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Mushroom Inonotus obliquus (I. obliquus) has been used as functional food and traditional Chinese herbs
for long time. An efficient method for bioassay-guided preparative isolation was used for identifying the
anti-inflammatory and anticancer constituents in I. obliquus. The petroleum ether and ethyl acetate frac-
tions were found to have significant inhibition effects on NO production and NF-jB luciferase activity in
macrophage RAW 264.7 cells and cytotoxicity against human prostatic carcinoma cell PC3 and breast car-
cinoma cell MDA-MB-231. Six main constituents were isolated from these two fractions and they were
identified as lanosterol (1), 3b-hydroxy-8,24-dien-21-al (2), ergosterol (3), inotodiol (4), ergosterol per-
oxide (5) and trametenolic acid (6). Compound ergosterol, ergosterol peroxide and trametenolic acid
showed anti-inflammatory activities and ergosterol peroxide and trametenolic acid showed obviously
cytotoxicity on human prostatic carcinoma cell PC3 and breast carcinoma MDA-MB-231 cell. The results
obtained in this work might contribute to understanding the biological activity of mushroom I. obliquus
for food and drug application.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Mushroom Inonotus obliquus (I. obliquus) was a white-rot fungus
belonging to the family of Hymenochaetaceae Donk, habiting as a
parasitism on birches in the cold latitudes of Europe and Asia
(Hawksworth, Kirk, Sutton, & Pegler, 1995). In Russian, I. obliquus
had been used as a traditional remedy to cure various diseases
such as cancer, cerebrovascular diseases, diabetes, gastrointestinal
diseases since the sixteenth century (Choi et al., 2010; Sun, Ao, &
Lu, 2008). Triterpenes, polysaccharides, polyphenols and melanin
were found in I. obliquus, which were responsible for the anticancer
and antitumor activities (Handa, Yamada, & Tanaka, 2012; Song
et al., 2008), anti-inflammatory ability (Van et al., 2009), antioxi-
dant effect (Ma, Chen, Zhang, Zhang, & Fu, 2012), hypoglycemic
ability (Lu, Chen, Dong, Fu, & Zhang, 2010), immunomodulatory
activity (Fan, Ding, Ai, & Deng, 2012) and anti-mutagenic proper-
ties (Ham et al., 2009). However, most of the bioactive studies were
mainly focused on the extracts or fractions and the effective con-
stituents were not well illustrated.

Chronic inflammation was implicated in the pathogenesis of
series of diseases including atherosclerosis, obesity, metabolic syn-
drome, diabetes, neurodegenerative diseases, and even several
types of cancers (Moro et al., 2012). Macrophagesacted as a crucial
role in the inflammatory response and it could release a variety of
ll rights reserved.

: +86 22 27892025.
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factors including nitric oxide (NO), prostaglandin mediators and
proinflammatory cytokines (TNF-a, IL-1b, IL-6) in response to acti-
vating stimulus such as lipopolysaccharide (LPS). Many kinds of
natural products were investigated on the anti-inflammatory prop-
erties using the LPS-induced macrophage model. I. obliquus was a
traditional medicinal mushroom and it had been reported to have
anti-inflammatory potential on the extracts. Several studies on
methanol extract and ethanol extract from I. obliquus had shown
to inhibit macrophage functions by decreasing the production of
inflammatory mediators such as NO, prostaglandins (PGE2) and
some cytokines (Kim et al., 2007; Park et al., 2005; Van et al.,
2009). However, there were no reports concerning the active com-
pounds on the anti-inflammatory activity. Steroids and triterpenes
compounds had been reported to show significantly anti-inflam-
matory ability in other natural resources (Chang, Wen, Wang, &
Duh, 2008; Jiang & Dusting, 2003). However, the anti-inflamma-
tory activities of triterpenes compounds in I. obliquus were still
unknown.

Anticancer experiments with n-hexane extract and water ex-
tract of I. obliquus had been conducted and the extracts were found
to exhibit anticancer effects (Kahlos, Kangas, & Hiltunen, 1987;
Youn et al., 2008). As the main chemical constituents of I. obliquus,
lanostane-type triterpenes compounds were found to have poten-
tial anticancer abilities. Lanostane-type triterpenoids isolated
from the sclerotium of I. obliquus such as inotodiol (De &
Ourisson, 1972), 3b,22dihydroxylanosta-7,6(11),24-triene, 3b-
hydroxylanosta-8,24-dien-21-al (Kirsti, Lauri, & Raimo, 1987),

http://dx.doi.org/10.1016/j.foodchem.2013.01.030
mailto:chennhxx@yahoo.com.cn
http://dx.doi.org/10.1016/j.foodchem.2013.01.030
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem


504 L. Ma et al. / Food Chemistry 139 (2013) 503–508
22R-epoxylanost-8ene-3b,24S-diol, trametenolic acid, lanosterol
(Nakata et al., 2007), inonotsulides A, B, and C, inonotsuoxides A
and B, inonotsutriols A, B, and C, lanosta-8,23E-diene-3b,22R,25-
triol and lanosta-7:9(11), 23E-triene-3b,22R,25-triol, spiro-
inonotsuoxodiol, inonotsudiol A and inonotsuoxodiol A, and ino-
notsutriols D and E (Handa et al., 2012) were reported to show
anti-tumor promoting activities. Inotodiol was found to have a sig-
nificant anticancer activity on Walker 256, MCF-7 and Hela S3 tu-
mor cells (Kahlos et al., 1987; Rzymowska, 1998). Although some
studies on the anti-cancer effects of water, methanol, petroleum
ether, n-hexane extracts and some lanostane-type triterpenoids
from I. obliquus against Walker 256, Hela S3, S180 cells were re-
ported, anticancer effects using bioactivity-guided screening meth-
od against the human prostatic carcinoma cell PC3 and breast
carcinoma cell MDA-MB-231 had not been found in literature.

In this study, the purpose was to isolate and identify the bioac-
tive fraction and compounds from I. obliquus by using activity-
guided isolation methods. The anti-inflammatory and anti-cancer
capacities of ethanol extract (EE), petroleum ether fraction (PEF),
ethyl acetate fraction (EAF), n-butyl alcohol fraction (n-BF), water
fraction (WF) and six compounds were comparatively studied
and the structure–activity relationship of the six compounds was
also discussed.
2. Materials and methods

2.1. Materials and chemicals

The sclerotia of I. obliquus were purchased from the Northeast
Natural Products Trading Company (Haerbin, China). Voucher
specimens (No. TJC 200702) were deposited at the School of Phar-
maceutical Science and Technology, Tianjin University. Murine
macrophage cells RAW264.7, human prostatic carcinoma cells
PC3 and breast carcinoma MDA-MB-231 cell were obtained from
the American Type Culture Collection (Rockville, MD, USA). RPMI
1640, phosphate buffered saline (PBS), lipopolysaccharide (Esche-
richia coli, serotype 0127: B8; LPS), and dimethyl sulfoxide were ac-
quired from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Geneticin
(antibiotic G-418) was purchased from Gibco BRL (Grand Island,
NY, USA). All of the solutions and buffers were prepared with
deionized water.
2.2. Extraction and isolation

The sclerotia of I. obliquus (2.5 kg) was ground to a fine power
using a laboratory mill (60–200 mesh), followed by extraction with
ethanol (50 L) for 2 h at 78 �C for three times. The collected ethanol
extracts were then combined, concentrated under reduced pres-
sure and the resulting fractions were dried in vacuum. The final
yield of ethanol extract (EE) was 405 g. The aliquot (400 g) of the
ethanol extract was partitioned into a P.E.–H2O (1:1, v/v) mixture
to furnish a P.E.-soluble fraction (PEF, 6 g) and an aqueous phase.
The aqueous phase was further extracted with EtOAc to give an
EtOAc-soluble fraction (EAF, 50 g), followed by n-BuOH to give a
n-BuOH fraction (n-BF, 98 g) and H2O-soluble fraction (WF, 240 g).

PEF (5 g) was subjected to ordinary-phase silica gel column
chromatography [500 g, P.E.–EtOAc (100:0 ? 90:10 ? 80:20 ?
70:30 ? 50:50)] to give 14 fractions (Fr.1 � Fr.14). Fraction 4 was
recrystallized using MeOH to give compound 1 (lanosterol). Frac-
tion 6 was further subjected to ordinary-phase silica gel column
chromatography [P.E.–EtOAc (90:10 ? 80:20 ? 70:30 ? 50:50)]
to give 6 fractions [Fr. 6-1, Fr. 6-2, Fr. 6-3, Fr. 6-4 (compound 2,
3b-hydroxy-8,24-dien-21-al), Fr. 6-5, and Fr. 6-6]. Fraction 7 was
isolated using ordinary-phase silica gel column chromatography
[P.E.–EtOAc (90:10 ? 80:20 ? 70:30 ? 50:50)] to give 5 fractions
[Fr. 7-1 (compound 3, ergosterol), Fr. 7-2, Fr. 7-3, Fr. 7-4 (com-
pound 4, inotodiol), and Fr. 7-5]. Fraction 9 was isolated with or-
dinary-phase silica gel column chromatography [P.E.–EtOAc
(85:15 ? 70:30 ? 50:50)] to give compound 5 (ergosterol
peroxide).

EAF (45 g) was subjected to ordinary-phase silica gel column
chromatography [1000 g, CH2Cl2: MeOH (100:0 ? 98:2 ?
90:10 ? 80:20 ? 70:30 ? 50:50 ? 0:100)] to afford 20 fractions
(Fr.1 � Fr.20). Fraction 4 was subjected to ordinary-phase silica
gel chromatography [P.E.–EtOAc (90:10 ? 80:20 ? 70:30 ?
50:50)] to give 7 fractions [Fr. 4-1 (compound 1, lanosterol), Fr.
4-2, Fr. 4-3, Fr. 4-4, Fr. 4-5, Fr. 4-6, and Fr. 4-7]. Fraction 7 was iso-
lated with ordinary-phase silica gel column chromatography [P.E.–
EtOAc (9:1 ? 5:1 ? 3:1 ? 1:1)] to furnish 4 fractions [Fr. 7-1, Fr.
7-2, Fr. 7-3 (compound 2, 3b-hydroxy-8,24-dien-21-al), and Fr. 7-
4]. Fraction 14 was further subjected to ordinary-phase silica gel
chromatography [P.E.–EtOAc (4:1 ? 2:1 ? 1:1 ? 1:2)] to afford
16 fractions (Fr. 14-1 � Fr. 14-16). Fraction 14-8 was further puri-
fied with ordinary-phase silica gel chromatography [P.E.–EtOAc
(4:1 ? 2:1 ? 1:1 ? 1:2)] to give 3 fractions (Fr. 14-8-1, Fr. 14-8-
2, and Fr. 14-8-3), followed by recrystallizing fraction 14-8-1 to ob-
tain compound 6 (trametenolic acid). Fraction 14-8-3 was further
purified using ordinary-phase silica gel chromatography [P.E.–
EtOAc (5:1 ? 3:1 ? 1:1 ? 1:2)] to give compound 4 (inotodiol).
Compounds 1–6 were identified by comparison of their spectral
data (1H NMR, 13C NMR, and MS) with reported values, and had
the purity over 98%.

2.3. Anti-inflammatory assays

2.3.1. Cell culture
Murine macrophage RAW 264.7 cell lines were maintained and

cultured at 37 �C under humidified air, with 5% CO2 atmosphere
in RPMI1640 (GIBCO Invitrogen Corporation, Grand Island, NY,
USA) supplemented with 10% foetal bovine serum (FBS),
100 units/mL penicillin, 100 mg/mL streptomycin and 1.176 g/L so-
dium bicarbonate.

2.3.2. Nitrite assay
Exponentially growing RAW 264.7 macrophages were plated in

96-well plates at a density of 1 � 105 cells per well in 400 lL of cul-
ture medium, allowing them to adhere overnight. Cells were then
treated or not with positive control celastrol, or samples dissolved
in DMSO, and incubated at 37 �C, 5% CO2 for 24 h. The final concen-
tration of solvent in the culture medium was maintained at 0.5%
(v/v) in order to avoid solvent toxicity. Cells were then stimulated
with LPS (100 ng/mL). Cell-free supernatants were collected, stored
at �80 �C and underutilised to measure NO content using the Gri-
ess reaction (Green, Meltzer, Hibbs, & Nacy, 1990) with minor
modifications after 24 h. In brief, 100 lL aliquots of cell superna-
tants were incubated with 50 lL of 1% sulfanilamide and 50 lL of
0.1% N-1-naphtylethylenediamine dihydrochloride in 2.5% H3PO4

at room temperature for 20 min. Absorbance at 570 nm was then
measured using an automated 96-well Varioskan Ascent plate
reader (Thermo Electron) and nitrite levels in the samples were
calculated from a standard curve with known concentrations of so-
dium nitrite.

2.3.3. NF-jB luciferase assay
It is accepted that luciferase can be used as measurement of the

activation (high light incidence) or inhibition (low light incidence)
of NF-jB. Details of the experiments can be found in the study of
Bremner et al. (2009). Briefly, RAW264.7 cells stably transfected
with the NF-jB reporter gene were plated in 96-well plates. Fol-
lowing a 24 h recovery period, the cells were treated with extract,
fractions and compounds for an additional 18 h in the presence of
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LPS (100 ng/mL). To determine NF-jB luciferase activity, the Lucif-
erase Reporter Assay System purchased from Promega (Madison,
WI) was used. Cell lysates (15 lL) from treated RAW264.7 cells
were placed in opaque 96 well plates. Luciferase Assay Reagent
(50 lL) was injected and samples were read by a fluorometer
(LMAX 2, Molecular devices). Negative (resting cells without stim-
ulation) controls were included to monitor assay consistency. A po-
sitive control of celastrol was also employed to ensure the assay
responded to a known inhibitor of NF-jB.
2.4. Measurement of anticancer activities in vitro cytotoxicity against
human cancer cell lines

The human prostatic carcinoma cells PC3 and breast carcinoma
cell MDA-MB-231 were used for the anticancer assays. These cell
lines were maintained with RPMI1640 (GIBCO Invitrogen Corpora-
tion, Grand Island, NY, USA) as described above for the RAW264.7
cells. Cytotoxicity against various human cancer cells was assessed
using the resazurin reduction test as described by Dufour et al.
(2007) on 96-well tissue culture plates. Exponentially growing
cells including PC3 and MDA-MB-231 were plated at a density of
5 � 103 cells per well in 96-well plates in 100 lL of culture med-
ium and were allowed to adhere for 16 h before treatment.
Then100 lL of extract, fractions or pure compounds dissolved in
the appropriate solvent (DMSO) were added. In order to avoid sol-
vent toxicity, the final concentration of solvent in the culture med-
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Fig. 1. Structure of six
ium was maintained at 0.5% (v/v). The cells were allowed to grow
for 72 h in the absence or in the presence of samples (37 �C, 5%
CO2, 90% RH). The absorbance at 590 nm was measured using an
Emax microplate reader (Molecular Devices, Sunnyvale, CA, USA).
Cytotoxicity was expressed as the concentration of extracts or
compounds inhibiting cell growth by 50% (IC50).
2.5. Statistical analysis

The results are presented as means ± standard error of the mean
(SEM). Differences in mean values between groups were analysed
by a one-way analysis of variance (ANOVA) and Student’s t-test
using SPSS statistical software (version 16.0 for Windows, SPSS
Inc., Chicago, IL, USA), the statistical significance of mean differ-
ences was based on a p value of <0.05.
3. Results and discussion

3.1. Extraction and isolation

Sclerotia of I. obliquus was extracted and fractioned to afford EE
(16.2%), PEF (0.24%), EAF (2%), n-BF (3.92%) and WF (9.6%), and the
fractions PEF and EAF were then separated with a series of silica-
gel column chromatography. Six known triterpenes were obtained
and identified as lanosterol, 3b-hydroxy-8,24-dien-21-al, ergos-
terol, inotodiol, ergosterol peroxide and trametenolic acid based
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Fig. 2. Inhibitory effect on NO production of extract, fractions and compounds from I. obliquus in LPS-induced RAW 264.7 macrophages. Values sharing the same letter are not
significantly different at p < 0.05.
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on their physical and spectral data that showed good agreement
with published references (Lu, Chen, Dong, Fu, & Zhang, 2010;
Mallavadhani et al., 2006). The structures of six compounds were
presented in Fig. 1.
3.2. Effect of the extract, fractions and compounds on NO production in
RAW 264.7 macrophages

Stimulation of RAW 264.7 macrophages by LPS induced iNOS
and overproduction of NO, which could be detected and quantified
photometrically. Results presented in Fig. 2 showed that positive
control celastrol (25 lg/mL) significantly inhibited NO release by
the rate of 95.94%. All extract and fractions significantly inhibited
NO release and decreased in the order of PEF (84.59%), EAF
(78.24%), EE (66.72%) and n-BF (48.52%) except of WF (9.99%) at
the concentration of 40 lg/mL. It was noted that fraction PEF
exhibited the most active anti-inflammatory effect among all ex-
tract and fractions. Park et al. (2005) reported that methanol ex-
tracts from I. obliquus showed an inhibitory effect on LPS-induced
NO production in a dose-dependent manner, with an IC50 value
of 89 lg/mL. In this study, PEF and EAF showed better anti-inflam-
matory ability than that of EE and methanol extracts. Inhibitory
rates of compounds 1–6 on NO production decreased in a turn of
trametenolic acid (50.04%), ergosterol peroxide (36.88%), 3b-hy-
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Fig. 3. Inhibitory effect on NF-jB luciferase of extract, fractions and compounds from I. o
not significantly different at p < 0.05.
droxy-8,24-dien-21-al (20.36%), ergosterol (6.00%) and inotodiol
(3.13%).

3.3. Inhibition of extract, fractions and compounds on NF-jB luciferase
activity

The results of NF-jB luciferase activity analysis was depicted in
Fig. 3. LPS treatment had activated and enhanced the activity of
luciferase as compared to control. NF-jB regulated many signaling
pathway in inflammation and cancer. Series of genes involved in
inflammation and tumorigenesis were influenced by NF-jB and
they were easily activated by inflammatory stimuli like LPS
(Shishodia & Aggarwal, 2004). Results showed that celastrol
(250 lg/mL) significantly inhibited NF-jB luciferase activation by
93.83%. It was noted that PEF (95.94%) and EAF (96.64%) could re-
duce the activity of NF-jB luciferase, which were more powerful
than that of celastrol. There were no obvious inhibitory effects
found in the ethanol extract and fractions n-BF and WF. Com-
pounds ergosterol peroxide (53.63%), ergosterol (23.46%) and
trametenolic acid (18.42%) showed a relative effective NF-jB lucif-
erase inhibitory potential, while lanosterol, 3b-hydroxy-8,24-dien-
21-al and inotodiol did not exhibit any NF-jB inhibition ability.
The results showed that PEF and EAF were the most potential
NF-jB luciferase inhibitor. Ergosterol peroxide from PEF was testi-
fied as the most active NF-jB luciferase inhibition compound, indi-
mples

bliquus in LPS-induced RAW 264.7 macrophages. Values sharing the same letter are
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Fig. 4. Cytotoxic activities of extract and fractions from I. obliquus. Values sharing the same letter are not significantly different at p < 0.05.

Table 1
Cytotoxic activities against PC3 and MDA-MB-231 of extract, fractions and com-
pounds from I. obliquus.

Sample IC50 (lM)a

PC3 MDA-MB-231

PEF (lg/mL) 29.57 ± 12.18B 57.39 ± 14.46B

EAF (lg/mL) 19.22 ± 0.46B 46.49 ± 13.21AB

Lanosterol >100 >100
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cating that the anti-inflammatory properties of PEF and EAF might
be due to the presence of triterpenes. In Van’s study (2009), etha-
nol fraction, water-soluble polysaccharides fraction and polyphe-
nol fraction from I. obliquus were found to have inhibitory effects
on pro-inflammatory cytokine release. It was showed that ethanol
fraction did not reduced IL-1b levels but significantly reduced IL-6
and TNFa levels. However, there was no report on the inhibition on
NF-jB luciferase activities in literature for I. oblquus.
3b-Hydroxy-8,24-dien-21-al 73.46 ± 0.64C 36.50 ± 1.13A

Ergosterol 9.82 ± 0.98A >100
Inotodiol >100 >100
Ergosterol peroxide 38.19 ± 1.67B 30.23 ± 3.24A

Trametenolic acid 63.71 ± 3.31C 55.03 ± 5.40B

IC50 value was defined as the concentration of extracts and compounds that caused
50% inhibition of PC3 and MDA-MB-231 cells growth in vitro.
Values in the same column sharing the same letter are not significantly different at
p < 0.05.

a Data are expressed as mean ± SEM of three independent experiments.
3.4. Evaluation of cytotoxicity against tumor cell lines

Cancer had been a formidable problem for people for centuries.
Many chemical compounds from natural resources had been inves-
tigated and identified as inhibitors to various cancer cells. I. obli-
quus had long been used to evaluate its anticancer properties
from 16th century (Kirsti, Lauri, & Raimo, 1986). In this study,
the anticancer activity of EE, PEF, EAF, n-BF, and WF was evaluated
against prostatic carcinoma cell line PC3 and breast carcinoma cell
line MDA-MB-231. The inhibitory rates of the extract and fractions
on various tumor cells were shown in Fig. 4. Among all extract and
fractions, PEF was the most active against PC3 and MDA-MB-231
with inhibitory rates of 64.66% and 63.26%, while the inhibitory
rates of positive control doxorobixin were 57.84% and 64.05%,
respectively. EAF showed a relatively active cytotoxic activity
against PC3 and MDA-MB-231 with the inhibition rates of 20.25%
and 62.20%, respectively. Therefore, the fractions PEF and EAF were
chosen for further isolation and evaluation of their anticancer
activities.

Six main compounds were isolated from fractions PEF and EAF
and the cytotoxicity against prostatic carcinoma cell line PC3 and
breast carcinoma cell line MDA-MB-231 cell line were assayed.
The IC50 values obtained were shown in Table 1. PEF and EAF were
found to be active against PC3 and MDA-MB-231 with IC50 val-
ues of 29.57 ± 12.18 lg/mL and 19.22 ± 0.46 lg/mL, 57.39 ±
14.46 lg/mL and 46.49 ± 13.21 lg/mL, respectively. These results
suggested that fractions from I. obliquus had an active influence
on proliferation of both cell lines and targeted carcinoma cell line
PC3. Among the six isolated compounds assayed, the IC50 values
against PC3 were calculated to be 9.82 ± 0.98 lM for ergosterol,
38.19 ± 1.67 lM for ergosterol peroxide, 63.71 ± 3.31 lM for tram-
etenolic acid, and 73.46 ± 0.64 lM for 3b-hydroxy-8,24-dien-21-al,
while inotodiol and lanosterol were found to be inactive against
PC3 with the IC50 value higher than 100 lM. 3b-hydroxy-8,24-
dien-21-al, ergosterol peroxide and trametenolic acid showed ac-
tive cytotoxic activities against MDA-MB-231 with IC50 values of
36.50 ± 1.13 lM, 30.23 ± 3.24 lM and 55.03 ± 5.40 lM, respec-
tively, indicating that ergosterol peroxide was the most active con-
stituent among the six compounds detected. Ergosterol, inotodiol
and lanosterol were found to be inactive in inhibition growth of
MDA-MB-231 cell with the IC50 values higher than 100 lM. The
active cytotoxic activities against PC3 and MDA-MB-231 of PEF
and EAF could be due to the presence of triterpene compounds.
These results suggested that PEF and EAF from I. obliquus could
be considered as potential sources of anticancer compounds.

There were some studies on compounds from I. obliquus on
other cancer cell lines. Kirsti et al. (1987) reported that inotodiol
possessed active cytotoxic activity against MCF-7 and could inhibit
proliferation at the rate of 100%. Nakata et al. (2007) isolated inon-
otsuoxides A, inotodiol, trametenolic acid and lanosterol from I.
obliquus and found that inotodiol exhibited the potent anti-tumor
promoting activity in the vivo carcinogenesis test. However, inoto-
diol did not show active cytotoxic ability against PC3 and MDA-
MB-231 cells in the present study. So the cytotoxicity of the com-
pound inotodiol might be selective.

It was accepted that cancer was always associated with inflam-
matory responses and the expression of inflammatory genes was
often negatively correlated with cancer stage and prognosis (Kim,
Moon, Kim, Choi, & Lee, 2012). Inflammation played a crucial role
in cancer progress. Extract, fractions and compounds from I. obli-
quus were evaluated on their anti-inflammatory and anticancer ef-
fects with the purpose of better understanding their relationship
and the most effective constituents. In this study, PEF and EAF sig-
nificantly reduced the production of LPS-induced pro-inflamma-
tory factor NO and NF-jB in RAW 264.7 cells. Compounds
ergosterol peroxide and trametenolic acid showed a relatively good
anti-inflammatory properties. It was reported that the production
of NO in tissues could contribute to the carcinogenesis process
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(Liu & Hotchkiss, 1995; Tamir & Tannenbaum, 1996) because over-
production of NO could lead to enhanced replication of genes and
oxidative damage to DNA. In the present study, PEF and EAF not
only significantly inhibited NO production and the activity of NF-
jB luciferase, but also effectively exerted cytotoxicity against car-
cinoma cell line PC3 and breast carcinoma cell line MDA-MB-231.
The main compound ergosterol peroxide and trametenolic acid
showed significant inhibitory effects of NO production and inhib-
ited the activity of NF-jB luciferase. The two compounds also
exhibited cytotoxicity against the cancer cell lines. The results indi-
cated that there might be some relationship between inhibitory
activities on NO production, NF-jB luciferase activity and cytotoxic
effects against cancer cell lines, which was not in agreement with
the conclusion of Kim et al. (2012). Further studies will be needed
to investigate the precise mechanisms of extract, fractions and iso-
lated triterpenes from I. obliquus on cytotoxic activities against
cancer cell lines and anti-inflammatory activities.
4. Conclusion

An efficient method for bioassay-guided preparative isolation
was used for identifying the anti-inflammatory and anticancer
constituents in I. obliquus. Six compounds were isolated and iden-
tified. Anti-inflammatory and anticancer effects of extract, frac-
tions and the six isolated compounds 1–6 were evaluated. PEF
and EAF were found to exhibit effectively anticancer and anti-
inflammatory activities, compounds ergosterol peroxide and tram-
etenolic acid were the main bioactive compounds. The results ob-
tained in this work might contribute to understanding the
biological activity of mushroom I. obliquus for food and drug
application.
Acknowledgement

The authors are grateful for the financial support of this re-
search from the National High Technology Research and Develop-
ment Program (‘‘863’’Program) of China (Grant No. SS2013AA100207)
and the financial support of Project of National Key Technology
Research and Development Program for the 12th Five-year Plan
(No.2012BAD33B08).
References

Bremner, P., Rivera, D., Calzado, M. A., Obón, C., Inocencio, C., Beckwith, C., et al.
(2009). Assessing medicinal plants from South-Eastern Spain for potential anti-
inflammatory effects targeting nuclear factor-Kappa B and other pro-
inflammatory mediators. Journal of Ethnopharmacology, 124, 295–305.

Chang, C. H., Wen, Z. H., Wang, S. K., & Duh, C. Y. (2008). New anti-inflammatory
steroids from the Formosan soft coral Clavularia viridis. Steroids, 73, 562–567.

Choi, Y. S., Hur, S. J., An, C. S., Jeon, Y. H., Jeoung, Y. J., Bak, J. P., et al. (2010). Anti-
inflammatory effects of Inonotus obliquus in colitis induced by dextran sodium
sulfate. Journal of Biomedicine and Biotechnology, 2010, 1–6.

De, R. H. F., & Ourisson, G. (1972). Structure of inotodiol (obliquol), tetracyclic
triterpene. Tetrahedron, 28, 2259–2266.

Dufour, D., Pichette, A., Mshvildadze, V., Bradette-Hebert, M. E., Lavoie, S., Longtin,
A., et al. (2007). Antioxidant, anti-inflammatory and anticancer activities of
methanolic extracts from Ledum groenlandicum Retzius. Journal of
Ethnopharmacology, 111, 22–28.
Fan, L. P., Ding, S. D., Ai, L. Z., & Deng, K. Q. (2012). Antitumor and
immunomodulatory activity of water-soluble polysaccharide from Inonotus
obliquus. Carbohydrate Polymers, 90, 870–874.

Green, S. J., Meltzer, M. S., Hibbs, J. B., Jr., & Nacy, C. A. (1990). Activated
macrophages destroy intracellular Leishmania major amastigotes by an L-
arginine-dependent killing mechanism. Journal of Immunology, 144, 278–283.

Ham, S. S., Kim, S. H., Moon, S. Y., Chung, M. J., Cui, C. B., Han, E. K., et al. (2009).
Antimutagenic effects of subfractions of Chaga mushroom (Inonotus obliquus)
extract. Mutation Research, 672, 55–59.

Handa, N., Yamada, T., & Tanaka, R. (2012). Four lanostane-type triterpenoids from
Inonotus obliquus. Phytochemistry Letters, 5, 480–485.

Hawksworth, D. L., Kirk, P. M., Sutton, B. C., & Pegler, D. N. (1995). Ainsworth and
Bisby’s dictionary of the fungi (8th ed.). Cambridge: CAB International, University
Press, p. 616.

Jiang, F., & Dusting, G. J. (2003). Natural phenolic compounds as cardiovascular
therapeutics: Potential role of their antiinflammatory effects. Current Vascular
Pharmacology, 1, 135–156.

Kahlos, K., Kangas, L., & Hiltunen, R. (1987). Antitumor activity of some compounds
and fractions from an n-hexane extract of Inonotus obliquus. Acta Pharmaceutical
Fennica, 96, 33–40.

Kim, H. G., Yoon, D. H., Kim, C. H., Shrestha, B., Chang, W. C., Lim, S. Y., et al. (2007).
Ethanol extracts of Inonotus obliquus inhibits lipopolysaccharide-induced
inflammation in RAW 264.7 macrophage cells. Journal of Medicinal Food, 10,
80–89.

Kim, K. H., Moon, E., Kim, S. Y., Choi, S. U., & Lee, K. R. (2012). Lignan constituents of
Tilia amurensis and their biological evaluation on antitumor and anti-
inflammatory activities. Food and Chemical Toxicology, 3680–3686.

Kirsti, K., Lauri, K., & Raimo, H. (1986). Antitumor tests of inotodiol from the fungus
Inonotus oblquus. Acta Pharmaceutica Fennica, 95, 173–177.

Kirsti, K., Lauri, K., & Raimo, H. (1987). Antitumor activity of some compounds and
fractions from an n-hexane extract of Inonotus obliquus. Acta Pharmaceutica
Fennica, 96, 33–40.

Liu, R. H., & Hotchkiss, J. H. (1995). Potential genotoxicity of chronically elevated
nitric oxide: A review. Mutation Research, 339, 73–89.

Lu, X. M., Chen, H. X., Dong, P., Fu, L. L., & Zhang, X. (2010). Phytochemical
characteristics and hypoglycaemic activity of fraction from mushroom Inonotus
obliquus. Journal of the Science of Food and Agriculture, 90, 276–280.

Ma, L. S., Chen, H. X., Zhang, Y., Zhang, N., & Fu, L. L. (2012). Chemical modification
and antioxidant activities of polysaccharide from mushroom Inonotus obliquus.
Carbohydrate Polymers, 89, 371–378.

Mallavadhani, U. V., Sudhakar, A. V. S., Satyanarayana, K. V. S., Mahapatra, A., Li, W.
K., & vanBreemen, R. B. (2006). Chemical and analytical screening of some
edible mushrooms. Food Chemistry, 98, 58–64.

Moro, C., Palacios, I., Lozano, M., D’Arrigo, M., Guillamón, E., Villares, A., et al. (2012).
Anti-inflammatory activity of methanolic extracts from edible mushrooms in
LPS activated RAW 264.7 macrophages. Food Chemistry, 130, 350–355.

Nakata, T., Yamada, T., Taji, S., Ohishi, H., Wada, S., Tokuda, H., et al. (2007).
Structure determination of inonotsuoxides A and B and in vivo anti-tumor
promoting activity of inotodiol from the sclerotia of Inonotus obliquus.
Bioorganic & Medicinal Chemistry, 15, 257–264.

Park, Y. M., Won, J. H., Kim, Y. H., Choi, J. W., Park, H. J., & Lee, K. T. (2005). In vivo and
in vitro anti-inflammatory and anti-nociceptive effects of the methanol extract
of Inonotus obliquus. Journal of Ethnopharmacology, 101, 120–128.

Rzymowska, J. (1998). The effect of aqueous extracts from Inonotus obliquus on the
mitotic index and enzyme activities. Bollettino Chimico Farmaceutico, 137,
13–15.

Shishodia, S., & Aggarwal, B. B. (2004). Nuclear factor-kB: A friend or a foe in cancer?
Biochemical Pharmacology, 68, 1071–1080.

Song, Y., Hui, J., Kou, W., Xin, R., Jia, F., Wang, N., et al. (2008). Identification of
Inonotus obliquus and analysis of antioxidation and antitumor activities of
polysaccharides. Current Microbiology, 57, 454–462.

Sun, J. E., Ao, Z. H., & Lu, Z. M. (2008). Antihyperglycemicn and antilipidperoxidative
effects of dry matter of culture broth of Inonotus obliquus in submerged culture
on normal and alloxan-diabetes mice. Journal of Ethnopharmacology, 118, 7–13.

Tamir, S., & Tannenbaum, S. R. (1996). The role of nitric oxide (NO�) in the
carcinogenic process. Biochimica et Biophysica Acta (BBA) – Reviews on Cancer,
1288, F31–F36.

Van, Q., Nayak, B. N., Reimer, M., Jones, P. J. H., Fulcher, R. G., & Rempel, C. B. (2009).
Anti-inflammatory effect of Inonotus obliquus, Polygala senega L., and Viburnum
trilobum in a cell screening assay. Journal of Ethnopharmacology, 125, 487–493.

Youn, M. J., Kim, J. K., Park, S. Y., Kim, Y., Kim, S. J., Lee, J. S., et al. (2008). Chaga
mushroom (Inonotus obliquus) induces G0/G1 arrest and apoptosis in human
hepatoma HepG2 cells. World Journal of Gastroenterology, 14, 511–517.


	Anti-inflammatory and anticancer activities of extracts and compounds from the mushroom Inonotus obliquus
	1 Introduction
	2 Materials and methods
	2.1 Materials and chemicals
	2.2 Extraction and isolation
	2.3 Anti-inflammatory assays
	2.3.1 Cell culture
	2.3.2 Nitrite assay
	2.3.3 NF-κB luciferase assay

	2.4 Measurement of anticancer activities in vitro cytotoxicity against human cancer cell lines
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Extraction and isolation
	3.2 Effect of the extract, fractions and compounds on NO production in RAW 264.7 macrophages
	3.3 Inhibition of extract, fractions and compoun
	3.4 Evaluation of cytotoxicity against tumor cell lines

	4 Conclusion
	Acknowledgement
	References


