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Abstract Some biological activities of Beauveria bassiana were studied to elucidate pharmacological function of B. bassiana-
infected larva of the silkworm. The mycelium consisted mainly of carbohydrate (63.8%), followed by protein (15.9%) and fat
(8.3%). Glucose (68.8%), mannose (7.1%), and galactose {6.1%) were major components in carbohydrates. Ten amino acids
including glutamine, threonine, valine, aspartic acid, alanine, leucine, serine, glycine, arginine, and isoleucine were found in protein
as major amino acids. Various extracts were prepared from the freeze-dried mycelium of B. bassiana by systemic extraction and
their biological activities were investigated. Among tested fractions, the hot-water extract (HW) contributed significantly to the
anti-coagulant activity, anti-complementary activity, and stimulation of intestinal immune system. The methanol extract (ME)
increased acetylcholinesterase (AChE) inhibition activity and reactive oxygen species {(ROS) scavenging activity.
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Introduction

The genus Cordyceps (Ascomycotina, Pyrenomycetes,
Clavicipitales, Clavicipitaceae) is known as a group of
entomophatogenic fungi and is used in traditional oriental
medicines in northeastern Asia. It was reported in a
previous study that this genus is composed of approxi-
mately 750 species, and that some species produce toxins
against insects (1). The interest of researchers in medicinal
plants and mushrooms as natural sources of active
principles has increased noticeably over the past several
decades, and particular attention has been paid to
components of various traditional Asian medicines. C.
militaris, C. sinensis, (. ophioglossoides, and Beauveria
bassiana have potent immunological activities. C. militaris
in particular is a herbal ingredient that has been used in
oriental medicine on patients suffering from cancer, and it
has also been used at the East-West Cancer Center of
Dagjeon University’s Oriental Hospital (Dagjeon, Korea)
since 2001 (2). C. militaris also inhibited proliferation of
cultured human glomerular mesangial cells induced by
low-density lipoprotein (3), and it exhibited anti-
inflammatory (4} and hypocholesterolemic effects (5).
Some of the immuno-modulatory and antitumor activitics
of C. sinesis, C. ophioglossodies, and C. scarabaecola
have previously been reported (6-9).

The genus Beauveria, which is known as an imperfect
state of Cordyceps, also has potential in herbal medicines
as well as biocontrol agents against insect pests.
Traditionally, B. hassiana-infected larvae of the silkworm
has been used as a medicine to treat strokes in Korea (10).
In our previous study, it was reported that extract from B.
bassiana synnemata has various pharmacological activities,
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including antioxidant and immunostimulatory functions
(11). There is, however, limited knowledge of the spatial
distribution and population dynamics of the species,
espectally above ground, which is essential to understand-
ing the pharmaceutical activities of mycelium extract. As
well, little is known about its immunoregulatory effects.

Recently, we developed an artificial medium for the
mass production of mycelium of B. bassiana, thus providing
an opportunity for further pharmacological examination. In
this study, we determined whether solvent extract
[ethylacetate (EA), methanol (ME), and hot-water (HW)]
from B. bassiana mycelia has various pharmacological
activities including anti-coagulant, anti-complementary,
anti-AChE, antioxidant, and mucosal-immunity stimulatory
function. The HW showed the most potent pharmacological
activities.

Materials and Methods

Microorganisms and materials B. bassiana strain,
collected from Seoraksan(Mt.), South Korea, was provided
by Dr. C.S. Yoon (Korea University, Korea) (11). B. bassiana
was cultured in potato dextrose broth (Gibco, Grand Island,
NY, USA) for 7 days (12). Mycelium of B. bassiana
produced from the medium were freeze-dried and used for
further experiments. RPMI-1640 medium and Hank’s
balanced salt solution (HBSS) were obtained from Gibco.
Heat-inactivated fetal bovine serum (FBS) was obtained
from Cell Culture Laboratories (Cleveland, OH, USA), and
penicillin, streptomycin, and amphotericin B were purchased
from Flow Laboratories (Irvine, Scotland, UK). Alamar
Blue™ was a product of Alamar Bio-Sciences Inc.
{Sacramento, CA, USA). Acetylthiocholine iodide (ASCh)
and 35,5-dithiobis-(2-nitro}-benzoic acid (DTNB) were
purchased from Sigma Co. (St. Louis, MO, USA). The
activated partial thromboplastin time (aPTT) reagent was
obtained from Boehring Inc. (New York, NY, USA). 12-O-
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Tetradecanoylphorbol-13-acetate (TPA) was a product of
Research Biochemicals International (Natick, MA, USA).
All other reagents were analytical grade.

Cells and culture conditions PC12 cells originated from
rat pheochromocytoma and human promyelocytic leukemia
HL-60 cells obtained from the Health Science Research
Resources Bank. The cells were cultured in an RPMI-1640
medium supplemented with 10% FBS and 1% antibiotic-
antimycotic (Gibco). The cells were maintained at 37°C in
an atmosphere of 95% air/5% CQO, incubator and a
subculture was created by mechanically removing them
from the substratum with squirts of fresh medium.

Preparation of various fractions by systematic extrac-
tion Freeze-dried mycelium were blanched at 100°C for
5 min and homogenized with Ultra-turrax T-50 (7,000 rpm,
20 min; IKA-Labortechniker, Staufen, Germany). After
centrifugation (8,000xg, 30 min), the supernatant was
removed and the precipitant was initially fractionated with
ethylacetate, which is a solvent with a low polarity,
followed by fractionation with methanol and water in
increasing order of their polarity (Fig. 1).

Chemical analysis Moisture, crude protein, crude
carbohydrate, crude fat, and crude ash in the mycelium
were determined according to the methods of AOAC
methods (13). To determine the crude protein, a 6.25
conversion factor was used. All values expressed are the
means of triplicate determinations.

Sample
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Analysis of component sugar For analysis of component
sugar of the polysaccharide, the polysaccharide was
hydrolyzed in 2 M trifluoroacetic acid at 100°C for 4 hr for
galactose, glucose, and mannose analysis (14). The sugars
were separated and quantitated on CarboPac PA1 column
(2.5x250 mm, 4.5x250 mm, Dionex, Sunnyvale, CA,
USA) with a Bio-LC DX-600 (Dionex) using a CarboPac
PA1 cartridge (2.5%50 mm, 4.5x50 mm). Five-tenth M
NaOH and distilled water were used as an eluant at a flow
rate 0.25 or 1 mL/min. Duplicated data was analyzed using
PeakNet on-line software.

Amino acid analysis For determination of the amino acid
composition, sample was hydrolyzed and PITC labeled by
the Pico-Tag method (Waters, Milford, MA, USA). Phenyl-
isothiocyanate-derivatized free amino acids were applied to
a Waters Pico-Tag column (3.9x300 mm) equilibrated with
buffer A, equipped with a Waters HPLC system (510
HPLC pump, gradient controller, 717 automatic sampler,
996 photodiode array detector) and eluted with a linear
gradient composed of buffer B (0, 14, 20, 46, and 100%)
at a flow rate of 1 mL/min. Absorbance was measured at
254nm. Buffer A was 140 mM sodium acetate (6%
acetonitrile), and buffer B was 60% acetonitrile. Analytical
method development, data collection, and data integration
were performed using Millennium® Chromato-graphy manager
software (15,16). The sample was analyzed in triplicate.

Anti-coagulant and anti-complementary activity The
aPTT was measured at 37°C with an automatic blood
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Fig. 1. Preparation of various fractions by systematic extraction.
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coagulator (Clot-1A; Hospitex Diagnostics, Milan, Italy)
according to the method described in a previous study (17).
Briefly, a sample of 100 pL of human citrated platelet-poor
plasma (1:10 v/v, 3.8% sodium citrate) was warmed at
37°C, and then 100 uL of a pre-warmed activator reagent
was added. The mixture was incubated at 37°C for 18 sec.
Pre-warmed 20 mM calcium chloride (100 L) was then
added, and aPTT was recorded as the time for clot
formation (18).

Anti-complementary activity was measured according to
the procedure described by Yamada et ol (19). Normal
human serum (NHS) was obtained from a healthy adult.
Various concentrations of the sample in water (50 uLj were
mixed with 50 ul. of NHS and 50 pL of gelatin veronal-
buffered saline (GVB'", pH 7.4) containing 500 ug of
Mg"™ and 150 pg of Ca'". The mixtures were pre-incubated
at 37°C for 30 min, and 350 uL of GVB™ was added. IgM-
hemolysin-sensitized sheep erythrocytes (250 uL) at 1x 10
cells/mL were added to the mixtures diluted serially (10-
160 folds), and then incubated at 37°C for 1 hr. After
addition of phosphate-buffered saline (PBS, pH 7.2) and
centrifugation, the absorbance of the supernatants was
detected at 412 nm. The NHS was incubated with water
and GVB'" as a control. Anti-complementary activity was
expressed as the percentage inhibition of the total
complementary hemolysis (TCHsp) of the control (20). The
degree of inhibition of TCHs, was calculated thus:

Inhibition (%)

=100x[(TCHs, of control—TCHs, of sample)/TCHsp of

control]

Intestinal immune system modulating activity The
activity was measured according to the procedure of Hong
et al. (21), A 180 uL of Peyer’s patch cell suspension (2%
10° cells/mL in RPMI 1640-FBS) prepared from the small
intestine of C3H/HeN mice (5 to 7 weeks old, Dachan
Biolink Co. Korea) was cultured with 20 ulL of the test
sample in a 96-well flat-bottom microtiter plate for 5 days
at 37°C in a humidified atmosphere of 5% CO,-95% air
(22). The result of culture supernatant (50 pL) was incubated
with bone marrow cell suspension (2.5%10° cells/mL) from
C3H/HeN mice for 6 days. After 20 uL of Alamar Blue™
solution was added to each well, the cells were then
continuously cultured for 5-24 hr. The fluorescence intensity
was measured to determine cell numbers with Spectrafluor
Plus (Tecan, Austria) at an excitation wavelength of
544 nm and an emission wavelength of 590 nm during
cultivation. The intestinal immune system modulating
activity was expressed as the stimulation of cell growth of
the bone marrow cells compared with that of the control in
which Peyer’s patch cells were incubated with distilled
water instead of the test sample.

AChHE inhibition activity The AChE Inhibition assay
was performed according to the method of Ellman ef al.
(23,24) using ASCh as a substrate. To obtain an enzyme
source, PC12 cell cultures were homogenized in a Glass-
Col homogenizer with 5 volumes of buffer (10 mM Tris-
HCI, pH 7.2 containing 1 M NaCl, 50 mM MgCl,, and 1%
Triton X-100), and centrifuged at 10,000xg for 30 min.
The result of supernatant was used as an enzyme source.
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The rates of hydrolysis by AChE were monitored spectro-
photomatically using a 96-well microtiter plate format.
Each freeze-dried extract (10 uL) dissolved in 5% DMSO
was mixed with enzyme solution (10 uL), and incubated at
37°C for 15min. Absorbance was read at 405nm
immediately after the addition of 70 pL of Ellman reaction
mixture [0.5 mM acetylthiocholine and 1 mM DTNB in 50
mM sodium phosphate buffer (pH 8.0}] to the mixture of
enzyme and extract. Readings were repeated for 10 min at
2 min intervals to verify that the reaction occurred linearly.
A blank reaction was measured by substituting saline for
the enzyme. The percentage of enzyme activity value in the
inhibitors was calculated by comparison with those of the
control’s activity (100%). The degree of enzyme inhibition
was calculated thus:

Inhibition (%)
=100 (1-inhibited reaction/uninhibited reaction)

Inhibition activity of TPA-induced O, generation An
inhibitory test of TPA-induced O, generation in DMSO-
differentiated HL-60 cells was performed as previously
reported (25). In order to determine the inhibitory effect of
(O, generation, a test compound dissolved in 5uL of
DMSO was added to a DMSO-induced differentiated HL-
60 cell suspension in PBS (1 mL). After incubation at 37°C
for 15 min, the cells were washed twice with PBS to
remove unabsorbed test compound. TPA (10 nM), and
cytochrome C solution (1 pug/ml) were added to the reaction
mixture which was then incubated for another 15 min. The
reaction mixture was placed on ice to terminate the
reaction. After centrifugation at 250xg, a visible absorption
at 550 nm was measured. Inhibitory effects were expressed
by a decreasing ratio of absorbance of test compounds
relative to a control experiment.

Statistical analysis Statistical significances were determined
by one-way analysis of variance (ANOVA) followed by
Scheffé’s post-hoc analysis, and results were expressed as
mean=SD for 2 independent experiments. Differences were
considered significant for p<0.05.

Results and Discussion

Chemical composition of B. bassiana mycelium In
order to investigate the chemical composition, we first
determined the chemical components in mycelium of B.
bassiana. As shown in Table 1, the mycelium provides a
beneficial source of crude carbohydrate (65.8%) and
protein (15.9%). However, the mycelium also contained
small amount of crude fat (8.3%) and ash (4.9%). The
carbohydrates in the mycelium included a large quantity of
glucose (86.8%), in addition to mannose (7.1%) and
galactose (6.1%) (Table 2). The mycelium also contained
17 amino acids, and glutamine, threonine, valine, aspartic
acid, and alanine were present in large quantities. Trace
amount of other amino acids were detected at a concentra-
tion below 3 mg/g (Table 3). Compositional differences
were evident between the synnemata of B. bassiana and its
mycelium. The synnemeta exhibited less carbohydrate
content than mycelium. Mannose was the major component
of carbohydrate in the synnemaeta (11).
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Table 1. Proximate and chemical properties of freeze-dried
mycelium of B. bassiana

Component Content (%)”
Moisture 24
Crude protein” 159
Crude fat 8.3
Crude carbohydrate 68.5
Crude ash 49

DTo determine crude é)rotein, a 6.25 conversion factor was used.
DAl values expressed are means of triplicate determinations.

Table 2. Component sugar of polysaccharide of mycelium of B.
bassiana

Component sugar” Content (%)”
Glucose 86.8
Mannose 7.1
Galactose 6.1
Arabinose Trace
Xylose Trace
DComponent sugar of Opolysaccharide was determined by CarboPac
PAl column (2.5%250 mm, 4.5%250 mm, Dionex), with a Bio-LC

DX-600 (Dionex), using a CarboPac PAl cartridge (2.5%50 mm,
4.5x50 mm).
DAl values expressed are means of triplicate determinations.

Table 3. Amino acid composition of mycelium of B. bassiana

Component amino acid" Content (mg/g)”
Alanine 3.10
Arginine 2.80
Aspartic acid 3.26
Cysteine 0.46
Glutamine 4.72
Glycine 2.88
Histidine 1.85
Isoleucine 2.51
Leucine 3.03
Lysine 0.86
Methionine 037
Phenylalanine 1.99
Serine 294
Threonine 3.93
Tryptophan 0.02
Tyrosine .26
Valine 3.56

DThe amino acid was analyzed by Pico-Tag method {Waters).
Y All values expressed are means of triplicate determinations.

Anti-coagulation activity of HW and ME Blood
coagulation is a major cause of mortality and disability,
leading to cerebral hemorrhage, myocardial infarction,
peripheral ischemia, arteriosclerosis, and pulmonary
embolism (26). In the last few years, there have been
extensive investigations into therapeutic agents for the
development of effective anti-coagulants, because of
coagulation results in cardiovascular and cerebral
thrombosis (26). Recently, it has been reported that it is
possible to isolate anti-coagulants from oriental medicinal
mushrooms, such as Ganoderma lucidium (27) and
Pleurotus ostreatus (28). Because anti-coagulants have
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Fig. 2. Anti-coagulant activities of mycelium of Beauveria
bassiana fractionated by solvent extraction. The final concentra-
tion of the sample was 100 pg/mL. Values represent the means+
SD {(n=4), *p<0.05. Significance between the control and samples.
Control (saline); EA, ethyl acetate extract fraction; M, methanol
extract fraction; HW, hot-water extract fraction.

been used for lowering blood pressure and for detoxi-
fication of snake venom, the activity could be useful in
clinical applications for reducing thrombosis. We thus
sought to investigate whether the extracts promote anti-
coagulation activity by aPTT methods. As shown in Fig. 2,
HW (68.9+3.3 sec) and ME (41.2+2.7 sec) from B. bassiana
significantly delayed clotting time, while EA (19.3£2.1
sec) did not affect clotting time at all. The control was
20.4+2.5 sec. HW and EA reached approximately 3- and
2-fold higher levels than the control value. Similar activity
was found in HW fraction from synnemeta of B. bassiana
(i1).

This result may suggest that HW and ME from mycelia
of B. bassiana contained significant anti-coagulant activity
in vitro. These extracts may be useful in clinical applica-
tions for anti-coagulant activity.

Increases of anti-complementary activities by HW
Immunostimulating anti-complementary substances have
been recognized as characteristic biological response
modifiers. Anti-complement activity plays an important
role in host resistance in the primary humoral mediation of
Ag-Ab reaction. Recently, a considerable number of
medicinal herbs and plants have been found to possess
immunostimulating and anti-complementary effects, and to
have higher anti-tumor activities (29,30). The activity is
usually reported in polysaccharides such as those from
Malva sylvestris var. mauritiana (31) and Bupleurum
Jalcatum (32). Therefore, anti-complementary activity in
solvent extracts was tested by the compiement fixation test,
and the activity was presented as inhibition of TCHsp. As
shown in Fig. 3, HW showed inhibitory effects only on the
hemolytic activity of the complement system towards
antibody-coated erythrocytes (63.844.1%) compared with
the control (48+4.9%). EA and ME exhibited a decrease in
inhibitory effect, 32+5.2 and 36+6.1% respectively. Similar
difference in anti-complementary activity between each
fraction was found in our previous report (11). From the
data, HW has significant anti-complementary activity. The
result shows the possibility that mycelia of B. bassiana
may contain some kind of regulator of the complementary
system.
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Fig. 3. Anti-complementary activities of mycelium of Beauveria
hassiana fractionated by solvent extraction. The final concentra-
tion of the sample was 100 pg/mL. Values represent the meant
SD (n=4), *p<0.05. Significance between the positive control and
samples. Control (LPS, 100 pg/mL); EA, ethyl acetate extract
fraction; ME, methanol extract fraction; HW, hot-water extract
fraction.

Proliferation of bone marrow cells through the intestinal
immune system by HW The gut-associated lympho-
reticular tissues (GALT) play an important role in host
defense, including the IgA response of the intestinal
immune system (33). The intestinal immune system,
including Peyer’s patches, not only contributes to the
defense system of the mucosa, but also regulates systemic
inflammation, resulting in the suppression of allergic
reactions and autoimmune diseases (33). Recently, it was
reported that HW of C. sinensis stimulates the proliferation
of bone marrow cells through Peyer’s path cells and
macrophage activation in vifro and in vivo (34). In this
study, we investigated whether the solvent extracts from
submerged cultures of B. bassiana stimulate the proliferation
of bone marrow cells through Peyer’s patch cells and this
effect was tested in virro with fluorescence intensity. To
investigate the effect of solvent extracts on how Peyer’s
patch cells mediated the hematopoietic responses of bone
marrow cells, Peyer’s patch was obtained from C3H/HeN
mice, cultured with the extracts and then added to the
culture of bone marrow cells. As shown in Fig. 4, HW
significantly proliferated the bone marrow cells through
Peyer’s patch cells (1.5-fold). ME had an intermediate
activity (1.2-fold) and EA showed no immune stimulation
in intestinal cells. This action exhibits that HW has the
most potent fraction on the proliferation of bone marrow
cells mediated by Peyer’s patch cells in vifro. It may be
assumed that oral administration of HW of B. bassiana can
induce the local stimulation in the intestinal system. In case
of synnemata of B. bassina HW, EA, and MA exhibited
similar intestinal immune system activating activity,
however there was no significant differences between
fractions (11).

Decrease of AChE activities by ME AChE {s an
enzyme, which hydrolyses acetylcholine and is used as a
marker for cholinergic neural function. It is known to be
involved in synaptogenesis. While it is known to be a
marker for the developing chick brain, it is also implicated
in neurodegenerative diseases (35,36). AChE plays an
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Fig. 4. Intestinal immune system modulating activities of
mycelium of Beguveria bassiana fractionated by the solvent
extraction. The final concentration of the sample was 100 pg/mL.
Values represent the means+SD (n=4), *p<0.05. Significance
between the positive control and samples. Control (LPS, 100 mg/
mL); EA, ethyl acetate extract fraction; ME, methanol extract
fraction; HW, hot-water extract fraction.

important role in Alzheimer’s disease (AD), which is
primarily caused by a cholinergic dysfunction. The degree
of cognitive impairments in AD has been reported as
correlating well with central cholinergic deficits {35). We
thus sought to determine whether the solvent extracts
increase the inhibitory effects of AChE activity. In order to
examine the inhibition of AChE activity, the extract was
treated in PC-12 cells for 24 hr and cell lysate was used as
a substrate. Among the extracts tested, EA and HW
exhibited low inhibition of AChE activity, 30.4+6.1 and
8.9+3.8% respectively. However, the value was lower than
that of the positive control (48.6+£6.4%) and ME (40.2+
4.2%}) as shown in previous report related to synnemata of
B. bassiana (11). The activity of the ME was almost the
same as that of the positive control. This result indicates
that ME from B. bassiana mycelium may be helpful in
inhibiting AChE activity, but not in HW and EA.
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Fig. 5. Inhibitory effect on AChE activities of mycelium of
Beauveria bassiana fractionated by solvent extraction. The final
concentration of sample was 130 pg/mL. Values represent the
means+SD (n=4), *p<0.05. Significance between the positive
control and samples. Control (tacrine, 130 pg/mL); EA, ethyl
acetate extract fraction; ME, methanol extract fraction; HW, hot-
water extract fraction.
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Fig. 6. Inhibitory effect on TPA-induced O, generation of
mycelium of Beawuveria bassiana fractionated by solvent extraction.
The final concentration of the sample was 100 pg/mL. Values
represent the means+SD (n=4), *p<0.05. Significance between
the positive control and samples. Control (genistine, 100 ng/mL);
EA, ethyl acetate extract fraction; ME, methanol extract fraction;
HW, hot-water extract fraction,
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Inhibition of TPA-induced O, generation by HW and
EA O, is one of the precursors of several types of ROS
(37) resulting in oxidative stress-related diseases including
cancer. Also, the production of ROS is associated with
many neurodegenerative diseases (38,39). Therefore,
inhibition of ROS generation is the most accepted and
recognized therapeutic markers for development of
cognitive enhancers. Recently, traditional medicinal plants
have been used to enhance cognitive function and to
alleviate other symptoms associated with AD (40,41). The
present study also attempted to search for an O, genera-
tion inhibitor as a promising candidate for the prevention
of these diseases. Among the extracts, ME (24+4.3%)
revealed the highest inhibitory activity on the TPA-induced
O, generation, followed by EA (14.5+3.1%) and HW
{12.4£2.9%). The activity of ME was same as that of the
positive control, which exhibited 24.1£3.2% activity.
These extracts may be contributed to protecting against
ROS-induced injury in animals. ME fraction from
synnemata of B. bassiana exhibited much lower inhibitory
activity on the TPA-induced O, generation (11)

In summay, physiological activities of the freeze-dried
mycelium of B. bassiana were evaluated. HW extract from
mycelium showed biological activities including anti-
complemently activity, anticogualent activity, and the most
potent intestinal immune system modulating activity. The
ME increased AChE inhibition activity and ROS scavenging
activity. Various biological activities in the present study
indicated that the mycelium of B. bassiana contained some
healthful ingredients and that the intrinsic nature of these
active compounds requires further investigation.
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