Planta Medica

Journal of Medicinal Plant and Natural Product Research

Editor-in-Chief

Luc Pieters, Antwerp, Belgium

Adolf Nahrstedt, Minster, Germany

Matthias Hamburger, Basel, Switzerland

Wolfgang Barz, Miinster, Germany
Rudolf Bauer, Graz, Austria

Veronika Butterweck, Gainesville FL, USA
Jodo Batista Calixto, Florianopolis, Brazil
Thomas Efferth, Mainz, Germany

Jerzy W. Jaroszewski, Copenhagen,
Denmark

Ikhlas Khan, Oxford MS, USA

Wolfgang Kreis, Erlangen, Germany
Irmgard Merfort, Freiburg, Germany
Kurt Schmidt, Graz, Austria

Thomas Simmet, Ulm, Germany
Hermann Stuppner, Innsbruck, Austria
Yang-Chang Wu, Kaohsiung, Taiwan
Yang Ye, Shanghai, China

Editorial Offices

Claudia Scharer, Basel, Switzerland
Tess De Bruyne, Antwerp, Belgium

Advisory Board

Giovanni Appendino, Novara, Italy

JohnT. Arnason, Ottawa, Canada

Yoshinori Asakawa, Tokushima, Japan

Lars Bohlin, Uppsala, Sweden

Gerhard Bringmann, Wirzburg, Germany

Reto Brun, Basel, Switzerland

Mark S. Butler, S. Lucia, Australia

Ihsan Calis, Ankara, Turkey

Salvador Cafiigueral, Barcelona, Spain

Hartmut Derendorf, Gainesville, USA

Verena Dirsch, Vienna, Austria

Jiirgen Drewe, Basel, Switzerland

Roberto Maffei Facino, Milan, Italy

Alfonso Garcia-Pineres, Frederick MD, USA

Rolf Gebhardet, Leipzig, Germany

Clarissa Gerhduser, Heidelberg, Germany

Jiirg Gertsch, Ziirich, Switzerland

Simon Gibbons, London, UK

De-An Guo, Shanghai, China

Leslie Gunatilaka, Tucson, USA

Solomon Habtemariam, London, UK

Andreas Hensel, Miinster, Germany

Werner Herz, Tallahassee, USA

Kurt Hostettmann, Geneva, Switzerland

Peter |. Houghton, London, UK

Jinwoong Kim, Seoul, Korea

Gabriele M. Kénig, Bonn, Germany

Ulrich Matern, Marburg, Germany

Matthias Melzig, Berlin, Germany

Dulcie Mulholland, Guildford, UK

Eduardo Munoz, Cordoba, Spain

Kirsi-Maria Oksman-Caldentey, Espoo,
Finland

Ana Maria de Oliveira, Sdo Paulo, Brazil

Nigel B. Perry, Dunedin, New Zealand

Joseph Pfeilschifter, Frankfurt, Germany

Peter Proksch, Diisseldorf, Germany

Thomas Schmidt, Miinster, Germany

Volker Schulz, Berlin, Germany

Hans-Uwe Simon, Bern, Switzerland

Leandros Skaltsounis, Athens, Greece

Han-Dong Sun, Kunming, China

Benny K. H. Tan, Singapore, R. of Singapore

Ren Xiang Tan, Nanjing, China

Deniz Tasdemir, London, UK

Nunziatina de Tommasi, Salerno, Italy

Arnold Vlietinck, Antwerp, Belgium

Angelika M. Vollmar, Miinchen, Germany

Heikki Vuorela, Helsinki, Finland

Jean-Luc Wolfender, Geneva, Switzerland

De-Quan Yu, Beijing, China

Georg Thieme Verlag KG
Stuttgart - New York
RiidigerstraRe 14
D-70469 Stuttgart
Postfach 301120
D-70451 Stuttgart

Thieme Publishers

333 Seventh Avenue

New York, NY 10001, USA
www.thieme.com

© Georg Thieme Verlag KG
Stuttgart- New York

Reprint with the permission
of the publishers only




Original Paper

Bioactive y-Lactones from the Fermented Broth of
Neosartorya sp.

Authors

Affiliations

Key words
© Neosartorya
© Ascomycete

© mycelium

© neosartolactone

© iNOS

received Dec. 11, 2009
revised April 2, 2010
accepted  April 9, 2010
Bibliography

DOI http://dx.doi.org/
10.1055/s-0030-1249907
Published online May 5, 2010
Planta Med 2010; 76: 1-5

© Georg Thieme Verlag KG
Stuttgart - New York -

ISSN 0032-0943

Correspondence

Dr. Tzong-Huei Lee
Graduate Institute of
Pharmacognosy

Taipei Medical University
250 Wu-Xin Street

Taipei 110

Taiwan

Republic of China

Phone: +886227361661
ext. 6156
thlee@tmu.edu.tw

Sien-Sing Yang'*, Guei-Jane Wang?*, Kuo-Fang Cheng?, Chu-Huang Chen* %, Yu-Ming Ju’, Ya-Jing Tsau®,

Tzong-Huei Lee®

The affiliations are listed at the end of the article

Abstract

v

Two y-lactone derivatives, namely neosartolac-
tone (1) and its 7-methyl ester analogue (2), have
been isolated from the ethyl acetate extract of the
fermented broth of Neosartorya sp. isolated in
Taiwan. Structural elucidations of compounds 1
and 2 were achieved on the basis of spectroscopic
analysis. Although they had been obtained via the
chemical modification of avenaciolide isolated
from Aspergillus avenaceus several decades ago,
this is the first report to describe them from a nat-
ural resource with detailed spectroscopic inter-

pretations. The effects of 1 and 2 on the inhibition
of NO production in lipopolysaccharide (LPS)-ac-
tivated murine macrophages were further eval-
uated. Compounds 1 and 2 significantly inhibited
NO production with the ICsq values of 12.2+1.5
and 11.4+ 1.0 uM, respectively; but displayed cy-
totoxicity at considerably higher concentrations
than 50 uM.

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/
plantamedica

Introduction

v

Nitric oxide (NO), formed from L-arginine by NO
synthase (NOS), is a key physiological mediator
in immune functions, blood vessel dilatation and
neurotransmission [1]. Among three identified
isoforms of NOS, the inducible form NOS (iNOS)
is upregulated in response to inflammatory chal-
lenge, such as bacterial lipopolysaccharide (LPS)
or cytokines [2]. Excessive NO produced by iNOS
is associated with the pathophysiology of almost
all inflammatory diseases. Therefore, mecha-
nisms controlling iNOS expression and NO pro-
duction are of special interest to counteract the
inflammatory process [3]. To date, NO production
induced by LPS through iNOS expression in RAW
264.7 cells, a mouse macrophage cell line, has suc-
cessfully reflected the degree of inflammation
and provided a measure for assessing the effect
of test drugs on the inflammatory process [4]. Re-
cent evidence has shown that a health food made
from the fermented broth of an indigenous fun-
gus, Antrodia camphorata, can exert significant
anti-inflammatory activity by suppressing NO

* Drs. S.-S. Yang and G.-J. Wang contributed equally to this
work.

production through reducing iNOS expression in
activated macrophages [5]. This finding suggested
that fungi could probably be important sources
for the monitoring of iNOS inhibitory activity. In
our preliminary screening of fungus strains for
iNOS inhibitory activity, the ethyl acetate layer of
the fermented broth of Neosartorya sp. has been
demonstrated to exhibit such bioactivity albeit
together with some cell toxicity in LPS-activated
RAW 264.7 cells. Based on the above considera-
tions, the fungus may contain some bioactive en-
tities worthy of being investigated. Therefore, a
series of extraction, separation, purification, and
structural elucidation processes was undertaken,
and that has led to the isolation and identification
of two rare y-lactone derivatives, 1 and 2. This re-
port deals with the isolation and identification of
1 and 2 (©Fig. 1) as well as their iNOS inhibitory
activities, by investigating the induction of iNOS
mRNA expression and NO accumulation, the in-
dex of catalytic activity of iNOS, in RAW 264.7
cells.
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Table 1 'H- and "*C-NMR spectroscopic data (CDCl3, 500 MHz) for compounds 1 and 2 [§ in ppm, mult. (/ in Hz)].
Position 1 2
G H HMBC (H— C) 1 H HMBC (H— C)
2 85.2d 4.12m 51,2 82.4d 4.49m 3,4,5,6,2'
3 44.1d 3.55m 57,81 47.1d 3.36m 2,4,5,6,7,8, 1
4 743d 5.05d (8.5) 2,5,6 68.8d 4.58d(8.3) 2,3,5,6
5 169.8s 175.8s
6 134.6s 135.4s
7 167.5s 167.1s
8a 1263t 5.87d(2.0) 3,7 1283t 5.85s 3,6,7
8b 6.46d (2.0) 3,6,7 6.44s 3,6,7
9 52.4q 3.76s 7
1 36.0t 1.79m 2,3,2',3' 349t 1.66 m 2,3,2,3'
2'a 24.8t 1.46m 2,1,3,4' 25.4t 1.38m 3,4
2'b 1.45m 2,1,3.,4
3 293t 1.22~139m -b 293t 1.19~137m b
4' 29.1t 1.22~139m -b 29.2t 1.19~137m b
5 29.1t 1.22~139m -b 29.1t 1.19~137m b
6’ 31.7t 1.22~139m -b 31.8t 1.19~137m b
7 226t 1.22~1.39m -b 226t 1.19~1.37m b
8 14.0q 0.88t(6.8) 6,7 14.0q 0.85t(7.0) 6,7

@ Multiplicities were obtained from DEPT experiments; © Signals overlapped

Materials and Methods

v

General experimental procedures

Optical rotations were measured on a JASCO P-1020 polarimeter.
TH- and *C-NMR spectra were acquired on a Bruker DMX-500 SB
spectrometer. Low resolution mass spectra were obtained using a
VG Platform Electrospray ESI/MS. IR spectra were recorded on a
JASCO FT/IR 4100 spectrometer. UV spectra were measured on a
Thermo Helios o spectrophotometer.

Fermentation of Neosartorya sp.

Neosartorya sp. (strain No. 325 from Taiwan), collected, isolated
and identified by one of us (YM]), was deposited at the Institute
of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan.
The mycelium of #325 was inoculated into 1-L Erlenmeyer flasks,
each containing 10 g Bacto™ Malt Extract (Becton Dickinson) and
500 mL deionized water. The fermentation was conducted at 25-
30°C for 30 days.

Extraction and isolation

The filtered fermented broth (108 L) of Neosartorya sp. was parti-
tioned three times with 50 L recycled ethyl acetate, then concen-
trated under vacuum to dryness (0.6 g). Subsequently, this resi-
due was redissolved in 25 mL of MeOH, and applied onto a Se-
phadex LH-20 column (3 cm i.d. x 65 cm) eluted by MeOH with
a flow rate of 2.5mL/min. Each subfraction (25 mL) collected
was checked for its composition by TLC using EtOAc/acetic acid/
H,0 (85:10:10, v/v/v) for development, and observation under
UV 254 nm was used in the detection of compounds with similar
chromophores. Subsequently, subfractions were combined into
six portions I-VI. The portion III (subfr. 11-14) was purified by
HPLC on a semipreparative normal-phase column (Hypersil-100
silica, 10 x 250 mm; Thermo Electron Corporation) with n-hex-
ane/EtOAc (3:1, v/v) as eluent, 2 mL/min, which afforded 1
(26.0mg, tg=19.3 min) and 2 (28.7 mg, tg =24.3 min).
Neosartolactone (1): white amorphous powder; [a]3*: -28.0 (c
0.65, CH,Cl,); UV (MeOH): Amax (log €) =208 (4.0) nm; IR (ZnSe):
Vmax = 3477, 2955, 2920, 2852, 1779, 1720, 1635, 1439, 1287,
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1263, 1196, 1161, 1130, 1088 cm™!; '"H-NMR data: see © Table 1;
13C-NMR data: see © Table 1; ESI-MS: m/z=307 [M + Na|*; HR-E-
SI-MS: m/z=307.1519 [M+Na]*; calcd. for C;5Hp405+Na*:
307.1521.

Neosartolactone 7-methyl ester (2): white amorphous powder; [a]
p?*: +32.5 (¢ 0.65, CHyCly); UV (MeOH): Amax (log €)=208 (4.0)
nm; IR (ZnSe): vimax = 3476, 2920, 2852, 1779, 1721, 1642, 1456,
1287, 1263, 1161, 1130, 1090 cm™"; "H-NMR data: see © Table 1;
13C-NMR data: see © Table 1; ESI-MS: m/z=321 [M + NaJ*; HR-E-
SI-MS: m/z=321.1675 [M+Na]*; calcd. for C;gHyg05+Na*:
321.1678.

Mosher esters of 2

The Mosher esters of 2 were obtained by using a modification of
the Mosher method [6]. To a CH,Cl, solution of 2 (1.0 mg) was
added 4-dimethylaminopyridine (100 pg), triethylamine (10 pL)
and (S)-(+)-MTPACl (10 puL)/(R)-(=)-MTPACI (10uL) (Sigma-Al-
drich Chemical Co.) at room temperature, and stirring was con-
tinued overnight. After addition of N,N-dimethyl-1,3-propanedi-
amine (5uL) and evaporation of the solvent, the residue was
passed through a silica gel column (n-hexane/EtOAc, 4:1) to af-
ford the (R)- (2a, 0.9 mg) and (S)-MTPA (2b, 0.5 mg) esters of 2, re-
spectively.

Nitrite measurement and cell viability assay

The methods were essentially the same as those reported previ-
ously [7]. To assess the effects on LPS-induced NO production,
crude extracts of fermented broth of Neosartorya sp., compounds
1 and 2 (purity >98% as checked by their 'TH-NMR), two positive
controls N®-nitro-L-arginine (L-NNA, a nonselective NOS inhibi-
tor) and aminoguanidine (a specific inhibitor of iNOS) or vehicle
(0.1%, DMSO) were added in the presence of LPS (200 ng/mL) to
the RAW 264.7 cells. Both inhibitors were purchased from Sig-
ma-Aldrich Chemical Co. and the purity of each compound was
more than 98%.



Statistical analyses

Comparisons of the concentration and treatment effects were
made using ANOVA, followed by post hoc comparisons using
Newman-Keuls test as appropriate. The average ICsy was deter-
mined by data fitting with GraFit (Erithacus Software).

Supporting information
The original spectra for 1 are available as Supporting Information.

Results and Discussion

v

The fermented broth of Neosartorya sp. was partitioned initially
using EtOAc to give a light yellow residue, which was subjected to
Sephadex LH-20 column separation followed by HPLC purifica-
tion to afford 1 and 2 (O Fig. 1).

Neosartolactone (1), a white powder, had the molecular formula
C15H2405 as deduced from 3C-NMR and HR-ESI-MS data. Its IR
spectrum showed absorptions of two carbonyls at 1779 and
1720 cm™, indicating the presence of a y-lactone carbonyl moi-
ety and an acid carbonyl functionality, respectively. The absorp-
tions at 3477 and 1635 cm™ attributed to the respective hydroxy
and olefinic groups were also observed. Analysis of the 'H-,
13C-NMR and HSQC spectra of 1 revealed one terminal methyl
[64=0.88 (3H, t, J=6.8 Hz, H3-8") and dc=14.0 (C-8")], an alkyl
chain signal [6y=1.22-1.79 (14H, m, Hy-7" - Hy-1") and 0c=
22.6-36.0 (G-7" - C-1")], one methine [6y=3.55 (1H, m, H-3) and
Oc =44.1 (G-3)], two carbinoyl protons [6y =4.12 (1H, m, H-2) and
8¢ =85.2(C-2); 8y =5.05 (1H, d,J = 8.5 Hz, H-4) and 5c = 74.3 (C-4)]
and one exomethylene [6y=5.87 (1H, d, J=2.0 Hz, H-8a), 6.46
(1H,d,J=2.0 Hz, H-8b) and 6¢ = 126.3 (C-8)] (© Table 1). The COSY
spectrum of 1 indicated the following spin systems: the hydrogen
at dy=4.12 (1H, m, H-2) was coupled to the alkyl chain end
methylene at 6y =1.79 (2H, m, H,-1"). The resonance at 6y =4.12
(H-2) was also coupled to the methine at 6y =3.55 (1H, m, H-3),
which was in turn coupled to the carbinoyl methine at 6y =5.05
(1H, d, J=8.5 Hz, H-4). In the HMBC spectrum of 1, the exometh-
ylene protons at 6y=5.78 and 6.46 (H,-8) correlated with C-3
(6c=44.1), 6 (6c=134.6) and C-7 (¢ = 167.5), the carbinoyl pro-
ton at 6y=5.05 (H-4) correlated with G-2 (6¢=85.2), G-5 (6c=
169.8) and C-6 (8¢ = 134.6), indicating that an acrylic acid residue
was attached at C-3. All above assignments were consistent with
a y-lactone moiety bearing an aliphatic substituent, an acrylic ac-
id and a hydroxy group at its -2, -3 and (-4, respectively. In the
NOESY spectrum of 1, key mutual correlations were detected as
follows: H-2/H-8a, H-3/H-1" and H-4/H-1' (© Fig. 2), indicating
that the relative configurations of the alkyl chain attached at G-
2, the acrylic acid attached at (-3 and the hydroxy group attached
at G-4 were, respectively, -, a- and a-oriented to fit the distin-
guishing features in the NOESY spectrum. Accordingly, 1 was
characterized as the shown structure, and named as neosartolac-
tone. Although 1 has been obtained previously from the alkaline
hydrolysis of avenaciolide isolated from Aspergillus avenaceus [8],
this is the first time for 1 to be isolated from Neosartorya sp., the
sexual state of an Aspergillus sp.

Compound 2 possessed spectroscopic data closely comparable to
those of 1 except that the OH-7 functionality in 1 was replaced
with a methoxy group in 2. Its '"H-NMR (© Table 1) exhibited
one signal for an additional methoxy singlet at 6y =3.76 (3H, s,
Hs3-9) when compared with that of 1. In the HMBC spectrum of
2, the methoxy protons at dy =3.76 (3H, s, H3-9) correlated with
G7 (6c=167.1), indicating the location of the methoxy group was

Original Paper

1R=H
2R=CH3

Fig.1 Chemical structures of compounds 1 and 2 identified in this report.

Fig.2 Key NOESY cor-
relations of 1.

NOESY

Fig.3 A values
(ppm) recorded for the
MTPA ester of 2.

at G-7. Thus, 2 was assigned as neosartolactone 7-methyl ester,
which had been obtained previously from the alkaline hydrolysis
and methanolysis of avenaciolide [8]. In this research, whether 2
was produced by the enzyme system (e.g., S-adenosyl-L-methio-
nine-mediated methylation) in the Neosatorya sp. or was just an
artifact still remains to be further studied.

The absolute configurations at G-2, CG-3 and G4 of both 1 and 2
were elucidated by application of a modified Mosher method to
compound 2, but not compound 1, since 1 was prone to lactonize.
Compound 2 was treated with (S)-(+)- and (R)-(-)-MTPACI to af-
ford the (R)- and (S)-MTPA esters (2a and 2b, respectively). The Ad
values obtained from the 'H chemical shifts of both Mosher es-
ters are shown in © Fig. 3. The Ad values of the H,-1', H-2, H-3,
H, -8 and Hy, - 8 are all positive in sign. Unambiguously, the ab-

Yang S-S et al. Bioactive y-Lactones from... Planta Med 2010; 76: 1-5
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Fig.4 The effects of
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solute configurations of G-2, -3 and G-4 were determined to be R,
S and R, respectively.

During infection and inflammation, the overexpression of iNOS
may be intimately involved in the pathogenesis of many diseases
and play a key role in the regulation of immune responses. At the
site of an acute inflammatory reaction, all the conditions were
met for the generation of NO and for a role of this compound as
an inflammatory mediator. To investigate the anti-inflammatory
effects of the y-lactone derivatives from Neosartorya sp., 1 and 2
were tested with regard to their activities on iNOS and cell viabil-
ity in LPS-induced RAW 264.7 cells, a murine macrophage-like
cell line. When LPS (200 ng/mL) was added to RAW 264.7 cells,
NO production was dramatically increased to 54-60 uM for the
24-h incubation period. Vehicle did not affect the NO production
induced by LPS. As shown in © Fig. 4A, when compounds 1 and 2
(0.1-100 uM) were incubated together with LPS for 24 h, these
extracts significantly attenuated NO production in a concentra-
tion-related manner, with IC5q values of 12.2+1.5 and 114+
1.0uM, respectively. Under the same conditions, the positive
controls aminoguanidine, a selective iNOS inhibitor, and L-NNA,
a nonselective NOS inhibitor, exhibited an inhibition of
83.6+1.2% (IC50=27.5+0.41M) and 43.5+1.3% (ICso=1452+
16.7 uM), respectively, similar to our previous report [9,10].

To investigate this suppression mechanism of the compounds,
the mRNA expression of iNOS was further analyzed. The levels of
iNOS and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
mRNA expression were measured by semiquantitative RT-PCR
in activated RAW 264.7 cells. According to our preliminary
RT-PCR experiments, the most increases of iNOS mRNA expres-
sion were obtained after LPS stimulation for 6h. As shown in
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© Fig. 5 and Fig. 6, in the resting RAW 264.7 macrophages, the ex-
pression of iNOS mRNA was hardly detectable while it was dra-
matically induced in cultures treated with LPS at 6 h of incuba-
tion period. Compounds 1 and 2 suppressed the LPS-induced
iNOS mRNA levels in a concentration-dependent manner with-
out affecting mRNA expression for GAPDH, a house-keeping gene
product. In general, the results are consistent with the profile of
the inhibitory effect of both compounds on NO release.

The inhibitory effect on iNOS mRNA expression could account, at
least in part, for the suppression of NO production.



The Alamar blue assay was used to examine whether the amount
of the test specimens used in this study caused cell damage. Our
results reveal that compounds 1 and 2 showed an impairment of
cell viability at considerably higher concentrations than 50 pM.
The reductions in mitochondrial reductase activity by compound
1, at the concentrations of 75uM and 100 uM, were noted as
20.6£3.5% and 33.9+3.2%, respectively (© Fig.4B). Compound
2 showed a similar interference, with 65.7 +1.89% survival, of
macrophages at the concentration of 100 uM used. Our results
indicated that both positive controls aminoguanidine (100 1M)
and L-NNA (100 uM) had no adverse effects on the growth of
RAW 264.7 macrophages in the presence of LPS (200 ng/mL)
(CFig.4B).

The anti-inflammatory effect of Neosartorya sp. is related to
modulation of iNOS expression which could be linked to the pres-
ence of the derived active compounds 1 and 2. Both compounds
were able to inhibit the iNOS-mediated NO signaling pathway
upon LPS stimulation. Such an effect could contribute to protec-
tion against the endotoxin-induced response in activated macro-
phages by modulating the expression and activity of iNOS.
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