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Abstract Two strains of endophytic fungi, Penicillium
melinii Yuan-25 and Penicillium janthinellum Yuan-27, with
strong anti-Pyricularia oryzae activity, were obtained from
the roots of Panax ginseng. Based on bioactivity-oriented
isolation, a new benzaldehyde derivative, ginsenocin (1), to-
gether with six known compounds, methyl 2,4-dihydroxy-
3,5,6-trimethylbenzoate (2), 3,4,5-trimethyl-1,2-benzenediol
(3), penicillic acid (4), mannitol (5), ergosterol (6), and ergos-
terol peroxide (7), were separated from the EtOAc extract of
Yuan-25 culture, while brefeldin A (8) was isolated as the
major constituent from the EtOAc extract of Yuan-27 culture.
The chemical structures were determined based on spectro-
scopic methods. All the isolated compounds 1-8 were evalu-
ated for their cytotoxicity against six human cancer cell lines.
Brefeldin A (8) was the most cytotoxic constituent against all
the tested cell lines with 1Csq values <0.12 pg/ml, while

Cheng-Jian Zheng and Li-Li Xu contributed equally to this work.

C.-J. Zheng - Y.-Y. Li - T. Han (<) + Q.-Y. Zhang * Q.-L. Ming -
L.-P. Qin

Department of Pharmacognosy, School of Pharmacy,

Second Military Medical University, 325 Guohe Road,
Shanghai 200433, People’s Republic of China

e-mail: than927@163.com

L.-L. Xu
The Research Institute of TCM Literature, Shanghai TCM
University, Shanghai 201203, People’s Republic of China

K. Rahman

Faculty of Science, School of Biomolecular Sciences,
Liverpool John Moores University, Byrom Street,
Liverpool L3 3AF England, UK

L.-P. Qin (IX)

Shanghai Key Laboratory for Pharmaceutical Metabolite Research,
Shanghai 200433, People’s Republic of China

e-mail: qinsmmu@126.com

ginsenocin (1) and penicillic acid (4) also exhibited potent
cytotoxicity with ICsq values ranging from 0.49 to 7.46 pg/ml.
Our results suggest that endophytic fungi isolated from P,
ginseng are a promising natural source of potential anticancer
agents.

Keywords Panax ginseng - Endophytic fungi - Penicillium
melinii - Penicillium janthinellum - Ginsenocin - Cytotoxic
activity

Introduction

Panax ginseng C.A. Meyer, belonging to the family
Araliaceae, is a slow-growing perennial plant with fleshy roots
and mainly distributed in the Northern Hemisphere, typically
in cooler climates. Its roots, famous as ginseng, have been
regarded as one of the most invaluable herbal remedies in
Chinese traditional medicine since ancient times (Qi et al.
2011), commonly used as a health tonic with supposed bene-
fits for adaptogenic, antiaging, prophylactic, and restorative
remedies (Coon and Ernst 2002; Emst 2010). As we know,
active constituents found in ginseng include ginsenosides,
polysaccharides, peptides, polyacetylenic alcohols, and fatty
acids, which are responsible for the versatile pharmacological
effects of ginseng on the cardiovascular, immune, and central
nervous systems (Park et al. 2005). Recently, more and more
studies have been conducted to evaluate the excellent antican-
cer activities of ginseng, revealing ginsenosides and polysac-
charides to be the major active constituents (Shin et al. 2000;
Park et al. 2005; Saw et al. 2010; Li et al. 2012a, b).
Endophytic fungi are microorganisms living within
the tissues of host plants without causing visible disease
symptoms at a particular time (Rodriguez et al. 2009). Since
the discovery of the anticancer agent taxol from Taxomyces
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andreanae, an endophytic fungal strain isolated from Taxus
brevifolia (Stierle et al. 1993), interest in bioactive compounds
from plant-derived endophytes has increased considerably.
Endophytes are, therefore, regarded as an emerging resource
of biologically active secondary metabolites, attracting in-
creasing attention in recent years (Schulz et al. 2002; Strobel
2003; Yu et al. 2010). They can produce various metabolites
of different structure types including alkaloids, lignans, terpe-
noids, steroids, xanthones, coumarins, benzopyranones, cyto-
chalasins, etc. (Schulz et al. 2002), which exhibited a variety
of bioactivity such as anticancer, antifungal, antibacterial, and
antiviral activities (Gunatilaka 2006).

In our preliminary research, an oil-producing endophyte
characterized as Paecilomyces sp. was isolated from the
roots of P. ginseng, which exhibited potent cytotoxic and
antifungal properties. Further chemical analysis revealed that
both of the ether extracts of Paecilomyces sp. and ginseng
contained an interesting compound, falcarinol, a natural pes-
ticide and anticancer agent (Xu et al. 2009). In continuation
to our search for novel cytotoxic secondary metabolites from
endophyte cultures (Xu et al. 2009; Sun et al. 2011; Zheng
et al. 2012; Wu et al. 2012), our present study afforded two
strains of endophytic fungi (Penicillium melinii Yuan-25 and
Penicillium janthinellum Yuan-27) with high anti-Pyricularia
oryzae activity from the roots of P. ginseng collected in
Changchun, Jilin Province, People’s Republic of China.
Through bioassay-oriented fractionation, a new benzaldehyde
derivative, ginsenocin (1), together with six known com-
pounds, methyl 2,4-dihydroxy-3,5,6-trimethylbenzoate (2),
3,4,5-trimethyl-1,2-benzenediol (3), penicillic acid (4), man-
nitol (5), ergosterol (6), and ergosterol peroxide (7), were
separated from the EtOAc extract of Yuan-25 culture, while
brefeldin A (8) was isolated as the major constituent from the
EtOACc extract of Yuan-27 culture. We report herein the details
of the isolation and identification of endophytes and com-
pounds and the cytotoxicity evaluation for those isolated
compounds.

Materials and methods
Isolation and identification of the endophytic fungus

Healthy root of P. ginseng was collected in Changchun, Jilin
Province, People’s Republic of China. Samples were washed
and cut into about 5-mm? segments with surface sterilized by
sequentially dipping into 5 % sodium hypochlorite (5 min)
and 75 % ethanol (3 min), rinsed with sterile water, and
finally allowed to surface-dry under sterile condition. The
material was then deposited on a Petri dish containing potato
dextrose agar (PDA) medium with 200 pg/ml ampicillin and
200 pg/ml streptomycin to inhibit bacterial contamination
and then incubated at room temperature for 7-14 days. The
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hyphal tip was removed and placed on PDA media, incubat-
ed at 26 °C, and replated until a pure culture was obtained.
Two strains of endophytic fungi, Yuan-25 and Yuan-27,
were identified according to its 5.8S gene and internal tran-
scribed spacer (ITS; ITS1 and ITS2 regions) sequence by
using the universal primers ITS5 and ITS4 according to the
previous reported protocol (Guo et al. 2003). The 5.8S gene
and ITS regions sequence was compared by BLAST search
with reference sequences in GenBank and aligned with
CLUSTAL X software (Thompson et al. 1997) using 1,000
bootstrap replicates. The phylogenetic trees were performed
using the neighbor-joining method (Saitou and Nei 1987).
Identification at the species taxonomic level was based
on >97 % ITS similarity (Higgins et al. 2007). The fungal
strains, Yuan-25 and Yuan-27, were deposited in the China
General Microbiological Culture Collection Center (CGMCC)
as CGMCC 3.15173 and as CGMCC 3.15174, respectively.

Fermentation and compounds isolation

The endophytic fungi were initially grown on a PDA medi-
um in Petri dishes and then transferred into shake flasks
culture by punching out 5 mm of the agar plate culture using
a self-designed cutter (Wang et al. 2006). The shake flask
culture (250 ml) was carried out containing 100 ml potato
dextrose broth medium at 26 °C, 180 rpm for 7 days and then
transferred into 5-L Erlenmeyer flasks. About 60 L of fer-
mentation liquid was obtained after incubation under the
same condition for 10 days. The mycelial pellets were
harvested by filtration and then thoroughly crushed in a
mortar. The fermentation broths and ground mycelia were
subjected to ultrasound-assisted extraction with equal vol-
ume of EtOAc at room temperature for 1 h. The extract
solutions were then condensed in a rotating evaporator under
reduced pressure. As a result, the EtOAc extract from strain
Yuan-25 was obtained as EY-25 (2.5 g) and the EtOAc
extract from strain Yuan-27 was obtained as EY-27 (1.0 g).
EY-25 (2.5 g) was chromatographed on a silica gel column
eluting with a step gradient of petroleum ether—EtOAc (20:1,
10:1, 5:1, 1:1, 1:2, each 1.0 L, v/v) to give five fractions
(Fr1-Fr5). Fr2 (180 mg) was subjected on Sephadex LH-20
(MeOH/H,0, 4:1, v/v) followed by preparative thin layer
chromatography (TLC) to yield compounds 1 (15 mg), 2
(8 mg), and 3 (10 mg). Fr3 (240 mg) was separated over
silica gel with petroleum ether—EtOAc (4:1, 2:1, 1:1, each
0.5 L, v/v) to give three subfractions (subFrl, subFr2, and
subFr3). SubFrl (50 mg) was separated using preparative
TLC (petroleum ether—EtOAc, 3:1, v/v) to obtain compound
4 (8 mg). SubFr3 (90 mg) was subjected on Sephadex LH-20
(MeOH/H,0, 4:1, v/v) to yield compounds 6 (6 mg) and 7
(4 mg). Fr4 (200 mg) was subjected on Sephadex LH-20
(MeOH/H,0, 1:1, 500 ml, v/v) to give compound 5 (5 mg).
EY-27 (1.0 g) was separated by chromatography on Sephadex
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LH-20 (MeOH/H,O0, 4:1, v/v) followed by repeated recrystal-
lization in MeOH to afford compound 9 (180 mg).

Chemical analysis

ESIMS were measured on an Agilent LC/MSD Trap XCT
mass spectrometer, whereas HRESIMS were measured using
a Q-TOF micro mass spectrometer (Waters, Milford, MA,
USA). Nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker Avance 400/500 NMR spectrometer
with TMS as an internal standard. Infrared (IR) spectra were
recorded on a Bruker Vector 22 spectrometer with KBr pellets.
Optical rotations were acquired with a Perkin-Elmer 341
polarimeter. Materials for column chromatography were silica
gel (100200 mesh; Huiyou Silical Gel Development Co.
Ltd., Yantai, China), silica gel H (10-40 pm; Yantai),
Sephadex LH-20 (40—70 wm; Amersham Pharmacia Biotech
AB, Uppsala, Sweden), and YMC-GEL ODS-A (50 pm;
YMC, Milford, MA, USA). HSGF254 silica gel TLC plates
(Yantai) were used for analytical TLC.

Anti-Pyricularia oryzae bioassay

The anti-P. oryzae activity was evaluated following a reported
method (Xu et al. 2009). P. oryzae P-2b was obtained from the
Department of Biochemistry and Molecular Biology, College
of Basic Medical Sciences, Second Military Medical
University and deposited in Agricultural Culture Collection
of China (ACCC) as ACCC30320. Briefly, after the spore
suspension of P oryzae P-2b (4% 10*/ml) was added in a 96-
well microplate, 50 ul of the sample was placed in each well
and incubated at 27 °C for 15 h. The spore growth and
mycelium shape were observed and compared with ketocona-
zole to determine the minimum inhibited concentration

Fig. 1 Phylogenetic tree of the
endophytic fungi Y-25 and Y-27 100

(MIC). Each test was done in three replicates and interpreta-
tion was based on the average value of the results.

Cytotoxic assay

The 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetra-
zoliumbromide (MTT) colorimetric assay, against six human
cancer cell lines (MKN45, LOVO, A549, MDA-MB-435,
HepG2, and HL-60) (available in the Chinese Academy of
Sciences), was performed as described in the literature
(Wang et al. 2012). In brief, the cells were cultured in
10 % FBS DMEM medium. Test samples were prepared
at six concentrations (0.001, 0.01, 0.1, 1.0, 10.0, and
100.0 pg/ml). After these cell lines were seeded (4—6x
10%) in a 96-well microplate for 12 h, 10 pl of the sample
was placed in each well and incubated at 37 °C for 72 h, and
then 20 ul MTT (5 mg/ml; Sigma, New York, NY, USA)
was added for 4 h. After removing the medium and putting
150 pl dimethyl sulfoxide into each well, the plate was
shaken for 10 min to dissolve blue formazan crystals and
the absorbance was read at a wavelength of 570 nm on a
microplate reader (Labsystems, WellscanMR-2). The cyto-
toxicity of tested compounds against tumor cells was
expressed as ICs, values, which were calculated by
LOGIT method. Results are representative of three individ-
ual experiments.

Results
Identification of the endophytic fungus

The phylogenetic tree (Fig. 1) inferred from the ribosomal
DNA ITS sequences indicated that the endophytic fungus
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Table 1 'H NMR (500 MHz) and '>C NMR (125 MHz) data of
compound 1 (6 in CDCly)

Position oy (Jin Hz) dc (DEPT)
1 111.7 (C)
2 163.4 (C)
3 109.1 (C)
4 160.6 (C)
5 6.76 (s) 108.6 (CH)
6 139.1 (C)
7 10.00 (s) 194.0 (CH)
8 2.10 (s) 7.1 (CH3)
2! 152.3 (C)
3’ 6.15(d, 9.7) 124.7 (CH)
4 6.00 (m) 128.0 (CH)
5 2.23 (8, m), 2.20 (o, m) 31.7 (CHy)
6 4.10 (m) 71.7 (CH)
7' 5.59 (s) 101.0 (CH)
8’ 1.30 (d, 6.1) 21.0 (CH3)
a

| “ LIV T Wy

W LW
b

‘ L \\ \H

Yuan-25 and Yuan-27 were classified into the clade includ-
ing Penicillium allii AF218787, P. janthinellum AJ608945,
Penicillium concentricum EU551202, Penicillium skrjabinii
EU427287, Penicillium carneum DQ339566, and P. melinii
AY373923. The endophytic fungus Y-25 closely related to P
melinii AY373923, with the ITS sequence similarity of
100 %, was, therefore, identified as P. melinii. Yuan-27 was
closely related to P. janthinellum AJ608945, with the ITS
sequence similarity of 100 % and, thus, identified as P,
Janthinellum.

Structural determination of the compounds

Compound 1, trivially named ginsenocin, was obtained as
yellowish powder; [a}h*® +119.0° (¢ 0.2, MeOH); UV
(MeOH) Apax 272 nm; IR (KBr) vipay 3,384, 2,917, 1,630,
1,603, 1,249, 1,123, 1,054 cm” L. Its molecular formula was
determined to be C,sH;,04 by negative HRESIMS [M—H]
at m/z 259.0971 (caled., 259.0970), indicating 8° of
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udd
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Fig.2 Supporting information of compound 1. a "H NMR of compound 1; b '*C NMR of compound 1; ¢ DEPT of compound 1; d HSQC of compound
1; e '"H-'H COSY of compound 1; f HMBC of compound 1; g NOESY of compound 1
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Fig. 2 (continued)

unsaturation, which was supported by its NMR data
(Table 1). The IR spectrum exhibited the absorption bands
for the hydroxyl (3,384 c¢cm ') and aldehyde (1,630,
1,603 cm™ ") groups.

The "H NMR spectrum of 1 indicated signals due to one
aldehyde group (0 10.00, s; 6c 194.0), one tertiary methyl
group (0 2.10, s; dc 7.1), one secondary methyl group (dy
1.30,d, J=6.1 Hz; ic 21.0), one methylene group (9 2.23 and
2.20; 6¢c 31.7), four olefinic protons at dy 6.76 (s), 6.15 (d, J=
9.7 Hz), 6.00 (m), 5.59 (s) assigned to H-5, H-3’, H-4', and H-
7', respectively, and an oxygenated methine multiplet at i
4.10 assigned to H-6". The '*C NMR and distortionless en-
hancement by polarization transfer (DEPT) (Table 1) analysis
revealed 15 carbon signals, including 1 methylene, 2 methyls,
6 methines, and 6 quaternary carbons, of which the typical
signals were 1 each of an oxygenated trisubstituted olefinic
group (0c 152.3, C-2'; ¢ 101.0, C-7"), disubstituted olefinic
group (6¢c 124.7, C-3'; ¢ 128.0, C-4"), methylene adjacent to
an olefinic group (dc 31.7, C-5'), and oxygenated methine
carbon (0c 71.7, C-6"), which undoubtedly constitute a

o

J =<

dihydro-2H-pyran-2-ylidene moiety. The remaining seven
carbon signals in low field were suggested to constitute a
tetrasubstituted benzaldehyde based on further 2D NMR anal-
ysis (Fig. 2). In more detail, heteronuclear multiple-bond
correlations (HMBC) observed from the aldehyde proton (i
10.00, s) to C-1 (6c 111.7) and C-2 (6¢c 163.4) and from the
methyl protons (g 2.10, 5) to C-2 (6¢ 163.4), C-3 (6c 109.1),
and C-4 (6c 160.6) strongly supported a 2,4-dihydroxy-3-
methylbenzaldehyde structure moiety in compound 1.
HMBC cross-peaks from two olefinic protons H-3' (§y 6.15,
d, J=9.7 Hz) and H-4' (6 6.00, m) to C-2' (dc 152.3) indi-
cated that the 2H-pyran ring was 5,6-dihydrogenation. A
secondary methyl was established to attach to C-6" deduced
from the HMBC correlations from the methyl protons (dy
1.30, d, J=6.1 Hz) to C-6' (6c 71.7) and C-5' (0c 31.7). The
"H-"H correlation spectroscopy (COSY) spectrum revealed
the existence of fragment -CH;—CH-CH,—~CH=CH-, from
C-8' through C-6' to C-5" and C-4' (Fig. 3) in the pyran ring.
Furthermore, key HMBC correlations from the olefinic proton
H-7" (g 5.59, 5) to C-3' (6c 124.7), C-1 (6¢c 111.7), and C-5
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Fig. 3 Key HMBC (rightwards
arrow), "H-"H COSY (line),
and NOESY (lefi-right arrow)
correlations of compound 1

HO O

(0c 108.6), as well as HMBC correlations from H-5 (g 6.76,
s) to C-7' (dc 101.0), indicated the suggested linkage of the
pyran ring and the benzene ring from C-2' through C-7" to C-6
in compound 1. In addition, the geometry of A?7) was
determined to be £ on the basis of nuclear Overhauser effect
spectroscopy (NOESY) correlations (Fig. 3) between H-5/H-3'
and H-5/H-7', while the NOESY correlation between H-3'/H-7'
was absent. Comparison of the "*C NMR chemical shift of the
chiral carbon adjacent to a secondary methyl group of 1 (C-6" at
6c 71.7) and two reported 2-methyl-2H-pyran analogs,
(2R,3S5,65)-3,6-dihydro-6-methoxy-2-methyl-2 H-pyran-3-
ol (C-2 at 6c 67.9) and (2S,3R,6R)-6-(benzyloxy)-3,6-
dihydro-2-methyl-2 H-pyran-3-ol (C-2 at dc 70.1) (Guo
and O’Doherty 2008), led us to assign the absolute
configuration of C-6" in 1 as S. Accordingly, the struc-
ture of compound 1 was, therefore, deduced to be 2,4-
dihydroxy-3-methyl-6-[(2E,6S)-(6-methyl-5,6-dihydro-2 H-
pyran-2-ylidene)methyl]-benzaldehyde, as shown in Fig. 4.

Based on the NMR and MS data, compounds 2-8 were
identified as, methyl 2,4-dihydroxy-3,5,6-trimethylbenzoate
(Soman et al. 1999), 3,4,5-trimethyl-1,2-benzenediol (Han
et al. 2009), penicillic acid (Kimura et al. 1996), mannitol
(Kamoldinov et al. 2011), ergosterol (Li et al. 2012a, b),
ergosterol peroxide (Wang 2012), and brefeldin A (Wang
et al. 2002), respectively.

Fig. 4 Structures of
compounds 1-8
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Anti-Pyricularia oryzae activity

The EtOAc extracts of P. melinii Yuan-25 (EY-25) and P,
Jjanthinellum Yuan-27 (EY-27) displayed strong inhibitory
activity against P. oryzae with MIC values of 7.8 and
15.6 pg/ml, respectively (Table 2).

Cytotoxic activity

Brefeldin A (8) was the most cytotoxic constituent against
the six tested cell lines with ICs values <0.12 pug/ml, while
ginsenocin (1) and penicillic acid (4) also exhibited potent
cytotoxicity with ICso values ranging from 0.49 to
7.46 ng/ml (Table 3). In addition, ergosterol (6) and ergos-
terol peroxide (7) showed moderate cytotoxic activity, while
compounds 2, 3, and 5 exhibited very weak or no
cytotoxicity.

Discussion
During the long period of coevolution, influenced by their host
plants (Aly et al. 2010), some endophytes have the ability to

produce identical or similar metabolites as their host plants,
such as paclitaxel, podophyllotoxin, camptothecin, vinblastine,

OH OH

N 2 HO o O :
3 73 = HO
_ . OH
HO 4767 2(1) OCH; OH OH
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Table 2 Anti-P. oryzae activity of two EtOAc extracts
Extracts Concentration (pg/ml)

1,000 500 250 125 62.5 31.2 15.6 7.8
EY-25 X X X X X X X X
EY-27 x x x +++ +++ ++ ++ -
Ketoconazole® x x x x x x x x

— no antagonistic action, + presence antagonistic action, ++ moderate antagonistic action, +++ strong antagonistic action, x the growth was inhibited

#Ketoconazole as positive control

hypericin, and diosgenin (Zhao et al. 2011). In our previous
study, an oil-producing Paecilomyces sp. endophyte, with po-
tent cytotoxic and antifungal properties, was isolated from the
roots of P. ginseng (Xu et al. 2009). Further chemical analysis
revealed that Paecilomyces sp. shared an interesting constitu-
ent, falcarinol, a natural pesticide and anticancer agent, with its
host ginseng. Therefore, in order to search for similar antitumor
compounds as those of P. ginseng, the EtOAc crude extracts
from the fermentation broths and ground mycelia of isolated 48
endophytic fungal taxa (data not shown) were first tested
through P. oryzae bioassay, which is a good primary model
for screening of antifungi and antitumor strains (Gunji et al.
1983). As a result, the crude extracts of P. melinii Yuan-25 and
P janthinellum Yuan-27 displayed strong inhibitory activity
against P. oryzae, with MIC values of 7.8 and 15.6 pg/ml,
respectively, which were, therefore, selected for the present
phytochemical study on their cytotoxic metabolites.

In our study, we found that the endophytic fungus P.
melinii Yuan-25 produced different classes of metabolites,
while P. janthinellum Yuan-27 was a brefeldin A-producing
endophyte. Compound 1 was a new member of benzalde-
hyde metabolites and it exhibited potent cytotoxicity with
ICs¢ values ranging from 0.49 to 5.03 pg/ml (Table 3).
Compound 2 was previously isolated from the fungus
Mortierella vinacea (Soman et al. 1999) and it was isolated

from Penicillium species for the first time. Though
possessing similar benzene ring moiety to ginsenocin (1),
compound 2 showed no or very weak toxicity to those cell
lines at tested concentrations, indicating that the aldehyde
group or the pyran ring enhanced the cytotoxicity of
ginsenocin (1). Compound 3 was found as a common me-
tabolite presence in several Penicillium endophyte cultures
with antibacterial activity (Han et al. 2008, 2009). It showed
very weak cytotoxicity in our assay. Penicillic acid (4) can be
synthesized by a large number of Penicillium and
Aspergillus fungi (Ciegler et al. 1971), which is a mycotoxin
that can induce DNA single-strand breaks. In contrast to its
carcinogenic potential, penicillic acid also possessed
antitumor activity (Suzuki et al. 1971). Our study also vali-
dated the strong cytotoxicity of penicillic acid (ICs, values,
0.80-7.46 ng/ml). However, it has been proven to be too
toxic for use in therapy attributed to its low LDsy of
100 mg/kg (subcutaneous) for mice (Ciegler et al. 1971).
Mannitol (5) is a sugar alcohol widely used in the food and
pharmaceutical industries because of its unique functional
properties, which is found in a wide variety of natural prod-
ucts, including almost all plants and also several Penicillium
strains and marine fungi (Hendriksen et al. 1988; Shawkat
et al. 2012; Cui et al. 2008). It did not show any cytotoxicity
towards the tested cancer cell lines. Ergosterol (6) is the

Table 3 In vitro antitumor ac-

tivity of compounds 1-8 [ICsq Compounds Cell lines
(in micrograms per milliliter)]
MKN45 LOVO A549 MDA-MB-435 HepG2 HL-60
1 1.91 2.20 5.03 1.39 2.34 0.49
2 >100 >100 >100 >100 >100 55.44
3 >100 70.64 >100 >100 >100 >100
4 2.85 221 7.46 6.28 3.67 0.80
5 >100 >100 >100 >100 >100 >100
6 13.34 11.56 15.09 9.84 17.12 6.57
7 10.26 9.77 11.12 8.61 12.84 4.41
8 <0.001 0.12 0.04 <0.001 <0.001 <0.001
DOX doxorubicin (positive DOX* 0.062 0.013 0.025 0.024 0.035 <0.001

control)
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principal sterol in fungi cell membrane, known as an impor-
tant pharmaceutical intermediate for vitamin D,, cortisone,
etc. (Jasinghe et al. 2005). Both ergosterol (6) and ergosterol
peroxide (7) have been isolated from a variety of fungi,
yeast, lichens, and sponges (Kuo et al. 2005, 2011).
Previous study has already demonstrated the antitumor ac-
tivity of ergosterol and ergosterol peroxide in vitro (Kwon
et al. 2002). In the present work, they also exhibited moder-
ate cytotoxic activity against all the tested cancer cell lines.
Brefeldin A (8) was initially obtained from the culture me-
dium of Penicillium brefeldianis (Kim and Kochevar 1995)
and proved to be of great value as an inhibitor of protein
trafficking in the endomembrane system of mammalian cells
(Klausner et al. 1992). In our study, brefeldin A (8) was the
most cytotoxic constituent against all the tested cell lines with
ICs¢ values <0.12 pg/ml, equivalent to the positive control
doxorubicin (Table 3). Brefeldin A is now primarily used in
biological research to study protein transport and also recog-
nized as a promising anticancer lead compound (Klausner
et al. 1992; Sausville et al. 1996) with relatively low toxicity
(LDsp >200 mg/kg for mice (intraperitoneal)) (Haerri 1963).

Our results indicate that ginsenocin (1) and brefeldin A
(8) could be valuable candidates as potent tumor inhibitors
and be beneficial in the therapy of cancer diseases. However,
the anticancer properties of these compounds produced by
endophytic fungi may be different from that of P. ginseng.
The anticancer effect of P. ginseng was generally due to the
immune function improvement by ginsenosides and gin-
seng polysaccharides (Shin et al. 2000; Park et al. 2005),
whereas the cytotoxicity mainly contributes to the anti-
cancer effect of these metabolites isolated from endophyte
cultures. Our study, therefore, suggests that endophytes
from P. ginseng are promising sources of natural bioactive
and novel constituents, though without metabolites like
ginsenosides.
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