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The aim of this study was to determine the in vifro anti-inflammatory effect of hot water extract from Cordyceps militaris
fruiting bodies (CMWE) on lipopolysaccharide (LPS)-stimulated nitric oxide (NO) production, tumor necrosis factor-a (TNF-
@) and interleukin-6 (IL-6) release in RAW 264.7 cells. The treatment of macrophages with various concentrations of hot
CMWE significantly reduced LPS-induced production as well as NO, TNF-o and IL-6 secretion in a concentration-dependent
manner. These results suggest that CMWE have potent inhibitory effects on the production of these inflammatory mediators.
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Traditionally, various mushrooms have been used in many challenge or tissue injury that ultimately leads to the res-
countries for maintianing health and for the prevention toration of normal tissue structure and function. A normal
and treatment of variety diseases such as hepatitis, hyper- inflammatory response is self-limiting and involves the
tension, hypercholesterolemia and gastric cancer [1]. These downregulation of pro-inflammatory protein expression,
mushrooms include many different genera such as the increased expression of anti-inflammatory proteins,

Cordyceps, Paecilomyces, Torrubiella and Podonectria. and a reversal in the vascular changes that facilitated the
Cordyceps militaris, which belongs to the class Asco- initial immune cell recruitment process [11]. Prolonged
mycetes, has been long used as a folk medicine in Korea, inflammation contributes to the pathogenesis of many
China and Japan, and has more recently been used in inflammatory diseases, including bronchitis [12], gastritis
western medicine due to its various physiological activi- [13], inflammatory bowel disease [14], multiple sclerosis
ties [2]. Especially, the chemical components of C. milita- [15] and rheumatoid arthritis [16].

ris, such as cordycepin [3], nucleoside [4] and various Nitric oxide (NO), prostaglandin E2 (PGE2) and cytok-

polysaccharides [5] have been widely studied. Cordycepin ines such as interleukin-1 beta (IL-1p), IL-6 and tumor
(3-deoxyadenosine), a metabolite of C. militaris, has been necrosis factor-a (TNF-q), are well known for their
shown to inhibit the growth of various tumor cells [6]. involvement in the development of inflammation [17].
Extracellular biopolymers from a mycelial liquid culture Macrophages play an important role in the regulation of
of C. militaris were reported to have anti-fibrotic effects inflammation and the immune response by releasing pro-
on fibrotic rats induced by bile duct ligation and scission inflammatory cytokines (TNF-¢, IL-14 and 1L-6) and
operation [7]. Recent studies have shown that mushroom inflammatory factors (NO and PGE2) that recruit addi-
extracts contain active components that suppress tissue tional immune cells to sites of infection or tissue injury

injury associated with the pathological processes of many [18]. Following exposure to immune stimulants, includ-
inflammatory diseases [8,9]. In addition, 70% ethanol ing bacterial toxins such as lipopolysaccharide (LPS) and
extracts prepared from fruiting bodies and cultured myce- lipoteichoic acid, the production of these mediators by

lia of C. militaris on croton oil-induced ear edema in mice macrophages has been found in many inflammatory tis-
were reported to show topical anti-inflammatory activity sues along with increased expressions of their mRNAs
[10]. However, the pharmacological activities of C. milita- [19]. Although NO and pro-inflammatory cytokines are
ris have not been well documented despite its increasing involved in the host defense mechanism, their overproduc-
usage. tion contributes to the pathogenesis of several diseases,
Inflammation is a beneficial host response to foreign such as sepsis, rtheumatoid arthritis, atherosclerosis, pul-
monary fibrosis and chronic hepatitis [20]. Thus, inhibit-

*Corresponding author <E-mail : mhjeong@dau.ac.kr> ing the production of these inflammatory mediators may
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prevent or suppress various inflammatory diseases. In this
study, we prepared hot water extract of C. militaris fruit-
ing bodies and also investigated the effects of NO and
pro-inflammatory cytokines from LPS-stimulated RAW
264.7 cells.

Materials and Methods

Materials and chemicals. RPMI 1640 media and fetal
bovine serum were purchased from Gibco Ltd. (Grand
Island, NY, USA). MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide), LPS, L-NMMA (N°-
Methyl-L-arginine acetate salt), polymyxin B, arachi-
donic acid and indomethacin were purchased from Sigma
Chemicals Co. (St. Louis, MO, USA). TNF-« and IL-6
were obtained from BD science (San Jose, CA, USA) and
all other solvents/chemicals were of reagent or analytical
grade.

Preparation of hot water extraction of C. militaris. We
used C. militaris strain that was previously identified by
phylogenetic analysis [21] and prepared hot water extract
from fruiting bodies. In brief, the fruiting bodies of C.
militaris were washed with distilled water and dried at
40°C. Then, powdered C. militaris (50 g) was boiled with
1L of water at 121°C for 6 hr. The insoluble materials
were removed by centrifugation at 10,000 g for 30 min at
4°C, and the resulting supernatants were freeze-dried. The
dried hot water extract of C. militaris fruiting bodies
(CMWE) was dissolved in distilled water and sterilized
with a 0.45 um syringe filter before being used for cell
culture (Fig. 1).

Cell culture and treatment. RAW 264.7 cells, a murine
macrophage cell line, were grown in monolayer culture
using RPMI-1640 medium supplemented with 10% fetal

‘ Fruiting bodies of Cordyceps militaris

—— Washed with distilled water
— Dried at 40 °C

‘ Powdered Cordyceps militaris I

— Distilled water 20 vol
— 121°C,6h
— Centrifugation at 10,000gfor 30 min

‘ Extract ‘ ‘ Precipitated ‘

[ Freeze-dried
—— Dissolved in distilled water

—— Sterilized with a 0.45 pun syringe filter

Hot water extract of Cordyceps militaris (CNMWE)

Fig. 1. The procedures for hot water extraction of Cordyceps
militaris fruiting bodies (CMWE).

bovine serum, 100 units/mL of penicillin, and 100 ug/mL
of streptomycin. Cell cultures were grown at 37°C in a
humidified CO, incubator (5% CO,). Cells were passaged
prior to confluence by removing cells with trypsin/ehyl-
enediaminetetra acetic acid solution, followed by centrifu-
gation and reseeding. After 10~15 passages, RAW 264.7
cells were no longer used for these assays. The effect
of CMWE on cytotoxicity was tested by treating cells
with different concentrations of CMWE in RPMI-1640
medium.

MTT assay for cell viability. The number of viable
cells was determined by the ability of mitochondria to
convert MTT (3[4,5-dimethylthiazol-2-yl1]-2,5-diphenyltet-
razolium bromide) to formazan dye. RAW 264.7 cells
were cultured overnight in 96-well plates at a density of
3 x 10" cells/200 pL in each well. The next day, cells were
coincubated with CMWE (78~1,250 ug/mL) for 24 hr. After
24 hr, the medium was removed and 10 puL. of 10 mg/mL
MTT was then added to each well, followed by incuba-
tion for another 4 hr at 37°C under humidified 5% CO,
atmosphere. The MTT was removed and cells were lysed
with 150 ul. of DMSO. The absorbance was then mea-
sured at 550 nm using a microplate reader (OpsysMR,
DYNEX, Ltd., Frankfurt, Germany).

NO assay. Nitrite that accumulated in the culture
medium was measured as an indicator of NO production
based on the Griess reaction. In brief, RAW264.7 cells
were plated in a 24-well plate at a density of 2 x 10 cells/
well in 1 mL of culture medium followed by incubation
for 18 hr. Cells were then coincubated with CMWE (78~
1,250 pg/mL) in 500 ng/mL of LPS for 24 hr. After 24 hr,
the culture supernatant was collected for nitrite measure-
ment. One-hundred pL of the spent medium were plated
in a 96-well plate and an equal amount of Griess reagent
(0.1% N-1-[naphthyl]ethylenediamine-diHCl and 1% sulfa-
nilamide and 5% H,PO,) was added. The plate was incu-
bated for 10 min, and the absorbance was measured at
550 nm using a microplate reader (OpsysMR, DYNEX.
Ltd). The amount of NO was calculated using asodium
nitrite standard curve.

Cytokine assays. The inhibitory effects of CMWE on
the production of TNF-« and IL-6 were measured by
enzyme-linked immunosorbent assay (ELISA) using cul-
ture supernatants collected from treated cells. RAW 264.7
cells were plated in a 24-well plate at a density of 2 x 10’
cells/well in 1 mL of culture medium, followed by incu-
bation for 18 hr and coincubation with 312.5~19.5 pg/mL
of CMWE in 500 ng/mL of LPS for 24 hr. Cell-free cul-
ture supernatants were collected and assayed according to
the instructions of the ELISA kit (OptiEIA, BD science)
manufacturer to determine the amount of TNF-« and 1L-6
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released from the cell. Concentrations for two wells of
each sample were determined and this experiment was
performed in triplicate.

Statistical analysis of data. All values were expressed
as mean =+ the standard deviation (+ SD). Statistical differ-
ences between the treatments and the control were evalu-
ated by ANOVA (Dunnett’s test) and Students-t tests. p <
0.05 was considered to be significant (*p < 0.05).

Results

Cell viability. In order to determine whether CMWE
causes toxicity in RAW 264.7 cells, cell viability was
tested with various concentrations of CMWE by MTT
assay. CMWE showed 77% cell viability at 1,250 pg/mL
and little cytotoxic effects at concentrations from 78 to
1,250 pg/mL in RAW 264.7 cells (Fig. 2). Therefore, we
tested the anti-inflammatory properties of CMWE under
concentrations of 1,250 ug/mL and found that CMWE
had no effect on cell cytotoxicity.

Inhibition of NO production by CMWE in LPS-stimu-
lated RAW 264.7 cells. To analyze the potential anti-
inflammatory properties of CMWE, we used RAW 264.7
murine macrophage cells, which can produce NO upon
stimulation with LPS. As shown in Fig. 3, CMWE inhib-
ited LPS-induced NO production in a dose-dependent
manner. Unstimulated cells secreted basal levels of NO
while LPS stimulation resulted in an increase in NO pro-
duction (20.5 £ 0.18 uM; inhibition 0%). CMWE signifi-
cantly inhibited the production of LPS-stimulated NO
production in a concentration-dependent manner. NO pro-
duction was reduced (10+0.39 uM; inhibition 51%) at
the highest concentration of CMWE tested (1,250 pg/mL),
and CMWE had an inhibitory effect on NO production
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Fig. 2. Cytotoxicity of hot water extract of Cordyceps
militaris fruiting bodies (CMWE) in RAW 264.7 cells.
RAW 264.7 cells were treated with 0, 78, 156, 313,
625, and 1250 pg/mL of CMWE for 24 hr. Cell viability
was determined by MTT assay. Three independent
assays were performed in triplicate and the data shown
are the mean = SD.

identical to that exhibited by L-MMNA (8.2 +0.37 uM;
inhibition 57%) on NO synthase. This inhibition of NO
production by LPS-stimulated murine macrophages upon
L-NMMA treatment indicates an absolute requirement for
L-arginine in NO production. Indeed, pegmatite showed
strongly inhibited NO production the same as positive
control.

Reduced production of pro-inflammatory cytokines in
LPS-stimulated RAW 264.7 cells. To examine the
inhibitory activity of CMWE on the production of the
pro-inflammatory cytokines TNF-¢ and 1L-6, RAW 264.7
cells were incubated with various concentrations of CMWE
in the presence of LPS for 24 hr. The levels of TNF-« and
IL-6 in the cell-free culture supernatants as evaluated by
ELISA were significantly increased in RAW 264.7 cells
in response to LPS stimulation alone (Figs 4 and 5). LPS-
induced TNF-a secretion was reduced by 14 ng/mL
(inhibition; 44%) at a CMWE concentration of 1,250 pg/
mL (Fig. 4), whereas LPS alone stimulated TNF-« secre-
tion to 25.4ng/mL (inhibition; 0%) in RAW 264.7 cells.
We also found that treatment with 1,250 pg/mL of
CMWE inhibits 1L-6 secretion (4 ng/mL; inhibition 65%)
when compared to untreated control (11.1 ng/mL; inhibi-
tion 0%) in LPS-stimulated RAW 264.7 cells (Fig. 5). In
addition, treatment with polymixn B (100 U/mL) as a LPS
inhibitor reduced TNF-« secretion by 11.1 ng/mL (inhibi-
tion; 57%) and IL-6 secretion by 2.7 ng/mL (inhibition;
76%). These results indicate that CMWE reduced the pro-
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Fig. 3. Effects of hot water extract of Cordyceps militaris
fruiting bodies (CMWE) on lipopolysaccharide (LPS)-
induced nitirc oxide (NO) in murine macrophages.
RAW 264.7 cells were treated with varying concentra-
tions of CMWE in the presence of 500 ng/mL of LPS
or LPS alone for 24 hr. L-NMMA was used as a
positive control. Three independent assays were per-
formed in triplicate and the data shown are the mean +
SD. ‘p<0.05 vs. media alone and ‘p <0.05 vs. LPS-
treated group (control); significance of difference
between treated groups by Students-t tests () and
ANOVA followed by Dunnett’s test (*).
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Fig. 4. Effects of hot water extract of Cordyceps militaris
fruiting bodies (CMWE) on lipopolysaccharide (LPS)-
induced tumor necrosis factor-& (TNF-@) production
by RAW 264.7 cells. Cells were treated with the
indicated concentrations of CMWE in the presence of
500 ng/mL of LPS or LPS alone for 24 hr. The concen-
tration of TNF-« in condition medium was analyzed
by ELISA. Three independent assays were performed
in triplicate and the data shown are the mean+ SD.
'p <0.05 vs. media alone and p <0.05 vs. LPS-treated
group (control); significance of difference between
treated groups by Students-t tests () and ANOVA
followed by Dunnett’s test (*).
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Fig. 5. Effects of hot water extract of Cordyceps militaris
fruiting bodies (CMWE) on lipopolysaccharide (LPS)-
induced interleukin 6 (IL-6) production by RAW 264.7
cells. Cells were treated with the indicated concentra-
tions of CMWE in the presence of 500 ng/mL of LPS
or LPS alone for 24 hr. The concentration of IL-6 in
condition medium was analyzed by ELISA. Three inde-
pendent assays were performed in triplicate and the
data shown are the mean = SD. ‘p <0.05 vs. media alone
and ‘p<0.05 vs. LPS-treated group (control); significance
of difference between treated groups by Students-t tests
() and ANOVA followed by Dunnett’s test (*).

duction of pro-inflammatory cytokines such as TNF-«
and IL-6 in a concentration-dependent manner.

Discussion

C. militaris is one of the most well known medicinal
entomopathogenic fungi and as such has been widely used
for the treatment of various diseases. However, the phar-
macological and biochemical activities of C. militaris have
not been clearly elucidated. To identify the anti-inflamma-
tory effects of CMWE in traditional herbal medicine, the
effects of CMWE on the production of NO, TNF-« and
IL-6 in LPS-stimulated RAW 264.7 cells were investi-
gated. These results showed that CMWE inhibits the
production of major macrophage-derived inflammatory
mediators in a dose-dependent manner.

NO synthesized by inducible nitric oxide synthesis
(iNOS) has been reported as a major inflammatory media-
tor and seems to be involved in both acute and chronic
inflammation [22]. The physiological or normal genera-
tion of NO mediates the bactericidal and tumoricidal
actions of macrophages. However, the aberrant release of
NO can lead to amplification of inflammation as well as
tissue injury [23]. Large amounts of pro-inflammatory
mediators, such as NO and PGE2, are generated by the
inducible isoforms of NO synthase (iNOS) and COX-2 [24].
The increased production of these inflammatory media-
tors may result in severe tissue damage and septic shock.
NO is a signaling molecule that plays a key role in the
pathogenesis of inflammation. In addition, NO is a potent
neurotransmitter at neuron synapses and contributes to the
regulation of apoptosis. NO is involved in the pathogene-
sis of inflammatory disorders of the joint, gut and lungs.
Therefore, since the overproduction of NO can be harm-
ful and result in various inflammatory and autoimmune
diseases [25], pharmacological alteration of NO produc-
tion presents a promising strategy for the development of
medicinal foods to cure inflammatory disorders. Here, it
has been demonstrated that CMWE significantly inhibits
NO production in LPS-stimulated RAW 264.7 cells (Fig. 3).

LPS is a component of the outer cell wall of Gram-
negative bacteria. Systemic injection with LPS in experi-
mental animals is a widely used in vivo or in vivo models
for the study of endotoxic shock and acute systemic
inflammation. LPS is a potent activator of macrophages
and activates the immune system, leading to the release of
endogenous pro-inflammatory cytokines such as TNF-¢,
IL-1p and IL-6 [26]. Pro-inflammatory cytokines such as
TNF-a, IL-1 and IL-6 have been shown to control inflam-
mation in vitro as well as in vivo [27, 28], and moreover
these cytokines are thought to be interlinked in a cascade,
being produced serially by macrophages during the inflam-
matory response. Furthermore, the development of hyper-
algesic states during inflammation is thought to be mediated
by pro-inflammatory cytokines [29]. Indeed, RAW 264.7
macrophages provide us with an excellent model for anti-
inflammatory drug screening.
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In the present study, CMWE treatment of LPS-stimu-
lated RAW 264.7 cells suppressed secretion of pro-inflam-
matory cytokines. LPS was used as the prototypical
inflammatory stimulus in our experiments due to its abil-
ity to initiate a range of pro-inflammatory mediators [30].
It was obvious that CMWE was efficient in restraining the
secretion of TNF-« and IL-6 in a concentration-depen-
dent manner in LPS-stimulated cells (Figs 4 and 5). Addi-
tionally, the CMWE showed biological activity at low
dosage despite being a water extract.

These findings suggest that CMWE may prevent
inflammation by suppressing LPS-induced inflammatory
mediators. Based on our data, the presence of various
components in CMWE might imply the existence of
effective anti-inflammatory compounds. Moreover, these
data suggest that C. militaris may be considered a poten-
tial medicinal food for the prevention of inflammatory
disease when hot water extract from C. militaris fruiting
bodies is consumed. Therefore, usage of CMWE as a
source of natural drugs requires that the mechanisms of
the protective and anti-inflammatory properties of CMWE
be further investigated.
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