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obliquus and their antioxidant properties
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The medicinal fungus Inonotus obliquus (Pers.: Fr.) Pilat (family
Hymenochaetaceae) is widely distributed in Europe, Asia and North
America.1 This mushroom, which lives on tree trunks of Betula (birch)
but rarely on Ulmus, Alnus and Fraxinus, has been used as a folk
medicine for treating cancer in Russia and western Siberia, and has
also been used to prevent and treat heart, liver and stomach diseases
and tuberculosis.2,3 Chemical investigations show that I. obliquus
produces a diverse range of secondary metabolites, including phenolic
compounds,4 melanins5 and lanostane-type triterpenoids.6 Among
these are active components with antioxidant,4 antitumor7 and
antiviral activities,8 as well as compounds that improve human
immunity against pathogenic microbial infections.
Reactive oxygen species are major primary catalysts for initiating

oxidation in vivo and in vitro. Reactive oxygen species are associated
with many diseases and degenerative processes that occur during
aging.9–11 Accumulating excess reactive oxygen species damages lipids,
proteins, carbohydrates and DNA, leading to oxidative stress, loss of
cell function and apoptosis or necrosis.12,13 All of these biochemical
processes are common in various diseases, such as cancers, inflamma-
tion, atherosclerosis and cardiovascular disease.14 Therefore, exploring
the functions of antioxidants that scavenge reactive oxygen species
may be of great value to prevent the onset and propagation of
oxidative stress.
As part of our search for free radical scavengers from medicinal

fungi, two new phenolic antioxidants 1 and 2 were isolated with
known compounds 4-(3,4-dihydroxyphenyl)but-3-en-2-one (3),
4-hydroxy-3,5-dimethoxybenzoic acid (4), 3,4-dihydroxybenzaldehyde
(5), 4-hydroxybenzene-1,3-dioic acid (6) and 3,4-dihydroxybenzoic
acid (7) from a methanol extract of the I. obliquus fruiting body
(Figure 1). In this study, we describe the isolation and structural
determination of the phenolic antioxidants from the I. obliquus
fruiting body as well as their antioxidant properties.
The I. obliquus fruiting bodies were purchased at an herbal drug

market in Keumsan, Chungnam Province, Korea. The ground fruiting
bodies (5 kg) were extracted twice with 70% aqueous methanol at
60 °C for 12 h. After removing the methanol under reduced pressure,
the aqueous solution was partitioned between hexane, chloroform,

ethyl acetate, and butanol and water, in that order. Compound 1 was
purified from the butanol-soluble portion, which was separated by
silica gel column chromatography, and eluted with stepwise ethyl
acetate: methanol (20:1–1:1, v/v). The phenolic fraction was chroma-
tographed on a Sephadex LH-20 column (Pharmacia, Uppsala,
Sweden) eluted with 20% aqueous methanol, followed by preparative
HPLC (column: C18 Cosmosil i.d. 20× 150mm, solvent: a gradient of
20–90% aqueous methanol/0.04% trifluoroacetic acid, flow rate: 5 ml
per minute) to afford compound 1 (9.1mg). The ethyl acetate-soluble
fraction was subjected to Sephadex LH-20 column chromatography
and eluted with 70% aqueous methanol to yield two fractions (Fr. 1
and Fr. 2). Fr. 1 was chromatographed on a Sephadex LH-20 column
and eluted with methanol to give compound 7 (6.8mg). Compounds
5 (12.1 mg) and 6 (15.2 mg) were purified by chromatography using
an ODS-Sepak cartridge and eluted with a gradient of increasing
methanol (20–100%) in water, followed by preparative reverse-phase
HPLC (column: C18 Cosmosil i.d. 20× 150mm, solvent: gradient of
20–90% aqueous methanol/0.04% trifluoroacetic acid, flow rate: 5 ml
per minute). Fr. 2 was purified by chromatography using an ODS-
Sepak cartridge and eluted with a gradient of increasing methanol (20–
100%) in water to give two fractions (Fr. 2-a and Fr. 2-b). Compound
2 (7.6mg) was purified from Fr. 2-a by preparative reverse-phase
HPLC and eluted with 30% aqueous methanol/0.04% trifluoroacetic
acid. Compounds 3 (11.8mg) and 4 (10.1mg) were isolated from
fraction 2-b by preparative reversed-phase HPLC (C18 column,
gradient of 25–90% aqueous methanol/0.04% trifluoroacetic acid).
Compound 1 was obtained as a yellow powder, and its Electrospray

ionization mass in positive mode provided a quasi-molecular ion peak
atm/z 251 [M+H]+. The molecular formula of 1 was C11H6O7 based on
the high resolution electron ionization mass (m/z 250.0110 [M]+, calcd
250.0114) in combination with 1H and 13C nuclear NMR data
(Table 1). The UV λmax (MeOH) (log ε) at 216 (4.26), 239 (3.91)
and 285 (3.41) nm suggested that 1 was a coumarin derivative. The 1H
NMR spectrum in CD3OD showed three aromatic methine signals at δ
8.84 (1H, br. s), 8.06 (1H, dd, J= 1.4, 8.9Hz) and 7.80 (1H, d,
J= 8.9Hz). Eleven carbons in the 13C NMR spectrum, including three
carbonyl carbons at δ 167.1, 165.7 and 159.8; two oxygenated sp2
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quaternary carbons at δ 155.1 and 151.2, three sp2 methine carbons at δ
128.2, 125.8 and 112.0; and three sp2 quaternary carbons at δ 127.1,
126.6 and 117.4 were evident (Table 1). The structure of 1 was
determined by the HMBC spectrum, which showed the long-range
correlations from H-5 to C-4, C-7, C-9 and C-12; from H-7 to C-5, C-9
and C-12; and H-8 to C-6, C-9 and C-10, as shown in Figure 2. The α,
β-unsaturated ester carbonyl carbon at δ 159.8 was connected to an
oxygenated sp2 quaternary carbon (C-3) at δ 151.2, and the remaining
carboxylic acid was connected to C-4. If the hydroxyl group and the
carboxylic acid were connected to C-4 and C-3, respectively, the C-3
and C-4 chemical shifts would be shifted up-field and down-field,
respectively. Consequently, the structure of 1 was 3-hydroxy-2-oxo-2H-
chromene-4,6-dicarboxylic acid. This compound was isolated for the
first time in this study.
Compound 2 was obtained as a yellow powder, and its Electrospray

ionization mass in positive mode provided a quasi-molecular ion peak
at m/z 275 [M+H]+, suggesting a molecular weight of 274. The
molecular formula of 2 was C14H10O6 based on the high-resolution
electron ionization mass (m/z 274.0479 [M]+, calcd 274.0478) and the
1H and 13C NMR data. The UV spectrum in methanol showed
maximum absorption at 216 and 239 nm. The 1H NMR spectrum
showed signals due to a 1,2,4-trisubstituted benzene at δ 7.91
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Figure 1 Structures of compounds 1–7.

Table 1 1H and 13C NMR spectral data of compounds 1 and 2a

1 2

No. δC δH (J in Hz) δC δH(J in Hz)

1 126.5

2 159.8 135.1 7.91 (1H, br. s)

3 151.2 123.3

4 117.4 132.2 7.89 (1H, br. d, J=8.3)

5 125.8 8.84 (1H, br s)b 116.8 6.95 (1H, d, J=8.3)

6 126.6 160.6

7 128.2 8.06 (1H, dd, J=1.4, 8.9) 170.5

8 112.0 7.80 (1H, dd, J=8.9)

9 155.1

10 127.1

11 165.7

12 167.1

aNMR spectra were recorded at 600 MHz for 1H and 150 MHz for 13C in DMSO-d6 for 1 and
CD3OD for 2.
bProton resonance integral, multiplicity and coupling constants in parenthesis.
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Figure 2 HMBC of compounds 1 and 2.

Table 2 Antioxidant activities of compounds 1–7

IC50 (μM)a

Compounds ABTSb DPPHc

1 4400.0 4400.0

2 48.1±3.4 389.1±4.0

3 39.2±0.4 258.6±3.5

4 68.6±4.3 4400.0

5 13.0±1.3 56.9±2.0

6 4400.0 4400.0

7 44.7±1.5 206.2±3.5

BHAd 23.0±2.3 154.4±3.8

Trolox 38.8±1.2 113.2±3.3

aIC50 values represent the concentration that caused a 50% loss of antioxidant activity.
b2,2′-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid).
cα,α-Diphenyl-β-picrylhydrazyl.
dButylated hydroxyanisole.
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(1H, br. s), 7.89 (1H, br. d, J= 8.3 Hz), and 6.95 (1H, d, J= 8.3 Hz).
Seven carbon peaks in the 13C NMR spectrum, comprising one
carbonyl carbon at δ 170.5, one oxygenated sp2 quaternary carbon at δ
160.6, three sp2 methine carbons at δ 135.1, 132.2, and 116.8; and two
sp2 quaternary carbons at δ 126.5 and 123.3 were observed. Seven
carbon peaks in the 13C NMR spectrum suggested that 2 was a
symmetrical dimer. The structure of 2 was determined by the HMBC
spectrum. The long-range correlations from H-2 and H-4 to the
carbonyl carbon at δ 170.5 (C-7) revealed that the carbonyl carbon
was connected to C-3. Finally the methine proton at δ 7.91
(H-2) showed the long-range correlation to the quaternary carbon
at δ 126.5 (C-1), establishing the structure of 2 as 6,6'-dihydroxy-
(1,1′-biphenyl)-3,3′-dicarboxylic acid. Although compound 2 was
synthesized previously during synthesis of a biphenyl compound,15 it
was isolated and reported for the first time from a natural source.
Compounds 3–7 were identified as 4-(3,4-dihydroxyphenyl)but-

3-en-2-one (3),16 4-hydroxy-3,5-dimethoxybenzoic acid (4),17 3,4-
dihydroxybenzaldehyde (5),16 4-hydroxybenzene-1,3-dioic acid (6)18

and 3,4-dihydroxybenzoic acid (7),19 respectively, based on their
physicochemical properties and NMR spectral data, which were in
good agreement with those published previously.
Free radical scavenging activities were evaluated by measuring

scavenging effects against the 2,2′-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) radical cation and α,α-diphenyl-β-picrylhydrazyl radical.
These assays provide information on the reactivity of test compounds
with a stable free radical. The isolated compounds exhibited radical
scavenging activities in a dose-dependent manner. Compound 5
showed higher 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
radical scavenging activity than that of the synthetic antioxidants
butylated hydroxyanisole and Trolox, and compounds 2, 3 and 7 had
comparable activities to that of the antioxidant Trolox (Table 2). A
hydroxy radical bioassay has been developed using the Fenton
reaction-induced DNA single-strand breakage method.20 Fenton
chemistry produces strong oxidant hydroxyl radical with a reaction
between iron and hydrogen peroxide, causing breaks in the DNA
deoxyribose-phosphate backbone. This assay quantifies single-strand
DNA breaks generated by a single nick in supercoiled DNA.
Compound 5 significantly inhibited the Fenton reaction at 250 μM,
resulting in protection against DNA damage, whereas the other
compounds exhibited moderate activity at the same concentration
(Figure 3).
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Figure 3 Protective effects of compounds 1–7 against plasmid DNA breakage due to the Fenton reaction between ferrous and hydrogen peroxide. Butylated
hydroxyanisole (BHA), Trolox and deferoxamine (DFO) were used as controls.

Phenolic compounds from Inonotus obliquus
BS Hwang et al

110

The Journal of Antibiotics


	Phenolic compounds from the fungus Inonotus obliquus and their antioxidant properties
	Acknowledgements
	References




