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Isolation of a broth extract of the endophytic fungus Corynespora cassiicola L36 afforded three com-
pounds, corynesidones A (1) and B (3), and corynether A (5), together with a known diaryl ether 7. Com-
pounds 1, 3, 5, and 7 were relatively non-toxic against cancer cells, and inactive toward normal cell line,
MRC-5. Corynesidone B (3) exhibited potent radical scavenging activity in the DPPH assay, whose activity
was comparable to ascorbic acid. Based on the ORAC assay, compounds 1, 3, 5, and 7 showed potent anti-
oxidant activity. However, the isolated natural substances and their methylated derivatives (1�8) neither
inhibited superoxide anion radical formation in the XXO assay nor suppressed TPA-induced superoxide
anion generation in HL-60 cell line. Corynesidone A (1) inhibited aromatase activity with an IC50 value
of 5.30 lM.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

One of eight American women will develop breast cancer in her
lifetime (Brueggemeier et al., 2005), while one of nine women in
the UK are diagnosed with breast cancer at some point in their life
(Paoletta et al., 2008). In Thailand, it was estimated that the num-
ber of breast cancer were 5592 cases per 100,000 population in
1996 (Sriplung et al., 2005). Around 50–80% of breast cancer pa-
tients have estrogen-dependent breast cancer, the growth of the
tumors being stimulated by circulating estrogen (Elledge and
Osborne, 1997). In breast cancer tissues, high levels of the enzyme
aromatase (also known as CYP19) are found either in or around tu-
mor sites (Brueggemeier et al., 2005). Inhibition of aromatase
activity significantly reduces the incidence of breast cancer, and
ll rights reserved.

search Institute, Vibhavadi-
.: +66 86 9755777; fax: +66 2

ttakoop).
examples of aromatase inhibitor drugs for the treatment of meta-
static estrogen-dependent breast cancer are anastrozole, letrozole,
and exemestane. It is known that reactive oxygen species (ROS)
play an important role in tumor initiation, and that ROS levels, in
a healthy organism, are controlled by endogenous mechanisms
including glutathione and enzymes like catalase or superoxide dis-
mutase (Gerhauser et al., 2003). Elevated ROS levels can initiate
DNA damage, and might ultimately lead to carcinogenesis (Halli-
well et al., 2000). Compounds capable of either scavenging free
radicals or suppression of superoxide generation and antioxidant
compounds show cancer chemopreventive effects (Lippman
et al., 1994).

Endophytic fungi are rich sources of biologically active com-
pounds, and several new compounds have been isolated from fun-
gal endophytes (Gunatilaka, 2006; Pongcharoen et al., 2008;
Rukachaisirikul et al., 2008; Schulz et al., 2002; Tan and Zou,
2001). Bioactive substances from endophytic fungi are of great
interest to scientists because they have potential applications in
agrochemical and pharmaceutical industries (Shrestha et al.,
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Fig. 1. Structure of the isolated compounds and their methylated derivatives.
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2001; Stierle et al., 1993; Strobel, 2006; Wiyakrutta et al., 2004).
Our continuing search on bioactive compounds from endophytic
fungi led to the isolation and characterization of new depsidones
and diaryl ethers from the endophytic fungus Corynespora cassiico-
la L36. Herein, we report the isolation and characterization of new
depsidones 1 and 3 and a new diaryl ether 5, as well as a known
diaryl ether 7, from the fungus C. cassiicola L36 (Fig. 1). Further-
more, radical scavenging, antioxidant, aromatase inhibitory, and
cytotoxic activities of depsidones and diaryl ethers (1–8) are also
reported in this paper.

2. Results and discussion

2.1. Structural determination

A crude broth extract of the endophytic fungus C. cassiicola L36
was separated by Sephadex LH-20 and preparative TLC to yield
new depsidones 1 and 3 (named corynesidones A and B) and diaryl
Table 1
1H and 13C NMR data for compounds 14.

Position 1a 2b

dH (J in Hz) dC dH (J in Hz) d

1 – 145.1 – 1
2 6.66 (br s) 115.5 6.60 (d, 2.4) 1
3 – 162.4 – 1
4 6.66 (br s) 104.7 6.60 (d, 2.4) 1
4a – 161.5 – 1
5a – 142.1 – 1
6 – 131.3 – 1
7 6.53 (dd, 2.8, 0.7) 113.5 6.53 (d, 2.9) 1
8 – 154.5 – 1
9 6.52 (d, 2.8) 104.9 6.62 (d, 2.9) 1
9a – 144.9 – 1
11 – 163.3 – 1
11a – 112.8 – 1
12 2.39 (s) 20.2 2.50 (s) 2
13 2.37 (s) 15.1 2.43 (s) 1
14 – – – –
2-OMe – – – –
3-OMe – – 3.83 (s) 5
8-OMe – – 3.74 (s) 5
COOMe – – – –

a Acquired in acetone-d6.
b Acquired in CDCl3.
ether 5 (named corynether A), together with a known diaryl ether
7 (Fig. 1). Corynesidone A (1) had a molecular formula C15H12O5, as
indicated by its ESI–TOF–MS spectrum. The IR absorption band at
1693 cm�1 and the 13C resonance at dC 163.3 suggested the pres-
ence of a carbonyl of an aromatic ester (Table 1). The 1H NMR spec-
trum (acetone-d6) of 1 showed signals of two pairs of meta-
coupling aromatic protons and two singlet methyls (Table 1), while
the 13C NMR spectrum revealed 15 lines attributable to two sp3

methyls, four sp2 methines, and nine non-protonated carbons (as
indicated by DEPT techniques). The HMBC spectrum of 1 showed
correlations from H-2 to C-3, C-4, C-11a, and C-12; H-4 to C-2, C-
3, C-4a, and C-11a; H-7 to C-5a, C-8, and C-9; H-9 to C-5a, C-8,
and C-9a; H3-12 to C-1, C-2, and C-11a; and H3-13 to C-5a, C-6,
and C-7. However, these HMBC data could not place position of
the C-11 ester carbonyl on the structure of corynesidone A (1).
Corynesidone A (1) was methylated to give a di-O-methyl deriva-
tive 2, confirming the presence of two hydroxyl groups in 1. Inter-
estingly, the HMBC spectrum of 2 showed a four-bond correlation
3a 4b

C dH (J in Hz) dC dH (J in Hz) dC

45.5 – 128.1 – 136.5
14.0 – 141.6 – 145.2
63.0 – 149.3 – 156.8
03.5 6.78 (s) 104.1 6.62 (s) 101.7
63.1 – 155.0 – 158.7
42.8 – 142.8 – 142.9
31.3 – 133.5 – 129.2
12.7 – 110.0 – 120.9
56.5 – 160.3 – 153.7
03.7 6.64 (s) 106.4 6.67 (s) 102.0
44.8 – 149.4 – 145.6
63.3 – 161.6 – 162.3
09.5 – 112.9 – 113.7
1.5 2.31 (s) 12.5 2.41 (s) 13.3
6.2 2.70 (s) 14.1 2.40 (s) 13.6

– 172.0 – 167.3
– – 3.73 (s) 60.3

5.6 – – 3.90 (s) 56.0
5.7 – – 3.77 (s) 56.3

– – 3.91 (s) 52.4
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(4JCH coupling) from H3-12 to C-11, which confirmed the position
of the C-11 ester carbonyl in 2. It is known that H–H couplings sub-
stantially reduce intensities of the C–H correlation, therefore, nJCH

correlations for n > 3 are very weak or non-observable (Griesinger
et al., 1994). The observation of longer range nJCH couplings could
be possible for compounds with either few or no H–H couplings,
for example, the observation of 5JCH and 7JCH couplings in excelsi-
one, a depsidone from an unidentified endophytic fungus (Lang
et al., 2007). The NOESY spectrum of 2 demonstrated correlations
from 3-OMe protons to H-2 and H-4; and from 8-OMe protons to
H-7 and H-9, readily placing the methoxy groups in 2 (the hydroxyl
groups in 1). The above NOESY correlations also implied that the
two aromatic parts were linked either at C-5a/C-4a and C-9a/C-
11 or at C-5a/C-11 and C-9a/C-4a. Fortunately, the key NOESY cor-
relation from H3-13 to H-4 was observed for both 1 and 2, which
indicated the linkage at C-5a/C-4a and C-9a/C-11 in 1 and 2. On
the basis of these spectroscopic data, the structure of corynesidone
A (1) was secured as shown. Protons and carbons in 1 were as-
signed by analysis of 1H–1H COSY and HMBC spectra (Table 1). It
should be noted that di-O-methyl derivative 2 was synthetically
known (Sala and Sargent, 1981), however, comparison of the
60 MHz 1H NMR spectroscopic data ambiguously confirmed the
structural identity of compound 2. Analysis of 1H–1H COSY and
HMBC spectra assisted the assignment of proton and carbon sig-
nals in 2 (Table 1). It is worth noting that structural elucidation
of hydroxylated depsidones, i.e. corynesidone A (1), needs analysis
of HMBC and NOESY spectral data of its corresponding methylation
product, in order to locate individual substituents (particularly on
the hydroxyl positions) and the linkage between the two aromatic
parts.

Analysis of the ESI–TOF–MS spectrum resulted in deduction of
molecular formula, C16H12O8, for corynesidone B (3). The 1H NMR
spectrum (acetone-d6) of corynesidone B (3) showed only four sig-
nals (two sp2 singlet methines and two singlet methyls; Table 1),
Table 2
1H and 13C NMR data for compounds 5–8.

Position 5a 6b

dH (J in Hz) dC dH (J in Hz) dC

1 – 123.8 – 115.9
2 – 156.7 – 161.2
3 5.91 (br s) 101.9 5.85 (d, 2.1) 97.6
4 – 157.1 – 157.2
5 6.22 (br s) 111.6 6.33 (d, 2.1) 107.7
6 – 136.8 – 138.5
7 – 173.5 – 168.4
8 2.24 (s) 20.5 2.35 (s) 20.0
COOMe – – 3.91 (s) 51.8
1-OH – – – –
3-OH – – – –
4-OH 12.75 (br s) – – –
1-OMe – – – –
3-OMe – – – –
4-OMe – – 3.66 (s) 55.2
10 – 137.3 – 135.4
20 – 152.1 – 153.2
30 5.96 (br s) 102.4 6.39 (d, 2.1) 98.3
40 – 154.8 – 157.3
50 6.03 (br s) 106.3 6.34 (d, 2.1) 106.7
60 – 131.4 – 133.1
70 2.16 (s) 16.7 2.13 (s) 16.2
20-OH 9.04 (br s) – – –
30-OH – – – –
40-OH 9.37 (br s) – – –
20-OMe – – 3.72 (s) 56.1
30-OMe – – – –
40-OMe – – 3.80 (s) 55.5

a Acquired in DMSO-d6.
b Acquired in CDCl3.
c Acquired in acetone-d6.
while the 13C NMR spectrum contained sixteen lines, twelve of
which were non-protonated carbons (as indicated by HMQC and
DEPT techniques; Table 1). The 13C NMR resonance at dC 172.0 indi-
cated the presence of a carboxylic acid functionality in 3. The IR
spectrum of 3 showed absorption bands for a carboxylic acid
(1703 cm�1) and an aromatic ester carbonyl (1687 cm�1). HMBC
correlations were observed from H-4 to C-2, C-3, C-4a, and
C-11a; H-9 to C-5a, C-7, C-8, and C-9a; H3-12 to C-1, C-2, and
C-11a; and H3-13 to C-5a, C-6, and C-7. Similar to the depsidone,
excelsione (Lang et al., 2007), there were no H–H couplings for
corynesidone B (3); therefore, it was expected that longer range
nJCH couplings could be observable in the HMBC spectrum. Indeed,
there were 4JCH couplings, e.g., from both H-4 and H3-12 to the C-
11 ester carbonyl and from H-9 and H3-13 to C-14 carboxylic acid
carbonyl, placing positions of ester and carboxylic acid in each aro-
matic ring. Methylation of corynesidone B (3) gave a tetra-O-
methyl derivative 4. The NOESY spectrum of 4 showed correlations
between 3-OMe and H-4, between 8-OMe and H-9, and between
H3-13 and H-4. The HMBC correlations in 4 were observed from
2-OMe to C-2; 3-OMe to C-3; H-4 to C-3, C-4a, C-11a, and C-11
(4JCH); 8-OMe to C-8; H-9 to C-5a, C-7, C-8, C-9a, and C-14 (4JCH);
H3-12 to C-1, C-2, C-11a, and C-11 (4JCH); and H3-13 to C-5a, C-6,
C-7, and C-14 (4JCH). Based upon the spectroscopic data, the struc-
ture of corynesidone B (3) was established. Assignments of proton
and carbon signals for compounds 3 and 4 are shown in Table 1.

Corynether A (5) demonstrated a molecular formula C15H14O6,
as indicated by ESI–TOF–MS. The 1H NMR spectrum (DMSO-d6)
of corynether A (5) revealed the presence of two pairs of meta-cou-
pling aromatic protons and two singlet methyls (Table 2). The 13C
NMR and DEPT spectra of 5 had 15 lines attributable to two sp3

methyls, four sp2 methines, and nine non-protonated carbons.
The 13C NMR resonance at dC 173.5 indicated the presence of car-
boxylic acid in 5. The HMBC spectrum of 5 showed correlations
from H-3 to C-1, C-2, C-4, and C-5; H-5 to C-1, C-3, C-4, C-6, and
7c 8b

dH (J in Hz) dC dH (J in Hz) dC

– 154.8 – 157.0
6.35 (d, 2.9) 101.4 6.41 (d, 2.8) 97.9
– 150.6 – 153.0
– 133.1 – 135.3
– 132.4 – 133.1
6.25 (d, 2.9) 108.1 6.36 (d, 2.8) 106.2
1.98 (s) 15.4 2.13 (s) 16.4
– – – –
– – – –
8.17 (br s) – – –
8.01 (br s) – – –
– – – –
– – 3.81 (s) 55.5
– – 3.74 (s) 56.0
– – – –
– 159.7 – 159.5
6.03 (dd, 2.1, 2.1) 99.1 6.20 (dd, 2.2, 2.2) 98.1
– 158.4 – 160.6
6.28 (m) 109.2 6.34 (m) 107.6
– 139.8 – 140.2
6.13 (m) 106.8 6.22 (m) 107.7
2.17 (s) 20.6 2.25 (s) 21.8
– –
8.23 (br s) – – –
– – – –
– – – –
– – 3.73 (s) 55.2
– – – –
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C-8; H-30 to C-10, C-20, C-40, and C-50; H-50 to C-10, C-30, C-40, C-60,
and C-70; and H3-70 to C-10, C-50, and C-60. Although the 13C NMR
resonance at dC 123.8 of C-1 implied that the carboxylic acid may
be situated at C-1, the available NMR spectroscopic data could
not conclusively establish the structure of corynether A (5), partic-
ularly on the positions of ether linkage and free hydroxyl groups.
Therefore, corynether A (5) was subjected to methylation to yield
a tetra-O-methyl derivative 6. The NOESY correlations from 4-
OMe to H-3 and H-5; from 20-OMe to H-30; and from 40-OMe to
H-30 and H-50 readily indicated the 10/2 ether linkage in 6. The
HMBC correlations from H3-8 to C-1, C-5, C-6, and C-7 (4JCH) and
from COOCH3 to C-7 and C-1 (4JCH) unambiguously assigned the
position of ester carbonyl (C-7) in 6, and thus establishing the car-
boxylic acid position in corynether A (5). The evidence from these
spectroscopic data supported the structure of corynether A (5) as
shown; proton and carbon signals in 5 and 6 were assigned by
analysis of 2D NMR spectroscopic data (Table 2). It should be noted
that analysis of NOESY and HMBC spectra of the corresponding
methylated product is crucially necessary for structure elucidation
of hydroxylated diaryl ether.

Compound 7 was a demethyl derivative of 2-hydroxy-4-meth-
oxy-6-methylphenyl 3-hydroxy-5-methylphenyl ether (Cannon
et al., 1972; Sargent et al., 1971), also known as LL-V125a, a fungal
metabolite of the order Sphaeropsidales (McGahren et al., 1970).
However, LL-V125a was incorrectly identified as 2-hydroxy-6-
methoxy-4-methylphenyl 3-hydroxy-5-methylphenyl ether
(McGahren et al., 1970); it was subsequently revised, by chemical
synthesis, to 2-hydroxy-4-methoxy-6-methylphenyl 3-hydroxy-5-
methylphenyl ether (Cannon et al., 1972; Sargent et al., 1971).
Compound 7 was synthetically prepared during the synthesis of
LL-V125a, unfortunately, only the 60 MHz 1H NMR spectroscopic
data of compound 7 was available in the literature (Cannon et al.,
1972; Sargent et al., 1971). Furthermore, comparison of such
Table 3
Radical scavenging, antioxidant, and aromatase inhibitory activities of depsidones
and diaryl ethers.

Radical scavenging and antioxidant activities (IC50, lM) Aromatase inhibition

DPPH XXO IXO HL-60 ORAC (unit)a (IC50, lM)

1 >250 ND 19.1 >100 5.9 5.30
3 22.4 ND 226.5 >100 5.9 >25
4 >250 ND >500 >100 0.1 >25
5 182.4 >500 >500 >100 4.3 >25
7 >250 >500 421.4 >100 5.8 >25
8 >250 >500 >500 >100 0.0 ND

a Results were expressed as ORAC units, where one ORAC unit equals the net
protection of b-phycoerythrin produced by 1 lM of Trolox.

Table 4
Cytotoxic activity of compounds 1�8.

Compound Cytotoxic activitya (IC50, lg/mL); mean (±s.d.), n = 3

HeLa HuCCA-1 HepG2 T47D MDA-

1 22.5 (±2.2) >50 17.5 (±3.5) >50 >50
2 32.7 (±2.0) >50 35.5 (±3.5) >50 47.6 (±
3 >50 >50 >50 >50 >50
4 23.3 (±3.0) 38.0 (±1.4) 35.0 (±0.0) 25.0 (±0.0) >50
5 >50 >50 >50 >50 >50
6 29.5 (±0.7) >50 23.5 (±2.1) 41.0 (±5.5) 31.0 (±
7 35.0 (±3.0) >50 >50 >50 >50
8 2.7 (±1.1) >50 4.0 (±1.4) >50 9.0 (±0
Doxorubicin 0.12 (±0.04) 0.40 (±0.11) 0.23 (±0.00) 0.04 (±0.01) 0.28 (±
Etoposide ND ND ND ND ND

a Cytotoxicity was tested against the following cell lines: HeLa, cervical adenocarcinom
hepatocellular liver carcinoma cell line; T47D, human mammary adenocarcinoma cell li
human lung carcinoma cell line; HL-60, human promyelocytic leukemia cell line; and M
MRC-5 was normal embryonic lung cell. ND, not determined.
NMR data was not sufficient to confirm the structural identity of
compound 7, particularly on the assignment of aromatic substitu-
ents. In order to prove the structure of 7, the corresponding meth-
ylated product 8 was prepared and subjected to NOESY analysis.
The NOESY correlations from 1-OMe to H-2 and H-6; from 3-
OMe to H-2; and from 30-OMe to H-20 and H-40 readily indicated
10/4 ether linkage in 8, and thus confirming the structure of diaryl
ether 7. Assignments of 1H and 13C NMR signals for 7 and 8 are in
Table 2.

2.2. Radical scavenging, antioxidant, aromatase inhibitory, and
cytotoxic activities

The isolated natural substances and their methylated deriva-
tives (1–8) were evaluated for cancer chemopreventive properties,
i.e. measuring radical scavenging, antioxidant, aromatase (CYP19)
inhibitory activities. Among the compounds tested, corynesidone
B (3) showed the best activity for the scavenging 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radicals with an IC50 value of 22.4 lM
(Table 3), comparable to ascorbic acid (IC50 21.2 lM). Compounds
1–8 did not inhibit superoxide anion radical formation in the xan-
thine/xanthine oxidase (XXO) assay, while corynesidone A (1)
inhibited xanthine oxidase (IXO) with an IC50 value of 19.1 lM (Ta-
ble 3). None of the tested compounds could suppress superoxide
anion generation (at 100 lM), induced by 12-O-tetradecanoyl-
phorbol-13-acetate (TPA), in differentiated HL-60 human promye-
locytic leukemia cells (Table 3). Interestingly, natural products,
corynesidones A (1) and B (3), corynether A (5), and the diaryl
ether 7 showed potent antioxidant activity, exhibiting oxygen rad-
ical absorbance capacity (ORAC) 4.3–5.9 units, while the methyl-
ated derivatives 4 and 8 did not showed this activity (Table 3). It
is clear that hydroxyl groups in depsidones (1 and 3) and diaryl
ethers (5 and 7) are required for antioxidant property. Corynesi-
done A (1) inhibited aromatase activity with an IC50 value of
5.30 lM (Table 3), comparable to that of ketoconazole standard
(IC50 2.4 lM). Compounds 1–8 exhibited only weak cytotoxic
activity or were inactive (at 50 lg/mL) towards some cell lines (Ta-
ble 4). However, a derivative 8 exhibited moderate cytotoxicity
with IC50 values of 1.4–9.0 lg/mL (Table 4).

In general, natural compounds, corynesidones A (1) and B (3),
corynether A (5), and diaryl ether 7 were relatively non-toxic,
but, exhibited antioxidant activities. Corynesidone A (1) exhibited
aromatase inhibitory activity with an IC50 value of 5.30 lM; this
activity magnitude is comparable to the first generation aromatase
inhibitor drug, aminoglutethimide. Both anti-aromatase and anti-
oxidant activities of corynesidone A (1) are interesting functions
because this dual biological activity may be useful for cancer
MB231 S102 A549 HL-60 MOLT-3 MRC-5

>50 >50 14.7 (±1.7) 12.2 (±0.06) >50
2.5) 44.0 (±5.6) >50 19.3 (±1.5) 14.7 (±0.5) >50

>50 >50 >50 >50 >50
45.0 (±0.0) 35.0 (±0.6) 17.8 (±0.3) 12.4 (±0.3) >50
>50 >50 >50 >50 >50

1.4) >50 46.3 (±4.7) 17.5 (±1.9) 9.6 (±0.2) >50
>50 >50 43.6 (±1.6) 34.6 (±1.2) >50

.0) 25.0 (±0.0) >50 2.2 (±0.1) 1.4 (±0.04) >50
0.00) 1.40 (±0.00) 0.39 (±0.03) ND ND >50

ND ND 0.61 (±0.05) 0.02 (±0.00) ND

a cell line; HuCCA-1, human lung cholangiocarcinoma cancer cells; HepG2, human
ne; MDA-MB231, human breast cell line; S102, human liver cancer cell line; A549,
OLT-3, T-lymphoblast (acute lymphoblastic leukemia) cell line.
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chemoprevention, particularly for breast cancer. A recent study
showed that depsidones and depsides from lichens could prevent
UV light and nitric oxide-mediated plasmid DNA damage and in-
duce apoptosis in human melanoma cells, whose mechanism of ac-
tion was partly involved in the inhibition of reactive oxygen
species and reactive nitrogen species (Russo et al., 2008). Some
fungal depsidones showed better superoxide anion scavenging
activity than quercetin (Lohezic-Le Devehat et al., 2007); however,
a few depsidones showed moderate antioxidant activity (Hidalgo
et al., 1994). Previous reports also demonstrated that fungal
depsidones exhibited cytotoxicity (Bezivin et al., 2004; Pit-
tayakhajonwut et al., 2006) and antibacterial activity against
methicillin- and multidrug-resistant Staphylococcus aureus (Koku-
bun et al., 2007). Several natural products are known to be aroma-
tase inhibitors (Balunas et al., 2008; Paoletta et al., 2008); however,
to our knowledge, aromatase inhibitory activity of depsidones has
never been reported to date. This is, therefore, the first report on
anti-aromatase activity of natural depsidones.

2.3. Concluding remarks

Three new compounds, corynesidones A (1) and B (3), and cory-
nether A (5), together with a known diaryl ether 7 were isolated
from the fungal endophyte C. cassiicola L36. Corynesidone B (3)
could scavenge DPPH free radicals at the same activity as that of
ascorbic acid. All natural products isolated (1, 3, 5, and 7) showed
potent antioxidant activity, as revealed by ORAC assay. However,
compounds 1–8 neither inhibited superoxide anion radical forma-
tion in the XXO assay nor suppressed TPA-induced superoxide an-
ion generation in HL-60 cell line. Corynesidone A (1) acted as an
aromatase inhibitor, showing comparable activity to the first gen-
eration aromatase inhibitor drug, aminoglutethimide.
3. Experimental

3.1. General experimental procedures

Melting points were measured on a digital Electrothermal 9100
Melting Point Apparatus and reported without correction. UV–Vis
spectra were obtained from Shimadzu UV-1700 PharmaSpec Spec-
trophotometer. FTIR data were obtained using a universal attenu-
ated total reflectance (UATR) attachment on a Perkin–Elmer
Spectrum One spectrometer. 1H and 13C NMR spectra were re-
corded on a Bruker AM 400 NMR instrument (operating at
400 MHz for 1H and 100 MHz for 13C) and a Bruker AVANCE 600
NMR spectrometer (operating at 600 MHz for 1H and 150 MHz
for 13C). ESI–TOF–MS were determined using a Bruker MicroTOFLC

spectrometer.

3.2. Fungal material and identification

Apparently healthy leaves of a Thai medicinal plant, Lindenber-
gia philippensis (Cham.) Benth. [H]. (family Scrophulariaceae), were
collected from Kanchanaburi Province, Thailand. The samples were
cleaned under running tap H2O and air-dried. The cleaned leaves
were surface-sterilized according to the previously described
method (Chomcheon et al., 2006). The surface-sterilized leaves
were cut into small pieces using a sterile blade and placed on ster-
ile water agar plates for further incubation at 30 �C. The hyphal tip
of the endophytic fungus growing out from the plant tissue was cut
by a sterile Pasteur pipette and transferred onto a sterile potato
dextrose agar (PDA) plate. After incubation at 30 �C for 7 days, cul-
ture purity was determined from colony morphology.

Endophytic fungus isolate L36 was identified based on both
morphology on PDA and analysis of the DNA sequences of the
ITS1-5.8S-ITS2 ribosomal RNA gene region. Total DNA was ex-
tracted from fungal mycelia grown in potato dextrose broth using
FTA� Plant Kit (Whatman�, USA) according to the manufacturer’s
instruction. Primers ITS5 (GGAAGTAAAAGTCGTAACAAGG) and
ITS4 (TCCTCCGCTTATTGATATGC) (White et al., 1990) were used
to amplify the ITS1-5.8S-ITS2 region from total cellular DNA as pre-
viously described (Prachya et al., 2007). The amplified DNA was
purified and directly subjected to sequencing reactions using prim-
ers ITS5 and ITS4. BLASTN 2.2.18+ (Zhang et al., 2000) was used to
search for similar sequences in GenBank. DNA sequence similarity
was determined by the ClustalW (Thompson et al., 1994) in BioEdit
version 7.0.1 (Hall, 1999). Endophytic fungus isolate L36 grew on
PDA as brown velvety colony. Conidiophores were pale brown
and formed singly with successive cylindrical proliferations. Coni-
dia (52–124 � 7–10 lm) were in chains, obclavate to subcylindrical
with 4–10 pseudosepta. These correspond well with the character-
istics of C. cassiicola (Ellis, 1971). A GenBank search for DNA se-
quence similarity revealed that ITS1-5.8S-ITS2 of the L36 was
100% homology to those of C. cassiicola reference strains (CBS1,
GenBank Accession No. EU364555; ATCC64204, GenBank Accession
No. AY238606). Based on microscopic morphological characteris-
tics and DNA sequence of the ribosomal RNA gene region, this endo-
phytic fungus is identified as C. cassiicola L36. The ITS1-5.8S-ITS2
DNA sequence of the L36 fungus has been submitted to GenBank
with the Accession number of FJ225970. The culture of C. cassiicola
L36 has been deposited at the MIM Laboratory, Department of
Microbiology, Mahidol University, Thailand.

3.3. Extraction and isolation

The endophytic fungus isolate L36 was cultured in a malt ex-
tract medium (MEB) for 21 days at 25 �C (stationary condition).
Fungal cells and broth (5 L) were separated by filtered, and the fil-
trate was extracted with equal volumes of EtOAc (3�) to obtain a
crude broth extract (4.5 g). Fungal cells were macerated in MeOH
(500 mL) for 2 days, followed by CH2Cl2 (500 mL) for 2 days. Myce-
lial crude extract was found to be, as shown by 1H NMR spectro-
scopic analysis, a mixture of triglycerides and fatty acids. A crude
broth extract was subjected to Sephadex LH-20 CC (3 � 90 cm),
eluted with MeOH, to yield 14 fractions (A1–A14). Fractions A8–
A11 were combined and further purified by Sephadex LH-20 CC
(3 � 90 cm), eluted with acetone:MeOH (1:1), and twelve fractions
(B1–B12) were obtained. Fractions B5 and B6 gave corynether A (5,
460 mg), while fractions B8, B9 and B10 contained corynesidone B
(3, 1.2 g). Fractions A5 and A6 were combined and subjected to
Sephadex LH-20 CC (3 � 48 cm), eluted with 100% MeOH, yielding
eight fractions (C1–C8). Fractions C2 and C3 were combined and
purified by Sephadex LH-20 CC (2 � 100.5 cm) using MeOH as a
mobile phase to obtain eight fractions (D1–D8). Fraction D3 was
further purified on preparative TLC eluted with hex-
ane:CH2Cl2:acetone (2:2:1), to yield 40 mg of diaryl ether 7. Frac-
tion C5 was subjected to Sephadex LH-20 CC (2 � 100.5 cm),
eluted with MeOH, to provide nine fractions (E1–E9). Fractions
E5 and E6 were combined and separated on preparative TLC using
hexane:CH2Cl2:acetone (2:2:1) as eluent, yielding 89 mg of coryne-
sidone A (1).

3.4. Spectroscopic data of compounds

3.4.1. Corynesidone A (1)
White solid; m.p. 235–237 �C; UV (MeOH) kmax (log e) 222

(4.12), 267 (3.80) nm; IR (UATR) mmax 3373, 3253, 2924, 2854,
1693, 1615, 1459, 1380, 1354, 1343, 1294, 1252, 1218, 1146,
1092, 853, 845, 732 cm�1; ESI–TOF–MS (negative ion mode): m/z
271.0616 [M�H]� (calcd. for C15H11O5, 271.0607); for 1H and 13C
NMR spectroscopic data, see Table 1.
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3.4.2. Corynesidone B (3)
Pale brown solid; m.p. 212�214 �C; UV (MeOH) kmax (log e) 223

(4.38), 304 (3.80) nm; IR (UATR) mmax 3241, 2924, 2853, 1703,
1687, 1616, 1460, 1375, 1306, 1243, 1214, 1154, 1067, 846,
730 cm�1; ESI–TOF–MS (negative ion mode): m/z 331.0458
[M�H]� (calcd. for C16H11O8, 331.0454); for 1H and 13C NMR spec-
troscopic data, see Table 1.

3.4.3. Corynether A (5)
Brown solid; m.p. 145�147 �C; UV (MeOH) kmax (log e) 221

(3.87), 282 (3.18) nm; IR (UATR) mmax 3275, 2926, 2860, 1691,
1606, 1460, 1380, 1318, 1267, 1206, 1153, 1051, 979, 840 cm�1;
ESI–TOF–MS (negative ion mode): m/z 289.0720 [M�H]� (calcd.
for C15H13O6, 289.0712); for 1H and 13C NMR spectroscopic data,
see Table 2.

3.4.4. Diaryl ether 7
Pale brown viscous oil; UV (MeOH) kmax (log e) 223 (4.14), 282

(3.51) nm; IR (UATR) mmax 3336, 2923, 1692, 1596, 1469, 1319,
1264, 1206, 1147, 1122, 1051, 1027, 967, 834, 800, 737,
682 cm�1; ESI–TOF–MS (negative ion mode): m/z 281.0590
[M+Cl]� (calcd. for C14H14Cl1O4, 281.0581); for 1H and 13C NMR
spectroscopic data, see Table 2.

3.5. Methylation of corynesidones A (1) and B (3), corynether A (5),
and diaryl ether 7

To a solution of corynesidone A (1) (9 mg) in DMF (1 mL) were
added K2CO3 (20 mg) and MeI (0.3 mL), and the mixture was left
stirring at room temperature for 20 h. The mixture was dried under
vacuum, then dissolved in EtOAc (8 mL) and subsequently washed
with H2O (5 � 8 mL), to afford a methylated derivative 2 (6.9 mg).
Methylation of corynesidone B (3) (20 mg), corynether A (5)
(10 mg) and diaryl ether 7 (16 mg) were performed in a similar
manner as that of 1, yielding methylated derivatives 4 (17.5 mg),
6 (8.2 mg), and 8 (13.5 mg), respectively.

3.5.1. Methylated derivative (2)
Pale brown viscous oil; ESI–TOF–MS (positive ion mode): m/z

301.1064 [M+H]+ (calcd. for C17H17O5, 301.1076); for 1H and 13C
NMR spectroscopic data, see Table 1.

3.5.2. Methylated derivative (4)
White solid (from CH2Cl2/MeOH, 1:1); m.p. 159�162 �C; ESI–

TOF–MS (positive ion mode): m/z 389.1236 [M+H]+ (calcd. for
C20H21O8, 389.1236); for 1H and 13C NMR spectroscopic data, see
Table 1.

3.5.3. Methylated derivative (6)
Yellow viscous oil; ESI–TOF–MS (positive ion mode): m/z

369.1309 [M+Na]+ (calcd. for C19H22Na1O6, 369.1314); for 1H and
13C NMR spectroscopic data, see Table 2.

3.5.4. Methylated derivative (8)
Pale yellow solid (from CH2Cl2/MeOH, 1:1); m.p. 94–96 �C; ESI–

TOF–MS (positive ion mode): m/z 311.1254 [M+Na]+ (calcd. for
C17H20Na1O4, 311.1259); for 1H and 13C NMR spectroscopic data,
see Table 2.

3.6. Bioassays

3.6.1. Scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals
Scavenging DPPH free radicals was determined photometrically

as described by Gerhauser et al. (2003). Ascorbic acid was used as
the reference compound, exhibiting an IC50 value of 21.2 lM.
3.6.2. Inhibition of superoxide anion radical formation by xanthine/
xanthine oxidase (XXO assay)

The XXO assay was performed following the method essentially
described by Gerhauser et al. (2003). Superoxide dismutase was
used as a control. Allopurinol, the reference compound, inhibited
xanthine oxidase (IXO) with the IC50 value of 3.0 lM. Inhibition
of superoxide anion radical formation was measured only when
the tested compounds did not inhibit xanthine oxidase.

3.6.3. Inhibition of 12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced superoxide anion radical generation in differentiated HL-60
cells (HL-60 assay)

TPA-induced superoxide anion radical formation was detected
in differentiated HL-60 human promyelocytic leukemia cells by
photometric determination of cytochrome c reduction, following
the method previously described by Gerhauser et al. (2003). Super-
oxide dismutase was used as a positive control. Only the test sam-
ples with cell viability more than 50% were considered for the
calculation of scavenging potential.

3.6.4. Measurement of oxygen radical absorbance capacity (ORAC)
Peroxyl radical absorbance capacity of compounds was tested in

a modified ORAC assay previously described by Gerhauser et al.
(2003). Antioxidant potential of the test compounds (1 lM) was
compared with that of 6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (Trolox), a water soluble vitamin E analog. Re-
sults were expressed as ORAC units, where 1 ORAC unit equals
the net protection of b-phycoerythrin produced by 1 lM of Trolox.
Scavenging capacities >1 ORAC unit were considered as positive.

3.6.5. Inhibition of aromatase (CYP19)
Aromatase inhibitory assay was performed according to the

method reported by Stresser et al. (2000), using CYP19/methoxy-
4-trifluoromethyl-coumarin (MFC) high throughput inhibition
screening kit (BD Biosciences, Woburn MA, USA). The reference
compound, ketoconazole, typically exhibits the IC50 value of
2.4 lM.

3.6.6. Cytotoxicity
Cytotoxic activity for adhesive cell lines including HeLa, HuCCA-

1, HepG2, T47D, MDA-MB231, S102, A549, and MRC-5 cancer cell
lines was evaluated with the MTT assay (Carmichael et al., 1987;
Doyle and Griffiths, 1997; Mosmann, 1983; Tominaga et al.,
1999). For non-adhesive cells, HL-60 and MOLT-3 cell lines, the
cytotoxicity was assessed using the XTT assay (Doyle and Griffiths,
1997). Etoposide and doxorubicin were used as the reference drugs
(Table 4).

Acknowledgements

P. Kittakoop is grateful to The Thailand Research Fund (Grant
No. DBG5180014) and the Center for Environmental Health, Toxi-
cology and Management of Chemicals (ETM) for financial support.
S. Wiyakrutta is supported by a Mahidol University research Grant,
and N. Sriubolmas thanks the Commission on Higher Education for
financial support to BNPME Center. We thank Somkid Sitthimonc-
hai for the tests of radical scavenging, antioxidant, and aromatase
inhibitory activities, and thank Pakamas Intachote, Suchada Seng-
sai, and Busakorn Saimanee for cytotoxicity tests.

References

Balunas, M.J., Su, B., Brueggemeier, R.W., Kinghorn, A.D., 2008. Natural products as
aromatase inhibitors. Anticancer Agents Med. Chem. 8, 646–682.

Bezivin, C., Tomasi, S., Rouaud, I., Delcros, J.G., Boustie, J., 2004. Cytotoxic activity of
compounds from the lichen: Cladonia convoluta. Planta Med. 70, 874–877.



P. Chomcheon et al. / Phytochemistry 70 (2009) 407–413 413
Brueggemeier, R.W., Hackett, J.C., Diaz-Cruz, E.S., 2005. Aromatase inhibitors in the
treatment of breast cancer. Endocr. Rev. 26, 331–345.

Cannon, J.R., Cresp, T.M., Metcalf, B.W., Sargent, M.V., Elix, J.A., 1972. Structure and
synthesis of 2-hydroxy-4-methoxy-6-methylphenyl 3-hydroxy-5-methyl-
phenyl ether (LL- V125a), a fungal diaryl ether. J. Chem. Soc., Perkin Trans. 1,
1200–1203.

Carmichael, J., DeGraff, W.G., Gazdar, A.F., Minna, J.D., Mitchell, J.B., 1987.
Evaluation of a tetrazolium-based semiautomated colorimetric assay:
assessment of chemosensitivity testing. Cancer Res. 47, 936–942.

Chomcheon, P., Sriubolmas, N., Wiyakrutta, S., Ngamrojanavanich, N., Chaichit, N.,
Mahidol, C., Ruchirawat, S., Kittakoop, P., 2006. Cyclopentenones, scaffolds for
organic synthesis produced by the endophytic fungus, mitosporic
Dothideomycete sp. LRUB20. J. Nat. Prod. 69, 1351–1353.

Doyle, A., Griffiths, J.B., 1997. Mammalian Cell Culture: Essential Techniques. John
Wiley & Sons, Chichester, UK.

Elledge, R.M., Osborne, C.K., 1997. Oestrogen receptors and breast cancer. BMJ 314,
1843–1844.

Ellis, M.B., 1971. Dematiaceous Hyphomycetes. CAB International, Kew, UK.
Gerhauser, C., Klimo, K., Heiss, E., Neumann, I., Gamal-Eldeen, A., Knauft, J., Liu, G.Y.,

Sitthimonchai, S., Frank, N., 2003. Mechanism-based in vitro screening
of potential cancer chemopreventive agents. Mutat. Res. 523–524, 163–
172.

Griesinger, C., Schwalbe, H., Schleucher, J., Sattler, M., 1994. Proton-detected
heteronuclear and multidimensional NMR. In: Croasmun, W.R., Carlson, R.M.K.
(Eds.), Two-Dimensional NMR Spectroscopy. Applications for Chemists and
Biochemists. VCH, New York, pp. 457–480.

Gunatilaka, A.A.L., 2006. Natural products from plant-associated microorganisms:
distribution, structural diversity, bioactivity, and implications of their
occurrence. J. Nat. Prod. 69, 509–526.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment, editor
and analysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser. 41, 95–
98.

Halliwell, B., Zhao, K., Whiteman, M., 2000. The gastrointestinal tract: a major site of
antioxidant action? Free Radic. Res. 33, 819–830.

Hidalgo, M.E., Fernandez, E., Quilhot, W., Lissi, E., 1994. Antioxidant activity of
depsides and depsidones. Phytochemistry 37, 1585–1587.

Kokubun, T., Shiu, W.K., Gibbons, S., 2007. Inhibitory activities of lichen-derived
compounds against methicillin- and multidrug-resistant Staphylococcus aureus.
Planta Med. 73, 176–179.

Lang, G., Cole, A.L., Blunt, J.W., Robinson, W.T., Munro, M.H., 2007. Excelsione, a
depsidone from an endophytic fungus isolated from the New Zealand endemic
tree Knightia excelsa. J. Nat. Prod. 70, 310–311.

Lippman, S.M., Benner, S.E., Hong, W.K., 1994. Cancer chemoprevention. J. Clin.
Oncol. 12, 851–873.

Lohezic-Le Devehat, F., Tomasi, S., Elix, J.A., Bernard, A., Rouaud, I., Uriac, P., Boustie,
J., 2007. Stictic acid derivatives from the lichen Usnea articulata and their
antioxidant activities. J. Nat. Prod. 70, 1218–1220.

McGahren, W.J., Andres, W.W., Kunstmann, M.P., 1970. Novel diaryl ether, LL-
V125a, from a fungus of the order Sphaeropsidales. J. Org. Chem. 35, 2433–
2435.

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J. Immunol. Methods 65,
55–63.

Paoletta, S., Steventon, G.B., Wildeboer, D., Ehrman, T.M., Hylands, P.J., Barlow, D.J.,
2008. Screening of herbal constituents for aromatase inhibitory activity. Bioorg.
Med. Chem. 16, 8466–8470.
Pittayakhajonwut, P., Dramae, A., Madla, S., Lartpornmatulee, N., Boonyuen, N.,
Tanticharoen, M., 2006. Depsidones from the endophytic fungus BCC 8616. J.
Nat. Prod. 69, 1361–1363.

Pongcharoen, W., Rukachaisirikul, V., Phongpaichit, S., Kuhn, T., Pelzing, M.,
Sakayaroj, J., Taylor, W.C., 2008. Metabolites from the endophytic fungus
Xylaria sp. PSU-D14. Phytochemistry 69, 1900–1902.

Prachya, S., Wiyakrutta, S., Sriubolmas, N., Ngamrojanavanich, N., Mahidol, C.,
Ruchirawat, S., Kittakoop, P., 2007. Cytotoxic mycoepoxydiene derivatives from
an endophytic fungus Phomopsis sp. isolated from Hydnocarpus anthelminthicus.
Planta Med. 73, 1418–1420.

Rukachaisirikul, V., Sommart, U., Phongpaichit, S., Sakayaroj, J., Kirtikara, K., 2008.
Metabolites from the endophytic fungus Phomopsis sp. PSU-D15.
Phytochemistry 69, 783–787.

Russo, A., Piovano, M., Lombardo, L., Garbarino, J., Cardile, V., 2008. Lichen
metabolites prevent UV light and nitric oxide-mediated plasmid DNA damage
and induce apoptosis in human melanoma cells. Life Sci. 83, 468–474.

Sala, T., Sargent, M.V., 1981. Depsidone synthesis. Part 16. Benzophenone-grisa-30 ,
50-diene-20 , 3-dione-depsidone interconversion: a new theory of depsidone
biosynthesis. J. Chem. Soc., Perkin Trans 1, 855–869.

Sargent, M.V., Cannon, J.R., Cresp, T.M., Metcalf, B.W., Elix, J.A., 1971. Structural
revision and synthesis of a novel fungal diaryl ether. Chem. Commun. 473.

Schulz, B., Boyle, C., Draeger, S., Rommert, A.K., Krohn, K., 2002. Endophytic fungi: a
source of novel biologically active secondary metabolites. Mycol. Res. 106, 996–
1004.

Shrestha, K., Strobel, G.A., Shrivastava, S.P., Gewali, M.B., 2001. Evidence for
paclitaxel from three new endophytic fungi of Himalayan yew of Nepal. Planta
Med. 67, 374–376.

Sriplung, H., Sontipong, S., Martin, N., Wiangnon, S., Vootiprux, V., Cheirsilpa, A.,
Kanchanabat, C., Khuhaprema, T., 2005. Cancer incidence in Thailand, 1995–
1997. Asian Pac. J. Cancer Prev. 6, 276–281.

Stierle, A., Strobel, G., Stierle, D., 1993. Taxol and taxane production by Taxomyces
andreanae, an endophytic fungus of Pacific yew. Science 260, 214–216.

Stresser, D.M., Turner, S.D., McNamara, J., Stocker, P., Miller, V.P., Crespi, C.L., Patten,
C.J., 2000. A high-throughput screen to identify inhibitors of aromatase (CYP19).
Anal. Biochem. 284, 427–430.

Strobel, G., 2006. Harnessing endophytes for industrial microbiology. Curr. Opin.
Microbiol. 9, 240–244.

Tan, R.X., Zou, W.X., 2001. Endophytes: a rich source of functional metabolites. Nat.
Prod. Rep. 18, 448–459.

Thompson, J.D., Higgins, D.G., Gibson, T.J., 1994. CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice. Nucleic
Acids Res. 22, 4673–4680.

Tominaga, H., Ishiyama, M., Ohseto, F., Sasamoto, K., Hamamoto, T., Suzuki, K.,
Watanabe, M., 1999. A water-soluble tetrazolium salt useful for colorimetric
cell viability assay. Anal. Commun. 36, 47–50.

White, T.J., Bruns, T., Lee, S., Taylor, J., 1990. Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics. In: Innis, M.A., Gelfand, D.H.,
Sninsky, J.J., White, T.J. (Eds.), PCR Protocols: A Guide to Methods and
Applications. Academic Press, San Diego, pp. 315–322.

Wiyakrutta, S., Sriubolmas, N., Panphut, W., Thongon, N., Danwisetkanjana, K.,
Ruangrungsi, N., Meevootisom, V., 2004. Endophytic fungi with anti-microbial,
anti-cancer and anti-malarial activities isolated from Thai medicinal plants.
World J. Microbiol. Biotechnol. 20, 265–272.

Zhang, Z., Schwartz, S., Wagner, L., Miller, W., 2000. A greedy algorithm for aligning
DNA sequences. J. Comput. Biol. 7, 203–214.


	Aromatase inhibitory, radical scavenging, and antioxidant activities of depsidones and diaryl ethers from the endophytic fungus Corynespora cassiicola L36
	Introduction
	Results and discussion
	Structural determination
	Radical scavenging, antioxidant, aromatase inhibitory, and cytotoxic activities
	Concluding remarks

	Experimental
	General experimental procedures
	Fungal material and identification
	Extraction and isolation
	Spectroscopic data of compounds
	Corynesidone A (1)
	Corynesidone B (3)
	Corynether A (5)
	Diaryl ether 7

	Methylation of corynesidones A (1) and B (3), corynether A (5), and diaryl ether 7
	Methylated derivative (2)
	Methylated derivative (4)
	Methylated derivative (6)
	Methylated derivative (8)

	Bioassays
	Scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals
	Inhibition of superoxide anion radical formation by xanthine/xanthine oxidase (XXO assay)
	Inhibition of 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced superoxide anion radical generation in differentiated HL-60 cells (HL-60 assay)
	Measurement of oxygen radical absorbance capacity (ORAC)
	Inhibition of aromatase (CYP19)
	Cytotoxicity


	Acknowledgements
	References


