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Abstract

Three isoquinoline quinones, (+)-N-formyl-1,2-dihydrore-
nierone (1), O-demethylrenierone (2), and mimosamycin 
(3), were isolated from the Thai purplish-blue sponge,
Cribrochalina sp. The cytotoxicity against various cancer
cell lines of the three compounds, determined employing the
SRB method, was first reported here. It was found that all
three were highly active, especially against MCF-7 breast
carcinoma and HeLa cervical cancer cell lines. Also, this
report is the first isolation of (+)-enantiomer of N-formyl-1,2-
dihydrorenierone from a naturally occurring source.

Keywords: Cribrochalina, sponge, isoquinoline 
quinones, N-formyl-1,2-dihydrorenierone, O-demethylre-
nierone, mimosamycin, cytotoxicity.

Introduction

Isoquinoline quinones are among the most prominent groups
of marine alkaloids that exhibit several interesting bioactiv-
ities, including antimicrobial, cytotoxic, and insecticidal
activities. Found only in three distant major producers, actin-
omycetes of the Streptomyces, sponges of the Xestospongia
and Cribrochalina, and tunicates of the Ecteinascidia, their
structures are varied from alkaloids bearing single unit of iso-
quinoline skeleton to bis- and tris-isoquinoline quinones (for
examples, see Fukumi et al., 1977; McIntyre et al., 1979;
Frincke & Faulkner, 1982; McKee & Ireland, 1987; Wright
et al., 1990; Rinehart et al., 1990; Pettit et al., 2000). Among
these, the ecteinascidins, tris-isoquinoline quinones from
Ecteinascidia turbinata, are possibly the most promising
marine natural products being advanced toward clinical use,
with ectienascidin 743 currently in phase II clinical trials
(Munro et al., 1999). Here, we report the isolation of three

single-unit isoquinoline quinones, N-formyl-1,2-dihydrore-
nierone (1), O-demethylrenierone (2), and mimosamycin 
(3), from the Thai purplish-blue sponge Cribrochalina sp.
(Figure 1). The cytotoxicity of these three alkaloids against
various cancer cell lines is first reported here.

Materials and methods

General experimental methods

UV spectra were obtained with a Hewlett Packard 8452A
spectrometer. IR spectra were recorded on a Jasco IR-810
spectrometer. NMR experiments were performed on a Varian
Unity Inova 500 spectrometer (500MHz for 1H NMR), refer-
ring to the signals of operating solvent CDCl3 (7.24ppm for
1H and 77.0ppm for 13C NMR spectra). Mass spectra were
recorded in ESI mode on a Micromass LCT module spec-
trometer. The optical rotation was determined employing 
an Atago 15,536 polarimeter. The HPLC instrument was a
Waters 600E solvent delivery system equipped with a Waters
484 tunable absorbance detector.

Extraction and isolation

The colonies of purplish-blue sponge, later identified to
belong to the genus Cribrochalina (family Niphatidae) by
Mr. Somchai Bussarawit of Phuket Marine Biological Center
(PMBC), Phuket, Thailand, were collected in June 2000 and
in April 2001 at the depth of 3–6m in the vicinity of Koh-
Tao, Surat-Thani province, Thailand. Once collected, the
animal material was immediately preserved under ice then 
at -20°C until extraction. The voucher specimens from 
both collections were deposited at the Marine Biodiversity
Research Unit, PMBC, Phuket, Thailand.
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The freeze-dried sponge (112g) was extracted in MeOH
then partitioned to yield the cytotoxic CH2Cl2-soluble mate-
rial. This CH2Cl2 extract was subjected to a SiO2 column (3%
MeOH in CH2Cl2) to afford four main fractions. The first
three major fractions were then separately fractionated using
Sephadex LH20 (MeOH) then C-18 reverse phase HPLC
(Hypersil, 4.0 ¥ 250mm; gradient aqueous MeCN from 
25 to 70%). Compounds 1 (4.2mg) and 2 (4.4mg) were
obtained as dark red and orange solids from fractions 1 and
2, and from fraction 3, respectively. The last major fraction
was also fractionated using Sephadex LH20 (MeOH), and
compound 3 (4.4mg) was recrystalized from a CH2Cl2-
MeOH mixture as yellow crystal.

N-Formyl-1,2-dihydrorenierone (1)

Dark red solid. UV (MeOH) lmax (loge) 218 (4.35), 268
(3.96), 344 (3.53) nm; IR (thin film) n 1680cm-1; 1H NMR
(CDCl3, 500MHz) major component 8.45 (1H, s; H-12), 6.93
(1H, d, J = 7.8Hz; H-3), 6.07 (1H, qq, J = 7.3, 1.4Hz; H-3¢),
6.04 (1H, d, J = 7.8Hz; H-4), 6.00 (1H, dd, J = 4.6, 3.2Hz;
H-1), 4.36 (1H, dd, J = 11.9, 4.6Hz; H-11a), 4.21 (1H, dd, J
= 11.9, 3.2Hz; H-11b), 4.08 (3H, s; 7-OCH3), 1.95 (3H, s;
6-CH3), 1.92 (3H, dq, J = 7.3, 1.4Hz; H-4¢), 1.78 (3H,
quintet, J = 1.4Hz; H-5¢); minor component 8.24 (1H, s; H-
12), 7.45 (1H, d, J = 7.8Hz; H-3), 6.25 (1H, d, J = 7.8 Hz;
H-4), 6.16 (1H, qq, J = 7.3, 1.4Hz; H-3¢), 5.37 (1H, dd, J =
10.5, 2.7Hz; H-1), 4.36 (1H, dd, J = 11.9, 10.5Hz; H-11a),
4.07 (3H, s; 7-OCH3), 3.91 (1H, dd, J = 11.9, 2.4Hz; H-11b),
1.99 (3H, dq, J = 7.3, 1.4Hz; H-4¢), 1.98 (3H, s; 6-CH3), 1.88
(3H, quintet, J = 1.4Hz; H-5¢); 13C NMR (CDCl3; 125MHz)
major component 184.9 (s; C-5), 180.2 (s; C-8), 167.4 (s; 
C-1¢), 162.5 (d; C-12), 156.3 (s; C-7), 139.8 (d; C-3¢), 135.4

(s; C-10), 133.1 (d; C-3), 127.1 (s; C-6), 126.9 (s; C-2¢),
124.0 (s; C-9), 101.0 (d; C-4), 63.1 (t; C-11), 61.1 (q; 7-
OCH3), 47.4 (d; C-1), 20.6 (q; C-5¢), 15.7 (q; C-4¢), 8.6 (q;
6-CH3); minor component 184.7 (s; C-5), 180.2 (s; C-8),
166.7 (s; C-1¢), 161.3 (d; C-12), 156.0 (s; C-7), 140.8 (d; C-
3¢), 136.2 (s; C-10), 129.4 (d; C-3), 128.0 (s; C-6), 126.5 (s;
C-2¢), 123.1 (s; C-9), 102.9 (d; C-4), 61.3 (q; 7-OCH3), 60.9
(t; C-11), 49.5 (d; C-1), 20.5 (q; C-5¢), 15.9 (q; C-4¢), 8.8 (q;
6-CH3); ESI-MS m/z (% relative intensity) 368 ([M+Na]+;
100), 281 (10), 258 (15), 246 (19); [a]D (MeOH; c = 0.04)
+230°.

O-Demethylrenierone (2)

Orange solid. UV (MeOH) lmax (loge) 228 (3.92), 298 (3.31),
488 (2.22) nm; IR (thin film) n 3300, 1680cm-1; 1H NMR
(CDCl3; 500MHz); 8.99 (1H, d, J = 4.8Hz; H-3), 7.96 (1H,
d, J = 4.8Hz; H-4), 6.14 (1H, qq, J = 7.4, 1.4Hz; H-3¢), 5.81
(1H, s; H-11), 2.02 (3H, dq, J = 7.4, 1.4Hz; H-4¢), 1.98 (3H,
s; 6-CH3), 1.98 (3H, quintet, J = 1.4Hz; H-5¢); 13C NMR
(CDCl3; 125MHz) 183.6 (s; C-5), 181.3 (s; C-8), 167.8 (s;
C-1¢), 157.1 (s; C-1), 155.3 (d; C-3), 154.0 (s; C-7), 139.9
(d; C-3¢), 138.4 (s; C-10), 127.8 (s; C-2¢), 120.5 (s; C-6),
120.3 (s; C-9), 119.1 (d; C-4), 65.3 (t; C-11), 20.6 (q; C-5¢),
15.8 (q; C-4¢), 9.1 (q; 6-CH3); ESI-MS m/z (% relative inten-
sity) 302 (MH+; 5), 216 (100).

Mimosamycin (3)

Yellow crystal from CH2Cl2-MeOH mixture. UV (MeOH)
lmax (loge) 212 (4.32), 318 (3.96), 384 (3.33) nm; IR (thin
film) n 1640cm-1; 1H NMR (CDCl3; 500MHz) 8.28 (1H, s;
H-1), 7.13 (1H, s; H-4), 4.18 (3H, s; 7-OCH3), 3.67 (3H, s;
2-CH3), 2.07 (3H, s; 6-CH3); 

13C NMR (CDCl3; 125MHz)
183.5 (s; C-5), 177.3 (s; C-8), 162.8 (s; C-3), 159.5 (s; C-7),
142.1 (d; C-1), 138.9 (s; C-10), 133.9 (s; C-9), 133.1 (s; C-
6), 116.7 (d; C-4), 61.3 (q; 7-OCH3), 38.4 (q; 2-CH3), 9.5 (q;
6-CH3); ESI-MS m/z (% relative intensity) 234 (MH+; 100).

Cytotoxic activity

The procedure of cytotoxicity determination was employed
using sulphorhodamine B (SRB) assay as described by
Skehan et al. (1990). Here, four cancer cell lines, MCF-7
(breast adenocarcinoma), KB (human oral cancer), HeLa
(human cervical cancer) and HT-29 (colon cancer) were used.
In brief, monolayered cultures of each cell line in 96-well
microtiter plates (2 ¥ 103 cells/well) were treated with a serial
dilution of each sample in suitable culture medium. The plate
was incubated according to the reported condition for 7 days,
at the midway of which time the medium was refreshed once
(exposure time 72h). Survival percentage was measured 
colorimetrically using the SRB assay method as reported,
with a detection at 492nm (Power Wave X plate reader).
Mortality percentages were calculated then converted into
IC50 values as reported.

N

O

O

H3C

H3CO
H

O
O

O

N

O

O

H3C

H3CO
O

H
O

O

1a 1b

N

O

O

H3C

HO

O

O

2

N

O

O

H3C

H3CO

O

CH3

3

1

3
5

8 9

10

11
12

1'
3'

4'

5'

Figure 1. Structures of compounds 1, 2 and 3.
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Results and discussion

The isolation of the purplish-blue sponge, later identified 
as a Cribrichalina sp., led to the isolation of three known 
isoquinoline quinones, N-formyl-1,2-dihydrorenierone (1), 
O-demethylrenierone (2), and mimosamycin (3). The 
structure elucidation of all three isolated compounds was
achieved mainly by the NMR spectral analysis, and strongly
supported by comparison with the previously reported spec-
tral data (Frincke & Faulkner, 1982, for 1 and 2; Kitahara et
al., 1985, for 1; Fukumi et al., 1977, for 3). The presence of
two rotamers of compound 1 as reported earlier by Frincke
and Faulkner (1982) was also observed here and was unam-
biguously confirmed by means of a series of nOe-ds 
experiments.

Among the physical properties of the three compounds,
the most interesting feature was the optical activity of 1.
While most of its spectral data were identical to those 
previously reported, here we found that our isolated 
compound is in fact the enantiomer of the one of Frincke 
and Faulkner (1982). With some slight deviation due to the
instrumental difference, the specific rotation reported 
here is +230°, as compared to that reported earlier of -227°.
Thus, we propose here the first report of the positive 
enantiomer of 1. Besides the generic difference of the 
producing organisms, the opposite enantiomeric identity
could also be related to collecting locations of the two organ-
isms. The aspect of different collecting sites that could lead
to different types of compounds isolated even from the same
animal species has already been observed in other groups of
marine invertebrates (for examples, see Bontemps et al.,
1994).

Although several members of the isoquinoline quinones
have already been reported as cytotoxic, this activity for the
three compounds isolated here has never been mentioned.
The cytotoxicity of the three isolated compounds was deter-
mined using the SRB method, targeting four solid-tumor cell
lines; KB, HT-29, MCF-7 and HeLa. It was found that all the
three alkaloids were potently cytotoxic, especially against
MCF-7 and HeLa cell lines, with IC50 at the magnitude of
10-2 - 10-1 mg/mL (Table 1). More interestingly, while these
agents were highly active against MCF-7 and HeLa, they
exhibited high selectivity. Their activity significantly dropped
to completely inactive at the concentration of 0.2mg/mL in
KB and HT-29 cell lines.

Among the three compounds, 1 seems the most interest-
ing with keen selectivity. The compound lost its activity by
more than 10-fold when the target cell lines changed from
MCF-7 to HeLa, and were considerably less active against
KB and HT-29. On the other hand, compound 3, which was
comparatively as active as 1 in MCF-7, was less discrimina-
tive, maintaining its potency at the same magnitude of 
10-2 mg/mL in both susceptible cell lines. Considering the
similarity in core structures, this evidently different potency
could result from the presence of long hydrophobic, and pos-
sibly electrophilic, angelate side chain.

Acknowledgements

The authors wish to express their gratitude for research sup-
porting grants, half by the Prince of Songkla University (to
AP and SY), and half by the Biodiversity Research and Train-
ing Program (BRT), BIOTEC/NSTDA (to AP).

References

Bontemps N, Bonnard I, Banaigs B, Combaut G, Francisco C
(1994): Cystodamine, a new cytotoxic fused polyaromatic
alkaloid from the Mediterranean ascidian Cystodytes delle
chiajei. Tetrahedron Lett 35: 7023–7026.

Frincke JM, Faulkner DJ (1982): Antimicrobial metabolites of
the sponge Reniera sp. J Am Chem Soc 104: 265–269.

Fukumi H, Kurihara H, Hata T, Tamura C, Mishima H, Kubo A,
Arai T (1977): Mimosamycin, a novel antibiotic produced
by Streptomyces lavendulae No. 314: Structure and syn-
thesis. Tetrahedron Lett 43: 3825–3828.

Kitahara Y, Nakahara S, Numata R, Inaba K, Kubo A (1985):
The assignment of the carbon-13 nuclear magnetic reso-
nance spectra of isoquinoline and quinoline quinones.
Chem Pharm Bull 33: 823–830.

McIntyre DE, Faulkner DJ, Van Engen D, Clardy J (1979):
Renierone, an antimicrobial metabolite from a marine
sponge. Tetrahedron Lett 43: 4163–4166.

McKee TC, Ireland CM (1987): Cytotoxic and antimicrobial
alkaloids from the Fijian sponge Xestospongia caycedoi. J
Nat Prod 50: 754–756.

Munro MHG, Blunt JW, Dumdei EJ, Hickford SJH, Lill RE, Li
S, Battershill CN, Duckworth AR (1999): The discovery
and development of marine compounds with pharmaceuti-
cal potential. J Biotechnol 70: 15–25.

Pettit GR, Knight JC, Collins JC, Herald DL, Pettit RK, Boyd
MR, Young VC (2000): Antineoplastic agents 430. Isola-
tion and structure of cribrostatins 3, 4, and 5 from the
Republic of Maldives Cribrochalina species. J Nat Prod
63: 793–798.

Rinehart KL, Holt TG, Fregeau NL, Stroh JG, Keifer PA, Sun
F, Li LH, Martin DG (1990): Ecteinascidins 729, 743, 745,
759A, 759B, and 770: Potent antitumor agents from the

Table 1. Cytotoxicity of compounds 1, 2, and 3 against MCF-7
and HeLa cell lines.a

IC50 (mg/mL)

compound MCF-7 HeLa

1 3.0 ¥ 10-2 ± 1.8 ¥ 10-3 9.1 ¥ 10-1 ± 1.6 ¥ 10-1

2 2.8 ¥ 10-2 ± 0.9 ¥ 10-3 NAb

3 4.2 ¥ 10-2 ± 0.7 ¥ 10-3 2.6 ¥ 10-2 ± 1.9 ¥ 10-3

Notes: a All three compounds were completely inactive in KB and
HT-29 at a concentration as low as 0.2 mg/mL. b Unable to obtain
IC50 due to sharp drop in activity profile.



442 A. Plubrukarn et al.

Caribben tunicate Ecteinascidia turbinata. J Org Chem 55:
4512–4515.

Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica
D, Warren JT, Bokesch H, Kenney S, Boyd MR (1990):
New colorimetric cytotoxicity assay for anticancer-drug
screening. J Natl Cancer Inst 82: 1107–1112.

Wright AE, Forleo DA, Gunawardana GP, Gunasekera SP,
Koehn FE, McConnell OJ (1990): Antitumor tetrahy-
droisoquinoline alkaloids from the colonial ascidian
Ecteinascidia turbinata. J Org Chem 55: 4508–4512.


