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Abstract. Detailed analysis of the 1D and 2D NMR data and gamson with the reported
values, the structures of attenuatoside B)1 glanciside A 2), and culcitoside £(3) from the
starfishAcanthaster planci were clearly elucidated. Culcitoside 8) showed weak cytotoxicity
against five human cancer cell lines including H2pkB, LNCaP, MCF7, and SK-MEL-2.
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1. INTRODUCTION

Steroid glycosides are a class of wide-spread alaproducts having either terrestrial or
marine origins. The marine steroid glycosides waegnly isolated from invertebrates such as
echinoderms, sponges, and soft corals. Among marnsetebrates, starfish is the richest source
of steroid glycosides, at that any studied specmstains a wide diversity of this kind of
compounds [1]. The crown-of-thorns starfisbanthaster planci is distributed in tropical waters
of the Indian and Pacific Oceans, Red Sea, Auair8ychelles, Madagascar, Philippines, and
abundantly found in Vietnam sea. Prior investigatiodemonstrated that steroids, steroid
glycosides, asterosaponins, carotenoids, cerammiebrosides, and gangliosides are main
constituents of this starfish [2]. Recently, invgations on this species (collected in Van Phong
bay, Khanh Hoa province, Vietnam) resulted in s$@ation of four new steroid glycosides [3,
4]. As parts of our ongoing investigations on chmahiconstituents and biological activities of
Vietnamese starfish, we have recently reporteaistelycosides [5, 6], asterosaponins [7], and
pyrrole oligoglycosides [8] from the starfigh planci. The current paper deals with the detailed
structural elucidation and cytotoxic activity oféle steroid glycosides as attenuatoside B}l (
planciside A ®), and culcitoside £(3) from this species.

2. EXPERIMENTAL

2.1. General methods
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Optical rotations were determined on a JASCO P-208@rimeter. TheH NMR (500
MHz) and®*C NMR (125 MHz) spectra were recorded on a Bruk®ANCE IIl HD 500
spectrometer with TMS used as an internal standdedlium pressure liquid chromatography
(MPLC) was carried out on a Biotage - Isolera Oystesn. Column chromatography (CC) was
performed on silica gel (Kieselgel 60, 70—230 masth 230—400 mesh, Merck) and YMC*GEL
resins (ODS-A, 12 nm S-150m, YMC Co., Ltd.). Thin layer chromatography (TLGJed pre-
coated silica gel 605k (1.05554.0001, Merck) and RP-1&/s plates (1.15685.0001, Merck),
and compounds were visualized by spraying with agsd.0 % HSQ, and heating for-35 min.

2.2. Biological materials

The samples of the starfisAcanthaster planci Linnaeus (order Valvatida, family
Acanthasteridae) were collected near the Con Gmdisl Quang Tri province, Viet Nam, in
December 2015, and identified by Prof. Do Cong Th(nstitute of Marine Environment and
Resources, VAST, Vietnam). A voucher specimen (D&42/2015) was deposited at the
Institute of Marine Biochemistry, VAST, Vietnam.

2.3. Extraction and isolation

The fresh samples @& planci (10 kg) were cut into small pieces and extractedaot
methanol (three times for 6 h each) to afford a Me®sidue (202 g, M) after removal of the
solvent under reduced pressure. This residue wsseaded in water (2.0 L) and partitioned
with CH.CI; (3 x 2.0 L) to give CHCl,extract (C, 55 g) and water layer. The latter wasspd
through Diaion HP-20 CC eluting with increasing centration of MeOH in water (stepwise
gradient: 0, 25, 50, 75, and 100 %) to obtain floactions WEW4. Fraction W3 (8.5 g) was
separated into eight subfractions, W&3H, by RP-18 MPLC using mobile phase of
MeOH-H,O (1:1, v/v). Further separation of fraction W3@@3mg) by silica gel CC eluting
with EtOAc-MeOH-H,0 (3.5:1:0.1, v/v) gave two subfractions, W3G1 &v8iG2. Purification
of subfraction W3G1 (40 mg) by YMC CC using Me&pO (2:1, v/v) as eluent furnished
compoundsl (5.0 mg) and3 (4.5 mg). Compoun@ (4.2 mg) was purified from subfraction
W3G2 (50 mg) after subjecting it on YMC CC eluteithaMeOH-H,0 (2:1, v/v), following by
silica gel CC with CHClI,-MeOH-H,0 (4/1/0.1, v/v).

OH
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HO

1R =R?=H

3R' = OH, R?=CHs, H 2
OH OH

Figure 1. Chemical structures of compountis3.
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Table 1. The NMR spectroscopic data of compoutdmd2.

c Attenuatoside B-1 1 Planciside A 2
Bc By mult. 0= Hz) &>° 3, mult. 0= Hz) 3 3y mult. 0= Hz) &°" &, mult. 0= Hz)
1 395 39.410.97 m/1.72 m 39.7 0.97 m/1.70 m 39.63 1.00 m/in73
2 26.8 240qd 25.951.58 m/1.82 m 26.2 1.54m/1.82 m 26.15 1.57 m/in84
3 728 3.97m 73.303.45m 73.7 3.42m 73.68 3.45m
4 68.7 526t 68.834.26 br s 69.1 4.26brs 69.06 4.28brs
5 57.1 1.48dd (10.7,2.297.04 0.95m 57.2 0.94m 57.21 0.96m
6 63.7 5.08td (10.6, 4.264.51 4.18dt (4.0,11.0) 64.8 4.18dt (4.5, 11.6%.76 4.20 dt (4.0, 11.5)
7 50.4 3.14dd (12.2, 4.339.52 2.47 dd (4.0, 12.0) 50.1 1.35t(11.8) 50.05 1.38dd (11.5, 12.5)
1.31dd (11.0, 12.0) 2.46 dd (4.4, 12.2) 2.48 dd (4.5, 12.5)

8 764 77.13 - 77.1 - 77.14 -
9 578 58.240.82 dd (3.0, 13.0) 58.4 0.82dd (3.2, 1258.38 0.85dd (3.0, 12.5)
10 37.7 37.89- 38.1 - 38.14 -
11 18.8 18.991.43 m/1.79 m 18.9 1.40m/1.76 m 18.92 1.43 m/in78
12 42.6 43.071.15m/1.98 m 43.4 1.11 m/1.94 m 43.42 1.13 m/in96
13 438 44.18- 445 - 4452 -
14 61.9 1.09d (5.7) 62.50.99 m 61.2 1.01d (5.6) 61.15 1.04d (5.0)
15 70.1 475m 70.944.43 m 71.2 4.37dd (5.6,7.0) 71.21 4.40dd 6.D)
16 42.2 2.63dt(14.0, 7.5%2.19 1.41 m/2.37 m 72.8 4.20t(7.0) 72.77 4.251(6.5)
17 57.3 57.77 0.98 m 62.8 0.96 m 62.82 0.98m
18 16.6 1.63s 16.441.27 s 179 1.23s 1790 1.26s
19 17.2 1.85s 16.821.16 s 17.0 1.15s 16.98 1.18s
20 35.6 36.111.53 m 31.4 1.90m 31.38 1.94m
21 19.0 1.05d (6.5) 18.99.93 d (6.5) 18.6 0.95d (6.6) 18.55 0.98d (6.5)
22 323 32.721.00 m/1.61 m 348 1.11m/1.75m 34.82 1.13 m/in77
23 283 28.381.32 m/1.57 m 26.0 1.20M/47 m 25.97 1.24 m/1.50 m
24 83.2 3.65m 84.303.33 m 459 1.40m 4590 1.43m
25 30.8 2.06m 31.271.85 m 295 1.83m 2948 1.85m
26 18.2 1.02d (6.7) 18.28.91d (6.5) 20.0 0.91d (6.6) 19.98 0.94d (6.5)
27 18.2 0.99d (6.7) 18.19.89 d (6.5) 19.9 0.89d (6.6) 19.92 0.92d (6.5)
28 70.2 3.32m/3.71m 70.21 3.35m/3.73m
1 107.25.73d (1.0) 107.45.11 brs 109.7 4.82d (1.7) 109.74.85 d (1.0)
2 925 4.84dd(1.0,4.0) 92.32.08dd (1.0,3.5) 83.8 3.95dd (1.7,3.9) 83.72982ld (1.0, 4.0)
3 77.64.90m 77.534.02dd (3.5,7.0)  79.1 3.89dd (3.8,6.5) 79.12923d (4.0, 6.5)
4 842 476m 83.603.97 m 83.4 401m 83.00 4.01m
5 62.5 4.43dd (3.0, 12.0§2.42 3.67 dd (4.5, 11.5) 68.0 3.66dd (3.7, 11.258.00 3.69 dd (3.5, 11.5)

4.29 dd 3.77 dd (3.0, 11.5) 3.83dd (5.1, 11.2) 3.85dd (5.0, 11.5)
1" 104.74.99d (7.5) 104.97%.43 d (7.5) 109.6 4.94d (1.5) 109.5#.96 br s
2" 84.7 3.46dd(7.5,9.0) 84.42.90dd (7.5,9.0) 83.0 3.98m 83.47 4.05m
3" 77.4 4.01t(8.5) 77.203.351(9.0) 78.9 3.99m 78.88 4.02m
4" 70.9 433m 70.893.51 m 84.8 3.98m 84.75 4.02m
5"  66.9 4.29dd (5.0, 11.2$6.64 3.84dd (5.5, 11.5) 72.5 3.71m 72.46 3.74m

3.56t 3.16 dd (10.5, 11.5)
6" 64.4 3.62dd (6.8, 11.194.43 3.65m

3.63dd (5.8, 11.3)
2"- 605 3.78s 61.033.59 s
OMe

3¢ anddy of attenuatoside B-1 in pyridird-[9], "recorded in CBOD+CDCh, ©125 MHz,%500 MHz, %3¢
andd,, of planciside A in CBOD [3], recorded in CBOD.



Le Thi Vien, et al.

Attenuatoside B-1 (1): White powder; ¢]p -15 (€ 0.10, MeOH):'H-NMR (500 MHz,
CD;0D+CDCL) and™*C-NMR (125 MHz,CD,0D+CDCE) see Table 1.

Planciside A (2): White powder; ¢]p 30 (€ 0.10, MeOH);'H-NMR (500 MHz,CD;0D)
and**C-NMR (125 MHz,CD:0OD) see Table 1.

3. RESULTSAND DISCUSSION

Compound1 was obtained as a white powder. Its NMR data adicative for a
glycosylated polyhydroxysteroid, one main constituef starfish [10].The 'H- and**C-NMR
data for the aglycone df confirmed a Gr-steroid skeleton with presence of five oxymethines
[dc 73.30 (C-3), 68.83 (C-4), 64.51 (C-6), 70.94 (G;Hhd 84.30 (C-249, 3.45 (1H, m, H-3),
4.26 (1H, br s, H-4), 4.18 (1H, di,= 4.0, 11.0 Hz, H-6), 4.43 (1H, m, H-15), and 3(3Bl, m,
H-24)] and one oxygenated quaternary carlign7[7.13 (C-8)]. In addition, the signals of two
tert-methyl [oc 16.44 (C-18) and 16.82 (C-18)/1.27 (H-18) and 1.16 (H-19), each 3H, s] and
threesec-methyl [dc 18.99 (C-21), 18.28 (C-26), and 18.15 (C-87)0.93 (H-21), 0.91 (H-26),
and 0.89 (H-27), each 3H, d= 6.5 Hz] groups were also observed. Fi&NMR spectrum of
1 contained two anomeric carbon signalsdat 107.47 (C-I) and 104.97 (C-D); which
correlated with the corresponding anomeric protids 5.11 (1H, br s, H-) and 4.43 (1H, dJ
= 7.5 Hz, H-1) in the HSQC spectrum, confirming the presencevofsugar moieties. Thigd-
and™C-NMR data for the aglycone dfalso indicated six oxymethine, two oxymethylera] a
one methoxy groups (see Table 1). Detailed anabfdise HMBC correlations (Figure 1) and a
good agreement of tHéC-NMR data with published values (Table 1) deteedicompound
to be attenuatoside B-1 [9].

Figure 2. Key HMBC correlations of compounds

The NMR data o are also indicative for a glycosylated polyhydrsteyoid. The'H- and
¥C-NMR data (Table 1) for the aglyconedtonfirmed a Gs-steroid skeleton with presence of
five oxymethines, one oxygenated quaternary carbona,oxymethylene, twtert-methyls, and
threesec-methyls. In addition, théH- and**C-NMR data for the sugar part @fconfirmed 11
carbon atoms including nine oxymethine and two ostyiylene groups. Detailed analysis of
HMBC experiment and the comparison of the and**C-NMR chemical shifts of with those
reported (Table 1) clearly identified compou@das planciside A [3]. Compound was
identified as culcitoside £[5, 11] by detailed analysis of its 1D- and 2D-NMfata and
comparison of them with those reported.
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Compoundsl-3 were evaluated for their cytotoxicity against fiveman cancer cell lines,
including HepG2 (hepatoma cancer), KB (epidermadcinoma), LNCaP (prostate cancer),
MCF7 (breast cancer), and SK-MEL-2 (melanoma) utiiegsulforhodamine B method [12] and
following the previously described protocols [131].1As the results, only culcitoside, C3)
showed weak cytotoxic activity on the above carmedrlines with corresponding kgvalues of
80.08 + 6.87, 63.87 + 3.53, 59.96 + 3.11, 51.05873and 65.77 + 5.15 uM, compared to the
reference compound ellipticine @&values of 1.38 + 0.28, 1.79 + 0.28, 1.95 + 0.2641 0.16,
and 1.91 + 0.20 uM, respectively). The other commgisudid not show any significant
cytotoxicity (IGso > 100uM) against the five tested cancer cell lines.
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