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a b s t r a c t

During the search for natural antioxidants from basidiomycetes, a new styrylpyrone, baumin (1), was iso-
lated from the cultivated medicinal fungus Phellinus baumii, together with known compounds, davalli-
alactone (2), hispidin (3), hypholomine B (4), interfungin A (5), inoscavin A (6), and phelligridin D (7),
which were previously isolated from the medicinal fungi Phellinus ignarius, Phellinus linteus, and Inonotus
xeranticus. Their structures were elucidated by extensive spectroscopic methods. These compounds
exhibited antioxidant activity through Fenton reaction inhibition via iron chelation and free radical
scavenging.

� 2010 Elsevier Ltd. All rights reserved.
Several fungi belonging to genera Phellinus and Inonotus have muno-augmentative activity is overwhelmingly regarded as the

been used as traditional medicines for treatment of gastrointesti-
nal cancer, liver or heart diseases, and stomach ailments without
adverse effects.1–3 Polysaccharides, particularly b-glucan, have
been considered responsible for their biological activity, and a
number of polysaccharides and protein-bound polysaccharides
are used clinically for the treatment of cancer.2 Although their im-
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primary medicinal effect of these fungi, other curative properties
can also be found in these medicinal fungi. Recently, it has been re-
ported that these fungi produce a large variety of yellow polyphe-
nol pigments with a styrylpyrone skeleton, which has been
reported to exhibit antioxidative, anti-platelet aggregation, and
anti-inflammatory activities.4–9 In a previous study, we isolated
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diverse styrylpyrone-class compounds from the fruiting body of
the medicinal fungi Inonotus xeranticus and Inonotus obliquus.4–6

Our continuous investigation of fungal antioxidative constituents
has resulted in isolation of a new styrylpyrone, baumin (1), from
the cultivated medicinal fungus Phellinus baumii, together with
six known compounds, davallialactone (2), hispidin (3), hypholo-
mine B (4), interfungin A (5), inoscavin A (6), and phelligridin D
(7), which were previously isolated from the medicinal fungi Phel-
linus ignarius, Phellinus linteus, and I. xeranticus as free radical scav-
engers.4–7 Cultivated fungus P. baumii is known to alleviate severe
side-effects of antitumour drugs10 and to exhibit various biological
activities, such as anticancer, anti-inflammatory, antioxidative, and
anti-allergic effects.11–13 Nevertheless, active substances are still
unknown. In this Letter, we describe the isolation and structure
determination of the isolated compounds 1–7 from the medicinal
fungus P. baumii, and the investigation for their antioxidant activ-
ity as well.

Ground fruiting bodies of P. baumii were extracted twice with
MeOH. The methanolic extract was partitioned between n-hexane
and H2O and then between ethyl acetate and H2O. Repeated chro-
matographic separations of the ethyl acetate-soluble fraction led to
the purification of seven antioxidants, 1–7.14

Baumin (1) was obtained as a yellow powder and its molecular
weight was established as 522 by ESIMS, providing molecular ion
peaks at m/z 545.5 [M+Na]+ in positive mode and at m/z 521.4
[M�H]� in negative mode. The molecular formula of 1 was deter-
mined to be C27H22O11 by high resolution ESI-mass. The UV max-
ima at 261 and 376 nm were similar to those of known
compound 2, suggesting that 1 was a styrylpyrone derivative.
The 1H NMR spectrum in CD3OD showed six aromatic methine sig-
nals assignable to two 1,2,4-trisubstituted benzenes at d 6.97 (1H,
d, J = 2.0 Hz), 6.90 (1H, dd, J = 8.0, 2.0 Hz), and 6.74 (1H, d,
J = 8.0 Hz), and 6.84 (1H, d, J = 1.6 Hz), 6.67 (2H, m, overlapped),
two olefinic methine peaks attributable to a trans-1,2-disubsti-
tuted double bond at d 7.21 (1H, d, J = 16.0 Hz) and 6.46 (1H, d,
J = 16.0 Hz), four methines at d 5.95 (1H, s), 5.79 (1H, d,
J = 13.4 Hz), 5.59 (1H, s), and 4.31 (1H, d, J = 13.4 Hz), a methylene
singlet at d 3.46 (2H, s), and a methyl singlet at d 3.73 (3H, s). The
13C NMR spectrum revealed the presence of 27 carbons comprised
of one methyl, 10 sp2 methines, and 13 quaternary carbons, includ-
ing an a,b-unsaturated ketone carbonyl, two ester carbonyl, and
seven oxygenated sp2 carbons. Proton-bearing carbons were
Figure 2. Agarose gel electrophoresis showing the effect of compounds 1–7, 8 (BHA), 9 (T
DNA.
assigned with the aid of an HMQC spectrum. These spectroscopic
data were very similar to those of davallialactone, except for the
presence of additional methoxyl methyl (dH 3.72, dC 52.9), a meth-
ylene (dH 3.46, dC 41.0), and an ester carbonyl at d 170.3, instead of
a methyl group in davallialactone. The structure of 1 was deter-
mined by interpretation of the HMBC spectrum in comparison with
NMR spectra of davallialactone (Fig. 1). HMBC correlations of H-4
to C-2, C-5, and C-6, H-6 to C-5 and C-8, H-7 to C-9 and C-13, H-
9 to C-11 and C-13, H-12 to C-8 and C-10, and H-13 to C-7, C-9,
and C-11 were observed, and their chemical shift values were in
good agreement with the corresponding protons and carbons of
the styrylpyrone moiety in davallialactone.4 In addition, HMBC cor-
relations from H-20 to C-10 and C-60, H-30 to C-10 and H-60 to a sp2

quaternary carbon (C-50) revealed the presence of the 2,3-dihydro-
pyran-4-one moiety and long-range correlations from H-30 to C-70,
C-80, and C-120 implied that the 3,4-dihydroxyphenyl group should
be connected to C-30. The remaining partial structure of methyl
acetate was connected to C-50 on the basis of a long-range correla-
tion of H-130 to C-50. Other long-range correlations from HMBC
data were in accordance with those of davallialactone. Therefore,
the structure of compound 1 was established as a new davallialac-
tone derivative named baumin.15

Compounds 2–7 were identified as davallialactone,16 hispidin,7

hypholomine B,7 interfungin A,5 inoscavin A,17 and phelligridin D,18

respectively, on the basis of their NMR spectral data, which were in
good agreement with those published previously. In addition,
these compounds exhibited the same retention times as corre-
sponding authentic compounds in analytical HPLC. Compounds 2,
5, 6, and 7 were previously isolated from the fruiting body of I. xer-
anticus4–6 and compounds 3 and 4 were isolated as free radical
scavengers from the mycelial culture of I. xeranticus and P. linteus.7

Compound 1 also showed free radical scavenging activity with IC50

values of 11.7 and 7.5 lM against ABTS and DPPH radicals, respec-
tively, and was less active than davallialactone, with IC50 values of
2.8 and 1.2 lM, against ABTS and DPPH radicals, respectively.

In addition to free radical scavenging activity, the protective ef-
fect of the compounds isolated against the Fenton reaction was
evaluated by the ferrous and hydrogen peroxide-induced DNA
single strand breakage method.19 Due to its importance in bio-
chemistry, medicine, food, and environmental chemistry, Fenton
chemistry is an extensively researched subject.20 The presence of
iron in a reaction system containing hydrogen peroxide is truly cat-
alytic and leads to production of a strong oxidant, hydroxyl radical.
Thus, inhibition of the Fenton reaction has been used in assess-
ment of antioxidative activity, including hydroxyl radical scaveng-
ing and iron chelation activity. All of the isolated compounds
inhibited supercoiled DNA single strand breakage induced by the
Fenton reaction, in a final concentration of 30 lM, as shown in Fig-
ure 2. All compounds, except for 3, exhibited a potent DNA protec-
tive effect comparable to that of iron chelator, desferrioxiamine
(DFO). Antioxidants BHA and trolox showed no inhibitory activity
against DNA breakage, suggesting that inhibition of the Fenton
reaction by compounds 1–7 was due to iron chelation rather than
radical scavenging. To prove whether or not the isolated com-
pounds act as iron chelators, iron chelation activity was estimated
by the modified CAS (chrome azurol S) assay method.21 The CAS
rolox), and 10 (DFO) on single strand breaks induced by hydroxyl radicals in pBR 322



Figure 3. Iron chelation activity of compounds 1–7, measured by CAS assay.
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assay method has been used widely for detection of siderophore
from microorganisms. This assay is based on competition for iron
between the ferric complex of an indicator dye, chrome azurol S,
and an iron chelator or siderophore. The color of the CAS reagent
changes from dark blue to pink when iron is removed from CAS
by an iron chelator with a higher affinity for iron. As a result of
the CAS assay, compounds 2, 4–6, and 7 exhibited potent iron che-
lation activity, which was comparable to that of the iron chelator,
DFO, as shown in Figure 3. Thus, these compounds are thought to
possess both free radical scavenging activity and iron chelation
activity. Consequently, these styrylpyrone compounds provide a
new class of antioxidant with both free radical scavenging activity
and an iron chelation effect, and might be considered strong candi-
dates for use as drugs or nutraceuticals against oxidative damage.
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