
Abstract Clitocybin A (1), a new antioxidant, was
isolated from the culture broth of Clitocybe aurantiaca.
This compound was purified by solvent extraction, silica
gel column chromatography, Sephadex LH-20 column
chromatography and preparative HPLC. Its structure was
determined as 4,6-dihydroxy-2-r -hydroxyphenyl-isoindol-
1-one on the basis of the UV, NMR, and MS spectroscopic
analysis. The compound 1 showed potent free radical
scavenging activity against superoxide, ABTS, and DPPH
radicals, and protective effect against cellular DNA damage
induced by oxidative stress.
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Free radicals are considered to induce oxidative damage in
biomolecules and to play an important role in aging,
cardiovascular diseases, cancer, and inflammatory diseases
[1]. In addition, they are also well known to be major
causes of material degradation and food deterioration.
Consequently, antioxidants are now known to be protective
or therapeutic agents [2]. In the past few years, the addition

of synthetic antioxidants has begun to be restricted, because
of their health risks and toxicity. The importance of
exploiting natural antioxidants from various sources and
replacing synthetic antioxidants with natural ingredients
has attracted increasing attention. Most natural antioxidants
such as traditional nutrients, polyphenols, and flavonoids
are obtained from plants. Recently, mushrooms have been
reported to harbor a host of bioactive substances [3, 4]. The
study of known and new natural derivatives in higher fungi
might also support the development of new drugs, as well
as health-promoting substances.

In the course of our screening program for free radical
scavengers, we isolated a novel compound, clitocybin A (1,
Fig. 1), from the culture broth of Clitocybe aurantiaca [5,
6]. In this paper, we report upon the isolation, structure
elucidation and biological activities of 1. We were provided
this strain from the staff of mushroom taxonomy laboratory
at the National Institute of Agricultural Science and
Technology.

The producing strain, C. aurantiaca, was cultivated in a
producing medium consisting of 2.0% glucose, 0.5%
polypeptone, 0.2% yeast extract, 0.1% KH2PO4 and 0.05%
MgSO4· 7H2O (pH 0.6�5.8) for 7 days at 28°C on a
reciprocal shaker. The whole cultured broth (3.0 liters) was
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sequentially extracted with n-hexane and EtOAc. The
EtOAc layer was concentrated and applied to a column of
silica gel eluted with MeOH - CHCl3 (1 : 50�1 : 1, v/v). The
active eluate was then chromatographed on a Sephadex
LH-20 column eluted with MeOH. Finally, 1 was obtained
by HPLC using a YMC-pack ODS-A column (4.6 mm
i.d.�150 mm) eluted with 30% MeOH.

The physico-chemical properties of 1 are summarized in
Table 1. The molecular formula of 1 was established as
C14H11NO4 by high-resolution ESI-mass measurement. IR
absorptions at 3399 and 1616 cm�1 implied the presence of
hydroxyl groups and amide moieties, respectively. A
heteronuclear multiple-quantum coherency (HMQC)
experiment established all one-bonded 1H-13C connectivity,
as shown in Table 2. The 1H-NMR spectrum of 1 displayed
signals for one methylene proton and six aromatic protons.
The 13C-NMR spectrum of 1 revealed the presence of 14
carbons comprised of one sp3 methylene, six sp2 methines
and seven quaternary carbons including an amide carbonyl
and three oxygenated sp2 carbons. The HMBC spectrum of
1 revealed two partial structures, isoindolone moiety and
1,4-disubstituted benzene group, as shown in Fig. 2. In the
isoindolone moiety, a methylene protons at d 4.71 showed
long range correlations to C-1 (dC 172.4), C-3a (dC 120.6),
C-4 (dC 155.4) and C-7a (dC 136.4). In addition, the long-
range correlations from H-5 to C-3a (dC 120.6), C-4 (dC

155.4), C-6 (dC 162.2), and C-7 (dC 102.0), and from H-7
to C-1 (dC 172.4), C-3a (dC 120.6), C-5 (dC 108.0) and C-6
(dC 162.2) were observed. The long-range correlations

from methine proton at d 7.54 to C-8 (dC 133.9), C-11 (dC

157.9) and C-13 (dC 124.7), and from methine proton at d
6.84 to C-8 (dC 133.9), C-11 (dC 157.9) and C-12 (dC

117.6) revealed the presence of a 1,4-disubstituted benzene
moiety. Based on the above HMBC experiment, 1 was
assigned as a new compound of isoindolone class.

The antioxidant activity of 1 was evaluated by measuring
its free radical scavenging effects using three different
assays, the superoxide radical anion scavenging activity
assay, ABTS (2,2�-azino-bis-[3-ethylbenzothiazoline-6-
sulfonic acid]) radical cation decolorization assay, and
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
assay (Table 3). The superoxide anion scavenging activity
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Table 1 Physico-chemical properties of clitocybin A

Clitocybin A

Appearance Pale brown powder
[a ]D

20 �1.40° (c 0.3, MeOH)
Molecular formular C14H11NO4

Molecular weight 257
HR-ESI-MS m/z

Found 258.07571 (M�H�)
Calcd. 258.07608

UV lmax
MeOH nm (log e ) 211 (1.6), 286 (0.4)

IR nmax (KBr) cm�1 3399, 2925, 1616, 1516, 1453, 1256,
1144, 1097

Soluble MeOH, DMSO
Insoluble n-hexane, H2O

Table 2 1H- and 13C-NMR data of clitocybin A in
methanol-d4

Position dC dH

1 172.4
3 50.3 4.71 (s)
3a 120.6
4 155.4
5 108.0 6.50 (d, J�1.8 Hz)
6 162.2
7 102.0 6.71 (d, J�1.8 Hz)
7a 136.4
8 133.9
9, 13 124.7 7.54 (d, J�9.0 Hz)
10, 12 117.6 6.84 (d, J�9.0 Hz)
11 157.9

Chemical shift in ppm from TMS as internal standard.
1H- and 13C-NMR were measured at 600 and 150 MHz, respectively.

Fig. 1 Structure of clitocybin A.

Fig. 2 HMBC correlations of clitocybin A.



was evaluated by the xanthine/xanthine oxidase method [7].
In brief, each well of a 96-well plate containing 100 m l of
the following reagents: 50 mM potassium phosphate buffer
(pH 7.8), 1.0 mM EDTA, 0.04 mM NBT (nitroblue
tetrazolium), 0.18 mM xanthine, 250 mU/ml xanthine
oxidase, and the sample at various concentrations was
incubated for 30 minutes at 37°C in the dark. The xanthine
oxidase catalyzes the oxidation of xanthine to uric acid and
superoxide, and the superoxide reduces NBT to blue
formazan. The reduction of NBT to blue formazan was
measured at 560 nm in a microplate reader. As a result, 1
exhibited potent superoxide radical scavenging activity
with an IC50 value of 10.3 mM, which was comparable to
those of well-known antioxidants, catechin and ferulic acid,
used as a control.

The ABTS radical scavenging activity was measured
using the ABTS radical cation decolorization assay with
minor modifications [8]. ABTS was dissolved in water to a
concentration of 7.0 mM. The ABTS˙� cation radical was
produced by reacting the ABTS stock solution with
2.45 mM potassium persulfate and by allowing the mixture
to stand in the dark for 12 hours. After adding 0.1 ml of the
ABTS radical cation solution to 5.0 m l of the antioxidant
compounds in EtOH, the absorbance was measured by an
ELISA reader at 734 nm after mixing for up to 6 minutes.
The compound 1 exhibited a significant ABTS radical
cation scavenging effect with an IC50 value of 6.4 mM.

To investigate the scavenging effect on the DPPH
radicals, 1 at various concentrations was added to 95 m l of
150 mM DPPH EtOH soln, the mixture was incubated for
20 minutes at room temperature, and the absorbance was
measured at 517 nm using an ELISA reader [9]. The
compound 1 showed no activity against the DPPH radical.

The ability of 1 to inhibit cellular DNA damage in H2O2

treated cells was investigated by the comet assay, which
assesses oxidative DNA damage [10, 11]. The cells used in
this experiment was Chinese hamster lung fibroblast cells

(V79-4). Concentration of H2O2 was 1.0 mM. The cell
pellets were applied to electrophoresis, stained with
ethidium bromide and observed using a fluorescence
microscope and image analysis. The percentage of total
fluorescence in the tail and the tail length of 50 cells per
slide were recorded. The comet assay showed that the
exposure of the cells to H2O2 increased their tail length to
61.1, whereas their treatment with 1 resulted in a decrease
of their tail length to 35.4 as shown in Table 4. This data
suggested that 1 had a protective effect against cellular
DNA damage induced by oxidative stress.
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Table 3 Free radical scavenging activities of clitocybin A
(IC50 mM)

Compound Superoxide radicala ABTS radicalb DPPH radicalc
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c 2,2-Diphenyl-1-picrylhydrazyl.
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* Results percentaged as the mean (n�3)�SE.
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