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Abstract

Taiwanofungus camphoratus (syn. Antrodia camphorata), a medicinal mushroom in Taiwan, is reputed to provide several therapeutic benefits,
but the wild fruiting body is very rare. In this study, we used Taiwanofungus camphoratus extracts from wild fruiting bodies and two types of
artificial cultivation (solid-state culture and liquid-state fermentation) to examine their anti-inflammatory effects in microglia cells and their possible
roles in protection against neurodegenerative diseases. First, EOC13.31 microglia was treated with various kinds of Taiwanofungus camphoratus
extracts and lipopolysaccharide (LPS) and interferon-y (IFN-vy) to evaluate the iNOS expression. Western blot and RT-PCR analysis showed that
among the various kinds of extracts from wild fruiting bodies, methanol extracts were the most potent inhibitors of iNOS expression. Secondly, the
potency of methanol extracts could be ranked as follows: extracts of wild fruiting body > solid-state culture > liquid-state fermentation. To clarify
the mechanisms involved, methanol extracts from fruiting body were found to inhibit the phosphorylation of extracellular signal-regulated protein
kinases (ERK), c-Jun NH2-terminal protein kinases (JNK) and signal transducer and activator of transcription-1 (STAT-1) induced by LPS/IFN-
v. Methanol extracts from fruiting body also inhibited NF-kB activation through the prevention of inhibitor kB (IkB) degradation. Moreover,
methanol extracts from wild fruiting body inhibited both the iNOS and cyclooxygenase-2 (COX-2) expression induced by (3-amyloid in microglia
in a dose-dependent manner. In an animal model, we confirmed that methanol extracts from fruiting bodies were able to suppress ear edema,
indicating that they have anti-inflammatory activity in vivo. These results suggest that Taiwanofungus camphoratus exhibits an anti-inflammatory
activity that might contribute to the prevention of neurodegenerative diseases.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Microglia are the resident macrophage-like cells of the
brain that secrete proinflammatory factors and reactive oxy-
gen species in response to immunological stimuli and play a
broad role in the brain’s innate immunity and inflammatory
neuropathologies (Nelson et al., 2002). Activated microglia
changes their morphology and release inflammatory cytokines
that activate and recruit other leukocytes to the brain lesion,
resulting in neuronal damage (Hayes et al., 1988). Sustained
overactivation of microglia is observed in several neurodegen-
erative diseases, such as multiple sclerosis, Alzheimer’s disease,
Parkinson’s disease, and HIV-associated dementia (McGeer et
al., 1988; Raine, 1994; Kreutzberg, 1996; Banati et al., 1998).
Several molecules found to be involved in microglia activa-
tion include lipopolysaccharide (LPS), interferon-y (IFN-vy),
B-amyloid, CD40L, chemokines, neurotransmitters, and gan-
gliosides, as well as several proteases such as thrombin, tissue
plasminogen activator, and matrix metalloproteinase-3. Upon
stimulation of LPS and IFN-v, microglia transduces signals
through toll-like receptors and activates a variety of intracellular
signaling molecules, such as protein tyrosine kinases, mitogen-
activated protein kinases, protein kinase C, small G proteins,
signal transducer, and activator of transcription (STAT) (Jones et
al., 2001; Takeuchi and Akira, 2001; Kim et al., 2005). Several
transcription factors are involved in such activated microglia,
including NF-kB, C/EBP, the Fos/Jun families, and STAT, and
these results in the induction of inducible nitric oxide synthase
(INOS), TNF-a, cyclooxygenase-2 (COX-2), and other cytokine
genes (Sweet and Hume, 1996).

Taiwanofungus camphoratus (syn. Antrodia camphorata) is
a Ganoderma-like fungus, which belongs to the Polyporaceae,
Basidiomycotine family, and grows in a unique host, the endemic
perennial tree Cinnamomun kanehirai (Bull camphor tree) in
Taiwan. The Chinese name for Taiwanofungus camphoratus is
niu-chang-chih or niu-chang-ku, and its scientific name results
from the fact that it is a native fungus in Taiwan. It is known
as a folk medicine in Taiwan and is used to treat abdominal
pain, diarrhea, drug intoxication, hypertension, and skin itch-
ing and to improve immune system and liver function (Tsai and
Liaw, 1985). Several biological activities have been reported
for Taiwanofungus camphoratus, including anti-inflammation,
antioxidation, vasorelaxation, and anti-hepatitis B surface anti-
gen activities. Several bioactive ingredients have been identified
in it, such as triterpenoid sesquiterpene lactone, steroid and
polysaccharide (Chen et al., 1995; Chiang et al., 1995; Cherng
et al., 1996; Shen et al., 2003), but many unknown ingredients
remain to be discovered. Previous studies have demonstrated the
biological function of Taiwanofungus camphoratus from wild
fruiting body, solid-state culture, or liquid-state fermentation.
Because the wild fruiting body of Taiwanofungus camphora-
tus is rare in nature and difficult to obtain, artificial cultivation
was developed as a substitute. At present, solid-state culture and
liquid-state fermentation of Taiwanofungus camphoratus are
used to obtain fruiting bodies and mycelia, as well as useful cel-
lular materials for human requirements. However, very little data
on the difference between the wild fruiting body of Taiwanofun-

gus camphoratus and artificial cultivation of Taiwanofungus
camphoratus exists with regard to biological functions and med-
ical effectiveness.

Microglia are the immune cells in the brain, and they play
a defense and monitoring role. However, activated microglia
express high levels of iNOS and its metabolite nitric oxide that
significantly contribute to the pathogenesis of neurodegener-
ative diseases. In this paper, we used wild fruiting bodies of
Taiwanofungus camphoratus and Taiwanofungus camphoratus
produced by solid-state culture and liquid-state fermentation
to compare their anti-inflammatory effects on microglia and to
elucidate possible molecular mechanisms of anti-inflammation.

2. Materials and methods
2.1. Materials

TPA, B-amyloid protein fragment 25-35, LPS (Escherichia
coli 0127:B8) was purchased from Sigma Chemical (St. Louis,
MO). Mouse interferon-y was purchased from R&D Systems
Inc. (Minneapolis, MN).

2.2. Preparation of different extracts from Taiwanofungus
camphoratus

Wild fruiting body of Taiwanofungus camphoratus (voucher
number TC-2004-09-001) and Taiwanofungus camphoratus
produced by liquid-state fermentation (voucher number TC-
2004-09-002) and by solid-state culture (voucher number
TC-2004-09-003) were provided by Well Shine Biotechnol-
ogy Development Co. (Taipei, Taiwan). These specimens were
deposited in the School of Medical Laboratory Science &
Biotechnology, Taipei Medical University, Taipei, Taiwan. Air-
dried ground powder of wild fruiting body of Taiwanofungus
camphoratus, Taiwanofungus camphoratus mycelia produced
by liquid-state fermentation, and solid-state culture Taiwanofun-
gus camphoratus was extracted sequentially with cold water,
methanol, and hot water, to get cold water extracts, methanol
extracts, and hot water extracts, respectively, as described pre-
viously (Liu et al., 2006).

2.3. Partial fraction of methanol extracts from wild fruiting
body of Taiwanofungus camphoratus

Methanol extracts from the wild fruiting body of Taiwanofun-
gus camphoratus were dissolved in methanol and then applied to
a Sephadex LH-20 column and eluted with ethanol. Six fractions
were obtained, and the composition of each individual fraction
was determined by HPLC analysis. We discarded the first frac-
tion that contained the mixture of all components, and the other
five fractions (CKJ-35-2—-CKJ-35-6) were used to treat cells.

2.4. Cell culture
Cells of the mouse microglia cell line EOC13.31 (BCRC

60490, Food Industry Research and Development Institute,
Hsinchu, Taiwan) were cultured in Dulbecco’s modified
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Eagle’s medium (DMEM) containing 10% heat-inactivated fetal
bovine serum (Invitrogen Taiwan, Ltd., Taipei, Taiwan), 20%
LADMAC conditioned medium, 100 units/ml penicillin, and
100 pg/ml streptomycin. To obtain the LADMAC conditioned
medium, cells of the mouse bone marrow cell line LADMAC
(BCRC 60489, Food Industry Research and Development Insti-
tute, Hsinchu, Taiwan) were cultured in minimum essential
medium (MEM) containing 10% heat-inactivated fetal bovine
serum, 2 mM L-glutamine, 0.1 mM non-essential amino acids,
and 1.0mM sodium pyruvate for 10 days, and LADMAC-
conditioned medium was obtained from cell-free cultured
medium. For all assays, EOC13.31 cells were plated in 60-mm
dishes at 5 x 109 cells per dish and allowed to grow for 1824 h.

2.5. Western blot

Equal amounts of total cellular protein (50 g) were resolved
by SDS-polyacrylamide gel electrophoresis (PAGE), and trans-
ferred onto Immobilon-P membrane (Millipore, Bedford, MA)
as described previously (Liu et al., 2003). The membrane
was then incubated with an anti-COX-2 antiserum, anti-iNOS
antiserum, anti-STAT-1 antiserum, anti-IkB antiserum, anti-
phosphorylated ERK antiserum (Santa Cruz Biotechnology,
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Santa Cruz, CA), anti-phosphorylated JNK antiserum, anti-
phosphorylated p38 antiserum (Cell Signaling Technology Inc.,
Danvers, MA), or a-tubulin (Invitrogen Taiwan, Ltd.). The mem-
branes were subsequently probed with anti-mouse or anti-rabbit
IgG antibody conjugated to horseradish peroxidase (Santa Cruz
Biotechnology) and visualized using enhanced chemilumines-
cence kits (ECL, Amersham).

2.6. Reverse-transcription polymerase chain reaction
(RT-PCR)

Total RNA was isolated and the RNA (2 j.g) was reverse-
transcribed at 37 °C for 1 h by adding 5 uM of random hexamer
oligonucleotides (Gibco BRL), 200 units of reverse transcrip-
tase, 2.5 mM deoxyribonucleotide triphosphates (dANTP), and
10mM dithiothreitol. The semi quantitative PCR was car-
ried out with 2 ul of cDNA and 23 pl of PCR mix buffer
containing each primer (0.2 uM), dNTP (2.5mM), and Taq
DNA polymerase (1.25 units) (Takara Bio. Inc., Shiga, Japan).
After the PCR, 10wl of the reaction mixture was sub-
jected to electrophoresis on a 1.5% agarose gel, and the
PCR products were visualized by ethidium bromide staining.
Semiquantitative PCR primers for the mouse iNOS, TNF-
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Fig. 1. Comparative effect of various extracts from wild fruiting body of Taiwanofungus camphoratus on the inhibition of iNOS expression induced by LPS/IFNy
in microglia. EOC13.31 cells were pretreated with (A) 100 pg/ml or (B) 75 pg/ml of WC, WM, or WH for 1 h, and then LPS (100 ng/ml) and IFN-y (50 ng/ml) for
24 h. (C) EOC13.31 cells were treated with various concentrations of WM for 1 h and LPS (100 ng/ml) and IFN-vy (50 ng/ml) for 24 h. Total cellular protein (50 pg)
was separated on 10% SDS-polyacrylamide gels and blotted with antibodies specific iNOS and a-tubulin. (D and E) EOC13.31 cells were pretreated with various
concentrations of WM for 1 h, and then LPS (100 ng/ml) and IFN-y (50 ng/ml) for 8 h. Total mRNA was prepared, and the levels of iNOS, TNF-a and GAPDH were

detected by RT-PCR.
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o, and GAPDH cDNA were synthesized according to the
following oligonucleotide sequences: iNOS, forward primer
5'-ACACCAGGTATCAGATGTGGG-3', reverse primer 5'-
TGAAGCCCCCTCCACTTCGGTA-3’, TNF-« forward primer
5'-CGAAGGAGTTGGAGGTGTTTTCC-3', reverse primer 5'-
TTTATTGACTGAGGCACTGGGG-3', and GAPDH, forward
primer 5-ACCACAGTCCATGCCATCAC-3/, reverse primer
5-TCCACCACCCTGTTGCTGTA-3'.

2.7. Measurement of mouse ear edema

Female Balb/c mice (3—4 weeks old) were purchased from
the National Laboratory Animal Center (Taipei, Taiwan) and
kept in an animal facility for 1-2 weeks before use. All ani-
mal experimental procedures has been conducted and approved
by the Institutional Animal Care and Use Committee of Taipei
Medical University. Mice (three animals/group) were pretreated
with the solvent (15 pl acetone), WM, or SM on both ears for
30 min and then treated with TPA (1 nmol) for 7h. After TPA
treatment, the mice were sacrificed by cervical dislocation, and
ear punch biopsies were taken and weighted.

3. Statistical analysis

Data are presented as mean =+ S.E., for the indicated num-
ber of independently performed experiments. Statistical analysis
was done by one-way Student’s 7-test.

4. Results

4.1. Inhibition of LPS/IFN y-activated microglia by
Taiwanofungus camphoratus extracts

The three wild fruiting body extracts — cold water (WC),
methanol (WM), and hot water (WH) extracts, as described in
Section 2 — were used to examine the inhibitory effect on the
iNOS expression in microglia. As shown in Fig. 1A, LPS/IFN-y
significantly induced iNOS expression, and 100 wg/ml of each
wild fruiting body extract markedly inhibited this expression.
However, only WM significantly inhibited the iNOS expression
at a dose of 75 pg/ml (Fig. 1B) and did so in a dose-dependent
manner (Fig. 1C). RT-PCR analysis showed that the iNOS
mRNA was inhibited by WM in a dose-dependent manner
(Fig. 1D), indicating the iNOS expression was inhibited at the
transcription level. The expression of another proinflammatory
cytokine TNF-o mRNA was examined by RT-PCR analysis, and
the results showed that WM inhibited that also (Fig. 1E). These
results suggest that WM has stronger anti-inflammatory activity
than either WC or WH in microglia.

4.2. Comparison of methanol extracts of wild fruiting body,
and of Taiwanofungus camphoratus produced through
solid-state culture and liquid-state fermentation on the
inhibition of iNOS expression in the LPS/IFN y-activated
microglia

Since WM appears most potent in the inhibition of iNOS
expression, we compared the anti-inflammatory effects from
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Fig. 2. Comparative effect of methanol extracts of wild fruiting body of Tai-
wanofungus camphoratus and of Taiwanofungus camphoratus produced through
solid-state culture and liquid-state fermentation on the inhibition of iNOS expres-
sion induced by LPS/IFNvy in microglia. EOC13.31 cells were pretreated with
(A) 75 pg/ml or (B) 50 pg/ml of WM, LM, or SM for 1h, and then LPS
(100 ng/ml) and IFN-y (50 ng/ml) for 24 h (A and B) or 8h (C). (A and B)
Total cellular protein (50 pg) was separated on 10% SDS-polyacrylamide gels
and blotted with antibody-specific iNOS and a-tubulin. (C) Total mRNA was
prepared, and the levels of iNOS and GAPDH were detected by RT-PCR.

the methanol extracts of wild fruiting body of Taiwanofun-
gus camphoratus and of Taiwanofungus camphoratus produced
through solid-state culture and liquid-state fermentation in the
next experiments. As shown in Fig. 2, the inhibition of iNOS
expression by individual methanol extracts could be ranked
as follows: wild fruiting body > solid-state culture > liquid-state
fermentation. The results suggest that solid-state culture was
similar to wild fruiting body in anti-inflammatory activity.

4.3. Methanol extracts of wild fruiting body inhibited the
phosphorylation of STAT, ERK, JNK and the activation of
NF-«kB in the LPS/IFNy-activated microglia

To clarify the inhibitory mechanisms involved, WM was
chosen to examine the effects of Taiwanofungus camphora-
tus on the activation of MAPKs (ERK, JNK, and p38), NF-«kB
and STAT-1 in LPS/IFN-vy-activated microglia. The time—course
experiment showed that the phosphorylation levels of STAT-
1, ERK, JNK, and p38 increased after LPS/IFN-vy treatment
and that WM significantly inhibited the phosphorylation of
ERK and JNK, slightly inhibited STAT-1 phosphorylation,
and enhanced p38 phosphorylation (Fig. 3A). After 15 min
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Fig. 3. Inhibitory effects of methanol extracts of wild fruiting body of Taiwanofungus camphoratus on the LPS/IFNvy-induced downstream signals and morphology
change in microglia. (A and B) EOC13.31 cells were pretreated with 50 pwg/ml of WM for 1 h, and then with LPS (100 ng/ml) and IFN-vy (50 ng/ml) for the indicated
time. (C and D) EOC13.31 cells were pretreated with various concentrations of WM for 1h, and then with LPS (100 ng/ml) and IFN-y (50 ng/ml) for 20 min.
Total cellular protein (50 wg) was separated on 10% SDS-polyacrylamide gels and blotted with antibody-specific phosphor-STAT, phosphor-ERK, phosphor-p38,

phosphor-JNK, IkB and a-tubulin antibodies.

of LPS/IFN-vy treatment, IkB degradation was found, and
WM significantly prevented that degradation (Fig. 3B). The
dose-dependent experiment also showed that WM was able
to inhibit the phosphorylation of ERK, JNK, and STAT-1,
prevent IkB degradation, and then block NF-kB activation
(Fig. 3C and D). These results suggest that WM inhibition
of iNOS expression might result from suppressing the acti-
vation of ERK, JNK, STAT-1, and NF-kB. When EOC13.31
microglia were treated with LPS/IFNvy, they became puffy and
formed pseudopodia in some activated microglia (Fig. 4B),
while most of the cells pretreated with WM remained small
and round and formed no pseudopodia (Fig. 4D). Cells with
WM only expanded to a rod- and tabulate-shaped microglia
(Fig. 40).

4.4. Methanol extracts of wild fruiting body inhibited iNOS
and COX-2 expression in the B-amyloid-activated microglia

B-Amyloid is an important mediator in the activation of
microglia and contributes to neurotoxicity in the brain. We
next examined whether WM could inhibit the inflammation
responses induced by 3-amyloid. As shown in Fig. 5, 25 uM of

B-amyloid significantly induced both iNOS and COX-2 expres-
sion in microglia, and WM inhibited the expression induced by
B-amyloid in a dose-dependent manner. These results suggest
that WM is able to act against several inflammatory stimuli, such
as LPS/IFN-v and 3-amyloid, and might be useful for prevention
of inflammation in the brain.

4.5. Methanol extracts of wild fruiting body and solid-state
culture of Taiwanofungus camphoratus inhibited
TPA-induced ear edema in mice

To examine whether Taiwanofungus camphoratus can inhibit
inflammation in animals, mice ears were treated with TPA
and/or methanol extracts of Taiwanofungus camphoratus, and
the ear edema was evaluated. Various concentrations of WM
or SM were tested for their ability to inhibit TPA-induced
ear edema. As shown in Fig. 6, WM had the best effect on
the inhibition of ear edema induced by TPA. Application of
0.5, 1.0, or 3.0mg of WM inhibited TPA-induced ear edema
by 34.8%, 70.4%, or 88.7%, respectively. SM also exhibited
strong inhibition on TPA-induced ear edema, but it was less
effective than WM. The results suggest that both WM and
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Fig. 4. Inhibitory effects of Taiwanofungus camphoratus wild fruiting body methanol extracts on the LPS/IFNvy-induced morphology changes in microglia. EOC13.31
cells were pretreated with 50 pg/ml of WM for 1 h, and then LPS (100 ng/ml) and IFN-y (50 ng/ml) for 24 h, and then fixed and photographed (200x): (a) control,
(b) LPS/IFN-v, (c) WM alone and (d) LPS/IFN-y + WM. Arrow indicates the pseudopodia in activated microglia.
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Fig. 5. Inhibitory effects of methanol extracts of wild fruiting body of
Taiwanofungus camphoratus on the B-amyloid-induced iNOS and COX-2
expression in microglia. (A) EOC13.31 cells were treated with various concen-
trations of B-amyloid for 24 h. (B) EOC13.31 cells were pretreated with various
concentrations of WM for 1 h, and then 25 uM -amyloid for 24 h. Total cellu-
lar protein (50 wg) was separated on 10% SDS-polyacrylamide gels and blotted
with antibody-specific iNOS, COX-2 and a-tubulin antibodies.

SM exhibited anti-inflammatory activities both in vitro and
in vivo. To determine which ingredients were the most effec-
tive components in the WM, the extracts were separated by
Sephadex LH-20 and five fractions were obtained (CKJ-35-2-6).
Of these, CKJ-35-2 appeared to inhibit both iNOS and COX-2
expression most potently in LPS/IFNv-activated microglia in
the following order: CKJ-35-2> CKIJ-35-3 >CKJ-35-4 > CKJ-
35-5>CKJ-35-6 (Fig. 7).

25

10

Ear weight (mg)

- —- - 05 1 3

Fig. 6. Inhibitory effects of methanol extracts of wild fruiting body of Tai-
wanofungus camphoratus and of Taiwanofungus camphoratus produced through
solid-state culture on TPA-induced ear edema. Both ears of mice were pretreated
topically with vehicle (15 .l acetone), WM, or SM for 30 min, then treated with
TPA (1 nmol). After 7 h of TPA treatment, the mice were sacrificed, and 6.5 mm
diameter ear punches were weighed. Data represented the mean & S.E. of trip-
licate tests. *Statistically different from TPA alone group (P < 0.05, Student’s
t-test).
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Fig. 7. Effects of five fractions of methanol extracts of wild fruiting body
of Taiwanofungus camphoratus on the LPS/IFNvy-induced iNOS and COX-2
expression in microglia. EOC13.31 cells were pretreated with five fractions
(CKJ-35-2,CKJ-35-3, CKJ-35-4, CKJ-35-5 and CKJ-35-6) of WM (12.5 pg/ml)
for 1h, and then LPS (100 ng/ml) and IFN-y (50 ng/ml) for 24 h. Total cellular
protein (50 pg) was separated on 10% SDS-polyacrylamide gels and blotted
with antibody-specific iNOS, COX-2 and a-tubulin antibodies.

5. Discussion and conclusion

The wild fruiting body of Taiwanofungus camphoratus is
restricted to Taiwan forests and is well known as an effec-
tive and expensive folk remedy for many human diseases.
Two artificial methods of cultivating Taiwanofungus camphor-
atus were developed to compensate for the scarcity of wild
fruiting bodies. However, there has been a dearth of papers
on the comparison between wild fruiting body and artifi-
cially cultivated Taiwanofungus camphoratus with regard to
their biological functions. In this study, we have investigated
wild fruiting body of Taiwanofungus camphoratus and Tai-
wanofungus camphoratus produced through solid-state culture
and liquid-state fermentation and their anti-inflammatory activ-
ity in mice microglia. We demonstrated that WM significantly
inhibited iNOS, COX-2, and TNF-a expression in LPS/IFN~y-
or 3-amyloid-activated microglia. Methanol extracts from solid-
state culture produced results similar to those for wild fruiting
body, but they were less effective on the anti-inflammatory activ-
ity in microglia. These findings provide further insight into the
various anti-inflammatory activities among these three speci-
mens of 7. camphorates.

Previous studies have reported that extracts from wild fruiting
body or artificially cultivated 7. camphorate exhibited antiox-
idative, anti-inflammatory, and anti-tumor activities as well as
protective effects against liver toxicity and neuron damage. In
the antioxidative experiment, water extract and other solvent
extracts of mycelia (products from liquid-state fermentation)
exhibited antioxidative activities in preventing the depletion of
glutathione and ATP in erythrocytes (Hseu et al., 2002), prevent-
ing CuSO4-oxidized LDL (Yang et al., 2006a), and preventing
lipid peroxidation (Song and Yen, 2002; Hsiao et al., 2003). Sev-
eral reports demonstrated that extracts from wild fruiting body
had a strong anti-tumor activity in many types of human tumor
cells. These extracts have been found to inhibit the growth of

bladder cancer cells, arrest the cell cycle in the G2/M phase
(Peng et al., 2006), and inhibit the growth of MCF-7 human
breast cancer cells and HepG2 and PLC/PRF/5 human hep-
atoma cells through the induction of apoptosis (Hsu et al., 2005;
Yang et al., 2006b). More studies using the extracts from liquid-
state fermentation have demonstrated anti-tumor activity. The
extracts from mycelia induced apoptosis of human hepatoma
cells HepG2 and Hep3B through regulation of the Fas pathway
and activation of caspases cascades (Song et al., 2005a, 2005b).
Other reports showed that the extracts from liquid-state fermen-
tation induced apoptosis in human leukemia U937 and HL-60
cells (Liu et al., 2004; Hseu et al., 2004). Mycelia extracts also
reduced liver fibrosis and hepatic toxicity induced by CCly in
rat (Hsiao et al., 2003; Song and Yen, 2003; Lin et al., 2006).
Ethanol extracts from solid-state culture significantly inhibited
the proliferation of human lung carcinoma cells A549 by induc-
ing endoplasmic reticulum stress, but not the proliferation of
primary human fetal lung fibroblast MRC-5 cells (Wu et al.,
2006).

Regarding the anti-inflammatory effect of Taiwanofungus
camphoratus, Hseu et al. demonstrated that extracts from liquid-
state fermentation could inhibit iNOS and COX-2 expression
through the NF-kB pathway in mouse macrophage RAW?264.7
cells (Hseu et al., 2005). Zhankuic acid isolated from ethanol
extracts of wild fruiting body has shown anti-inflammatory
effects induced by fMLP and TPA in human neutrophils (Shen
et al., 2004). However, the underlying molecular mechanisms
are not well understood. In this study, we used both wild
fruiting body and artificially cultivated Taiwanofungus cam-
phoratus and different extraction solvents, and compared their
anti-inflammatory activity. Our results showed the methanol
extracts from wild fruiting body exhibited more potency than
water extracts on the anti-inflammatory activity in microglia.
Several functional components of the wild fruiting body have
been isolated, including fatty acids, lignans, phenyl derivatives,
sesquiterpenes, steroids, and triterpenoids (Chen et al., 1995;
Chiang et al., 1995; Cherng et al., 1996; Shen et al., 2003).
The methanol extract is rich in triterpenoids, steroids, and some
phenyl derivatives, but lacks polysaccharides, while the water
extract is rich in monosaccharide, nucleosides, amino acids, and
polysaccharides, and has modest amounts of phenyl compounds
and triterpenoids. Several reports have demonstrated that triper-
penes inhibit inflammation in many assays (Safayhi and Sailer,
1997; Takada and Aggarwal, 2003; Nam, 2006). In our methanol
extracts of wild fruiting body, the triterpenoids might be the
major active compounds suppressing inflammation. Our results
also showed that extracts from solid-state culture were similar to
wild fruiting body in anti-inflammatory activity, but liquid-state
fermentation was less effective. A previous report by Chen et
al. (2001) showed that solid-state fermentation contained high
amounts of triterpenoids and that the triterpenoid HPLC profile
was similar to that of wild fruiting body. On the other hand,
liquid-state fermentation made it very difficult to produce triter-
penoids. Different amounts of triterpenoids in the extracts may
possibly result in different levels of anti-inflammatory activ-
ity. Although several reports have demonstrated that extracts of
Taiwanofungus camphoratus produced by liquid-state fermen-
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tation have multiple biological functions as described in above,
our results indicate it has fewer anti-inflammatory effects in
microglia. This might be attributable to the poor triterpenoid
content that results from liquid-state fermentation. In Fig. 7,
the CKJ-35-2 fraction showed the most potent inhibition of
iNOS and COX-2 expression. However, the specific chemi-
cal behind this inhibition of inflammation has not yet been
identified.

Another report indicated that methanol extract of wild fruiting
body contains several diterpenoids and these exhibited a neuro-
protective effects against 3-amyloid in primary neonatal cortical
neurons (Chen et al., 2006). The adenosine component from
the Taiwanofungus camphoratus produced from liquid-state
fermentation prevented PC 12 cells from serum deprivation-
induced apoptosis (Lu et al., 2006). These results together with
our finding suggest that extracts from Taiwanofungus camphor-
atus are able to protect against neurotoxicity through several
different mechanisms and may be useful for prevention of neu-
rodegenerative diseases.
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