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Editorial
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Age-related diseases such as type 2 diabetes, cardiovascular
disease, and cancer involve epigenetic modifications, where
accumulation of minute changes in the epigenome over
time leads to disease manifestation. Epigenetic changes are
influenced by life style and diets. This represents an avenue
whereby dietary components could accelerate or prevent age-
related diseases through their effects on epigenetic modifica-
tions. Therefore, new therapeutic approaches are needed to
treat them more efficiently.

The lack of effective and widely applicable pharmaco-
logical treatments for ischemic stroke patients may explain
a growing interest in traditional medicines. Some of basid-
iomycetous fungi produce substances with potential medical
effects and are called medicinal mushrooms. Fungi (yeasts,
molds, and mushrooms) have diverse morphological, phys-
iological, and ecological characteristics that support their
diverse lifestyles. These specific interspecies interactions
depend on the production of a wide range of bioactive sub-
stances. Higher fungi are well recognized for their medicinal
properties and have been used in traditional medicine for
millennia. The medicinal effects attributed to fungi, based
mainly on uncharacterized substances or extracts, include
antiviral, immunomodulatory, antitumor, antioxidant, rad-
ical scavenging, anti-inflammatory, antihyperlipidemic or
antihypercholesterolemic, hepatoprotective, and antidiabetic
effects.

Cordyceps sinensis (CS) has been used as a tonic for
longevity, endurance, and vitality for thousands of years by
the Chinese. Many studies have shown that CS regulates
insulin sensitivity and decreases plasma cholesterol levels.

W. Qi et al. investigated the protective effect of cordymin
on diabetic osteopenia in alloxan-induced diabetic rats and
the possible mechanisms involved. The diabetic rats received
daily intraperitoneal injection with cordymin (20, 50, and
100mg/kg/day) for 5 weeks. Cordymin could restore the
circulating blood glucose, glycosylated hemoglobin (HbA1c),
serum alkaline phosphatase (ALP), tartrate resistant acid
phosphatase (TRAP), and insulin levels in a dose-dependent
manner. Also, the treatment of diabetic rats with cordymin
could partially reverse the 𝛽 cells death and decrease the total
antioxidant status (TAOS) in the diabetic rats.The resultsmay
directly and indirectly account for the possible mechanism of
the beneficial effect of cordymin on diabetic osteopenia.

The basidiomycete Agaricus blazei Murill (AbM), popu-
larly known as “sunmushroom,” is native to Brazil andwidely
grown in Japan and China because of its medicinal proper-
ties. It is widely used for nonprescript, medicinal purposes,
both as an edible mushroom and in the form of extracts.
AbM has traditionally been used for the prevention of a
range of diseases, including cancer, hepatitis, atherosclerosis,
hypercholesterolemia, diabetes, and dermatitis. P. Wang et al.
investigated the anti-inflammatory activity of water-soluble
polysaccharide of Agaricus blazei Murill (WSP-AbM) on
ovariectomized osteopenic rats. The rats were administered
orally WSP-AbM (200mg/kg BW) for 8 weeks. Subsequent
serum maleic dialdehyde (MDA) level, total antioxidant sta-
tus (TAOS), nuclear factor kappa B (NF-𝜅B) level, polymor-
phonuclear (PMN) cells level, interleukin-1𝛽 (IL-1𝛽) level,
inducible nitric oxide synthase (iNOS) level, tumor necro-
sis factor-𝛼 (TNF-𝛼) level, adhesion molecule (ICAM-1),
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and cyclooxygenase-2 (COX-2) were determined by enzyme
linked immunosorbent assay (ELISA) and immunohisto-
chemistry, respectively. WSP-AbM administration markedly
decreased serum IL-1𝛽 and TNF-𝛼 levels and the expressions
of ICAM-1, COX-2, and iNOS NF-𝜅B compared with OVX
rats. WSP-AbM administration also markedly decreased
PMN infiltration. In conclusion, we observed thatWSP-AbM
supplementation had anti-inflammatory effects in a model
of osteoporosis disease. H. Wang et al. also review Agaricus
blazei Murill. They demonstrated ABM is useful against
a variety of diseases like cancer, tumor, chronic hepatitis,
diabetes, atherosclerosis, hypercholesterolemia, and so on.
W. Ji et al. examined the neuroprotective effect of Agaricus
brasiliensis (AbS) against STZ-induced diabetic neuropathic
pain in laboratory rats. After 6 weeks of treatments, all ani-
malswere sacrificed to study various biochemical parameters.
Treatment with AbS 80mg/kg in diabetic animals showed
significant increase in body weight, pain threshold, and
paw withdrawal threshold and significant decrease in serum
glucose, LPO and NO level, Na-K-ATPase level, and TNF-
𝛼 and IL-1𝛽 level as compared to vehicle treated diabetic
animals in dose and time-dependent manner. AbS can offer
pain relief in PDN.

Ganoderma lucidum is a popular medicinal mushroom
that has been used as a home remedy in traditional Chinese
medicine for the prevention or treatment of a variety of
diseases including cancer. Today, G. lucidum is recognized
as a dietary supplement recommended in many countries
as a cancer therapeutic. Another important property of this
edible mushroom is the ability to take up and accumulate
trace metals such as cadmium, lead, arsenic, copper, nickel,
silver, chromium, and mercury in the body or mycelium
of the mushroom. G. Min-chang et al. compared the effect
and toxicity of organic selenium (selenium-enriched protein
from Ganoderma lucidum) with inorganic selenium (IOSe)
in preventing asthma in ovalbumin-induced asthmatic mice.
The results showed that the serum Se levels in the mice fed
the Pro-Se were significant elevations. It results in restoration
of the level of endogenous antioxidant enzyme, lower levels of
TNF-𝛼 and IL-1𝛽, and activatedNF-𝜅B in the asthmaticmice.
Our experiments have demonstrated profound differences
between the activities of organic selenium and inorganic
selenium in experimental conditions. These data provide an
important proof of the concept that organic selenium might
be a new potential therapy for the management of childhood
asthma in humans.

By compiling these papers, we hope to enrich our readers
and researchers with respect to medicinal and edible fungi,
yet usually highly treatable fungi for age-related disease.

Da-wei Qin
Chunchao Han
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The purpose of this study was to compare the effect and toxicity of organic selenium (Pro-Se) with inorganic selenium (IOSe) in
preventing asthma in ovalbumin-induced asthmatic mice. After the mice were treated orally with Pro-Se and IOSe, respectively,
the plasma Se levels, Se accumulation in liver and kidney, tumor necrosis factor alpha (TNF-𝛼), interleukin 1 beta (IL-1𝛽), oxidative
stress, and NF-𝜅B activation in lung were examined. The results showed that the serumal Se levels in the mice fed the Pro-Se were
significant (𝑃 < 0.01) elevations. It results in restoration of the level of endogenous antioxidant enzyme, lower levels of TNF-𝛼 and
IL-1𝛽, and activated NF-𝜅B in the asthmatic mice. Our experiments have demonstrated profound differences between the activities
of organic selenium and inorganic selenium in experimental conditions.These data provide an important proof of the concept that
organic selenium might be a new potential therapy for the management of childhood asthma in humans.

1. Introduction

Asthma is a chronic disease associated with airway hyper-
responsiveness, airway obstruction, and airway remodelling
[1, 2]. The principal pathophysiology of asthma is chronic
inflammation of the lower respiratory tract [3]. Anti-
inflammatory agents such as inhaled steroids and leukotriene
receptor antagonists along with long acting bronchodila-
tors are the mainstay of asthma pharmacotherapy. How-
ever, potential long term side effects, prohibitive costs, and
suboptimal adherence to asthma medications are ongoing
challenges to optimal asthma control. Treatment options are,
therefore, quite limited for asthma and the need to search for
other therapies has been recognized by many experts in the
field [4, 5].

The trace element selenium (Se) is an essential nutrient
for all mammalian species and is of fundamental importance
for human biology. Deficient Se intake may dramatically
affect inflammation and immune responses. Also, the use of

Se supplementation to increase Se status to supraphysiolog-
ical levels may be exploited to modulate immune processes
that drive certain health disorders, such as the T helper 2
(Th2) responses that drive allergic asthma [6, 7]. Therefore,
Se intake has been hypothesized to play a role in the
development and/or severity of this complex disease, asthma.

However, Mahan and Kim [8] suggested that Se may not
be as biologically effective as the Se indigenous in grains,
which is primarily in the organic form of selenomethionine.
Mahan and Parrett [9] found that total Se excretion decreased
and tissue retention increased when an organic, rather than
an inorganic, source of Se was fed. Further, organic selenium
is reported to be better absorbed, has higher bioavailability,
and is less toxic than inorganic selenium [10–12]. In the
present study, we isolated selenium-contained protein (Pro-
Se) with different selenium content, indicated the organic
selenium, from the Ganoderma lucidum, and compared the
effect and toxicity of organic selenium in preventing asthma
with those of inorganic selenium (IOSe).
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2. Materials and Methods

2.1. Chemicals. Sodium selenite was purchased from Anhui
Star New Material Technology Co., Ltd., China.

2.2. Sodium Selenite Solution (IOSe). Sodium selenite was
dissolved in normal saline. An ampule was filled with 0.4mL
of IOSe with 0.104 𝜇g sodium selenite.

2.3. Selenium-Contained Protein (Pro-Se). Ganoderma lucid-
umwas cultured on themediumwhichwas composed of pep-
tone (10.0 g/L), beef extract (10.0 g/L), yeast extract (5.0 g/L),
K
2
HPO
4
(2.0 g/L), triammonium citrate (2.0 g/L), sodium

acetate (5.0 g/L), glucose, tween 80 (1.0mL/L), MgSO
4
7H
2
O

(0.58 g/L), MnSO
4
H
2
O (0.25 g/L), corn steep liquor (3.0 g/L),

and cysteine hydrochloride (0.3 g/L). After 6 h, sodium selen-
ite of different concentrations (0, 2.5, 5.0mg/mL) was added
to the medium. The Se-enriched Ganoderma lucidum were
marked with Se0, Se2.5, and Se5.0, respectively, accord-
ing to the sodium selenite concentration. The Se-enriched
Ganoderma lucidum was removed by centrifugation after
cultured with sodium selenite for another 12 h, and then it
was preserved in the dark at room temperature after freeze
drying (−50∘C, under vacuum).

The protein was isolated according to the method of
Kadrabova et al. [13]. 3.0 g of each kind of dry bacteria
samples (Se0, Se2.5, and Se5.0) was dissolved in cold sodium
hydroxide solution (0.25M); the bacteria samples were bro-
ken by ultrasonication and incubated at 50∘C in water bath
for 2 h. The supernatant was obtained by filtration and the
residue was repeated twice with 50mL of NaOH (0.25M).
Then, ammonium sulfate was added to the supernatant to
make 95% saturated solution which was followed by keeping
it overnight at 4∘C. Protein was precipitated using centrifuge
at 6000 rpm for 30min at 4∘C. The resulting precipitate was
then dissolved in 10.0mL of Tris-HCl (pH 8.0, 50mM).
This solution was passed through 0.22mm syringe filter and
dialysed against 1.0 L of Tris-HCl (pH 8.0, 50mM) using a
membrane with 3500 molecular weight cutoff at 4∘C three
times to remove ammonium sulfate. Each kind of protein was
markedwithPro-Se0, Pro-Se2.5, andPro-Se5.0.The selenium
content in each protein sample has been determined to be
0, 0.260, and 0.333mg/L, respectively, by hydride generation-
atomic absorption spectrometry.

2.4. Animals. Twenty-to-22-day-old female BALB/c mice,
weighing from 12 g to 15 g, were obtained from the Experi-
mental Animal Center of Zhejiang. Mice were housed with
free access to food and water in a room with an ambient
temperature of 22 ± 2∘C and a 12 : 12 h light/dark cycle. All
experiments were carried out in strict accordance with the
National Institutes of Health Guide for the Care and Use
of Laboratory Animals. The normal basal diet (NBD) for
the mice was also purchased from the Center of Laboratory
Animals, Zhejiang University.The NBD containing 0.05𝜇g/g
of Se in a pellet form was formulated to meet the nutrient
requirements for normal laboratory mice.

2.5. Induction of Model of Asthma. Mice were sensitized via
2 intraperitoneal injections of 10 𝜇g of ovalbumin (grade V,
≥98% pure, Sigma, St. Louis, MO, USA) with alum adjuvant
on days 0 and 14 of the experiment. Starting on day 21,
the mice, housed in whole-body exposure chambers, were
exposed to 1% aerosolized ovalbumin for 30min a day, 3 days
a week, for 9 weeks.The temperature was kept at 20∘C to 25∘C
and the relative humidity at 40% to 60%.

2.6. Experimental Design. Mice were randomly assigned to
six groups: control group with saline treatment, asthmatic
group with saline treatment, and asthmatic group treated
with 0.4mL Pro-Se0 (0𝜇g selenium), 0.4mL Pro-Se2.5
(0.104 𝜇g selenium), 0.4mL Pro-Se5.0 (0.1332 𝜇g selenium),
and 0.4mL of IOSe (0.104 𝜇g selenium). All animals surviv-
ing after 30 days were killed. The blood samples were drawn
fromorbital vein fromall the groups and serumwas separated
for biochemical estimations. Tissue samples of lung, liver, and
kidneywere dissected from the visceral tissues. After washing
with saline, the tissue samples were blotted dry and weighed.
All samples were stored at −80∘C for future analysis.

2.7. Serum Selenium Measurement. Plasma Se levels were
determined by means of an atomic absorption spectrometer
(AAS-3200, Shanghai, China). Plasma was diluted (1 : 3) with
0.05% Triton-X 100 and 0.05% antifoam B solution. NiNO

3

(0.2%w/w) was used as a modifier for Se measurement. All
determinations were run in duplicate, and individual values
were averaged. The highest standard addition concentration
was 100 𝜇g/L for Se determination. The autosampler system
was used in the automix mode and with sample intake
of the graphite tube of 1 𝜇L/s. The total volume inserted
in the tube was 20𝜇L (5 𝜇L of matrix modifier, 10 𝜇L of
sample, and 5 𝜇L of standard solution). Absorption readings
were measured as peak height. The variation coefficient for
replicate measurement was <3%. The lowest threshold was
10 𝜇g/L for Se detection.

2.8. Determination of Se Accumulation in Liver and Kid-
ney. Selenium concentrations were determined using atomic
absorption (AA). Weighed aliquots of frozen tissues were
digested in 3 stages: the first using 5mL mixed acids (4 : 1 of
nitric acid : perchloric acid), the second using a combination
of 2mLHNO

3
and 30%H

2
O
2
, and finally using 2mLHNO

3
.

All digestions were performed at 130∘C until the acid was
completely evaporated and the residue dried before the next
acid stage was started. After the third acid treatment, 1%
HNO

3
was added to the digests and heated at 80∘C for

1 h. After cooling, the sample volume was measured and
analyzed.

2.9. Estimation of Pro-Se on Oxidative Stress. Serum was
used for the assay of glutathione (GSH) content, Lipid
peroxidation (LPO), glutathione peroxidase (GPx) activity,
glutathione reductase (GR) activity, catalase (CAT) activity,
Na+K+ATPase activity, and glutathione S transferase (GST)
activity.
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Table 1: The effect of Pro-Se and IOSe on selenium levels in serum
(𝑛 = 10).

Different groups Selenium level (𝜇g/mL)
Asthmatic group with saline 0.48 ± 0.03

Asthmatic group with Pro-Se5.0 0.79 ± 0.09∗∗

Asthmatic group with Pro-Se2.5 0.61 ± 0.01∗

Asthmatic group with Pro-Se0 0.34 ± 0.06

Asthmatic group with IOSe 0.53 ± 0.06

Control group 0.72 ± 0.03
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01 versus saline-treated.

2.10. Measurement of Pro-Se on IL-1𝛽 and TNF-𝛼. The con-
centration of interleukin-1𝛽 (IL-1𝛽) and TNF-𝛼 in the plasma
was determined using a commercial ELISA kit (Shanghai
Jinma Biological Technology Inc., China) according to the
manufacturer’s instructions.

2.11. Measurement of Pro-Se on NF-𝜅B Activation in Lung.
For measurement of NF-𝜅B activation in the lung, nuclear
protein from lung samples was extracted using a commercial
kit (Shanghai Jinma Biological Technology, Inc., China).
Activation of NF-𝜅B in the lung was determined using
an ELISA kit (Shanghai Jinma Biological Technology, Inc.,
China), following the manufacture’s instruction. This kit
specifically detects the p50 member of NF-𝜅B.

2.12. Data Analysis. Group means were compared by
ANOVA with GraphPad Prism (GraphPad Software, Inc.).
Multiple comparison tests were performed with Tukey for
significant differences at 𝑃 < 0.05.

3. Results

3.1. The Effect of Pro-Se on Selenium Levels in Serum. As
shown in Table 1, Pro-Se significantly increased Se content
in mice serum. Compared to the control without diet sup-
plementation, serum Se levels were improved by 10.4% (𝑃 >
0.05), 27.1% (𝑃 < 0.05), and 64.6% (𝑃 < 0.01) with IOSe, Pro-
Se2.5, and Pro-Se5.0, respectively. Pro-Se was more favorable
to Se absorption and deposition in rats than IOSe, which
indicated that the Pro-Se in this study showed a higher
bioavailability in mice.

3.2. Se Accumulation in Liver and Kidney. The organ masses
of liver and kidney were significantly different between Pro-
Se and IOSe groups (𝑃 < 0.05). However, there was no
significant difference in organ masses of liver and Kidney
between the Pro-Se groups (𝑃 > 0.05). It is implied
that IOSe is toxic to animals, while Pro-Se is essentially
nontoxic (Table 2). The Se contents in animal tissues were
measured following the studies and the results are shown in
Figure 1. The Se content in tissues of Pro-Se2.5 group was
4.21 ppm and 5.56 ppm (liver and kidney) while IOSe groups
exhibited elevated levels of Se content, but not to a statistically
significant degree. It is implied that Pro-Se could reduce Se
accumulation in animal tissues to a certain extent.

Table 2: Effects of Pro-Se and IOSe on organ masses of mice (𝑛 =
10).

Mouse group Liver weights
(g)

Kidney
weights (g)

Control group 1.47 ± 0.05a 0.49 ± 0.04a

Asthmatic group with
saline 1.30 ± 0.07b 0.37 ± 0.03b

Asthmatic group with
IOSe 1.31 ± 0.06b 0.34 ± 0.03b

Asthmatic group with
Pro-Se0 1.48 ± 0.07a 0.48 ± 0.04a

Asthmatic group with
Pro-Se2.5 1.47 ± 0.03a 0.47 ± 0.02a

Asthmatic group with
Pro-Se5.0 1.45 ± 0.06a 0.49 ± 0.02a

The different letters in the same column indicate a statistical difference (𝑃 <
0.05).
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Figure 1: Se contents in animal tissues. The Se content in tissues
was not significantly different between Pro-Se and IOSe groups (𝑃 >
0.05).

3.3. The Effect of Pro-Se on Oxidative Stress. In this study,
a significant increase in the activity of LPO was observed
in asthmatic group, as compared to the control group
(𝑃 < 0.001), whereas Pro-Se2.5 and Pro-Se5.0 treatment
significantly (𝑃 < 0.05, 𝑃 < 0.01, resp.) resulted in
decreased LPO levels when compared with asthmatic group
(Table 3). Concentrations of GSH were lower in asthmatic
group than those in control group (Table 3). Pro-Se produced
the increase in the level of GSH. The activity of endogenous
antioxidant enzymes was decreased significantly (𝑃 < 0.01)
in the asthmatic group, as compared to the control group,
whereas in the Pro-Se2.5 and Pro-Se5.0 groups, Pro-Se
treatment showed a significant (𝑃 < 0.05–0.01) restoration
in the level of various enzymes as compared with asthmatic
group (Table 3). However, there was no significant difference
between the asthmatic group and the IOSe treated group
(Table 3).

3.4. The Effect of Pro-Se on Inflammatory Mediators.
Figure 2 shows that ovalbumin-induced asthma significantly
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Table 3: Effect of Pro-Se and IOSe on GSH and LPO levels and the activity of various enzymes.

Different groups GSH (nmol/mL) LPO (nmol/mL) GPx GR GST CAT Na+K+ATPase
Control group 1.830 ± 0.011∗ 14.33 ± 0.56∗∗∗ 16.00 ± 2.23∗∗ 36.56 ± 2.56∗∗ 17.44 ± 1.23∗∗ 7.22 ± 0.32∗∗ 4.56 ± 0.60∗

Asthmatic group with
saline 1.112 ± 0.011 20.01 ± 1.41 7.89 ± 0.33 21.11 ± 2.23 9.07 ± 1.11 4.66 ± 0.10 2.22 ± 0.20

Asthmatic group with
IOSe 1.401 ± 0.022∗ 19.82 ± 1.22 8.10 ± 0.32 24.31 ± 2.02 10.60 ± 0.66 4.88 ± 0.32 3.00 ± 0.31

Asthmatic group with
Pro-Se0 1.300 ± 0.011∗ 17.80 ± 1.11 6.12 ± 0.30 20.31 ± 2.00 9.60 ± 0.33 3.80 ± 0.25 2.00 ± 0.30

Asthmatic group with
Pro-Se2.5 1.500 ± 0.021∗ 17.23 ± 2.00∗ 13.23 ± 1.30∗ 27.50 ± 2.11∗∗ 15.50 ± 1.15∗ 5.45 ± 0.55∗ 4.32 ± 0.30∗

Asthmatic group with
Pro-Se5.0 1.500 ± 0.033∗ 14.33 ± 3.21∗ 14.11 ± 1.12∗∗ 30.21 ± 6.03∗∗ 17.66 ± 2.33∗∗ 6.66 ± 0.44∗ 4.11 ± 0.21∗

Values are shown as means ± SEM. ∗𝑃 < 0.05 versus asthmatic group, ∗∗𝑃 < 0.01 versus asthmatic group, and ∗∗∗𝑃 < 0.001 versus asthmatic group.
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Figure 2: Effect of Pro-Se and IOSe on IL-1𝛽 concentration. Values
are shown as means ± SEM. ∗𝑃 < 0.05 versus asthmatic group.

increased protein concentration of IL-1𝛽 in the blood. Pro-
Se2.5 and Pro-Se5.0 treatment decreased the level of IL-1𝛽
as compared to the asthmatic group, respectively (𝑃 < 0.01,
𝑃 < 0.05). As shown in Figure 3, the levels of TNF-𝛼 elevated
significantly after ovalbumin-induced asthma. Pro-Se5.0
suppressed this response (𝑃 < 0.05). However the same
result did not occur in the IOSe treated group.

3.5. The Effect of Pro-Se on Activation of NF-𝜅B. As shown in
Figure 4, asthma significantly induced activatedNF-𝜅B above
control levels, and as hypothesized, Pro-Se2.5 and Pro-Se5.0
significantly suppressed this response. However, the same
results did not occur in the Pro-Se0 treated group and IOSe
treated group.

4. Discussion

It has been reported that selenium supplementation might
be beneficial to patients with intrinsic asthma [13]. However,
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Figure 3: Effect of Pro-Se and IOSe onTNF-𝛼 concentration. Values
are shown as means ± SEM. ∗𝑃 < 0.05 versus asthmatic group.

the less absorbed and bioavailability limits its role as a
therapeutic agent for asthma [10–12]. In the present study, we
isolated Pro-Se from Ganoderma lucidum and compared the
difference of the antioxidant and anti-inflammatory activities
between organic selenium (Pro-Se) and inorganic selenium
(IOSe) in the model of asthma.

In this study, we have demonstrated a correlation between
Se and asthma. Asthma led to a decrease in serum Se level. In
our in vivo study, we have presented evidence for a significant
increase in serum Se level in Pro-Se treated asthmatic mice
while IOSe did not exhibit any such effects. It indicates Pro-
Se may improve the bioavailability of Se in mice. At the same
time, the Se content in tissues of Pro-Se2.5 group was lower
than those of IOSe groups. It is implied that Pro-Se could
reduce Se accumulation in animal tissues to a certain extent.

The lungs of asthmatic patients are exposed to oxida-
tive stress due to the generation of reactive oxygen as a
consequence of chronic airway inflammation. The avail-
able evidence tends to support the concept that the
oxidant/antioxidant equilibrium is disturbed in asthma [14,



Evidence-Based Complementary and Alternative Medicine 5

0

0.1

0.2

0.3

0.4

0.5

0.6

Ac
tiv

at
io

n 
of

 N
F-
𝜅

B
(o

pt
ic

al
 d

en
sit

y)

C
on

tro
l g

ro
up

Sa
lin

e g
ro

up
 

Pr
o-

Se
0 

gr
ou

p

Pr
o-

Se
2.

5 
gr

ou
p

Pr
o-

Se
5.

0 
gr

ou
p

IO
Se

 g
ro

up
 

∗
∗∗

Figure 4: Effect of Pro-Se and IOSe on activation of NF-𝜅B. Values
are shown as means ± SEM. ∗𝑃 < 0.05 versus asthmatic group.

15]. Therefore, the measurement of endogenous antioxidants
enzymes, that is, GPx, GR, CAT, and GST as well as
Na+K+ATPase, has been performed to estimate the amount of
oxidative stress. Se plays an important role in the antioxidant
defence system [16, 17]. In the present study, asthmatic mice
had lower levels of antioxidant enzymes such as GST, GPx,
CAT, GR, and catalase activities, whereas in the Se group,
Pro-Se treatment showed a significant restoration in the level
of various enzymes as compared with asthmatic group. The
same results did occur in the IOSe group. These findings
are consistent with the presented evidence for a significant
increase in serum Se level in Pro-Se treated asthmatic mice.

Adequate assessment of inflammatory cells, cytokines,
chemokines, and anti-inflammatory molecules is essential
for understanding, monitoring, and treating lung diseases.
Among these inflammatory mediators, IL-1𝛽 and TNF-𝛼 are
of particular importance because they play a major role in
coordinating mechanisms that command proinflammation.
The suppression of these proinflammatory mediators has
been found to reduce the severity of the inflammatory
reaction [18]. We found that Pro-Se significantly reduced the
levels of IL-1𝛽 and TNF-𝛼. However, the same result did not
occur in the IOSe treated group. These studies support our
hypothesis that Pro-Se may enhance Se anti-inflammatory
effects.

NF-𝜅B activation is correlated with significant increases
in IL-1𝛽 and TNF-𝛼mRNA levels [19].Therefore, we hypoth-
esized that Pro-Se may potentially show beneficial effects by
decreasing the expression of NF-𝜅B. As shown in Figure 4,
NF-𝜅B expression in the saline group was significantly higher
than that in the control group (𝑃 < 0.01), and Pro-Se
treatment significantly suppressed asthma-induced NF-𝜅B
expression.These results suggest that the inhibitory effects of
Pro-Se on expression of theNF-𝜅B p50 subunit are associated
with increase in serum Se level in Pro-Se treated asthmatic
mice.

In conclusion, this study clearly shows that organic sele-
nium (Pro-Se) is able to counteract the asthma in an exper-
imental model by using a variety of testing systems. Also,
our experiments have demonstrated profound differences
between the activities of organic selenium and inorganic

selenium in experimental conditions. These data provide an
important proof of the concept that organic selenium might
be a new potential therapy for the management of asthma in
humans.The potential application of organic selenium needs
to be further studied.
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Objective.The present investigation examined the neuroprotective effect ofAgaricus brasiliensis (AbS) against STZ-induced diabetic
neuropathic pain in laboratory rats. STZ-induced diabetic rats were administered orally with AbS. Body weight, serum glucose, and
behavioral parameters were measured before and at the end of the experiment to see the effect of AbS on these parameters. After 6
weeks of treatments, all animals were sacrificed to study various biochemical parameters. Treatment with AbS 80mg/kg in diabetic
animals showed significant increase in body weight, pain threshold, and paw withdrawal threshold and significant decrease in
serum glucose, LPO and NO level, Na-K-ATPase level, and TNF-𝛼 and IL-1𝛽 level as compared to vehicle treated diabetic animals
in dose and time dependent manner. AbS can offer pain relief in PDN. This may be of potential benefit in clinical practice for the
management of diabetic neuropathy.

1. Introduction

Diabetic neuropathy is the most common of secondary com-
plications associated with diabetes mellitus and is character-
ized by the slowing of nerve conduction velocity, elevated
pain, sensory loss, and nerve fiber degeneration. Diabetes
induced neuropathic pain is recognized as one of the most
difficult types of pain to treat with conventional analgesics.

Current treatment of peripheral diabetic neuropathy
(PDN) involves the use of tricyclic antidepressant, selec-
tive serotonin reuptake inhibitors [1], anticonvulsants, opi-
oids and antioxidant protein kinase C inhibitors, COX-2
inhibitors [2], nonsteroidal anti-inflammatory drugs as mild
analgesics, and so on. However, these therapies provide relief
only to a fraction of patients and their side effect profiles limit
their use [3, 4]. Thus, there is a need for new therapeutic
interventions targeting primary mechanisms resulting in
nerve damage in PDN. Recently, from the point of view of
“self-medication” or “preventive medicine,” several dietary

supplements are used in the prevention of lifestyle related
diseases including diabetes.

Mushrooms and primarily basidiomycetous fungi are
valuable foods that are low in calories and high in minerals,
essential amino acids, vitamins, and fibers [5]. Some of them
produce substances with potential medical effect and are
calledmedicinalmushrooms [6].The basidiomyceteAgaricus
brasiliensis (AbS) is native to Brazil and is widely grown
in Japan because of its medicinal properties. It is widely
used for nonprescript, medicinal purposes, both as an edible
mushroom and in the form of extracts. AbS has traditionally
been used for the prevention of a range of diseases, including
cancer, hepatitis, atherosclerosis, hypercholesterolemia, dia-
betes, and dermatitis [7–9].

However, the role of AbS in diabetic complications has
not been investigated. The aim of the present investigation
was to evaluate the neuroprotective effect of AbS against
STZ-induced diabetic neuropathic pain in laboratory rats by
assessing various behavioral and biochemical parameters.
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2. Material and Methods

2.1. Animals. Healthy male adult Wistar rats (2 months old
and weighing 225 ± 25 g) were used in the study. This study
was performed in accordance with the Guide for the Care
and Use of Laboratory Animals. Care was taken to minimize
discomfort, distress, and pain to the animals.

2.2. Chemicals. Streptozotocin was purchased from Sigma
(USA) and was dissolved in 0.1 N citrate buffers.

2.3. Fermented Mushroom of AbS Extract. The fermented
mushroom of AbS was produced by the way to produce
Coprinus comatus [10]. The aqueous extraction was per-
formed by adding 100mL boiling water to 10 g air-dried
mycelium. The infusion stood at room temperature for 30
minutes. After cooling and filtration, the extract was frozen
and concentrated by lyophilization for five days overnight, in
order to obtain the AbS (0.68 g).

2.4. Induction and Assessment of Diabetes in Rats. Exper-
imental diabetes was induced by a single intraperitoneal
(i.p.) injection of STZ (50mg kg−1) freshly dissolved in
citrate buffer pH. Serum glucose level was assessed by
using enzymatic glucose oxidase peroxidase commercially
available kit method, 72 h after STZ induction. Only rats
with blood glucose concentrationmore than 240mg/dL were
considered diabetic and used for the study. Body weight and
serum glucose were measured before and at the end of the
experiment to see the effect of pharmacological interventions
on these parameters. The body weights of the mice were
measured every two weeks.

2.5. Treatment Schedule and Experimental Protocol. Forty
hyperglycemic rats were selected and allocated equally into
4 groups. From then on, the 4 groups of hyperglycemic
rats were administered orally (gavage) with saline, AbS
(20mg/kg/d), AbS (40mg/kg/d), and AbS (80mg/kg/d),
respectively. AbS was dissolved in the same amount of saline.
The other 10 normal rats were administered orally with the
saline and used as the control group.

Body weight of all animals was recorded on the 0, 2nd,
4th, and 6th weeks of treatment. Blood of all animals was
collected through retro-orbital route initially and on the 6th
week of treatment to measure the serum glucose levels.

2.6. Behavioral Tests. Development of neuropathy was
assessed in control and diabetic animals from all groups
by evaluation of pain thresholds on the 0, 2nd, 4th, and
6th weeks of respective treatment by assessment of ther-
mal/mechanical hyperalgesia and thermal allodynia [11–13].

2.7. Biochemical Assessment. All animals were sacrificed at
the end of the study; that is, 6th week and sciatic nerves
were rapidly removed andweighed. Tissue homogenateswere
prepared with 0.1M Tris-HCl buffer (pH7.4) and supernatant
of homogenates was employed to estimate superoxide dismu-
tase (SOD) [14], lipid peroxidation (LPO) [15], nitric oxide
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Figure 1: Effect of AbS treatment on body weight. Results are
expressed as mean ± SEM (𝑛 = 6). The data was analysed using and
one-way analysis of variance (ANOVA) followed by Dunnett’s test.
∗𝑃 < 0.05 versus diabetic group.

(NO content) [16], and membrane bound inorganic phos-
phate (Na+K+ATPase) [17]. TNF-𝛼 and IL-1𝛽 concentrations
were quantified by ELISA (Neobioscience, China). According
to the manufacturer’s instructions, the absorbance (A) was
detected at 450 nm (A450). The content of each sample was
obtained according to the standard curve.

2.8. Acute Toxicity Study. The AbS was administered at a
dose of 2000mg/kg orally to ten healthy adult female Wistar
rats. Animals were observed individually for the first four
hours after dosing for the presence of any clinical signs, such
as changes in skin fur, lacrimation, salivation, piloerection,
diarrhea, and mortality. The gross behaviors were observed.
Surviving animals were observed for outcomes for a period of
24 hours. The animals were kept under supervision up to 14
days for any sign of toxicity or mortality (OECD Guideline,
2000).

2.9. Statistical Analysis. All data were analyzed by a one-
way analysis of variance, and the differences between means
were established by Duncan’s multiple-range test. The data
are shown as the mean ± SEM. The significant level of 5%
(𝑃 < 0.05) was used as the minimum acceptable probability
for the difference between the means.

3. Results

3.1. Effect of AbS on Body Weight and Blood Glucose Levels.
The STZ-treated animals had significantly reduced body
weight than the control rats. The average blood glucose
level of the STZ-treated animals was significantly higher
as compared to the control animals. Treatment with AbS
80mg/kg in diabetic animals showed significant increase in
body weight (Figure 1) and significant decrease in serum
glucose (Table 1) as compared to vehicle treated diabetic
animals in dose and time dependent manner.

3.2. Effect of AbS Treatment on Thermal Hyperalgesia. The
nociceptive threshold was significantly lower in diabetic rats
as comparedwith control animals tested in the tail immersion
(Figure 2). Treatment of diabetic rats with AbS 80mg/kg
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Table 1: Effect of AbS and other treatments on blood glucose levels in STZ-hyperglycemic rats.

Different groups Blood glucose (mg/dL)
STZ- and saline-treated 310.20 ± 2.111

STZ- and AbS 80-treated 140.56 ± 2.150∗∗

STZ- and AbS 40-treated 196.60 ± 3.226∗

STZ- and AbS 20-treated 238.93 ± 2.836

Control group 105.94 ± 1.223

Values are shown as means ± SEM. ∗P < 0.05 versus diabetic group, ∗∗P < 0.01 versus diabetic group.
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Figure 2: Effect of AbS treatment on tail withdrawal latency. Results
are expressed as Mean ± SEM (𝑛 = 6). The data was analysed using
and one-way analysis of variance (ANOVA) followed by Dunnett’s
test. ∗𝑃 < 0.05 versus diabetic group, ∗∗𝑃 < 0.01 versus diabetic
group.

induced a statistically significant increase in pain threshold
after four weeks of treatment, which was further increased
after six weeks of treatment in dose dependant manner. The
AbS 40mg/kg treatment showed significant increase in pain
threshold level as compared to diabetic control only after six
weeks of treatment.

3.3. Effect of AbS Treatment on Mechanical Hyperalgesia.
There was no significant change in the mean paw withdrawal
threshold of control rats during the time period of 6 weeks.
A significant decrease in (𝑃 < 0.05) mean paw withdrawal
threshold was produced in the diabetic rats (66.21 ± 6.40 g)
after 2 weeks of STZ injection as compared to control animals
(268.11 ± 14.90 g). In rats receiving the treatment of AbS
(40 and 80mg/kg), mean paw withdrawal threshold was
significantly and dose dependently increased (105.50 ± 11.00
and 146.23 ± 22.00 g resp.) compared to diabetic control rats
(Figure 3).

3.4. Effect of AbS Treatment on Thermal Allodynia. Marked
thermal allodynia was observed in the diabetic animals as
evidenced by a reduction in the pain thresholds compared
to control animals (Figure 4). Treatment of diabetic rats
with AbS induced a significant increase in pain threshold
compared to diabetic animals after six weeks of treatment in
dose dependant manner.
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Figure 3: Effect of AbS treatment on paw withdrawal threshold.
Results are expressed as mean ± SEM (𝑛 = 6). The data was
analysed using and one-way analysis of variance (ANOVA) followed
byDunnett’s test. ∗𝑃 < 0.05 versus diabetic group, ∗∗𝑃 < 0.01 versus
diabetic group.
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Figure 4: Effect of AbS treatment on paw withdrawal latency in
warm plate test. Results are expressed as mean ± SEM (𝑛 = 6). The
data was analysed using and one-way analysis of variance (ANOVA)
followed by Dunnett’s test. ∗𝑃 < 0.05 versus diabetic group, ∗∗𝑃 <
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3.5. Effect of AbS Treatment Lipid Peroxide Profile and
Nitrosative Stress. After 6 weeks of STZ injection, LPO and
NO level in diabetic rats was significantly increased as
compared to control rats. The LPO level in AbS 80-treated
rats was decreased (6.11 ± 0.40 nM/mg of protein, 𝑃 < 0.01)
significantly and dose dependently compared to diabetic
rats. At the same time, the NO level in AbS 80-treated rats
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Table 2: Effect of AbS and other treatments on LPO and NO level.

Different groups LPO (nM/mg of protein) NO (𝜇g/mL)
STZ- and saline-treated 12.29 ± 0.33 288.30 ± 6.25

STZ- and AbS 80-treated 6.11 ± 0.40∗∗ 169.10 ± 11.21∗

STZ- and AbS 40-treated 8.22 ± 0.32∗ 223.21 ± 22.71

STZ- and AbS 20-treated 10.00 ± 0.12 242.20 ± 18.70

Control group 2.20 ± 0.21 108.22 ± 8.13

Values are shown as means ± SEM. ∗P < 0.05 versus diabetic group, ∗∗P < 0.01 versus diabetic group.

Table 3: Effect of AbS and other treatments on SOD and Na+K+ATPase level.

Different groups SOD (U/mg of protein) Na+K+ATPase (𝜇mol/mg of protein)
STZ- and saline-treated 5.80 ± 0.66 2.29 ± 0.30

STZ- and AbS 80-treated 20.80 ± 0.63∗ 9.11 ± 0.40∗

STZ- and AbS 40-treated 11.60 ± 0.22 6.22 ± 0.32

STZ- and AbS 20-treated 8.93 ± 0.36 4.00 ± 0.10

Control group 29.66 ± 0.80 12.20 ± 1.20

Values are shown as means ± SEM. ∗P < 0.05 versus diabetic group.

was significantly and dose dependently decreased (169.10 ±
11.21 𝜇g/mL,𝑃 < 0.05) as compared to diabetic rats (Table 2).

3.6. Effect of AbS Treatment on Superoxide Dismutase Profile
and Membrane Bound Inorganic Phosphate. Intraperitoneal
administration of STZ resulted in significant decrease (𝑃 <
0.05) in SOD and Na-K-ATPase level in diabetic rats com-
pared to control rats. SOD level in AbS-80 treated rats
was increased (20.80 ± 0.63U/mg of protein, 𝑃 < 0.05)
significantly and dose dependently as compared to diabetic
rats. At the same time, the Na-K-ATPase level in AbS 80-
treated rats was significantly and dose dependently pendently
increased (9.11 ± 0.40 𝜇mol/mg of protein, 𝑃 < 0.05) as
compared to diabetic rats (Table 3).

3.7. Effect of AbS Treatment on TNF-𝛼 and IL-1𝛽 Level.
As shown in Table 4, the levels of TNF-𝛼 and IL-1𝛽 were
significantly increased after STZ injection. AbS 80 suppressed
STZ-induced TNF-𝛼 and IL-1𝛽 production (𝑃 < 0.05).
Moreover, the TNF-𝛼 and IL-1𝛽 level in AbS treated rats was
dose dependently decreased.

3.8. Toxicity Profile. All the animals did not show any sign of
toxicity or mortality in the first four hours after dosing and
thereafter up to the next 14 days.

4. Discussion

Diabetic neuropathy is characterized by clinical features
like allodynia and hyperalgesia due to elevated nociceptive
response. Similar symptoms are exhibited by STZ-induced
diabetic animals [18]. STZ is an antibiotic extracted from
Streptomyces acromogenes and is diabetogenic due to a
selective cytotoxic action upon pancreatic 𝛽 cell [19]. STZ
injected rats exhibit clinicopathological features including

biochemical, oxidative, and metabolic changes which also
presented in humans [20].

In the present investigation, loss in body weight was
halted in AbS treated animals when compared with STZ-
induced diabetic animals. It indicates that the improvement
on body weight may be attributed to the improvement on
metabolic dysfunction in diabetic rats. The hypoglycemic
effect of AbS was significant exhibiting observation similar
to that in earlier reports [21].

It has been reported earlier that STZ-induced diabetic
neuropathic pain is characterized by hyperalgesia and allody-
nia [22, 23] and was also found in the present study following
STZ injection. A decrease in pain threshold was observed in
STZ-diabetic rats using a mildly noxious stimulus such as
mechanical force. Moreover, there was also a similar increase
in thermal hyperalgesic activity in diabetic rats as compared
with normal rats when subjected to thermal stimuli. In the
present investigation, we found that administration of AbS
dose dependently reversed STZ-induced thermal hyperal-
gesia and mechanical allodynia. However, the mechanism
of antihyperalgesic and antiallodynic effect of AbS on STZ-
induced PDN needs to be further studied.

In diabetes, pain threshold of the neurons is reduced
due to oxidative stress generated by free radicals such as
super oxide dismutase, hydroxyl radical, and peroxynitrite
which impair blood supply to the neurons leading to impaired
neuronal function and hypoxia [24, 25]. These conditions
were investigated by assessing the biochemical markers like
SOD, LPO, Na-K-ATPase, and NO.

We observed a significant increase in LPO and reduction
in endogenous antioxidant enzymes like SOD and Na-K-
ATPase activity in sciatic nerves of diabetic rats. Treatment
withAbS for sixweeks restored abovementioned biochemical
parameters in diabetic rats in dose dependent manner.

Nitric oxide (NO) is an unconventional intracellular
messenger playing a vital role in various pathological and
physiological processes. A localized increase inNO level leads
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Table 4: Effect of AbS and other treatments on TNF-𝛼 level.

Different groups TNF-𝛼 (pg/mL) IL-1𝛽 (pg/mL)
STZ- and saline-treated 128.29 ± 10.33 130.29 ± 22.30

STZ- and AbS 80-treated 76.11 ± 10.40∗∗ 56.55 ± 9.22∗∗

STZ- and AbS 40-treated 108.22 ± 10.30∗ 94.11 ± 8.40∗

STZ- and AbS 20-treated 111.0 0 ± 10.10 116.10 ± 22.41∗∗

Control group 52.23 ± 4. 20 22.20 ± 2. 20

Values are shown as means ± SEM. ∗P < 0.05 versus diabetic group, ∗∗P < 0.01 versus diabetic group.

to the formation of peroxynitrite by reacting with superoxide
anions which causes rapid protein nitration or nitrosylation,
lipid peroxidation, DNA damage, and cell death and which
intern contribute to elevated pain [26]. NO, an indicator of
nitrosative stress, was measured and found to be increased in
the STZ-diabetic rats. We observed that AbS treatments dose
dependently attenuated nitrite level in STZ-diabetic rats that
exhibited thermal hyperanalgaesia andmechanical allodynia.

Evidence from both animalmodels and humans indicates
that systemic inflammation is involved in the pathophys-
iological processes of diabetes [27]. Moreover, TNF-𝛼 has
been reported to initiate the release of other inflammatory
cytokines including IL-1𝛽 and IL-2 that are responsible
for causing neuropathic pain [28, 29]. Uses of agents that
suppress cytokine elevation have been advocated to be used
to treat diabetic complication. The present investigation
demonstrates that AbS was able to dose dependently reduce
the population of cytokine. Therefore, AbS may exhibit its
neuroprotective effect by downregulation of cytokine includ-
ing TNF-𝛼 and IL-1𝛽, the important mediators of neuro-
pathic pain.

5. Conclusion

These results suggest that AbS attenuated STZ-induced neu-
ropathic pain behaviours by inhibiting oxidative, nitrosative
stress, cytokines activation, and hypoglycemic effect of Abs.
This may be of potential benefit in clinical practice for the
management of diabetic neuropathy.
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In the present study, we investigated the anti-inflammatory activity of water-soluble polysaccharide ofAgaricus blazeiMurill (WSP-
AbM) on ovariectomized osteopenic rats. The rats were administered orally WSP-AbM (200mg/kg BW) for 8 weeks. Subsequent
serum maleic dialdehyde (MDA) level, total antioxidant status (TAOS), nuclear factor kappa B (NF-𝜅B) level, polymorphonuclear
(PMN) cells level, interleukin-1𝛽 (IL-1𝛽) level, inducible nitric oxide synthase (iNOS) level, tumor necrosis factor-𝛼 (TNF-𝛼) level,
adhesion molecule (ICAM-1), and cyclooxygenase-2 (COX-2) were determined by enzyme linked immunosorbent assay (ELISA)
and immunohistochemistry, respectively. WSP-AbM administration markedly (𝑃 < 0.05) decreased serum IL-1𝛽 and TNF-𝛼 levels
and the expressions of ICAM-1, COX-2, and iNOS NF-𝜅B compared with OVX rats. WSP-AbM administration alsomarkedly (𝑃 <
0.05) decreased PMN infiltration. In conclusion, we observed that WSP-AbM supplementation had anti-inflammatory effects in a
model of osteoporosis disease.

1. Introduction

Several inflammatory diseases have been associated to bone
resorption. Chronic inflammatory diseases are associated
with a significant risk for secondary osteoporosis and frac-
tures [1, 2]. Current evidence suggests that the osteoporosis
developed during chronic inflammation may result from the
inhibition of bone formation and is associated with sys-
temic overproduction of proinflammatory mediators, such
as cytokines [3, 4]. Therefore, searching for effective drugs
which can control the inflammation of osteopenia is of great
significance for patients with osteopenia.

The basidiomycete Agaricus blazei Murill (AbM), popu-
larly known as “sunmushroom,” is native to Brazil andwidely
grown in Japan andChina because of itsmedicinal properties.
It is widely used for nonprescript, medicinal purposes, both
as an edible mushroom and in the form of extracts [5]. AbM
has traditionally been used for the prevention of a range of
diseases, including cancer, hepatitis, atherosclerosis, hyperc-
holesterolemia, diabetes, and dermatitis [6]. Considering all

the effects found for the immune stimulating activity ofWSP-
AbMand its relation tomany physiological processes, the aim
of this study was to evaluate the anti-inflammatory effect of
WSP-AbM in ovariectomized osteopenic rats.

2. Material and Methods

2.1. Preparation of the Water-Soluble Polysaccharide of Agari-
cus blazei Murill (WSP-AbM). The fermented mushroom of
AbS was produced by Coprinus comatus [7]. The aqueous
extraction was performed by adding 100mL boiling water to
10 g air-dried mycelium.The infusion stood at room temper-
ature for 30 minutes. After cooling and filtration, the extract
was concentrated to one-tenth of the volume and precipitated
with 4 vol of 95% ethanol at 4∘C for 24 h. The precipitate
collected by centrifugation was deproteinated by proteinase
digestion, followed by exhaustive dialysis with water for 48 h.
Then the concentrated dialyzate was precipitated with 4 vol of
95% EtOH at 4∘C for 24 h. The precipitate was washed with
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absolute ethanol, acetone, and ether, respectively, giving the
water-soluble polysaccharide ofAgaricus blazeiMurill (WSP-
AbM).

2.2. Experimental Design. Thirty female Wistar rats (2
months old and weighing 225 ± 25 g) were used in the study.
Good laboratorial animal practice was performed according
to the International Standards for Animal Experimentation.
The rats were randomly divided into three groups of animals,
two ovariectomized (OVX) and another group which was
given a sham operation (control) [8]. Then groups 1 (𝑛 =
10, sham) and 2 (𝑛 = 10, OVX) were administered orally
vehicle (PBS), and group 3 (𝑛 = 10) was administered orally
WSP-AbM (WSP-AbM at 200mg/kg/day) for 8 weeks. At
sacrifice, the serum was obtained by centrifugation using a
serum separator tube and then stored immediately at −20∘C
to estimate inflammatory cells and inflammatory mediators.

2.3. Estimation of Maleic Dialdehyde (MDA). MDA was
determined with thiobarbituric acid (TBA) using the man-
ufacturer’s instructions (Nanjing Jiancheng Bioengineering
Institute). Total protein content of the samples was analyzed
using coomassie blue assay (Nanjing Jiancheng Bioengineer-
ing Institute).

2.4. Estimation of Serum IL-1𝛽 and TNF-𝛼 Level. Serum
samples were disintegrated in 5 volumes of ice-cold RIPA
buffer. After incubation on ice for 30 minutes, samples were
centrifuged twice at 20,000Xg for 15 minutes at 4∘C. The
resulting supernatants were used for assay.The concentration
of IL-1𝛽 and TNF-𝛼 was determined using a commercial
ELISA kit (Shanghai Jinma Biological Technology, Inc.,
China) following the manufacture’s instruction.

2.5. Estimation of Serum COX-2, iNOS, and ICAM-1 Levels.
The procedures were processed according to the protocols
recommended for COX-2, iNOS, and ICAM-1 immunohis-
tochemistry kits (Hengdabaisheng Biotechnology, Beijing,
China).

2.6. Quantification of NF-𝜅B Activity. Activated NF-𝜅B was
quantified via ELISA technique using the PathScan Phospho-
NF-𝜅B p65 (Ser536) Sandwich ELISA Antibody Pair (Shang-
hai Yubo Biological Technology, Inc., China), following the
manufacture’s instruction.

2.7. Measurement of Total Antioxidant Status. The total
antioxidant status (TAOS) of serum was determined as
previously described by Laight et al. [9]. The increase of
absorbance at 405 nm was measured by a microplate reader
(Shanghai Xunda Medical Technology, Inc., China).

2.8. Statistical Analysis. All data were analyzed by a one-
way analysis of variance, and the differences between means
were established by Duncan’s multiple-range test. The data
are shown as the means ± SEM. The significant level of 5%
(𝑃 < 0.05) was used as the minimum acceptable probability
for the difference between the means.
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Figure 1: Effect of WSP-AbM on MDA level. Values are shown as
means ± SEM. ∗𝑃 < 0.05 versus OVX group and ∗∗𝑃 < 0.01 versus
OVX group.
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Figure 2: Effect of WSP-AbM on hepatic TNF-𝛼 and IL-1𝛽 levels.
Values are shown as means ± SEM. ∗𝑃 < 0.05 versus OVX group
and ∗∗𝑃 < 0.01 versus OVX group.

3. Results

3.1. The Effect of WSP-AbM on MDA. In order to evaluate
the effect of WSP-AbM on serum lipid peroxidation, we
determined the MDA levels. The serum from sham-operated
controls contained low MDA level. MDA levels in ovariec-
tomized group were significantly higher than those in control
group (𝑃 < 0.01). Rats treated with WSP-AbM significantly
(𝑃 < 0.05) decreased ethanol-induced MDA elevation in
serum (Figure 1).

3.2. The Effect of WSP-AbM on TNF-𝛼 and IL-1𝛽. The
overexpression of TNF-𝛼 and IL-1𝛽 induced by OVX was
evaluated at protein levels by ELISA. Figure 2 shows that
OVX significantly increased protein concentration of IL-1𝛽
in the serum. WSP-AbM treatment decreased the level of IL-
1𝛽 by 27.3% as compared to the OVX group (𝑃 < 0.05). As
shown in Figure 2, the levels of TNF-𝛼 elevated significantly
after OVX-induced osteoporosis. WSP-AbM suppressed this
response (𝑃 < 0.05).

3.3. The Effect of WSP-AbM on COX-2, iNOS, and ICAM-1
Levels. Rats subjected to OVX-induced osteoporosis showed
typical markers of inflammation upregulation of adhesion
molecule and induction of prooxidative enzymes (COX-2
and iNOS). The protein expressions of COX-2 in OVX
group significantly increased compared with those of the
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Table 1: Effect of WSP-AbM on ICAM-1, iNOS, and COX-2 protein production (number of immunopositive/mm2).

Different groups COX-2 iNOS ICAM-1
Sham group 11.00 ± 6.06∗∗ 11.40 ± 4.22∗∗ 21.23 ± 7.23∗∗

OVX group 70.11 ± 8.22 70.28 ± 9.22 121.12 ± 35.35
WSP-AbM group 42.11 ± 4.55∗∗ 35.20 ± 5.00∗ 99.40 ± 21.20∗

Values are shown as means ± SEM. ∗𝑃 < 0.05 versus OVX group and ∗∗𝑃 < 0.01 versus OVX group.

Table 2: Effect of WSP-AbM on TAOS activity (𝜇M L-ascorbate).

Different groups TAOS activity (𝜇M L-ascorbate)
Sham group 28.41 ± 3.17∗∗

OVX group 80.33 ± 9.32
WSP-AbM group 56.35 ± 4.33∗∗

Values are shown as means ± SEM. ∗∗𝑃 < 0.01 versus OVX group.

sham group. The protein expressions of COX-2 decreased in
WSP-AbM-treated groups (Table 1). In this study, WSP-AbM
suppressed OVX-induced iNOS expression.

The protein expressions of ICAM-1 in the OVX group
significantly increased compared with those of the sham
group. WSP-AbM treatment decreased the level of ICAM-1
as compared to the OVX group (𝑃 < 0.05) (Table 1).

We hypothesized that WSP-AbM could potentially pro-
duce the above beneficial effects through the decreased
expression of NF-𝜅B. As shown in Figure 3, OVX signif-
icantly induced the activated NF-𝜅B above control levels,
and as hypothesized, WSP-AbM significantly suppressed
this response. It is consistent with the results presented in
Figure 2.

3.4. Effects of WSP-AbM on Total Antioxidant Status (TAOS).
The results of serum TAOS are shown in Table 2. TAOS
in the OVX-treated group were significantly (𝑃 < 0.01)
higher than those in the sham group. Those in the WSP-
AbM-treated groups were significantly lower than those in
the OVX-treated group (𝑃 < 0.01).

4. Discussion

Osteoporosis is a generalizedmetabolic disease characterized
by progressive loss of elements of bone tissue, leading to
bone fragility and increasing the risk of fracture [10, 11].
Current drugs used for the treatment of osteoporosis may
exert adverse side effects as jaw osteonecrosis or upper
gastrointestinal diseases for bisphosphonates [12]. Therefore,
naturally occurring bioactive dietary compounds endowed
with positive effects on bone health represent an attractive
alternative for managing osteoporosis. In the current experi-
ments, we usedWSP-AbM in an in vivo animalmodel ofOVX
osteopenic rats. Our results showed that supplementation of
WSP-AbM attenuated inflammatory response in OVX rats.

MDA is a major reactive aldehyde that appears during
the final stages of lipid peroxidation of biological membrane
polyunsaturated fatty acid [13]. MDA activity is commonly
used as an indicator of tissue damage involving a series

0
0.5

1
1.5

2
2.5

3

Sham group OVX group WSP-AbM group

∗∗

∗

N
F--
𝜅

B 
ac

tiv
ity

(p
ho

sp
ho

-p
6
5

)

Figure 3: Effect of WSP-AbM on NF-𝜅B activity. Values are shown
as means ± SEM. ∗𝑃 < 0.05 versus OVX group and ∗∗𝑃 < 0.01
versus OVX group (control group is set to 1).

of chain reactions [14]. Accordingly, we sought to deter-
mine whether WSP-AbM would provide antioxidation by
measuring the MDA level. The serum from sham-control
animals contained low MDA level. MDA levels in OVX
group were significantly higher than those in sham group l
(𝑃 < 0.01). MDA level in WSP-AbM group was significantly
lower than that in OVX group (𝑃 < 0.05) (Figure 1).
Induction of oxidative stress was identified as key element
in the pathophysiology of osteoporosis [15]. These results
indicated that the free radicals being released in the serum
were effectively scavenged by WSP-AbM, which may also
account for its anti-inflammatory properties.

Activation of the inflammatory cascade was identified as
another key element in the pathophysiology of osteoporosis
[15]. Abnormal metabolism of cytokine is a major feature
of osteoporosis. The expressions of TNF-𝛼 and IL-1𝛽 were
found to be enhanced in both animalmodel and patients with
osteoporosis [16]. In this study, WSP-AbM treatment signifi-
cantly attenuated OVX-induced TNF-𝛼 and IL-1𝛽 expression
at protein level. Thus, we hypothesized that the protective
effect of WSP-AbM on OVX-induced osteoporosis was at
least in part mediated by its anti-inflammation.

NO produced by inducible NOS (iNOS) plays crucial
role in the development of inflammatory osteoporosis [17,
18]. And the iNOS is induced by cytokines such as IFN-c
and TNF-𝛼 [19–21]. Therefore, we wondered whether WSP-
AbM, which inhibits cytokines expression, had any positive
therapeutic effects on iNOS. The results showed that WSP-
AbM treatment inhibited the development of inflammation
and suppressed cytokines-induced iNOS expression.

NO also activates COX enzymes leading to a marked
increase in PGE2 production [22]. COX-2 is primarily
responsible for the increased PGE2 production during
inflammation, and PGE2 is generally considered to be
a proinflammatory agent [23, 24]. As shown in Table 2,
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WSP-AbM treatment significantly decreased the expression
of COX-2 protein in OVX rats.

The active mode of WSP-AbM in the prevention of
OVX-induced osteoporosis also involves inhibiting ICAM-1
expression. Cell adhesion molecule ICAM-1 is inducible by
both NF-𝜅B activation and inflammatory cytokines such
as TNF-𝛼 and IL-1𝛽 [25, 26]. Expression of ICAM-1 on
hepatocytes correlates with the degree of osteoporosis [27].
In theOVX-induced osteoporosismodel, we detected overex-
pression of ICAM-1, which was decreased in the WSP-AbM-
treated group. This indicated that WSP-AbM could suppress
lymphocyte adhesion to the endothelium and inhibition
of the migration of lymphocytes from blood vessels and
penetration of the subendothelium.

Many reports showed that OVX-induced reactive oxygen
species can activate redox-sensitive nuclear factor NF-𝜅B
[28].NF-𝜅Bactivation triggers the induction of inflammatory
genes and plays an important role in initiation and pro-
gression of OVX disease [29]. As hypothesized, WSP-AbM
significantly suppressed this response. It was in line with the
previous study [28, 29].

The total antioxidant status (TAOS) is an indication of
O
2

− and other oxidant species. We measured TAOS activity
as an indirect indication of the formation of O

2

− and other
oxidant species. O

2

− is produced by polymorphonuclear
leukocytes and macrophages from the enzyme activity of
NADPH oxidase and xanthine oxidase at inflammatory sites.
TheWSP-AbMgroups had the lowest level of TAOS activity in
comparison to the OVX group. We hypothesized that WSP-
AbM produces anti-inflammatory effect through decreasing
the levels of TAOS activities.

In conclusion, the present data indicate that WSP-AbM
supplementation could restrain the inflammation caused by
OVX. Activation of NF-𝜅B plays an important role in the
pathogenesis of osteoporosis by the upregulation of TNF-𝛼,
IL-1𝛽, ICAM-1, iNOS, and COX-2 expressions. WSP-AbM
reduced TNF-𝛼, IL-1𝛽, ICAM-1, iNOS, and COX-2 expres-
sions and osteoporosis by the inhibition of NF-𝜅B activation.
Hence, the present results suggests for the first time, the anti-
inflammatory effects ofWSP-AbM in amodel of osteoporosis
disease.
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Agaricus blazei Murrill (ABM), a mushroom native to Brazil, is a basidiomycete brown fungus, which is popularly known as
“Cogumelo do Sol” in Brazil or “Himematsutake” in Japan, and there has been a prominent increase in the use of ABM for therapeutic
and medicinal purposes. ABM is useful against a variety of diseases like cancer, tumor, chronic hepatitis, diabetes, atherosclerosis,
hypercholesterolemia, and so on. In this review, we demonstrated various pharmacological effects of ABM, so that we can use
different effects of ABM against different diseases and provide reference for the study of ABM in the future.

1. Introduction

Mushrooms have been used in humans’ food since ancient
times, which are low in calories and high in minerals,
vitamins, fibers, and essential amino acids. In recent years,
there has been a significant increase in the consumption of
mushroom due to an increasing number of studies identify-
ing the therapeutic properties of the substances isolated from
various species of these fungi [1].

Agaricus blazeiMurrill (orA. brasiliensis), amushroomof
Brazilian origin, is widely used for nonprescript, medicinal
purposes, both as an edible mushroom and in the form of
extracts, which has been used as a health care product for
the prevention of a wide range of illnesses including cancer,
tumor, chronic hepatitis, diabetes, atherosclerosis, and hyper-
cholesterolemia (Table 1). With the development of scientific
researches, more and more scientific research have studied
the chemical constituents and pharmacological effects of A.
brasiliensis.Themajor chemical compounds include polysac-
charide, protein, lectins, amino acid, vitamin, and sterols.

After the in vivo and in vitro studies, the pharmacological
effects of A. brasiliensis including antitumor, antiviral, anti-
inflammatory, liver protection, antidiabetic, antihyperlipi-
demic, antiatherosclerosis, antiallergic, and immunomod-
ulating were found. Although the clinical research about
pharmacological effects ofA. brasiliensis is less,A. brasiliensis
as a complementary and alternative medicine is widely used.

2. Medicinal Values of A. brasiliensis

2.1. Anticancer Activity. Agaricus brasiliensis, a medicinal
edible fungus, is widely studied and used because of its signif-
icant anticancer activity. In Japan, researchers demonstrated
anticancer and immunostimulant effects of A. brasiliensis
extracts experimentally, and due to the improving con-
sumption of this mushroom in recent years, a considerable
effort investigated the putative effects with interesting but
still insufficient clinical studies. Some reports showed that
polysaccharide is the main component of A. brasiliensis for
antitumor [2–4].

2.1.1. Studies in Animals. Polysaccharide antitumoral activity
has been evaluated most often against allogenic sarcoma
180 in CD-I mice [5]. A. brasiliensis (Himematsutake) has
stronger antitumor activity against Sarcoma 180 in mice
than do polysaccharides from Ganoderma lucidum, Lenti-
nus edodes, and Coriolus versicolor [6]. Mizuno et al. [6]
studied the against antitumor polysaccharide Sarcoma 180
from the mycelium of liquid-cultured A. brasiliensis. But
the isolated polysaccharide did not react with antibodies
of antitumor polysaccharides such as lentinan, gliforan,
and FIII-2-b, which is one of the antitumor polysaccha-
rides from A. brasiliensis. Moreover, the analyses of 13C-
NMR and GC-MS suggested that this polysaccharide was
preliminarily glucomannanwith amain chain of 𝛽-l,2-1inked
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Table 1: Medicinal values and active compounds of A.brasiliensis.

Medicinal value Active compounds References
Anticancer activity Polysaccharides agaritine [2–10]

Antiviral activity Polysaccharides
Protein polysaccharide [11–13]

Liver protection Aqueous extract [14–20]
Immunomodulating
effect Polysaccharides [21–24]

Antidiabetic effect
𝛽-glucans and their

enzymatically hydrolyzed
oligosaccharides (AO)

[25–28]

Antileishmaniasis
effect Aqueous extract [29–31]

D-mannopyranosyl residues and 𝛽-D-glucopyranosyl-3-O-
13-D-glucopyranosyl residues as a side chain [7].

However, some reports indicated that agaritine and its
derivatives exerted antitumor activity against leukemic cells,
mainly U937 cells [8, 9]. Agaritine was fractionated by HPLC
from a hot water extract of ABM powder, and the structure
was determined by NMR and MS analyses. This compound
inhibited the proliferation of leukemic cell lines, especially
suppressing the viability of U937 cells in vitro [8]. Therefore,
the antitumor substances of ABM remain to be further
researched.

2.1.2. Clinical Studies. It has been reported that 100,000–
300,000 kg of the dried body of A. blazei is produced every
year in Japan, and about 300,000–500,000 persons assume
the 3–5 g three times a day by a typical hot water extract of
A. blazei as an adjuvant with cancer chemotherapy drugs for
the prevention or treatment of cancer.

2.2. Antiviral Activity. The pharmacological effects of Agar-
icus brasiliensis have been mainly related to the presence of
polysaccharides and protein polysaccharide complexes [11].
Faccin et al. [12] reported that the extracts of fruiting bodies of
ABM, including aqueous and alcohol extracts, and an isolated
against polysaccharide from this species displayed antiviral
activity poliovirus type 1. de SousaCardozo et al. [13] reported
the chemical modification of a polysaccharide extracted from
A. brasiliensis mycelia to obtain its sulfated derivative (MI-
S), which presented a promising inhibitory activity against
HSV-1 (KOS and 29R (acyclovir-resistant) strains) and HSV-
2 strain 333. Furthermore, the sulfated polysaccharide also
presented synergistic antiviral effect with acyclovir.

2.3. Liver Protection. Hepatic fibrosis is caused by chronic
damage to the liver in union with the progressive accu-
mulation of fibrillar extracellular matrix proteins [32–34].
The main causes of hepatic fibrosis in humans include
infection by hepatitis B and C, alcohol abuse, and nonalcohol
steatohepatitis, and liver cirrhosis can be induced by carbon
tetrachloride (CCL

4
) [35, 36]. A few studies have researched

thatA. brasiliensis extract could ameliorate or abrogateCCL
4
-

induced liver injury in rats [14, 15].

2.3.1. Studies in Animals. Chen et al. [16] have demonstrated
that A. brasiliensis extract might serve as an adjuvant in
improving the efficacy of hepatitis B vaccines in vivo. The
results showed that not only a significant increase in the
HBcAg-specific antibody response was observed, but also
T cell proliferation was observed in mice which received
HBcAg DNA vaccine plus A. brasiliensis extract [16].

2.3.2. Clinical Studies. Hsu et al. [17] performed a 1-year
open-label pilot study to observe whether A. brasiliensis
extract improves liver function in patients with hepatitis B.
They gave the four enrolled patients A. brasiliensis extract of
1500mg daily for 12 months and measured the level of aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT). At the end of the study, the mean level of AST and
ALT decreased from 246.0 (± standard deviation (SD) 138.9)
to 61.3 (± SD 32.6) IU/L and 151.0 (± SD 86.9) to 46.1 (± SD
22.5) IU/L, respectively [17]. Although the result of this study
showed that A. brasiliensis extract can normalize liver func-
tion of the 4 patients, this study is just a small sample research.

In addition, Grinde et al. [18] reported the effect on
gene expression in peripheral blood cells from four chronic
hepatitis C patients, using global (29 k) oligo-based, single
channel microarrays. After dates being analyzed, the results
suggested that the 𝛽-glucan part of the A. brasiliensis extract
was not transported into the blood in appreciable quantities.
And although the average (𝑛 = 5) titre of virus was slightly
lower after one week on A. brasiliensis, the difference was
clearly not significant [18]. So, this result of the study showed
that 𝛽-glucan of the A. brasiliensis extract cannot treat HCV.
However, one study evaluated the clinical effects and safety on
20 volunteers (50%ofmen)with elevated 𝛾-GTP activity ofA.
blazei condensed liquid (Agaricusmushroom extract, ABCL)
in the treatment of C-hepatitis. Decreasing effect for serum
𝛾-GTP activity was found in 80% of the patients in both
sexes after these patients received the ABCL orally, twice a
day, for 8 weeks, without any toxicological findings and other
side effects [19]. Additionally, Mukai et al. [20] reported three
cases of patients with advanced cancer who showed severe
hepatic damage, and two of whomdied of fulminant hepatitis
after taking A. brasiliensis extract. Reporters demonstrated
that a strong causal relationship between the A. brasiliensis
extract and liver damage was suggested and, at least, taking
the A. brasiliensis extract made the clinical decision-making
process much more complicated, although several other
factors cannot be completely ruled out as the causes of liver
damage [20].

2.4. Immunomodulating Effect. Polysaccharide is an immu-
nologic adjuvant, which not only can activate the activity
of T cells, B cells, NK cells, and other immune cells but
also can promote the synthesis of IL-1, IL-2, TNF-𝛼, IFN-
𝛾, and NO, regulating the formation of body’s antibodies
and complement. A. brasiliensis contains compounds such
as (1→ 3), (1→ 6)-𝛽-glucans (Figure 1), (1→ 3)-𝛼-glucans,
and protein-polysaccharide complexes, which can enhance in
vivo and in vitro cell-mediated immune responses and act as
biological response modifiers [21, 22].



Evidence-Based Complementary and Alternative Medicine 3

HOHO

OH

OH

OH OH OH OH

OH

OH

O

O

O

O

HO
HO

CH2OH

CH2OH

CH2OH

CH2OH

CH2OH

CH2OHCH2OH

CH2OH CH2OH CH2OH

CH2OH

OH

O

O
HO

HO OHO
HO

O O O O O

O

OH

OHO
HO

O

OH

OHO
HO

O

HOO HOO HOO HOO O
O

HOHO

OH OH OH OH OH OH

CH2
CH2

CH2

CH2

CH2

O
O O O O O OHOO HOO HOO HOO O

O

Figure 1: 𝛽-(1,3-1,6)-D-Glucan.

2.4.1. Studies in Animals. Lin et al. [23] have established
leukemia mice through the injection of WEHI-3 cells and
chronically treated mice with A. brasiliensis. In their study,
results showed that A. brasiliensis can promote immune
responses in leukemia mice in vivo and also can promote T
cell proliferation. Furthermore, the A. brasiliensis extract sig-
nificantly enhanced both NK cell activities and phagocytosis
of macrophages [23].

2.4.2. Clinical Studies. However, there was a randomized
clinical trial on elderly women to ascertain the effects of
AbM intake on serum levels of IL-6, IFN-𝛾, and TNF-𝛼 in
community-living seniors [24]. After the study period, no
changes from baseline were detectable for any parameter
in either group, receiving placebo or AbM dry extract with
900mg/day for 60 days. Therefore, it showed that AbM
extract had no modulating effect on IL-6, IFN-c, or TNF-a
levels in elderly females [24].

2.5. Antidiabetic Effect. Agaricus brasiliensis is rich in poly-
saccharides and protein, especially 𝛽-glucans. Kim et al.
[25] demonstrated that 𝛽-glucans and their enzymatically
hydrolyzed oligosaccharides (AO) from A. brasiliensis show
the activities of antihyperglycemic, antihypertriglyceridemic,
antihypercholesterolemic, and antiarteriosclerotic indicating
antidiabetic activity as a whole in diabetic rats. In this study,
diabetic rats were divided into four groups, including normal
control, diabetic control, treated group I (𝛽-glucans), and
treated group II (AO), to contrast the different changes of
their body weights. The data suggested that both 𝛽-glucans
and AOmight promote insulin secretion from islets as well as
the viability and proliferation of islets in diabetic or normal
rats.

In addition, several studies demonstrated that A. brasil-
iensis had an effect on streptozotocin-induced diabetic rats
[26–28]. Oxidative stress induced by hyperglycemia possibly
causes the dysfunction of pancreatic 𝛽-cells and various
forms of tissue damage in patients with diabetes mellitus.
Niwa et al. [28] researched the antidiabetic efficacy and hypo-
glycemic mechanisms of Ipomoea batatas and A. brasiliensis

in streptozotocin-induced diabetic rats. The results of the
study suggested hypoglycemic effects of Ipomoea batatas or
A. brasiliensis due to their suppression of oxidative stress and
proinflammatory cytokine production followed by improve-
ment of pancreatic 𝛽-cells mass [28].

2.6. Antileishmanial Effect. Leishmaniasis is a flock of vector-
transmitted diseases that are endemic in many tropical and
subtropical countries. The current treatment for leishmani-
asis has certain side effects, and some drugs are of high cost
for themajority of patients. In recent years,A. brasiliensiswas
demonstrated to have antileishmanial activity, and thereinto
an in vitro antileishmanial activity against L. amazonens
is, L. chagasi, and L. major was demonstrated for an A.
blazei water extract [29]. Valadares et al. [30] studied the
therapeutic efficacy induced by the oral administration of
A. brasiliensis against Leishmania amazonensis. The results
showed that mice treated with the A. brasiliensis presented
a 60% reduction in the inflammation of infected footpads as
compared to untreated control-infected mice. These treated
animals produced significantly higher levels of interferon
gamma (IFN-𝛾) and nitric oxide (NO), higher levels of
parasite-specific IgG2a isotype antibodies, and lower levels
of IL-4 and IL-10 in the spleen and lymph node cell cultures
than did the controls [30]. In addition, Valadares et al.
[31] used five fractions obtained from A. brasiliensis water
extract to treat BALB/cmice infectedwithLeishmania chagasi
in vivo (Figure 2). The results suggested that the use of
Fab5 (molecules >100,000Da) or A. brasiliensis, as compared
to control groups, resulted in significant reduced parasite
burdens in the liver, spleen, and draining lymph nodes of the
infected animals.

3. Other Effects

There are not only these pharmacological effects of A. brasil-
iensis, which are described previously, but also other benefi-
cial effects. The chloroform-soluble extract of A. brasiliensis
inhibited IL-6 production in PMA plus A23187-induced
BMMCs (bone marrow-derived mast cells) to express the
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anti-inflammatory and antiallergic effects [37]. One study, the
first in vivo study, showed that A. brasiliensis can enhance
local and systemic inflammation, upregulate proinflamma-
torymolecules, and enhance leukocyte homing to atheroscle-
rosis sites without affecting the lipoprotein profile [38]. The
polysaccharides of A. brasiliensis have antitumor, antiviral,

and immunomodulating effects as described above. Besides,
one study indicated that A. brasiliensis polysaccharides could
be useful in promoting burn wound healing [39].

There is a clinical study stating that Administration
of 𝛾-aminobutyric acid (GABA) enriched A. blazei (AG-
GABA) to mild hypertensive human subjects showed that
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both systolic and diastolic blood pressure values decreased to
statistically significant levels [40]. Maybe there are also many
other effects of A. brasiliensis, which are not known so far.
Therefore, it needs to be further researched.

4. Conclusion

Agaricus blazei Murrill, a mushroom of biomedical impor-
tance, contains a number of bioactive components, many
of them biological are response modifiers which activate
our immune systems for a multitude of defensive functions
(Figure 3). Polysaccharides ofA. brasiliensishave been known
to have anticancer, antiviral, and immunomodulatory effects,
and other substances are probably involved as well.Moreover,
𝛽-glucans and their enzymatically hydrolyzed oligosaccha-
rides (AO) fromA. brasiliensis show antihyperglycemic, anti-
hypertriglyceridemic, antihypercholesterolemic, and antiar-
teriosclerotic activities [25]. Therefore, the pharmacological
effects and health function of A. brasiliensis are more and
more focused on in the world. Although there seems to
be clear evidences that ABM extract are rich in 𝛽-glucans,
which presumably contribute to the observed pharmaco-
logical activities, isolation, and dose response studies, as
well as chemical identification and quantification of specific
compounds responsible for the potential benefit from ABM,
mushroom ingestion should be fully developed. Careful
clinical studies comparing the activity of the whole mush-
roomextracts, isolated compounds, and epidemiological data
still need to determine whether A. brasiliensis provides real
clinical benefits.
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The aim of this study was to investigate the protective effect of cordymin on diabetic osteopenia in alloxan-induced diabetic
rats and the possible mechanisms involved. The diabetic rats received daily intraperitoneal injection with cordymin (20, 50, and
100mg/kg/day) for 5 weeks. Cordymin could restore the circulating blood glucose, glycosylated hemoglobin (HbA1c), serum
alkaline phosphatase (ALP), tartrate resistant acid phosphatase (TRAP), and insulin levels in a dose-dependent manner. Also, the
treatment of diabetic rats with cordymin could partially reverse the 𝛽 cells death and decrease the total antioxidant status (TAOS)
in the diabetic rats. The results may directly and indirectly account for the possible mechanism of the beneficial effect of cordymin
on diabetic osteopenia, which was confirmed with the increased bone mineral content (BMC) and bone mineral density (BMD) in
diabetic rats (𝑃 < 0.05). All those findings indicate that cordymin may play a protective role in diabetic osteoporosis.

1. Introduction

An increasing number of diabetic patients are affected
by chronic complications, such as cardiovascular disease,
kidney disease, diabetes erectile dysfunction, and diabetic
osteoporosis [1–4]. The association between diabetes and
decreased BMD has been confirmed in adults (Figure 1),
and BMD appears to be decreased in both the spine and
hip in diabetic patients [5, 6]. These associations may be
related to increased risk of fractures in individuals with
diabetes, increased risk of diabetes mellitus in individuals
with osteopenia, or both. Growing evidence from clinical
studies indicates that osteopenia always leads to an increased
incidence of bone fracture and a delay in healing of bone
fractures and affects the quality of life in diabetic patients [7].
Therefore, searching for effective drugs which can control the
development of diabetic osteopenia is of great significance for
patients with diabetic osteopenia.

Cordyceps sinensis (CS) has been used as a tonic for
longevity, endurance, and vitality for thousands of years

by the Chinese. Many studies have shown that CS regu-
lates insulin sensitivity [8] and decreases plasma cholesterol
levels [9]. The effect of Cordyceps sinensis on osteoporosis
had been studied in our former paper [10]. So we herein
hypothesize that Cordyceps sinensis will be beneficial in
preventing osteopenia in diabetes and influencing the longer-
term course of glycemic control. We undertook the present
study to ascertain if cordymin, a peptide purified from the
medicinal mushroom Cordyceps sinensis, could be accounted
for the putative beneficial effect of CS on diabetic osteopenia
in diabetic rats.

2. Material and Methods

2.1. Preparation of Cordymin. Cordyceps sinensis was col-
lected from Qing Hai, China. Cordymin was prepared by the
way introduced by Wong et al. [11]. Briefly, dried fruiting
bodies of Cordyceps sinensis (100 g) were homogenized in
liquid nitrogen with a pestle, extracted in distilled water
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Figure 1: Possible mechanisms through which diabetic conditions increase the risk of osteoporotic fractures (AGEs: advanced glycation end
products).

and centrifuged. To the resulting supernatant, ammonium
acetate buffer (pH 4.5) was added until a final concentration
of 20mM was attained. The sample was loaded on an SP-
Sepharose column. The adsorbed fraction was eluted with
1M NaCl in 20mM ammonium acetate buffer (pH 4.5), then
dialyzed against distilled water, and lyophilized. Then it was
dissolved in 20mMNH

4
OAcbuffer (pH4.5) and applied on a

Mono S column and eluted with the same buffer.The fraction
containing cordyminwas concentrated and then purified on a
Superdex 75 column in the same buffer.The single peak eluted
constituted purified peptide designated as cordymin.

The molecular mass determination of cordymin was
analyzed by means of SDS-PAGE and Matrix-assisted
laser desorption ionization time-of-flight mass spectrome-
try (MALDI-TOFMS) in an Applied Biosystems 4700 Pro-
teomics Analyzer.

The N-terminal amino acid sequence of cordymin was
analyzed by means of Automated Edman Degradation using
aHewlett Packard 1000A protein sequencer equippedwith an
HPLC system.

2.2. Experimental Design. Thirty Sprague-Dawley male rats
were divided into 5 groups (𝑛 = 10) at random. The rats in
the diabetic and cordymin treatment groups were fasted for
10 h and intraperitoneally injected with 75mg/kg of alloxan
to induce diabetes; the remaining 10 control rats were also
fasted for 10 h and injected with 0.9% saline. Forty-eight
hours after the injection, blood glucose was >16mmol/L and
urine glucosewas>+ indicating that diabeteswas successfully
induced in the rats.The rats in the cordymin treatment group
were intraperitoneally injected with cordymin (20, 50, and
100mg/kg/day) for 5 weeks, and the other 2 groups of rats
were intraperitoneally injected with saline (6mL/kg/day).
The bodyweights of the animals were recordedweekly during
the experimental period.

At the end of the experimental period, the animals were
fasted overnight (18 h) and then sacrificed by decapitation,
and the blood was collected to be centrifuged at 3000 rpm for
20min, and the clear serum was separated for biochemical
analysis. The pancreas was dissected out and placed in 10%
buffered formalin, and the liver was dissected out for the
measurement of total antioxidant status (TAOS). Femurs
were dissected and filled in physiological saline and stored
at −20∘C for measurement of total bone mineral content
(BMC) and bone mineral density (BMD) by Dual-energy X-
ray absorptiometry.

2.3. Biochemical Methodology. The blood glucose was
analyzed with a Glucometer-4 (Bayer) and HbA1c with
the HbA1c Apparatus (Variant II, Bio-Rad Laboratories).
Serum insulin level was determined with an enzyme-
linked immunosorbant assay (ELISA) kit (Nanjing Jiancheng
Bioengineering Co. Ltd., China). Serum alkaline phosphatase
(ALP) and tartrate resistant acid phosphatase (TRAP) activity
were determined by nitrophenol-based method as described
by Bessy et al. [12] and Godkar [13], respectively.

2.4. Estimation of the Damaged Pancreatic 𝛽 Cells. The
pancreatic tissues were embedded in paraffin blocks after
formalin fixation. Paraffin sections were cut at 4𝜇m thickness
and were deparaffinized in xylene twice for 5min and then
were rehydrated with the graded ethanol. The sections were
examined after hematoxylin and eosin (H&E) staining.

2.5. Estimation of the Total Antioxidant Activity. The total
antioxidant status (TAOS) of hepatic tissue was determined
by the way introduced by Laight et al. [14]. The increase in
absorbance at 405 nm was measured by using a microplate
reader (Shanghai Xunda Medical Technology Inc., China).
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2.6. Estimation of Bone Mineral Content (BMC) and Bone
Mineral Density (BMD). The left femur and L-4 vertebra
were mineralized at the temperature of 620∘C for 48 h and
weighed. The mineralized bones were dissolved in 6M HCl,
and then calcium content in the bone mineral content was
assayed by a colorimetric method. BMD was calculated by
BMC of the measured area.

3. Results

3.1. Effect of Cordymin on the Body Weights of the Diabetic
Osteopenic Rats. The body weights of the hyperglycemic rats
induced by alloxan are presented in Figure 2.The initial body
weights of the rats were similar between groups. The body
weights of the alloxan-induced diabetic rats were significantly
lower than that of the control rats. Contrasted with the
diabetic group, the body weights of rats in cordymin-treated
group were increased gradually 21 days later (𝑃 < 0.05, 𝑃 <
0.01).

3.2. Effect of Cordymin on the Blood Glucose and HbA1c Levels
of the Diabetic Osteopenic Rats. The results of blood glucose
from hyperglycemic rats induced by alloxan are presented
in Table 1. The serum glucose levels of the saline-treated
diabetic rats were significantly higher than that of other rats
(𝑃 < 0.05). Treatment with cordymin at 50mg/kg and
100mg/kg significantly lowered the serum glucose level in
diabetic rats (𝑃 < 0.05).Meanwhile, cordymin could decrease
the concentration of HbA1c in plasma of alloxan-induced
hyperglycemic group 5 weeks later (𝑃 < 0.01),as shown in
Table 1.

3.3. Effect of Cordymin on Serum Insulin of the Diabetic
Osteopenic Rats. As shown in Table 2, the levels of serum
insulin elevated after administration of cordymin100 (𝑃 <
0.05).However, the same results did not occur in other groups
throughout the total duration of the study.

3.4. Effect of Cordymin on Plasma Enzyme of the Diabetic
Osteopenic Rats. In the present study, significant increase
in ALP and TRAP levels, two bone formation mark-
ers, was observed in alloxan-induced hyperglycemic group
(Table 3). On the contrary, cordymin at 100mg/kg signifi-
cantly decreased ALP and TRAP levels (𝑃 < 0.01) in diabetic
rats, while cordymin at 50mg/kg and 20mg/kg had little
influence on the two bone formationmarkers in diabetic rats.

3.5. Effect of Cordymin on the Damaged Pancreatic 𝛽 Cells.
Histopathological evaluation revealed severe 𝛽 cells death in
the diabetic rats (Figure 3(a)). In contrast, such loss of cells
was not seen in the islet cells of the control rats (Figure 3(b)).
The 𝛽 cells of the rats fed with cordymin −100 were partially
recovered (Figure 3(c)).

3.6. Effect of Cordymin on Total Antioxidant Activity of the
Diabetic Osteopenic Rats. We measured TAOS activity as an
indirect indication of the formation of O

2

− and other oxidant
species. This index was increased in the diabetic groups
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Figure 2: Effects of cordymin on the weekly average body weights.
Values are means ± SEM, 𝑛 = 10. ∗Different from alloxan group
𝑃 < 0.05; ∗∗different from alloxan group, 𝑃 < 0.01.

Table 1: Effect of cordymin on blood glucose and HbA1c levels in
alloxan-diabetic osteopenic rats.

Different groups Blood glucose
(mmol/L)

Results of HbA1c
(%)

Alloxan-treated 21.0 ± 2.0 10.8 ± 0.20

Cordymin100-treated 13.2 ± 3.0∗ 8.0 ± 0.30∗

Cordymin50-treated 19.2 ± 3.2∗ 10.0 ± 0.25

Cordymin20-treated 18.8 ± 2.5 9.8 ± 0.30

Control group 6.0 ± 1.5 4.8 ± 0.21

Values are shown as means ± SEM, 𝑛 = 10. ∗𝑃 < 0.05 versus alloxan group.

Table 2: Effect of cordymin on serum insulin level in alloxan-
diabetic osteopenic rats.

Different groups Serum insulin (𝜇U/mL)
Alloxan-treated 4.4 ± 1.1

Cordymin100-treated 8.4 ± 0.2∗

Cordymin50-treated 6.1 ± 1.1

Cordymin20-treated 5.5 ± 1.0

Control group 8.5 ± 1.2

Values are shown as means ± SEM, 𝑛 = 10. ∗𝑃 < 0.05 versus alloxan group.

Table 3: Effects of cordymin on plasma enzymes in alloxan-diabetic
osteopenic rats.

Different groups TRAP level (uM) ALP level (mM)
Alloxan-treated 0.83 ± 0.11 7.20 ± 0.10

Cordymin100-treated 0.46 ± 0.03∗ 4.00 ± 0.03∗

Cordymin50-treated 0.50 ± 0.01 5.90 ± 0.05

Cordymin20-treated 0.70 ± 0.05 6.30 ± 0.05

Control group 0.20 ± 0.11∗ 3.25 ± 0.12

Values are shown as means ± SEM, 𝑛 = 10. ∗𝑃 < 0.05 versus alloxan group.

induced by alloxan in comparison with the control group. In
contrast, the TAOS activities of both the cordymin −100 and
cordymin−50 groupswere lower than those of diabetic group
(𝑃 < 0.05 and 𝑃 < 0.01) (Figure 4).
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(a) (b) (c)

Figure 3: Islet cell death and replication represented by hematoxylin-eosin. The islet cells of diabetic rats of alloxan treatment (a) showed
extensive cell lysis, representing loss of plasma membrane with condensed nuclei and dissolved cytoplasm in wide intercellular spaces. In
contrast, the islet cell of cordymin100-fed rat (b) was partly recovered. The islet cell of control rat was (c).
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Figure 4: Effect of cordymin on total antioxidant. Activity values are
shown as means ± SEM. ∗𝑃 < 0.05 versus alloxan group; ∗∗𝑃 < 0.01
versus alloxan group.

Table 4: Effects of cordymin on bone mineral content.

Different groups
Total bone

mineral content
(mg)

Calcium content
(mg/g)

Control group 309.05 ± 8.16a 389.65 ± 10.22a

Alloxan-treated 263.26 ± 5.63b 326.25 ± 9.66b

Cordymin100-treated 316.11 ± 6.20a 443.21 ± 12.23a

Cordymin50-treated 316.11 ± 6.20a 443.21 ± 12.23a

Cordymin20-treated 316.11 ± 6.20a 443.21 ± 12.23a

The different letters in the same column indicate a statistical difference (𝑃 <
0.05).

3.7. Effect of Cordymin on BMC and BMD. The BMC in
the examined bones of the diabetic groups was significantly
reduced compared to the results obtained for the controls.
The administration of cordymin100 and cordymin50 to the
diabetic animals increased significantly the BMC in the
examined bones when compared to the diabetic group
(Table 4). Meanwhile, cordymin at 100mg/kg significantly
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Figure 5: Effect of cordymin on bone mineral density (BMD).
Values are shown as means ± SEM. ∗𝑃 < 0.05 versus alloxan group.

increased the femur BMD in diabetic rats (𝑃 < 0.05)
(Figure 5).

4. Discussion

The wide spread chronic disorder of diabetes mellitus
adversely affects multiple organ systems including bones.
One of the serious skeletal complications in bones is
osteoporotic fractures due to weakened bone strength. The
relationship between diabetes and osteoporosis is widely
reported [15–17]. Ratmodels of diabetic osteopenia have con-
tributed significantly to the pathophysiologic understanding
of these clinical challengeswith regard to bone turnover, bone
regeneration, and pharmacologic therapies [18, 19]. However,
the animal model of diabetic osteopenia was usually induced
with streptozotocin (STZ), and fewer models were induced
with an intravenous dose of alloxan. In the present study, we
investigated the effects of cordymin on diabetic osteoporosis
using the alloxan-induced diabetic rat model.

Alloxan diabetes has been commonly utilized as an ani-
mal model of insulin-dependent diabetes mellitus (IDDM).
Alloxan produces selective cytotoxicity in pancreatic 𝛽 cells
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through the generation of reactive oxygen species resulting in
reduced synthesis and release of insulin [20]. In the present
study, we examined the antidiabetogenic effect of cordymin
bymonitoring the 𝛽 cells number, and islet mass was assessed
by morphometry on immunostained tissue sections. The
𝛽 cells death and alteration of islet cell population were
prominent in the alloxan-induced diabetic rats (Figure 1(a)).
In addition, alloxan-induced type 1 diabetes reduced bone
quality. Alloxan-treated rats showed a decrease in femoral
BMC and BMDcompared to normal control rats (Table 4 and
Figure 5). It demonstrated the significant association between
diabetes and osteoporosis.

The present study was performed to investigate the effec-
tiveness of cordymin on diabetic osteoporosis. Cordymin-
treated rats, indeed, exhibited the recovery of 𝛽 cells. It is
consistent with the results of cordymin treatment on insulin
levels. At the same time, BMC and BMD in diabetic rats
treated with cordymin increased when compared to the
diabetic rats. Therefore, the beneficial effect of cordymin
on pancreatic tissue and its capability of improving serum
insulin level might be, at least in part, responsible for the
protective effect of cordymin on diabetic osteopenia in the
present study.

Hyperglycemia is able to trigger increased oxidative
stress, which has been considered to be involved in the
pathogenesis of diabetic bone disorders [21]. Cordymin could
lower the blood glucose and HbA1c levels, which have been
shown to trigger decreased TAOS in diabetic rats. Therefore,
the effect of cordymin on diabetic osteopenia in the present
study might also be realized indirectly through lowering
the concentration of serum glucose, which subsequently
triggered a lower extent of oxidative stress in diabetic rats.

Serum alkaline phosphatase (ALP) is a noncollagenous
protein secreted by osteoblast, which is essential for bone
mineralization [22]. Increased ALP level in serum has been
observed in conditions such as rapid bone loss [23] and
fracture risk [24, 25]. Tartrate resistant acid phosphatase
(TRAP) is secreted by osteoclasts during bone resorption,
and serumTRAP activity correlateswith resorptive activity in
disorders of bonemetabolism. In the present study, cordymin
significantly decreased ALP and TRAP levels commonly
using bone remodelingmarkers. It suggested that the potency
of cordymin is due to decrease of ALP activity and TRAP
activity in diabetic rats.

In conclusion, the present study showed for the first time
that administration of cordymin has significant effects in rat
model of diabetic osteopenia, including dose-dependently
restoring the circulating blood glucose, HbA1c, ALP, TRAP,
and insulin levels. The beneficial effect of cordymin on
diabetic osteopenia might be directly through lowering ALP
and TRAP activity and indirectly through recovery of 𝛽 cells
and lowering the concentration of serum glucose, which
subsequently triggered a lower extent of oxidative stress in
diabetic rats.
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