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a b s t r a c t

Two new triterpene galactosides, melophluosides A and B, were isolated from a marine sponge Melophlus
sarasinorum collected in Indonesia. Their structures were determined by the analysis of spectroscopic
data and chemical reactions. The absolute configuration of cyclohexenone moiety was determined by
the calculated ECD spectrum of a simplified model. Melophluosides A and B exhibited moderate cytotox-
icity against HeLa cells (IC50, 11.6 and 9.7 mM, respectively).

� 2020 Elsevier Ltd. All rights reserved.
Introduction

Marine invertebrates are rich sources of diverse secondary
metabolites. Although triterpene glycosides in plants have been
well studied and their various pharmacological activities investi-
gated, only a few examples have so far been reported from marine
invertebrates. Holotoxins [1], holothurins [2,3], andechinosides [4]
were isolated from the sea cucumbers Stichopus japonicus,
Holothuria leucospilota, and Actinopyga echinites, respectively.
Sarasinosides [5,6] and pouosides [7,8] were isolated from marine
sponges of the genera Asteropus, Melophlus, and Lipastrotethya.
These triterpene glycosides also showed a wide range of biological
activities including cytotoxicity [7,8], antimicrobial activity
[1–4,6], inhibition of development of fertilized starfish eggs [5],
and antifouling activity [9].

In our continuing study of biologically active secondary
metabolites from marine organisms, the extract of the marine
sponge M. sarasinoside collected in Indonesia showed cytotoxic
activity in HeLa cells. Its purification yielded two new cytotoxic
triterpene glycosides, melophluosides A and B (1 and 2), which
were found to be pouoside congeners (Fig. 1). Pouosides A–E were
initially isolated from a marine sponge Asteropus sp. [7], and pou-
osides F–I and pouogenins A–E were more recently isolated from a
marine sponge Lipastrotethya sp. [8]. We here report the isolation,
structure elucidation, and cytotoxicity of 1 and 2.
Results and discussion

The marine sponge M. sarasinorum collected in Indonesia [10]
was extracted with EtOH and MeOH. The extract was partitioned
between EtOAc and water, and the EtOAc layer was partitioned
between n-hexane and 90% MeOH–H2O. The 90% MeOH–H2O frac-
tion, which showed cytotoxic activity with a 7% survival ratio at
5 mg/mL in HeLa cells. A portion (7.0 g) of the fraction (8.0 g) was
subjected to silica gel column chromatography with stepwise gra-
dient elution using n-hexane/CH2Cl2/MeOH (10:19:1), CH2Cl2/
MeOH (19:1, 9:1, and 4:1), and CH2Cl2/MeOH/H2O (6:4:1). Chemi-
cal analysis of these fractions by LC-MS indicated that the fractions
eluted with CH2Cl2/MeOH (19:1, 9:1, and 4:1) contained many
pouoside derivatives. Among them, the presence of new metabo-
lites was indicated in the first and third fractions. The third fraction
(940 mg) eluted with CH2Cl2/MeOH (4:1) was fractionated by ODS
column chromatography followed by ODS HPLC and phenyl-hexyl
HPLC to yield 1 (3.0 mg) [11]. Another pouoside-rich fraction
(689 mg), yielded by the first silica gel column chromatography
with CH2Cl2/MeOH (19:1), was fractionated by ODS column chro-
matography followed by ODS HPLC and C30 HPLC to yield 2
(11.0 mg) as a major compound [11].
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Table 1
13C and 1H NMR data for 1 and 2.

no. 1

dC, type dH (J in Hz)

1 47.1, C
2 206.9, C
3 124.9, CH 5.79, d (10.1)
4 158.1, CH 6.73, d (10.1)
5 72.3, C
6 54.4, CH 1.90, dd (6.2, 4.3)
7a 26.1, CH2 1.78, m
7b 1.57, m
8a 42.4, CH2 2.30, ddd (13.0, 12.8, 5.0)
8b 2.06, m
9 136.8, C
10 125.5, CH 5.20, br t (6.2)
11 29.2, CH2 2.04, m
12 29.2, CH2 2.03, m

13 125.2, CH 5.17, br t (6.2)
14 137.4, C
15a 44.3, CH2 2.19, ddd (13.0, 12.6, 4.8)
15b 1.99, m
16a 26.2, CH2 1.56, m
16b 1.34, m
17 57.1, CH 1.14, m
18 41.9, C
19 89.8, CH 3.24, dd (11.5, 4.0)
20a 28.9, CH2 1.57, m
20b 2.01, m
21a 41.6, CH2 1.68, m
21b 1.47, m
22 74.1, C
23 25.4, CH3 1.16, s
24 22.0, CH3 1.03, s
25 23.3, CH3 1.34, s
26 16.4, CH3 1.65, s
27 16.3, CH3 1.63, s
28 28.7, CH3 1.09, s
29 16.3, CH3 0.84, s
30 23.0, CH3 1.13, s
10 107.3, CH 4.27, d (7.7)
20 73.1, CH 3.51, dd (9.5, 7.7)
30 75.1, CH 3.43, dd (9.5, 3.1)
40 70.2, CH 3.83, d (3.1)
50 76.4, CH 3.49, t (6.1)
60 62.4, CH2 3.71 (2H), d (6.1)
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Fig. 1. Structures of 1 and 2.
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The molecular formula of 1 was determined to be C36H60O9 by
HRESIMS. The 1H NMR data of 1 (Table 1) showed four olefin pro-
tons at dH 6.73 (d, J = 10.1 Hz, H-4), 5.79 (d, J = 10.1 Hz, H-3), 5.20
(br t, J = 6.2 Hz, H-10), and 5.17 (br t, J = 6.2 Hz, H-13), an oxygen
bearing methylene at dH 3.71 (2H, d, J = 6.1 Hz, H2-60), six oxygen
bearing methines at dH 4.27 (d, J = 7.7 Hz, H-10), 3.83 (d,
J = 3.1 Hz, H-40), 3.51 (dd, J = 9.5, 7.7 Hz, H-20), 3.49 (t, J = 6.1 Hz,
H-50), 3.43 (dd, J = 9.5, 3.1 Hz, H-30), and 3.24 (dd, J = 11.5,
4.0 Hz, H-19), sixteen aliphatic protons at dH 2.30–1.14, and eight
methyl signals at dH 1.65 (s, H3-26), 1.63 (s, H3-27), 1.34
(s, H3-25), 1.16 (s, H3-23), 1.13 (s, H3-30), 1.09 (s, H3-28), 1.03
(s, H3-24), and 0.84 (s, H3-29). 13C NMR and HSQC spectra of 1
revealed a carbonyl carbon at dC 206.9 (C-2), six olefinic carbons
at dC 158.1 (C-4), 137.4 (C-14), 136.8 (C-9), 125.5 (C-10), 125.2
2

HMBC dC, type dH (J in Hz)

46.6, C
206.1, C

1, 5 125.2, CH 5.80, d (10.1)
2, 6 158.1, CH 6.74, d (10.1)

72.0, C
1, 5, 8, 23, 24, 25 50.2, CH 2.02, m
5, 6, 8 30.8, CH2 1.90, m
5, 8 1.80, m
7, 9, 10, 26 80.0, CH 5.46, dd (9.3, 4.8)
6, 9, 10, 26

139.6, C
8, 11, 26 127.1, CH 5.36, br d (9.0)
9, 10, 12, 13 72.4, CH 5.41, m
10, 11, 13, 14 34.1, CH2 2.40, q (7.0)

2.27, q (7.0)
12, 15, 27 119.6, CH 5.12, br t (7.0)

140.4, C
13, 14, 16, 27 43.8, CH2 2.15, ddd (13.2, 12.5, 5.2)
13, 14 2.00, m
17, 22 26.4, CH2 1.56, m

1.48, m
15, 16, 18, 22 54.3, CH 1.63, m

42.0, C
18, 28, 29, 10 89.1, CH 3.26, dd (11.5, 3.8)

28.2, CH2 1.58, m
22 2.02, m

36.2, CH2 2.49, br dt (12.0, 4.2)
20 1.78, m

88.1, C
1, 2, 6, 24 25.2, CH3 1.19, s
1, 2, 6, 23 22.0, CH3 1.02, s
4, 5, 6 23.2, CH3 1.34, s
8, 9, 10 13.1, CH3 1.75, s
13, 14, 15 16.6, CH3 1.67, s
17, 18, 19, 29 28.5, CH3 1.09, s
17, 18, 19, 28 16.6, CH3 0.89, s
17, 21, 22 20.5, CH3 1.46, s
19 107.1, CH 4.27, d (7.6)
10 , 30 72.8, CH 3.50, dd (9.7, 7.7)
20 74.9, CH 3.45, dd (9.7, 3.2)
20 , 30 70.2, CH 3.78, d (3.2)
10 , 60 73.7, CH 3.71, dd (7.7, 4.9)
40 , 50 64.7, CH2 4.34, dd (11.3, 7.7)

4.14, dd (11.9, 4.9)
171.9, C
23.2, CH3 2.02, s
172.1, C
23.2, CH3 2.01, s
172.4, C
20.7, CH3 1.97, s
172.5, C
23.2, CH3 1.93 s



Fig. 3. ECD spectra (MeCN) of pentabenzoates prepared from a commercially
available D-galactose and galactose liberated from 1 and 2.
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(C-13), and 124.9 (C-3), nine heteroatom substituted carbons at dC
107.3 (C-10), 89.8 (C-19), 76.4 (C-50), 75.1 (C-30), 74.1 (C-22), 73.1
(C-20), 72.3 (C-5), 70.2 (C-40), and 62.4 (C-60), two methine carbons
at dC 57.1 (C-17) and 54.4 (C-6), two quaternary carbons at dC 47.1
(C-1) and 41.9 (C-18), eight methylene carbons at dC 44.3 (C-15),
42.4 (C-8), 41.6 (C-21), 29.2 (C-11), 29.2 (C-12), 28.9 (C-20), 26.2
(C-16), and 26.1 (C-7), and eight methyl carbons at dC 28.7 (C-
28), 25.4 (C-23), 23.3 (C-25), 23.0 (C-30), 22.0 (C-24), 16.4 (C-26),
16.3 (C-27), and 16.3 (C-29) (Table 1). The presence of a sugar unit
was indicated by characteristic 1H and 13C signals dH 3.43–4.27 and
dC 62.4–107.3. Two proton spin systems H-10/H-20/H-30/H-40 and H-
50/H2-60 shown by COSY and HMBC correlations from H-50 to C-10

and from H2-60 to C-40 showed a pyranose unit (Fig. 2a). The struc-
ture of the aglycone moiety of 1 was determined by a detailed
analysis of 2D NMR data. The COSY spectrum revealed five spin
systems (H-3/H-4, H-6/H2-7/H2-8, H-10/H2-11/H2-12/H-13, H-15/
H2-16/H-17, and H-19/H2-20/H2-21). HMBC correlations from
H3-23 and H3-24 to C-1, C-2, and C-6, from H-4 to C-2, and from
H3-25 to C-4, C-5, and C-6 showed the structure of a 5-substituted
4-hydroxy-4,6,6-trimethylcyclohex-2-en-1-one (C-1–C-8) moiety
(Fig. 2a). Meanwhile, HMBC correlations from H3-28 and H3-29
to C-17, C-18, and C-19, from H3-30 to C-17, C-21, and C-22, and
from H-10 to C-19 indicated the structure of a 2-substituted
1,3,3-trimethylcyclohexan-1-ol (C-15–C-22) moiety with a b-D-
galactose unit at C-19 (Fig. 2a). HMBC correlations from H3-26 to
C-8, C-9, and C-10, and from H3-27 to C-13, C-14, and C-15 con-
nected the cyclohexane and cyclohexenone moieties through a
methylene unit (C-11–C-12) to complete the planar structure of
1 (Fig. 2a). E geometries of the double bonds at C-9 and C-13 were
determined by the NOE correlations of H2-8/H-10 and H-13/H2-15.

The relative and absolute configurations were elucidated as fol-
lows. Large coupling constants, H-10/H-20 (J = 7.7 Hz) and H-20/H-30

(J = 9.5 Hz), and small coupling constants, H-30/H-40 (J = 3.4 Hz),
together with NOE correlations of H-10/H-30, H-10/H-50, and H-30/
H-50 indicated b-glycosylated galactose as a pyranose unit
(Fig. 2b). The absolute configuration of galactose was determined
from the ECD spectra. Galactose liberated from 1 by acid hydrolysis
was benzoylated, and the ECD spectrum of the product was identi-
cal to that of penta-O-benzoylgalactopyranoside prepared from a
commercially available D-galactose [12] (Fig. 3). Galactose in 1
was therefore assigned as D-series.

The 17S*,19S*, 22S* configuration of the cyclohexane unit was
determined by the NOE correlations (Fig. 2c). Namely, H-17, H-
19, and H-21b are on b face and H-20a, H3-29, and H3-30 are on
a face. To determine the absolute configuration of the cyclohexane
unit, the modified Mosher’s method [13] was used with the acid
hydrolysate of 1, but this attempt failed because of decomposition
of the aglycone moiety by the acid hydrolysis.
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Fig. 2. COSY (bold lines), key HMBC (red arrows), and key NOESY (blue arrows)
correlations of compound 1 (a) and substructures (b), (c), and (d).
The relative configuration of the cyclohexenone unit was estab-
lished to be 5S*,6S*, which was determined by the NOE correlations
H-7b/H3-24, H-7a/H3-25, and H3-24/H3-25 on one side and H-6/
H3-23 on the opposite site (Fig. 2d). The absolute configuration of
the cyclohexenone moiety was determined by the experimental
ECD spectrum compared with the calculated spectrum of a simpli-
fied model 5S,6S-3b [14]. The positive cotton effect at 236 nm of 1
matched with that of 5S,6S-3. Thus, the absolute configuration of
the cyclohexenone moiety of 1 was established (Fig. 4).

The molecular formula of compound 2, C44H68O15, was deter-
mined by the HRESIMS. The 1H and 13C NMR spectra of 2were sim-
ilar to those of 1 (Table 1), except for the presence of four acetoxy
groups (dH 2.02 (8-OAc), 2.01 (11-OAc), 1.97 (22-OAc), and 1.93 (60-
OAc); dC 171.9–172.5 (4C)). Analysis of 2D NMR data indicated the
same carbon framework as 1. HMBC correlations, dH 5.41 (H-11)/dC
172.1 and dH 4.14 and 4.34 (H2-60)/dC 172.5, clearly indicated that
two acetoxy groups were attached to C-11 (dC 72.4) and C-60 (dC
64.7). Although no HMBC correlation was observed from H-8 to
an acetoxy carbonyl carbon, the downfield H-8 (dH 5.46, dd,
J = 9.3, 4.8 Hz) and C-8 (dC 80.0) indicated the presence of an ace-
toxy group at C-8. These characteristic shifts matched well with
those of pouoside G (H-8: dH 5.45, dd, J = 9.0, 5.0 Hz; C-8: dC
80.0) [8], containing the same 5-substituted 4-hydroxy-4,6,6-
trimethylcyclohex-2-en-1-one (C-1–C-8) moiety. The remaining
acetoxy group was attached to a quaternary carbon C-22 (dC
88.1) by the downfield shift, compared to that of 1 (dC 74.1).
Pouoside A contains three acetoxy groups at C-8 (dC 80.0),
C-11 (dC 73.6), and C-22 (dC 89.9) [7], and these shifts match with
Fig. 4. Experimental ECD spectrum (MeCN) of 1 and calculated ECD spectrum of
5S,6S-3 with B3LYP/TZVP level.
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those of 2. The NOESY spectrum indicated that the relative config-
urations of cyclohexane, cyclohexenone, and sugar moieties were
identical to those of 1. The absolute configurations of galactose
and cyclohexenone moieties were determined in the same way
as described for 1 [12]. While the 8S,11R configurations of pouo-
sides F and G were determined by the Mosher’s method and NOESY
analyses, respectively [8], those of 2 remained unknown, i.e., the
NOESY spectrum of 2 showed neither 8R nor 8S.

Compounds 1 and 2 showed weak cytotoxicity against HeLa
cells, with IC50 values of 11.6 and 9.7 mM, respectively. Although
pouoside A was initially reported to be cytotoxic against P388 cells
with an EC50 value of 1.5 mg/mL (1.9 mM) [7], weaker activity was
subsequently reported against K562 cells (IC50, 17.0 mM) [8]. Com-
pounds 1 and 2 showed no antimicrobial activities against bacteria
(Escherichia coli and Bacillus cereus) or yeast (Candida albicans),
even at 20 mM.

Conclusion

In summary, two new triterpene galactosides, melophluosides
A and B (1 and 2), were isolated from the marine sponge M. sarasi-
norum collected in Indonesia. Their planar structures were eluci-
dated by the interpretation of NMR and mass spectral data. The
absolute configuration of the cyclohexenone moiety was estab-
lished by comparison of the experimental and calculated ECD spec-
tra, and that of the galactose moiety was determined by the ECD
spectra after chemical derivatization. Melophluoside A is the first
compound in the pouoside class found to lack an oxygenated group
at C-11. Melophluosides A and B exhibited moderate cytotoxic
activity against HeLa cells.
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