
lism and cessation of division within 7 days. All cultures were seeded at a
cell density of 1�104/cm2 unless otherwise noted, and were allowed to
proliferate, undisturbed, for 7 days. Various concentrations of dendroflorin
were added 24 h before examination with solvent as control, unless other-
wise stated. The concentration of DMSO in cultures was less than 0.3%
(v/v).

3. MTT assay

The method described by Chiba et al. (1998) was used in this study. In
brief, the cells were seeded into 96 well microplates at a density of
2.5�103 cells/0.2 ml per well. 20 h later, the cells were in a subconfluent
state and were exposed to dendroflorin, followed by 24 h incubation with
5% CO2 at 37 �C. 25 ml MTT/PBS solution [3-(4,5-dimethythiazolzyl)-2,
5-diphenyl tetrazolium tromide, 10 mg/ml (Sigma)] was then added, and
4 h later, the formazan precipitate was dissolved in 0.2 ml DMSO. The ab-
sorbance values of each well were assayed spectrophotometrically at
490 nm on the spectrophotometer using a Microplate Reader (BIO-TEK,
Rockville, MA, USA).

4. Flow cytometry analysis

Flow cytometry was introduced to measure the DNA contents and intracel-
lular ROS levels using propidium iodide and DCFH-DA respectively. Cells
were plated at a density of 1�105 cells/10 ml cell solution in 100 mm di-
ameter dishes and supplemented with dendroflorin 20 h after cell seeding.
After 24 h treatment, cells were harvested and washed in PBS after centri-
fugation, then resuspended in PBS solution with 0.1% RNase and 50 mg/
ml propidium iodide or culture medium containing 10 mM DCFH-DA for
30 min. DNA or ROS contents were then determined by fluorescence-acti-
vated cell sorting on a Becton-Dickinson FACScan Flow Cytometry Sys-
tem (Becton Dickinson, Franklin Lakes, NJ, USA). The data were analyzed
by CellFIT software.

Acknowledgements: This work was supported by the National Basic Re-
search Program (973 Project) of China (No. 2007CB507406), the National
Natural Science Foundation of China (No. 30572341). We thank Dr. Mark
Bartlam (Associate Professor, Department of Biological Sciences and Bio-
technology, Tsinghua University) for his excellent assistance in preparing
the manuscript.

References

Boissy RE, Trinkle LS, Nordlund JJ (1989) Separation of pigmented and
albino melanocytes and the concomitant evaluation of endogenous per-
oxide content using flow cytometry. Cytometry 10: 779–787.

Chandel NS, Schumacker PT, Arch RH (2001) Reactive oxygen species
are downstream products of TRAF-mediated signal transduction. J Biol
Chem 276: 42728–42736.

Chen QM, Bartholomew JC, Campisi J, Acosta M, Reagan JD, Ames BN
(1998) Molecular analysis of H2O2-induced senescent-like growth arrest
in normal human fibroblasts: p53 and Rb control G1 arrest but not cell
replication. Biochem J, 332: 43–50.

Chiba K, Kawakami K, Tohyama K (1998) Simultaneous evaluation of cell
viability by neutral red, MTT and crystal violet staining assays of the
same cells. Toxicol in Vitro 12: 251–258.

Cristofalo VJ (1975) The effect of hydrocortisone on DNA synthesis and
cell division during aging in vitro. Adv Exp Med Biol 53: 7–22.

Dimri GP, Lee X, Basile G, Acosta M, Scott G, Roskelley C, Medrano
EE, Linskens M, Rubelj I, Pereira-Smith O, Peacocke M, Campisi J
(1995) A biomarker that identifies senescent human cells in culture and
in aging skin in vivo. Proc Natl Acad Sci USA 92: 9363–9367.

Fan C, Wang W, Wang Y, Qin G, Zhao W (2001) Chemical constituents
from Dendrobium densiflorum. Phytochemistry 57: 1255–1258.

Faragher RG, Kipling D (1998) How might replicative senescence contri-
bute to human ageing? Bioessays 20: 985–991.

Finkel T, Holbrook NJ (2000) Oxidants, Oxidative Stress and the Biology
of Aging. Nature 408: 239–247.

Grove GL, Cristofalo VJ (1977) Characterization of the cell cycle of cul-
tured human diploid cells: effects of aging and hydrocortisone. J Cell
Physiol 90: 415–422.

Kovtun IV, Liu Y, Bjoras M, Klungland A, Wilson SH, McMurray CT
(2007) OGG1 initiates age-dependent CAG trinucleotide expansion in
somatic cells. Nature 447: 447–452.

Shi H, Huang L (1994) Experimental study on effects of Dendrobium on
anti-aging. Chinese J Geriatr 13: 104.

Talapatra SK, Bose S, Mallik AK, Talapatra B (1984) On the chemistry of
Indian Orchidaceae plants-III. Dendroflorin, a new fluorenone derivative
from Dendrobium densiflorum Wall. J Indian Chem Soc 61: 1010.

Key Laboratory of Marine Drugs, Chinese Ministry of Education, In-
stitute of Marine Drugs and Food, Ocean University of China, Qing-
dao, People’s Republic of China

A new diketopiperazine alkaloid isolated from an
algicolous Aspergillus flavus strain

Aiqun Lin, Yuchun Fang, Tianjiao Zhu, Qianqun Gu,

Weiming Zhu

Received July 23, 2007, accepted September 4, 2007

Prof. Qianqun Gu, Institute of Marine Drugs and Food,
Ocean University of China, 5 Yushan Road, 26603 Qing-
dao, P.R. China
guqianq@ouc.edu.cn, weimingzhu@ouc.edu.cn

Pharmazie 63: 323–325 (2008)
doi: 10.1691/ph.2008.7700

A new diketopiperazine alkaloid containing the uncom-
mon amino acid l-7, 9-dihydroxy-8-methoxyphenylala-
nine (1), has been isolated from the algicolous Asper-
gillus flavus strain. The structure of 1 including the
absolute stereochemistry was determined by spectro-
scopic data and chemical means. Compound 1
showed weak cytotoxicity against HL-60 cell lines with
an IC50 value of 36.5 mg/ml.

Chemical studies of the metabolites of Aspergillus sp. have
led to the discovery a variety of new natural products with
cytotoxic and other biological activities (de Guzman et al.
1992; Cui et al. 1997), and even after investigations span-
ning over two decades, the genus still continues to provide
metabolites with novel structures and interesting biological
activities (Jian et al. 2004). In the course of searching for
new antitumor compounds from marine-derived microor-
ganisms, one new diketopiperazine (1) was isolated from
the algicolous Aspergillus flavus strain, collected in Putian
Pinghai, China. In this paper we describe the isolation and
structure elucidation of 1, and its cytotoxicity.
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Compound 1 was obtained as amber amorphous solid. High-
resolution ESI-MS supported the molecular formula
C22H21N3O5 (m/z 408.1574 [M þ H]þ, calcd. for 408.1559).
The IR spectrum showed the presence of hydroxyl and amide
carbonyl groups. The 13C NMR and DEPT spectra displayed
the characteristic structure of a diketopiperazine ring system,
which include the two amide carbonyl groups at C-1 (dC
165.4) and C-4 (dC 164.0), two methine residues at C-3 (dC
55.7) and C-11a (dC 54.5) (Young et al. 2006). Careful ana-
lysis of the 1D NMR spectra indicated the presence of one
disubstituded benzene ring, an N-H proton (dH10.82, s) and
an aromatic proton (dH 6.91, d, J ¼ 2.28) characteristic of a
tryptophan residue (Santamaria et al. 1999), and one tetra-
substituded phenylalanine residue (three of the substituted
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groups were oxygenated groups and one of which was
methylene group). Three oxygenated groups substituting
at C-7, C-8 and C-9 were confirmed by key HMBC corre-
lations from 7-OH to C-6a, C-7 and C-8, from 20-OCH3

to C-8 and from 9-OH to C-8, C-9 and C-10. The correla-
tions between H-6 and C-4, C-7, C-6a, C-10a and C-11a
in HMBC spectrum implied methylene (dC 39.5, C-6)
linking C-6a and 5-N to form a six-membered ring. Final-
ly, HMBC correlations from H-3 to C-4 and C-13, from
H-11 to C-10a and C-11a and from H-11a to C-1 unam-
biguously established that 1 was a diketopiperazine mole-
cular structure derived from tryptophan and phenylalanine.
The relative stereochemistry of 1 was determined by the
NOE-difference experiment. When H-3 was irradiated, the
signal of NH-2 was enhanced, which revealed that the two
protons were on the same side of the six-membered ring.
And the enhancement of NH-2 signal upon irradiation of
H-11a indicated all three protons were on the same side of
the diketopiperazine ring, implying that H-3 and H-11a
was also cis arranged. The absolute configuration of C-3
of the tryptophan residue in 1 was determined by chiral
HPLC analysis of the acid hydrolysate of 1. The result

L-configuration of tryptophan was assigned and thus the
C-3 and C-11 were both S-configuration. (Shigemori et al.
1998). These data established the structure of 1 as (3S,
11aS)-3-[(1H-indol-3-yl)methyl]-7,9-dihydroxy-8-methoxy-
2,3,11,11a-tetrahydro-6H-pyrazino[1,2-b]isoquinoline-1,4-
dione.
Compound 1 was evaluated for cytotoxic activities by the
MTT method (Mosmann 1983) using HL-60 and MOLT-4
cell lines, by the SRB method (Skehan et al. 1990) using
A-549 and BEL-7402 cell lines. Compound 1 displayed
weak cytotoxic activity against HL-60 cell lines with an
IC50 value of 36.5 mg/ml, and showed no activity on the
other cell lines at concentrations up to 40.8 mg /ml.

Experimental

1. Material and methods

Optical rotations were obtained on a JASCO P-1020 digital polarimeter. IR
spectrum was taken on a Nicolet NEXUS 470 spectrophotometer in KBr
disks. 1H, 13C NMR, DEPT spectra and 2D NMR were recorded on a JEOL
JNM-ECP 600 spectrometer using TMS as internal standard, and chemical
shifts were recorded as d values. 1D NOE spectra were obtained on a Varian
INOVA-400 spectrometer. ESIMS was measured on a Q-TOF Ultima Global
LC mass spectrometer. Semipreparative HPLC was performed using an ODS
column (YMC-Pack ODS-A, 10�250 mm, 5 mm, 4 mL/min).

2. Microorganism

The Aspergillus flavus strain was separated from marine algae Enteromor-
pha tubulosa, collected at Putian Pinghai, China, in August, 2005. It was
identified by Prof. Hong Kui and was preserved in Institute of Marine
Drugs and Food, Ocean University of China (depositary number: c-f-3).

3. Fermentation

The fungus was grown under static conditions at 24 �C for 40 days in
167�1000-mL conical flasks containing the liquid medium (300 ml/flask)
composed of glucose 1%, maltose 2%, and yeast extract 0.3%, mannitol
2% and artificial seawater after adjusting its pH to 6.5.
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Fig: Key COSY and HMBC correlations for 1

Table : 1H and 13C NMR, HMBC data for 1 (DMS0-d6, 600 and 150 MHz, TMS, d in ppm)

No. dH (J in Hz) dC HMBC

1 165.4s
2 8.34 (1H, s)
3 4.26 (1H, m) 55.7d 4,13
4 164.0s

6 Ha 4.96 (1H, d, J ¼ 16.98) 39.5t 4, 7, 10a, 6a, 11a
Hb 3.69 (1H, d, J ¼ 16.98) 6a, 10a

6a 109.9s
7 146.5s
8 133.6s
9 148.5s
10 5.79 (1H, s) 106.3d 6a, 8, 9, 11
10a 127.7s

11 Ha 2.29 (1H, dd, J ¼ 15.57, 3.21) 32.1t 6a, 10a
Hb 0.91 (1H, t, J ¼ 13.98) 10a, 11a

11a 3.78 (1H, dd, J ¼ 12.39, 3.21) 54.5d 1

12 Ha 3.27 (1H, dd, J ¼ 14.64, 3.72) 29.8t 13, 19a
Hb 3.04 (1H, dd, J ¼ 14.64, 4.35) 3, 4, 13

13 108.1s
14 6.91 (1H, d, J ¼ 2.28) 124.2d 13, 15a, 19a
15 10.82 (1H, s) 13, 15a, 19a
15a 135.6s
16 7.50 (1H, d, J ¼ 7.74) 118.7d 15a, 18
17 6.82 (1H, td, J ¼ 7.32, 0.84) 118.2d 19a
18 6.93 (1H, td, J ¼ 7.32, 0.96) 120.7d
19 7.23 (1H, d, J ¼ 8.22) 110.9d 17, 19a
19a 127.7s
20 3.62 (3H, s) 59.8q 8
7-OH 8.86 (1H, s) 6a, 7, 8
9-OH 8.93 (1H, s) 8, 9, 10



4. Extraction and isolation

The fermented whole broth (50 L) was filtered through cheesecloth to se-
parate into supernatant and mycelia. The supernatant was extracted with
ethyl acetate, while the mycelia were extracted with 70% acetone-aqueous.
The acetone solution was concentrated under reduced pressure to afford an
aqueous solution, which was extracted with ethyl acetate. Both ethyl ace-
tate solutions were combined and concentrated under reduced pressure to
give a crude extract (77.7 g). The crude extract was separated into eight
fractions on a silica gel column using a step gradient elution of CHCl3/
MeOH. Fraction 7 was chromatographed on a Sephadex LH-20 column with
50% CHCl3/MeOH to give six fractions, the fourth fraction was purified by
semipreparative HPLC (40%MeOH/H2O) to give compound 1 (26 mg).
(3S, 11aS)-3-[(1H-Indol-3-yl)methyl]-7, 9-dihydroxy-8-methoxy-2,3,11,11a-
tetrahydro-6H-pyrazino[1,2-b] isoquinoline-1,4-dione (1): Amber amor-
phous solid; [a]20D –228.7 (c 0.100, MeOH); HRESIMS m/z 408.1574 for
[M þ H]þ (calcd for C22H21N3O5, 408.1559); IR (KBr) vmax 3350, 2928,
1658, 1452, 1343, 1246, 1079 cm�1; UV (lmax, MeOH): 217 (4.30), 269
(3.99); 1H and 13C NMR (DMS0-d6, 600 MHz and 150 MHz) see Table 1.

5. Amino acid analysis of hydrolysate of 1

Compound 1 (1 mg) was dissolved in 6N HCl (1.5 ml) and heated to 110 �C
for 24 h in a sealed tube. The excess HCl was removed under vacuum. The dry
hydrolysate was dissolved in H2O for chiral HPLC analysis. The chiral HPLC
analysis was carried out using a CROWNPAK1 CR (þ) column [Column
Size, 4�150 mm; flow rate, 1.2 mL/min; eluent, HClO4, PH 2; detection, UV
at 210 nm; column temperature, 30 �C]. Retention times of standard l- and d-
Try, hydrolysate of 1were 26.11, 21.82 and 26.12 min, respectively.
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The synthesis of the first organophosphate cholinester-
ase inhibitor (tetraethyl pyrophosphate, TEPP) is often
credited to the French organic chemist Philippe de
Clermont, working in the laboratories of Adolphe Wurtz
in Paris. The two de Clermont’s publications dealing
with TEPP clearly state however that the first synthesis
of TEPP was achieved by another student of Wurtz,
named Moschnine. While de Clermont is well known,
nobody really knows who Moschnine was. This brief
communication attempts to give an overview about the
life and achievements of the Russian chemist Wladimir
Petrovich Moshnin from Moscow.

Most people interested in organophosphorus cholinesterase
inhibitors and their history will be familiar with Bo Holm-
stedt’s chapter in Koelle’s Textbook “Cholinesterases and
Anticholinesterase Agents” published almost half a century
ago (Holmstedt, 1963). It contains a superb account of the
synthesis of the first organophosphate cholinesterase inhi-
bitor (tetraethyl pyrophosphate, TEPP) by the French or-
ganic chemist Philippe de Clermont (1831–1921), working
in the laboratories of Adolphe Wurtz (1817–1884) in
Paris. Paragraphs from the two de Clermont’s publications
dealing with TEPP are reproduced by Holmstedt, including
de Clermont’s statement that TEPP was actually synthe-
sized earlier by another student of Wurtz, named Mosch-
nine (de Clermont, 1853, 1855). Holmstedt concludes his
remarks dealing with the very early days of organopho-
sphate chemistry by noting that “Nobody knows who
Moschnine was.”
Confronted with this blunt statement in my early profes-
sional years, I refused to accept the reality and spent time
off and on unsuccessfully searching for Mochnine, Mosh-
nin, or Moschnin.
Some twenty years of sporadic and futile search efforts
came to an end through my contact with a young Portu-
guese researcher, Ana Carneiro, author of a Ph.D. thesis
entitled “The Research School of Chemistry of Adolphe
Wurtz,” who not only sent me a copy of her work, but
also patiently answered my questions. Through her, I ob-
tained two hints that allowed me to identify the elusive
Moschnin (Carneiro 1992).
First, she pointed the way to Charles Friedel’s introductory
remarks to Wurtz’s book La Theorie Atomique (1886).
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