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Chaga (Inonotus obliquus (persoon) Pilat) is a mushroom traditionally used as a folk medicine for tumors and
stomach ulcers in Russia. Previously, we reported the antioxidant potential of Chaga extracts and seven
isolated phenolic ingredients. In the present study, we investigated the protective effects of Chaga extracts
and other isolated phenolic ingredients against H2O2-induced oxidative stress in PC12 cells. Intracellular
generation of reactive oxygen species (ROS) leads to oxidative stress and subsequent damage of cellular and
nuclear components. Chaga extracts and the phenolic ingredients, 3,4-dihydroxybenzalacetone (DBL) and
caffeic acid (CA), effectively suppressed intracellular ROS level in H2O2-treated cells. The H2O2-induced cell
death was more pronounced, effectively prevented in the cells treated with DBL than in cells treated with CA.
In addition, ROS activate various signal transduction pathways including the mitogen-activated protein
kinase (MAPK) cascade. Therefore, we examined the potentially beneficial effects of DBL on extracellular
signal-regulated protein kinase (ERK), c-Jun NH2-terminal kinase (JNK), and p38-MAPK signaling activated
by H2O2 stimulation. DBL selectively inhibited the phosphorylation of p38-MAPK, without affecting JNK and
ERK.

© 2009 Elsevier Inc. All rights reserved.
Introduction

Inonotus obliquus (persoon) Pilat (Chaga in Russia, Kabanoanatake
or Chaga in Japan) is an overgrowth of fungus that is found mainly in
the trunk of birch trees, found in the cold latitudes of Europe, Japan,
and Korea. In Russia, Chaga has been used for medicinal preparations
[1]. Recently, many reports have been published concerning the
health-promoting effects of Chaga, such as oxidative stress prevention
[2,3], anti-inflammatory properties [4–6], antinociceptive actions [4],
and antitumor activities [1,7,8]. However, only a few reports discuss
the potential mechanisms of action and the active ingredients in
Chaga extracts [6,9].

Many reports implicated that reactive oxygen species (ROS) are
involved in various disorders such as cancer, diabetes, hypertension,
neurodegenerative diseases, and autoimmune diseases [10–12]. ROS
act as second messengers, modulating various cellular signals
associated with proliferation, cell cycle, and cell death. Therefore,
the beneficial role of antioxidants has extended beyond maintaining
intracellular ROS levels to manipulating the cellular signal transduc-
DCFH, 2′,7′-dichlorodihydro-
inase; FBS, fetal bovine serum;
ide; PI, propidium iodide; JNK,
otein kinase; NAC, N-acetylcys-
ecies; RT, room temperature.
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tion cascades involved in the induction or progression of ROS-related
diseases.

Among the cellular responses associated with ROS, the mitogen-
activated protein kinase (MAPK) pathway is well recognized. MAPK
pathways are the evolutionarily conserved kinase module that links
extracellular signals to the machinery controlling fundamental
cellular processes such as growth, proliferation, differentiation, and
cell death [13]. MAPK activation by ROS is also involved in apoptosis
via the activation of the caspase family [14]. Notably, tea polyphenols
and resveratrol, well-known naturally occurring ROS scavengers,
inhibit apoptosis induced by oxidative stress through the negative
modulation of MAPK signals [15,16]. Thus, elucidating the antioxidant
properties of phenolics found in natural products, either through the
modulation of the MAPK signaling pathway or by ROS elimination,
may provide a novel therapeutic agent for the treatment of diseases
characterized by heightened ROS production.

Previously we have demonstrated the antioxidant activity of Chaga
in vitro and identified seven small phenolics as the antioxidant
ingredients in 80% of MeOH extracts of the fruit body (FB) of Chaga.
These were protocatechuic acid, caffeic acid (CA), 2,5-dihydroxyter-
ephtalic acid, 3,4-dihydroxybenzalacetone (DBL), 3,4-dihydroxyben-
zaldehyde, syringic acid, and 4-hydroxy-3,5-dimethoxybenzoic acid
2-hydroxy-1-hydroxymethyl ethyl ester [17,18] (Fig. 1). To clarify the
antioxidant properties of these Chaga extracts in cells, we examined
the protective effects of the 80% MeOH extracts of FB and the isolated
phenolics on H2O2-induced apoptotic cell death and themodulation of
MAPK signals in PC12 cells.
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Fig. 1. Structure of DBL and CA.
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Materials and methods

Cell culture

PC12 (rat adrenal pheochromocytoma) cells were cultured in
Dulbecco's modified Eagle medium (DMEM) (Sigma-Aldrich, MO,
USA) with 10% fetal bovine serum (FBS) (Gibco, NY, USA), penicillin
(100 U/mL), and streptomycin (100 μg/mL) (Gibco), at 37 °C with 5%
CO2 in air.

Phenolic compounds

Caffeic acid purchased from Sigma-Aldrich and 3,4,-dihydroxy-
benzalacetone were synthesized by Dr. Yutaka Nakamura. The purity
of DBL was more than 99.9% when evaluated by HPLC analysis.
Fig. 2. Protective effects of Chaga extracts and the phenolic components on H2O2-induced ce
extracts from (A) fruiting body (FB) or sclerotium (ST), or (B) phenolic components (DBL an
was measured by MTT assay. 10 μg/mL; , 30 μg/mL ,10 μmol/L; 30 μmol/L. PC12 cells were p
the addition of various H2O2 concentrations (0–0.4 mmol/L) and incubated for 24 h. Cell viab
0.3 μmol/L; ▴, 3 μmol/L; ●, 30 μmol/L. Control cells were treated with medium containing
Chaga extract preparation

Both FB and sclerotium (ST) parts were isolated from Chaga and
were grinded with a Sample Mill (Mitsui Mining Co., Ltd. Tokyo,
Japan) to prepare powders of each part. The resulting powders (1 g)
were dissolved in aqueous 80% MeOH solutions (10 mL) overnight at
room temperature (RT). The extracts were centrifuged at 3400 rpm
for 10 min. The supernatants were freeze-dried and stored at -20 °C
until use.

Determination of cell viability

Cell viability was measured by MTT (3,(4,5-dimethylthiazol-2-yl)
2,5-diphenyltetrazolium bromide) assays, as reported previously [19].
!vert_.5×104 /well) were grown in DMEM on 96-well culture plates
for 24 h. The cells were pretreated with various concentrations of
Chaga extracts or isolated phenolic ingredients for 1 h, and then
incubated with various concentrations of H2O2 for 24 h at 37 °C.
Thereafter, the cells were treated with 0.5% MTT solution (Wako Pure
Chemical Industries, Ltd., Tokyo, Japan) in fresh medium without
Chaga extracts or phenolic components for 4 h at 37 °C, following
incubation with lysing buffer (50% N,N-dimethylformamide, 20% SDS)
for 30 min at room temperature. The absorbance was measured at
595 nm by a microplate reader (Bio-Rad Laboratories, CA, USA). All
incubations were carried out at 37 °C in 5% CO2.

Determination of apoptotic cells

DNA fragmentation was analyzed by FACS after the cells were
stained by propidium iodide (PI), as described previously [19]. PC12
cells were seeded in 35-mm dishes (3×104/cm2) and cultured for
24 h in a CO2 incubator at 37 °C. The cells were pretreated with DBL
(0–30 μmol/L) for 1 h, and then treated with 0.3 mmol/L H2O2 for
defined time periods (0–12 h). After trypsinization following
ll death in PC12 cells. PC-12 cells were seeded in 96-well plates and treated with Chaga
d CA) 1 h before the addition of H2O2 (0.3 mmol/L) and incubated for 24 h. Cell viability
retreated with (C) FB extract (0–100 μg/mL) and (D) DBL (0–30 μmol/L) for 1 h before
ility was measured byMTT assay. ♦, control;□, 1 μg/mL; Δ, 10 μg/mL;○,100 μg/mL;▪,
0.01% DMSO. Data were expressed as mean±SD of three independent experiments.



Fig. 3. Effect of Chaga extract, DBL, and CA on intracellular ROS level. PC12 cells were pretreated with FB extract (100 μg/mL), DBL and CA (30 μmol/L), or NAC for 1 h, and then
exposed to H2O2 (0.3mmol/L) for 90min. The cells were labeledwith DCFH-DA for 15min. Then, the ROS level in PC12 cells was determined by fluorescencemicroscopy. (a) Control,
(b) H2O2, (c) FB ext. + H2O2, (d) DBL + H2O2, (e) CA + H2O2, (f) NAC (30 μmol/L) + H2O2, and (e) NAC (1 mmol/L) + H2O2.

1156 Y. Nakajima et al. / Free Radical Biology & Medicine 47 (2009) 1154–1161
centrifugation (1300 rpm×5 min), the cells were fixed in 70% EtOH
for 2 h at -20 °C, washed with phosphate buffer (PBS) (pH 7.4),
resuspended in 0.7 mL of PI solution containing 100 μg/mL RNase and
Fig. 4. Effect of DBL onmitochondrial membrane potential dissipation induced by H2O2. (A) C
L) for 2 h. Mitochondrial membrane potential was detected by fluorescence microscopy using
(c) H2O2, (d) H2O2+DBL. (B) PC12 cells were preincubated with DBL (30 μmol/L) or NAC (1
protein levels were determined by Western blot analysis and three independent experi
independent experiments (⁎ Pb0.05, ⁎⁎ Pb0.01) NAC was used as positive control. Tubulin
50 μg/mL propidium iodide (PI) (Dojindo, Kumamoto, Japan) in PBS,
and then incubated at RT in the dark for 30 min. DNA fragmentation
was detected as the sub-G1 fraction by FACS analysis.
ells were pretreated with DBL (30 μmol/L) for 1 h, and then exposed to H2O2 (0.3mmol/
MitoTracker Red as the probe. The nucleus was stained with DAPI. (a) Control, (b) DBL,

mmol/L) for 1 h before incubation with H2O2 (0.3 mmol/L) for 2 h. Relative Bax (dimer)
ments were given as mean ±SD (ratio of control cells). Column values from three
was used as a loading control.
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Intracellular oxidative stress

Intracellular ROS level was measured by the 2′,7′-dichlorodihy-
drofluorescein (DCFH) method [20].

PC12 cells (2×104/cm2) were seeded in 35-mm dishes and
cultured for 24 h before a 1-h pretreatment with FB extract
(100 μg/mL), DBL (30 μmol/L), or CA (30 μmol/L) and subsequent
exposure to H2O2 (0.3 mmol/L) for 2 h. After the treatment, cells were
incubated with DCFH diacetate for 15 min in the dark. Then the
fluorescence of liberated DCF was observed by a fluorescent
microscope (Olympus Corporation, Tokyo, Japan). N-Acetylcysteine
(NAC) was used as an antioxidant positive control.
Fig. 5. Effect of DBL on H2O2-induced apoptosis of PC12 cells. PC12 cells were pretreated wit
periods of time (1.5–12 h). Data represent the mean ±SD of three independent experimen
Annexin-negative cells; b, annexin-positive cells; ⁎ Pb0.05, ⁎⁎ Pb0.01 (vs control cells). ♦, co
FACS after PI staining. ⁎ Pb0.05, ⁎⁎ Pb0.01 (vs control cells). ♦, control; □, 3 μg/mL; Δ, 10
analysis. PC12 cells were harvested 6 h after H2O2 exposure. Tubulin was used as a loading
Detection of mitochondrial membrane potential

Mitochondrial membrane potential was determined using Mito-
Tracker Red. Cell nuclei were stained with 4′,6-diamino-2-phenylin-
dole (DAPI) (Sigma-Aldrich).

PC12 cells (1×104/cm2) were seeded in 24-well plates and
incubated for 24 h. Cells were pretreated with DBL (30 μmol/L) for
1 h before H2O2 (0.3 mmol/L) treatment. After 4 h, the medium was
replaced with fresh medium containing MitoTracker Red (Cambrex
Bio Science Walkersville, Inc., MD, USA) (200 nmol/L) and incubated
for 20 min at 37 °C. After washing with cold PBS, the cells were fixed
with 2% p-formaldehyde for 15 min. The cells were washed and
h DBL (3, 10, and 30 μmol/L) for 1 h, before exposure to H2O2 (0.3 mmol/L) for defined
ts. (A) Apoptotic cells were determined by FACS using FITC-conjugated annexin V. a,
ntrol;□, 3 μg/mL; Δ, 10 μg/mL; ×, 30 μg/mL. (B) DNA fragmentation was determined by
μg/mL; ×, 30 μg/mL. (C) Relative caspase-3 activation was analyzed by Western blot
control. ⁎ Pb0.05, ⁎⁎ Pb0.01 (vs H2O2-exposed cells).



Fig. 5 (continued).
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stained with DAPI solution (10 μmol/L) for 15 min. Intracellular
localization of those probes was determined by a fluorescent
microscope (Olympus Corporation).

Western blot analysis

The cells treated with H2O2 were collected by centrifugation as
described above and washed with PBS after treatment. The cell pellets
were resuspended with IP buffer (150 mM NaCl, 1 mM ethylenedia-
minetetraacetic acid (EDTA), 1 mM ethylene glycol (bis β-aminoethy-
lether)-N,N,N,N-tetraacetic acid (EGTA), 1% Triton-X, 0.5% NP-40,
1 mM phenylmethylsulfonyl fluoride (PMSF), 10 mM NaF, 2 μg/mL
pepstatin, 2 μg/mL aprotinin, and 10 mmol/L dithiothreitol (DTT) in
10 mmol/L Tris-HCl buffer (pH 7.4)) and incubated for 30 min on ice.
Following centrifugation at 13,000 rpm for 20 min at 4 °C, the
supernatant was added to an SDS buffer and stored at -30 °C until use.
DTT-free IP buffer was used for the analysis of Bax. Protein
concentrations were determined using the Bradford protein assay kit
(Bio-Rad Laboratories). The proteins were separated on 8 or 12% SDS–
polyacrylamide gels and transferred to polyvinylidine difluoride
(PVDF)membranes (Millipore Co., USA). Themembraneswere treated
with blocking buffer containing 5% nonfat milk in 1% Tween 20 Tris
buffer (pH 7.4) at RT for 1 h. Following incubation with corresponding
primary antibodies against tubulin (Sigma-Aldrich), cleaved caspase-
3, and both phosphorylated and nonphoshorylated p38-MAPK, ERK,
JNK, and p53 (Cell Signaling Technology, USA), or Bax (BDBiosciences)
for 4 h at 25 °C, the membranes were incubated with horseradish
peroxidase-conjugated anti-mouse or anti-rabbit IgG for 1 h. The
peroxidase reaction was initiated by the addition of ECL reaction
solution (Millipore Co., USA), and then exposed to X-ray film (Fujifilm
Co., Ltd., Tokyo, Japan). Densitometric analysis of the bands was done
using Image Quant software (GE Healthcare UK Ltd., UK).

Statistical analysis

Data were analyzed by Student's t test and expressed as mean±
SD of more than three independent experiments.

Results

Chaga extracts and phenolic components protected PC12 cells against
H2O2- induced oxidative stress

H2O2-induced cell death of cultured PC12 cells was determined by
MTT assays. PC12 cells were pretreated with FB and ST extracts of
Chaga (10 and 30 μg/mL, respectively) and with isolated phenolics
(DBL and CA) (10 and 30 μmol/L) for 1 h followed by H2O2 treatment
for 24 h (Figs. 2A and B).

The cell viability decreased to 39.1% after H2O2 (0.3 mmol/L) treat-
ment in control. Both FB and ST extracts showed moderate protective
effects against H2O2-induced cell death, although the inhibitory effect of
the FB extract (30 μg/mL) was more pronounced than that of the ST
extract (Fig. 2A). DBL (10 and 30 μmol/L) restored the cell viability to
78.9% of control at a concentration of 30 μmol/L (Figs. 2B and D).
However, CA (30 μmol/L) only showed a weak protective effect against
H2O2-induced cell death (Fig. 2B). The protective effects of both FB
extracts and DBL were dose dependent (Figs. 2C and D).

Chaga FB extract, DBL, and CA suppressed intracellular ROS levels
induced by H2O2 treatment

ROS levels in H2O2-treated PC12 cells were determined using the
ROS-sensitive fluorescent probe DCFH-DA. The fluorescent signal of
DCF liberated in the cells was enhanced after H2O2 treatment, but
fluorescence was significantly inhibited in the cells pretreated with FB
extract, DBL, and CA (Fig. 3). NAC, which was used as antioxidant
positive control, also inhibited DCFA fluorescence. Interestingly, DBL
and CA showed stronger ROS scavenging activity than NAC at the
same concentration (30 μmol/L) (Figs. 3d, e, and f).

DBL prevented mitochondrial membrane potential dissipation induced
by H2O2

When mitochondria were stained with MitoTracker Red, a mem-
branepotential-sensitivefluorescencedye, a clear accumulationof dye in
the mitochondria was observed in the control cells, but no fluorescence
accumulation occurred in the cells treated with H2O2 (Figs. 4c and d).
The effects of H2O2 treatment were almost completely inhibited when
the cells were pretreated with DBL (Figs. 4a–d). DBL administration
without subsequent H2O2 treatment did not affect mitochondrial
membrane potential in the control cells (Figs. 4a and b).

DBL inhibited Bax activation

H2O2 (0.3 mmol/L) induction of Bax dimerization was determined
by Western blot analysis in Fig. 4B. The dimerization process was
significantly inhibited by DBL (30 μmol/L) and completely by NAC
(1 mmol/L).
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DBL inhibited H2O2-induced apoptosis

PC12 cells were exposed to H2O2 (0.3 mmol/L) for up to 12 h to
induce apoptosis. H2O2-induced apoptosis was measured by FACS
using FITC-conjugated annexin-V and PI as the fluorescent probes.
Annexin-V-positive cells increased relative to H2O2 incubation time
Fig. 6. Effect of DBL on H2O2-induced activation of MAPK. Data represent the mean ±SD of
(1 mmol/L) were added 1 h before PC12 cells were incubated with H2O2 (0.3 mmol/L) for 20
(0.3 mmol/L) for 20 min. Activation of MAPKs (ERK, p38-MAPK, and JNK) was evaluated b
(10 μmol/L), were added 1 h before PC12 cells were incubated with H2O2 (0.3 mmol/L) fo
Tubulin was used as a loading control.
(Fig. 5A). However, pretreatment with DBL markedly inhibited the
increase in a concentration-dependent manner.

DNA fragmentation as an apoptotic cell marker evaluated by FACS
increased to 14.5% after 12 h of H2O2 exposure (Fig. 5B). However, the
fragmentation of DNA in cells was decreased with DBL and was only
7% after 12 h at 30 μmol/L of DBL.
three independent experiments (⁎ Pb0.05, ⁎⁎ Pb0.01). (A) DBL (30 μmol/L) and NAC
min. (B) DBL (3–30 μmol/L) was added 1 h before PC12 cells were incubated with H2O2

y Western blot analysis. (C) DBL (30 μmol/L) and the p38-MAPK inhibitor, SB202190
r 90 min. Phosphorylation of p53 (serine 46) was detected by Western blot analysis.



Fig. 7. Scheme of DBL effects on H2O2-induced apoptotic pathways in PC12 cells.

Fig. 6 (continued).
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Furthermore, H2O2-induced activation of caspase-3 was deter-
mined byWestern blot analysis. The cleaved caspase-3 level peaked at
6 h after H2O2 addition (data not shown). The caspase-3 activation
was also dose dependently inhibited by DBL (1–30 μmol/L) (Fig. 5C).

DBL inhibited MAPK phosphorylation

To further analyze the effects of DBL on the inhibition of apoptosis,
the effects of DBL on MAPK (ERK, JNK, and p38-MAPK) signaling
pathways were studied by immunoblot analysis. PC12 cells were
exposed to H2O2 (0.3 mmol/L) for 20 min with or without DBL and
then the phosphorylation levels for ERK, p38-MAPK, and JNK were
examined. DBL (0–30 μmol/L) dose dependently inhibited the H2O2-
dependent phosphorylation of p38-MAPK. However, DBL did not
change the phosphorylation levels of ERK and JNK (Figs. 6A and B).

Since p38-MAPK mediates the phosphorylation of p53 leading to
apoptosis [13,21], H2O2-dependent p53 phosphorylation by DBL was
examined. H2O2 administration increased p53 expression at the
protein level, but the expression was not affected by DBL. However,
the phosphorylation of p53 (serine 46) was clearly inhibited by DBL
and also by SB202190, a specific p38-MAPK inhibitor used as a
negative control, as shown in Fig. 6C.

Discussion

Recent studies indicated that polyphenols, typical antioxidant
molecules, not only scavenge ROS but also manipulate intracellular
signaling pathways related to apoptosis [16,22,23]. For example,
procyanidin B2, an antioxidant flavonoid polymer, repressed the
oxidative stress-induced cell death through inhibition of p38-MAPK
and JNK activity in PC12 cells [24]. Hou et al. demonstrated that
sesamin and sesamolin prevented PC12 cell death induced by H2O2

toxicity through MAPK inhibition and caspase-3 activation [25]. CA
also has been reported to protect against H2O2-induced cell damage
via the activation of extracellular signal-regulated kinase (ERK) [26].

We previously reported the antioxidant activities of Chaga extracts
in vitro and found that their radical scavenging activities were
stronger than three referencemedicinal fungi (Agaricus blazei Mycelia,
Phellinus linteus, and Ganoderma lucidum). Furthermore, several small
phenolic compounds extracted from Chaga including DBL and CA
were identified to have high antioxidant potential [17]. CA is
ubiquitously found in many plant sources [26,27], but DBL has been
found only in fungi [28]. Although their structures only vary in their
propane side chain, DBL had 1.5 times more scavenging activity
against DPPH radicals than CA when compared with IC50 values [17].
Moreover, 80%MeOH extracts of Chaga contain approximately 4 times
more DBL than CA. Thus, DBL is expected to be the major antioxidant
ingredient in Chaga extracts.

H2O2 treatment dramatically enhanced the intracellular accumu-
lation of ROS in PC12 cells, as has been reported elsewhere [16]. Both
DBL and CA showed stronger scavenging activity of intracellular ROS
than the same concentration of NAC used as an antioxidant reference
(Fig. 3). When the protective activity against H2O2-induced cell
toxicity was compared in PC12 cells, DBL had a more pronounced
protective activity than CA (Figs. 2A and B). Therefore, our study
focused on the effects of DBL, an active ingredient of Chaga, on H2O2-
induced oxidative damage responses in PC12 cells.

Mitogen-activated protein kinases play important roles in cell
proliferation, differentiation, and death. They are also involved in
ROS-mediated oxidative stress 13,29,30]. ROS activates MAPKs,
leading to apoptosis through activation of various downstream signal
associated events, such as the modulation of Bcl-2 family protein
expression, mitochondrial membrane potential dissipation, caspase
activation, and DNA fragmentation [30–32].

ROS modulates Bcl-2 family signals in a MAPK-independent
pathway, leading to apoptosis, although Bax as part of the Bcl-2
family is modulated by ROS directly [31]. Therefore, we evaluated the
effect of DBL on ROS-induced activation of MAPKs and Bax. The results
clearly showed the sequential events leading to apoptosis of PC12
cells after H2O2 treatment. MAPKs were activated in 20 min, followed
by the phosphorylation of p53 (serine 46) at 90 min and dimerization
of Bax at 2 h. Subsequently, caspase-3 activation was observed at 6 h
and DNA fragmentation at 9 to 12 h. However, in cells pretreated with
DBL, p53 phosphorylation and homodimer formation of Bax protein
were markedly inhibited. Moreover, the cleavage of caspase-3 and
increases in DNA fragmentation and the number of annexin-positive
cells were simultaneously prevented. The effects of DBL on MAPKs
were rather specific. DBL inhibited p38-MAPK, but did not affect
either ERK or JNK activation. This contrasted with the effects of NAC as
reference ROS scavenger that inhibited ROS-induced activation of
ERK, JNK, and p38-MAPK by the reference antioxidant NAC that
scavenges ROS (Fig. 6A) [33–35]. Thus, the inhibitory effects of DBL on
H2O2-induced apoptosis in PC12 cells did not result from simple ROS
scavenging, but from the specific modulation of p38-MAPK signaling.
Supporting this, p53 phosphorylation at serine 46 was inhibited as
p38-MAPK was inhibited (Fig. 6C).

On the other hand, the present findings of DBL effects on p38-
MAPK suggested that DBL is also involved in anti-inflammation
activity of Chaga extracts [4,5,36] since the specific inhibition of p38-
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MAPK leads to the suppression of inflammation-related cytokine
expression of COX-2, TNF-α, and IL-1 [37]. Further, DBL was shown to
inhibit TNF-α-induced NF-κB activation through the down-regulation
of Iκ-Bα and COX-2 [6,28]. Our present findings suggest that DBL
inhibited the activation of Nf-κB through p38-MAPK inhibition,
possibly in the same way as 6-gingerol blocked Nf-κB activation by
inhibiting p38-MAPK [38].

In summary, the present study revealed that DBL derived from
Chaga not only scavenges ROS but also modulates p38-MAPK activity
leading to the inhibition of the apoptosis of PC12 cells after H2O2

toxicity Fig. 7. The specific inhibition of p38-MAPK activation by
DBL also indicated a critical role of DBL in the anti-inflammatory
properties of Chaga extracts.
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