performance.”
Overloading work or exhaustive exercise can lead to
the accumulation of excess reactive free radicals that re-
sult in tissue damage.” Exercise endurance is an impor-
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Figure 2 Effect of IOP on liver morr;hology (HE s-tair.wing, xZO)

tant variable in evaluating anti-fatigue treatment. In
this study, IOP increased the swimming time-to-ex-
haustion of test mice, which indicated that IOP signifi-
cantly elevated exercise tolerance in mice and had an
anti-fatigue effect that was dose-dependent.

The exhaustion theory suggests that energy source de-
pletion and excess metabolite accumulation lead to fa-
tigue.” Energy storage and supply is an important fac-
tor related to exercise performance.” Energy expendi-
ture during exercise leads to physical fatigue and is
mainly caused by rapid ATP consumption and energy
deficiency.” Glycogen is the predominant source of gly-
colysis for ATP production.” Therefore, glycogen stor-
age directly affects exercise ability.” In this study, the
liver and muscle glycogen content of mice in the IOP
experimental groups were significantly higher than
those in the control group. This indicated that IOP
might allow the slower utilization of glycogen, which is
important role in situations requiring extended periods
of prolonged exercise endurance. With a prolonged ex-
ercise time, energy substances including creatine phos-
phate, ATP and glycogen decrease gradually; therefore,
fat in the body starts to catabolize as fatty acids to pro-
vide energy. However, during exercise for a long time
(30 min or more), the energy generated by catabolism
of glucose and fat is no longer sufficient for the de-
mand. Thus, the catabolism of proteins and amino ac-
ids is enhanced to overcome the deficiency of energy
substances while exercising, which increases the BUN
content. The current study showed that BUN levels in
the IOP groups were decreased significantly compared
with the control group (P < 0.05), indicating that IOP
may delay the generation of fatigue by reducing the
production of serum urea nitrogen after exercise.

The muscle produces high levels of lactate when it ob-
tains sufficient energy from anaerobic glycolysis during
high-intensity exercise. The increased lactate levels fur-
ther reduce pH, which could induce various biochemi-
cal and physiological side effects, including glycolysis,
as well as phosphofructokinase and calcium ion release,
through muscular contraction.” Blood lactate is the
glycolysis product of carbohydrates under anaerobic
conditions and glycolysis is the main energy source for
short-term intensive exercise. Therefore, removing lac-
tate rapidly is beneficial to relieve fatigue.” In this
study, serum lactate levels in the experimental groups
were lower than in the control group after the adminis-
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A: control; B: low dose IOP (100 mg/kg); C: mid dose IOP (200 mg/kg); and D: high dose IOP (300 mg/kg) groups. Control group
was administered a corresponding volume of sterile distilled water. The treatment groups were orally administered with 100, 200
or 300 mg/kg IOP per day by gavage for a period of 14 days. IOP: inonotus obliquus polysaccharides. HE: hematoxylin and eosin.
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tration of IOP to mice for 14 days. Therefore, IOP en-
hanced lactate elimination.

In conclusion, our results indicated that IOP had a sig-
nificant role in alleviating fatigue and accelerating the

elimination of fatigue substances in mice. Further-
more, IOP had no toxic effects on major organs such

as the liver as assessed by histopathological examina-
tions. Therefore, IOP could be a potential anti-fatigue

agent. However, further study is needed to elucidate
the cellular and molecular mechanisms involved in the
anti-fatigue effects of IOP.
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