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ABSTRACT ARTICLE HISTORY
A new sterol, langcosterol A (1), together with two known sterols 2 Received 9 February 2018
and 3, were isolated from the marine sponge Xestospongia testudinaria Accepted 11 April 2018
collected in Vietnam. Their chemical structures were elucidated on

. . - . . KEYWORDS
the basis of extensive spectroscopic analyses and comparisons with Xestospongia testudinaria;
published data. The new compound 1 and the known compound 3 sterol; antibacterial activity;
exhibited moderate cytotoxic activities against three human cancer cytotoxicity; Vietnam
cell lines (A549, lung cancer; MCF7, breast cancer; Hela, cervical
cancer) and a human normal cell line (WI-38 fibroblast), with IC,;
values ranging from 29.0 to 68.0 uM.

Xestospongia testudinaria

1. Introduction

Sponges of the genus Xestospongia belong to the Petrosiidae family. They are one of the
most widespread genera in several regions around the world and have been proven to be
arich source of diverse secondary metabolites, such as alkaloids, quinones, and brominated
polyacetylenic acids (Bergmann and Feeney 1949; Goad 1978; Kanazawa et al. 1979; Seldes
et al. 1985; Ingavat et al. 2009; Zhou et al. 2010; Ramanjooloo et al. 2015; Yang et al. 2017).
Polyhydroxy sterols have also been isolated from the Xestospongia sponges (Miyaoka et al.
1997; Cheng et al. 2016), as in the cases of other marine organisms, such as algae,
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Figure 1. Structures of compounds 1-3 from Xestospongia testudinaria.

coelenterata, bryozoa, molluska, echinodermata, arthropoda, tunicates, and chordata
(Djerassi 1981; Sarma et al. 2005). Since several promising candidates for antibacterial and
antitumor pharmaceuticals have been exposed from marine sponges, we have isolated anti-
bacterial and cytotoxic secondary metabolites from Vietnamase Spongia sp. in our previous
studies (Nguyen et al. 2016, 2017; Ito et al. 2018). In our ongoing research for the discovery
of new bioactive metabolites mainly from marine organisms, the purification of the ethyl
acetate extract of Vietnamese X. testudinaria led to the isolation of a new sterol, langcosterol
A (1), along with two known related sterols, xestosterol (2) (D’Auria et al. 1993; El-Gamal Ali
et al. 2016) and 24-hydroperoxy-24-vinyl cholesterol (3) (Kokke et al. 1979; Chen et al. 2014;
Seif-Eldin et al. 2015; Cheng et al. 2016) (Figure 1). Herein, we describe the structural eluci-
dation of the new compound 1, and the antibacterial and cytotoxic activities of the isolated
compounds 1-3.

2. Results and discussion

Compound 1 was obtained as a white powder, and its molecular formula was found to be
C,,Hs,0, by HREIMS in conjunction with NMR spectroscopic data (Table S1 and Figures
S1-S7). The IR spectrum of 1 indicated the presence of hydroxyl and terminal methylene
groups at 3392 and 1473 cm™', respectively. All protons and carbons were assigned by 'H,
13C, HMQC, HMBC, COSY, and NOESY experiments (Figures S1-56). The "H NMR spectrum of
1 displayed two singlets of methyl groups [6H 0.70 (s, H-18), 1.01 (s, H-19)], a doublet of a
methyl group [5H 0.96 (d,J = 6.6 Hz, H-21)], two triplets of methyl groups [5H 0.81 (t, H-29/H-30,
overlapped)], and an exomethylene [5,, 4.77 (br, s), 4.69 (br, s), H-28]. In addition, two oxy-
genated methine signals at 6, 3.50 (m, H-3) and 3.87 (m, H-7) suggested the presence of
two hydroxyl groups. Analyses of the *C NMR and HMQC spectra revealed the existence of
five methyl carbons [6C 11.6(C-18), 12.0 (C-29/C-30), 18.3 (C-19), 18.8 (C-21)], twelve second-
ary carbons [0 108.7 (C-28), 42.2 (C-4), 39.2 (C-12), 37.0 (C-1), 34.3 (C-22), 31.4 (C-2), 29.7
(C-23), 28.2 (C-16), 26.4 (C-26), 26.3 (C-27), 24.3 (C-15), 20.7 (C-11)], seven tertiary carbons
[0, 123.9 (C-6), 55.7 (C-17), 50.2 (C-25), 49.4 (C-14), 42.3 (C-9), 37.5 (C-8, 35.7 (C-20)], four
quaternary carbons [6. 152.6 (C-24), 146.2 (C-5), 42.0 (C-13), 37.4 (C-10)], and two oxygenated
secondary carbons [71.4 (C-3), 65.3 (C-7)]. The above NMR data of 1 was closely similar to
that of xestosterol (2), except for the presence of a hydroxyl group at C-7, suggesting that 1
is 7-hydroxyxestosterol. The HMBC correlations (Figure S8) from H-6 (6H 5.62)/H-8 (6H 1.45)/
H-9 (6H 1.22)/H-14 (6H 1.45) to C-7 and H-7 to C-5/C-6/C-9/C-14, as well as the COSY correla-
tions (Figure S8) of H-6/H-7/H-8 further confirmed the existence of 7-OH group in 1.
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Table 1. Cytotoxic activities of compounds 1-3.

IC,, (UM)
Compound A549 MCF7 Hela WI-38
1 63.1 55.8 67.4 68.0
2 >100 >100 >100 >100
3 29.0 439 54.9 434
5-Fluorouracil® 4.46 441 6.4 9.06

A549 (human lung cancer), MCF7 (human breast cancer), HeLa (human cervix cancer), WI-38 (human fibroblast).
2Positive control.

The NOESY correlations of H,-1 9/H-2b (6H 1.52),H,-1 9/H-4b (6H 2.29), H-3/H-2a (6H 1.85),
and H-2a/H-4a (8, 2.32) suggested that the A-ring exists in the chair conformation. The
chemical shift of C-3 and the NOESY correlations of H-3/H-4a and H-6/H-4a indicated the
B-orientations of the hydroxyl group at C-3 and the methyl group at C-19 (Guyot et al. 1982;
Chen et al. 2014; Edgar et al. 2014). The observed NOESY correlations of H-8/H,-19/H,-18,
H-9/H-12b (6, 1.16)/H-14, and H,-18/H-1 5b (6, 1.11) indicated that the B- and C-rings exist
in the twist-chair and chair conformations, respectively. The chemical shifts were all consist-
ent with the 7-OH group adopting an axial orientation and the four rings being trans-fused
(Calderodn et al. 2004; Cui et al. 2011; Tian et al. 2011) The relative configurations of the
hydroxyl group at C-7 and the methyl group at C-18 were thus identified as the a- and
B-forms, respectively. The NOESY correlations of H-17/H-12b and H-14/H-17 suggested
a-orientation of H-17. According to the observed NOESY correlations and from a biogenetic
perspective (Nes 2011), the relative configuration of 1 was determined as shown Figure 1.
Consequently, compound 1 was elucidated to be a new sterol, and named langcosterol A.

The structures of the isolated known sterols, xestosterol (2) and 24-hydroperoxy-24-vinyl
cholesterol (3) were identified by comparisons to their reported physicochemical data,
including NMR and MS.

The isolated compounds 1-3 were assessed for their cytotoxicities against three human
cancer cell lines (A549, lung cancer; MCF7, breast cancer; Hela, cervical cancer) and a human
normal cell line (WI-38, fibroblast), and antibacterial activities against two Gram-positive
bacteria, Bacillus subtilis and Staphylococcus aureus, and two Gram-negative bacteria,
Klebsiella pneumoniae and Escherichia coli. Compounds 1 and 3 exhibited moderate cyto-
toxicities against the tested cancer cell lines and the normal cell line, with IC, values ranging
from 29.0t0 68.0 uM (Table 1). All three compounds did not show any antibacterial activities
against the tested strains.

3. Experimental
3.1. General experimental procedures

Optical rotations were recorded on a JASCO P2100 polarimeter. Infrared spectra were
recorded with KBr pellets on a Jasco FT/IR-460 Plus spectrometer. UV-vis spectroscopy was
recorded on a NanoDrop™ 2000C spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA). NMR spectra were recorded at 600 MHz ("H NMR) and 150 MHz ("3*C NMR) on a
Varian UNITY 600 spectrometer, and at 500 MHz ("H NMR) and 125 MHz ('*C NMR) on a JEOL
ECA500II spectrometer. Chemical shift values are expressed in & (ppm) downfield from TMS,
as an internal standard. The mass spectra, including high-resolution mass spectra, were
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recorded on a JEOL MStation JMS-700 spectrometer. Open column chromatography was
performed with normal phase silica gel (silica gel 60 N, spherical, neutral, 40-50 um, Kanto
Chemical Co., Inc., Tokyo, Japan) and C18-reversed phase silica gel (Cosmosil 75C18-OPN,
Nacalai Tesque, Inc., Kyoto, Japan). TLC was performed on silica gel GF,, pre-coated (Merck)
plates, with detection by visualization with a UV lamp at 254 and 365 nm, followed by spray-
ing with 1% Ce(SO,),—10% aqueous H,SO, and heating to 150 °C. A vertical type rectangular
chamber (Yazawa, Tokyo, Japan) was used for normal phase preparative TLC under saturated
developing solvent conditions. Bacterial culture 96-well plates were purchased from TPP
(TPP Techno Plastic Products AG, Switzerland).

3.2. Sponge material

The marine sponge X. testudinaria was collected in the coastal waters of Son Cha, Lang Co,
Thua Thien-Hue city, Vietnam, in June 2015, and identified by Thai Minh Quang, Bs, the
marine sponge taxonomist at the Vietnam Academy of Science and Technology, Institute of
Oceanography, in Nha Trang, Vietnam. A voucher specimen (E54558) was deposited at the
Oceanography Museum, Institute of Oceanography, in Nha Trang, Vietnam.

3.3. Extraction and isolation

The dried X. testudinaria (1.0 kg) was chopped into small pieces, which were macerated with
95% EtOH (3 x 3 L) for 48 h each at room temperature. After the suspension was filtered, the
resulting solution was evaporated under reduced pressure to give the EtOH-soluble portion
(30.0 g), and then the concentrated total extract was partitioned into an EtOAc (3 x 1 L)-water
(1 L) mixture to give the EtOAc-soluble extract (20.2 g). The EtOAc-soluble extract was sub-
jected to normal phase open column chromatography (CC), eluted stepwise with n-hexane-
EtOAc (8:2) and EtOAc-MeOH (9:1), to afford six fractions (Fr. A-F). Fr. B (8.2 g) was subjected
to normal phase open CC, eluted with n-hexane-EtOAc (9:1), to yield 2 (12.0 mg). Fr.C (6.2 g)
was subjected to normal phase open CC, eluted with n-hexane-EtOAc (7:3), to give sub-frac-
tions (Fr. C-1-3). Fr. C-2 (1.8 g) was purified by normal phase preparative TLC, developed by
n-hexane-EtOAc (7:3), to obtain 1 (1.1 mg) and 3 (3.0 mg).

3.3.1. Langcosterol A (1)

White amorphous powder; [a],*-23.0 (0.1 CHCL,); IR (KBr) v, :3392,1473,and 1375 cm™;
TH NMR (500 MHz, CHCI3): 6H 1.87 (m, H-1), 1.85 and 1.52 (m, H-2a and H-2b), 3.50 (m, H-3),
2.32 (m, H-4a), 2.29 (m, H-4b), 5.62 (dd, J = 5.4, 1.8 Hz, H-6), 3.87 (m, H-7), 1.45 (m, H-8), 1.22
(m, H-9),1.51 (m, H-11), 2.02 (m, H-12a), 1.16 (m, H-12b), 1.45 (m, H-14), 1.72 (m, H-15a), 1.11
(m, H-15b), 1.92 (m, H-16), 1.20 (m, H-17), 0.70 (s, H-18), 1.01 (s, H-19), 1.57 (m, H-20), 0.96 (d,
6.6, H-21), 1.86 (m, H-22a), 1.23 (H-22b), 1.77 (m, H-23), 1.79 (m, H-25), 1.38 (m, H-26/H27),
4.77 (brs, H-28), 4.69 (brs, H-28), 0.81 (t, H-29/H-30); '*C NMR (150 MHz, CHC|3): 5c 37.0 (C-1),
31.4(C-2),71.4 (C-3),42.2 (C-4), 146.2 (C-5), 123.9 (C-6), 65.3 (C-7),37.5(C-8),42.3 (C-9),37.4
(C-10), 20.7 (C-11), 39.2 (C-12), 42.0 (C-13), 49.4 (C-14), 24.3 (C-15), 28.2 (C-16), 55.7 (C-17),
11.6 (C-18), 18.3 (C-19), 35.7 (C-20), 18.8 (C-21), 34.3 (C-22), 29.7 (C-23), 152.6 (C-24), 50.2
(C-25),26.4 (C-26),26.3 (C-27), 108.7 (C-28), 12.0 (C-29/30); HREIMS m/z 442.3803 [M]* (Calcd.
forC, H..O.,442.3811).

30" 5072
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3.4. Cytotoxicity assay

a-Minimum essential medium with L-glutamine and phenol red (a-MEM, Wako) was used
for the Hela, A549, MCF7, and WI-38 cell cultures. All media were supplemented with 10%
fetal bovine serum (FBS, Sigma) and 1% antibiotic antimycotic solution (Sigma). For MCF7
cells, the growth medium was supplemented with 1% 0.1 mM non-essential amino acids
(NEAA, Gibco) and 1% 1 mM sodium pyruvate (Gibco). The assay was performed as previously
reported (Nguyen et al. 2017; Ito et al. 2018). Briefly, each cell line was seeded in 96-well
plates (2 x 10 per well) and incubated in the respective medium at 37 °C, under a 5% co,
and 95%airatmosphere, for 24 h. After the cells were washed with PBS (Nissui Pharmaceuticals),
serial dilutions of the tested samples were added. After incubation for 72 h, the cells were
washed with PBS, and 100 pL of medium containing 10% WST-8 cell counting kit solution
(Dojindo; Kumamoto, Japan) was added to the wells. After incubation for 2 h, the absorbance
at 450 nm was measured. The concentrations of the serial dilutions of the tested samples
were 100-1.0 uM for the isolated compounds and the positive control, respectively. Cell
viability was calculated from the mean values of data from three wells by using the following
equation, and cytotoxicity was expressed as the IC,; (50% inhibitory concentration) value.
As a positive control, 5-fluorouracil was used (Nguyen et al. 2017; Ito et al. 2018).

(%)Cell viability = 100 x [Abs (test samples) — Abs (blank)/Abs (control) — Abs (blank)]

3.5. Antibacterial assay

The antibacterial activity was assessed using the standard MTT assay, according to the pre-
viously described procedure (Nguyen et al. 2017; Ito et al. 2018). B. subtilis NBRC 13719, S.
aureus NBRC 100910, K. pneumoniae NBRC 14940, and E. coli NBRC 102203 were used for this
assay. These strains were tested in microdilution assays, and the MIC values were determined.
Bacterial strains were inoculated on YP agar plates [1% polypeptone (Nihon Pharmaceutical
Co., Ltd., Tokyo, Japan), 0.2% yeast extract (Difco, USA), 0.1% MgSO,-7H,0, and 2% agar
(NacalaiTesque, Inc., Kyoto, Japan)] and incubated at 37 °C for 12 h. Stock solutions of samples
were prepared at 10 mM in DMSO, and further diluted to various concentrations in 96-well
plates containing the microbial strains incubated in YP medium. The plates were further
incubated at 37 °Cfor 12 h. Ampicillin (Nacalai Tesque) and kanamycin (Nacalai Tesque) were
used as reference reagents for the Gram-positive and Gram-negative bacterial strains, respec-
tively. Finally, 10 uL of MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-dimethyltetrazolium
bromide) (Sigma Aldrich, USA) (0.5 mg mL™" in isopropanol-HCl) was then added to each
well and further incubated at 37 °Cfor 1 h.

4. Conclusion

A new sterol, langcosterol A (1), and two known compounds (2 and 3) were isolated from
the marine sponge, X. testudinaria. All compounds lacked potency against B. subtilis, S. aureus,
K. pneumoniae, and E. coli. However, 1 and 3 exhibited moderate cytotoxicities against the
human lung A549, breast MCF7, and cervical HeLa cancer cell lines and the human fibroblast
WI-38 normal cell line.
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Supplementary data

Supplementary material related to this paper are available online, along with Table S1 and
Figures S1-59.
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