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Bioassay-guided fractionation of the crude CH2Cl2/MeOH extract from the Australian ascidian Polysyncr-
aton echinatum led to the isolation of a new pyridoacridine alkaloid, 12-deoxyascididemin (1), along with
two known analogues, ascididemin (2) and eilatin (3). The structure of 1 was determined following
extensive analysis of 1D/2D NMR and MS data. Biological evaluation showed that compounds 1–3 are
potent antitrypanosomal agents with IC50 values of 0.077, 0.032, and 1.33 lM against Trypanosoma brucei
brucei, respectively.

� 2010 Elsevier Ltd. All rights reserved.
Human African Trypanosomiasis (HAT), also known as African
Sleeping Sickness, is a fatal disease caused by two sub-species of
a protozoan parasite, Trypanosoma brucei rhodesiense and Trypano-
soma brucei gambiense. According to the latest statistics from the
World Health Organization (WHO), African Sleeping Sickness
threatens more than 60 million people in resource poor regions
of Africa, and is the third most devastating parasitic disease.1 Since
the disease predominantly afflicts the very poor, it is designated as
a neglected tropical disease. All the four main drugs (suramin,
pentamidine, melarsorprol, and eflornithine) currently used to
combat this disease have undesirable side-effects and new strains
of T. b. gambiense are showing resistance to some of these agents.2,3

There is an urgent need for the development of new, safer, and
more effective drugs to fight African Sleeping Sickness. Historically,
natural product research has not played a pivotal role in the search
for antitrypanosomal therapeutics, however, in recent years a
number of compounds from plants and marine organisms have
emerged, which demonstrate promising activity against trypano-
somes.4–6

In our ongoing search for bioactive natural products for ne-
glected diseases,7–9 a drug discovery program was established be-
tween Eskitis Institute and Drugs for Neglected Diseases Initiative
(DNDi) in an attempt to identify novel trypanocidal compounds. A
384-well fluorescence-based whole cell high throughput screening
(HTS) assay was developed against Trypanosoma brucei brucei10 and
used to screen the Eskitis prefractionated natural product library
consisting of 202,983 fractions. T. b. brucei has been routinely used
in screening for initial identification of antitrypanosomal lead com-
ll rights reserved.
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pounds.11 The library has been constructed by the fractionation of
over 18,000 marine and terrestrial extracts enhanced for lead- and
drug-likeness with 11 fractions collected per biota. Several active
fractions were identified from the fractionated extract of the Aus-
tralian ascidian Polysyncraton echinatum (4, 5, and 7 of 11). These
fractions showed potent activity against T. b. brucei, and two of
the fractions also had a desirable selectivity against the human
embryonic kidney cell line, HEK293 (>10-fold). Bioassay-guided
fractionation of the crude extract led to the isolation of a new pyr-
idoacridine alkaloid, 12-deoxyascididemin (1), along with two
known analogues, ascididemin (2) and eilatin (3).

Marine ascidians belonging to the family Didemnidae have pro-
ven to be a remarkable source of chemically diverse natural prod-
ucts with potent biological properties. Prominent among these are
the cytotoxic didemnins,12 the antibacterial shishididemniols,13,14

and the anticancer patellazoles.15 The Australian ascidian P. echin-
atum (Order: Enterogona, Family: Didemnidae) was collected from
the North West of Farquharson Reef, Queensland, at the depth of
24 m by SCUBA diving in 2004. A voucher sample (G322053) is
stored at the Queensland Museum, Brisbane, Australia.
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The freeze-dried and ground ascidian (10 g) was sequentially

extracted with n-hexane, CH2Cl2/MeOH (4:1), and MeOH. The
CH2Cl2/MeOH extracts were combined (1.67 g) and chromato-
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Figure 1. Key HMBC correlations for 1.
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graphed using a C18-bonded silica HPLC column (MeOH/H2O/0.1%
TFA). Following the biological evaluation, the active fractions were
combined and further purified by C18 HPLC (MeOH/H2O/0.28%
NH3) to yield a new pyridoacridine alkaloid, 12-deoxyascididemin
(1, 1.06 mg, 0.011% dry weight), and two known analogues, asci-
didemin (2, 3.2 mg, 0.032% dry weight) and eilatin (3, 1.6 mg,
0.016% dry weight).

12-Deoxyascididemin (1) was obtained as a dark brown amor-
phous solid.16 HRESIMS measurement: [M+H]+ ion (m/z 270.1030),
in combination with 1H and 13C NMR spectroscopic data (Table 1),
supported the molecular formula of C18H11N3 with 15 double bond
equivalents. The 1H NMR spectrum of 1 displayed an exchangeable
proton at dY 12.35 along with ten aromatic signals between dY 7.00
and 9.00, including one singlet, four doublets, and five doublet of
doublets (Table 1). The eighteen carbons of 1 were observed from
the HSQC and HMBC experiments, and all carbons were shown to
resonate between dC 99.4 and 147.2. The multiple UV absorptions
at kmax 219, 239, 271, 299, 342, and 400 nm suggested a highly con-
jugated aromatic system. These absorptions underwent hypsochro-
mic shifts upon addition of acid. Compound 1 was a yellow solution
under basic conditions and a purple solution under acidic condi-
tions. This pH-dependent color change has been noted previously
for a number of other pyridoacridine alkaloids.17

Analysis of the 1H and 13C NMR spectroscopic data with the aid
of COSY and HSQC experiments (Table 1) established the H-bearing
motif for 1, including a disubstituted pyridine ring, a disubstituted
phenyl ring, and a trisubstituted pyridine ring (Fig. 1). The arrange-
ment of the remaining ring systems was afforded by detailed anal-
ysis of the HMBC correlations. The connectivity of C-4a and C-4b
was established by the HMBC correlations from H-4 at dY 8.34 to
C-4b at dC 147.2, and from H-5 at dY 8.23 to C-4a at dC 114.3. The
HMBC correlations from the H-12 methine singlet at dY 7.35 to
C-11 and C-11a at dC 135.8 and 131.1 indicated the connectivity
of the methine group to C-11a. Correlations from the same methine
proton to C-12a and C-12b at dC 135.4 and 120.2 established the
connectivity of C-12 to C-12a, and C-12a to C-12b. Attachment of
the exchangeable NH to C-12a and C-13a was elucidated by the
HMBC correlations from the NH at dY 12.35 to C-12, C-12a, and
C-12b at dC 99.4, 135.4, and 120.2, respectively, and from the same
proton to C-1, C-4a, and C-13a at dC 116.6, 114.3, and 140.0, respec-
tively. A weak 4JCH HMBC correlation observed between H-11 at dY
Table 1
NMR data for 12-deoxyascididemin (1)a

Position 13C 1H mult. (J in Hz) gCOSY gHMBC

1 116.6 7.43 d (8.4) 2 3, 4, 4a, 4b
2 134.9 7.68 dd (7.2, 8.4) 1, 3 4, 13a
3 121.9 7.22 dd (7.2, 7.8) 2, 4 1, 2, 4, 4a
4 125.5 8.34 d (7.8) 3 2, 4a, 4b, 13a
4a 114.3 — — —
4b 147.2 — — —
5 111.3 8.23 d (6.0) 6 4a, 4b, 6, 12a, 12b
6 143.9 8.75 d (6.0) 5 4b, 5, 7a, 12b
7 — — — —
7a 137.9 — — —
7b 130.6 — — —
8 — — — —
9 145.4 8.90 dd (1.2, 4.2) 10, 11 7b, 10, 11
10 125.8 7.84 dd (4.2, 8.4) 9, 11 9, 11a
11 135.8 8.55 dd (1.2, 8.4) 9, 10 7a, 7b, 9, 12
11a 131.1 — — —
12 99.4 7.35 s — 4b, 7b, 11, 12a, 12b
12a 135.4 — — —
12b 120.2 — — —
13 — 12.35 s — 1, 4a, 12, 12a, 12b, 13a
13a 140.0 — —

a Spectra were recorded at 600 MHz for 1H and 150 MHz for 13C in DMSO-d6 at
30 �C.
8.55 and C-7a at dC 137.9 confirmed the connection of C-7a to C-7b.
The final structure of 12-deoxyascididemin was therefore eluci-
dated as 1.

Ascididemin (2) and eilatin (3) were previously isolated from
the marine ascidians Didemnum sp.18 and Eudistoma sp.,19 respec-
tively. Their 1H and 13C NMR data were identical to those reported
in the literature.

The antitrypanosomal activities of 1–3 were evaluated in vitro
against T. b. brucei (Table 2). Compounds 1–3 exhibited potent
activity against T. b. brucei with IC50 values of 0.077, 0.032, and
1.33 lM, respectively. Preliminary toxicity studies using a human
embryonic kidney cell line HEK293 indicated that compounds 1
and 2 had IC50 values of 7.63 and 1.48 lM against HEK293, thus
showing a 99- and 46-fold selectivity toward T. b. brucei, respec-
tively. Compound 3 exhibited a plateau of 62% inhibition against
HEK293 at the top three concentrations screened (Table 2).

Pyridoacridines are a large group of marine alkaloids. The first
reported example of this structure class was amphimedine, which
was isolated from the marine sponge Amphimedon sp. in 1983.20

Since then over 100 derivatives have been isolated and bioactivi-
ties such as antitumor, antibacterial, antiviral, and antiparasitic
have been reported.21 The prominent anticancer activity exhibited
by pyridoacridines has prompted extensive research into the total
synthesis of this class of natural product.22 Comprehensive SAR
and the mode of action have also been studied.23,24 The mechanism
of action studies have suggested that the cytotoxic properties of
most of the pyridoacridines can be attributed to their nonspecific
intercalations with DNA, as a result of the highly planar electron-
deficient aromatic ring system of the pyridoacridine pharmaco-
phore.22 Previous studies have shown that the pyridoacridine
alkaloids also display antitrypanosomal activity.25,26 Our study
showed that 12-deoxyascididemin (1) and ascididemin (2) were
not only potent antitrypanosomal agents against T. b. brucei, but also
exhibited a high degree of selectivity against HEK293. Although pyr-
idoacridine alkaloids are well-known nonspecific DNA intercalators,
the specific mode of action relating to their antitrypanosomal prop-
erties is unclear, and requires further investigation.
Table 2
Antitrypanosomal activity and cytotoxicity for compounds 1–3

Compound IC50 (lM) ± SD Selectivity index

T. b. brucei HEK293

1 0.077 ± 0.005 7.63 ± 0.75 99-fold
2 0.032 ± 0.004 1.48 ± 0.27 46-fold
3 1.33 ± 0.54 62.1 ± 0.5a NA
Pentamidineb 0.028 ± 0.012 61.69 ± 6.44c NA
Diminazeneb 0.094 ± 0.011 >80 >850
Puromycinb 0.069 ± 5.40 0.541 ± 0.006 7.8-fold

a The activity reached a sub 100% plateau with a mean of 62.1% activity over
three doses at 83, 42, and 21 lM.

b Reference compound activity for T. b. brucei and HEK293 assays.
c Percentage activity at a top screening dose of 70 lM. SD, standard deviation.

NA, not available from doses screened.
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In conclusion, we have isolated a new antitrypanosomal pyrido-
acridine alkaloid, 12-deoxyascididemin (1), along with two known
analogues, ascididemin (2) and eilatin (3), from the Australian
ascidian P. echinatum. Compounds 1 and 2 inhibit the growth of
T. b. brucei with nM IC50 values.
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